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Conversion factors

Inch-pound units used in this report may be converted to metric units by
the following conversion factors:

Multiply By To obtain

foot (ft) 0.3048 meter

acre 4,047 square meter
acre-~foot (acre-ft) 1,233 cubic meter
gallon per minute (gal/min) 0.06308 liter per second

Metric units used in this report may be converted to inch-pound units by
the following conversion factors:

Multiply By To obtain

meter 3.281 foot

hectare (ha) 2.471 acre

kilometer (km) 0.6214 mile

square kilometer (km?) 0.3861 square mile

cubic meter (m3) 35.31 cubic foot

cubic hectometer (hm3) 810.7 acre foot

cubic decimeter per second (dm3/s) 15.85 gallon per minute

vii



WATER-RESOURCES INVESTIGATIONS OF THE U.S. GEOLOGICAL SURVEY IN WYOMING,

FISCAL YEAR 1983
Compiled by S. L. Green

ABSTRACT

This report contains lists and location maps of streamflow and
reservoir stations, crest-stage partial-record stations, water-~quality
stations, sediment stations, and ground-water observation wells where
data are currently being collected. Water-resources appraisal projects
in Wyoming are described, including many that are related to development
of energy resources. The general locations of the projects are shown on
maps. The U.S. Geological Survey is striving to coordinate its water-
resources investigations with those of other agencies. This report is
one phase of that coordination effort, and serves as an annual progress
report to cooperators and the public.

INTRODUCTION

The U.S. Geological Survey is the Federal agency responsible for appraising
the quantity, quality, and distribution of our surface-water and ground-water
resources. Through its Water Resources Division, the Survey conducts interpre-
tive studies, supports hydrologic research, and maintains data-collection net-
works in every State; it also works through cooperative programs with State,
local, and other Federal agencies to help evaluate or solve regional and local
water problems. Results of its investigations provide a basis for many major
public water~management decisions.

The Geological Survey, in cooperation with the State of Wyoming, the City
of Buffalo, and other Federal agencies had five data-collection activities and
39 water~resources appraisal projects in Wyoming during fiscal year 1983
(October 1, 1982, through September 30, 1983).

The data~-collection activities included: (1) Collection of records for
streamflow and reservoir storage; (2) collection of peak~flow information at
crest-stage partial-record stations; (3) sampling and chemical analysis of
water from streams (4) sampling and sediment analysis of surface water; and
(5) measurement of water levels in wells. This report contains tables of
monitoring sites for these five data-collection activities.

Water-resources appraisal projects described in the report include the
projects that were being conducted during fiscal year 1983 and projects com—
pleted in previous fiscal years, but for which final reports were in prepara-
tion at the end of fiscal year 1983,

The purpose of this report is to describe the water-resources investiga-
tions being done in Wyoming. The report is also intended to inform cooperating
officials and the public about the accomplishments in the various investigations
during the fiscal year 1982 (October 1, 1981, through September 30, 1982) and
planned work for fiscal year 1983, It is one phase of an effort to coordinate
the water-resources investigations of the Geological Survey with those of other
organizations.



A BRIEF HISTORY OF THE WYOMING DISTRICT

On March 3, 1879, President Rutherford B. Hayes signed a bill establishing
the U.S. Geological Survey. The Sundry Civil Appropriation Act of 1888
established an Irrigation Survey as a part of the U.S. Geological Survey "for
the purpose of investigating the extent to which the arid region of the United
States can be redeemed by irrigation ***."" The Water Resources Division of
which the Wyoming District is a part, has its roots in the Irrigation Survey
of 1888-1890.

There was no Wyoming District in 1888, when the Washington, D.C. office
of the Geological Survey paid the installation costs for the first gaging
station in Wyoming, Laramie River at Woods Landing. It was constructed and
operated by the Territorial Engineer, Elwood Mead. Between 1895 and 1901 the
Geological Survey paid operating expenses for additional stations operated by
the State Engineer. A. J. Parshall became the first resident hydrographer for
the Geological Survey in Wyoming in 1901. For the next six years there was no
cooperative work with the State, but 11 stations were operated with Geological
Survey and Reclamation Service funds. By 1912 the Geological Survey's network
consisted of 50 stations, including 21 in cooperation with the State Engineer.
Parshall was appointed State Engineer; surprisingly, he refused to allow the
Geological Survey to use any part of the State's share of the funds to pay
office expenses, so cooperation ended in 1912, The first official letter
written by J. B. True as the new State Engineer in 1915 was to the Geological
Survey, urging resumption of the coop program. Fifty gaging stations were
established or re-established; cooperation with the State Engineer has continued
without further interruption.

Early Federal cooperators included the Indian Service (1908) and the
Forest Service (1910). In 1938 the Bureau of Reclamation established 23
streamflow stations in the Green River Basin using Geological Survey plans.
The Bureau also did field work at Geological Survey stations in the area; in
return the Geological Survey computed and published the records for all stationms.
During the postwar period, 1945-50, many new streamflow stations were estab-
lished under the Interior Department's Missouri River Basin program. A flood-
investigations program, started in 1959 in cooperation with the Wyoming Highway
Department, has continued to the present.

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

The earliest known ground-water studies by the Geological Survey in

Wyoming were done between 1901 and 1917 by G. I. Adams in the Goshen Hole area;
N. H. Darton and others in the Great Plains, Bighorn Mountains, Laramie Range,

1 U.S. Statutes at Large 1887-89, The Sundry Civil Appropriations Act of 1888:

Washington, v. 25, chap. 1069, p. 526.



and Black Hills; and O. E. Meinzer in Lodgepole Valley. State cooperation has
been continuous since 1940, when the Wyoming Planning and Water Conservation
Board sponsored a study of the Egbert-Pine Bluffs area by T. W. Robinson.
Cooperation with the State Engineer has continued since 1945. In 1959 all
State cooperative ground-water work was consolidated under the State Engineer
program. A number of ground-water studies in that part of Wyoming that lay in
the Missouri River Basin was conducted by the staff of the Montana Ground Water
District during 1945-53 with funds made available under the Missouri River
Basin (MRB) program. From 1949 to 1953, most of this work was done from a
Montana District field office at Riverton, Wyo. From 1954 through its termina-
tion in 1959, the MRB ground-water program in Wyoming was accomplished through
the District office in Cheyenne. Ground-water work for other Federal agencies
has also included measurements of discharge and power consumption for the Rural
Electric Association (REA) in 1941, and a continuous series of studies of
Yellowstone and Grand Teton National Parks for the National Park Service
starting in the early 1960's and ending in 1982.

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 Geologist.

Surface~water quality work in Wyoming began with the establishment of an
office and sediment laboratory in Worland in March 1946, with T. F. Hanly in
charge. The program was directed by P. C. Benedict, Regional Engineer, in
Lincoln, Nebr. In 1948, chemical quality or sediment stations were in opera-
tion at 16 sites in the Bighorn Basin and 5 sites in the North Platte River
basin under the Department's Missouri River Basin program. By 1953, the
program included 39 chemical~quality stations and 42 sediment stationms.

In February 1956 the office in Worland was designated as a District
Office, Quality of Water Branch, with a field office in Riverton; the Riverton
office was reassigned to the Surface Water Branch in October 1964. The first
sediment station in the State cooperative program was established on Rock Creek
near Atlantic City for the Wyoming Natural Resources Board in 1957. The State
Engineer started a cooperative chemical-quality program to evaluate the effects
of the Kendrick Project on the North Platte River in 1959. Since 1965 the
Wyoming Department of Agriculture has been principal State cooperator for
chemical quality, and the State Engineer for sediment data. In 1966 water-
quality work in the Green River Basin, previously done by the Utah District,
was transferred to the Wyoming District.

The District sediment laboratory was established in Worland in 1946 when
the office was opened. 1In September 1982 the Worland office was closed and the
sediment~laboratory function was transferred to Iowa City, Iowa. In recent
years the lab served the Montana, North Dakota, and Alaska Districts, as well
as the Wyoming District. The chemical laboratory was moved from Worland to
Cheyenne in 1969 and was immediately downgraded because of the establishment
of the Water Resources Division Central Laboratory in Salt Lake City. (The
Central Laboratory was later moved to Denver, Colorado.) Since 1966, however,
basic salinity analyses of samples collected for the State programs have been
done by the State laboratory in Laramie for direct services credit in the
cooperative program with the Wyoming Department of Agriculture.



The Branch districts were combined into a single Water Resources Division
district in February 1967. The programs and staff of the District changed
little until 1974. Within two years the staff doubled and the budget tripled,
mostly in response to the pending boom in development of coal and other energy
resources. The water-quality data program, in particular, increased several-
fold. Significant new programs were started in cooperation with the Wyoming
Department of Environmental Quality, the Bureau of Land Management, and the
Environmental Protection Agency.

The District staff had increased from approximately 40 employees in 1973 to
approximately 75 by 1980. 1In 1981 and 1982, however; energy-related programs
decreased significantly due to reductions in Federal funds. Today the District
has approximately 50 employees, with field offices in Casper, Greem River,
Riverton, and Buffalo. (The field office in Buffalo was closed September 1983).
Approximately two-thirds of the funding is for work in cooperation with other
agencies, and one-third is for participation in the Survey's energy programs,
regional aquifer-system assessments, and other Geological Survey national pro-
grams. Reconnaissance and inventory studies have given way to problem-oriented,
mlti-disciplinary studies and increased use of digital models. Major water-
resources problems now being addressed by Wyoming District programs include the
hydrology of energy~minerals areas, the hydrologic effects of energy develop-
ment, the effects of human activities on water quality, and the availability of
ground water to meet the rapidly increasing demands of agriculture and industry.

Water Resources programs have been directed by the following supervisors
located in Wyoming:

Surface Water Branch: Leon A. Wiard 10/61 - 2/67

(Cheyenne) (District Engineer)

Ground Water Branch: Horace M. Babcock 10/51 - 1/58

(Cheyenne) (District Geologist)
Ellis D. Gordon 2/58 = 2/67
(District Geologist)

Quality of Water Branch: Thomas F. Hanly 2/56 - 2/67

(Worland) (District Chief)

Water Resources Division: District Chiefs

(Cheyenne) Leon A, Wiard 2/67 - 8/68
Robert L. Cushman 8/68 - 6/73
Sam W. West 12/73 - 12/78
William W. Dudley, Jr. 4/79 - 8/82
Richard M. Bloyd 2/83 -~ present



DISTRICT AND FIELD HEADQUARTERS OFFICE ADDRESSES

Inquiries regarding projects described in this report may be directed to
the District Office or Field Headquarters in which the work originated.

Wyoming District Office

U.S. Geological Survey
Water Resources Division
2120 Capitol Avenue

P.0. Box 1125

Cheyenne, WY 82003
(307) 772-2153

FTS 328-2153

Field Headquarters

9 Spruce Street 215 N. Lincoln Street
P.0. Box S Casper, WY 82601
Buffalo, WY 82834 (307) 261-5485

(307) 684-9661 FTS 328-5485

489 East 5th South 509 S. Federal Blvd.
P.0. Box 1175 P.0. Box 431

Green River, WY 82935 Riverton, WY 82501
(307) 875-6700 : (307) 856-3771
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WHERE TO OBTAIN GEOLOGICAL SURVEY PUBLICATIONS

Current releases are described in a monthly pamphlet, "New Publications
of the GCeological Survey," which may be obtained from:

Mailing List Unit

U.S. Geological Survey
582 National Center
Reston, VA 22092

Professional Papers, Bulletins, Water-Supply Papers, Techniques of Water-
Resources Investigations, Circulars, Earthquake Information Bulletin, and
popular leaflets, pamphlets, and booklets may be purchased from:

Eastern Distribution Branch
Text Products Section

U.S. Geological Survey

604 South Pickett Street
Alexandria, VA 22304

Water-Resources Investigations reports published prior to May 1982 and
annual Water Resources Data reports for Wyoming may be purchased from:

National Technical Information Service
U.S. Department of Commerce

5285 Port Royal Road

Springfield, VA 22161

Water-Resources Investigations reports and open~file reports from Wyoming
are available for inspection at the Wyoming District Office. Water-Resources
Investigations reports published after May 1982 and selected open-file reports
may be purchased from:

Open-File Services Section
Western Distribution Branch
U.S. Geological Survey

Box 25425, Federal Center
Denver, CO 80225

Flood-prone area maps may be obtained from the Wyoming District Office.

Hydrologic~Investigations Atlases and geologic, topographic, and other
maps may be purchased from:

Western Distribution Branch
U.S. Geological Survey

Box 25286, Federal Center
Denver, CO 80225



Additional information on Geological Survey products and sources where
they may be obtained is given in "A Guide to Obtaining Information from the
U.S. Geological Survey, 1982," Geological Survey Circular 777, available
without cost from either the Eastern or Western Distribution Branches.

Requests feor miscellaneous water information and information on programs
in other States may be referred to

Water Resources Division
U.S. Geological Survey
440 National Center
Reston, VA 22092

The Geological Survey National Center maintains a library with an exten-
sive earth~sciences collection. Local libraries may obtain books, periodicals,
and maps through interlibrary loan by writing to

U.S. Geological Survey Library
950 National Center

Reston, VA 22092

Telephone: (703) 860-6671



DATA~-COLLECTION SITES

Lists of data-collection sites and the kinds of hydrologic data being
collected at each are given as follows: Table 1, streamflow and reservoir
stations; table 2, crest-stage partial-record stations; table 3, water-quality
stations; table 4, sediment stations; and table 5, ground-water observation
wells.

The station numbers for the stations listed in tables 1l-4 conform with
the standard downstream order for listing stations within each major river
basin. The first two digits of the assigned eight-digit number, such as
06207500, identifies the major river basin in which the stream resides. The
digits '06' refer to the Missouri River Basin. The remaining six digits
identify the relative position of the station, with numbers increasing in the
downstream direction. The section, township, and range location of each data
station is given in the tables.

The well numbers listed in table 5, ground-water observation wells, are
based on the U.S. Land Grant System. A detailed explanation of this system
can be found on the page preceding table 5. The wells are listed in numerical
order by counties.

Abbreviations and codes are used to comnserve space in the tables.
Explanations of the abbreviations and codes precede each table.

The locations of streamflow, reservoir, water quality and sediment

stations are shown in figure 3. The locations of crest-stage partial-record
stations and ground-water observation wells are shown in figure 4. The station
numbers on the maps are abbreviated by not showing the two-digit basin number

and the last two digits if zero.
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Table 1.--Streamflow and Reservoir Stations




Purpose:

Explanation of abbreviations and codes used in table 1.

B bench-mark or long-term~trend station

C current-purpose station such as accounting, operation, forecasting,
disposal, water quality, compact or legal, research or special study
H hydrologic station

P principal-stream station

R regulated station

Period of

record:

The dates given are the calendar years in which records

began or ended. Periods of no record of less than a year are not shown.

Gage equipment:
D digital recorder S staff gage
G graphic recorder W well gage

M manometer gage

Current record type:
S seasonal operation (no winter records)
Y full-year operation

Field office:
B Buffalo MI Montana District
C Casper NE Nebraska District
CO Colorado District R Riverton
CP Cheyenne Project Personnel S Wyoming State Engineer
GR Green River SD South Dakota District
ID Idaho District UT Utah District
Funding agency:
BIA Bureau of Indian Affairs
BLM Bureau of Land Management
BRUC Bureau of Reclamation, Colorado Region
BRUM Bureau of Reclamation, Upper Missouri Region
BU City of Buffalo
CE Corps of Engineers
DEPD Wyoming Department of Economic Planning and Development
MRB Geological Survey, Missouri River Basin Program
NPS National Park Service
USE Utah State Engineer
USGS Geological Survey, Federal Program
WDEQ Wyoming Department of Environmental Quality
WSE Wyoming State Engineer
WWDC Wyoming Water Development Commission
Remarks:
AWG auxilary well gage USBR furnished by Bureau of
HBM hydrologic benchmark station Reclamation
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Table 2.--Crest-Stage Partial-Record Stations
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Explanation of abbreviations and codes used in table 2,

Period of record: The dates given are the calendar years in which records
began or ended. Periods of no record of less than a year are not shown.

Gage equipment:
CSI crest-stage indicator
S-R stage-rainfall recorder

Field office:

B Buffalo

C Casper

CH Cheyenne
GR Green River
R Riverton

Funding agency:
WHD Wyoming Highway Department
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Table 3.--Water—-Quality Stations
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Explanation of abbreviations and codes used in table 3.

Period of record: The dates given are the calendar years in which records
began or ended. Periods of no record of less than a year are not shown.

Funding agency:

BIA Bureau of Indian Affairs

BIM Bureau of Land Management

BRUC Bureau of Reclamation, Upper Colorado Region
BRUM Bureau of Reclamation, Upper Missouri Region
MRB Geological Survey, Missouri River Basin Program
USGS Geological Survey, Federal Program

WDA Wyoming Department of Agriculture
WDEQ Wyoming Department of Environmental Quality

Sampling frequency:

A annual

BM bimonthly
C continuous (recorder)
D daily

HL high and low flow samples only
I infrequent or as requested

IS every six weeks during irrigation season
M every six weeks plus two events

MQ monthly during summer, quarterly during winter
Q quarterly

SA semiannual

SSn n = samples during spraying season

SWF sample when there is flow
W weekly during irrigation season

Analysis schedule:

1 salinity (major constituents)

2 specific conductance

3 daily temperature (observed or recorder)

4 chemical oxygen demand

5 field determinations of: pH, specific conductance, dissolved oxygen,

temperature, and (or) turbidity

6 fecal coliform, and (or) fecal streptococcus
7 nutrient

8 trace metals

9 pesticides
10 radiochemical

Field office:
B Buffalo
C Casper
CH Cheyenne Hydrologic
Surveillance Section
CO Colorado District
GR Green River

Idaho District
Montana District
Riverton

Wyoming State Engineer
Utah District

Swwd8
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Table 4.--Sediment Stations
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Explanation of abbreviations and codes used in table 4.

Period of record: The dates given are the calendar years in which records
began or ended. Periods of no record of less than a year are not shown.

Funding agency:
BLM Bureau of Land Management
BRUM Bureau of Reclamation, Upper Missouri River Basin
MRB Geological Survey, Missouri River Basin Program
USGS Geological Survey, Federal Program
WDEQ Wyoming Department of Environmental Quality

Sampling frequency:

BM bimonthly

D daily (observer)

HL high and low flow samples only
HML high, medium and low flow samples only

I infrequent, whenever enough sediment in suspension to do analysis

M every six weeks plus two events.

MS monthly seasonally.

P PS69 sediment pump sampler

Q quarterly

Analysis schedule:
1 suspended~-sediment concentration.
2 particle~-size distribution.

3 0.062mm sieve analysis.
4 bed material particle-size distribution.

Field office:

B Buffalo GR Green River

C Casper ID Idaho

CP Cheyenne Project Personnel R Riverton
Remarks:

USBR SAMPLES furnished by Bureau of Reclamation.
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Table 5§.--Ground-Water Observation Wells
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Explanation of abbreviations and codes used in table 5.

Well number: The well-numbering procedure used is based on the U.S. Land Grant
System. The first segment of the number is the township
(north); the second number segment is the range (west); the
third number segment is the section, which is followed by a
first letter designating the quarter section, a second letter,
if shown, designating the quarter-quarter section, etc.,
(A-NE%, B-NWX, C-SWk%, D-SE%). Well 30-108-05BCD2, for example,
is in the SE% of the SWy% of the NW% of sec. 5, T. 30 N.,

R. 108 W. The number 2 indicates it is the second well in the
quarter-quarter-quarter section. Wells shown in Fremont County
have an additional uppercase letter that begins the number.
This letter designates the quadrant of the Wind River Meridian
and Base Line System. The quadrants are lettered A, B, C, and
D in a counter-clockwise direction beginning with A in the
northeast quadrant.

Lat~long-seq no.: The first six digits are the latitude in degrees, minutes,
and seconds., The next seven digits are the longitude in
degrees, minutes, and seconds. The last two digits
indicate the sequence number of when the well was inven-
toried in the event more than one well has the same
latitude and longitude.

Geologic unit:

111 ALVM Alluvium 211 AIMD Almond Formation
111 TRRC Terrace deposits 211 FXHL Fox Hills Sandstone
121 NRPK North Park Formation 211 LNCE Lance Formation
121 OGLL Ogallala Formation 211 MVRD Mesaverde Formation
122 ARKR Arikaree Formation or Group
123 BRUL Brule Formation 211 STEL Steele Shale
123 WRVR White River Formation 217 LKOT Lakota Formation
or Group 221 SNDC Sundance Formation
124 LNEY Laney Shale Member of 237 SPRF Spearfish Formation
Green River Formation 317 MNKT Minnekahta Limestone
124 WDRV Wind River Formation 331 MDSN Madison Limestone
124 WSTC Wasatch Formation 337 PHSP Pahasapa Limestone
125 FRUN Fort Union Formation 374 FLTD Flathead Quartzite

or Sandstone

The seven-character geologic unit code given above consists of two parts.

The first three characters are numeric and identify the Era, System, and
Series of the rock unit. The next four characters are in alpha numeric code

for the name of the rock-stratigraphic unit.
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Explanation of abbreviations and codes used in table 5--Continued

Numeric Codes for Geologic Age Identification

Code Code

Cenozoic 100 Paleozoic~-continued
Quaternary 110 Pennsylvanian 320
Holocene 111 Upper 321
Pleistocene 112 Middle 324
Tertiary 120 Lower 327
Pliocene 121 Mississippian 330
Miocene 122 Upper 331
Oligocene 123 Lower 337
Eocene 124 Devonian 340
Paleocene 125 Upper 341
Mesozoic 200 Middle 344
Cretaceous 210 Lower 347
Upper 211 Silurian 350
Lower 217 Upper 351
Jurassic 220 Middle 354
Upper 221 Lower 357
Middle 224 Ordovician 360
Lower 227 Upper 361
Triassic 230 Middle 364
Upper 231 Lower 367
Middle 234 Cambrian 370
Lower 237 Upper 371
Paleozoic 300 Middle 374
Permian 310 Lower 377
Upper 311 Precambrian 400

Lower 317
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Explanation of abbreviations and codes used in table 5--Continued

Funding agency:
DEPD Wyoming Department of Economic Planning and Development
USGS Geological Survey, Federal Program
WSE Wyoming State Engineer

Field office:

B Buffalo Observer
C Casper Project Personnel
CF Cheyenne Field Unit Riverton

CH Cheyenne Hydrologic
Surveillance Section
GR Green River

Wyoming State Engineer
South Dakota District
Utah District

ngW"UO

Frequency of observation:
C continuous (graphic or digital recorder)
M monthly (12 visits per year)
Q quarterly (4 visits per year)
SA semiannual (2 visits per year)

Period of record: The dates given are the calendar years in which records
began or ended. A record consists of one or more measurements during a
calendar year.

Remarks: Recorder 1980- indicates a recorder was installed during the year
shown and is continuous to present.

43



8utwodM 3o 33w1S -6961 | VS b} gSM | EONTIITZ| 100SLSY010Z91%Yy av9€-890-0§
NISVE YIAIY T¥NOSSIK XINNOD 00¥D
-1861 19paoday aoeq 4oy -1861 b} d gSM | OLsMuZ1| 1060E¥SOT608ICY VVVEQ-%.0-8¢
-1861 I9pI0day Sutayym “saW -1861 0 d dasM | OL1SMyZ1| 101%€€£S01Z0SOEY vayZ-€L0-9€
uswier Loy -SL61 | VS b} dASM | NNUASZI| 1082ZZSOI¥ELWZY | 10094YE-T1L0-€€
unajoxlad sAITITUd -GL61 | VS 0 gSM | NAUISZT| TO0EIZSOTEZLYEY | 100AVHE-1L0-€€
usmael Loy -6L61 | VS b} ASM | NNMASZT| ZO9E1ZSOIELLNZY | 20AOVYE-TLO-E€
jung ‘M q -GL61 | VS 0 ISM | NNWISZI| 10€%1250122i%2Y | 10AOVHE-TLO-€EE
SWIS 3ay =661 | VS b} dSM | NN¥dSZI| 10600ZSOTT08%ZY | 100VA9Z-1L0-€€
aanjeg puowdwy -GL61 | VS o} dSM | NNWASZI| 10€£Z61S01Z06%eY | T0VVAYZ-TL0-€€
-1861 Iapaooay Iaqaeq Wy -0861 b} b} dSM | NSQWIEE| 10S0%%SOT0ZSYZY | 1004080-%£0-C€
-9/61 32paoday Ieqaeq WM %61 0 b ISM | NSAWIEE| 10T%2%S010Z9%ZY aod€0-%£0-2¢
spaempg BY[1¥S -6561 ‘95-0S61 | VS O | S9SN | YAMMEZI| 106Z%2S016ZCYCY VVVie-1.0-2¢
-SL61 | VS o} dSM | NNYJASTI| 10%%0ZS018SSYZY | 109VHTI1-1£0-2¢€
-GL61 | VS b} dsm | NN¥ISZI| 109%2ZSOT1€9%Z% | 100Q9%0-140-2€
SWI§ 3IV -SL61 | VS o} ISM | NNUJISZI| T0Z¥61S0T8Z9%ZY | 10VVAZO-1£0-2¢€
NISVE WIATY I¥NOSSIK XINNOD ASHYIANOD
-0461 ‘8961 | VS o) dSM | WATVIIT| 100S019019€60Z% 000€0-8£0-S7
238187 IDI1IH -0461 ‘89-1961 | VS 0 dSM | QUAWIIZ| 10Z%10/01ZS9S1¥ aga61-580-€2
jusme8rusy puw] JO newaing -G961 ‘€961 | VS b} 4SM | NAY¥ASZTI| 10S%STL010S9%1Y vavzz-680-1¢
SutmodM jo a3wlg -0S61 | VS O | S9SN | AJUNIZI|{ 10LZ%Y901%01%1Y vE8Z-£80-0C
-0861 12p10d9y 2133InL uojang -0861 b} d aSM | AJYUNTIZTI| T0LESY90I8KIETY | T00VOL1-€80-81
-0861 I9paoday *0) @81338) 8 puw] wlojwamg -0861 o) d 4SM | AdUNIZI| T0SOY¥901ISYICT¥ | 1004d91-€80-81
Ao1eM A 1 -LL61 | VS 0 4SM | WNVZZ1| 10%25590101921% | T0OVVEZ-S80-L1
-0861 19pIoddy xe819g ‘v ‘D -0861 ) d asM | AJUNIZI| 10%11$90120Z21% | 1009060-%80-91
-0861 19pIooay Jswyay 31290y -0861 b} d dSM | AJUNIZT| T0LSCH90TESETTIY | 109VAYE~€80-S T
youlg Lausy -0461 ‘89-/961 | VS b} ISM | AJUNTIZT| 109Z%%901L0€T1% | 10AAAZE-€80-S1
-0861 Xepiodey Iowisy 3xaqoy -0861 0 d ASM | MJUNIZT| 109%Z%901%€Z11Y | 109VOE0-€80-%1
NISVE YIATY T9NOSSIW XINNOD NOTUVD
Luwdwo) 3wel wwyang -9961 | VS 0 | s9sn _ oam:qua_ 100S6ZSOTTI9YEY | 10 DOZZ-CLO-%Y
NISVE YIAIY IUNOSSIK XINNOD TIZEdWVD
IPTEY2S 1 °0 -0L61 ‘8961 | VS | 4D aSM _ TILSTIZ| T0ETI6ESOT6TIVELY V009€-%L0-61
NISVE ¥dATY IYNOSSIK AINNOD XNVETV
syaeuay I8uMo Fo eummy pIooax Jo pofaad R e 3yun [*ou bes-Buol-3w1 | zequnu Tlem
ma| & | °¥e1
=8 GRS ~-039
o ~ ow

UOT3IBAIISQO
30 Aduenbaxyg

STIom UOTIBAIDSQO 183BM-PUNOIH~--°G SIGBL

44



-€L61 I9pIoday
-8/61 I9p10d3y

-0861 I2pioday
-0861 I2pI0d3y

-0861 13pi0d3y
-€/61 19pa0d9y

-996T I9pI0d3y
~9L61 19pI0o3Yy

-1861 19pa0>9Yy

*ouy ‘uos R®

*auy

a3 uyor
‘uog R I9F3aW uyor
*oul ‘uog Ry IITI| uyor
*ouj ‘uo§ Ry IAIF3N uyor
*38TQ °AIISUOD HP2I) ISIOH
a99K STIAND

*oul ‘uoS§ R IIFIN uyor
*38TQ °*AI9SUO) }HO91) 95IOH
*38JQ "AIISUO) M331) I8IOH
auutyq ueq

SutwofM Jo a3was

SutwolM jo 23e3g

Jayapuep ®BIOTJ

Sutwoln jo 23vag

Ja1wa231s yYs8ny

819puUBS NuwvIg

ugwi saravyd

a8uvan w1 Jo £31D

spuewegas ‘M I
Kaaang 18218071099
Kaaang 1eo1807099
Kanang 1edT80710939
Kaaang 1wo180109)

UOTIBWERIIY FO NEaang
pueloy ‘M “H

pu®gloy ‘M ‘H

*daop spnag uo3al

ButwoiM jo 23w3g

221AI8S NABJ [BUOTIBN
90FAI3§ Nawd [RUOFIBN
20TAI3S Na®J [BUOTIBN
93331119 Jo 431D
souwpung yo £3IFH

~ZLl61

-2L61

~2961

-zTL61
-8L61
-8L61
-8461
~8L61
-0L61
-8L61
-8L61
-8L61
-8L61
-0861
-0861
-zL61
-0861
‘ev61
-zL61
-8L61
‘Ew61

‘69-8%61

‘69-6%61

“19-6961
‘L9-5961
€19-9961
‘19-9961
‘L9-9961
-6%61
-g%61
‘6961
‘1561
‘6961
-4161

-0L61
~0461
-0/61
~0461
~0l61

~-6961
-1961
-€L61

-2961
-2961
‘66T
-1861
‘8961

‘0961
-6L61

VEOVEZUOEZVQOEEEEEEZEEOQ

<¢

VS
VS
VS

\£

nNuuunuununnununnunon

o Rl Rl ol o o

Lwooou

dSM
asm
asm
asm
asm
dsm
dsm
asm
dSM
ASM
dSA
dSM
asm
asm
asm
dSK
asm
dSA

WATVIILL
TNEAEZT
TNIEEZT
it iral
nadaet
WATVITI
WATVITT
TNYEEZT
TNIEET T
TNEEEZT
UAUMEZT
ity
TNYAEZT
ittt ixal
WATVITT
RATTVILT
RATVITL
WATVITT

T0L00THOTTSOYTY
705%60%0182T171Y
ZO0%00THOLEEIRTY
102701701811V 1Y
€0STOTHOT6ETYIY
10€Z2T1%0T0S0Y1Y
TOCOETYOTOSOYLY
Z200€0THOT6YIHTY
Z0ST10170181ZY1Y
101%60%0T1ISTY1Y
T0€T10THOTI8YEYLY
10S%.0%016%0%1Y
10/Z80%0TSTLETY
10€201%701018€C 1Y
COLSTIHOICI8ELY
108ST1H01ZS8ETY
T0ZE0IYOTLIBELY
106%60%01918€1Y

NISVE WIAIY I¥NOSSIW

dSM
asm
dSM
asm

WATVITT
RATVITT
AIAMYZT
ANAMYZT
AIAMRZT
ANAMYZT
ANAMYZT
A¥AMYZT
AIAMYZT
Vet
WNVeeT

T0TYLY80TLEYSTY
TOETSTEO0TIE6SZY
10%2€€801€295ZY
TOYSEE80T0065CY
10S18%801S161€EY
10%%8Z801ESTIEY
ZOTTIIEBOTLZETEY
TOOLTE8OTIZETEY
1060%28011S00€Y
1022€1801LZTELY
1050%SL012¢€922Y

NISVE ¥IAIY I

asm
dsm
s$osn
asm
asn

dSHdA/E€
JUdSLET
IANWLTE
NSAWTIEE
JaNS12Z

ANOSSIH

209STHYYOLESYEYY
T1000EH70T0SYEYY
T0TSZHH0TEOSEYY
TOSE6%Y010%SeYY
10052Z7010%€2YY

NISVE YIAIY I

000¢2-190-02
20904€Z-190-02
20044€£2-190-02
J0VZ2Z-190-02
€0VVVZZ-190-0¢C
aaaiz-190-0¢
032002-190-02
2000as1-190-02
Z0vavs1-190-02
4qo%1-190-0¢
10avaco-190-0¢
4990€-090-0¢
vvae1-190-61
109VV01-190-61
20aao%0-190-61
04V4#0-190-61
adqae0-190-61
ad020~190-61

AINNOD NIHSO0D

aaago-1-¢
aqati-s-1
00062-¢-1
analo-¢-1
04a81-~-1-%
q94s2-¢-¢
covaviz-€-¢
ovavizg-¢c-¢
gaace-4-1
aQvie-c60-0¢
4a9¢-£60-62

<< <<t An

ALNNOD INOWIYI

2009481-590-€§
1009481-590-€S
ove81-590-€S
ada90-990-1¢
IVVEZ-€90-1S

YNOSSIW PINUTIVOJ--XINNOD NOOUD

syIvWIY

JA9UMO JO dWBN

pIoda1 Jo pofaad

UOT3IBAIASQO
3o Louanbaxg

951330
S CEE

£ouasde
Sutpuny

3Tun
213807
-0939

*ou bas-8uor-387

Jaqunu [12M

pPaNUI3U0)~--5][9M UOTIWAIISQO J93BM-pUNOID--*G ITqBL

45



yoney uslay -0961 | VS g dSM | DISMYZI | T00%6%901LTYTvY 40V0T-£80-1S
-%#/61 A9pIoday 1710 TTQOR -4161 b} € dSM | NSAWIEE | Z0SE6%90TZITIYY | TOVEALT-E€80-6Y
-6.61 19pI0d3Y 170 TT19O0K -%/61 ) : ASM | ALTdYLE | T00Z1S901Z160YY 00aS0-£80-8Y
youyy ‘d "M -6961 | VS b} dSM | FIONTLIZ | T06Z11901819¢€EY 44ay1-8£0-2y
NISVE YIAIY IdNOSSIK XINNOD NOSNHOL
ye1Epod pPlPUOY -%/61 | VS | HO dSM | WNEVZZI | 100€8T%010EL1TY Y2A€E-290-0€
}a10x 0330 -ZL61 | VS | HO dsm | ¥A¥VZZ1 | 100060%701ZEZETY 04862-090-0€
v39053mm] WH -2/61 | VS | HD dSM | WA¥MVZZT | 1020/L0%01Z€9€ZY V¥vVa%0-090-0¢
-0861 I9pIodsy Sutwodm 3o °1E3S -0861 0 S ISM | WNEVZZI | 108%60%010€L22% | 1089092-190-6T
-6/61 19paoday Butwody o 83w3g -6.61 0 S dSM | WUVZZ1 | 108060%016%82ZY 44VEZ-190-62
-0861 I9p10d3Y Butwodm Jo 23v3§ -0861 0 S dsSM | WNAVZZ | T07121%70182622Y avv.1-190-62
uPmanN3g pleIan -G/6T ‘0L61 ‘15-6%61 | VS | HO dSM | WINVZZT | TOOTETH019%622Y 0a080-190-6¢
-6/61 I9pIoday Butwody jo 83®3§ -6.61 o} s ASM | WAAVZZT | 10SSETH0TZISTTY vav90-190-82
907A9S NI¥g [BUOTIEBN -9%61 “€%-Z%61 H 0 dSM | WATYTLT | T00SEEYOIS0ZIZY Yavéez-%90-92
90TAI9S Na®q [PUOTIEBN -8461 W 0 | S9SN | WATIVILI | TOEZEEVOIIT1ZITY 44482-%90-92
Loaang 1wOTZ0109H -2961 b | HO dSM [ WATVIIL | TO%€0EY0IEETITY vYao£Z-%90-92
aawioads ydasor -8%61 b | HO 4SM | WATIVILT | 10Z€92%0T¥%012Y ovaze-£90-9¢
uajung 133897 -8%61 b | HO aSM | WATYTIT [ 100591%01LS€E12Y vaa%1-290-92
3ystag Lxowyg -8%61 ‘€%61 b | HD 4SM | WATVILL | 102292%0100602% 40060-£90-52
Koaang [woT30709H -2961 b | HD dSM | WATVIIT | 108%02%018%S02% oavie-z90-52
Loaang eoTdo[00) -2961 b | HO ASM | WATIVIIL | 10%SZT%010%902% | 200Ad/2-290-5C
prnoajs Je3se -6S6T “€5-8%61 b | HD dSM [ WATVIIT | 10/%0Z%01€S.02% avv61-290-S2
Leaang Teo180709H -2961 b | HO dSM | WATIVITT | 1000ZT%0T1€012Y 449420-290-5C
Lazeg ‘M 'R %661 ‘TG-8%61 ‘€61 b | HO ASM | OWIILTL | TOSHTII®019Z902Y 08d8Z-190-52
Laaang 10130109 -2961 b | HO dSM | WATVIIT | 109001%01%0202% 400€2-190-%2
3uty 1114 -2961 b | HO dSM | OWMLIIT | 109001%01.2%02% 49411-190-%2
Koaang 1(eoT30[09DH -1661 b | HO ASM | WATYITI | COYEETH016%%0Z% | 2094050-190-%2
-2961 b | HO ASM | WATVIIT | 10STS0%011%102% agd8z-090-%¢
307238TQ uojILITIAT Yousaayg -0661 b | HO ASM | WATVITIT | TO9TE0%01Z0651Y OVV01-090-£2
*ouy ‘uog R IBTSW uyor -8/61 W S gsM | 7TN¥EEZT | 10Z00T%010T6€ 1Y 0006€-190-02
*ou ‘uo§ R I9I8W uyor -8461 “9.-0L61 W S aSM | TNY¥8EZT | T00160Y0TESHETY aYVSE-190-02
upldwa], sT3anD -8461 H S dSM | TIN¥EEZT | T08E0TH01L06E1Y 00a%€-190-02
Luedwo) o1338) R A®H paey -2.61 n S dSM | IN¥EEZT | TOTYEIH0T616ELY avare-190-0z
utrdwsy §TIAND -ZL61 ‘0L-6%6T ‘€%61 W S ASM | DWMIIIT | TOLTOTY01S00%TY vaa/z-190-02
199N STIANYD -9/61 R S ASM | TMNEEZT | 109180%01Z00%1% 00a$Z-190-02
*oul ‘uog R AITBW uyor -2161 W S dSM | WATVIITL | 20/$S80%0TLT10%1Y% | 2008DS2-190-02
*ouy ‘uog § XTI uyor -9/61 W S dSM | INYEEZT | T00EBOYOTIZSOY LY aanyz-190-0¢
NISvE YFATY I¥N0SSIW PoNUTIU0)--AINAOD NAHSOD
s)IpWIY IBUMO JO dwWBN p1093x 3O poTasad m..u: m.:u._ @ e 3tun  |*ou bas-3uor-3®] asqunu [[9M
83| mal SR | e
2518 &5 | -0
=] o
0
g
[}
=)
Hh

PONUTIUC)--S] oM UOTIPAIOEQ0 X93IBM-PUNOID--°G ITqRL

46



uo3198p3y 3O umol -G961 | VS o) $9sA | THXATTIZ [ TOZSTI901ECEICEY avyve1-8.0-0%
Kaaang [BOT30703) -L961 | VS o} ISM | OWMLITT| 10828Z90100LSC% | 10AAAIE-080-S€E
UOTIBWBTDIY FO neaang -S961 ‘0S6T | VS 0 HSM | OWILTTT | T0L€£92901L%1SCY 44v%0-080-€¢€
=£961 | VS D { SOSn | WMNAVZZI| 10THI0LOTIVEETY avaiz-680-0¢
NISvVd ¥IAIY I¥NOSSIW ALNNOD VNOMLVN
319yo 18] uwvmwaay -7961 VS in dSM | OWMLITI | 10209501120202Y YOov8Z-611-%¢
asnouy a1Loq =6G661 | VS in HSM | WATVITI| T0806SOT16%8S1Y IVveL-0T1-€2
‘8oag odouioyp -2961 Vs | In HSM | DWMITTT| TOSTLSOTTLSSSIY | Z0VAAZE-6TT1-€C
asnouy aykoq -7961 ‘6S61 | VS | In HSM | ODWMLITI | TOSTLSOTIZYYSIY Vadso-611-2¢
NISVE YJIATY ¥vad ALNNOD NTOONIT
903Aa9g NaBd [BUOTIBN -TL6T ‘0L-9961 | VS | 49 aSM _ Nmzq¢wﬂ_ 1002600T117€4%0TY 49080-Z211-%¢
NISVE YIATY NITWD ALNNOD NTOONIT
-7861 19pi10day Sutwodm 3o a381§ -7861 n S gsM | TIOOTIZT | TO0E0ZY0T1S09Z1Y 0300L1-290-L1
=GL6T 13p10day Sumwoln Jo 83wag -GL61 o] S dSM | TID0TZT! T0TESOY0LEYETLY 440¢€€-090~-L1
=LL61 19p10day S# 119M °0) ajuweae] -LL61 J S dSM | TIDOTZT | TOESZIYOTI9ETTLY VVV.LI-190-91
-GL61 19paoday SutwodM Fo a3®lg -GL61 0 S dsM [ TIDOTZT | I0%180%01LCZZ1Y 494.0-090-91
~LL61 13pa0d>3y L} TT18M *O) @TWels] =LL61 0 S dSM | TIDOTIZT | 109%S¥701SZLITY avdao1-990-S1
=LL6T 19paoday %# 119M °OD_ajuweis] =LL61 o] ) dSM | TIDOTZT| TOLY6TIHOTTIESTIY VVv0Z-290-S1
~ZL61 19pI10day 3uty 3ay -6961 o] HO dSM | TIDOTZT | C¢0€Z8SYOTILSLOTY | 20AAOSE-890-%1
~CL61 18pIoday auuakay) o £330 -9561 0 HO dSM | TIO0TIZT | TOOYSSHOIHEOTTY Jada81-L90-%1
~LL61 19paoday 8# TI9M °©) ajweieT] =LL61 0 S dSM | TID0TZT | 100ZSYY0101Z11Y vavo1-990-%71
=LL61 19pa0d3Y 6# TI2M °O) 3TWelIw] =LL61 J S dSM | TIOOTZT| TO00SSEYOISO0TTY 00461-%90-%1
=LL61 29p10d9Y ¥23quaToH =LL61 0 S dSM | TID0TZT | T0€EC6ZHOIHIZTILY 420d10-%90-%1
-LL61 19paoday €¢# TT8M "0) ajmeaw] =LL61 J S dSM | WNVZZT| 10SZTHZHOIHITILLY VVVSI-€90-%1
=GL61 19pI0day umoag [FIaYys =GLl61 J S dSM | "IN¥EEZT | 10L0T1%0100601% 30d72-190-%1
=£L61 13paoday Z# 119M *0) atueis] -LL61 o] S HSM | ¥AMMEZT| TOZI%I®0IZZOLTYZ | 10AAA8I-190-%1
=€L61 I19paoday KsAang 182}807103) -€L61 J S dSM | IN¥EEZT | T08TIHOYOLIETTILY 489d01-090-%71
-ZL61 13paoday 88019 °) "0 =LS61 J S dSM | INYEECT | 1080L0%018E€ZILY 42450-090-%1
=ZL61 19pI0day auuakay) yo L3I1D -6961 ‘0S-ZT%61 0 | HO dSM | TID0TZT | TO0%LSH0T0ESOLY 300€1-890-€1
~7L61 19p10day Zjuelp zaWTy -6961 2 S dSM | 'INYEETT | TOCILOY0TEQLOTY 40050-090-€1
~ZL61 I9proday £Laaang 1801307103) -€L61 0 S dSM | INYAEZT | 2OTETZYOLTIIOLY | ZOVVVSI~€90-C1
=GL61 Iopi0day Sutmodp 3o a3wlg -GL61 0 S dSM | OWMLITT| TOE091%0T00TOLY Vveac1-290-21
=LL61 19p1023Y Sujwodm 3o a3®ls ~LL61 J S dSM | INYEEZT | TO%ZL0%016S001Y aqdLo-090-2¢t
NISVE YIATY IMNOSSIN AINNOD FIWVEVI
cm| om| ®m
8)avmay aaumo Jo aueN p10291 JO pojIad gaf mel we Jyun [‘ou bas-8uoy-je | Iaqunu [iom
32| B8 BE | °Teol
28 &% &% =099
o3 o
0
[l
o
s 0
h

PanUTIUO)-~-8T[9M UOJIPAIISQO I19]1PM-pPUNOIH-~-°'G B[QB]

47



uosuyor 'H M -ZL61 ‘0L-T1961 b | no 4SM | WAWVZZT | TO%E€Z0S0ISSELTY 040/1-890-82
-1861 I9paoday Butwodm Jo d3e3ls -1861 b} S FSM | WUVZZT | T08SLSY0T82ZTIZY | 109849€-890-9¢C
-0861 Iapaoday Butwodm Fo 93®IS -0861 o) S ASM | WNMVZZI | T09%LSH0T1EYYIZY | 100€0Z1-890-92
adaq
-6.61 1apiooay sg[3noq aruay -6L61 b} d HSM | WNEVZZI | 10%%Z0S01€1902% VYVIC~-890-S2
-0861 19paooay ButwodM Jo a3®ls -0861 b} S ASM | WAEVZIT | 1S0S9S%018YL0TY avvyZ-890-62
-0861 Iopaoday Butwodm Fo 23®3S -0861 o) S IS | WNVZZT | 10%000S0T0%802ZY qads1-890-5C
-0861 19pIoday Butwody Fo a3®l§ -0861 ] S ASM | WIWVZZT | T00595%0165802Y vaaz1-890-52
-0861 1apaoday Buwodm jo 93®3S -0861 0 S ASM | WMRVZZI | 10Z0€S%01%2S02Y Qoo%€-190-ST
adag
-6L61 19paoday wiaYIIM Pa -6L61 0 d ASM | WHIVZZI | T06€SSY0TI8TLOZY | TOVAU6T-L90-5T
-1861 apioday ButmodyM Fo o3wlg -0861 b} S YSM | WIUVZZI | TOE06S%7019%202Y 4VvZZ-890-%2
UOTIBWR DY JO nwaang -ZL61 ‘0L-8S6T b | HD dSM | ¥¥EVZZI | 10006S%019%%0ZY% avag0-890-42
addda
-6.61 Iapaoday Inaad pa -6L61 o) S ASM | WATVITL | TOTZESHOTLEZOZY avy1g-L90~-%2
UOTIBWR[DdY JO nEaIng -2L61 ‘0L-8S61 O | HO ASM | UWUVZZT | T09ZZOSOTESLSTY avas1-890-€2
uoTIBWEIDAY FO NEIINg -%716T ‘ZTL6T ‘0L-8G61 O | HO ASM | WYUVZZI | T09S8SYOTEELSTY qaas1-890-€2
uneqy [oH -ZL61 | VS | HO ASM | WNIVZZI | TOTTI6EY0TISSLYTY YYV91-590-12
NISVE ¥AAIY¥ I¥NOSSIW AINNOD AILVId
Kaaang [wd1307103H -0L61 | VS b} ISM | WATVILT | TO%STI#0T019ZEY aod91-190-0%
-GL61 I3pioday r0) -suwal LBxaug -7L61 2 0 ASM | IOWILTIT | TOZEBIVOIZZHOEY | 20 €V8Z-790-9¢€
-%/61 19paoday r0p ‘suwval A3aaugy -%161 0 O | S9S0 | NSGWIEE | TOZEBIVOTIZTHOEY | 10 €V8Z-290-9¢€
uolzailed 21Bd -9L61 ‘¥.-1961 | VS | HD 4SM | WMEVZZT | 101€02%0T108%2Y vead62-290-€€
que] w1l -096T | VS | HO HSM | WNUVZZI | 10S%62%012SEHCY | 20 vayz-%90-2¢€
La1qInd tavg ~0961 “LS61 | ¥S | HD dSM | WNuVZZl | 10019Z%01CETHeYy 444€€-€90-2¢
-6.61 13paoday Sutwody Fo a3wIg -6L61 o) S ASM | WIUVZTT | T09092%01YvSyeYy VvVag0-£90-2¢
UBTISTIYD °H -8961 “6S61 ‘ZS6T | VS | HO ASM | ¥N¥VZZ1 | T00£€2Z%0T00TETY 200Z0-£90-2¢
~0L61 23paoday 1238134 PIAPYOTY -0L61 0 O | S9SN | ¥W¥VZTL | 10020Z¥01%Ye%Zy g992€-290-2€
uasae] [90) -0L6T ‘8961 ‘8661 | VS | HO ISM | ¥NAVZZ1T | TO8T6TI¥OTZYEYZY aqd0z-290-¢¢
uswasly udy -ZL61 | vS | HO ASM | WAEVZZI | TOTESTHOTIESHZY ao0zZ1-290-2€
-6L61 1apaoday Butwodm o a3elg -6L61 o) S ASM | WIAVZTI | TOTY6T%0160LY2Y vvds0-290-2¢€
uosaE] 'y 'Y -ZL6T ‘9561 | VS | HO ISM | WIUVZZI | 10%090%015ZEwTY 0462-090-2¢€
uwE)y UOpIOH ~GL61 ‘€L61 | ¥vS | HD ASM | W¥AVZZ1 | T0%090%01%20%2Y% 2081-290-1€
SaWOH 3I3qOY -ZL61 | VS | HO ASM | ¥AUVZZI | 108SZIY0T918ETY 4462-190-1¢
Laaang [w27180703) -2961 | vs | HO 4SM | AN¥VZZ1 | T0Z1E0%0TOY6ETY Vas1-090-1¢€
NISvE u¥aAT¥ I¥NOSSIW XINNOD VIVYHOIN
[0 e o] O 0
8)Ipway I9UMO JO BwBN paodal JOo poTa’dd ol e Q£ afun  {*ou bas-8uoy-3®] aaqunu TI9M
62| Wt 32 | 21801
35| 8% 25| o
T3 5]
ct 0
e
o
=]
3

pPONUYIUO)--5][9M UO]IPAISS8Q0 A33BM-PUNOIAD-~-'G B[QEBL

48



#4 uoadp

£3unoc) uolsom

T3 d STITH Ho®PIg
Laumny [ Y

SUOTES3G UTMTH

3I9TI38IQ 100Y2S

Luedwoy deaysg

Lanang 1eOT30109H

*oossy Butzexsn s3utadg yooy
£a11or "Ik

BupioH ‘T ¥

Lanang TeoT30709H

3938aeg sowep

£3uno) a3aaiqng
juswadeusy pue] Jo NBIANG
jusma3ruey pueT JO NEIING

Tooydss win
x9yIBAg * IR

: ;1961
SL6T “Tlé1
-6961
~6961

-GG61

~7961
-LS61

-7961
-€961
~€961
~TLl61
-7961

-5961
-5961
-5961
-8961 ‘99-%961
-TL6T ‘0L-5961

-0961
-0961

NnoE=E

VS
A&

Vs
VS
Vs
\£
Vs

Vs
VS
A\
VS
VS

AL

[=]
vCowo

In

4o
¥o

o
€0
}-R
¥o
o

o
¥o
4o
o
90

o m

HSM | dSHALEE
HSM | dSHJ.LEE
HSM | IOWILIC
HSM | dSHdLEE

10018€70TOESOYY
T100%7€0%0100S0%Y
100€52%010%8SEY
T0%€21701829S¢eY

NISVE WIATIY I
dSM OWYLITT

NISVd ¥IA

ISM JLSM7CT
AsK OAULTTT

YNOSSINW
10€020T118%CC1Y

NISVE YIAI

dsM | AENTYZ1
ISM AWTIVITC
HSM [ NNYASTI
aSM OLSM%7C1T
ISM | RATVITI

4006€~590~8Y
vavy0-090-Ly

4060-£90~-9%
vas6z-190-9%

ALNNOD NOLSIM

20VII-121-91

NISVd ¥IAI

SOS1 | WATIVIILIL
HSM [ WATVITL
dSM | OLsMwZl
ISM JLSMYZT
dsm oLSMvZT

NISVE ¥dAI

dSM | OLSm¥%Tl
ASM | JISM¥Z1

NISVE MIAIY I

I¥ uvad XINNOD VININ
10Z€€E0TIZTSITY q08%2-811-S1
10€€%7201100911Y ve00Z-ST1~S1

¥ NZHuD XINNOD VININ
109€0260T9TYSTY avv.0-501-22
1002%%801S€0%TY | 10QUasSz-101-02
T0%7%9€801SESETY 00090-660-61
1090£080TZ06€E 1Y aas0-$60-61
108$6%6018Z1€ 1Y | TOVAATZ-0TT-81

4 NII¥D ZINNOD WAIVMIZANMS
T001L00TTSTTOEY qavgo-111-S¢
10005760 TE€9YTY v450-801-2€
T00€S00TT70SETY | TOVOVLI-TT1-0€
10028€6019€SEZY | 10QQ90-L0T-0€
10$%7110T118%€2Zy | 100V61-Z11-8¢

¥ NZZ®D XINNOD dIid14ns
1022S€901IST16€EYY |  Z0DAYT-180-%S
108%€£59010SYEYY 2avL0-£80-€S

YNOSSIH XINNOD NVAI4ZHS

syIvmay

daumo JO QueN

paodax yo poTaag

UoT3IBAISSQO
3o Aouanbaxyg

ad1330
PTaTd

ow m.» 3Tun

m m. 21301

GRS -

<2 °%9
7

*ou bes-3uoy-3e]

xaqunu T1o9M

ponNUIUO)~-~E][0M UOJIBAIOEGO J03BM-pUNOIG-~'G ITqR]

49



WATER-RESOURCES PROJECTS

The numerous water-resources projects being conducted in Wyoming are
described on the following pages. The descriptions reflect project status as
of October 1982. The project number is given following each title.

The funding agencies during the fiscal year 1983 are shown for each
project. The section "Progress and Significant Results" covers the period for
fiscal year 1982. The area of each study, unless noted as statewide, is shown
as either a shaded area or a large black dot on the index map near the title
of each project.
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Water-Resources Projects Conducted
by the Wyoming District
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PROJECT TITLE: Surface-water stations (WY 00-001).

FUNDING AGENCIES: Wyoming State Engineer, Wyoming Department of Economic
Planning and Development, Wyoming Department of Environmental Quality,
Wyoming Water Development Commission, Bureau of Indian Affairs, Bureau of
Land Management, Bureau of Reclamation, City of Buffalo, Corps of Engineers,
National Park Service, and Geological Survey.

PROJECT LEADER: Ernest S. Denison.
FIELD LOCATION: Statewide.

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

OBJECTIVE: The objectives are to: (1) Collect surface-water data sufficient
to satisfy needs for current-purpose uses such as (a) assessment of water
resources, (b) operation of reservoirs or industries, (c¢) forecasting of
stage or discharge, (d) pollution controls and disposal of wastes, (e)
discharge data to accompany water-quality measurements, (f) compact and
legal requirements, and (g) research or special studies; and (2) collect
data necessary for analytical studies to define for any location the
statistical properties of, and trends in, the occurrence of water in
streams, lakes, and estuaries 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 United States
Geological Survey," and partial-record gaging will be used where it serves
the required purpose instead of complete~-record gaging.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Hydrologic data
collection was performed on schedule. Computation of the 1981 water-year
records was completed. During the year, 16 gaging stations were installed
and 31 were discontinued. Cooperation on 12 of the new stations is with a
new agency, the Wyoming Water Development Commission. The contract for
collection and processing of data for 13 gaging stations was cancelled,
effective September 30, 1981; six of the stations were discontinued and
seven were continued under the Coal Hydrology Program. The Worland Sub-
district Office was officially closed on September 4, 1982, and all field
responsibilities were transferred to the Riverton field office. Numerous
requests for tables of daily flows and statistical summaries of flow data
were received and filled.

PLANS FOR FISCAL YEAR 1983: Limited Federal funding will result in the
discontinuation of five gaging stations at the beginning of the year. If
funds are obtained from other agencies, four of these stations will be
reactivated.

52



REPORTS PUBLISHED DURING FISCAL YEAR 1983:

Glass, W. R., Circulation system for winter operation of gage wells: Water
Resources Division Bulletin, Sept. 1982 - April 1983, p. 51-53.

Green, S. L., 1983, Water-resources investigations of the U.S. Geological
Survey in Wyoming, fiscal years 1981 and 1982: U.S. Geological Survey
Open-File Report 83-254, 122 p. .

U.S. Geological Survey, 1983, Water-resources data for Wyoming, water year
1981, Volume 1, Missouri River Basin: U.S. Geological Survey Water-
Data Report WY-81-1, 575 p.

U.S. Geological Survey, 1983, Water-resources data for Wyoming, water year
1981, Volume 2, Green River, Bear River, and Snake River Basins: U.S.
Geological Survey Water-Data Report WY-81-2, 219 p.

PROJECT TITLE: Ground-water stations (WY 00-002).

FUNDING AGENCIES: Wyoming State Engineer, Wyoming Department of Economic
Planning and Development, and Geological Survey.

PROJECT LEADER: Jess 0. Ragsdale.

FIELD LOCATION: Statewide.

PROBLEM: (1) Long-term 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 (a) measure the effects
of development, (b) to assist in the prediction of future supplies, and (c)
to provide data for management of the resource. (2) Short~term water-level
records are also needed for (a) assessment of ground-water resources, (b)
areal investigations, and (c) water-use investigations,

OBJECTIVE: The objectives are to: (1) Collect water—level data sufficient to
provide a minimum long-term data base so that the general response of the
hydrologic system to climatic variations and induced stresses is known and
potential problems can be defined early enough to allow planning and manage-
ment; and (2) to provide a data base against which short-term records
acquired in areal studies can be analyzed. This analysis must provide: (a)
An assessment of the ground-water resource, (b) allow prediction of future
conditions, (c) detect and define pollution and supply problems, and (d)
provide the data base necessary for ground-water management.

APPROACH: The most advantageous locations for long-term observations will
be determined and this network 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.
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PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: About 1,000 water-
level measurements were made from a total of 197 wells, of which 69 have
continuous recorders. About 133 observation wells, hand-measured monthly
in Laramie County, were discontinued in December 1981. A report, "Ground-
water levels in Wyoming, 1971 through part of 1980," was completed and
published as Open-File Report 82-859.

PLANS FOR FISCAL YEAR 1983: Collection and processing of water-level informa-
tion at sites and frequencies similar to those in 1982 will be continued.

A computer program for plotting hydrographs directly from Ground Water Site
Inventory (GWSI) and daily values files will be developed. Historical data

will be entered into GWSI. A report containing hydrographs for selected
wells will be prepared.

REPORTS PUBLISHED DURING FISCAL YEARS 1982 AND 1983:

Ragsdale, Jess 0., 1982, Ground-water levels in Wyoming, 1971 through part
of 1980: U.S. Geological Survey Open-File Report 82-859, 200 p.

U.S. Geological Survey, 1983, Water-resources data for Wyoming, water year
1981, Volume 1, Missouri River Basin: U.S. Geological Survey Water-
Data Report WY-81-1, 575 p.

U.S. Geological Survey, 1983, Water-resources data for Wyoming, water year
1981, Volume 2, Green River, Bear River, and Snake River Basins: U.S.
Geological Survey Water-Data Report WY-81-2, 219 p.

PROJECT TITLE: Water-quality stations (WY 00-003).

FUNDING AGENCIES: Wyoming Department of Agriculture, Wyoming Department of
Environmental Quality, Bureau of Indian Affairs, Bureau of Land Management,
Bureau of Reclamation, Department of Energy, and Geological Survey.

PROJECT LEADER: Samuel J. Rucker, IV.
FIELD LOCATION: Statewide.

PROBLEM: Water-resource planning and water-quality assessment require a
nationwide base level of relatively standardized information. For intel-

ligent planning and realistic assessment of the water resource, the chemical
and physical quality of the rivers and streams must be defined and monitored.

OBJECTIVE: The objectives are to provide a national bank of water-quality
data for broad Federal planning and action programs and to provide data for

State and Federal management of interstate waters.
APPROACH: A network of water~quality stations will be operated to provide

data on average chemical concentrations, loads, and trends as required by
planning and management agencies.
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PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: The water—-quality
network decreased from 190 stations in fiscal year 1981 to 125 stations in
fiscal year 1982. Decreases were mainly in the Bureau of Land Management
energy program and the Geological Survey Coal Hydrology program. Contractor
operation of energy-related stations ceased on September 30, 1981. Programs
for State and other Federal agencies were unchanged or had minor changes,
although sampling frequencies were decreased in some cases due to funding
decreases. A compilation of data regarding streams with high alkalinity was
done for the Environmental Protection Agency. Special sampling activities
were done in cooperation with the Department of Energy at the Hoe Creek
coal-gasification site and the White Mountain in-situ oil-shale retorting
site. All water-quality data for the 1981 annual data report series was
compiled and prepared for publication.

PLANS FOR FISCAL YEAR 1983: Operation of the network will be continued, with
the following changes: (1) Three stations will be discontinued; (2) specific-
conductance monitors will be installed at two stations; (3) the Environmental
Protection Agency energy program will be discontinued (mostly trace metals,
nutrients and coliform at stations for which salinity sampling is sponsored
by other agencies); and (4) manpower permitting, there may be re-establishment
of a limited program in cooperation with the Bureau of Land Management.
Sampling for herbicides, previously done in project WY 77-043, will be done
in this project starting in fiscal year 1983.

REPORTS PUBLISHED DURING FISCAL YEAR 1983:

U.S. Geological Survey, 1983, Water-resources data for Wyoming, water year
1981, Volume 1, Missouri River Basin: U.S. Geological Survey Water=-—
Data Report WY-81-1, 575 p.

U.S. Geological Survey, 1983, Water-resources data for Wyoming, water year
1981, Volume 2, Green River, Bear River, and Snake River Basins: U.S.
Geological Survey Water-Data Report WY-81-2, 219 p.

REPORT COMPLETED DURING FISCAL YEAR 1983:
Rucker, S. J., IV, and DeLong, L. L., 1983, Evaluation of selected surface~

water-quality stations in Wyoming: U.S. Geological Survey Water-—
Resources Investigations Report 82-4003 (in press).

PROJECT TITLE: Sediment stations (WY 00-004).

FUNDING AGENCIES: Wyoming Department of Environmental Quality, Bureau of Land
Management, Bureau of Reclamation, and Geological Survey.

PROJECT LEADER: Ernest S. Denison

FIELD LOCATION: Statewide.
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PROBLEM: Water-resource planning and water-quality assessment require a
nationwide base level of relatively standardized information. Sediment
concentrations and discharges in rivers and streams must be defined and
moni tored.

OBJECTIVE: The major objectives are to: (1) Provide a national bank of sedi-
ment data for use in broad Federal and State planning and action programs,
(2) provide data for Federal and State management of interstate waters,
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 concen=-
tration, sediment discharges, and particle size distribution of sediment
being transported by rivers and streams.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Sediment data
collection and processing continued on schedule at four stations with
pumping samplers, one station with a daily observer, and 47 stations where
the sampling frequency ranged from weekly to quarterly. The sediment labora-
tory in Worland officially closed on September 4, 1982. Prior to its
closure, the Worland laboratory analyzed sediment samples for the Wyoming,
Montana, North Dakota, and Alaska Districts.

PLANS FOR FISCAL YEAR 1983: Fieldwork will continue during fiscal year 1983
on a reduced scale. The network will be reduced from 52 to 32 stations. Four
of these remaining stations will have automatic pumping samplers, one will
be sampled daily by an observer, and 27 will be sampled at frequencies
ranging from weekly during the irrigation season to quarterly.

REPORTS PUBLISHED DURING FISCAL YEAR 1983:

U.S. Geological Survey, 1983, Water-resources data for Wyoming, water year
1981, Volume 1, Missouri River Basin: U.S. Geological Survey Water-
Data Report WY-81-1, 575 p.

U.S. Geological Survey, 1983, Water~resources data for Wyoming, water year
1981, Volume 2, Green River, Bear River, and Snake River Basins: U.S.
Geological Survey Water-Data Report WY-81-2, 219 p.

PROJECT TITLE: Flood investigations in Wyoming (WY 59-010).

FUNDING AGENCIES: Wyoming Highway Department and Geological Survey.
PROJECT LEADER: Stanley A. Druse,

FIELD LOCATION: Statewide.

PERIOD OF PROJECT: July 1958 to September 1984,
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PROBLEM: The optimal design of highway drainage structures requires a know-
ledge of the magnitude and frequency of peak discharges expected at a given
site., This knowledge may be derived either from data collected at the
desired location or from regional analysis of peak-flow characteristics.

The paucity of peak-flow data for small drainage basins in Wyoming,
particularly for ephemeral streams, restricts the use of the regionalization
techniques presently available. A network of peak-flow partial-record sites
is needed to supplement the existing network of continuous~record streamflow
stationms.

OBJECTIVE: The main objective is to obtain sufficient basic hydrologic data
to define the magnitude and frequency of floods on a regional basis for the
entire state and to publish the interpretative analyses in easily usable
form. On request from the cooperator, flood-flow characteristics of streams
at specific sites will be determined by studying such factors as: History
of past floods; distribution of flow across the flood-plain and main
channel; and mean velocities in the main channel and overflow areas.

APPROACH: Available flood data will be analyzed, and sites for crest-stage
gages will be selected where they will best supplement the existing network
of continuous-record stream—gaging stations. Stage-discharge relations will
be defined for each crest-stage site by recording water stage and by making
current-meter measurements, indirect measurements of peak flow, or by using
the "step-backwater method." Basin characteristics that are pertinment in
flood-frequency analysis will be determined. Frequency characteristics will
be related to basin characteristics by regression analysis. Peak-flow
measurements will be made at miscellaneous sites where unusual floods
occur,

PROGRESS AND SIGNIFICANT RESULTS FOR 1982: An evaluation of the crest-stage
gage network resulted in a reduction from 98 active sites to 34 active sites.
Two indirect measurements were made at crest-stage gage sites. At one site
the 1982 peak flow was more than twice the magnitude of the previous highest
peak. A supplementary study was started; about 35 gage sites have been
field-checked in an attempt to relate old floods with time, or to extend
recorded flood peaks back in time, by considering flood-plain deposition,
terrace formation, shrub growth and flood~debris decay. This phase of the
study (paleohydrology) has not produced conclusive results to date, but has
added a considerable amount of valuable geomorphological data and historical
information (within the last 100 years) to the station files.

PLANS FOR FISCAL YEAR 1983: Operation of the crest-stage gage network will be
continued but the number of gage sites will be reduced further. A minimum
figure has not yet been determined. The study of historical floods will be
completed. A major effort will be made to assemble all information, analyses,
and results of the project over its 25-year span and begin preparation of a
comprehensive final report. The report will be completed and the project
ended in fiscal year 1984, according to present plans.
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REPORTS PUBLISHED DURING FISCAL YEAR 1983:

U.S. Geological Survey, 1983, Water-resources data for Wyoming, water year
1981, Volume 1, Missouri River Basin: U.S. Geological Survey Water-
Data Report WY-81-1, 575 p.

U.S. Geological Survey, 1983, Water-resources data for Wyoming, water year
1981, Volume 2, Green River, Bear River, and Snake River Basins: U.S.
Geological Survey Water~Data Report WY-81-2, 219 p.

PROJECT TITLE: Water resources of
Weston County, Wyoming (WY 74-026).

FUNDING AGENCIES: Wyoming State Engineer
and Geological Survey.

PROJECT LEADER: Marlin E. Lowry.

FIELD LOCATION: Northeastern Wyoming. SJ f
PERIOD OF PROJECT: March 1974 to June 1976 (complete except report).

STATUS: Colleague review of the final report has been completed. The State
Engineer also reviewed the report which is being prepared for approval.

PROJECT TITLE: Monitoring wastewater

effluent in Yellowstone National
Park, Wyoming (WY 74-027).

FUNDING AGENCY: National Park Service.

PROJECT LEADER: Edward R. Cox. u_

FIELD LOCATION: Northwestern Wyoming. iJ A i

PERIOD OF PROJECT: June 1974 to September 1982 (complete except report).

PROBLEM: The National Park Service is constructing new or rehabilitating
existing evaporation-percolation ponds at several sewage wastewater treat-
ment and disposal sites in Yellowstone National Park. The sites are near
streams or lakes. The National Park Service needs to determine the effects

of the wastewater effluent on nearby lakes and streams. In order to do this,
they need to know the amount and direction of movement of the effluents that

percolate from the ponds.
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OBJECTIVE: The objectives are to determine: (1) The position of the water
table and its relation to the ponds and nearby surface-water bodies; (2)
the slope of the water table and thus the direction of movement of the
effluent; (3) the time-of-travel of effluent from pond to surface-water
body; (4) the vertical zone of movement of the effluent; and (5) the
baseline water quality in the shallow aquifers in the vicinity of the perco-
lation ponds and in the surface-water bodies.

APPROACH: Forty-six wells were installed in unconsolidated material near the
sewage ponds. Several wells have been destroyed, including four that were
in the area of a new lagoon constructed in 1976. Tracer tests using
Rhodomine WT dye were made in a few selected wells, Water samples are
collected from the wells and analyzed for chemical quality of the water.
Water levels in the wells are measured periodically. A program of monitoring
water quality has been established following preliminary data collection
depending on funds available for the project.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Treated wastewater
effluents percolating from evaporation-percolation lagoons at Fishing Bridge,
0ld Faithful, and Madison Junction have had no discernible effects on the
quality of water in nearby streams and lakes.

Ground-water mounds build up under the lagoons as percolation of effluents
occurs, The percolating effluents mix with ground water and form plumes of
water that contain chemical constituents from the effluents. These plumes
move down the hydraulic gradient toward ground-water-—discharge areas. Con-
servative constituents such as chloride, sulfate, and nitrate increased above
background levels in water in wells near and down gradient from the lagoons;
whereas, those constituents in water in wells farther from the lagoons were
only slightly above background levels.

Conservative constituents in water have not increased in a reach of the
Yellowstone River defined by sampling sites upstream and downstream from the
Fishing Bridge lagoons, nor have they increased in a reach of the Madison
River defined by sampling sites upstream and downstream from the Madison
Junction lagoons. Conservative constituents do increase in a reach of Iron
Spring Creek defined by sampling sites upstream and downstream from the 0ld
Faithful lagoons; however, most, if not all, of the increase is due to
highly mineralized thermal water discharging in the reach. Conservative
constituents from the Grant Village effluent have not been noted in water in
nearby Yellowstone Lake.

PLANS FOR FISCAL YEAR 1983: The final report will be completed.

59



PROJECT TITLE: Water and its relation
to economic development in the Green
River and Great Divide basins in
Wyoming (WY 75-030).

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: Hugh W. Lowham.

FIELD LOCATION: Southwestern Wyoming.
PERIOD OF PROJECT: November 1974 to September 1980 (complete except report).

STATUS: Seven reports were in progress at the start of the fiscal year 1982,
Three were published during the year: (1) Hydrology of Salt Wells Creek;
(2) Streamflow and channels, Green River Basin; and (3) Sediment runoff, Big
Sandy River. The report on water quality of springs and streams was
approved by the Director. The report on ground-water data was reviewed and
edited for publication in fiscal year 1983. The report on sediment-streamflow
relationships was revised for additional review. The report on a biological

survey of streams was dropped with permission of the Regional Hydrologist.

REPORTS PUBLISHED DURING FISCAL YEAR 1982:

Kircher, J. E., 1982, Sediment transport and source areas of sediment and
runoff, Big Sandy River basin, Wyoming: U.S. Geological Survey Water-
Resources Investigations Report 81-72, 51 p.

Lowham, H. W., 1982, Streamflows and channels of the Green River basin,
Wyoming: U.S. Geological Survey Water-Resources Investigations Report
81-71, 73 p.

Lowham, H. W., DeLong, L. L., Collier, K. R,, and Zimmerman, E., A,, 1982,
Hydrology of Salt Wells Creek--A plains stream in southwestern Wyoming:
U.S. Geological Survey Water-Resources Investigations Report 81-62, 52 p.

REPORT COMPLETED DURING FISCAL YEAR 1983:

DelLong, L. L., 1983, Water quality of streams and springs, Green River
Basin--Wyoming: U.S. Geological Survey Water-Resources Investigations
Report 82-4008 (in press).
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PROJECT TITLE: Impacts of economic
development and water use on water

resources in the Hanna Basin in -
Wyoming (WY 75-031).

.‘_‘"‘T""
|

FUNDING AGENCY: Geological Survey.

LY

PROJECT LEADER: Pamela B. Daddow. (] -

FIELD LOCATION: South-central Wyoming.
PERIOD OF PROJECT: July 1974 to September 1980 (incomplete).

STATUS: Water levels in the area around the coal surface mines have declined
in some wells, risen in some, and have not changed in others. Ground-water
level measurements in 65 wells in the Hanna and Ferris formations of the
Hanna Basin, Wyo., have been prepared for entering into the Ground Water Site
Inventory (GWSI) National Water Storage and Retrieval System (WATSTORE)
computer file, Tables of well records and of ground-water-level data will be
retrieved for the report from GWSI, selected hydrographs will be retrieved
and plotted from GWSI, and the brief text will be written and the report
published in 1983.

PROJECT TITLE: Water resources of the
Powder River structural basin in
Wyoming in relation to energy
development (WY 75-032).

FUNDING AGENCIES: Department of
Energy and Geological Survey.

PROJECT LEADER: Marlin E. Lowry.

FIELD LOCATION: Northeastern Wyoming.

PERIOD OF PROJECT: November 1974 to September 1980 (complete except reports).

STATUS: Nine reports were in process at the beginning of the year. Two
reports were published: (1) Empirical techniques to determine infiltration
and runoff; and (2) Ground-water data for alluvial aquifers. The report on
time of travel of solutes in the North Platte River was submitted for
approval. Two other reports were submitted, but were returned for technical
revisions, which were made. Another report had colleague review, and was
prepared for the approval process. Two reports received evaluation by a
detailee, prior to further processing. The report on storage analysis for
ephemeral streams was dropped with approval of the Regional Hydrologist.
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REPORTS PUBLISHED DURING FISCAL YEAR 1982:

Rankl, J. G., 1982, An empirical method for determining average soil
infiltration rates and runoff, Powder River structural basin, Wyoming:
U.S. Geological Survey Water~Resources Investigations Report 81-76, 38 p.

Wells, D. K., 1982, Ground-water data from selected wells in alluvial
aquifers, Powder River basin, northeastern Wyoming: U.S. Geological
Survey Open-File Report 82-856, 35 p.

REPORTS COMPLETED DURING FISCAL YEAR 1983:

Armentrout, G, W., Jr., and Larson, L. R., 1983, Time of travel and
dispersion of solutes in a 36.4-mile reach of the North Platte River
downstream from Casper, Wyoming: U.S. Geological Survey Water—Resources
Investigations Report 82-4103 (in press).

Glover, K. C., 1983, Storage analyses for ephemeral streams in semiarid
regions: U.S. Geological Survey Water—Resources Investigations Report
83-4078 (in press).

Lowry, M. E., and Rankl, J. G., 1983, Hydrology of the White Tail Butte area,
northern Campbell County, Wyoming: U.S. Geological Water-Resources
Investigations Report 82-4117 (in press).

PROJECT TITLE: Hydrology of Paleozoic
rocks in the Powder River Basin and

adjacent areas, northeastern Wyoming
(WY 75-033).
FUNDING AGENCY: Geological Survey.

PROJECT LEADER: (vacant).

FIELD LOCATION: Northeastern Wyoming.
PERIOD OF PROJECT: November 1974 to September 1980 (complete except reports).

STATUS: Very little progress was made on the four remaining reports. The
Apparent water resistivity (Rwa) report received an outside evaluation after
review had been completed. In 1983 a decision to publish or not will be made
for each of the four remaining reports. Processing will be completed for
those judged to be salvageable,.
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PROJECT TITLE: Evaluation of Paleozoic
and alluvial aquifers in the Bighorn
Basin, Wyoming (WY 75-034).

FUNDING AGENCIES: Wyoming State Engineer

and Geological Survey. tT_ i

PROJECT LEADER: Maurice E. Cooley. ]
)

-

FIELD LOCATION: North-central Wyoming.
PERIOD OF PROJECT: December 1974 to September 1977 (complete except reports).

STATUS: Both of the remaining reports were submitted for approval as Water-
Resources Investigation reports. The report on the alluvial deposits of Owl
Creek was approved and camera~ready copy prepared. The report on the
Paleozoic aquifers was returned for technical revisions, which were made.

REPORT PUBLISHED DURING FISCAL YEAR 1982:

Cooley, M. E. and Head, W. J., 1982, Hydrogeologic features of the alluvial
deposits in the Owl Creek Valley, Bighorn Basin, Wyoming: U.S.
Geological Survey Water-Resources Investigations Report 82-4007, 33 p.

PROJECT TITLE: Effects of herbicide usage on water quality of selected
streams in Wyoming (WY 77-043).

FUNDING AGENCIES: Wyoming Department of Agriculture and Geological Survey,
PROJECT LEADER: Samuel J. Rucker, IV,

FIELD LOCATION: Statewide,

PERIOD OF PROJECT: June 1977 to September 1982 (completed Jan. 28, 1983).

PROBLEM: Local weed~ and pest~control district personnel will be spraying the
banks of selected streams (and islands in larger rivers) throughout Wyoming
with Tordon (4-amino-3, 5, 6-trichloropicolinic acid), Banvel (2-methoxy-3,

6-dichlorobenzoic acid), and 2,4-D. The Wyoming Department of Agriculture
needs to know whether or not any of these herbicides appear in the water or

bed material downstream from the spraying activity. This problem could be
compounded by the extremely low flow expected in reaches of some rivers.

OBJECTIVE: The objectives are to determine the effects of herbicide spraying
on water quality and on bed materials in the study reach.

APPROACH: Sets of water and bed-material samples will be collected upstream
and downstream from the spray area before, during, and after the herbicide
is applied. Application will last for about 8 weeks, during which sample
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sets will be collected twice a week immediately downstream. Samples will be
analyzed in the Central Laboratory. Results will be examined and the effects
on water quality determined.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: The most commonly
detected herbicides in the water samples were picloram (36 percent non-zero
values; highest concentration 0.71 ug/h) and 2,4-D (30 percent non-zero
values; highest concentration 4.3 pg/h). These herbicide concentrations are
not dangerous or harmful to humans or to the environment, based on available
toxicity data and water-quality criteria.

STATUS: The project ended September 30, 1982, Sampling will continue at
approximately the same level in fiscal year 1983, but will be a part of
project WY 00~003. It is anticipated that some ground water will be monitored
in critical areas. The report of results for 1978-81 was approved for publi-
cation in 1983,

REPORT COMPLETED DURING FISCAL YEAR 1983:

Butler, D, L., 1983, Pesticide data for Wyoming streams: U.S. Geological
Survey Water-Resources Investigations Report 83-4127 (in press).

PROJECT TITLE: Digital model of the

alluvial aquifer in Bates Hole,
central Wyoming (WY 78-047).

FUNDING AGENCIES: Wyoming State
Engineer and Geological Survey.

PROJECT LEADER: Kent C. Glover.

FIELD LOCATION: Central Wyoming.
PERIOD OF PROJECT: October 1977 to September 1980 (completed Oct. 22, 1982).

STATUS: The final report was reviewed by the cooperator. Revisions were made
in statements that may have compromised the State Engineer's ability to
administer water rights. The report was approved for publication early in

fiscal year 1983.

REPORT PUBLISHED DURING FISCAL YEAR 1983:

Glover, K. C., 1983, Digital model of the Bates Creek alluvial aquifer near
Casper, Wyoming: U.S. Geological Survey Water~Resources Investigations
Report 82-4068, 45 p.
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PROJECT TITLE: Digital model of the
hydrologic system in the La Grange
area, southeastern Wyoming (WY 78-048).

FUNDING AGENCIES: Wyoming State T
Engineer and Geological Survey.

PROJECT LEADER: William B. Borchert. ! ?l
|

FIELD LOCATION: Southeastern Wyoming. jj [

PERIOD OF PROJECT: October 1977 to September 1981 (completed Feb. 22, 1983).

STATUS: Colleague review of the final report was completed and revisions made.
The report was submitted and approved for publication in 1983.

REPORT COMPLETED DURING FISCAL YEAR 1983:
Borchert, W. B., 1983, The ground-water system in the La Grange aquifer near

La Grange, southeastern Wyoming: U.S. Geological Survey Water-Resources
Investigations Report 83-4024 (in press).

PROJECT TITLE: Northern Great Plains
regional aquifer-system analysis,
Wyoming (WY 78~049).

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: Dwight T. Hoxie.

FIELD LOCATION: Northeastern Wyoming.

PERIOD OF PROJECT: October 1977 to September 1981 (complete except report).

PROBLEM: Rapid development of energy resources in the Northern Great Plains
will put stresses on heretofore little used aquifers for water requirements
and waste disposal. Previous studies have concentrated on counties or river
and structural basins. There is now a need for a regional study of potential
aquifers, More knowledge is needed so water development and management
alternatives can be evaluated. To provide this knowledge, the Wyoming
District will concentrate on aquifers above the Madison and below the Pierre
Shale (Cretaceous). The study area is essentially the same as the regional
Madison study. Four districts in the Northern Great Plains will participate
with coordination by a Central Region staff,

OBJECTIVE: The overall objectives of the project are to provide a quantitative
evaluation of the principal hydrologic systems, the quantity and quality of
the water in the principal aquifers, the amounts of water available to wells
under existing technology, and the effects of withdrawing the water.
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The ultimate objective is to provide water managers with technical means
of administering and regulating the development of water resources in the
project area with emphasis on ground water,

APPROACH: The areal extent of potential aquifers will be defined from previous
studies, existing geohydrologic data will be compiled and evaluated, and a
program will be developed to selectively collect additional data. The
physical parameters of aquifers will be determined by machine processing of
digitized geophysical logs. Recharge and discharge from streamflow records,
seepage runs, well pumpage, evapotranspiration, and infiltration estimations
will be determined., Digital models of the systems will be developed as a
predictive means to evaluate alternatives for development of the aquifers
and management of the systems. Water quality will be described and geo-
chemical trends and anomalies defined. A data-collection network will be
developed for future monitoring of systems.

STATUS: All data~collection and analyses has been completed. The principal
final report on the digital model of the Dakota Sandstone is in review.
Review of six secondary reports has been completed: evapotranspiration rates;
linear-features maps of Wyoming, Montana, South Dakota, and North Dakota; and
fracture~permeability map of the Northern Great Plains. These reports are
being prepared for final approval.

REPORT COMPLETED DURING FISCAL YEAR 1983:

Lenfest, L. W., Jr., 1983, Evapotranspiration rates at selected sites in the
Powder River Basin, Wyoming and Montana: U.S. Geological Survey Water-
Resources Investigations Report 82-4105 (in press).

PROJECT TITLE: High Plains regiomal T
aquifer-system analysis, Wyoming
(WY 78-050).1

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: Charles F. Avery.

FIELD LOCATION: Southeastern Wyoming. ]

PERIOD OF PROJECT: October 1977 to September 1982 (complete except report).

PROBLEM: The Ogallala Formation and associated rocks are the principal
aquifers underlying the High Plains. The economic future of the High Plains

and surrounding area is heavily dependent upon the capacity of the aquifer

1 This project is subsidiary to project CR 78-229,
described on page 100.
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to sustain withdrawals. Comprehensive knowledge of the aquifer system is
needed so that water-management alternatives can be evaluated and the
economic life of the aquifer projected. To provide that knowledge, the
Geological Survey will do a 5-year study; eight districts, including Wyoming,
will participate, with coordination by Central Region staff.

OBJECTIVE: The overall (Regional) objectives are to: (1) Describe the quantity
and quality of the water resource and the operation of the hydrologic system;
(2) develop a regional water-resources data storage and retrieval system;

(3) develop data-collection networks for future monitoring; (4) develop
digital models of the aquifer system; and (5) evaluate ground-water manage-
ment alternatives using the models. The objectives for Wyoming will be to
provide hydrogeologic data for the post-Cretaceous formations in southeastern
Wyoming to the Regional project staff in support of the overall objectives.

APPROACH: The areal extent of the aquifer(s) will be defined based on previous
studies. Geophysical logs will be examined to help determine aquifer thick-
ness. About 25 test holes will be drilled. Ground-water occurrence and
movement, aquifer properties, and recharge will be determined from existing
data or from aquifer tests on new wells. Ground-water discharge will be
estimated from pumpage and irrigated acreage inventories, and from streamflow
measurements. Approximately 50 water samples will be collected and analyzed.
Periodic mass water-level measurements will be made. All existing and new
data will be compiled and entered into the Regional computer system. Work
will be done with the Regional project team to apply Wyoming data to the
Regional ground-water model.

STATUS: The two principal final reports received colleague review during 1982,
but technical problems remain for one of them. Two linear-features maps have
been reviewed and a third map report is inactive. The final reports will be
reevaluated and processed for publication in 1983.

REPORT PUBLISHED DURING FISCAL YEAR 1983:

Avery, C. F., 1983, Pumpage data from irrigation wells in eastern Laramie
County, Wyoming, and Kimball County, Nebraska: U.S. Geological Survey

Open-File Report 83-29, 23 p.

PROJECT TITLE: Hydrologic conditions

in the Wheatland Flats area, Platte
County, Wyoming, Part II (WY 79-052).

FUNDING AGENCIES: Wyoming State
Engineer, Wyoming Department of
Economic Planning and Development,
and Geological Survey.

PROJECT LEADER: Marvin A. Crist. {4

FIELD LOCATION: Southeastern Wyoming.
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PERIOD OF PROJECT: April 1979 to March 1982 (completed Mar. 30, 1983).

PROBLEM: Water is diverted from the Laramie River to irrigate approximately
40,000 acres of land in the Wheatland Flats area. Ground water is the source
for an additional 2,000 acres. Adequate supplies of surface water are
available only in years when stream runoff is above normal. Additional water
is provided by wells. The increase in irrigation wells from about 85 in
1960 to about 225 in 1978 has resulted in substantially more pumpage of
ground water. Consequently some of the shallow wells are no longer produc~
tive. Information is needed to determine the effect of ground-water develop-
ment upon water levels and streamflow.

OBJECTIVE: The objectives are to: (1) Determine the extent of present ground-
water development for irrigation, industry, and municipal use and describe
the effect of this development upon water levels in the separate aquifers;
(2) determine the effect of imported surface water upon water levels and the
effect of imported water and ground-water development upon stream discharge
in the area; and (3) provide a means of predicting the effect of water=-
management decisions.,

APPROACH: Well-inventory, pumpage, and surface-water-use data will be
updated. Additional data will be collected to include the adjacent area
around Wheatland Flats where irrigation wells have been constructed. An
observation-well network will be established and mass water-level measure-
ments will be made in the spring prior to start of irrigation. Seepage rums
will be made on all the streams to estimate stream~aquifer relationship.
Preparation of a water budget will aid in the development of a digital model
of the hydrologic system, which will be tied in with two existing models for
adjacent areas.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Net water-level decline
over approximately 20 years (1958, 1960 to 1979) is generally less than 3 m,
although declines of about 4 m have occurred in the Arikaree Formation at
specific locations. Output from a digital model, constructed to simulate
hydrologic conditions, indicates ground-water discharge to streams decreased
by 10 percent from 1971 to 1978. Stream-discharge measurements are not
available to verify the loss. However, it is reasonable to assume, on the
basis of hydraulic-head decline in the aquifers, that there has been some
loss of ground-water contribution to the streams. The final report was
completed; it was approved for publication early in fiscal year 1983.

REPORT PUBLISHED DURING FISCAL YEAR 1983:
Crist, M. A., 1983, Hydrologic conditions in the Wheatland Flats area,

Platte County, Wyoming: U.S. Geological Survey Water-Resources
Investigations Report 83-4047, 36 p.
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PROJECT TITLE: Hydrologic reconnaissance
of the Powder River Basin Uranium
District, Wyoming (WY 80-053).

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: Pamela B. Daddow.

—]
!

FIELD LOCATION: Northeastern Wyoming.

PERIOD OF PROJECT: January to September 1980 (complete except report).

STATUS: The final report is still in preparation. The water-quality section
of the report will be rewritten, probably by someone other than the authors.
Colleague review will be done and the report processed for publication in 1983.

PROJECT TITLE: Precipitation, infiltration, and runoff relations for small
basins in Wyoming (WY 80-054).

FUNDING AGENCY: Bureau of Land Management.

PROJECT LEADER: James G. Rankl.

FIELD LOCATION: Statewide.

PERIOD OF PROJECT: January 1980 to September 1982 (complete except report).

PROBLEM: Federal regulations concerning surface coal mining and reclamation
operations specify use of precipitation-frequency criteria for hydraulic
design. The problem is to determine runoff volumes from small drainage
basins for selected precipitation frequencies. Variability of infiltratiom
rates of soil and other surficial material requires an understanding of the
hydrologic processes controlling the relations of precipitation, infiltra-
tion, and runoff in small drainage basins.

OBJECTIVE: The objectives of this study are to define infiltration-rate curves
for soils and other surficial materials and determine the relations between
infiltration rates computed from basin studies and those computed from
infiltration tests.

APPROACH: Existing rainfall-runoff data collected at small ephemeral basins
will be used with Soil Conservation Service soil maps and descriptions to
define infiltration-rate curves. Infiltrometer data will be collected using
a hand-portable model developed by McQueen (Geological Survey) and the
rainfall simulator of the Geological Survey Public Lands Hydrology Program.
These data will be analyzed statistically and compared to basin runoff.
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PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Curves separating
rainfall events that produce runoff from those that do not, were defined
mathematically on graphs of rainfall intensity versus rainfall duration.
The method is more accurate than the previously published empirical method
and also provides a physical basis for defining infiltration parameters for
use in a rainfall-runoff simulation model.

Split samples were used to test the reliability of optimized infiltration
parameters within a basin. The between-basin reliability of the method also
was tested by computing runoff from rainfall using optimized infiltration
parameters from a nearby basin. A report of results, to be published in
1983, was nearly completed at year's end.

PLANS FOR FISCAL YEAR 1983: The final report will be completed and processed
for publication in the Water-Resources Investigations Report series.

PROJECT TITLE: Quality of runoff from

small basins in plains areas--Wyoming K\r——J
(WY 80-055).

FUNDING AGENCY: Bureau of Land Management. ! ' i
PROJECT LEADER: Lewis L. DeLong. ~—:%“"—_ q '
[ | .

8§ [

FIELD LOCATION: Southwestern Wyoming.

PERIOD OF PROJECT: January 1980 to September 1981 (complete except report).

STATUS: Data collection and analysis were completed in fiscal year 1981.
Disposition of the final report will be decided and action taken to complete
the report.

PROJECT TITLE: Streamflow characteristics of energy-mineral areas in Wyoming
(WY 80-~056).

FUNDING AGENCY: Bureau of Land Management.

PROJECT LEADER: Hugh W. Lowham.

FIELD LOCATION: Statewide.

PERIOD OF PROJECT: March 1980 to September 1982 (complete except report).

PROBLEM: Substantial development of mineral resources is occurring in Wyoming.
Planning and design related to such developments often require information

concerning streamflow characteristics. Gaged data are sparse for the arid
and semiarid areas where most of the energy-mineral development is occurring.
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Techniques for transferring or estimating streamflow information are there-
fore required. Existing techniques for estimating flow characteristics are
limi ted mainly to peak flows, More complete information is needed concerning
annual and seasonal runoffs,

OBJECTIVE: This study will help solve problems currently being encountered in
estimating runoff of arid and semiarid energy-mineral areas. Specific
objectives are to: (1) Develop techniques and relations for estimating monthly
and annual runoff with greater accuracy than now possible, and (2) refine
relations for estimating peak flows for streams in these areas,

APPROACH: Existing techniques for estimating flow characteristics in Wyoming
were developed using streamflow data available through 1973. Since then
many new gaging stations have been established in the plains areas; those
having suitable records will be included in the analysis., Because runoff
from plains areas is highly variable, regional-analysis techniques will be
developed considering average characteristics for groups of stations, with
minimum reliance on individual short-term records. Regression techniques
using basin features and channel-geometry measurements will be used in the
analysis. Also, relations showing seasonal runoffs derived from an analysis
of snowmelt and rainfall contributions will be investigated., The use of
streambed-material size to improve channel-geometry relations will be
examined.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Regression equations
for estimating peak flows and annual runoff of Wyoming streams were refined.
Streamflow data available through the 1980 water year were used in the
analysis. Peak flows were analyzed for each station using guidelines of
Water Resources Council Bulletin 17B., Two different methods were investigated
for estimating streamflow at ungaged sites. One method uses basin character-
istics; the other uses channel-geometry measurements. For the plains area of
the State, the analysis using basin characteristics showed that a nonlinear
regression model yielded more accurate equations than a linear model,
especially for estimating streamflow from drainage areas of less than 25.9 kmZ.

To improve upon channel-geometry relations developed previously, detailed
measurements of the channels and samples of the streambed and bank materials
were obtained for 23 gaged sites. Various indices of channel size and composi-
tion were added to regressions of width versus peak flows. Regression analysis
is being used to evaluate the effects of these variables.

PLANS FOR FISCAL YEAR 1983: The estimating equations developed for this project
will also be used for project WY 59-010., Some modification may be necessary
after historical adjustment is made for about 14 streamflow stations, which
will be completed within several months, The final report will then be
completed and submitted for review.
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PROJECT TITLE: Biological communities
of small streams in Wyoming (WY 80-057).

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: David A. Peterson.

FIELD LOCATION: Northeastern Wyoming. YJ (.

PERIOD OF PROJECT: January 1980 to September 1981 (complete except report).

STATUS: The flow-duration patterns of streams in the Powder River coal basin,
Wyo., were analyzed to determine their relationship to productivity and
composition of the invertebrate community. Perennial streams are more
productive than intermittent or ephemeral streams, in terms of benthic
biomass, drift biomass, and number of taxa per sample, both benthic and drift.
Invertebrate communities adapted to flowing water characterize perennial
streams; communities adapted to standing water characterize ephemeral streams.
The communities of intermittent streams are intermediate to those of perennial
and ephemeral streams, and are dependent on the pattern of flow duration.
Limitations imposed by water quality and substrate on community development
were also identified. During 1983 the final report will be completed,
reviewed, and processed for publication in the Water-Resources Investigations
Report series,

PROJECT TITLE: Reconnaissance of the

water resources of the Saratoga Valley,
south-central Wyoming (WY 80-058).

FUNDING AGENCIES: Wyoming State Engineer,
Wyoming Department of Economic Planning

and Development, and Geological Survey.

PROJECT LEADER: Leslie W. Lenfest, Jr.

FIELD LOCATION: South-central Wyoming.

PERIOD OF PROJECT: March 1980 to June 1982 (complete except report).

PROBLEM: Recent increases in the development of water resources in the
Saratoga Valley necessitate a better appraisal of the resources available
and of the extent to which development is taking place. This information
is needed by the Wyoming State Engineer's Office to carry out its regulatory
functions. Definition of the hydrologic system is needed and would include

hydraulic properties and head in the aquifer, hydraulic head between
aquifers, stream~aquifer relationships, irrigation and precipitation recharge

of the aquifer, and the response of the aquifers to pumpage.
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OBJECTIVE: The objectives are to: (1) Determine the present status of ground-
water development, and the hydrology and hydraulic properties of the aquifers
within the study area, based on the collected data; and (2) evaluate the need
for additional studies and, if needed, recommend an approach for further
investigations,

APPROACH: An inventory will be made of wells from documented information and
field reconnaissance. A water-level network will be designed that consists
of 20 to 25 wells to be measured monthly. A mass water-level measurement of
all wells will be done to establish water levels and to monitor water-level
changes in areas of extensive pumpage. An inventory of irrigated acreage
will be made using infrared photographs and field reconnaissance. Seepage
runs will be made to estimate stream-aquifer relationships. Tests will be
done to determine hydraulic properties of aquifers.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Ground-water development
for agriculture use has increased substantially in the Saratoga Valley during
the 1960's and 1970's and will probably increase in the 1980's. There are at
least 30 major irrigation wells capable of producing over 13 dm3/s in the
valley; about two-thirds of these have been drilled since 1960, and at least
five new well permits have been approved for 1981. Approximately 3.3 hm®
of water in 1980 and 5.2 hm® in 1981 were pumped from shallow aquifers for
irrigation purposes.

Water levels were measured in about 140 wells in the late summer and
fall of 1980. Forty-one of these wells were measured in studies prior to
1969. Ground-water levels in 1980 were higher than, or within five feet of,
85 percent of the water levels measured prior to 1969.

PLANS FOR FISCAL YEAR 1983: The review of the final report will be completed
and the report processed for publication in the Water-Resources Investigations

Report series.

PROJECT TITLE: Hydrologic investigation
of the in-situ oil-shale retort area
near White Mountain, southwestern \
Wyoming (WY 81-~059). =

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: Kent C, Glover.

y
|

FIELD LOCATION: Southwestern Wyoming. . r (

PERIOD OF PROJECT: October 1980 to September 1983.
PROBLEM: Comprehensive information is lacking on the hydrologic aspects of

in-situ oil-shale retorting. At present, there is also little knowledge of
the environmental effects of the retort process on assoclated aquifers and
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streams. This kind of information is needed by State and Federal agencies
in planning and supervising the experimental and commercial development of
oil-shale resources by retort processes.

OBJECTIVE: Broad objectives are to define the hydrologic regime, and to
describe hydrologic changes due to retorting, which will permit evaluation
of any environmental impacts. Specific objectives are to: (1) Identify
hydrologic characteristics of the aquifers; (2) determine hydrologic
relations among aquifers; (3) determine the nature and extent of the
surface-water/ground-water relationship; and (4) determine the chemical
characteristics of the ground water.

Although the project will be involved with a specific retort site, it is
intended to be process oriented; therefore, the results should be highly
transferrable to other retort sites.

APPROACH: In the first phase a planning document will be prepared based on
existing information, including previous studies of the general area and
related studies of other areas. A ground~water flow model will be selected
and used as an aid in designing a data-collection program. A solute~
transport model also will be selected. In the second phase test drilling
will be done and hydrologic, geoclogic, geophysical, and water-quality data
will be collected. The flow and transport models will be calibrated and
tested. In the third phase results will be interpreted and the final reports
prepared.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Ground-water sampling
and analysis has confirmed extensive migration of solute from an in-situ
oil-shale retort near Rock Springs, Wyo. Movement of the solute plume in
the six years since retorting ceased appears to be restricted to the Tipton
member of the Green River Formation. The solute plume, as indicated by
thiocyanate (SCN), has not been detected in the underlying Wasatch Formation.

A three~dimensional finite-element model of solute transport has been
revised to include a source~sink term for solute transport in the oil-shale
strata. Conventional solute-transport equations are used to describe
movement within the tuff beds. This description of the solute~transport
system also has provided a realistic means for modeling the leaching of
solute from spent shale within the retort chamber. The leaching mechanism
acts as a boundary condition to the solute-transport problem. The revised
model has been applied successfully to simple test problems.

PLANS FOR FISCAL YEAR 1983: Ground-water flow and solute~transport models will

be calibrated. Variations in water quality will be related to lithologic
changes and location of solute plume. Reports of hydrogeologic framework,
water quality of oil-shale strata and solute plume, and digital model analysis

will be prepared.
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REPORT PUBLISHED DURING FISCAL YEAR 1982:

Glover, K. C., Zimmerman, E, A,, Larson, L. R., and Wallace, J. C., 1982, A
plan for hydrologic investigation of an in-situ oil-shale retorting near
Rock Springs, Wyoming: U.S. Geological Survey Open-File Report 82-758,
27 p.

PROJECT TITLE: Ground-water hydrology

of the Southern Powder River Uranium
District, Wyoming (WY 81-060).

FUNDING AGENCIES: Wyoming State Engineer, -
Wyoming Department of Environmental

Quality, and Geological Survey.

PROJECT LEADER: Marlin E. Lowry.

L1
|

FIELD LOCATION: Northeastern Wyoming. jd [

PERIOD OF PROJECT: October 1980 to September 1983.

PROBLEM: Uranium exploration in the southern Powder River Basin has resulted
in thousands of test holes, many of which were poorly plugged. This has
resulted in flow between formerly isolated aquifers and uncontrolled flow
at the surface. Development of uranium has stressed the ground-water system
by pumping for supplies and for dewatering mines. There are presently
7 surface mines, 4 underground mines, and 3 in-situ mines; additional mines
are planned. Agriculture in the area is highly dependent on ground water.
Therefore, the impacts of exploration and development are a concern.

OBJECTIVE: The objectives are to: (1) Determine the existing hydrologic
system, (2) determine the impacts on the ground-water system of the past and
present uranium exploration and development, and (3) predict effects that
might result from continued or modified uranium development in the future.

APPROACH: The first phase of the project will be to analyze the data obtained
from companies and to establish a data-collection network. Data analysis
will include testing concepts of how the hydrologic system operates and
describing the geologic framework. Consistency with water-quality data will
be an additional test of the concepts. The second phase will be to construct
a digital model and collect additional required data. After calibration of
the model, the effects of mining in the area will be simulated.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Routine water-level and
streamflow measurements continued in 1982, but model preparation was
emphasized rather than fieldwork to collect ground-water and stratigraphic
information. The possibility of water-level declines due to improperly
plugged boreholes was investigated.
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The data readily available for a three-dimensional model of ground-water
flow were assessed. It was concluded that the distribution of permeability,
to the extent it can be inferred from available facies maps, is better known
than the distribution of head. To facilitate calibration of the model, the
three-dimensional flow model was modified so that permeabilities can be
changed for a given facies throughout the matrix by a program statement.

Records of over 2,000 wells were obtained and converted to Geological
Survey data-base format. Not all of the wells, however, will be useful for

describing the distribution of head.

PLANS FOR FISCAL YEAR 1983: Because of decreased interest in the area, the
work will be terminated and a final report prepared.

PROJECT TITLE: Potentiometric maps of

shallow aquifers in the Powder River
Basin, northeastern Wyoming (WY 81-062).

FUNDING AGENCY: Bureau of Land Management.

PROJECT LEADER: Pamela B. Daddow.

FIELD LOCATION: Northeastern Wyoming.

PERIOD OF PROJECT: March 1981 to September 1983.

PROBLEM: Although knowledge of the ground-water system in the Powder River
Basin, Wyo., has improved since the surge of new mining began in 1975,
potentiometric maps, which are fundamental to understanding the ground-water
system, are not available for any shallow horizon in most of the basin and
are only rudimentary elsewhere. Potentiometric maps are needed to: (1) Aid
current modeling efforts, (2) learn more about vertical-versus-horizontal

movement and regional-versus-local movement of ground-water in the formations,

and (3) assess the impacts of surface mining on water levels in shallow
aquifers.

OBJECTIVE: The objectives are to: (1) Improve on the present description of
the hydrologic system by mapping potentiometric surfaces in the basin, (2)
document impacts of surface mines, and (3) provide more information on the
relative importance of vertical-versus-horizontal and regional-versus-local
movement of ground-water.

APPROACH: Wells where the producing horizon can be related to a mappable
horizon for construction of potentiometric maps will be inventoried.
Emphasis will be on the horizon of the Wyodak Coal and deeper units. Data
will be analyzed pertinent to effects of long~term pumping on overlying or
underlying aquifers. Mass water-level measurements will be made during two
field seasons, concentrating in areas where there is large stress on the
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system. A water-level change map will be made for the Wyodak Coal on the
east side of Campbell County.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Well records and
historical water-level measurements for 250 wells in the Wyodak-Anderson coal
bed have been compiled and plotted for a potentiometric surface map. The
correlation of the Wyodak-Anderson coal bed with the Dietz 1 coal bed expanded
the areal coverage of the map into Johnson and Sheridan Counties, Wyoming, and
into Montana. Drilling programs have provided data points in areas where no
information previously was available. Two drill holes were cased for obser-
vation wells in the Anderson coal bed in northwestern Sheridan County in
cooperation with the Minerals Management Service. Two drill holes were cased
for observation wells in the Anderson coal bed in northeastern Sheridan County
in cooperation with Geological Survey, Branch of Coal Resources.

Water levels were measured in about 25 Anderson observation wells, about
half of these for the water-level change map in eastern Campbell County.

PLANS FOR FISCAL YEAR 1983: A potentiometric map will be constructed for the
Wyodak-Anderson coal bed. A water-level change map for the Wyodak-Anderson
coal in eastern Campbell County will be drawn. Water levels in some
Wyodak-Anderson coal wells will be measured. A preliminary potentiometric
map will be constructed for the Lance-Foxhills Formation.

PROJECT TITLE: Analysis and evaluation of side-~looking radar imagery for
possible use in hydrologic investigations (WY 81-063).

FUNDING AGENCY: Geological Survey (Office of Earth Resources Applications).

PROJECT LEADER: Maurice E. Cooley.

FIELD LOCATION: Various locations in the Rocky Mountain area.

PERIOD OF PROJECT: October 1980 to September 1981 (complete except report).

STATUS: All analytical work has been completed. Colleague review was completed
for the map report on linear features for the Richfield 1:250,000-scale
quadrangle. A decision will be made regarding publication of this report. A

report evaluating radar imagery as a tool in hydrologic studies remained in
first-draft stage.
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PROJECT TITLE: Hydrology in Area 50,
Northern Great Plains Coal Province,
Wyoming and Montana (WY 81-064).

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: James F. Wilson, Jr.

FIELD LOCATION: Northeastern Wyoming.

PERIOD OF PROJECT: April 1981 to September 1982 (complete July 20, 1983).

PROBLEM: Coal Area 50, comprised of the entire Powder River Basin and upper
parts of the Belle Fourche and Cheyenne River Basins, is rich in energy
resources-~coal, oil and gas, and uranium. These resources are being
developed at an accelerating pace. Because the area is semiarid, both water
availability and protection of water resources are problems. Mining
companies are required by law to analyze the hydrologic effects of proposed
activities and to take appropriate measures to minimize adverse effects.
There is a need for information about the water resources of the area that
is both comprehensive in scope and easily understood.

OBJECTIVE: The objective is to describe the hydrology of Area 50 in a clear
and concise manner that can be used by both the coal-mining industry and the
regulatory agencies. Although specifically oriented to coal hydrology, the
results should also be useful for other kinds of energy development, part-
icularly uranium, and to other interest groups, such as environmental
organizations.

APPROACH: A topic outline will be developed, based on the Alabama Coal Area 23
report, but oriented to the hydrology and related problems of Area 50.
Topics will be assigned to hydrologists for analysis and writing based on
their discipline specialties. For each topic all available information will
be assembled and summarized or interpreted as needed. Records and other
available information on hand are sufficient; no new data will be collected.
Each topic will be discussed in a text not to exceed one page, accompanied
by maps, graphs, and tables as needed. Regional hydrology will be emphasized.
Sources of more detailed information will be cited.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Area 50 (Powder River
Basin and adjacent areas, Wyoming and Montana) has more coal than any other
part of the country. Commensurate with that fact, considerable effort was
expended during fiscal year 1982 on organizing the report and preparing text
and illustrations for the technical subjects. At year's end, rough drafts of
most of the STOP units of the report had been completed. Special attention
was given to illustrations and to effective use of color to convey information.
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REPORT COMPLETED DURING FISCAL YEAR 1983:

Lowry, M. E., Wilson, J. F., Jr., and others, 1983, Hydrology of Area 50,
Northern Great Plains and Rocky Mountain Coal Provinces, Wyoming and
Montana: U.S. Geological Survey Water-Resources Investigations
Open-File Report 83-545 (in press).

PROJECT TITLE: Sediment yield from

natural and reclaimed small ephemeral
stream basins in Wyoming (WY 81-066). - - —
FUNDING AGENCY: Geological Survey. ‘ v i
PROJECT LEADER: James G. Rankl. Lrl__l—‘ﬁﬁ
! '._.J . . ‘
FIELD LOCATION: Central and southern Wyoming. Y [

PERIOD OF PROJECT: April 1981 to September 1984,

PROBLEM: A recurring question in describing the impacts of energy development
is what will be the change, if any, in sediment transport. Although sediment
data are being collected at a number of stations in the State, none of the
stations are on an ephemeral stream of the size that will be impacted by
surface mines., Information about potential changes in sediment transport
caused by mining is needed for assessing proposed and active mining on or
near ephemeral streams.

OBJECTIVE: The objectives are: (1) To relate sediment yield to rainfall and
runoff and determine if there is a significant difference that can be
attributed to surface mining; (2) to determine the relative importance of
channel erosion and slope wash as sediment sources; and (3) if a Geological
Survey transport model is approved by the Division in the period of study,
the transport model will be added as a subroutine to the rainfall-runoff
model of the Central Region research program, and the sediment transport
calibrated.

APPROACH: Dugout Creek tributary, located in the Powder River Basin, will be
instrumented for the collection of sediment and rainfall data. In 1982 a
small basin, constructed from coal-mine spoil, will be selected in the Hanna
Basin and instrumented. Rainfall, runoff, and sediment-concentration data
will be collected for each basin., Also, data will be collected on channel
and upland erosional processes to determine the range of parameter values
that can be expected for small natural and reclaimed basins. Provided that a
sediment-transport model will be available, the data collected will be used

to calibrate and test the model,

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Water year 1982 was an
unusually wet year, resulting in 20 runoff events, of which 18 were from
convective rainstorms and two from snowmelt runoff. The results of a
comparison between sediment concentrations of convective-~storm runoff and
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sediment concentrations of snowmelt runoff provide information on upland
erosion and soil detachment by raindrop impact. Preliminary results of
surveys of channel profiles, cross sections, and the dimensions of two head-
cuts indicate an average volume of 370 m® of material per year was removed
from the headcut. The drainage area above the headcut is 0.26 km?3.

PLANS FOR FISCAL YEAR 1983: The reclaimed basin near Hanna, Wyo., which is
constructed entirely from coal mine spoil, will be instrumented with two
recording rain gages, a stage gage, and an automatic sediment sampler. Channel
and basin-slope surveys will be made and documented. Two soil plots will be
installed. The collection and analysis of data will continue for the

Dugout Creek tributary near Midwest, Wyo.

PROJECT TITLE: Low flow of streams
in the Powder River structural
basin, Wyoming (WY 81-067).

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: Gerald W. Armentrout, Jr.

FIELD LOCATION: Northeastern Wyoming.
PERIOD OF PROJECT: July 1981 to December 1981 (complete except report).

STATUS: The statistics of low flows were analyzed as an indication of long-term
availability of water without the use of artifical storage. The annual low
flow of ephemeral streams in the Powder River structural basin is zero;
therefore, only low flows of the mountain streams could be described by the
usual annual 7-day low-flow characteristic and frequency. A zero-flow
characteristic and frequency for describing dry conditions on the prairies
were defined. The maximum—annual number of no-flow days is the drought
characteristic used. The drought characteristic was distributed areally
through correlation with a unit-flow characteristic. The frequency distri-
butions of the maximum=-annual, continuous dry period at streamflow gage sites
were used to describe the time variation of drought conditions. Colleague
review of the final report will be done in fiscal year 1983, and the report
will be processed for publication.

PROJECT TITLE: Hydrologic evaluation of
the shallow aquifer system in Saratoga
Valley, south-central Wyoming (WY 82-068).

FUNDING AGENCIES: Wyoming State
Engineer and Geological Survey.

PROJECT LEADER: Marvin A. Crist.
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FIELD LOCATION: South-central Wyoming.
PERIOD OF PROJECT: October 1981 to September 1983.

PROBLEM: Wells in the Saratoga Valley provide water to supplement surface
water used for irrigation. About 30 irrigation wells were in use in 1981.
Observation wells indicate water levels in parts of the valley declined as
muich as 13 feet between July 1980 and June 1981. The cause of this decline
has not been identified. There is no restriction on the development of
large-capacity wells such as irrigation wells., State water administrators

need an evaluation of the effect of ground-water development upon water-
levels and upon stream discharge.

OBJECTIVE: The objectives are to: (1) Describe the effect of ground-water
development upon water levels and attempt to determine the effect upon
stream discharge, and (2) determine if a digital model of the hydrologic
system can be used to help understand the possible responses of the stream-
aquifer system to changes of stress on the system.

APPROACH: Data collected during project WY 80-058 will provide the base for
this study. The water-level monitoring network established by L. W. Lenfest
will be continued. A quantitative analysis will be made of the data to
determine if additional data is needed to prepare a digital model of the

hydrologic system. It may be desirable to make more seepage runs to help
define a water budget for the valley.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Data from observation
wells indicate that the water-level fluctuations over most of the study area
are strongly influenced by irrigation with surface water. The total amount
of water diverted from streams is not being measured. Average annual discharge
were estimated for 33 drainage basins that provide water to Saratoga Valley.
Four test holes were drilled to supplement lithologic information available
from wells drilled for water and oil. Contour maps were prepared showing the
configuration of the base of the Tertiary formations and the configuration of

the water-level surface. Preparation of a water budget for the study area
was started.

PLANS FOR FISCAL YEAR 1983: The compilation of data will be completed., It will
be determined if a digital model can be used to help define surface~-water
ground-water interconnection. A report that describes the results of the study

will be prepared and published in the Water-Resources Investigations Report
series.
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PROJECT TITLE: Hydrology of Area 52,
Rocky Mountain Coal Province,
Wyoming, Colorado, Idaho, and
Utah (WY 82-069).

— =
i

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: Hugh W. Lowham.

—

FIELD LOCATION: Southwestern Wyoming.
PERIOD OF PROJECT: April 1982 to September 1983.

PROBLEM: Coal Area 52, comprised of the Upper Green River, Great Divide,
and Upper Bear River Basins, is rich in mineral resources--coal, trona, oil
and gas, oil shale, and uranium. These resources are being developed at an
accelerating pace. Because much of the area is semiarid, both water avail-
ability and protection of water resources are problems. Mining companies are
required by law to analyze the hydrologic effects of proposed activities and
to take appropriate measures to minimize adverse effects. There is a need
for information about the water resources of the area that is both compre-
hensive in scope and easily understood.

OBJECTIVE: The objective is to describe the hydrology of Area 52 in a clear
and concise manner that can be used by both the coal-mining industry and the
regulatory agencies. Although specifically oriented to coal hydrology, the
results should also be useful for other kinds of mineral development, such
as trona, oil shale, and oil and gas, and to other interest groups, such as
environmental organizations.

APPROACH: A topic outline will be developed, based on other coal area reports
but oriented to the hydrology and related problems of Area 52. Topics will
be assigned to hydrologists for analysis and writing based on their
descipline specialties. For each topic, all available information will be
assembled and summarized or interpreted as needed. Records and other avail-
able information on hand are sufficient; no new data will be collected. Each
topic will be discussed in a text not to exceed one page, accompanied by
maps, graphs, and tables as needed. Regional hydrology will be emphasized.
Sources of more detailed information will be cited.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: A topic outline was
developed using recently published coal hydrology reports as examples,
Several interpretive studies and a significant amount of data are available
concerning hydrology of the area. This information will aid the preparation
of a comprehensive description of the possible effects of coal mining on
water resources in the area. Topic sections were assigned to five hydrologists
for analysis and writing. Base maps are being prepared; most of the map
information will be at a scale of 1:1,500,000.

PLANS FOR FISCAL YEAR 1983: The report will be completed, reviewed and
submitted for approval.
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PROJECT TITLE: Upper Colorado River
Basin regional aquifer-system
analysis, Wyoming (WY 82-070). —

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: Everett A. Zimmerman.

FIELD LOCATION: Southwestern Wyoming.

PERIOD OF PROJECT: October 1981 to September 1985.

PROBLEM: Ground-water supplies are needed to augment surface-water supplies
for increasing industrial, municipal, and domestic use consequent to energy-
mineral resource development in the greater Green River Basin, Wyo. The
regional availability and quality of supply, hydrologic consequences of
development and subsequent disposal of waste water need to be investigated.
Knowledge of the overall operation of the three~dimensional ground-water flow
system and its interaction with the surface-water regime is required to assess
the effects of ground-water development and to ensure such development does
not impair compliance with compacts affecting the upper Colorado River and
its tributaries.

OBJECTIVE: The objectives are to: (1) Identify aquifer units within the
overall hydrogeologic framework, (2) estimate quantitatively aquifer and
confining-unit hydraulic properties and parameters, (3) identify structural
settings favorable for the development of secondary permeability, (4) infer
ground-water flow-system operation and its interaction with the surface-water
flow regime, (5) assess regional distribution of ground-water quality and
availability of supply, and (6) develop capability of assessing consequences
of current and projected ground-water use.

APPROACH: Existing water-well, drill-stem-test, and geophysical data will be
used to establish the overall hydrogeologic framework, to estimate aquifer
and confining-bed hydraulic properties and parameters, and to infer spatial
distribution of ground-water quality. Digital-modeling and parameter-
estimation techniques will be employed to the extent feasible to develop and
refine a conceptualization of overall ground-water flow-system operation.
Current and historical ground-water-use data will be collected.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: The upper Green River
Basin, a generally arid basin, is underlain by fluvial and lacustrine
aquifers of Tertiary age. Yields from the more than 1,000 ground-water wells

tapping these complexly intertonguing aquifers generally are less than
0.6 dm®/s, but local variations of the lithology and thickness exceeding

3,500 m in places make yields in excess of 63 dm>®/s attainable. The presence
of a remarkable suite of sodium minerals in the lacustrine beds may pose

special geochemical problems. Shallow circulation through some of these beds
may be an important contributor to vexing salinity problems in the Colorado River.

Planning documents were prepared and a data base was established during

the first year of the study. Data from oil tests were obtained; these data
will be combined with water-well data for use in preparing hydrologic maps.

83



A computer procedure was developed to facilitate updating the data base with
ground-water data from computer-compatible files of State agencies.

PLANS FOR FISCAL YEAR 1983: Computer-compatible data from State agencies will
be used to update the Ground Water Site Inventory (GWSI) data base,
Potentiometric, isopach, and structure contour maps will be prepared and used
as a part of a map report. These and other maps will also be used as sources
of data input for an attempt to prepare a digital model.

PROJECT TITLE: Chemical quality of
surface water in the Powder River,
Green River, Great Divide, and Hanna

Basins, Wyoming (WY 82-071).
FUNDING AGENCY: Geological Survey.

PROJECT LEADER: David A. Peterson.

FIELD LOCATION: Northeastern, south-central,
and southwestern Wyoming.

PERIOD OF PROJECT: October 1981 to September 1982 (complete except report).

PROBLEM: The collection and analysis of hydrologic information in Wyoming was
greatly expanded during the period 1975-81, in response to the sudden
increase in the stripmining of coal. The Geological Survey Coal Hydrology
Program and the Bureau of Land Management Energy, Mineral Inventory and
Analysis Program (EMRIA) provided most of the funding for the intensified
data-collection activities, In the principal coal areas repetitive water-
quality sampling was increased from a few stations to about 70 stations. The
results of the sampling program have not been summarized comprehensively in
any of the reports of investigations prepared to date. Such a summary in a
single report would be useful for a wide variety of purposes.

OBJECTIVE: The objectives are to: (1) Summarize statistically the surface~
water-quality data collected by the U.S. Geological Survey in the principal
coal-producing basins in Wyoming, and (2) evaluate the adequacy of the water-~
quality data and make recommendations for future water-quality data-
collection activities in the coal areas of Wyoming.

APPROACH: Descriptive statistics of constituents at each station sampled on a
regular basis will be tabulated. Miscellaneous samples from sites in some
areas may be used due to lack of repetitive data. Statistics will include

the following for each constituent: sample size, maximum, minimum, median,
geometric or arithmetic mean, and standard deviation. Regression relation-
ships will be developed among some or all of the following: major ionms,
sediment, total dissolved solids, specific conductance, and discharge. The
report will also include examples of graphs, descriptions of impacts of
energy development for stations where impacts have been identified, and
suggéstions for future data-collection programs.
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PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Water-quality data for
73 streamflow stations in the Powder River coal basin, the Hanna coal field,
and the Green River coal region were summarized statistically. The summary
includes descriptive statistics, such as percentiles, and regression relations
for each constituent measured at each station. Significant regression
equations relating the most common ions and dissolved solids to specific
conductance, were developed for most stations.

PLANS FOR FISCAL YEAR 1983: Colleague review of the final report will be done
and the report processed for publication in the Water-Resources Investigations
series,

PROJECT TITLE: Stream—aquifer

interaction in the Upper Bear River T
Valley of Wyoming and Utah (WY 82-072). <

FUNDING AGENCIES: Wyoming State Engineer
and Geological Survey.

PROJECT LEADER: Kent C, Glover.

FIELD LOCATION: Southwestern Wyoming.

PERIOD OF PROJECT: January 1982 to September 1983,

PROBLEM: Water of the Bear River drainage is allocated among the states of
Idaho, Utah, and Wyoming by interstate compact. The compact has recently
been interpreted to include ground-water withdrawals that result in stream-
flow depletion. However, there is an insufficient amount of information
available to quantify the contribution of the ground-water system to stream-
flows of the Bear River and its tributaries. Such information is needed
before decisions can be made concerning the allocation of ground-water.

OBJECTIVE: The objectives are to: (1) Determine the effect of existing ground-
water pumpage on streamflows, (2) determine the total amount of surface and
subsurface water in alluvium flowing across the state boundaries, and (3)
provide the methodology for evaluating the effect that future ground-water
development may have on streamflow.

APPROACH: This study will be made on the Bear River valley upstream from the
Idaho-Wyoming border. Work tasks include mapping the potentiometric surface
of alluvium, conducting a pumpage inventory, measuring water levels and
streamflow diversions periodically, estimating flow from ungaged drainages,
conducting seepage runs, estimating evapotranspiration, and conducting
surveys of channel geometry. Data will be used to calibrate a digital stream—
aquifer model and establish error tolerances for model parameters. The model
will be used to evaluate the effects of existing pumpage on streamflow and to
predict the effects of additional pumpage during years of low streamflow.
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PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Data-collection
activities include completion of seepage runs along major streams of the
drainage, development of a ground-water-level monitoring network, scheduling
of alluvial wells, mapping of lands irrigated by stream diversions and wells,
delineation of areas with phreatophytes, and compilation of streamflow,
diversion and pumpage records. A major effort has been to provide a geo-
hydrologic framework that can be used in the development of a management-
oriented flow model. To this end a time-dependent, lumped-parameter convo-
lution model was developed and successfully tested on a number of hypothetical
stream-aquifer problems. The chief advantage of this model is the ease with
which water managers can superimpose analytical solutions for stream depletion
due to new wells on results of the convolution model. This advantage is
maintained by minimizing spatial variations in aquifer parameters, utilizing
simplified but reasonable lateral aquifer boundaries, and emphasizing the
voluminous streamflow and diversion data instead of the meager ground-water-
level data.

PLANS FOR FISCAL YEAR 1983: The data-collection phase of the study will be
completed and a water budget of the study area will be developed. The
convolution model will be calibrated to subregions within the study area
using various time periods. The calibration will then be tested over the
entire study area. The level of effort in 1983 will be reduced, with a full
effort in 1984 to complete the project.

PROJECT TITLE: Recharge of shallow

aquifers through ephemeral stream

channels in Wyoming (WY 82-073).
FUNDING AGENCY: Bureau of Land L

Management. °
PROJECT LEADER: Leslie W. Lenfest, Jr. 'l
FIELD LOCATION: Northeastern Wyoming. {J _H

PERIOD OF PROJECT: October 1981 to September 1984,

PROBLEM: The Surface Mining Act requires the protection of the essential
hydrologic function of alluvial valley floors by either preservation or
reclamation, The concern is principally for protection of subirrigation and
flood irrigation. However, another important function of the alluvium in
some areas is its role in recharge to bedrock aquifers. Water that infiltrates
from overland runoff may not extend below the root zone and is discharged by
evapotranspiration., Because alluvium often is more permeable than the upland
soil, flow in ephemeral streams can infiltrate rapidly and be held in transient
storage for recharge to underlying bedrock. The recharge function of alluvium
in coal-producing areas is not known,
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OBJECTIVE: The objectives are to: (1) Determine the relationship of water in
the alluvium to streamflow, and the relationship of water in the alluvium
to water in bedrock aquifers; and (2) evaluate the potential use of streamflow
records to determine seepage from ephemeral streams.

APPROACH: A basin with an ephemeral reach will be selected and equipped with
stage recorders and supplemental crest-stage gages. Observation wells will
be drilled in the alluvial and bedrock aquifers adjacent to the streams.
Hydrographs from a finite~difference routing model will be compared with
observed hydrographs for possible use in estimating recharge if corresponding
changes occur in the wells., Water levels and soil-moisture measurements will
be used to determine downward movement from the stream to the saturated zone.
A second site with a single gage will be used to verify hydraulic properties
of the alluvium.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Two ephemeral stream
basins were instrumented to test hypotheses of streamflow loses to shallow and
bedrock aquifers., The primary site, North Fork Dry Fork Cheyenne River near
Glenrock, is equipped with a pair of stage recorders; the recorders are
approximately 4 km apart along the stream reach. Located at each of the
surface-water stations are wells with recorders to measure water levels in
the shallow (alluvial) and bedrock aquifers in a cross section normal to the
stream. The secondary site is located at an existing streamflow station on
Black Thunder Creek. Water levels are monitored in the alluvial and bedrock
aquifers by recorders, also located normal to the stream.

Surface- and ground-water data have been collected at these sites since
April 1982. A survey line was run between the surface-water sites along the
North Fork Dry Fork Cheyenne River in anticip#tion of surveying cross sections
along the stream reach for surface-water modeling purposes. One slope-area
measurement was made at each of the four sites along the North Fork Dry Fork
Cheyenne River to aid in determining a stage-discharge relationship.

PLANS FOR FISCAL YEAR 1983: The collection of flood-hydrograph and ground-water
level data will continue. A stage-discharge relationship will be established
at streamgaging stations on North Fork Dry Fork Cheyenne River using step-
backwater technique, and direct and indirect measurement of discharge. A
channel-geometry survey will be completed and routing flood hydrographs from
upper to lower sites along North Fork Dry Fork Cheyenne River will begin.
Recorders on shallow wells will be replaced at primary sites with soil
moisture tubes. These tubes will be calibrated when they are installed.

PROJECT TITLE: Ground-water quality in Wyoming (WY 82-074).

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: L. Rodney Larson.

FIELD LOCATION: Statewide.
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PERIOD OF PROJECT: June 1982 to September 1983.

PROBLEM: The demand for ground-water supplies in Wyoming for municipal,
agriculture, and industrial use is increasing rapidly, largely because of the
growth in development of energy resources. In order to evaluate the ground-
water resource and to provide for its protection, water planners need an
adequate information base., Existing ground-water quality information
probably is inadequate to meet most of these requirements. A comprehensive
statewide compilation and analysis of existing data is needed to provide a
minimal basis for planning and to identify deficiencies that can be corrected
by acquisition of additional data.

OBJECTIVE: The objectives are to: (1) Summarize and evaluate the adequacy of
ground-water quality data for Wyoming, (2) describe the ground-water quality
data areally by aquifers or aquifer groups, and (3) make recommendations for
future sampling and analyses.

APPROACH: All available ground~water chemical~quality data for Wyoming will be
located and inventoried. Geological Survey data not in the National Water
Data Storage and Retrieval System (WATSTORE) will be entered. Water quality
of aquifers or aquifer groups will be characterized by statistical summaries
of critical constituents. Dissolved-solids concentration will be emphasized;
ranges in concentration in wells will be shown on maps. Known or potential
hazardous-waste problems in Wyoming will be determined in consultation with
other agencies. The adequacy of existing data for assessing ground-water
quality will be evaluated and recommendations made for future data aquisition.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Existing reports relevant
to the study were identified and reviewed. Ground~water quality in Wyoming
varies greatly; aquifers were grouped by rock type to facilitate assessment of
water quality. A National Water Data Exchange (NAWDEX) retrieval was made to
identify data sources. O0il field data were obtained from the Northern Great
Plains RASA project. A Statistical Analysis System (SAS) data set was created
from WATSTORE data and stored on tape. More than 5,000 Wyoming sites have
data in WATSTORE; additional data are available from Federal, State, and
private sources,

PLANS FOR FISCAL YEAR 1983: Pertinent Geological Survey data not entered into
WATSTORE will be identified and incorporated into WATSTORE. Inventory
of non-Geological Survey data will be completed and evaluated. 01l field
data will be merged, using SAS, with WATSTORE data. The merged data will be
sorted and statistically summarized, using SAS, by rock groups. The final
report will be prepared.
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PROJECT TITLE: Preliminary digital
model of the Arikaree aquifer in
the Sweetwater River Basin, central
Wyoming (WY 82-075).

FUNDING AGENCIES: Wyoming State ' ‘f
Engineer, Wyoming Department of
Economic Planning and Development,
and Geological Survey.

PROJECT LEADER: William B. Borchert. m[_l_

[l

FIELD LOCATION: Central Wyoming.
PERIOD OF PROJECT: October 1981 to September 1983.

PROBLEM: Increased demand for water supplies in Wyoming are foreseen in the
immediate future. The Sweetwater River Basin is an area with potentially
large supplies of ground water available. The North Platte and Sweetwater
Rivers and small tributary streams may be hydraulically connected to the
Arikaree aquifer., Water administrators are concerned about possible ground-
water~development impacts on ground-water levels and streamflow in the area.
Additional hydrologic information is needed to update and refine a preliminary
model developed with limited data in 1977, Data collection from existing
wells and a drilling program are necessary to improve the model.

OBJECTIVE: The objectives during the first year will be to: (1) Collect hydro-
logic data useful for better definition of the hydrologic system, emphasizing
evaluation of the discharge from and recharge to the aquifer, and collection
of water-level data; and (2) design a drilling program that, if implemented,
would provide data necessary for a management model. The objective during
subsequent years, if data are sufficient, will be to provide the means for
making water-management decisions by updating and refining the existing
flow model.

APPROACH: Surface-water records will be analyzed for low-flow characteristics
possibly related with ground water. Gain-and-loss studies will be made of
the Sweetwater River and selected tributaries. Recharge from most northward-
flowing streams will be estimated. Wells south of the Granite Mountains will

be inventoried, water levels measured, an updated water-level contour map
made, and an observation well network established. The drilling of observa-

tion wells necessary for model update and refinement is contingent upon the
availability of supplemental funds from the Wyoming State Engineer for
drilling. The feasibility of updating and refining the existing flow model
will be determined.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Streamflow measurements
of the Sweetwater River in the eastern half of the study area indicated the
river was gaining during the fall and early spring. Streamflow measurements
of seven small northward-flowing creeks identified gaining and losing
sections of peremnial reaches.
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Seventeen wells were drilled and cased in areas where water-level
information was either lacking or questionable., A water-level contour map
was prepared using water—level measurements at 105 wells, in order to update
a 1977 map that was based on 1964-65 water—level measurements at 36 wells,

PLANS FOR FISCAL YEAR 1983: Streamflow measurements of the Sweetwater River
will be made in the fall, Observation wells will be measured periodically.
Surface-water records of the Sweetwater River will be analyzed using
statistical procedures such as flow-duration curves and mean hydrograph
comparison. The feasibility of a ground-water flow model incorporating
parameter-estimation techniques will be considered and a decision made either

to continue or terminate the project. A water-level contour map will be
prepared and published.

PROJECT TITLE: Fluvial system in energy-mineral areas of Wyoming (WY 83-076).

FUNDING AGENCY: Bureau of Land Management.

PROJECT LEADER: Hugh W. Lowham.

FIELD LOCATION: Statewide.
PERIOD OF PROJECT: October 1982 to September 1985.

PROBLEM: Considerable development of energy-mineral resources and an associated
disturbance of significant amounts of land surface are occurring in Wyoming.
These developments commonly affect stream channels and drainage networks. The
result may be an undesirable modification of the stream channel and drainage
network, and an increase in sedimentation and erosion. The Bureau of Land
Management and other groups need information about the natural functioning of
fluvial systems and the responses of the systems to disturbances caused by
changes in land use, including mining and reclamation.

OBJECTIVE: The objective is to describe how the fluvial systems function in
energy-mineral areas and how these systems can be expected to respond to
various activities related to development of the resources. In particular,
information will be presented for dealing with: (1) Crossing of streams by
pipelines and roads, (2) disturbance of areas by oil-and-gas site locations,
(3) disturbance and reclamation of areas that are strip mined, and
(4) activities such as channelization and disposition of production waters
that may create instability of stream channels.

APPROACH: A literature search will be made of important conecepts, and of
guidelines and regulations applicable to the design of reclaimed drainages.
An investigation will be made of channel response to past developments, and
case histories will be documented to highlight the need for planning and
design. Methods currently being used by mining companies for design of
drainages disturbed by strip mining will be reviewed and evaluated. Mathe-
matical models of landform evaluation will be investigated to determine if
they can be applied as an aid to initial contouring of reclaimed landscapes.
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PLANS FOR FISCAL YEAR 1983: A literature search will be made of information
important to the formation and behavior of stream systems. Mining companies
involved with strip mining will be contacted and asked for a copy of their
reclamation plans. Existing guidelines and regulations used by various
agencies in Wyoming for design of developments that disturb streams will be
reviewed. An investigation will be started of mathematical models that
might be applied to landscape design.

PROJECT TITLE: Hydrology of the Madison

Limestone in the Glenrock area, east-

central Wyoming (WY 83-077).
FUNDING AGENCY: Geological Survey. i
PROJECT LEADER: David A. Peterson. ﬂ!{JT—
FIELD LOCATION: East-central Wyoming. jd L T‘i~

PERIOD OF PROJECT: January 1983 to September 1984.

PROBLEM: Water from the Madison Limestone may be used to supplement surface-
water supplies for a proposed coal-gasification plant. Several deep wells
(6,000 ft) have been drilled in an area near Glenrock where little is known
about vertical movement of water in the Madison or about the magnitude of
recharge from streams crossing Madison outcrops. The new wells and existing
paired streamflow stations provide a rare opportunity to study the local
hydrologic system and to test and improve concepts developed previously in
the regional study of the Madison. Such knowledge is needed by those
considering the use of Madison water for energy-resource development.

OBJECTIVE: The objectives are to improve the understanding of: (1) Movement
of water between the shallow and deep parts of the Madison Limestone,
(2) vertical velocity of water between the Madison and overlying rock, and
(3) the relationship of water in the Madison Limestone to streamflow.

APPROACH: Wells and springs in Paleozoic aquifers will be inventoried.
Existing water-level and water-quality data will be compiled and evaluated
for two Madison wells and the Douglas City spring. Streamflow data will be
compiled and evaluated for three pairs of gaging stations upstream and down-
stream from the Madison outcrop. Water~level data will be collected in a
deep well to compare seasonal changes with those of streams and the Douglas
spring. Isotope and salinity samples will be collected as possible indicators
of water movement within the Madison. Vertical velocities will be measured
from temperature profiles in a deep well.

PLANS FOR FISCAL YEAR 1983: A water-level recorder will be placed on the
Madison deep well after the Borehole Geophysics Unit has run a temperature
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log. Wells and springs in Paleozoic aquifers will be inventoried. The water-
level and water-quality data for the wells and springs will be compiled and
evaluated, as will the streamflow data., Isotope and salinity samples will

be collected at locations determined from the data analysis.

PROJECT TITLE: Hydrologic properties of
the alluvial deposits along the Powder

River between Sussex, Wyoming and
Moorhead, Montana (WY 83-078).

FUNDING AGENCIES: Bureau of Land
Management and Geological Survey.

PROJECT LEADER: Bruce H. Ringen.

FIELD LOCATION: Northeastern Wyoming.

PERIOD OF PROJECT: March 1983 to September 1984,

PROBLEM: The Powder River, a major drainage of the Powder River coal basin, is
reported to be a "principal" aquifer; however, there are indications that the
alluvium would yield less than 100 gallons per minute of poor-quality water at
most places. Wyoming statutes recognize the interconnection between ground
water and surface water, which may also limit the development of the aquifer.
As energy development continues and additional water sources are considered,
there will be a need for an assessment of the potential for development and
the effect of development on surface-water supplies.

OBJECTIVE: The objective is to assess the potential for development of water
supplies from the alluvium by determing: (a) The availability of the water,
(b) the quality of the water, and (c) the relation between water in the
alluvium and water in the river and in the shallow bedrock.

APPROACH: Wells in the alluvium and selected bedrock wells will be inventoried
and water levels measured. A few new wells will be drilled. The plane
dimensions of the alluvial deposits will be measured on topographic maps and
the thickness will be measured at selected locations by aquifer tests. One
site will be instrumented with continuous water-level recorders to determine
the relation between water-surface elevation in the Powder River, the alluvium,
and the bedrock. Selected wells will be sampled to determine the quality of
water in the alluvium,

PLANS FOR FISCAL YEAR 1983: An inventory will be made of existing wells in
the alluvium or shallow bedrock in the study area. A pair of new wells will
be constructed; one in the alluvium and one in bedrock, and at least one
additional alluvial well will be constructed. The three new wells will be
equipped with recorders. The dimensions of the alluvial deposits will be
determined at one location. Aquifer tests will be made in selected wells.
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PROJECT TITLE: Evaluation of the ground-
water observation-well program for the
Powder River Basin and adjacent area,
northeastern Wyoming (WY 83-079).

FUNDING AGENCY: Bureau of Land Management.

PROJECT LEADER: Pamela B. Daddow.

FIELD LOCATION: Northeastern Wyoming.
PERIOD OF PROJECT: April 1983 to September 1985.

PROBLEM: The rapid development of energy minerals in northeastern Wyoming has
changed the pattern of ground-water use from agricultural to a combination of
agricultural, urban, and industrial uses. Because of these changes, the
observation-well network needs to be evaluated, then modified, in order to
provide the basic hydrologic data needed for scientific, engineering, and
management purposes.

OBJECTIVE: The objective is to assess the existing observation-well program
and recommend changes that will make the program responsive to present and
future needs for ground-water water-level data. The procedures developed in
this project may be applied to subsequent evaluations of the observation-well

program in other parts of the State.

APPROACH: The concept of overlapping networks of observation wells will be
applied. Each network of wells will be established to meet a separate
hydrologic objective. An inventory of new wells in the area will be made and
field-checked. Well records and water-level data for all wells will be
tabulated, evaluated, and filed. Each network will be evaluated by checking
and determining deficiencies of the network. Changes, including both additions
and deletions, will be recommended. Procedures will be established for annual

review of the networks,

PLANS FOR FISCAL YEAR 1983: Activities in the first year will be confined to
preparation for a full level of effort in subsequent years. Well records
will be organized into files, water-level data will be entered into Ground
Water Site Inventory (GWSI), and forms will be designed for use in the
observation-well program and for network evaluation.
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PROJECT TITLE: Evaluation of the
individual and cumuilative impacts of
mine operations on the surface and
ground-water hydrology in the eastern
Powder River Basin of Wyoming (WY 83-080). |

FUNDING AGENCIES: Wyoming Department of
Environmental Quality and Geological

Survey. g‘

PROJECT LEADER: Richard M. Bloyd.

FIELD LOCATION: Northeastern Wyoming.
PERIOD OF PROJECT: March 1983 to September 1984.

PROBLEM: Strip mining of coal may disrupt watersheds and may alter the quantity
and quality of ground water and surface water. Federal and State regulations
require that an assessment be made of the probable commulative impacts of all
anticipated mining on the hydrology of the geologic/drainage basin each time
there is an application for a permit to mine. The Wyoming Department of
Environmental Quality needs such an assessment immediately, because several
new applications are pending for mines in the eastern Powder River Basin,

The study area includes the Belle Fourche and Little Powder Rivers and their
tributaries.

OBJECTIVE: The objective is to evaluate the probable individual and cumulative
impacts of mine operations on the surface-water and ground-water hydrology of
the area., This evaluation will be somewhat cursory because of time
constraints; an in-depth evaluation should be done in a follow-on project.

APPROACH: Three tasks will be accomplished: (1) Pertinent information will be
assembled from reports, permit documents, and State and Federal data files;
(2) impacts, past or present, for each mine, will be identified, tabulated,
and displayed on a map; and (3) cumulative impacts of the mines will be
assessed separately for surface water and ground water, using mathematical
simlation models calibrated to natural or existing conditions. Streamflow
will be modeled for three cases: (a) No development, (b) present development,
and (c) projected development. A series of ground-water model rums will be
made, including worst- and best-case conditions. Water-quality aspects will
be evaluated to the extent permitted by existing data.

PLANS FOR FISCAL YEAR 1983: All available data will be compiled, including
pertinent information from mining-permit documents. A variety of maps will be
obtained or compiled, including structural-contour, thickness, and
potentiometric-surface maps. Streamflow and ground-water flow models will be
prepared and tested. A preliminary assessment (conceptual model) will be made.
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Water-Resources Projects Conducted
by other Districts
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PROJECT TITLE: Quality and availability T 1 ..
of ground water in the Black Hills area, Kij"* s
South Dakota and Wyoming (SD 81-059). B 4;;%

FUNDING AGENCIES: South Dakota Department ; i rirA
of Water and Natural Resources, 1_r ”_~#--—14
Black Hills Conservancy Subdistrict, and b
Geological Survey. EJ [ T”L‘

PROJECT LEADER: Kathy D. Peter,
(Rapid City, South Dakota)

FIELD LOCATION: Eastern South Dakota and northeastern Wyoming.
PERIOD CF PROJECT: May 1981 to September 1984.

PROBLEM: Increasing development in the Black Hills area is placing increased
demands on the ground-water system. The data and interpretations at the
scale necessary to make specific management decisions are not available.
There is concern about the effects of unplugged or improperly plugged uranium
test holes, concern about the effect proposed withdrawals from the Madison
Group will have on streams and aquifers in South Dakota, and concern about
the effect of the numerous septic systems on the quality of water in the
Minnelusa Formation, the principal aquifer supplying water to the residents
in the area.

OBJECTIVE: The objectives are to: (1) Evaluate the quality and quantity of
ground-water resources of the sedimentary aquifers in the Black Hills area
of South Dakota and eastern Wyoming; (2) document, at a detailed scale,
current water quality and head conditions of the sedimentary aquifers and
determine recharge; (3) evaluate the effects of septic systems on the
Minnelusa and Madison aquifers in the Piedmont Valley area; (4) develop the
data base necessary for application of a digital model(s) to predict the
effects of potential stress on the ground-water systems; and (5) evaluate
the effects of selected ground-water management alternatives on the aquifers.

APPROACH: Streamflow and spring discharge data will be obtained as needed to
evaluate net aquifer recharge. Water samples from wells in the Piedmont
Valley area will be collected and analyzed. Additional wells will be
inventoried and evaluated for prospective water quality and water-level
observation networks. The Geological Survey three-dimensional model will be
used to predict the effects of stresses on the system and simulate recharge.
The feasibility of using a geochemical model to evaluate effects of septic
systems in the Piedmont Valley area will be evaluated and if practical,
implemented. Reports on quality and availability of ground water will be
prepared.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: Radium~226 occurs
naturally in ground water in the Black Hills area. To investigate the
extent of areas where concentrations of radium-226 exceeds Environmental
Protection Agency (EPA) standards, a total of 29 ground-water samples were

collected for analysis in 1982, Ten of the 29 samples are being analyzed for
radium-228, the concentration of which may also exceed EPA standards.
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The sedimentary aquifers have had relatively little development in most
of the Black Hills in South Dakota. As a result, data normally collected from
existing wells are not available in many areas. However, observation-well
records and the results of well inventories made in 1982 are being evaluated.
A digital model of the Black Hills in Wyoming and South Dakota is being
prepared to evaluate potential supply based on available information. To
verify this large-scale, coarse-grid model, two smaller areas along the
northern and eastern flanks of the Hills are also being modeled. These
models have a finer grid and include the areas with the most ground-water
development.

PLANS FOR FISCAL YEAR 1983: Water-level and spring-discharge measurements will
be continued. Data collected to date will be added to computer files,
Water-quality maps will be updated and interpreted. A map showing the
orientation of the secondary permeability of the Madison Limestone, based on
mapped cave passages, will be prepared. Digital models will be constructed
and calibrated.

PROJECT TITLE: Coal region data and

information reports in Colorado
(Co 81-157).

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: David J. Lystrom.
(Lakewood, Colorado)

FIELD LOCATION: Central and northern
Colorado and south-central Wyoming.

PERIOD OF PROJECT: April 1981 to September 1983,

PROBLEM: Development of coal resources are now taking place or being planned
throughout the State of Colorado. The planning process requires current
information concerning the hydrology, physiography, geology, and climate of
coal resource regions. This information at present is dispersed in a variety
of reports and unpublished data residing in the files of Water Resources
Division (WRD) or other government agencies. Because this information is
diversely located and may not be understandable to planners and managers,
there is a need to compile available information in a form that will provide
a basic description of hydrologic conditions for each coal resource region
in Colorado.

OBJECTIVE: The objective of this project is to compile information and publish
a report describing basic hyrologic conditions for each major coal region in
Colorado. These reports are intended for audiences ranging from the lay
reader to the more technically oriented planners and managers. With this
audience in mind, the reports are not to be highly technical or interpretive.
The basic information presented will primarily provide a background informa-
tion base describing hydrologic conditions prior to mining. Where
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information related to hydrologic impacts of mining are available, a section
describing these impacts will be included. For the most part, only existing
data will be used.

APPROACH: The report format will consist of a narrative page headed by a short
subject title and a brief abstract. The narrative is supported by complimen-
tary illustrations on the adjacent page. A list of subjects, maps, graphs,
and photos will be selected based on a preliminary assessment of available
data for each coal region report. Because only existing data will be used,
flexibility will be given to authors to encourage innovation of subjects and
illustrations.

STATUS: Available data describing all phases of hydrology in coal areas 54 and
61 were documented in stop-format reports. No significant new results were
found. The reports for areas 54 and 61 will be published and the final drafts
for coal areas 59 and 53 will be completed during fiscal year 1983.
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PROJECT TITLE: High Plains regional
aquifer-system analysis (CR 78-229).

FUNDING AGENCY: Geological Survey.

PROJECT LEADER: John B. Weeks.
(Lakewood, Colorado)

FIELD LOCATION: Southeastern Wyoming, { mtjﬁ_
south~central South Dakota, Nebraska, LT

eastern Colorado, western Kansas, .
western Oklahoma, western Texas, and 1
eastern New Mexico.

PERIOD OF PROJECT: October 1978 to September 1985.

PROBLEM: The Ogallala Formation is the principal aquifer underlying the High
Plains. The aquifer contains about 2 billion acre~ft of water in storage;
but, water is being withdrawn for irrigation in excess of the rate of natural
replenishment. The economic future of the High Plains in eight states is
dependent upon the capacity of the aquifer to sustain withdrawals. A
detailed knowledge of the aquifer system is needed so that the system can be
simulated, water-management alternatives evaluated, and the economic life of
the aquifer projected.

OBJECTIVE: Previous studies of the hydrology of the High Plains have been
limited by political boundaries. This study will provide a regional descrip-
tion of the water resources and the operation of the hydrologic system
consistent with the natural hydrologic boundaries of the High Plains. Com-
puter models of the aquifer system will be developed and used to project the
future response of the system to proposed future withdrawals and provide a
basis for the economic evaluation of water-management alternatives.

APPROACH: Existing hydrologic data will be compiled and reviewed. Data~
collection networks will be revised or initiated to provide adequate coverage
for the study area. The data will be regionalized to provide a detailed
description of the aquifer system and stored in a digital computer for
processing and retrieval. The computerized data file will provide the data
base needed for the development of computer models of the aquifer system.
Proposed water-management alternatives and their effects on the aquifer
system will be simulated by the models to evaluate the economic life of the
system for each alternative.

PROGRESS AND SIGNIFICANT RESULTS FOR FISCAL YEAR 1982: The High Plains aquifer
underlies 450,000 km?® in parts of Colorado, Kansas, Nebraska, New Mexico,
Oklahoma, South Dakota, Texas, and Wyoming. Over 20 percent of the irrigated
land in the United States is in the High Plains, and about 35 percent of the
ground water used in the United States is pumped from the High Plains aquifer.
In 1978, an estimated 170,000 wells pumped 28,000 hm3® of water to irrigate
5.3 million ha.
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The High Plains aquifer is a water-table aquifer mainly consisting of
hydraulically connected near-surface sand and gravel deposits of Tertiary and
Quaternary age. The Tertiary Ogallala Formation, which underlies about
80 percent of the High Plains, is the principal geologic unit in the aquifer.
The maximum saturated thickness of the aquifer is about 300 m and averages
60 m. About 4 million hm3 of drainable water is stored in the aquifer.
Approximately 66 percent of the water in storage is in Nebraska, and 12
percent in Texas. New Mexico, the State with the smallest water resource in
the High Plains, has only 1.5 percent of the volume of water in storage:

Pumpage has caused areally extensive water~level declines in the aquifer.
Since irrigation began, water levels have declined more than 3 m in
130,000 km? of the aquifer and more than 15 m in 31,000 km® of the aquifer.
Water-level declines of as much as 60 m have occurred in Texas since irrigation
pumpage started. The volume of water in storage in the aquifer has decreased
205,000 hm® since ground-water development began. About 70 percent of the
depletion has occurred in Texas; about 16 percent of the depletion has
occurred in Kansas,

PLANS FOR FISCAL YEAR 1983: The calibration of the ground-water-flow model
will be completed. Management scenarios will be developed and scenarios will

be simulated to evaluate effects on the aquifer. The reports on the model and
use of Lansat imagery to determine irrigated acreage will be completed.
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SELECTED REFERENCES ON WATER RESOURCES

General Information

Publications pertaining to water resources in Wyoming are listed below.
The list includes all reports published during the last 10 years and selected
older reports. Many of these publications are available for inspection at the
Geological Survey offices in Cheyenne, Casper, Green River, and Riverton and at
large public and university libraries.

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 U.S. Geological Survey,
329 National Center, Reston, VA 22092. All publications are for sale unless
specifically stated otherwise; prepayment is required. Prices, which are sub-
ject to change, are not included here. Information on price and availability
should be obtained from listed sales offices before placing an order. A
pamphlet entitled "Geologic and Water-Supply Reports and Maps for Wyoming" is
available free upon request to the U.S. Geological Survey, 420 National Center,
Reston, VA 22092.

Water-Resources Information.-—A monthly summary of the national water
situation is presented in the "Water Resources Review." Water-resources
investigations folders are available for each of the 50 States, Puerto Rico,

and the Virgin Islands. The Review and the folders are available free upon
request to the U.S. Geological Survey, 420 National Center, Reston, VA 22092.
The Wyoming folder also is available from the District Office in Cheyenne.

Records of streamflow, ground-water levels, and quality of water were pub-—

lished for many years as Geological Survey water-supply papers as explained
below.

Streamflow records.-—Records of daily flows of streams prior to 1971 were
published in the Water-Supply Paper series "Surface-Water Supply of the United
States," which was released in numbered parts as determined by natural drainage
basins. 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 September 1950," and "Compilation of Records
of Surface Waters of the United States, October 1950 to September 1960." For
the period, 1961-70, 5-year compilations were published. Data for Wyoming are
published in Parts 6, 9, 10, and 13.

Ground-water records.--Ground-water levels and artesian pressures in

observation wells prior to 1975 were reported by geographic areas in a 5-year
Water-Supply Paper series. Data for Wyoming are in "Ground-Water Levels in the

United States, Northwestern States."

Quality-of-water records.—-Data on quality of surface water 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.
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Hydrologic data after 1970.--Beginning with the 1971 water year, the Water-
Supply Paper series described above were replaced by a new publication series,
"U.S. Geological Survey Water-Data Reports." TFor Water Years 1971-74 surface-
water 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 for Wyoming -
Water Year (date): U.S. Geological Survey Water-Data Report [WY-(year)-1 or 2]".
Reports for 1971-74 are unnumbered.

Flood information.--Methods for estimating the magnitude and frequency of
floods for streams in Wyoming are given in two reports: Water-Resources
Investigations 76-112 and Water-Supply Paper 2056 (see listings that follow).
The U.S. Geological Survey also outlines flood-prone areas on topographic maps
as part of a nationwide Federal program for managing flood losses. In Wyoming
225 topographic maps have been completed. These maps are available from the
District Office in Cheyenne.

Publications

Professional Papers

Professional papers are sold by the U.S. Geological Survey, Eastern

Distribution Branch, Text Products Section, 604 South Pickett Street,
Alexandria, VA 22304,

P 492. Thermal springs of the United States and other countries of the world—-
a summary, by G. A. Waring. 1965.

o

501-D. Variation of permeability in the Tensleep Sandstome in the Bighorn

Basin, Wyoming, as interpreted from core analyses and geophysical logs,
by J. D. Bredehoeft, 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 southeastern 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 basimns, by
G. S. Craig, Jr., in Geological Survey Research 1970, Chap. D, by U.S.
Geological Survey, p. D238-D243. 1970.

P 813-C. Summary appraisals of the Nation's ground-water resources--Upper
Colorado Region, by Don Price and Ted Arnow. 1974.

P 813-G. Summary appraisals of the Nation's ground-water resources--Great Basin
Region, by T. E. Eakin, Don Price, and J., R. Harrill. 1976.
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P 813-Q. Summary appraisals of the Nation's ground-water resources--Missouri
Basin Region, by 0. J. Taylor. 1978.

P 813-S. Summary appraisals of the Nation's ground-water resources--Pacific
Northwest Region, by B, L, Foxworthy. 1979.

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. F. Matthai.
1979.

P 1139, A field calibration of the sediment-~trapping characteristics of the
Helley-Smith bedload sampler, by W. W. Emmett. 1980,

P 1164, Effects of coal mine subsidence in the Sheridan, Wyoming area, by
C. R, Dunrud and F., W, Osterwald. 1980,

P 1244, Floods of May 1978 in southeastern Montana and northeastern Wyoming,
by Charles Parrett, D. D. Carlson, G. S. Craig, Jr., and E. H. Chin.
In press.

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 1275. Geological Survey research 1981, by U.S. Geological Survey. 1982.

Journal of Research of the Geological Survey

The Journal of Research 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 determined by well-logging formation evaluation,
Wyoming, 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

Water-Supply Papers are sold by the U.S. Geological Survey, Eastern
Distribution Branch, Text Products Section, Alexandria, VA 22304

W 1261. A postglacial chronology for some alluvial valleys in Wyoming, by
L. B, Leopold and J. P. Miller. 1954,
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1360-E. Geology and ground-water resources of the Kaycee irrigation project,
Johnson County, Wyoming, by F. A. Kohout, with a section on Chemical
quality of the water, by F. H. Rainwater., 1957.

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

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.

1377. Geology and ground-water resources of Goshen County, Wyoming, by

J. R. Rapp, F. N. Visher, and R. T. Littleton, with a section on Chemical
quality of the ground water, by W. H. Durum. 1957,

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

1483. Geology and ground-water resources of the upper Lodgepole Creek
drainage basin, Wyoming, by L. J. Bjorklund, with a section on Chemical
quality of the water, by R. A. Krieger and E. R. Jochens. 1959.

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 the
water, by R.H. Langford. 1960.

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. Sediment sources and drainage-basin characteristics in upper
Cheyenne River basin, by R. F. Hadley and S. A. Schumm. 1961.

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

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

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 the
water, by J. G. Conner. 1963.

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

1596. Geology and ground-water resources of the Greybull River--Dry Creek
area, Wyoming, by C. J. Robinove and R. H. Langford. 1963,

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.

1698. Ground-water resources and geology of northern and western Crook

County, Wyoming, by H. A. Whitcomb and D. A. Morris, with a section on
Chemical quality of the ground water, by R. H. Langford. 1964,
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1783. Hydrologic conditions in the Wheatland Flats area, Platte County,
Wyoming, by E. P. Weeks. 1964.

1788. Ground-water resources and geology of Niobrara County, Wyoming, by

H. A. Whitcomb, with a section on Chemical quality of the ground water,
by T. R. Cummings. 1965.

1806. Ground-water resources and geology of northern and central Johnson

County, Wyoming, by H. A. Whitcomb, T. R. Cummings, and R. A. McCullough.
1966.

1807. Ground-water resources of Sheridan County, Wyoming, by M. E. Lowry
and T. R. Cummings. 1966.

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

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

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

2009-C. Chemical quality of surface water in the Flaming Gorge Reservoir
area, Wyoming and Utah, by R. J. Madison and K. M. Waddell. 1973,

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

2039-A. Chemical quality and temperature of water in Flaming Gorge Reservoir,

Wyoming and Utah, and the effects of the reservoir om the Green River, by
E. L. Bolke and K. M. Waddell. 1975.

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

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

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

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

Single copies of circulars still in print are available free from the
U.S. Geological Survey, Eastern Distribution Branch, Text Product Section,
604 South Pickett Street, Alexandria, VA 22304.

C 656. Index of surface-water records to September 30, 1970--Part 6, Missouri
River basin. 1971.

C 659. Index of surface-water records to September 30, 1970-~-Part 9, Colorado
River basin., 1971.

C 660. Index of surface-water records to September 30, 1970-~Part 10, The
Great Basin. 1971,

C 663. 1Index of surface-water records to September 30, 1970--Part 13, Snake
River basin. 1971.

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

C 777. A guide to obtaining information from the USGS, 1982, compiled by
P. F. Clark, H. E. Hodgson, and G. W. North. 1982,

C 839. Assessment of impacts of proposed coal-resource and related economic

development on water resources, Yampa River basin, Colorado and Wyoming--A
summary, compiled and edited by T. D. Steele and D. E, Hillier, 1981,

C 875. U.S. Geological Survey activities, Fiscal Year 1981, by U.S. Geological
Survey. 1982,

C 1001. Estimated use of water in the United States in 1980, by W. B. Solley,
E. B, Chase, and W. B. Mann IV,

Water-Resources Investigations Reports

Reports in this series are available for inspection at the Wyoming and

Reston, Va., offices of the U.S. Geological Survey. Selected reports may be
purchased either as microfilm or hard copy from the National Technical Informa-

tion Service (NTIS), U.S. Department of Commerce, Springfield, VA 22161; the

NTIS ordering number is given in parenthesis at the end of the citation.
Further information about these reports may be obtained from the District Chief,

WRD, Cheyenne.

WRI 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)

WRI 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.
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WRI

WRI

WRI

WRI

WRI

WRI

WRI

WRI

WRI

WRI

WRI

WRI

WRI

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

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

76-112, Techniques for estimating flow characteristics of Wyoming streams,
by H. W. Lowham. 1976. (PB-264 224/AS)

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

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)

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

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

77-111. Hydrologic evaluation of the Arikaree Formation near Lusk,
Niobrara and Goshen counties, Wyoming, by M. A. Crist. 1977.

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

78-70. Plan of study for the High Plains Regional Aquifer-System Analysis

in parts of Colorado, Kansas, Nebraska, New Mexico, Oklahoma, South Dakota,
Texas, and Wyoming, by J. B. Weeks. 1978. (PB~284 668/AS)

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

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

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)

78-143. Hydrologic evaluation of proposed ground-water withdrawals in
Muleshoe Flat, near Wheatland, southeastern Wyoming, by D. T. Hoxie.
In press.

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.
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WRI

WRI

WRI

WRI

WRI

WRI

WRI

WRI

79-34, Plan of study for the Northern Great Plains Regional Aquifer-System
Analysis in parts of Montana, North Dakota, South Dakota, and Wyoming, by
U.S. Geological Survey. 1979. (PB-298 141/AS)

79-47. Effect on sediment yield and water quality of a nonrehabilitated

surface mine in north-central Wyoming, by B. H. Ringen, L. M. Shown,
R. F. Hadley, and T. K. Hinkley. 1979. (PB-299 868/AS)

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.

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)

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)

80-72. Calibration and testing of selected portable flowmeters for use on
large irrigation systems, by R. R. Luckey, F., J. Heimes, and
N. G. Gaggiani. 1980. (PB-81 121 345/AS)

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)

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 F. J. Heimes and R. R. Luckey. 1980,

(PB-81 205 270/AS)

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.

80-730. Preliminary map showing freshwater heads for the Red River Forma-

tion, 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.

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

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

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

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

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

WRI 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.

WRI 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 WRI reports may be purchased from the Open~File Services

Section, Western Distribution Branch, U.S. Geological Survey, Box 25425,
Federal Center, Denver, CO 80225,

WRI 82-4003. Evaluation of selected surface-water-quality stations in Wyoming,
by S. J. Rucker, IV and L. L. Delong. In press.

WRI 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.

WRI 82-4008. Water quality of streams and springs, Green River basin in
Wyoming, by L. L. Delong. In press.

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

WRI 82-4072. A data-management system for areal interpretive 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. F. Ferrigno. 1982,

WRI 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. In press.

WRI 82-4105. Evapotranspiration rates of selected sites in alluvial valleys in

the Powder River basin, Wyoming and Montana, by L. W. Lenfest, Jr.
In press.

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

WRI 82-4117. Hydrology of the White Tail Butte area, northern Campbell County,
Wyoming, by M. E. Lowry and J. G. Rankl, In press.
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WRI 83-4024., The ground-water system in the Arikaree aquifer near La Grange,
southeastern Wyoming, by W. B. Borchert. In press.

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

WRI 83-4127. Pesticide data for Wyoming streams, by D. L. Butler. In press.

Water-Data Reports Available only through NTIS

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 2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>