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Oklahoma, A Summary of Activities
of the U.S. Geological Survey,

Water Resources Division,
in Fiscal Years 1991-92

Compiled by John S. Havens

Abstract

This report summarizes the activities of
the Oklahoma District, Water Resources
Division, U.S. Geological Survey, for fiscal
years 1991-92. Included are summary
statements of current and recently com-
pleted projects in the State of Oklahoma.

A MESSAGE FROM THE DIS-
TRICT CHIEF

The U.S. Geological Survey historically
has worked to fulfill its principal mission of
appraising the nation’s water resources

“through scientifically designed data-collection
and investigative programs managed at the
District level. This provides ready access by
State and local governments to valuable infor-
mation on national water issues, but also
allows Districts to concentrate on relevant
State and local needs.

Past reports on topics such as ground water
in the High Plains, flood frequency of Okla-

homa streams, water quality of the Garber-
Wellington aquifer, and potential water sup-
plies from the alluvial and terrace aquifers of
the North Canadian River have provided infor-
mation beneficial both to the Nation and resi-
dents of Oklahoma. The focus of water-
resources studies has changed as awareness of
the vulnerability of water resources to contam-
ination has joined continuing concern for long-
term water supplies for all needs and predic-
tion of and protection from catastrophic flood-
ing.

Data-collection activities and investigative
projects will enable the Oklahoma District of
the U.S. Geological Survey to meet the chal-
lenge and opportunity of providing needed
water-resources information in the future.

Kathy D. Peter

District Chief

U.S. Geological Survey
Oklahoma City, Oklahoma
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U.S. GEOLOGICAL SURVEY
ORIGIN

The U.S. Geological Survey (USGS) was
established by an act of Congress on March 3,
1879 to provide a permanent Federal agency to
conduct the systematic and scientific*classifi-
cation of the public land, and examination of
the geological structure, mineral resources,
and products of national domain.” An integral
part of that original mission includes publish-
ing and dissemination of the earth-science
information needed to understand, to plan the
use of, and to manage the Nation’s energy,
land, mineral, and water resources.

Since 1879, the research and fact-finding
role of the USGS has grown and been modified
to meet the changing needs of the Nation it
serves. As part of that evolution, the USGS has
become the Federal Government’s largest
earth-science research agency, the Nation’s
largest civilian map-making agency, the pri-
mary source of data on the Nation’s surface-
and ground-water resources, and the employer
of the largest number of professional earth sci-
entists. Today’s programs serve a diversity of
needs and users. Programs include:

* Conducting detailed assessments of
the energy and mineral potential of the
Nation’s land and offshore areas.

+ Investigating and issuing warning of
earthquakes, volcanic eruptions, land-
slides, and other geologic and hydro-
logic hazards.

+ Conducting research on the geologic
structure of the Nation.
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+ Studying the geologic features, struc-
ture, processes, and history of the other
planets of our solar system.

+ Conducting topographic surveys of the
Nation and preparing topographic and
thematic maps and related carto-
graphic products.

* Developing and producing digital car-
tographic data bases and products.

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

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

+ Conducting research in hydraulics and
hydrology, and coordinating all Fed-
eral water-data acquisition.

+ Using remotely sensed data to develop
new cartographic, geologic, and
hydrologic research techniques for nat-
ural resources planning and manage-
ment.

+ Providing earth-science information
through an extensive publications pro-
gram and a network of public access
points.

Along with its continuing commitment to
meet the growing and changing earth-science
needs of the Nation, the USGS remains dedi-
cated to its original mission to collect, analyze,
interpret, publish, and disseminate information
about the natural resources of the Nation—
providing “Earth Science in the Public Ser-
vice.”



WATER RESOURCES MISSION
OF THE U.S. GEOLOGICAL
SURVEY

The water resources mission of the U.S.
Geological Survey is to provide the hydrologic
information needed by others to help manage
the Nation’s water resources. To accomplish its
mission, the Survey, in cooperation with State
and local governments and other Federal agen-
cies:

* Collects data on a systematic basis to
determine the quantity, quality, and use
of surface and ground water, and the
quality of precipitation.

+ Conducts water-resources investiga-
tions and assessments at national,
State, and local scales, characterizes
water-resources conditions, and pro-
vides the capability to predict the
impact on the resource of managerial
actions, proposed development plans,
and natural phenomena.

+ Conducts basic and problem-oriented
hydrologic and water-related research
that is likely to produce knowledge
useful for the resolution of water-

resources problems facing the State,
regions, and Nation.

Acquires information useful in pre-
dicting and delineating water-related
natural hazards from flooding, volca-
noes, mudflows, and land subsidence.

Coordinates the activities of all Fed-
eral agencies in the acquisition of
water data, and operates water infor-
mation centers.

Disseminates data and the results of
investigations through reports, maps,
and other forms of public release.

Provides scientific and technical assis-
tance in hydrology to other Federal
agencies, to State and local agencies,
to licensees of the Federal Energy
Regulatory Commission , and, on
behalf of the U.S. Department of State,
to international agencies.

Administers the provisions of the
Water Resources Research Act of
1984, which include the State Water
Resources Research Institute Program
(Section 104) and the Water Resources
Research Grant Program (Section
105).

Water Resources Mission
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LI T |

Project title: PRELIMINARY INVESTIGATION OF
THE HYDROGEOLOGY OF THE
CHICKASAW NATIONAL RECRE-
ATION AREA

Project number: OK(084
Leader: Hanson, Ronald L.

Problem: The Chickasaw National Recreational Area, located in south-central Oklahoma, is
experiencing significant reduction in spring and stream discharges. In 1906, the Park had 33 flow-
ing springs but presently only 5 have sustained flow. Reduced discharge from these springs and
periodic cessation of flow in the two streams flowing through the Park have been attributed to
increased pumping from the Arbuckle-Simpson aquifer that underlies the Park. Recorded ground-
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water-level declines in the area suggest that two major springs are expected to dry up within 10
years and that all remaining springs in the Park will cease to flow within 40 years. Increased
stresses on the system are anticipated when eight new wells upgradient from the Park become
operational.

Objectives: (1) Collate the hydrogeologic data presently available for the Arbuckle-Simpson
aquifer and overlying surface waters in the Park, and (2) evaluate the adequacy of these data for
fully describing the surface-water/ground-water system associated with the area. If this evaluation
shows that a more comprehensive study is warranted, a detailed study plan will be prepared
describing the approach necessary to obtain a complete understanding of the system and the pro-
jected impacts of changes on the system as a result of potential hydrologic stresses imposed on the
system.

Progress: Verification of streamflow and spring-flow data by the District Data Base Managers has
been completed. Some water-quality data remain to be verified. The report has been submitted to
the District Chief for review. Project is complete except for report.

Planned reports:

Hanson, R.L., and Cates, S.W., 1994, Appraisal of the hydrogeology of the Chickasaw National
Recreation Area, Murray County, Oklahoma, 1902-87: U.S. Geological Survey Open-File
Report 93—xxx, XX p.

Cooperator: National Park Service

Project title: FACILITATING THE ANALYSIS OF
GROUND-WATER SYSTEMS USING
A GEOGRAPHIC INFORMATION
SYSTEM

Project number: OKO085
Leader: Scott, Jonathon C.

Problem: Ground-water hydrologists need sophisticated computer software to aid them in the
analysis of ground-water systems. Geographic Information Systems (GIS) provide powerful map-
making and analysis capability; however, system integration programming is needed to transform
this software into a productive tool.

Objectives: (1) Develop software to transport water-quality and ground-water site inventory data
into the Geographic Information System (GIS). (2) Develop software to randomly choose a set of
areally distributed sampling locations from a stratified set of polygons describing the study area.
(3) Develop software to assist with visualizing the results of finite-difference numerical simula-
tions performed with the Modular Ground-Water Flow Model. (4) Develop software to aid in the
establishment of relationships between land use and ground-water quality using statistical meth-
ods.

Progress: Project is completed.
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Reports:

Scott, J.C., 1989, A computerized data-base system for land-use and land-cover data collected at
ground-water sampling sites in the pilot National Water-Quality Assessment program:
U.S. Geological Survey Water-Resources Investigations Report 894172, 139 p

1990a, A statistical processor for analyzing simulations made using the modular finite-
difference ground-water flow model: U.S. Geological Survey Water-Resources Investigations
Report 894159, 218 p.

1990b, Computerized stratified random site-selection approaches for design of a ground-
water-quality sampling network: U.S. Geological Survey Water-Resources Investigations
Report 904101, 109 p.

1991, Computer software for converting ground-water and water-quality data from the
National Water Information System for use in a geographic information system: U.S. Geologi-
cal Survey Water-Resources Investigations Report 90-4200, 55 p.

LT 1]
Project title: ALTUS AFB IRP STUDY: CONFIRMA- A
TION/QUANTIFICATION PHASE

Project number: OK086
Leader: Runkle, DonnalL.

Problem: Altus Air Force Base (AFB) was established as a flight-training facility in 1942. An
investigation of historical waste-disposal practices on the 2,525-acre Base identified nine former
disposal sites that may pose a continued hazard to humans and the environment. The sites include
fire-protection training areas, landfills, and liquid-waste disposal sites. A gas station presumed to
have a leaking tank is the tenth site that will be investigated as part of the Alws Installation Resto-
ration Program (IRP) Study. No major aquifers underlie the area.

Objectives: (1) Identify and fully evaluate any areas suspected to be contaminated with hazard-
ous materials caused by past U.S. Air Force operations, and (2) eliminate or control any hazards
to the public health, welfare, or the environment. A records search and initial investigation of ten
sites was completed in the Phase I work. Phase IT work includes: Further data collection at five of
the original ten sites to establish the extent of any contamination; further data collection at three
of the ten sites for long-term monitoring and trend analysis; installation of and data collection
from three monitoring wells near the southern boundary of the base; and water-level measure-
ments in all monitoring wells. The U.S. Army Corps of Engineers is responsible for directing and
coordinating the Phase 1I work.

Progress: Phase II work has begun; field investigations are in progress.
Reports: Technical Data Report, Altus AFB IRP
Cooperator: U.S. Army Corps of Engineers
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Project title: LANGSTON UNIVERSITY
Project number: OK089
Leader: Steele, Karen S.

Problem: Langston University, a Historically Black University located at Langston, in central
Oklahoma, has a computing and information science program within the University’s Division of
Business. Since 1984, Langston University has participated in the U.S. Department of Interior’s
Historically Black College and University program, which provides education, training, and fund-
ing to the University through a combined earth-science and computer-technology program that is
administered by the U.S. Geological Survey.

Objectives: (1) Promote student use of the Earth Science Computer Laboratory, (2) support the
hiring of part-time students, and (3) support the guest-lecture series to (a) assist the University in
offering state-of-the-art education in the computer sciences, (b) provide students with an opportu-
nity to learn from and interact with skilled computer-science professionals in the Survey, and (c)
create a pool of potential future employees for part-time and full-time employment.

Progress: Continue hiring Langston students during the school year; continue with the guest-lec-
ture series.

Reports:

Hall, A.E., and Scott, J.C., 1991, Cooperative activities of the U.S. Geological Survey with histor-
ically black colleges and universities, fiscal year 1983-90: U.S. Geological Survey Open-File
Report 91-90, 19 p.

Cooperator: Langston University

Project title: WATER-LEVEL MONITORING IN THE
HIGH PLAINS AQUIFER

Project number: OK090
Leader: Goemaat, Robert L.

Problem: Most of the land surface overlying the High Plains aquifer is intensively developed for
agriculture. Because the High Plains region is semi-arid and subject to frequent droughts, the crop
water demands are met largely with irrigation water drawn from the High Plains aquifer. Exten-
sive long-term pumpage from the aquifer has resulted in large water-level declines and depletion
of storage in many areas.

Objectives: (1) Evaluate the adequacy of the current water-level monitoring network, and
(2) effect additions and deletions of annually measured observation wells and recorder wells as
needed to improve the cost and informational effectiveness of the network.

Progress: All ground-water sites in the Oklahoma Panhandle and Harper County previously
entered into GWSI have been screened to verify location and appropriateness of information.
Most of the ground-water sites in the remaining High Plains counties of western Oklahoma
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(Harper, Ellis, Woodward, and Roger Mills) have been screened also. The Oklahoma Water
Resources Board has entered over 6,000 wells sites into their computer system including drillers’
log information. Preparations have been made to slug test wells at all continuous recorder and
quarterly measurement sites. This will determine if the wells are actively connected to the aquifer.

Reports: A data report is planned.
Cooperator: Oklahoma Water Resources Board

Project title: SOURCE AND MOVEMENT OF NAT-
URALLY OCCURRING TOXIC SUB- LT T ]
STANCES IN THE CENTRAL
OKLAHOMA AQUIFER pl

Project number: OK(091
Leader: Schlottmann, Jamie L.

Problem: The Central Oklahoma aquifer is the primary water supply for many communities and
farms in central Oklahoma and supplements surface-water supplies in other communities. In some
wells in the aquifer, arsenic, chromium, gross-alpha radioactivity, and selenium exceed the Envi-
ronmental Protection Agency’s primary drinking-water standards and uranium concentrations
commonly are greater than 10 picoCuries per liter. Some wells have been abandoned due to these
large concentrations.

Objectives: (1) Determine the locations of large concentrations of the regulated elements in the
ground water; (2) determine the solid-phase sources of the regulated elements in the aquifer; and
(3) determine the geochemical causes for the large concentrations of the elements in the ground
water.

Progress: Project is completed.
Reports: See reports under project OK082

Cooperator: Association of Central Oklahoma Governments

Project title: EVALUATION OF THE IMPACT OF T 1]
OIL REFINERY PRODUCTS AND
WASTES ON GROUND- AND SUR- —
FACE-WATER RESOURCES NEAR
CYRIL IN SOUTHEASTERN CADDO
COUNTY, OKLAHOMA

Project number: OK(092
Leader: Stoner, Jerry D.

Problem: Water from the Rush Springs Sandstone, a major aquifer in southwestern Oklahoma, is
used for irrigation, public, domestic, and livestock supplies. Beginning in the early 1920°s, refin-
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ing of crude oil was been carried on in this area near Cyril, Oklahoma in Caddo County. Even
though refinery operations have now been suspended, the past operations are potential sources of
contamination of the water in the Rush Springs aquifer and in the local surface-water drainages.
Four potential sources of contamination of the water resources of the area, resulting from past
refinery operations at Cyril, have been identified and are: (1) Spillage and leakage of crude petro-
leum and finished products, (2) acid sludges buried on site, (3) buried lime and caustic waste sites,
and (4) an API Separator and a soil farm.

Objectives: Evaluate the impacts of oil refinery products and wastes on the ground- and surface-
water quality in southeastern Caddo County near Cyril, Oklahoma.

Progress: Project is terminated.
Reports: No report is planned.
Cooperator: Oklahoma Geological Survey

1T T]

Project title: BLAINE GYPSUM GROUND-WATER
RECHARGE DEMONSTRATION
PROJECT IN SOUTHWESTERN
OKLAHOMA

Project number: OK(094
Leader: Hanson, Ronald L.

Problem: The U.S. Bureau of Reclamation, pursuant to the Act of September 28, 1984, (98 Stat.
1967, P.L. 98-434) is authorized to administer the High Plains States Groundwater Demonstration
Program Act of 1983. The Blaine Gypsum aquifer, located near Hollis in southwestern Oklahoma,
is one of 21 demonstration projects in the High Plains States selected for study under this Act. The
overall purpose of the study is to advance the state of the art of groundwater recharge utilizing an
existing recharge project in the Blaine Gypsum aquifer. The U.S. Geological Survey (WRD) role
in this program is to provide technical support and review of the study as it relates to the planning,
surface- and ground-water monitoring, and report preparation.

L

Objectives: Expand, monitor, and evaluate the recharge potential of an existing recharge project
that diverts surface runoff from precipitation and irrigation tail-water to recharge wells completed
in fracture or solution zones in the Blaine Gypsum aquifer near Hollis in southwestern Oklahoma.
The surface water will be impounded by two diversion structures. Recharge and monitoring wells
will be established within the impoundment area.

Progress: The U.S. Geological Survey reviews quarterly progress reports by the Oklahoma Water
Resources Board and provides technical assistance as requested.

Planned reports: Quarterly reports prepared by Oklahoma Water Resources Board; final report
prepared by U.S. Bureau of Reclamation.

Cooperators: Oklahoma Water Resources Board, U.S. Bureau of Reclamation, U.S. Environ-
mental Protection Agency, U.S. Fish and Wildlife Service
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Project title: HYDROLOGY OF BYRDS MILL
SPRING L1

Project number: OK(096
Leader: Savoca, Mark E.

Problem: Local water-level declines may be the result of ground-water withdrawals by the City
of Ada.

Objectives: (1) Delineate the ground-water divides of the aquifer in the study area and describe
the associated ground-water flow paths, and (2) document the effect that pumping from the
Arbuckle-Simpson aquifer by the City of Ada wells may have on the local water-levels and dis-
charge from nearby springs and streams.

Progress: A 63.5-hour aquifer test (City Well 2), and a 241-hour stress test (City Wells 2 and 3)

were conducted. Data collected during these tests include: Discharge from the pumped wells; dis-
charge from Byrds Mill Spring and other nearby springs; discharge along a 5—mile reach of Blue

River; water levels in selected wells throughout the study area; and precipitation in the vicinity of
Byrds Mill Spring. Project is complete except report.

Report:

Savoca, M.E., and Bergman, D.L.,199?, Effects of municipal ground-water withdrawals on the
Arbuckle-Simpson aquifer, Pontotoc County, Oklahoma: U.S. Geological Survey Water-
Resources Investigations Report 94—xxxx.

Cooperators: City of Ada, Oklahoma Water Resources Board

Project title: HYDROLOGIC STUDY OF TRIBAL [T T17]
RESERVE LANDS OF THE SAC AND v
FOX NATION OF OKLAHOMA, LIN- ]
COLN COUNTY, OKLAHOMA

Project number: OK097
Leader: Abbott, Marvin M.

Problem: Beginning in the 1950’s and 1960’s, numerous complaints were made of poor-quality
ground water in the area. Water from some wells on the tribal land has become impotable and it is
believed that the Ada-Vamoosa aquifer beneath these lands has been contaminated by high-chlo-
ride waters from oil-production activities. The Justice Department is evaluating the reason for the
contamination and its effect on the resources of the Sac and Fox Nation of Oklahoma. Hydrologic
and water-quality data were needed for the evaluation.

Objectives: (1) Determine the elevations and gradients of the piezometric surfaces, (2) determine
ground-water quality and quantity within and adjacent to the 960 acres owned by the Tribe, (3)
locate a source of water capable of supplying present and future needs of the Tribe, and (4) assess
the potential for contamination of the new water supply.
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Progress: Thirty-four existing domestic wells were sampled in and near the study area. Three
cluster wells were constructed, logged, and sampled on the Tribe’s land. Six water samples from
producing oil wells and four surface-water samples were taken. Borehole geophysical logs and
cores were used to correlate the regional geology. A regional map of the base of the fresh ground
water beneath tribal land is abnormally shallow for the region. Water samples from below the
base of the fresh water indicate that brine found at a shallow depth is a mixture of fresh water and
oil-field brine.

Planned reports: Administrative report
Cooperator: Sac and Fox Nation

Project title: GROUND-WATER QUALITY OF THE
ROUBIDOUX AQUIFER IN THE LT T ]
VICINITY OF THE TAR CREEK
SUPERFUND SITE, OTTAWA ol
COUNTY, OKLAHOMA

Project number: OK099
Leader: Christenson, Scott C.

Problem: Lead and zinc sulfides were mined from the Boone Formation in Ottawa County from
about 1900 until about 1970. The mines were dewatered during mining operations by extensive
pumping, but later filled with water when pumping ceased. Water-quality analyses have detected
large concentrations of cadmium, copper, fluoride, lead, manganese, and nickel in some mine
water. Because the hydraulic head in the Boone Formation is higher than the head in the Roubid-
oux aquifer, water will tend to move from the mine workings in the Boone Formation downward
through pores and fractures in the rock units toward the Roubidoux aquifer.

Objectives: (1) Determine if the Roubidoux aquifer in the Picher mining area has become con-
taminated by water in the Boone Formation that has been degraded by abandoned lead and zinc
mines, (2) determine if wells completed in the Roubidoux aquifer in the mining area have become
contaminated by water in the Boone Formation that has been degraded by abandoned lead and
zinc mines, and (3) determine if the quality of the produced water from wells completed in the
Roubidoux aquifer in the mining area is related to the wells’ construction and casing integrity.

Progress: Municipal wells completed in the Roubidoux aquifer in the mining area have been
sampled monthly for six months. Additional wells completed in the Roubidoux aquifer outside
the mining area were sampled once. Water levels were measured in wells completed in the Roubi-
doux aquifer throughout Ottawa County so a potentiometric-surface map could be constructed.

Planned reports: A data and interpretive report will be prepared. The report will present the
hydrologic, water-quality, and quality-assurance data collected as part of the project, and will
present the results of statistical analyses of the water-quality data.

Cooperator: Oklahoma Water Resources Board
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Project title: VULNERABILITY OF WATER WELLS
AND SPRINGS IN THE CHEYENNE =~ ——L]
AND ARAPAHO TRIBAL LANDS OF ™
WESTERN OKLAHOMA TO CON-
TAMINATION

Project number: OK100
Leader: Bergman, DeRoy L.

Problem: Knowledge of the ground-water hydrology and vulnerability to contamination of
ground water beneath Cheyenne and Arapaho Tribal lands is needed by Tribal managers to estab-
lish a well-head protection plan for the Tribal water supply.

Objectives: Conduct a study to determine the vulnerability to contamination of springs and
ground water beneath the Tribal land within the 3,981-acre Concho Reserve.

Progress: The project was completed in 1993.
Report:

Bergman, D.L., and Savoca, M.E., 1993, Land-use and ground-water data, Cheyenne-Arapaho
Tribes, Concho Reserve, Canadian County, Oklahoma: U.S. Geologcial Survey Open-File
Report 93-110, 2 sheets, scale 1:24,000.

Cooperator: Cheyenne and Arapaho Tribes

[T 1]
Project title: HYDROLOGY OF THE ARBUCKLE- W TT 1Y
SIMPSON AQUIFER, SOUTH-CEN- ~ N
TRAL OKLAHOMA
Project number: OK101

Leader: Savoca, Mark E.

Problem: The Arbuckle-Simpson aquifer consists of limestone, dolomite, sandstone, and shale of
the Late Cambrian- to Middle Ordovician-aged Arbuckle and Simpson Groups. These broadly
folded and extensively faulted and jointed units contain karst features. The Arbuckle-Simpson is
an EPA-designated sole-source aquifer, and the principal source of water for the Cities of Ada,
Sulphur, Mill Creek, and Roff, and supplies domestic users, ranches, and farms throughout the
area. To comply with Oklahoma ground-water law, the Oklahoma Water Resources Board is
required to conduct hydrologic surveys and investigations of the Arbuckle-Simpson aquifer and
determine the aquifer’s maximum annual yield of fresh water.

Objectives: (1) Determine the areal extent and approximate base of the Arbuckle-Simpson aqui-
fer, and potential amount of fresh ground water stored in the aquifer, (2) define the rate of
recharge to the aquifer, and the total discharge from the aquifer, and (3) determine aquifer con-
stants (hydraulic conductivity, transmissivity, and storage coefficient), and document their spatial
variability.

Progress: The project is unfunded.

Reports: None.

Cooperator: Oklahoma Water Resources Board
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WATER CONDITIONS
IN OKLAHOMA

Large variations in streamflow characterize
hydrologic conditions in Oklahoma. In the
extreme southeastern part of the State, mean
annual precipitation exceeds 52 inches and
mean annual runoff exceeds 20 inches. In the
southeast, stream channels are deeply incised
in mountainous terrain, and streamflow gener-
ally is perennial. In the extreme northwestern
part of the Oklahoma Panhandle, mean annual
precipitation is less than 16 inches (fig. 6) and
mean annual runoff is less than 0.1 inch (fig.
7). In northwestern Oklahoma, streams gener-
ally have shallow, poorly defined channels,
and ephemeral flow.

Water Year 1991

Precipitation data from monthly reports of
the Oklahoma Climatological Survey, aver-
aged over the State, indicated that monthly
precipitation was below normal during Octo-
ber, February, March, July, and August of the
water year. Totals were above normal during
June and September. November, December,
January, April, and May totals were about
average.

Precipitation was not uniform across the
State, however. Western Oklahoma was partic-
ularly hard-hit by dry conditions. During Feb-
ruary, the western third of the State averaged
only 0.1 inch of precipitation, and it was the
fourth driest year on record for the whole
State. In June, heavy rains fell across southern
Oklahoma and eased parched conditions in
northwest Oklahoma, but near-drought condi-
tions persisted in northeast Oklahoma. During
September above-average precipitation fell
over the entire State.

A comparison of daily, monthly, and
annual streamflow for the 1991 water year
with the period of record at selected stations
reflected unusually dry conditions for the
entire year in western and northern Oklahoma.

Streamflow was average for the year in south-
western, central, southern, and southeastern
Oklahoma, because of high flows in June and
September.

Drought effects during the 1991 water year
varied throughout the State. Streamflow was
far below normal in all streams during the year
in the western and north-central areas, and in
large streams in northeastern Oklahoma. In
central Oklahoma, streamflow was below nor-
mal during April with above-normal flows in
September. In smaller streams in northeastern
Oklahoma, streamflow was below normal in
February, March, and the summer months of
June through August. Two medium-flow peri-
ods in December through January and in April
were the only outstanding wet periods in the
otherwise dry year. In southwestern Okla-
homa, streamflow was above normal in June.
Streamflow was above normal in June and
September in the south-central part of the State
and in June in the southeast. Overall the
streamflow, on an annual basis, reflected dry
conditions in the northern third of the State
with all annual peak flows in the low-flow
range. In the rest of the State, streamflow was
about normal with all annual peak flows in the
medium-flow range.

The worst flooding occurred during June
across large parts of southwest and south-cen-
tral Oklahoma. Daily rainfall totals greater
than 5 inches were reported in Altus, Snyder,
and Sedan in the southwest, causing flash
floods. The Kingston-Madill area in south-cen-
tral Oklahoma received more than 10 inches in
3 days, causing street flooding; low-lying areas
near Lake Murray in Love County were
flooded.

Conservation storage in six selected reser-
voirs in the State, with a combined conserva-
tion storage capacity of 8,014,000 acre-feet,
remained about the same. Conservation stor-
age decreased slightly, from 97 percent at the
start of the water year to 95 percent at the end
of the water year.
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Water Year 1992

Precipitation data from monthly reports of
the Oklahoma Climatological Survey, aver-
aged over the State, indicated that monthly
precipitation was below normal during Febru-
ary and March of the water year. Totals were
above normal during October, December,
June, July, and August. December was the 3rd
wettest and the summer total (June-August)
was the Sth wettest in the last 100 years.
November, January, April, May, and Septem-
ber totals were about average.

However, precipitation was not spread
uniformly across the State. Western Oklahoma
had dry conditions during September; the pan-
handle of the State averaged only 0.14 inch of
precipitation. In October, heavy rains fell
across southeastern Oklahoma with three times
normal rainfall being reported. The entire state
had a very wet December with over five times
normal precipitation reported in southwestern
Oklahoma. Although April had normal rain-
fall, locally heavy rains caused flooding which
took the lives of three children, two in Okla-
homa City and one in Lawton. During the
summer months significantly above-average
precipitation fell over the entire State.

A comparison of daily, monthly, and
annual streamflow for the 1992 water year
with the period of record at eight selected rep-
resentative stations reflected unusually dry
conditions for the entire year in western Okla-
homa; average streamflow for the year in
north-central and northeastern Oklahoma; and
above-average streamflow for the year in
southwestern, central, southern and southeast-
ern Oklahoma caused by high flows in Decem-
ber, and June through September.

Drought effects during the 1992 water
year varied throughout the State. Streamflow
was below normal in streams during the water
year in northwesten Oklahoma and about nor-
mal in streams during the year in north-central
and in northeastern Oklahoma with high flows
in December and the summer months. In cen-
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tral Oklahoma, streamflow was far above nor-
mal during December and April through
August. In southwestern Oklahoma, stream-
flow was above normal throughout the water
year, with the most significant rises occurring
in December and June through September.
Streamflow was above normal throughout the
year with the highest peaks in December, June
and July in the south-central part of the State
and in October, December, and September in
the southeast. Overall the streamflow on an
annual basis was dry in the northwest; about
normal in the north-central and northeast; and
above normal in central, southwestern, south-
central, and southeastern Oklahoma, with all
annual peak flows in the medium to high flow
range.

The worst flooding occurred during
December across the entire State and during
June through August in large parts of the State
except northwestern Oklahoma. For several
days in late December, rainfall totals over 2
inches were reported at several locations, with
3.20 inches at Anadarko and 3.47 inches at
Bartlesville. Thunderstorms buffeted Okla-
homa throughout June. Rainfall totals in
excess of 3 inches were reported in Oneta,
Boynton, and Tahlequah in early June; Musko-
gee reported 6.03 inches. Flooding caused by
heavy rains stopped the wheat harvest in many
parts of the State. Flash flooding hit Carter,
Bryan, and Creek Counties at the end of June.

Conservation storage in six selected reser-
voirs in the State, with a combined conserva-
tion storage capacity of 8,014,000 acre-feet,
remained about the same. Conservation stor-
age increased slightly from 95 percent at the
start of the water year to 98 percent at the end
of the water year.



RECONNAISSANCE HYDRO-
LOGIC STUDIES OF THE STATE
OF OKLAHOMA

Maps showing the geology and hydrology
of the State of Oklahoma (fig. 8) include the
following hydrologic atlases. These reports,
here cited for the convenience of readers of
this report, were prepared in cooperation with
the Oklahoma Water Resources Board and the
Oklahoma Geological Survey, and show the
latest geologic and hydrologic maps of the
State.

Bingham, R.H., and Bergman, D.L., 1980,
Reconnaissance of the water resources of
the Enid quadrangle, north-central Okla-
homa: Oklahoma Geological Survey
Hydrologic Atlas HA-7, 4 sheets, scale
1:250,000.

Bingham, R.H., and Moore, R.L., 1975,
Reconnaissance of the water resources of
the Oklahoma City quadrangle, central
Oklahoma: Oklahoma Geological Survey
Hydrologic Atlas 4, scale 1:250,000,

4 sheets.

Carr, J.E., and Bergman, D.L., 1976, Recon-
naissance of the water resources of the
Clinton quadrangle, west-central Okla-
homa: Oklahoma Geological Survey
Hydrologic Atlas 5, scale 1:250,000,

4 sheets.

Hart, D.L., Jr., 1974, Reconnaissance of the
water resources of the Ardmore and
Sherman quadrangles, southern Okla-
homa: Oklahoma Geological Survey
Hydrologic Atlas 3, scale 1:250,000,

4 sheets.

Havens, 1.S., 1977, Reconnaissance of the
water resources of the Lawton quadrangle,
southwestern Oklahoma: Oklahoma Geo-
logical Survey Hydrologic Atlas 6, scale
1:250,000, 4 sheets.

Marcher, M. V., 1969, Reconnaissance of the
water resources of the Fort Smith quad-

rangle, east-central Oklahoma: Oklahoma
Geological Survey Hydrologic Atlas 1,
scale 1:250,000, 4 sheets.

Marcher, M.V., and Bergman, D.L., 1983,
Reconnaissance of the water resources of
the McAlester and Texarkana quadran-
gles, southeastern Oklahoma: Oklahoma
Geological Survey Hydrologic Atlas 9,
scale 1:250,000, 4 sheets.

Marcher, M.V,, and Bingham, R.H., 1971,
Reconnaissance of the water resources of
the Tulsa quadrangle, northeastern Okla-
homa: Oklahoma Geological Survey
Hydrologic Atlas 2, scale 1:250,000,

4 sheets.

Morton, R.B., 1980, Reconnaissance of the
water resources of the Woodward quad-
rangle, northwest Oklahoma: Oklahoma
Geological Survey Hydrologic Atlas §,
scale 1:250,000, 4 sheets.

Morton, R.B., and Goemaat, R.L., 1972,
Reconnaissance of the water resources of
Beaver County, Oklahoma: U.S. Geologi-
cal Survey Hydrologic Investigations Atlas
HA-450, scale 1:125,000, 3 sheets.

Sapik, D.B., and Goemaat, R.L., 1972, Recon-
naissance of the ground-water resources of
Cimarron County, Oklahoma: U.S. Geo-
logical Survey Hydrologic Investigations
Atlas HA-373, scale 1:125,000, 3 sheets.

Wood, P.R., and Hart, D.L., Jr., 1967, Avail-
ability of ground water in Texas County,
Oklahoma: U.S. Geological Survey
Hydrologic Investigations Atlas HA-250,
scale 1:125,000, 3 sheets.
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