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SUMMARY OF INFORMATION REQUIRED TO MEET
OKLAHOMA GROUND-WATER LAW

This section of the report is included as agreed

upon by the U.S. Geological Survey, the Oklaho-
ma Geological Survey, and the Oklahoma Water
Resources Board. The information is provided in
order for the Oklahoma Water Resources Board to
meet the requirements of Oklahoma State Law (82
Oklahoma Statutes Supp. 1973, paragraph 1020.1
et seq.). This law requires that the Oklahoma Wa-
ter Resources Board make a determination of the
maximum annual yield of each ground-water
basin for a minimum 20-year life based on the
following:

1.

2.

-

The total land area overlying the basin or sub-
basin.

The amount of water in storage in the basin or
subbasin.

. The rate of natural recharge to the basin or

subbasin and total discharge from the basin or
subbasin.

Transmissivity of the basin or subbasin.

The possibility of pollution of the basin or sub-
basin from natural sources.

According to determinations made by the

Oklahoma Water Resources Board, the total
amount of ground water established under prior
rights* is estimated to be approximately 12,058
acre-ft per year, and the total amount of land cov-
ered by prior rights is approximately 13,689 acres.

Based on this study, the following informa-

tion is provided to assist the Oklahoma Water

*“Prior rights,” as defined by the Oklahoma Water Re-

sources Board, is the right to use ground water estab-
lished by compliance with the laws in effect prior to
July 1, 1973, the effective date of the Ground Water
Act.

iv

Resources Board in meeting the requirements of
Oklahoma ground-water law:

1.

4.

5.

The total land area overlying that part of the
basin in this study is 2,816,000 acres. “Ground-
water basin,” by Oklahoma law, means a dis-
tinct underground body of water overlain by
contiguous land and having substantially the
same geologic and hydrologic characteristics
and yield capacities. As used in this report,
“basin” refers to the area between the north-
ernmost outcrop of the aquifer and the Red
River.

The amount of water in storage in the “basin”
was estimated at 45,100,000 acre-ft as of July 1,
1973; of this amount, an estimated 13,500,000
acre-ft contains more than 1,000 mg/L dis-
solved solids and may not be suitable for some
purposes. . ‘
The rate of natural recharge to the “basin” is
estimated to be 600,000 acre-ft per year. Total
discharge from the basin is estimated to be
about equal to recharge. If the hydrologic sys-
tem remained completely static except for
recharge, and if all the water available from
storage could be removed over the 20-year life
of the “basin,” the amount of water that could
be withdrawn is estimated at 1 acre-ft per acre
per year.

The transmissivity of the “basin” ranged from
390 to 2,560 ft?/day and averaged 1,480 ft?/day.
The principal source of natural pollution is
brackish or salty water that occurs in the deep-
er parts of the “basin” along the Red River.
However, except for these areas near the River,
pollution by natural sources would probably be
of limited extent.



GEOHYDROLOGY OF THE ANTLERS AQUIFER
(CRETACEOUS), SOUTHEASTERN OKLAHOMA

DonNaLD L. HART, Jr.,! AND ROBERT E. Davis?

Abstract—The Antlers aquifer, which consists of as much as 900 feet of friable sandstone, silt, clay,
and shale, crops out in an area of 1,860 square miles and underlies about 4,400 square miles in
southeastern Oklahoma. Precipitation ranges from 34 to 50 inches per year across the outcrop area,
which is well suited to allow high rates of infiltration. The aquifer contains an estimated 31,600,000
acre-feet of water having less than 1,000 milligrams per liter dissolved solids. The average saturated
sand thickness is 250 feet. Aquifer tests in the confined part of the aquifer give an average storage
coefficient of 0.0005 and an average transmissivity of 1,480 feet squared per day. The estimated
specific yield of the unconfined part of the aquifer is 0.15; the transmissivity has not been deter-
mined. Large-capacity wells tapping the aquifer commonly yield 100 to 500 gallons per minute; the
maximum measured yield is 1,700 gallons per minute. Water usage from the aquifer is very small
owing to the availability of an abundance of surface water. Water quality throughout the central and
northern part of the aquifer is generally acceptable for municipal use. A few wells, however, yield
water containing concentrations of iron and manganese exceeding the limit recommended for
municipal use by the National Academy of Sciences and National Academy of Engineering (1972).

INTRODUCTION

The future economy of southeastern Oklaho-
ma (fig. 1) is largely dependent upon wise use and
management of the region’s water resources. A
major source of water in this area is the Antlers
Sandstone (Lower Cretaceous),® which underlies
an area of about 4,400 mi%. The name Antlers
aquifer is used in this report where the hydrologic
characteristics of the formation are described.
Proper development, use, and management of this
aquifer can be best achieved if the hydrologic sys-
tem is adequately defined and the manner in
which the system operates is determined. In order
to provide such information, the Oklahoma Geo-
logical Survey requested that the U.S. Geological
Survey appraise the Antlers aquifer and deter-
mine its potential, in terms of quantity and quali-
ty, for additional supplies of ground water.

Information used in the study was obtained in
the field, from published reports (Davis, 1960;
Hart, 1974; Havens and Bergman, 1976), from
unpublished files of the U.S. Geological Survey,
and from Engineering Enterprises, Inc., Norman,
Oklahoma. Geophysical well logs were obtained

! Hydrologist, U.S. Geological Survey, Albuquerque,
New Mexico.

2 Hydrologist, U.S. Geological Survey, Oklahoma City,
Oklahoma.

3 The stratigraphic nomenclature is that of the Oklaho-
ma Geological Survey and does not necessarily agree
with that of the U.S. Geological Survey.

Publication authorized by the director, U.S. Geological
Survey.

from the library of the Oklahoma City Geological
Society. This report delineates the occurrence and
movement of water in the Antlers aquifer and
describes the chemical characteristics of that
water.

Conversion Factors

U.S. customary units used in this report may
be converted to SI (International System of Units)
metric units by the following conversion factors:

U.S. customary unit Multiply by Metric unit obtained

in. (inch) 25.4 mm (millimeter)

ft (foot) 0.3048 m (meter)

mi (mile) 1.609 km (kilometer)

ft2 (square foot) 0.0929 mi? (square mile)

acre (acre) 4,407 m? (square meter)

mi? (square mile) 2.590 km? (square kilometer)

acre-ft (acre-foot) 1,233 m?3 (cubic meter)

gal/min (gallon per 0.06308 L/s (liter per second)
minute)

(gal/min)/ft (gallon per 0.207 (L/s)/m (liter per second
minute per foot} per meter)

ft/d (foot per day) 0.000003528 m/s (meter per second)

ft2/d (foot squared per day) 0.000001075 m?s (meter squared per

second)
acre-ft/miZ (acre-foot per 476.06 m%km? (cubic meter per

square mile) square kilometer)

Well-Numbering System

The well numbers in this report give the
location of wells according to the U.S. Bureau of
Land Management system of land subdivisions, as
follows: township number, range number, section
number, letters designating position within the
quarter, quarter-quarter, and quarter-quarter-
quarter section and sequence number. This
method of well location is shown in figure 2.
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Figure 2. Well-numbering system.

Physiography and Drainage

The Antlers Sandstone and younger Cre-
taceous rocks underlie the Gulf Coastal Plain
Physiographic Province. The area has an average
altitude of about 500 ft and consists of about 90
percent plains with about 100 ft of local relief.
Several northward-facing escarpments are caused
by erosion of southward-dipping beds of limestone.

The area is drained by the Red River and
several of its major tributaries, the Little,
Kiamichi, Muddy Boggy, Blue, and Washita Riv-
ers. The Red River has a gradient of about 1 ft/mi,
and the major tributaries have gradients ranging
from 1 to 3 ft/mi. The smaller tributaries generally
have gradients of 10 to 20 ft/mi. Drainage patterns
of the tributaries are commonly dendritic, which is
typical of areas of homogeneous lithology and lit-
tle topographic relief.

Climate

The Gulf Coastal Plain region has a semi-
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humid to humid climate characterized by hot sum-
mers and mild winters. Precipitation in the study
area ranges from 34 in. in the west to about 50 in.
in the east (U.S. Department of Agriculture,
1932-40; U.S. Department of Commerce, 1941—
65,1966,1967—70,1971-75). Average annual lake
evaporation ranges from 58 in. in the west to about
50 in. in the east (Oklahoma Water Resources
Board, 1969). The greatest precipitation occurs in
April and May, and the least in December and
January. The distribution of average monthly pre-
cipitation and the average annual precipitation
are shown in figure 3.

GEOLOGY

The Antlers Sandstone is a Lower Cretaceous
transgressive sheet of sand that becomes progres-
sively younger northward and is the basal Cre-
taceous formation in southeastern Oklahoma, ex-
cept in McCurtain County, where it is underlain in
the subsurface by the DeQueen Limestone and the
Holly Creek Formation. The Antlers is believed to
be equivalent to the upper part of the Trinity
Group as recognized in Texas (Huffman and
others, 1975). The formation consists of sand, clay,
conglomerate, and limestone deposited over an
erosional surface of Paleozoic rocks, which are
mostly shale, siltstone, and sandstone. The
Antlers crops out in an east-west band, 3 to 15 mi
wide, extending from the Arkansas border north of
Idabel to near Ardmore, and then swings south-
ward to Texas near Marietta (plate 1, in pocket).
The outcrop generally dips to the south and south-
east at 30 to 80 ft/mi. In the subsurface, the max-
imum dip is about 200 ft/mi. The outcrop area is
generally heavily vegetated and highly weath-
ered. Younger deposits of alluvium and terrace
materials are present along the Red River and its
major tributaries.

The sediments of the Antlers Sandstone rep-
resent materials derived from a nearby shoreline
of a slowly advancing sea (Davis, 1960; Fredrick-
son and others, 1965; Huffman and others, 1975).
In most areas, the basal unit is composed of clay-
and silt-size material. Locally, the basal unit con-
sists of conglomerate or calcareous-cemented
sandstone. The conglomeratic material is mostly
chert, quartz, and limestone pebbles derived from
the underlying Paleozoic strata. Conglomerate
also occurs locally in lenslike bodies throughout
the lower part of the Antlers. The upper part of the
Antlers consists of beds of sand, weakly cemented
sandstone, sandy shale, silt, and clay; crossbedded
sand is common. The color of the Antlers ranges
from white to yellow and maroon, with red and
yellow shades predominating. Locally the sand is
well indurated by ferruginous cement, forming
hard, dark-red lenses.

Figures 4 and 5 show structure contours of the

base and the top of the Antlers Sandstone. The
strike of both the base and the top is in a general
east-west direction from the Oklahoma-Arkansas
border to near Durant, where the strike changes to
a general north-south orientation. The base and
the top have a similar configuration, although the
base dips more steeply than the top in most areas.

The geohydrologic sectionsin plate 1 show the
general southward dip and downdip thickening of
the Antlers. Also shown on these sections are the
potentiometric surface and the water quality as
interpreted from geophysical logs and water
analyses.

Figure 6 shows that the greatest percentage of
sand to total thickness of the aquifer is in and just
south of the outcrop area, where the sand makes
up as much as 80 percent of the total thickness; the
remaining 20 percent is clay. South and southeast
of the outcrop, the percentage of the sand to total
thickness decreases to less than 40. The Antlers
also thickens southward, as shown in figure 7, so
even though the overall percentage of sand de-
creases the composite thickness of sand increases
southward.

GROUND WATER

Hydrologic Properties of
Water-Bearing Materials

The quantity of ground water that an aquifer
can yield to wells depends upon the hydrologic
properties of the aquifer. The capacity of an aqui-
fer to transmit water is measured by its transmis-
sivity (T), which is the rate at which water of the
prevailing temperature is transmitted through a
unit width of the aquifer under a unit hydraulic
gradient expressed in feet squared per day (ft2/
day)(Lohman and others, 1972, p. 13). The hy-
draulic conductivity (K) of an aquifer is the
volume of water at the existing temperature that
will move in unit time under a unit hydraulic
gradient through a unit area measured at right
angles to the direction of flow expressed in feet per
day (ft/d) (Lohman and others, 1972, p. 4). Hy-
draulic conductivity can be thought of as trans-
missivity divided by the saturated thickness of the
aquifer. The storage coefficient (S) of an aquifer is
the volume of water it releases from or takes into
storage per unit surface area of the aquifer per
unit change in head (Lohman and others, 1972, p.
13) and is a dimensionless figure. Under water-
table conditions the storage coefficient is practi-
cally equal to the specific yield of the aquifer,
which is defined as the ratio of the volume of water
a saturated material will yield by gravity in pro-
portion to its own volume (Lohman and others,
1972, p. 12).

The specific capacity of a well is the rate of
discharge of water from the well divided by the
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Occurrence and Movement 9

drawdown of water level within the well. Specific
capacity varies slowly with duration of discharge
(Lohman and others, 1972, p. 11).

The hydrologic properties described common-
ly are determined from aquifer tests, and these
tests may be used in conjunction with water-level
contour maps to estimate the quantity of ground
water moving laterally through the water-bearing
formations. Hydrologic coefficients can be used to

estimate storage, changes in storage (the quantity
of water removed from or added to the ground-
water reservoir), and amount of local recharge.

A total of 21 tests were available to determine
some of the aquifer properties for the Antlers
aquifer. Where several tests were made in a rela-
tively small area, the test results were averaged in
order to evaluate the aquifer characteristics. The
results are as follows:

Average Average Average
Average storage specific duration
Test Number transmissivity coefficient capacity of test

vicinity of tests (f1t2/d) {dimensionless) [(gal/ min)/ft] (hours)
Valliant 1 1,900 0.0004 10 3
Fort Towson 2 2,560 11.1 3
Hugo 6 2,020 .00013 5.1 2
Durant 9 510 .00055 3.2 —
Kingston 3 390 .0010 4.5 12

Average 1,480 0.0005 6.8

Appended to this report are three tables (see
Appendix) that present basic hydrologic data for
the Antlers aquifer, including records of wells,
test-holes, and springs (table 4); water analyses
(table 5); and low-flow discharge measurements
for selected streams (table 6).

Occurrence and Movement

Water in the Antlers aquifer is contained in
the voids or interstices in the zone of saturation.
Water in the outcrop area is unconfined, and the
upper limit of the zone of saturation is the water
table. Where the Antlers is saturated and overlain
by the Goodland Limestone or where the Antlers
has an extensive upper clay unit, the aquifer is
confined, and water will rise above the upper con-
fining layer when the aquifer is tapped by a well. If
the altitude of the land surface at a well site is
lower than the water level in the aquifer at that
site, the pressure will be sufficient to cause the
water to flow naturally from the well. The depth to
water below land surface in numerous wells is
shown in plate 1.

Although numerous clay units separate the
productive water-bearing sands in the aquifer, the
clays are not continuous and the individual sands
are hydrologically connected.

Under natural conditions the water table or
potentiometric surface is near equilibrium, and
the quantity of water stored in ground-water res-
ervoirs is relatively constant, varying slightly in
response to changes in annual precipitation,
streamflow, and evapotranspiration. However,
pumping large quantitites of water will disturb
the natural equilibrium, causing water levels to
decline. The operation of a ground-water reservoir
is based on the following relationship:

Change in storage = recharge-discharge.

Although each of the terms consists of several
components, the relation between them is simple
and direct. When recharge exceeds discharge, the
quantity of water in storage increases and the
water level rises. Conversely, when discharge ex-
ceeds recharge, the quantity of water in storage
decreases and the water level declines. Pumpage
for municipal water supplies from the Antlers has
caused the development of cones of depression
near Marietta, Bokchito, and Hugo, but potential
recharge to the system is far greater than the
present usage and no significant reduction in
ground-water storage has been observed. In most
areas, the aquifer is saturated to near its max-
imum capacity; much of the potential recharge is
rejected, running off to nearby streams or seeping
from the aquifer to contribute to base flow of
streams.

Figure 8 shows the approximate altitude of
the potentiometric surface in the Antlers aquifer.
Movement of water through the aquifer is from
points of higher head to points of lower head. The
areas of higher head are generally in the outcrop
area, and from here the head decreases generally
southward and southeastward. Locally, the pat-
tern is modified by streams incised into the water
table. The general direction of water movement in
the aquifer can be determined by constructing
flow lines at right angles to the water-level con-
tours.

Measurements used in constructing the
potentiometric map were made over several years.
Measurements in selected wells in each county
were made again in 1975 to determine if a signifi-
cant change in water level had occurred. Most
measurements showed that the water level had
changed less than 1 ft, indicating that the earlier
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Water Quality 11

water-level measurements could be used to con-
struct the 1975 map.

Recharge

Recharge to the Antlers aquifer is from pre-
cipitation on the outcrop, by seepage from lakes or
other bodies of surface water, and by vertical and
lateral movement of water from one underground
reservoir to another. The latter process is not a
primary source of recharge but incidental to the
main movement of ground water. The soil mantle
and outcropping sand provide an excellent catch-
ment for recharge to the aquifer. During periods of
precipitation, a part of the water runs off to the
streams, part is evaporated, part enters the soil
zone and is transpired by vegetation, and any re-
maining water percolates downward to the satu-
rated zone. Recharge is most effective during
periods of extended, moderate to heavy rainfall
when the requirements of evaporation and tran-
spiration are quickly satisfied. Recharge from pre-
cipitation may occur in any month of abundant
rainfall but is least likely in July, August, and
September because of the usual soil-moisture defi-
ciency during those months. The potentiometric
surface is most likely to show a rise, resulting from
recharge, during April, May, and June, when rain-
fall is greatest, soil moisture is adequate, and
transpiration is not excessive.

In addition to recharge from precipitation,
water can enter the aquifer by infiltration from
lakes impounded on the outcrop or by streams
flowing over the outcrop. Lake Texoma, the
largest surface-water reservoir in the study area,
covers part of the outecrop of the Antlers Sandstone
and contributes water to or receives water from
the Antlers, depending on the lake stage and the
part of the lake considered.

Low-flow discharges of streams are an indica-
tion of rejected recharge. Studies by Westfall
(1963) and Laine (1963) show an increase in low-
flow discharge along reaches of streams in the
Kiamichi and Muddy Boggy River basins (plate 1)
across the outcrop of the Antlers Sandstone. Addi-
tional measurements of low-flow stream discharge
were made during the winter of 197576 on Little
Hauani, Davis, Dumpling, and Gates Creeks (see
table 6 in Appendix). These data are used to esti-
mate recharge to the aquifer. Low-flow contri-
butions per square mile of drainage area tend to
increase from west to east and range from 55 to
440 (acre-ft/mi%)/year. The west-to-east increase
probably is due to the eastward increase in annual
precipitation (fig. 3). The average low-flow contri-
bution is 170 (acre-ft/mi%)/year, or 3.2 in./year,
which is approximately 7 percent of the precipita-
tion that falls on the outcrop. This amount most
likely represents a minimum recharge volume,
because some water is evaporated or transpired

from the aquifer where water levels are near the
surface, some water may leak to adjacent forma-
tions, and some may leave the area as underflow to
Texas. Actual recharge rates are estimated to be
about 300 (acre-ft/mi“)/year, or 6 in./year, which
represents about 15 percent of the average annual
precipitation of about 42 in. The total recharge to
the aquifer from precipitation is estimated to be
600,000 acre-ft of water annually.

Discharge

Water in the Antlers aquifer in Oklahoma is
discharged naturally through springs and seeps,
evaporation, transpiration by plants, underflow
out of Oklahoma to the south and southeast, and,
in the artesian part of the reservoir, by upward
movement of water through less permeable con-
fining strata. Estimates of the natural discharge
rates to streams are given in the section on
recharge (see also table 6 in Appendix).

Water is discharged artificially by means of
pumpage and by flowing artesian wells. The esti-
mated gound-water withdrawals from the Antlers
aquifer (1975) are:

Use Quantity (acre-ft)
Public 3,100
Irrigation 2,340
Industrial 190
Rural 1,370
Total 7,000

Water use for municipal, industrial, and ru-
ral purposes can be expected to increase in south-
eastern Oklahoma because the area is rapidly
attracting industries that need moderate quanti-
ties of good-quality water. Some of these indus-
tries will develop surface-water supplies, but
many may depend on ground water. Demand for
irrigation water is likely to be very limited be-
cause of the relatively large amount of precipita-
tion that falls in the Coastal Plain area. Rural
water usage may increase rapidly as industry de-
velops in the area, but rural wells will be widely
spaced and will usually pump for only short
periods at rates of 5 to 10 gal/min; recharge in-
duced from precipitation will nullify most of the
effects of pumping.

Water Quality

Water samples obtained over several years
from about 50 wells tapping the Antlers aquifer
were analyzed to determine common chemical
characteristics of the water in this aquifer. In
addition, nine water samples were analyzed for
trace constituents, and four water samples were
analyzed for selected radiochemical parameters.
For detailed tabulations, see also table 5 in
Appendix.
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In general, water quality tends to degrade
downdip (fig. 9, plate 1). In some areas, water in
the upper part of the aquifer contains less than
1,000 mg/L dissolved solids, whereas water in the
lower part contains more than 1,000 mg/L dis-
solved solids.

Water from the Antlers aquifer is variable in
its chemical composition. The water is usually of
the sodium bicarbonate type in the outcrop area
and in the areas directly downdip of the outcrop,
although locally it may be of the calcium bicarbon-
ate or calcium sulfate type. As the water moves
downdip, it changes to a sodium chloride type.
Based on the analyses available, most of the wells
yield water with a dissolved-solids concentration
of less than 500 mg/L (table 1).

Figure 10 shows the relationship between the
dissolved-solids concentration and the specific
conductance of water samples from the Antlers, as
determined by linear regression analysis. Because
the samples had been analyzed during a 30-year
period, specific conductance of water samples from
additional wells was spot-checked in the field to
determine if significiant water-quality changes
had occurred in the aquifer. Very little change in
water quality was noted based on comparisons of
specific conductance or dissolved solids. Site selec-
tion for collecting additional water samples was
based on these spot-checks and the available
analyses.

Water was collected in March 1975 from four
wells in the study area. The water samples were
analyzed by the U.S. Geological Survey for
radioactive substances (table 2). Gross alpha
activities are expressed in this report as micro-
grams per liter (ug/L) of natural uranium. Gross
beta activities of cesium-137 and strontium-90 are
expressed in picocuries per liter (pCi/L). The
analyses show that none of the water samples
exceeded the limits as defined by the U.S. En-
vironmental Protection Agency for public water
supplies. In drinking water the primary regula-
tion limit for gross alpha activity is 22 ug/L (15
pCi/L) expressed as natural uranium; the primary
regulation limit for gross beta is 50 pCi/L ex-
pressed as strontium-90 (U.S. Environmental Pro-
tection Agency, 1976). The values for gross beta as
cesium-137 are approximately 25 percent higher
than the values for gross beta as strontium-90 as a
result of the different calibration isotope, but in
essence they measure the same activity. All analy-
ses for gross beta include potassium-40 (V. J. Jan-
zer, oral communication, 1977).

Table 3 gives concentrations of selected trace
elements in water samples collected in October
1975 from wells at or near towns in the study area.
Concentrations of most constituents were lower
than the maximum limits allowed by the U.S.
Environmental Protection Agency (1975) or the
maximum limits recommended by the National
Academy of Science and National Academy of En-

gineering (1972) for municipal supply. However, a
few wells yielded water containing concentrations
of iron and manganese greater than the limits
recommended by the National Academy of Science
and National Academy of Engineering (1972).

Well Design

Many wells in the Antlers aquifer yield 20 to
100 gal/min, which is generally adequate for the
intended purpose. A problem common to many
wells is that improper construction allows fine-
grained sand from the Antlers to move through
the well screens, perforations, or casing slots and
into the well, causing rapid wear of the pump
assembly, reduced well yields, and eventual plug-
ging of the well. Properly constructed wells pro-
vide greater well yields and reduced pumping lift
and are less likely to pump sand. Generally, the
most successful wells fully penetrate the aquifer
and are completed with well screens designed for
the sand sizes penetrated. Well screens of the prop-
er size are placed opposite favorable sand zones,
and the well is packed with sand or gravel of suit-
able size. The pack used in many wells is far too
coarse, allowing the fine-grained sand of the aqui-
fer to move through the porous space of the pack
and into the well. Wells using proper construction
techniques have produced nearly 1,700 gal/min.

Antlers Aquifer as a Source of Water

The largest quantity of recoverable water in
the confined part of the aquifer is along the south-
ern boundary of the study area, where the compos-
ite sand thickness is greatest (fig. 7). However, the
water in this area generally has a dissolved-solids
concentration of 1,000 mg/L or more and may be
unsuitable for some uses (fig. 9).

North of this area the aquifer contains water
having a dissolved-solids concentration of gener-
ally less than 1,000 mg/L. Properly constructed
and developed wells may produce as much as 2,500
gal/min. This estimate is based on a specific capac-
ity of 4 gal/min/ft, assuming little or no drawdown
below the top of the aquifer. The specific capacity
was determined by averaging the results of tests
on the artesian part of the aquifer.

The estimated quantity of water stored in the
water-table part of the aquifer is 44.6 million acre-
ft, based on a specific yield of the sand of 0.15, an
average saturated thickness of 250 ft, and an out-
crop area of about 1.2 million acres. The estimated
quantity of water stored in the confined part of the
aquifer is 0.5 million acre-ft, based on an average
storage coefficient of 0.0005, an average saturated
thickness of 600 ft, and an area of 1.6 million acres.
The total estimated quantity of water in storage,
therefore, is slightly more than 45 million acre-ft.
About 30 percent of the water in storage has a
dissolved-solids concentration of 1,000 mg/L or
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Ground Water

TABLE 1.—SUMMARY OF PHYSICAL PROPERTIES AND CHEMICAL ANALYSES

FOR CoMMON CONSTITUENTS IN WATER FROM ANTLERS AQUIFER

Concentration

Number of
Constituent Units Minimum Maximum Median Samples
Calcium mg/L 1.2 146 18 41
Magnesium mg/L 0.4 35 5.5 41
Sodium and
potassium mg/L 1.0 1,100 99.4 55
Bicarbonate mg/L 9 612 276 55
Sulfate mg/L 1.6 471 38.5 54
Chloride mg/L 2.6 1,300 20 55
Fluoride mg/L 0.0 3.0 0.15 28
Nitrate (as NO,) mg/L 0.0 100 : 1.0 53
Total hardness mg/L 4 508 90 55
Dissolved
solids mg/L 34 3,000 396 55
Specific
conductance pmho/cm 40 5,090 617 47
@ 25°C
TABLE 2.—RADIOCHEMICAL ANALYSES OF WATER FROM SELECTED SITES
Concentration
Constituent 7S-2E-20ADD1 5S-10E-16BDB1  6S-17E-21DACI1  6S-22E-30DACI
or Reporting Marietta, Caddo, Hugo, Millerton,
property units Limit! Love Co. Bryan Co. Choctaw Co. McCurtain Co.
Dissolved
gross alpha,
U(natural) Zug/L 22yg/L <7.4 <9.3 8.9 6.4
Dissolved
gross beta,
Ce 3pCi/L — 3.2 3.7 4.5 3.2
Dissolved
gross beta,
Sr% pCi/L 50pCi/L 2.7 3.0 3.7 2.5
Dissolved
K40 pCi/L — 0.7 0.2 0.9 0.4
Depth of well feet — 805 404 429 82
Thickness of
Antlers aquifer
penetrated feet — 700 300 100 82

TLimits as required by the U.S. Environmental Protection Agency, 1975.
ZMicrograms per liter (ng/L).
3Picocuries per liter (pCi/L).
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Figure 10. Relationship between specific conductance and dissolved-solids concentration of water from

Antlers aquifer.

more, making the net quantity of water having
less than 1,000 mg/L dissolved solids approxi-
mately 31.6 million acre-ft.

In order to tap the unconfined part of the
aquifer at a given site, wells must be drilled to
below the potentiometric surface (fig. 8). To fully
penetrate the aquifer at a site, wells must be
drilled to the base of the aquifer (fig. 4).

In order to tap the artesian part of the aquifer
at a given site, wells must be drilled to below the
top of the aquifer (fig. 5). Water-quality considera-
tions may necessitate tapping only the upper parts
of the aquifer (figs. 4, 9). An example is a potential
well site in sec. 15, T. 6 S. R. 13 E., having a
land-surface altitude of 650 ft. The altitude of the
top of the aquifer is about 275 ft; the altitude of the
base of the aquifer is about —300 ft. Above an
altitude of about 50 ft, the water has a dissolved-
solids concentration less than 1,000 mg/L. A well
at this site would have to be deeper than 375 ft to
reach the top of the aquifer. To fully penetrate the
aquifer, the well would have to be 950 ft deep. To
obtain only water having a dissolved-solids con-
centration less than 1,000 mg/L, the well should be
drilled no deeper than 600 ft.
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32 Appendix
TaBLE 6.—Low-FLow DISCHARGE MEASUREMENTS FOR SELECTED STREAMS
Specific
Drainage conductance,
Station area, Discharge, P‘“hof/cm e
name Location mi Date ft3/s 25°C
Little Huauni 6S-4E-17CCC 25.0 10/28/75 2.7 550
Creek near 11/17/75 2.6 590
Lebanon, OK 12/11/75 3.0 605
1/21/76 3.3 675
Davis Creek at  4S-10E-01CDD 14.2 10/29/75 0.4 450
Caney, OK 11/17/75 0.6 470
12/11/75 1.1 510
1/21/76 1.1 530
Dumpling Creek  4S—16E-22DDC 24.2 10/29/75 0.7 110
near Antlers, 11/18/75 2.4 60
oK 12/12/75 4.8 130
1/22/76 4.2 130
West Branch 6S-18E-06BDB 18.9 10/29/75 3.5 40
of Gates Creek 11/18/75 4.0 38
near Fort Towson, 12/12/75 5.2 36
OK 1/22/76 4.7 3l




INDEX

(Boldface numbers indicate main references; parentheses indicate page numbers of figures;

alluvium 3

Antlers Sandstone 1, 2, 11, (13), 16
geology of 3, (5), (6)
thickness of 3, (7), (8)

aquifers 3, 9, 12
Antlers 1, 2, 3, (4), (8), 9, (10), 11,

12, (13), 16
infiltration 1
tests 1, 9

wells 1, 3, (5), 9, 12
Ardmore, Oklahoma 3
Arkansas 3
Bergman, D. L., cited 1
Blue River 2
Bokchito, Oklahoma 9
chert 3
clay 1, 3, 9, 12
climate 2-3, (4)
conglomerate 3
conversion factors 1
Cretaceous rocks 1, 2, 3
Davis, L. V., cited 1, 3
Davis Creek 11
DeQueen Limestone 3
dissolved solids 1, 12, [13], [14]
Dumpling Creek 11
Durant, Oklahoma 3
Engineering Enterprises, Inc., Nor-

man, Oklahoma 1
evaporation 3
Fredrickson, E. A., and others, cited

3
Gates Creek 11
geology 3
Goodland Limestone 9
ground water 3—16
Gulf Coastal Plain
Physiographic Province 2
Hart, D. L., Jr., cited 1
Havens, J. S., cited 1

brackets indicate page numbers of tables)

Holly Creek Formation 3

Huffman, G. G., and others, cited 3

Hugo, Oklahoma 9

Idabel, Oklahoma 3

infiltration 1

iron 1, 12

Janzer, V. J. 12

Kiamichi River 2, 11

Laine, L. L., cited 11

Lake Texoma 11

limestone 2, 3

Little Hauani Creek 11

Little River 2

Lohman, S. W., and others, cited 3, 9

McCurtain County 3

manganese 1, 12

Marietta, Oklahoma 3, 9

Muddy Boggy River 2, 11

National Academy of Engineering 1,

12
National Academy of Sciences 1, 12
Oklahoma City Geological Society
library 1

Oklahoma Geological Survey 1

Oklahoma Water Resources Board 3

Paleozoic rocks 3

physiography and drainage 2

precipitation 1, 2, 3, (4), 9, 11

quartz 3

radioactive substances [14]
cesium-137—12
strontium-90—12
uranium 12

Red River 2, 3

sand 3, 12

sandstone 1, 3

shale 1, 3, 12

silt 1, 3

southeastern Oklahoma 1, (2), 3

tables 4, 5, 6, and 7 see Appendix

33

terrace materials 3
Texas 3, 11
Trinity Group 3
U.S. Bureau of Land Management 1
U.S. Department of Agriculture 3
U.S. Department of Commerce 3
U.S. Environmental Protection
Agency 12
U.S. Geological Survey 1, 12
Washita River 2
water 1, 2
Antlers aquifer as source of (8), 12,
(13)
chemical analysis of [14], [15]
ground 1, 2, 3, (4), 9, 11, 12, 16
quality 1, 3, 11
quantity 1, 3, 9, 12
surface 1
transmissivity of 1
usage 1, 11
water, ground 2, 3-16, (4), (10)
Antlers aquifer as source of (8), 12,
(13), 16
discharge 11, 12
hydrologic properties of water-
bearing materials 3, 9
occurrence and movement 9, (10),
11
quality 11-12
recharge (4), 11
well design 12
well-numbering system 1, (2)
wells 1, 3, (5), 9, 12
artesian 11, 12
design of 12
large capacity 1
logs 1,3
Westfall, A. O., cited 11



Type faces:

Presswork:
Binding:

Paper:

Textin 9- and 8-pt. Century Schoolbook, with 1-pt.
leading

Headsin 10- and 9-pt. Century Schoolbook bold

Figure captions in 8-pt. Helvetica, with 1-pt.
leading

Table heads in 10-pt. Century Schoolbook, caps and
small caps

Running heads in 8-pt. Century Schoolbook bold

Miehle 38-in. 2-color; covers on 23 by 29 Harris and
Miller TPJ-38 Perfector

Saddle-stitched, with hardbound and softbound
covers

Text on 70-1b. Patina

Cover (hardbound) on Gane 8117LV red cloth on
160-pt. binder’s board

Cover (softbound) on 65-1b. Hammermill gray,
antique finish



