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ABSTRACT

The principal source of fresh to very saline ground water in Callahan County is the Antlers
Formation of the Trinity Group of Cretaceous age. Small amounts of fresh to moderately saline
water are present in alluvial deposits found along major streams. A limited amount of fresh to
brine water also occurs in shallow discontinuous zones of low permeability in Permian lime-
stones and sandstones.

Chemical quality of the ground water varies widely. Dissolved-solids concentrations in
ground water from the Antlers ranges from 134 to 16,923 milligrams per liter. Much higher
concentrations of dissolved solids are usually present in ground waters derived from Permian
rocks.

About 1,900 acre-feet (2.34 hm?) of ground water, or approximately 1.7 million gallons per
day (6.4 million 1/d), was used within the county for all purposes during 1978. Of this amount,
approximately 52 percent was used for irrigation, about 10 percent for public supply, and about 38
percent for rural domestic and livestock needs. Because of the small amount of pumpage,
water-level declines have been restricted to small isolated areas and in most wells the water level
has risen during the past few years.

Recharge to the Antlers Formation, derived from precipitation on its outcrop, is estimated at
5,400 acre-feet per year (6.66 hm3/yr). This represents 1.5 percent of the county’s average
annual rainfall that reaches the water table and enters storage. It is conservatively estimated that
one-half of the total annual effective recharge or about 2,700 acre-feet (3.33 hm?) can be safely
developed from the aquifer on a yearly basis.

During the winter of 1970- 71, the quantity of ground water estimated to be stored within the
Antlers aquifer in both the Cross Plains and Clyde-Oplin areas of the county was about 836,100
acre-feet (1,031 hm3). Approximately 627,100 acre-feet (773.2 hm?) is thought to be recoverable
from storage.
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OCCURRENCE, QUALITY, AND AVAILABILITY OF GROUND WATER

IN CALLAHAN COUNTY, TEXAS

INTRODUCTION

Location and Extent

Callahan County is located in west-central Texas between 99°05’ and 99°37' west longitude
and 32°05' and 32°31’ north latitude. It is bordered on the north by Shackelford and Jones
Counties, on the west by Taylor County, on the east by Eastland County, and on the south by
Coleman and Brown Counties (Figure 1). The county has an areal extent of approximately 856
square miles (2,220 km?). The county seat of government is Baird which is located in the north
central part of the county along Interstate Highway 20.

Figure 1.—Location of Callahan County

Purpose and Scope

The general purpose of the study was to
determine the occurrence, quality, and, to the
extent possible, the quantity of the ground-
water resources of the county; and to deter-
mine the sources of water suitable for
domestic, livestock, public supply, and irriga-
tion uses. The general scope of the study was
the collection, compilation, and analysis of
data pertaining to the distribution and quality
of ground water in Callahan County.

Field work on this study was conducted by
Thomas W. Sieh from September 1, 1970
through January 8, 1972, under the general
direction of Charles R. Baskin, P.E., Director,
Data and Engineering Services Division; Dr.
Tommy R. Knowles, P.E., Chief, Data Collec-

tion and Evaluation Section; Richard C. Peckham, former Director, Ground Water Division;
Bernard B. Baker and Robert L. Bluntzer, former Assistant Directors in charge of Availability
Programs; and under the direct supervision of William B. Klemt, Loyd E. Walker, and Robert D.

Price, Geologists.



Methods of Investigation

An inventory was made of all municipal, industrial, and irrigation wells; all springs; and a
representative inventory of domestic and livestock wells. A total of 497 wells, springs, and test
holes were inventoried during this study (Table 5). Water levels were measured in all wells where
possible. Information was gathered, when available, on well depths, well construction, date
drilled, driller, water-yielding zones, and water-production quantities. Surface elevations of all
wells inventoried were determined from topographic maps and electric log well records. Water
samples were collected for chemical analysis from 270 selected wells, springs, or test holes
during this study. These analyses, as well as 67 analyses performed by commercial or private
laboratories, are listed in Table 7. Surface and subsurface geologic data were collected and
compiled, placing special emphasis on their relationship to ground water. Additional data were
collected and compiled on apparent and potential contamination, oil-field brine disposal, climate,
and areas of recharge and discharge. Data were tabulated, analyzed, and the necessary illustra-
tions were prepared for coherent presentation in a report.

Previous Investigations

Several regional reports that include this area have been published prior to this investigation.
They are cited in the Selected References.

W. O. George (1940a) collected data on 216 wells, 7 springs, drillers’ logs of 11 wells, and
167 water samples for chemical analysis.

A memorandum by W. O. George (1940b) gave information on the occurrence and quality of
ground water in the vicinity of the City of Baird.

Cronin and others (1963) of the United States Geological Survey, in cooperation with the
Texas Water Commission, conducted a reconnaissance investigation of the ground-water
resources of the Brazos River basin.

In 1967, the Texas Water Development Board in cooperation with the United States Geolog-
ical Survey prepared a reconnaissance investigation of the ground-water resources of the
Colorado River basin (Mount and others, 1967).

The Texas Water Development Board also prepared a regional report on the ground-water
resources of a part of central Texas which covers part of the study area (Klemt and others, 1975).
Well-Numbering System

The system used in numbering the wells and springs in this report was developed and is used
statewide by the Texas Department of Water Resources. It was designed so as to identify each

individual well or spring and also to designate its geographical location within the state.

A well number consists of a two-letter county prefix followed by a seven-digit number. The
numbers are derived from the system of division and subdivision of the state into quadrangles of



degrees and minutes of latitude and longitude (Figure 2). Each largest quadrangle has an
assigned two-digit number from 01 to 89 for identification. This largest division, the one-degree
quadrangle, is then subdivided into sixty-four 72-minute quadrangles which are further subdi-
vided into nine 2'2-minute quadrangles. Thus, the first two digits in the well number identify the
one-degree quadrangle, the third and fourth digits the 7/2-minute quadrangle, and the fifth digit
the 2V2-minute quadrangle. The sixth and seventh digits identify the individual well or spring
within the 2%2-minute quadrangle.

The two-letter prefix for Callahan County is BX, and the county falls within the one-degree
quadrangle numbered 30.

Acknowledgements

Appreciation is expressed to the many landowners, farmers, water well drillers, city, county,
and federal officials, and oil operators who assisted in the collection of data for this report by
allowing access to lands and furnishing information from files. Grateful acknowledgement is
extended to the Taylor Electric Co-op, Inc. and the Soil Conservation Service of the U.S. Depart-
ment of Agriculture.

Conversion From English To Metric Units
For those readers interested in using the International System (Sl) of units, the metric

equivalents of English units of measurements are given in parentheses in the text. The English
units used in this report may be converted to metric units by the following conversion factors:

From To obtain
English units Multiply by metric units
acres 0.4047 square hectometers (hm?)
acre-feet (acre-ft) 0.001233 cubic hectometers (hm?)
barrel, 42 gallons (bbl) 0.1590 cubic meters (m?3)
cubic feet per 0.02832 cubic meters per
second (ft3/s) second (m3/s)
feet (ft) 0.3048 meters (m)
feet per mile (ft/mi) 0.189 meters per kilometer
(m/km)
gallons (gal) 3.785 liters (l)
gallons per minute 0.06309 liters per second
(gal/min) (1/s)



From To obtain

English units Multiply by metric units

gallons per minute per 0.207 liters per second per

foot [(gal/min)/ft] meter [(I/s)/m]
gallons per day per 12418 liters per day per

foot [(gal/d)/ft] meter [(I/d)/m]
gallons per day per 40.74 liters per day per

square foot [(gal/d)/ft?] square meter [(I/d)/m?]
horsepower, electric (hp) 746 watt (W)
inches (in) 254 centimeters (cm)
miles (mi) 1.609 kilometers (km)
million gallons per 3.785 million liters per

day (million gal/d) day (million 1/d)
square miles (mi?) 2.590 square kilometers (km?)

To convert degrees Fahrenheit to degrees Celsius use the following formula:

°C =(°F-32) (0.558)

GEOGRAPHIC SETTING

Topography and Drainage

Callahan County is located on the boundary between the Central Lowland and the Great
Plains Provinces (Carr, 1967, p. 3). The county is divided in half from northwest to southeast by
these two physical divisions, with the north part of the county being located in the Osage Section
of the Central Lowland Province and the southern one-half being located in the Central Texas
Section of the Great Plains Province.

The county has rolling topography from the northeastern to the south central parts with the
remainder being relatively level or gently rolling. There are several prominent physiographic
features in the county. One is the Callahan Divide which generally separates the county along a
line from the northwest to the southeast, and the others are several prominent buttes located in
the southeast part of the county. The altitude of the land surface ranges from 1,500 to 2,100 feet
(457 to 640 m) above mean sea level.

Callahan County lies within two major drainage systems; the Brazos River basin, which
covers the northeast part, and the Colorado River basin, which covers the southwest. Major
tributaries in the county are Battle, Deep, and Hubbard Creeks in the Brazos River basin and Pecan
Bayou and Greenbriar Creek in the Colorado River basin.
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Figure 2.—Well-Numbering System

Climate

The climate of Callahan County is subhumid. The average annual free-air temperature for the
period 1931-60 is about 65 °F or 18 °C (Carr, 1967, p. 4). The average minimum temperature for
January, the coldest month, is about 33 °F (1 °C). The average maximum temperature for July and
August, the warmest months, is 96 °F or 36 °C (Dallas Morning News, 1979, p. 269).

During the period from 1911 through 1974, the average annual precipitation at Putnamwas
24.5 inches (or 62.3 cm Figure 3). During the same time interval, the maximum annual precipita-
tion was 39.3 inches (99.8 cm) recorded in 1957, and the minimum was 11.8 inches (30.0cm)in
1956. The average maximum monthly precipitation of slightly less than4 inches (10 cm)occurs in



May, and the minimum of slightly over 1 inch (3 cm) occurs in February. These figures are based
on National Weather Service records for the period of record at Putnam.

Data collected for the period 1940-65 and compiled by Kane (1967) reflect that the average
annual gross lake-surface evaporation is approximately 79 inches (201 cm); however, the aver-
age annual net lake-surface evaporation is-only 56 inches (142 cm). Figure 4 shows a monthly
breakdown of these data and compares it with the average monthly precipitation.

History, Population, and Economy

Callahan County was created from Bexar, Travis, and Bosque Counties in 1858 and was
organized with the present boundaries in 1877. The county was named for James H. Callahan, a
Texas Ranger (Dallas Morning News, 1979, p. 269). The first county seat of government was Belle
Plains, but it later was moved to Baird (Texas State Historical Association, 1976, p. 135).

The population of the county increased from a few pioneer citizens in the mid-1800’s to a
reported 16,000 in 1924 and had declined to an estimated 9,238 people in 1978. The town of
Clyde, with an estimated population of about 2,000, is the largest town in the county. Other towns
and communities are Baird, Cross Plains, Putnam, Cottonwood, Pueblo, Denton, Eula, Oplin, and
Rowden.

Agribusiness is the principal contributor to the economy. The raising of livestock and poultry
along with peanuts, grains, and cotton is valued at 12 million dollars annually. Presently, the
production of oil, gas, and stone contributes 3.8 million dollars to the economy each year.

GEOLOGY AS RELATED TO THE OCCURRENCE OF GROUND WATER
Geologic History

Rocks representing various geologic systems underlie and are exposed at the surface of
Callahan County (Figures 5, 23, 24, and 25). Listed in ascending order, those systems known to be
present in the subsurface are the Precambrian, Cambrian, Ordovician, Mississippian, and the
Pennsylvanian. Those represented on the surface, listed from the oldest to the youngest, are the
Permian, Cretaceous, and the Quaternary Systems (Figure 5). Description of the hydrologic units
and their water-bearing characteristics are given in Table 1. The general lithology of all of
the various rock units and their stratigraphic relationship are shown on the above referenced
cross-sections. These rocks are composed mainly of limestone, dolomite, shale, and clastics
which, for the most part, were deposited in epicontinental seas of relative shallow depth. The
sequence of rock types indicates that during their deposition there were repeated transgressions
and regressions of the seas.

Geologic data suggest that deposition of sediments during late Cambrian through Mississip-
pian times occurred in broad, relatively shallow seas in this area. There is an absence of some
Cambrian and Ordovician, all Silurian and Devonian rocks, and some Mississippian beds. This is
due either to nondeposition or removal by erosion and is ample evidence of the repeated advance
and retreat of the seas during this vast time period (Taylor, 1978).
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Figure 3
(From Records of U.S. Weather Service)

Annual Precipitation at Baird, Cross Plains, and Putnam, Callahan County
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During late Mississippian or early Pennsylvanian times, epeirogenic movement had begun.
Early Pennsylvanian deposits show evidence of shifting environmental conditions with appar-
ently continuous deposition. Evidence points to sea-level changes and subsequent widespread
erosion toward the end of early Pennsylvanian time. A general subsidence began during this time
and continued, with some minor interruptions, through Permian time. The thick sequences of
Middle and Upper Pennsylvanian and Permian deposits found in the Callahan County area are
evidence of this. A westward recession of the seas occurred in this area toward the end of the
Permian.

Triassic and Jurassic deposits are absent in Callahan County; however, structural and
stratigraphic evidence indicates that land tilting and drainage changed by late Jurassic time from
a previously westerly or northwesterly direction to a southerly or southeasterly direction.
Regional tilt and drainage in this area has remained in this direction since that time.

Early Cretaceous seas advanced from the southeast across the unevenly eroded Permian
surface of Callahan County, and the Antlers Formation, which is the marginal or shoreward facies
of the Trinity Group, was deposited. As the sea transgressed farther landward, the offshore, or
seaward, sediments of the Fredericksburg Group were deposited in the county. Late Cretaceous
seas probably also covered this area; however, rocks deposited by them have since been removed
by erosion (Taylor, 1978).

Unconformably overlying the rocks of Cretaceous and Permian age throughout Callahan
County are semiconsolidated and unconsolidated deposits of clay, sand, and gravel of Quaternary
age.

Gravel deposits of probable Pleistocene age form a thin mantle covering scattered parts of
extreme northwestern Callahan County (Figure b). These deposits, some as lag gravel and some
with a calcareous cement, are believed to have been laid down as a continuous sheet across the
area primarily northwest of the county. They were controlled by terrestrial alluviation and erosion
caused by repeated climatic changes associated with the advance and retreat of the great glaciers
to the north during this period of time (Van Siclen, 1957). Much of these sediments have since
been removed from the area by stream erosion so that today only isolated remnants of the once
near-continuous sheet are found capping the low, gently rolling hills (Taylor, 1978).

Recent alluvial deposits are found along the flood plains of many of the main drainage
tributaries throughout Callahan County. These sediments were probably derived from Cretaceous
rocks along the Callahan Divide (Figure 5). Additionally, much material of the alluvium undoubt-
edly was derived from the older Pleistocene gravels and from dissected beds of Permian age.

Structure

Major subsurface structural features of central and north-central Texas are shown on Figure
6. Callahan County is located on the west flank of the Bend Flexure which probably had its
beginning in late Pennsylvanian or early Permian times as a result of westward land subsidence
and regional tilting. Movement continued throughout the Permian and probably into early Meso-
zoic time. Regional dip of the Permian strata is to the west-northwest at about 40 feet per mile(7.6
m/km). The bedscrop outinirregular belts having a north-south trend and becoming successively
younger from east to west across the county.
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Table 1.—Geologic Units and Their Water-Bearing Properties

SYSTEM

SERIES
OR GROUP

FORMATION

APPROXIMATE
THICKNESS
(feat)

LITHOLOGIC CHARACTER

WATER-BEARING
CHARACTERISTICS

Quaternary

Unconf

Cretaceous

Recent
and
Pleistocene
ormity

Alluvium

0-30

Surficial floodplain and terrace Alluvium of
Pleistocena to Recent age along the streams;
consists of gravel, caliche, sand, silt, and clay.

Yields small quantities of fresh to moderately
saline water,

Fredericksburg

Edwards,

Comanche

Peak, and
Walnut

0-80

Edwards is gray to near white, dense to finely
crystalline, thin to thick-bedded limestone with
thin irregular layers and nodules of dark bluish-
gray chert, fossiliferous.

Comanche Peak is gray, thin to irregular, wavy-
bedded, fossiliferous limestone with thin inter-
bedded claystone, light brown to gray.

Wainut is an impure limestone and claystone
interbedded, white to light gray to brown, some
thin semi-crystalline limestone lenses occur
locally with megafossils.

Not known to yield water 1o wells in the study
area.

Unconf

Permian

Trinity

ormity

Antlers

0-185

Upper part cream to near white, very fine to
fine-grained sandstone interbedded with clay-
stone, brown to purplish pink, blocky, sandy,
and locally calcareous. Middle partclaystone as
described above. Lower part sandstone as
above with conglomerate interbedded. Con-
glomerate consists of pebbles of chert and
quartz with local green clay casts, with some
that are argillaceous, sandy, reddish brown and
gray.

Yields small to moderate quantities of fresh to
very saline water.

375-2,040

Units consist mainly of alternating limestone
and shale beds, with the upper part containing
thicker limestone beds than the lower part.
Limestones are generally gray to brown, fine to
coarsely crystalline and usually fossiliferous.
Shales are of various colors and blocky to fis-
sile. Also present, primarily in the lower part,
are some gray to brown, fine to medium-
grained sandstones, siltstones, mudstones,
conglomerates and thin coal beds.

Yields small quantities of fresh to brine walter,

Pre-Permian

Not known to yield water of usable quality.

Yield of wells: small, less than 100 gal/min (gallons per minute) and moderate, 100-1,000 gal/min.

Quality of water as mg/| or ppm (milligrams per liter or parts per million) dissolved solids: fresh, less than 1,000 mg/| or ppm; slightly
saline, 1,000 to 3,000 mg/1 or ppm; moderately saline, 3,000 to 10,000 mg/1 or ppm; very saline, 10,000 1o 35,000 ppm; and brine,

greater than 35,000 pp

m.




4 Callahan County

Figure 6.—Major Structural Features in North-Central Texas

Cretaceous deposits of Callahan County overlie the Permian with a marked unconformity
caused by post-Permian, pre-Cretaceous uplift, erosion, and tilting to the south and east. Accord-
ing to Farris and others (1963), regional dip on these strata is to the southeast atrates up to 25 feet
per mile (4.7 m/km).

Quaternary deposits rest unconformably on Permian rocks and generally assume an attitude
equivalent in rate and direction to local topography.

Hydrologic units significant to the occurrence of usable-quality ground water in Callahan
County have not been affected appreciably by any of the major structural deformations other than
by tilting as previously described.
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Stratigraphy of the Water-Bearing Units

In the description of the water-bearing properties of geologic units, the yields of wells are
described as follows:

Yield
Description (gallons per minute)
Small Less than 100
Moderate 100 to 1,000
Large More than 1,000

In general, the chemical quality of the water is classified according to the dissolved-solids
content (Winslow and Kister, 1956, p. 5). A table listing these classifications is found in the
chemical quality criteria section of this report.

Pre-Permian Systems

Pre-Permian rocks known to underlie Callahan County are briefly described as follows.
Precambrian rocks are composed principally of granite with lesser amounts of schist and gneiss.
Mostly dolomitic limestones with some sandstones are present in the Cambrian System. Ordovi-
cian and thin Mississippian sediments consist mainly of dolomite, dolomitic limestone, and
limestone, with some shale and chert. Rocks of Pennsylvanian age are composed of limestones
with some sands, and thick sequences of shales (Figures 23, 24, and 25). Since pre-Permian rocks
produce ground waters of a brine quality (dissolved solids greater than 35,000 parts per million),
no further discussion will be made of these units. See Table 8 for data on the chemical quality of
water in these rocks.

Permian System

The oldest rocks exposed at the surface in Callahan County are of Permian age and are
members of the Pueblo Formation which crop out in the extreme eastern part of the county. The
youngest Permian rocks are members of the Lueders Formation and are present in extreme
northwest Callahan County (Bureau of Economic Geology, 1972). Since many controversies exist
within this geologic interval relating to boundaries as well as the names of the systems, series,
groups, formations, and members of the formations, this entire interval will be referred to as
“Permian rocks undifferentiated”” and will be considered as a single hydrologic unitin thisreport.
This is possible since only minor amounts of potable ground water are present in these rocks.

Lithologically, these geologic units consist mainly of alternating limestone and shale beds,
with the upper part containing thicker limestone beds than the lower part. Limestones are
generally gray to brown, fine to coarsely crystalline, and usually fossiliferous. The shales are of
various colors and are blocky to fissile. Some gray to brown, fine- to medium-grained sandstones
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are present mostly in the lower part. This interval also contains siltstones, mudstones, conglom-
erates, and thin beds of coal. Individual units of the Permian System crop out in belts of varying
widths trending generally in a northeast-southwest direction.

The represented thickness of Permian strata varies from about 375 feet (114 m) at the east
line of the county to approximately 2,040 feet (622 m) at the county’s west edge. Individual beds
dip west-northwest at approximately 40 feet per mile (7.6 m/km).

Minor accumulations of ground water in this hydrologic unit are directly dependent uponthe
amount of local fracturing and solution channels. For this reason, the unitis not a reliable aquifer.
Most wells producing from this unit have small yields and are situated at or near the updip edge of
the individual formation or member’s outcrop where zones of permeability are locally present. The
water-bearing parts of the aquifer are thought to be very limited, occurring near the creeks or
drainageways which cross the outcrop of the individual formations or members.

Cretaceous System

The Cretaceous System is represented in Callahan County by the Trinity Group and the
overlying Fredericksburg Group. The estimated combined maximum thickness of the two groups
is about 265 feet (81 m).

Trinity Group

Within Callahan County, the Trinity Group consists entirely of the Antlers Formation whichis
the lateral equivalent of the Twin Mountains (Travis Peak of central Texas) and Paluxy Formations
present in the Cretaceous System east of Callahan County. In that area, the Glen Rose Formation
is present and separates the Antlers into its equivalents. In Callahan County, the Glen Rose
Formation is absent and the Twin Mountains and Paluxy Formations coalesce to form the Antlers
Formation. In some areas of Callahan County, an upper perched water zone is present in the
Antlers. This zone is not hydrologically connected with the lower saturated portion of the Antlers
which is the principal aquifer of the county. This water is probably in the Paluxy equivalent.

Within Callahan County, the upper part of the Trinity Group consists of sandstone inter-
bedded with claystone. The lower part of the Antlers contains sandstone interbedded with
conglomerate. The outcrop of the Trinity forms the lower slopes of the mesas and buttes of the
Callahan Divide located in western and southeastern Callahan County (Figure 5). Data assembled
during this study indicate that the maximum thickness of the Antlers is about 185 feet (56.4 m).

Rocks of this age contain most of the usable ground water in Callahan County. The water
quality ranges from fresh to very saline; most of the water, however, is slightly saline (Table 7 and
Figure 22). Well yields range from small to moderate.

Fredericksburg Group

The Fredericksburg Group is represented by, in ascending order, the Walnut Formation,
Comanche Peak Limestone, and the Edwards Limestone. These geologic units form the mesas
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and buttes which rise above the surrounding land surface in an east to west direction through
central Callahan County, and their outcrop defines the approximate location of the Callahan
Divide. The Walnut is composed of impure limestone and claystone that is interbedded. The
limestone is light gray to brown, semicrystalline lenses which locally contain megafossils. The
Comanche Peak Limestone consists of gray, thin to irregular wavy-bedded, fossiliferous lime-
stone. The unit is interbedded with light brown to gray claystone. The Edwards Limestone is gray
to near-white, dense to finely crystalline, thick to thin bedded, and fossiliferous. Locally it may
contain thin irregular layers and nodules of dark bluish-gray chert (Bureau of Economic Geology,
1972). During the course of this investigation, no evidence was found that suggested the
Fredericksburg Group contains usable ground water. The combined thickness of these beds in
Callahan County is about 80 feet (24 m).

Quaternary System

The Quaternary System is represented in Callahan County by the Pleistocene and Recent
Series. Surficial deposits consisting of sand, gravel, silt, and clay are present north of the Callahan
Divide near the Taylor-Callahan County line (Figure 5). These deposits are found in the inter-
stream areas and are possible remnants of older alluvial terraces of Pleistocene age. They rest
unconformably on Permian strata and are probably less than 10 feet(3 m)thick. These sediments
are not known to contain usable quality water in Callahan County. In addition, more significant
deposits of Recent alluvium, which represent the younger Recent Series, are also present within
the county.

Recent Alluvium

Alluvial deposits composed of fine sand, silt, clay, and gravel occur in the floodplains of and
bordering many of the streambeds of the county. These stream deposits are believed to have been
derived from older Pleistocene sediments and from Cretaceous and Permian rocks. The thickness
of the alluvium is believed to be no greater than 30 feet (9 m).

The geologic map (Figure 5) outlines the principal deposits of Recent alluvium. Alluvium is
also present along numerous tributaries of these streams but is not shown on the geologic map in
all cases. Water is produced from the Recent alluvium typically by shallow, dug wells.

Recent alluvium wells usually provide a fairly reliable source of ground water in Callahan
County. Water quality ranges from fresh to moderately saline. Yields to wells are small.

GROUND WATER HYDROLOGY
General Principles of Occurrence

In north-central Texas, as well as in Callahan County, the occurrence of ground water is
erratic, the aquifers are limited and discontinuous, and well yields are usually small (less than
100 gal/min or 6.31 I/s). A few wells have moderate yields (100to 1,000 gal/min or 6.31t063.1
I/s). Even though these conditions exist, the occurrence of ground water conforms to the same
fundamental principles as those in any other area.

17 -



- r =~
_:.___.L

mﬂ‘
7
EVAPORATION /,//§ SNy '7/"?//}'7_/
AND
TRANSPIRATION / a //// ///// EVAPORATION
(“ A N \ ’
. " —_— ‘\
& 20 - ’ (\? N\ / N s
WATER
TABLE
I 1
. PRE - PENNSYLVANIAN ROCKS 4
PENNSYLVANIAN AND PERMIAN ROCKS, CRETACEOUS AND TERTIARY ROCKS,
NORTH-CENTRAL TEXAS TEXAS GULF COAST
=== — g —
SAND SHALE LIMESTONE SPRING DIRECTION OF WATER MOVEMENT

Figure 7.—Hydrologic Cycle

Hydrologic Cycle

Water available for use by man—whether as rain, stream flow, water from wells, or stream
discharge—is captured in transit, and after its use, is returned to the hydrologic cycle from which
it came. This cycle is illustrated in Figure 7. Graphically, this figure shows the continuing
movement of water from the oceans through evaporation to precipitation and its return, either
directly or indirectly, to the ocean.

Definition of Ground Water and Related Terms

Ground water is that part of the returning water which has entered the subsurface and filled
the void spaces of the porous rocks which are within the zone of saturation. The source of all fresh
ground water is precipitation; however, only a small percentage of the precipitation actually
becomes ground water.

As water moves downward under the influence of gravity through porous rocks, it first enters
the zone of aeration or unsaturated voids containing both air and water. Later it enters the zone of
saturation where all of the pore spaces are filled with water. The upper surface of the zone of
saturation is called the water table, and the water below the water table is called ground water.
Occasionally, water in its downward movement encounters impermeable beds above the normal
water table, and it is trapped, forming what is referred to as a perched water table.
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An aquifer is a formation, group of formations, or part of a formation that is water bearing
(Meinzer, 1923, p. 30). An aguiclude is a formation(or unit) which, although porous and capable of
absorbing water slowly, will not transmit it fast enough to furnish an appreciable supply for a well
or spring (DeWiest, 1965, p. 133-134).

Water-table conditions exist where the upper surface of the zone of saturation is unconfined
and is under atmospheric pressure. When water-bearing units (aquifers or aquicludes) dip below
nonporous beds in the subsurface, the water is under pressure and is confined. Waters under
these conditions are said to be under artesian conditions.

Source and Occurrence of Ground Water

Precipitation is the main source of ground water to the aquifers and aquicludes of Callahan
County, however, only a small portion of the precipitation actually reaches the water table (Figure
7).

Water occurs and is stored in pores or voids between the rock particles. The two fundamental
rock characteristics which are important in the occurrence of ground water are porosity, or the
ratio of the volume of void space to the total rock volume expressed as a percentage, and
permeability, which is the ability of a porous material to transmit water. The porosity of a rock is
dependent upon the shape, size, sorting, and the amount of cementation of the grains. Clays, silts,
and soils which are fine-grained sediments, commonly have high porosity, however, they do not
readily transmit water because of the small size of the voids and low permeabilities. Because of
their high porosities which range from 40 to 60 percent, the fine-grained sediments are capable of
storing large quantities of water.

In aquifers containing sands and gravels which are relatively unconsolidated, ground water
occurs in the spaces between the individual particles. In aquifers such as limestones, dolomites,
and other more compact and well-cemented rocks, ground water occurs mainly in fractures and
cracks caused by force of earth movement or in spaces dissolved by the action of water. Such
spaces are known as vugs, caverns, or channels (Taylor, 1978, p. 16).

Recharge, Discharge, and Movement

Replenishment of water to an underground water-bearing formation, or recharge, is mainly
by natural means. A major controlling factor for recharge is the frequency and the amount of
precipitation. Also, seepage from lakes or streams on an aquifer’s outcrop aid in natural recharge.
The rechargeability of an aquifer depends upon the topography and the amount and kind of
vegetative cover on the outcropping rocks, the condition of the soils, and the permeability of the
rocks involved. Minor amounts of artificial recharge may be accomplished by running water over
anaquifer’'s permeable outcrop or by pumping water into the water-bearing unit through wells. If
recharge does not equal discharge, over a long period of time, the aquifer will be progressively
drained. If recharge is greater than discharge, then water will be taken into storage and will
progressively fill the aquifer.

Discharge is the process by which water is removed from an aquifer. As in the case of
recharge, the discharge of water from a water-bearing unitis also by natural and artificial means.
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Natural discharge occurs as flow from springs, effluent seepage, interformational leakage,
transpiration by plants, and by evaporation. Artificially, water is discharged through wells by
pumping.

The movement of ground water is generally very slow and is from areas of recharge to areas
of discharge. The governing factors which-determine the rate of movement are the permeability of
the aquifer and the hydraulic gradient. With low permeabilities (10 gallons per day per square foot
or 407 liters per day per square meter)andavery lowgradient of much lessthan 1 degree, the rate
of flow would be less than 1 foot per day (0.305 m/d). Under ideal conditions of high permeabili-
ties and gradient, field tests have reported velocities of greater than 100 feet per day (31 m/d).
Todd (1959, p. 63) states, however, that the normal range is from 5 feet per year to 5 feet per day
(1.52 m/yr to 1.562 m/d). Artificial discharge through pumping wells can alter the direction of
movement and the velocity of the natural flow of ground water. In most areas of north-central
Texas, ground-water movement is not constant in rate or direction. This is due to the wide
variance in the lithology, extent, porosity, permeability, and structure of the water-bearing units.

Water-Level Fluctuations

Locally, measurements of the depth to water in wells indicate the position of the water table
under water-table conditions, or of the potentiometric surface under artesian conditions. When
there is no withdrawal, or the influence of pumping is negligible, the measurement is termed a
static water level. When the measurement is made in a pumping well, the water level istermed a
pumping level. For water-table aquifers, changes in water levels reflect changes in the ground-
water storage. The changes may be on a local or regional basis. Regional changes over a long
period of time reflect a change in the recharge-discharge relationship. Often water-level fluctua-
tions of a minor nature are reflections of earthquakes, tidal forces, and changes in atmospheric
pressure.

The most significant changes are the result of heavy pumping. Depending on the reservoir
characteristics of an aquifer and the rate of withdrawal, various sizes of cones of depression are
formed around the well bores of pumping wells. These cones are formed by the drawdown of the
water table or the potentiometric surface and are inthe shape of an inverted cone havingits apex
at the pumped well (Figure 8, well A). These cones will expand until they encounter a recharge
source equal to the discharge rate. If the cone does not encounter a recharge source, it will
continue to expand until it encounters the cone of depression of another pumping well, as is the
case in highly developed irrigation areas, and may combine with itand form a large, regional cone
of depression in the potentiometric surface or the water table (Figure 8, wells A and B).

Hydraulic Properties of Aquifers

The ability of an aquifer to transmit and store water determines the capacity of thataquifer to
yield water to wells. These parameters are determined by the porosities and permeabilities of
sediments which make up the aquifer. Variations of these parameters, which are dependent on
the rock composition, cause the differences in capacities within a single aquifer and between
different aquifers. The following definitions are of major importance tothe discussion of hydraulic
properties of aquifers.
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Figure 8.—Idealized Cross Section Showing Drawdown
Interference Between Two Pumping Wells

The field coefficient of permeability is the flow of water, in gallons per day, at the prevailing
temperature through a cross section of 1 square foot of the aquifer under unit hydraulic gradient.

A measure of an aquifer's ability to release water is the coefficient of transmissibility, and it is
important in computing the amount of water available on a continuous basis. It is defined as the
amount of water, in gallons per day, which will flow through a vertical column of aquifer 1 foot
wide under a 45-degree slope or gradient (Theis, 1938, p. 889-902).

At a given place in a given direction, the hydraulic gradient of a water-bearing unit, is the rate
of change of pressure head per unit distance at that place and in that direction (Meinzer, 1923, p.
38). Given a known hydraulic gradient and the coefficient of transmissibility, the amounts of
water passing through specific portions of an aquifer can be calculated.

The storage capacity of the pores of a water-bearing unit is importantin the calculation of the
amounts of water storedin an aquifer. This storage capacity is called the coefficient of storage and
is the volume of water, per unit of surface area, that will be taken into, or released from storage
when the potentiometric surface is raised or lowered by 1 foot (Theis, 1938, p. 394). The term
specific yield is used when water-table conditions exist, and it is defined as the ratio of the volume
of water yielded, to the volume of the aquifer which was dewatered (Stearns, 1927, p. 144).
Coefficients of storage in artesian aquifers are very small in comparison to specific yields of
water-table aquifers since artesian storage is dependent upon the elastic properties of the
aquifer.
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Through pumping of a test well and the use of repeated measurements of the water levels in
the pumping well and nearby observation wells, the coefficients of storage and transmissibility
can be determined. These coefficients are a measure of the aquifer’s ability to transmit and store
water and can be used todetermine proper well spacing, the effects that a pumping well may have
on another well, and to predict water-level drawdowns at various distances from a pumping well
for a specified time and at a given pumping rate.

Theyield in gallons per minute per foot of drawdown of the water level ina well pumping ata
constant rate is known as the specific capacity of a well. This measurement is another indication
of the hydraulic characteristics of a water-bearing unit. Specific capacities must be used with
caution since they are affected by methods of well completion, and they change with therate and
the length of pumping.

CHEMICAL QUALITY OF GROUND WATER
General Chemical Quality

Both the constituents and concentrations of dissolved minerals carried in ground water are
determined mainly by the types of soil and rocks through which the water percolates. The solvent
power of water dissolves some of the minerals from the surrounding rocks as water moves
through its environment. Concentration of the various dissolved mineral constituents depends
upon the mineral solubility in the water-bearing unit, the length of time the water is in contact
with the rock, and the concentration of carbon dioxide present within the water. Therefore, the
chemical character of ground water mirrors the general mineral composition of the earth through
which it has passed. Usually, dissolved mineral concentrations increase with depth and tempera-
ture. The source and significance of dissolved-mineral constituents and properties of water are
summarized in Table 2 which has been modified from Doll and others (1963, p. 39-43).

The suitability of ground water for municipal, industrial, irrigation, and other uses is deter-
mined by the amount and type of minerals present in the water. Several criteria for water-quality
requirements have been developed through the years which serve as guidelines in determining
the suitability of water for various uses. Subjects covered by the guidelines are bacterial content;
physical characteristics, including color, taste, odor, turbidity, and temperature; and thechemical
constituents. Water-quality problems associated with the first two subjects can usually be
alleviated economically. The neutralization or removal of most of the unwanted chemical constit-
uents is usually difficult and often very costly.

Usually the main factor which limits or determines the use of ground water is the total
dissolved-solids content. An excellent, and very applicable, general classification of waters based
on the dissolved-solids concentration in parts per million (ppm) was developed by Winslow and
Kister (1956). This classification is as follows:

Dissolved-Solids Content

Description (ppm)
Fresh Less than 1,000
Slightly saline 1,000 to 3,000
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Dissolved-Solids Content

Description {(ppm)
Moderately saline 3,000 to 10,000
Very saline 10,000 to 35,000
Brine More than 35,000

In recent years, most laboratories have begun reporting analyses in milligrams per liter
(mg/l) instead of ppm. These units, for practical purposes, are identical unless the dissolved-
solids concentration of water reaches or exceeds 7,000 units (ppm or mg/l). The concentrations
of chemical constituents reported in this report, other than for oil-field brines (Table 8), are in mg/|.
Most of the chemical concentrations are below 7,000 mg/I and, therefore, the units are inter-
changeable. For the more highly mineralized waters, a density correction should be made using
the following formula:

Parts per million = Milligrams per liter

Specific gravity of the water

A total of 337 chemical analyses of water from selected wells and springs in Callahan County
is given in Table 7. The locations of these wells are shown on Figure 22, with wells from which
samples were taken being identified by a bar over the well numbers. Concentrations of dissolved
solids, sulfates, chlorides, and nitrates from samples collected from selected wells and springs
are shown on Figure 9.

Public Supply

As the first step in establishing national standards for drinking water quality under the
provisions of the Safe Drinking Water Act of 1974, the U.S. Environmental Protection Agency
(EPA) issued drinking water regulations on December 10, 1975. These standards apply, selec-
tively, to all types of public water systems of Texas and the regulations became effective June
1977. Responsibility for enforcement of these standards was assumed by the Texas Department
of Health on July 1, 1977. Minor revision of the standards became effective on November 30,
1977.

As defined by the Texas Department of Health, municipal systems are classified as follows:
1. A “public water system" is any system for the delivery to the public of piped water for human
consumption, providing such a system has four or more service connections or regularly

serves at least 25 individuals daily at least 60 days out of the year.

2. A “community water system’’ is any system which serves at least four or more service
connections or regularly serves 25 permanent type residents for at least 180 days per year.
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Table 2.—Source, Significance, and Concentration of Dissolved-
Mineral Constituents and Properties of Water

(Adapted from Doll and others, 1963, p. 39-43)

Only analyses which were representative of native ground water were used. Analyses are in milligrams per liter except
percent sodium, specific conductance, pH, and SAR.

Constituent
or

Property
Silica (Si0Oz2)

Iron (Fe)

Calcium (Ca) and
Magnesium (Mg)

Sodium (Na) and
Potassium (K)

Bicarbonate (HCO3) and

Carbonate (CO3)

Sulfate (S04)

Chloride (CI)

Fluoride (F)

Nitrate (NO3) or
Nitrate (as N)

Boron (B)

Source or Cause

Dissolved from practically all rocks
and soils, commonly less than 30
mg/|. High concentrations, as much
as 100 mg/|, generally occur in highly
alkaline waters.

Dissolved from practically all rocks and
soils. May also be derived from iron
pipes, pumps, and other equipment.

Dissolved from practically all soils
and rocks, but especially from lime-
stone, dolomite, and gypsum. Calcium
and magnesium are found in large
quantities in some brines. Magne-
sium is present in large quantities in
sea water.

Dissolved from practically all rocks
and soils. Found also in oil-field
brines, sea water, industrial brines,
and sewage.

Action of carbon dioxide in water on
carbonate rocks such as limestone
and dolomite.

Dissolved from rocks and soils con-
taining gypsum, iron sulfides, and
other sulfur compounds. Commonly
present in some industrial wastes.

Dissolved from rocks and soils.
Present in sewage and found in large
amounts in oil-field brines, sea water,
and industrial brines.

Dissolved in small to minute quanti-
ties from most rocks and soils. Added
to many waters by fluoridation of
municipal supplies.

Decaying organic matter, sewage,
fertilizers, and nitrates in soil.

A minor constituent of rocks and of
natural waters.

Significance

Forms hard scale in pipes and boilers. Carried over in steam of high
pressure boilers to form deposits on blades of turbines. Inhibits deterior-
ation of zeolite-type water softeners.

On exposure to air, iron in ground water oxidizes to reddish-brown pre-
cipitate. More than about 0.3 mg/| stain laundry and utensils reddish-
brown. Objectionable for food processing, textile processing, beverages,
ice manufacture, brewing, and other processes. Texas Department of
Health (1977) drinking water standards state that iron should not ex-
ceed 0.3 mg/I. Larger quantities cause unpleasant taste and favor growth
of iron bacteria.

Cause most of the hardness and scale-forming properties of water;
soap consuming (see hardness). Waters low in calcium and magnesium
desired in electroplating, tanning, dyeing, and in textile manufacturing.

Large amounts, in combination with chioride, give a salty taste.
Moderate quantities have little effect on the usefulness of water for most
purposes. Sodium salts may cause foaming in steam boilers and a high
sodium content may limit the use of water for irrigation.

Bicarbonate and carbonate produce alkalinity. Bicarbonates of calcium
and magnesium decompose in steam boilers and hot water facilities to
form scale and release corrosive carbon-dioxide gas. In combination with
calcium and magnesium, cause carbonate hardness.

Sulfate in water containing calcium forms hard scale in steam boilers. In
large amounts, sulfate in combination with other ions gives bitter taste to
water. Texas Department of Health (1977) drinking water standards
recommend that the sulfate content should not exceed 300 mg/|.

In large amounts in combination with sodium, gives salty taste to drink-
ing water. In large quantities, increases the corrosiveness of water.
Texas Department of Health (1977) drinking water standards recom-
mend that the chioride content should not exceed 300 mg/I.

Fluoride in drinking water reduces the incidence of tooth decay when the
water is consumed during the period of enamel calcification. However, it
may cause mottling of the teeth, depending on the concentration of
fluoride, the age of the child, amount of drinking water consumed, and
susceptibility of the individual (Maier, 1950, p. 1120-1132).

Concentration much greater than the local average may suggest pollu-
tion. Texas Department of Health (1977) drinking water standards
suggest a limit of 45 mg/| (as NO3) or 10 mg/I (as N). Waters of high
nitrate content have been reported to be the cause of methemoglobi-
nemia (an often fatal disease in infants) and therefore should not be used
in infant feeding (Maxcy, 1950, p. 271). Nitrate shown to be helpful in re-
ducing inter-crystalline cracking of boiler steel. It encourages growth of
algae and other organisms which produce undesirable tastes and odors.

An excessive boron content will make water unsuitable for irrigation.
Wilcox (1955, p. 11) indicated that a boron concentration of as much as
1.0 mg/| is permissible for irrigating sensitive crops; as much as 2.0
mg/| for semitolerant crops; and as much as 3.0 mg/| for tolerant crops.
Crops sensitive to boron include most deciduous fruit and nut trees and
navy beans; semitolerant crops include most small grains, potatoes and
some other vegetables, and cotton; and tolerant crops include alfalfa,
most root vegetables, and the date palm.
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Range in Concentrations by Aquifer

Antlers Recent Permian Rocks
Formation Alluvium Undifferentiated
4 — 48 17 — 27 8 — 22
00 — 4.8 — -
13 — 435 130 — 356 39 — 358
2 — 234 30 — 130 4 — 142
3 — B850 89 — 690 7 — 276
1 — 32 < 1 — 12 < 1 — 5
30 — 840 349 — 476 143 — 434
3 — 560 < 10 — 304 6 — 9%
2 — 1,060 28 — 1,700 11 — 840
1 = 5.3 3 — 1.2 1— 20
4 — 135 < 44— 136 < 4— 480
1 — 2.2 3— 7 2 — 5
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Table 2.—Source, Significance, and Concentration of Dissolved-

Constituent
or
Property

Dissolved solids

Hardness as CaCO3

Percent Sodium (% Na)

Sodium-adsorption
ratio (SAR)

Residual sodium
carbonate (RSC)

Specific conductance
(micromhos at 25°C)

Hydrogen ion
concentration (pH)

Source or Cause

Chiefly mineral constituents dis-
solved from rocks and soils.

In most waters nearly all the hardness
is due to calcium and magnesium, All
of the metallic cations other than the
alkali metals also cause hardness.

Sodium in water.

Sodium in water.

Sodium and carbonate or bicarbonate
in water.

Mineral content of the water.

Acids, acid-generating salts, and
free carbon dioxide lower the pH.
Carbonates, bicarbonates, hydrox-
ides, phosphates, silicates, and
borates raise the pH.

Mineral Constituents and Properties of Water—Continued

Significance

Texas Department of Health (1977) drinking water standards recom-
mend that waters containing more than 1,000 mg/| dissolved solids not
be used if other less mineralized supplies are available. For many pur-
poses the dissolved-solids content is a major limitation on the use of
water, A general classification of water based on dissolved-solids con-
tent, in mg/|, is as follows (Winslow and Kister, 1956, p. 5): Waters con-
taining less than 1,000 mg/| of dissolved solids are considered fresh;
1,000 to 3,000 mg/|, slightly saline; 3,000 to 10,000 mg/I, moderately
saline; 10,000 to 35,000 mg/|, very saline; and more than 35,000
mg/|, brine.

Consumes soap before a lather will form. Deposits soap curd on bath-
tubs. Hard water forms scale in boilers, water heaters, and pipes, Hard-
ness equivalent to the bicarbonate and carbonate is called carbonate
hardness. Any hardness in excess of this is called non-carbonate hard-
ness. Waters of hardness up to 60 mg/| are considered soft. 61 to 120
mg/|, moderately hard; 121 to 180 mg/I, hard; more than 180 mg/I,
very hard.

A ratio (using milliequivalents per liter) of the sodium ions to the total
sodium, calcium, and magnesium ions. A sodium percentage exceeding
60 percent is a warning of a sodium hazard. Continued irrigation with
this type of water will impair the tilth and permeability of the soil.

A ratio for soil extracts and irrigation waters used to express the relative
activity of sodium ions in exchange reactions with soil (U.S. Salinity
Laboratory Staff, 1954, p. 72, 156). Defined by the following equation:

Nat
SAR = ———————

Catt + Mgt
2

where Na +; Ca ++ , and Mg ++ represent the concentrations in milli-
equivalents per liter (me/1) of the respective ions.

As calcium and magnesium precipitate as carbonates in the soil, the
relative proportion of sodium in the water is increased (Eaton, 1950,
p. 123-133). Defined by the following equation:

RSC=(CO,  + HCO, ) —(Ca" " + Mg™™)

where CO3 -- , HCO3 -, Ca ++, and Mg ++ represent the concentra-
tions in milliequivalents per liter (me/1) of the respective ions.

Indicates degree of mineralization. Specific conductance is a measure of
the capacity of the water to conduct an electric current. Varies with
concentration and degree of ionization of the constituents.

A pH of 7.0 indicates neutrality of a solution. Values higher than 7.0
denote increasing alkalinity; values lower than 7.0 indicate increasing
acidity. pH is 8 measure of the activity of the hydrogen ions. Corrosive-
ness of water generally increases with decreasing pH. However, ex-
cessively alkaline waters may also attack metals. The Texas Department
of Health (1977) recommends a pH greater than 7.
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Range in Concentrations by Aquifer

Antlers
Formation
134 — 2,874
92 — 1,650

28 — 733
0 — 17.7
o — 1.8
224 — 3,480
60 — 8.3

Recent
Alluvium
370 —3.363
293 — 1,420
50 — 58.4
47— 8.4
0— 0

1,085 — 5,200
7.3 — 7.8

Permian Rocks
Undifferentiated

149 — 2,265
116 — 1,190
37— 5786
1T — 4.2
0— bl
270 —3.180
73— 8.2
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3. A “non-community water system’’ is any public water system which is not a community
water system. _

Standards which relate to public supplies are of two types: (1) primary and (2) secondary.
Primary standards are devoted to constituents and regulations affecting the health of consumers.
Secondary standards are those which deal with the esthetic qualities of drinking water. Contami-
nants for which secondary maximum contaminant levels are set in these standards do nothave a
direct impact on the health of the consumers, but their presence in excessive quantities may
discourage the use of the water.

Primary Standards

Primary standards for dissolved minerals apply to community water systems and are as
follows:

Maximum

concentration
Contaminant (mg/1)
Arsenic (As) 0.05
Barium (Ba) 1.0
Cadmium (Cd) 010
Chromium (Cr®8) .05
Lead (Pb) .05
Mercury (Hg) .002
Selenium (Se) .01
Silver (Ag) .05
Nitrate (as NOs) 45
Nitrate (as N) 10

At the time this report was compiled, analyses were not available for the trace metals as shown
above. Except for nitrate content, none of the above contaminant levels for toxic minerals applies
to non-community water systems. The maximum of 10 mg/| nitrate as N (about 45 mg/I nitrate as
NQOs) applies to community and non-community systems alike.
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Maximum fluoride concentrations are applicable to community water systems and they vary
with the annual average of the maximum daily air temperature at the location of the system. The
following table gives the maximum permissible limits for fluoride based on ranges in the annual
average maximum daily air temperature:

Maximum
Temperature (°F) Temperature (°C) concentration (mg/l)
63.9-70.6 17.7-214 1.8
70.7 - 79.2 21.5-262 1.6
79.3 - 90.5 26.3 - 325 1.4

The annual average maximum daily air temperature within Callahan County varies from 76.2 to
78.2 °F (24.6 to 25.7 °C), therefore, the maximum permissible limit for fluoride for community
water systems located within the county would be 1.6 mg/L.

Maximum contaminant limits for organic chemicals are enforced; however, they are applica-
ble only to community water systems. These cover the chlorinated hydrocarbons and chlorophen-
oxys (Texas Department of Health, 1977, p. 3).

Maximum levels for coliform bacteria, as specified by the Texas Department of Health in
1977, apply to community and non-community water systems. The limits specified are basically
the same as inthe 1962 Public Health Service Standards which have been widely adopted in most
states.

In addition to the previously stated requirements, there are also stringent rules regarding
general sampling and the frequency of sampling which apply to all public water systems.
Additionally, community water systems are subject to rigid radiological sampling and analytical
requirements (Texas Department of Health, 1977, p. 12-15).

Secondary Standards

Recommended secondary standards applicable to all public water systems are given in the
following table:

Constituent Maximum level
Chloride (ClI) 300 mg/I
Color 15 color units
Copper (Cu) 1.0 mg/|

289 ¢



Constituent Maximum level

Corrosivity non-corrosive

Foaming agents 0.53 mg/I

Hydrogen sulfide (HzS) 05 mg/I

Iron (Fe) 3 mg/|

Manganese (Mn) 05 mg/I

Odor 3 Threshold Odor Number
pH >7.0

Sulfate (S04) 300 mg/|

Dissolved solids 1,000 mg/|

Zinc (Zn) 5.0 mg/|

The above secondary standards are recommended limits, except for water systems which are
not in existence as of the effective date of these standards. For water systems which are
constructed after the effective date, no source of supply which does not meet the recommended
secondary standards may be used without written approval by the Texas Department of Health.
The determining factor will be whether there is an alternate source of supply of acceptable
chemical quality available to the area to be served.

After July 1, 1977, for all instances in which drinking water does not meet the recommended
limits and is accepted for use by the Texas Department of Health, such acceptance is valid only
until such time as water of acceptable chemical quality can be made available at reasonable cost
to the area in question from an alternate source. At such time, either the water which was
previously accepted would have to be treated to lower the constituents to acceptable levels, or
water would have to be secured from the alternate source.

Domestic and Livestock

Ideally, ground waters used for rural domestic purposes should be as free of contaminants as
those used for municipal purposes; however, this is not always economically possible. At present,
there are no controls placed on private domestic or livestock wells. In general, the chemical
constituents of waters used for domestic purposes should not exceed the concentrations shown
in the following table, except in those areas where more suitable supplies are not available (Texas
Department of Health, 1977).
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Substance Concentration (mg/I)

Chloride (Cl) 300
Fluoride (F) 1.6*
Iron (Fe) 3
Manganese (Mn) .05
Nitrate (as N) 10
Nitrate (as NQOs) 45
Sulfate (SOs) 300
Dissolved solids 1,000

*Maximum recommended fluoride limit based on annual average of
maximum daily air temperature range of 76.2 to 78.2 °F (24.6 to 25.7 °C).

Many areas of north-central Texas do not have and cannot obtain domestic water supplies
which meet the recommended standards; however, supplies which do not meet these standards
have been used for long periods of time without any apparent ill effects to the user. It is not
generally recommended that water used for drinking purposes contain more than a maximum of
2,000 mg/| dissolved solids; however, water containing somewhat higher mineral concentra-
tions has been used where water of better guality was not available.

Water having concentrations of chemical constituents in excess of the Texas Health Depart-
ment’'s standards may be objectionable for numerous reasons. Brief explanations for these
objections, representative ranges in concentration of chemical constituents within the various
water-bearing units of Callahan County, as well as the significance of each constituent are
presented in Table 2. More detailed discussions of the water quality of the individual aquiferscan
be found in later sections of this publication.

Generally, water used for livestock purposes is subject to the same quality limitations as
those relating to drinking water for humans; however, the tolerance limits of the variouschemical
constituents as well as dissolved-solids concentration may be considerably higher for livestock
than that which is considered satisfactory for human consumption. The type of animal, the kind of
soluble salts, and the respective amount of soluble salts determine the tolerance limits (Heller,
1933, p. 22). In the western United States, cattle may tolerate drinking water containing nearly
10,000 mg/| dissolved solids providing these waters contain mostly sodium and chloride (Hem,
1970, p. 324). Waters containing high concentrations of sulfate are usually considered undesira-
ble for livestock use. Many investigators recommend an upper limit of dissolved solids near 5,000
mg/| as necessary for maximum growth and reproduction. Hem (1970, p. 324)cited a publication
of the Department of Agriculture of the state of Western Australia as recommending the following
maximum upper limits for dissolved-solids concentration in livestock water:
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Maximum dissolved-solids

Animal concentration (mg/I)
Poultry 2,860
Hogs 4,290
Horses 6,435
Cattle (dairy) 7,150
Cattle (beef) 10,000
Sheep (adult) 12,900

Burden (1961) stated that there should be concern for livestock when the nitrate content of
their drinking water is as great as 100 mg/| and he further recommended an upper limit of 220
mg/| for waters used for livestock consumption.

Irrigation

The quality of irrigation waters is important in that it determines the results which can be
expected from their use. The results, however, are also greatly influenced by the climate, soils,
management practices, crops grown, drainage, and the quantity of water applied.

According to the U.S. Salinity Laboratory Staff (1954), the primary factors which determine
the quality of water used for irrigation are: (1) the total salt concentration as indicated by the
specific conductance; (2) the proportion of sodium and its relationship to other cations (percent
sodium); (3) the concentration of boron or other toxic elements; and (4) under certain conditions,
the carbonate and bicarbonate content in relationship to concentration of calcium and magne-
sium. These factors are termed: the salinity, sodium, boron, and the carbonate and bicarbonate
ion hazards, respectively (U.S. Salinity Laboratory Staff, 1954, p. 69-82; Wilcox, 1955, p. 11-12;
Lyerly and Longenecker, 1957, p. 13-15).

In most waters, the salt concentration is not high enough to impair or retard the growth of
plants. It is the salt accumulation in the soil which causes saline conditions that are injurious to
plants. However, as the salt concentration in irrigation waters increases, the salinity hazard or
the tendency of salts to accumulate in the soil also increases. A field measure used to give an
indication of the salt concentration in irrigation water is specific conductance. Using this specific
conductance, the U.S. Salinity Laboratory Staff (1954, p. 69-82)designed the classification chart
shown in Figure 10 which is an excellent guide in estimating the relative salinity hazard of
irrigation waters. It is based in part on various salinity classes which are determined by the
conductivity in micromhos per centimeter at 25 °C (or specific conductance in micromhos at 25 °C
shown on most chemical analyses in Tables 2 and 7). The salinity-hazard classes(C1,C2,C3,and
C4) are shown on the horizontal scale of Figure 10 and a discussion of them is given in Table 3.
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Physical conditions of the soil are markedly
affected by an increase in exchangeable
sodium. For that reason, it is necessary to con-
sider the sodium hazard of irrigation water.
Accumulations of sodium in the soil may be
injurious to plants sensitive to sodium. The
total salt concentration, as well as the sodium-
adsorption ratio (SAR), influence the sodium
hazard. A high SAR is the cause of soil struc-
ture breakdown. Soils tend to form a hard crust
and become impermeable to water and air
movement. This usually results in crop dam-
age, cultivation difficulties, and drainage prob-
lems (Hem, 1959, p. 247). Table 2 shows the
equation for calculating the SAR, and Table 7
gives the SAR values which have been calcu-
lated for most of the water samples in Callahan
County. Using these SAR values and the con-

‘ ductivity, the sodium hazard can be determined
oy Cwm,iﬁf_ . (Ecl,os,zis,ozsnc from Figure 10. The sodium-hazard classes
‘:, n‘;i h:h ve::‘qh (S1, S2, S3, and S4) are shown on the vertical

scale of Figure 10. A discussion of these

classes is also given in Table 3. Under most

Figure 19-'?:5'9,“‘"} f°’“tlh° Classification conditions, irrigation waters containing a per-

LSO Fianin cent sodium of less than 60 (Table 7) and a low

bicarbonate content are probably satisfactory. The sodium hazard becomes progressively greater
as the percent sodium increases above 60.
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Excessive boron content will render water unsuitable for irrigation. Table 2 discusses the
sensitivity of various crops, the boron limits for these crops, as well as the boron ranges for the
various aquifers of Callahan County. Table 7 lists the boron content, where determined, of waters
sampled from various aquifers within the county.

Following irrigation, the soil dries and the soil solution becomes progressively more concen-
trated. This condition creates a tendency for the less soluble compounds to precipitate from
solution. Both calcium and magnesium carbonate, being less soluble than sodium carbonate, may
precipitate with drying. This precipitation results in an increase in the proportion of sodium in
solution. The bicarbonate ion is the source of carbonate which makes the precipitation possible.
Conditions favoring precipitation and the extent to which calcium and magnesium carbonates will
precipitate are not fully understood. However, waters containing 1.25 to 2.5 me/I (milliequiva-
lents per liter) of residual sodium carbonate (RSC) are considered marginal and those containing
greater than 2.5 me/I probably are unsafe for irrigation use. The equation for calculating RSC is
given in Table 2, and RSC values for ground waters in Callahan County are shown in Table 7.
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Table 3.—Water-Use Limitations of Salinity and Sodium Hazard—Classified

Hazard

Salinity ___

Sodium—

— C1)

C2)

C3)

C4)

S1)

S2)

S3)

s4)

Irrigation Waters Shown in Figures 10, 17, and 20
(After Lyerly and Longenecker, 1957, p. 13-15)

Classification and Limitations

Low-salinity water—can be used for irrigation with most crops on most
soils with little likelihood that soil salinity will develop. Some leaching is
required; care should be taken with soils of extremely low permeability.

Medium-salinity water—can be used if a moderate amount of leaching
occurs. Plants with moderate salt tolerance can be grown in most cases
without special practices for salinity control.

High-salinity water—cannot be used on soils with restricted drainage. Even
with adequate drainage, special management for salinity control may be
required. Plants selected should have good salt tolerance.

Very high-salinity water—may be used occasionally under special condi-
tions. Soils must be permeable and drainage adequate. Highly salt-tolerant
crops, only, should be selected. Excess irrigation water must be applied to
provide considerable leaching.

Low-sodium water—can be used for irrigation on almost all soils with little
danger of the development of harmful levels of exchangeable sodium.
However, sodium-sensitive crops, such as stone-fruit trees and avocados,
may accumulate injurious concentrations of sodium.

Medium-sodium water—recommended for use on coarse-textured or
organic soils having good permeability. Unless gypsum is present in the
soil, this water will present an appreciable sodium hazard in fine-textured
soils having high cation-exchange capacity, especially under low-leaching
conditions.

High-sodium water—requires special soil management (good drainage,
high leaching, organic matter additions) as it may produce harmful levels of
exchangeable sodium in most soils, although, not necessarily in gypsifer-
ous soils. Chemical amendments may be required for replacement of
exchangeable sodium, but this may not be feasible with waters of very high
salinity.

Very high-sodium water—generally unsatisfactory for irrigation except at
low and, possibly, medium salinity, where the solution of calcium from the
soil or use of gypsum or other additives may make the use of these waters
feasible.
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Industrial

Water-quality requirements for an industrial water supply are determined by the type of
industry. The main concern to many industries is that the water selected for its supply does not
contain corrosive or scale-forming constituents. Both magnesium and calcium affect the hard-
ness and are of major concern in any water to be used in boilers. Excessive amounts of silica and
iron cause scale deposits which reduce the efficiency of many industrial processes. Water quality
must be rigidly controlled where the water is used in the processing of food, paper, and some
chemical-process industries. Mineral impurities affect color, taste, odor, and turbidity; therefore,
water with a high content of dissolved solids is usually avoided.

Treatment

Water that does not meetthe requirements of a municipal or industrial user commonly can be
treated by various methods so that it will become usable. Treatment methods include softening,
aeration, filtration, desalination, cooling, dilution or blending of poor and good quality waters,
and the addition of chemicals. The limiting factor in treatment is economics. Each water may
require different treatment and the treatment should be designed for that particular water.
However, once treatment is established it probably will not have to be changed as the chemical
characteristics of uncontaminated ground water remain fairly constant.

WELL DEVELOPMENT
History of Well Development in Callahan County

The earliest inhabitants of Callahan County probably settled near springs where they could
obtain water supplies from ground-water flows which issued principally from the Cretaceous
Antlers Formation. These springs were usually located at or near the outer limits of the outcrop of
the water-bearing unit. Several of these springs still flow and were located during this investiga-
tion. Other springs flowed from alluvial deposits in the floodplains of the small streams that
originate within the county. Additionally, a limited number of springs flowed from some of the
more permeable Permian hydrologic units. As the county became more populated, early domestic
and livestock supplies were obtained from hand-dug wells. Later, many sand-point wells were
probably driven to tap the underlying deposits of Antlers or alluvial sands and gravels. The oldest
inventoried domestic well (30-46-201) was hand dug in 1870. Most of the dug wells located
during this investigation were completed before 1940. The majority of the 51 domestic or
livestock wells, inventoried during this and previous studies, were drilled.

By 1972, a total of 61 public suppy wells were located and had been inventoried. Data
presented by George (1940a) suggests that the first county public water system was developed
about 1918 and was located in the northeast part of the City of Cross Plains. This system was
known as the “settling basin” and originally consisted of seven 25-foot (8 m) wells. These wells
produced from the Antlers Formation, were of low yield, and could be pumped for only about 3
hours before the water levels reached the base of the aquifer. After awater-level recovery period,
the wells could then be pumped again. Five of these wells are no longer in use.
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In addition to the above wells, the City of Cross Plains drilled 28 more wells which are
concentrated in three principal areas located approximately 1 mile (1.6 km) east, 1% miles (2.0
km) northeast, and 2 miles (3.2 km) northeast of town, respectively. These wells, which also pump
from the Antlers, were drilled during the period 1926-64.

Beginning in 1927, the City of Baird started development of its Shady Hill Golf Course well
field which is located approximately 3 miles (4.8 km) west of town. These wells pumped from the
Cretaceous Antlers aquifer. Development in this field continued through 1939 with a total of nine
wells being drilled. Use of this well field was discontinued in August 1949 when the city began
using surface water from Lake Baird which is owned by Callahan County Water Conservation and
Improvement District Number One. This lake is located on Mexia Creek approximately 22 miles
(4.0 km) southeast of the city. Three of the original wells (30-37-804, 811, and 812)are presently
being used as irrigation wells, and the remainder are maintained for emergency use.

Twenty-one public supply wells were drilled by the City of Clyde during the period from about
1939 through 1965. These wells pumped from the Antlers aquifer. They are located throughout
the city (Table 7 and Figure 22). Almost all of the wells were in use asof January 1972, atthe time
that the field inventory was completed for this study; however, during 1972 the city changed to a
surface-water supply secured from Lake Clyde, which is located 6 miles (9.6 km) south of the city
on North Prong Pecan Bayou. The city wells are now used as a supplemental source of water.

During 1960 and 1961, three 123-foot (37 m) low yield public supply wells were drilled 2
miles (3.2 km) northwest of the community of Denton in west-central Callahan County. These
wells furnished municipal water for the Denton Valley Missile Site which was maintained by the
U.S. Air Force at Dyess Air Force Base in Abilene. These wells were sold when the facility was
deactivated in February 1965.

The development and use of ground water for industrial purposes in the county has been very
limited. Six industrial wells, all of which produce from the Antlers Formation, were inventoried
during this investigation. The first reported industrial well (30-44-506) was drilled in 1920;
however, one was reported as “old” and might have been drilled prior to that date. Four wells
were drilled during the period 1961-70.

Of the six industrial wells, water from four wells supplied water for turkey, hog, and cattle
feedlots; one for waterflood operations; and one was formerly used by a plumbing firm.

Prior to 1951, the practice of using ground water for irrigation within Callahan County was
conducted on a very small scale. Data collected by George (1940a) indicate that there were
probably not more than five irrigation wells in the county at that time. Two were used to irrigate
gardens and they probably would not presently be classed as irrigation wells. The first recorded
irrigation development was by the City of Baird in 1927 (wells 30-37-811 and 812); however,
most of the development began in the 1960’s.
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During this investigation, 153 irrigation wells were inventoried, all of which were producing
from the Cretaceous Antlers Formation. A breakdown of the development of irrigation wells
within the county is as follows:

Number of
irrigation wells Percent
Year drilled of total
Unknown and 1950

or before 7 4.6
1951 - 1960 12 7.8
1961 - 1970 112 732
After 1970 22 14.4

Of the 153 irrigation wells inventoried 95 (62 percent) are located in the Clyde-Oplin area of
western Callahan County.

Well Construction

Of 473 wells developed in the Antlers Formation, Quaternary alluvium deposits, and Permian
rocks, 108 were hand dug. Most of the others were drilled. Well depthsrange from 5 to 275 feet (2
to 84 m).

Almost all dug wells are used for domestic or livestock purposes. Generally, most of these
wells are from 2.5 to 4 feet (0.8 to 1.2 m) in diameter, although the rangeisfrom 1.5to 14 feet(0.5
to 4 m). The dug wells are lined with bricks, native stone, or concrete rings. More recently drilled
domestic and livestock wells are cased with small-diameter (5 to 13 inches or 13 to 33 centime-
ters) galvanized sheetmetal, steel, or plastic casing. The galvanized metal and plastic casing is
perforated opposite the water-bearing zones, and the steel casing is generally torch-slotted.

Industrial, irrigation, and public supply wells usually have diameters of 5 to 24 inches (13 to
61 cm), and recently drilled wells are normally cased to bottom. In most wells, the hole is reamed
to 36 inches (91 cm), and prior to the setting of the casing, the casing is torch-slotted opposite the
water-bearing zones. Following the setting of the casing on bottom, the hole outsidethe casingis
then filled with small gravel. Only three public-supply wells (30-44-801, 802, and 803) have been
developed with casing cemented from the top of the aquifer to the surface and well screens
installed opposite the water-bearing zone. Most of the drilled wells are developed by pumping.
Many of the older public supply wells of the cities of Baird, Clyde, and Cross Plains are large
diameter hand-dug wells which are lined with brick. These wells range in diameter from about 3

to 19 feet (1 to 6 m).



Yields of Wells

During the course of this and previous studies, no lengthy individual well pump tests were
run. However, performance tests were conducted during this investigation on 10 irrigation wells
which were pumping from the Antlers Formation. Yields on these wells ranged from 9.9 to 70
gal/min (0.62to0 4.4 |/s). These tests are listed in Table 4. This table also contains well yield data
on all types of wells on which reliable reports were supplied by well drillers. Yields ranging from 4
to 70 gal/min (0.25 to 4.4 |/s) were reported on wells pumping from the Antlers Formation.

Yields reported by well owners contacted during this study are as follows: Antlers Formation,
1 to 185 gal/min (0.06 to 12 1/s);, Quaternary alluvium deposits, ‘weak’ to 5 gal/min (0.32 |/s);
and Permian rocks, 1 to 5 gal/min (0.06 to 0.32 |/s) to “strong”.

Pump Types and Energy Sources

Most domestic and livestock wells in the county are equipped with jet pumps. Other pump
types in common use are centrifugal and submersible. Some windmills are still used to pump
water for domestic and livestock purposes. The power or energy source for pumps is generally
electricity with the size of the motors ranging from 1/3 to slightly over 2 horsepower (246 to 1,490
W). The 1/3-horsepower (246 W) motor is the most common size in use.

Public supply and industrial wells are generally equipped with submersible and jet pumps. A
few wells have turbine-type pumps. Of the wells presently in use in these categories, all are
powered by electricity. The motors range from 1/3 to 5 horsepower (246 to 3,730 W) with motors
of 1 horsepower (746 W) or less as the most common size.

Of the 153 irrigation wells inventoried, 75 percent are equipped with submersible pumps.
Others use jet, turbine, and centrifugal type pumps. The principal power source is electricity with
86 percent of the pumps being equipped with electric motors ranging in size from 1/3 to 10
horsepower (246 to 7,460 W). One well pump was powered by an internal combustion engine.

As a result of low yields in most irrigation wells within the county, water from one to eight
wells may be pumped into a surface reservoir. Water collected in this manner is then pumped
through sprinkler systems by use of centrifugal pumps, usually powered by electric motors which
range from 5 to 25 horsepower (3,730to 18,600 W). One irrigation system was powered by a farm
tractor.

GROUND-WATER PUMPAGE AND UTILIZATION

Figure 11 graphically illustrates the estimated ground-water pumpage from the water-
bearing units of Callahan County. Estimates shown were provided to the authors by personnel of
the Water Requirements and Uses Section of the Planning and Development Division of the
Department. During 1978, approximately 1,900 acre-feet (2.34 hm?) of ground water was
pumped within the county for all uses. This pumpage was used for irrigation, municipal, indus-
trial, and domestic and livestock purposes.
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enton Valley Missile Site Water Supply

A three-well field (wells 30-44-801, 802, and 803) was developed as a municipal supply for
1e Denton Valley Missile Site during 1960 and 1961. This well field was located 2 miles (3.2 km)
orthwest of the community of Denton and was maintained by the U.S. Air Force at Dyess Air
orce Base in Abilene. This installation was deactivated in February 1965. During 1964, 9.2
cre-feet (0.011 hm3) was pumped for municipal use by this facility. The total reported ground-
‘ater pumpage during the period the missile site was used was slightly more than 28 acre-feet
1,035 hms3). All of this pumpage was from the Antlers Formation.

Industrial Water Use

Pumpage of ground water for industrial purposes within Callahan County is difficult to
stimate. Four of the six wells classed as industrial are located at a commercial turkey farm or a
sestock feed lot. Pumpage for these concerns is included with livestock water uses. Well
)-44-709 was used in an oilfield water-flood operation and had an estimated annual pumpage
* 2.4 acre-feet (0.003 hm?). Industrial pumpage for well 30-37-823 is believed to have been
isignificant since the well was used by a plumbing firm for only a very short period of time. Total
idustrial pumpage during 1978 is believed to have been only about 0.2 percent of the total county
umpage.

Domestic and Livestock Use

A total of 251 domestic and livestock wells and 25 springs which produce or have produced
ater from the water-bearing units of Callahan County were inventoried during this study.
Imost all of these wells or springs derive their water from the Antlers Formation.

Reliable estimates of rural ground-water usage for domestic and livestock purposes are
fficult to determine; however, water use for these purposes is believed to comprise slightly less
1an 38 percent of the total county pumpage and is therefore significant. Estimates of pumpage
r 1978 for domestic supply are slightly over 500 acre-feet (0.617 hm3) and for livestock supply
yout 200 acre-feet (0.247 hm?3). The estimated total ground-water pumpage from domestic and
vestock wells for the period 1955-78 is about 11,100 acre-feet (13.69 hm?3) and 4,300 acre-feet
.30 hm3), respectively (Figure 11).

AVAILABILITY AND QUALITY OF GROUND WATER

Primary Aquifer

rinity Group—Antlers Formation

The primary aquifer in Callahan County is the Antlers Formation of the Trinity Group. This
rmation provided ground water to 94 percent (451 wells and 14 springs) of the 497 wells and
orings inventoried during this study. Waters produced from this aquifer were used for all
Irposes.
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Extent of the Aquifer

Cretaceous rocks of the Fredericksburg and Trinity Groups are located primarily in a band
lying east-west through the central and southeast part of Callahan County (Figure 5). Erosion has
separated their outcrop into two areas, one in the Clyde-Oplin area and one in the Cross Plains
area. These erosional remnants are part of a number of outliers of Cretaceous rocks present in
Callahan, Coleman, Nolan, Runnels, and Taylor Counties which are commonly referred to as the
Callahan Divide. These outliers were once part of a system of Cretaceous rocks which covered all
of these counties and the entire area south to the Llano Uplift (Taylor, 1978). Cretaceous rocks in
Callahan County cover approximately 280 square miles (725 km?2) or about 33 percent of the
surface area of the county. About 155 square miles(401 km2) of the total outcrop area is located in
the Cross Plains area.

Geologic Characteristics

Within Callahan County, the Antlers Formation in its upper part consists of cream to near
white, very fine to fine-grained sandstone interbedded with claystone which is brown to purplish
pink, blocky, sandy, and locally calcareous. The middle part of the Antlers is also composed of a
claystone as previously described. The lower part of the Antlers also contains sandstone but has
conglomerate interbedded. The conglomerate consists of pebbles of chert and quartz with local
green clay casts (Bureau of Economic Geology, 1972). The Antlers Formation is believed to attain
a maximum thickness of about 185 feet (66.4 m) within the county. A marked erosional unconfor-
matory separates the underlying Permian beds from the Antlers Formation which, from a large
regional perspective, dips very gently to the southeast at an estimated 25 feet per mile or 7.6
meters per kilometer (Figures 12, 23, 24, and 25).

Figure 12 is amap which depicts the base of the Antlers Formation and attempts to reproduce
the old erosional surface upon which Antlers sediments were deposited. The indicated topo-
graphy, in general, is slightly hilly to rolling with a maximum relief of about 30 feet (9.1 m). The
structural lows delineate the old stream patterns which were in existence at the time that the
Antlers was deposited. For the most part, pre-Cretaceous streams were flowing from northwest
to southeast, and much of the irrigation development appears to correlate with the structural lows
which should contain the most permeable and thickest sediments in the Antlers (Figures 12 and
22).

When used in conjunction with a topographic map, Figure 12 can also be usedto estimate the
depth of possible water wells drilled for ground water in the Antlers Formation. The elevation of
the land surface is first estimated from a topographic map at the desired location of a water well.
The elevation of the base of the Antlers at the proposed well site is then determined from Figure
12. The value as determined from Figure 12 subtracted from the estimated surface elevation of
the subject well will give an approximate depth to the ““red beds” or Permian rocks.

Ground-Water Source, Occurrence, and Movement

The primary source of ground water to the Antlers is precipitation falling on its outcrop area or
indirectly as seepage from streamflow. Additionally, minor amounts of ground water may be

- 47 -



—




derived from interformational drainage from rocks of Fredericksburg age which may locally
overlie the Antlers and contain limited amounts of ground water. Only a small portion of the
precipitation which falls, however, actually reaches the water table (Figure 7).

Usable amounts of ground water occur over most of the two outcrop areas of the Antlers
Formation (Figure 5). The ground water within the Antlers occurs in the spaces between the
individual particles of sand, gravel, and clay. Except in areas where the Fredericksburg Group
overlies the Antlers Formation, ground water in the Antlers Formation is found primarily in the
basal sands and gravels where permeabilities are usually greater. In two known areas, one
northeast of the community of Rowden and the other just north and west of the community of
Denton, perched ground water is known to exist in the upper part of the Antlers Formation. In
these areas, there are two separate water levels present.

The upper surface of the water table is unconfined in almost all areas of the Antlers and
therefore is said to be under water-table conditions. In most areas, the water table is a short
distance above the basal sand and gravel.

Movement of ground water is down gradient, from the high to low elevations, at right angles
to the contours which denote the configuration of the water table. Ground-water movementis, in
general, toward the major streams or their tributaries.

In the Clyde-Oplin area dominant ground-water movement is to the northeast, east, and
southeast. Movement is also to the northwest and, locally, to the north and south away from the
ground-water highs and toward the surface drainage system.

In the Cross Plains area, dominant ground-water movement is southeast and south. Addi-
tionally, some movement is northward into the tributaries of streams which drain that area
(Figures 13 and 14).

Changes in Water Levels

A comparison of the water-table maps for the winter of 1940 (Figure 14)and for the winter of
1970-71 (Figure 13) shows water-level rises over almost all of the Clyde-Oplin area and the Cross
Plains area. In the Clyde-Oplin area, rises during the period ranged from 0.0 to 11.5 feet (0.0 to
3.561 m) in spring 30-44-404 and well 30-36-602. A slight decline of 1.3 feet (0.40m) was
recorded during this period in well 30-52-905. Since the area is one of very limited pumpage, one
of the water levels may not have been at static level when measured. In the Cross Plains area,
water levels rose from 0.02 foot (0.006 m) in well 30-54-303t0 9.1 feet (2.8 m)in well 30-63-201.
Locally, four wells 30-45-902, 30-46-702, 30-53-301, and 30-54-801 reflected declines of 2.1
(0.64), 1.2 (0.37), 1.8 (0.55), and 9.7 feet (3.00 m), respectively. The decline in well 30-54-801
could have been caused by measurement on a pumping level either in 1940 or on the recent
measurement. The reasons for the minor declines in the other three wells are unknown.

The hydrographs shown in Figure 15 are records of Antlers Formation water levels from 1940
through 1975. The hydrograph of well 30-55-502 is for the period 1966-75. The two wells with
long records both show a general upward trend in water levels with time. Figure 16 compares
seasonal water-level fluctuations in observation wells during the period September 1969 to
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January 1972 with precipitation at Baird. The hydrographs generally reflect water-level declines
due to pumpage and water-level increases following increased rainfall. Additionally, precipitation
records (Figure 3) and pumpage changes (Figure 11) are also reflected on the hydrographs of
Figure 15, suggesting a quick response to outside influences.

Clearing of much of the water-consuming vegetation (phreatophytes); improved farming
practices of terracing, contour plowing, and deep plowing; and general increase in rainfall since
1957 have all possibly been contributing factors to the general rise in water levels.

Recharge and Discharge

The source of all water in storage in the Antlers Formation, as well as the source of recharge,
is direct precipitation on its outcrop area. Recharge varies, regionally, with the volume and
frequency of precipitation. Other determining factors of recharge are the local permeability of the
surface or the nature of the soil mantle, the topography, and the kind and amount of vegetative
cover.

Recharge to the Antlers Formation is probably greatest within the county in the areas of
outcrop which are composed of loose, friable sand. These areas are highly permeable and usually
permit water to infiltrate the soil zone and percolate to the water table. When these localities
contain thick cover of oak and mesquite trees, much water is lost during the spring, summer, and
fall due to evapotranspiration as the trees derive their needed moisture from the saturated zone.
Some of the remaining soils on the Antlers outcrop are fairly tight. However, in areas where the
surface is nearly flat and the trees have been cleared, these soils are generally in cultivation.
Here, the farming practices of terracing, contour plowing, and deep plowing enable the soils to
catch and retain considerable precipitation, allowing some of it to percolate downward to the
water table.

Natural recharge rates and quantities are extremely difficult to determine and the reliability
of the estimates is often questionable. Data collected during this investigation were not sufficient
to determine a reliable estimate of recharge for the Antlers Formation. Therefore, recharge rates
developed by Department staff to evaluate the main Trinity Group aquifer of the North-Central
Texas area and the Edwards Plateau area near the Llano Uplift were used to estimate therecharge
to the Antlers (Texas Water Development Board, 1977).

Within the Brazos, Trinity, and Red River drainage basins, the annual effective recharge to
the Trinity Group aquifer was determined, for the most part, using the trough method. Utilizing
this method, the transmission capacity of the aquifer was calculated by assuming that water
levels were lowered along a line approximately parallel to the outcrop trend and to the top of the
aquifer where the top was 400 feet below the land surface. Using these limitations and provided
that sufficient water is available from precipitation, it was determined that approximately 1.5
percent of the average annual precipitation falling on the outcrop (effective recharge) can be
transmitted through the Trinity Group aquifer to supply the assumed withdrawals on a sustained
basis (Price, 1979).

Within and west of the main aquifer in the Brazos, Trinity, and Red River basins, as well asin

the Colorado River basin, are outliers of surficial deposits of sand, gravel, and limestone which
also contain usable quality ground water. These aquifers are also considered a part of the Trinity
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Group aquifer. These are located in Callahan, Coleman, Taylor, Runnels, Nolan, Mitchell, and
Coke Counties. The annual effective recharge for these areas was determined as follows.
Previously, an effective recharge rate of 1.58 percent of the average annual precipitation was
determined for the limestones of the Concho, San Saba, and north Llano River drainage basins.
This recharge rate was applied to those areas where the Antlers was overlain by limestone. In
areas where sandstone was present in the outcrop and was generally less permeable than the
limestone, the percentage for effective recharge was reduced to 1.5 percent of the average
annual precipitation (Muller and Price, 1979).

Although there are minor areas in which the Antlers Formation is overlain by limestone
(Fredericksburg Group) within Callahan County, these areas are considered insignificant and a
recharge rate of 1.5 percent of the average annual precipitation was applied to the entire
Cretaceous outcrop area (Figure 5). Using these data, the total annual effective recharge to the
Antlers Formation within Callahan County was estimated to be about 5,400 acre-feet (6.66 hm3).
Approximately 1,500 acre-feet/year (1.85 hm?3/yr) of this is available in the Brazos River basin
and about 3,900 acre-feet/year (4.81 hm3/yr) in the Colorado River basin. In the Clyde-Oplin
area, the estimated annual effective recharge is about 2,400 acre-feet (2.96 hm3)with about 640
acre-feet/year (0.789 hm?3/yr) being available in the Brazos River basin and about 1,760 acre-
feet/year (2.17 hm?/yr) available in the Colorado River basin. In the Cross Plains area, about
3,000 acre-feet (3.70 hm?3) is available annually as effective recharge with approximately 850 and
2,150 acre-feet (1.05 and 2.65 hm?3) being available annually in the Brazos and Colorado River
basins, respectively.

Within Callahan County, natural discharge of ground water is through the many springs or
seeps which flow into the tributaries of streams which make up the major drainage system of the
county (Figure 5). Most of these streams are wet-weather streams only. Some springs discharge
ground water directly into the numerous livestock tanks which surround the outcrop of the
Antlers Formation (Figure 5). Ground water discharge is in the same direction as the ground-
water movement described in a previous section of this report. Some natural discharge from the
Antlers is most probably lost to the underlying Permian beds through interformational drainage.
Some alluvial deposits along the major streams are probably recharged by waters discharging
from the Antlers. The numerous wells located on the principal outcrops of the Antlers constitute
many points of artificial discharge. The amount of ground water naturally discharging from the
Antlers is unknown.

Chemical Quality

During this and previous investigations, 308 water samples were collected for chemical
analysis from wells, springs, and test holes yielding ground water from the Antlers Formation. A
tabulation of these analyses is shown in Table 7 with their locations shown on Figure 22.

For the most part, ground waters derived from the Antlers are of good chemical quality. The
majority of samples collected from the aquifer were low in dissolved solids. However, based on
the range in dissolved solids, the water would be classed as fresh tovery saline. Analyses indicate
wide variations in the range of principal chemical constituents in the water. Usually, ground
waters obtained from this aquifer contained excessive hardness and, locally, some were high in
dissolved iron content. Chloride, sulfate, fluoride, and nitrate concentrations were within recom-
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mended limits in the majority of the samples. Additionally, most ground water was suitable for the
irrigation of all crops normally grown within the county.

Dissolved-solids contents of fresh to very saline ground waters collected from the Antlers
ranged from 134 to 16,923 mg/|I. The following table shows a breakdown of the various ranges of
dissolved solids.

Range in

dissolved Number Percent
solids of of total
(mg/1) analyses analyses

500 or less 139 45

501 to 1,000 110 36

1,001 to 2,000 47 15

2,001 to 3,000 7 2

over 3,000 5 2

Eighty-one percent of the samples collected contained less than 1,000 mg/| dissolved solids
and 17 percent contained water which ranged from 1,001 to 3,000 mg/| dissolved solids which
would be termed slightly saline in quality. Up to 1,000 mg/| dissolved-solids content is permitted
for public supplies (Texas Department of Health, 1977). This is also the suggested upper limit for
domestic use; however, waters with higher dissolved-solids content than this have been used for
extended periods of time without any apparent ill effects. Normally, ground waters containing
greater than 2,000 mg/| are not recommended for drinking purposes.

Concentration ranges of the principal chemical constituents, exclusive of obviously contami-
nated waters, found in ground waters of the Antlers Formation are as follows:

Constituent Range (mg/l)
Iron 0.0to 4.8
Calcium 13 to 435
Magnesium 2 to 234
Sodium 3 to 650
Potassium <1 to 32
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Constituent Range (mg/I)

Bicarbonate 30 to 840
Sulfate 3 to 560
Chloride 2 to 1,050
Fluoride < .1to 5.3
Nitrate < 4to 135

It is apparent from these ranges that the quality of Antlers ground water is fairly variable.
However, the waters are usually of much better quality than the quality of water found in younger
Recent alluvium or older Permian rocks (Table 7).

Ground waters collected from the Antlers Formation had total hardness values ranging from
89 t0 6,510 mg/I. Three samples (1 percent) contained 61 to 120 mg/| and, therefore, would be
classed as moderately hard. Eight samples (3 percent) ranged from 121 to 180 mg/| and are
classified as hard water. The remainder of the samples, or 96 percent of the total, are classified as
very hard water.

Iron in comparatively small amounts is derived primarily from the soils and sediments
through which the water passes. Upon exposure to air, water containing only a small amount of
iron leaves a reddish residue or stain. For this reason, ground waters containing excessive
amounts of iron (greater than 0.3 mg/l) are objectionable for domestic and some industrial uses.
The iron content was determined on 15 samples collected from the Antlers and ranged from 0.00
to 4.8 mg/|. A total of 13 samples, or 87 percent, contained iron within the recommended limits.

When either chloride or sulfate concentrations are present in amounts above the recom-
mended upper limit of 300 mg/|, ground waters taste either “salty’’ or “gyppy”’, respectively.
Chloride concentration of Antlers ground water ranged from 2 to 10,500 mg/| with 88 percent of
308 samples collected containing less than the recommended upper limit. The range in sulfate
content was from 3 to 1,450 mg/I. Ninety-four percent of the 308 samples analyzed contained
less than the recommended upper limit.

Fluoride content of ground waters collected from the Antlers Formation ranged from less
than 0.1 to 5.3 mg/|. Based on an annual average maximum daily air temperature within the
county, which varies from 76.2 to 78.2 °F (24.6 to 25.7 °C), the maximum recommended upper
limit for fluoride would be 1.6 mg/I. Atotal of 271 of 305 samples collected (92 percent)contained
less than the recommended upper limit.

Consumption of ground water containing excessive nitrate can have harmful effects on both
humans and livestock. Adult humans can tolerate much more nitrate in drinking water than
babies, but prolonged illness and even death can occur when the nitrate concentration is high
enough and the water is consumed over a long enough period of time. Burden (1961) concluded
that the average lethal dose for a 140-pound adult is between 80 and 300 milligrams of nitrate per
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kilogram (2.205 pounds) of body weight. Maximum recommended limits for nitrate for humansis
an upper limit of 45 mg/I, and the upper limit for livestock water is 220 mg/|; however, there
should be concern for animals when the nitrate content reaches 100 mg/| (Texas Department of
Health, 1977 and Burden, 1961).

Out of a total of 308 Antlers water samples collected, 28 samples or 9 percent contained
nitrate in excess of the recommended upper limit of 45 mg/I (Table 7). The nitrate contentin all of
the samples ranged from less than 0.4 to 1,050 mg/I.

Many of the well waters that contain excessive amounts of nitrate are possibly contaminated
due to the effects of sewage from nearby septic tanks or animal wastes from barnyards. This
would account not only for high concentrations of nitrate but would also be an explanation for part
of the increase in chloride concentration as the two are associated (Hem, 1959, p. 118).

Boron, necessary for crop growth, is not known to affect the use of water for purposes other
than irrigation. Excessive amounts of boron are highly toxic to plants and render water unsuitable
for irrigation. A boron concentration as high as 1.0 mg/| is permissible for irrigation of sensitive
crops such as deciduous fruit and nut trees; as high as 2.0 mg/I for semi-tolerant crops such as
most small grains, cotton, potatoes, and other vegetables; and as high as 3.0 mg/| for tolerant
crops such as alfalfa and most root vegetables. The boron content of 204 samples from selected
wells in the Antlers Formation ranged from 0.04 to 2.2 mg/|. A tabulation of the boron content of
Antlers waters follows:

Range in boron Number of Percent of
content (mg/I) analyses total analyses
Oto1.0 202 99
111020 1 5
211030 1 5
over 3.0 0 0

Main crops grown in Callahan County are peanuts, small grains, and pecans. Pecans are a
sensitive crop and can tolerate a boron content upto 1.0 mg/I. Grains are semi-tolerant crops and
can stand boron content up to 2.0 mg/|. Peanuts are classed as a tolerantcrop and they can stand
a boron content up to 3.0 mg/Il. Therefore, most irrigation waters pumped from the Antlers
Formation can be used without concern for toxicity due to boron.

A widely used system for determining the quality of irrigation waters is shown in Figure 10

and is based on the salinity hazard as measured by the specific conductance and the sodium
(alkali) hazard as measured by the SAR (U.S. Salinity Laboratory Staff, 1954, p. 69 - 82). Plots of
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Figure 17.—Classification of Antlers Formation carbonate, being less soluble than sodium
Water Used for Irrigation carbonate, may precipitate with drying. This

precipitation results in an increase in the pro-
portion of sodium in solution. The bicarbonate ion is the source of carbonate which makes the
precipitation possible. Conditions favoring precipitation and the extent to which calcium and
magnesium carbonates will precipitate are not fully understood. However, waters containing
1.25 to 2.5 me/I (milliequivalents per liter) of residual sodium carbonate (RSC) are considered
marginal and those containing greater than 2.5 me/| probably are unsafe for irrigation use. The
equation for calculating RSC is contained in Table 2, and RSC values for ground waters in
Callahan County are shown in Table 7. A total of 293 samples out of 302 considered or 97 percent
contained less than 1.25 me/| and, therefore, almost all of the sampled wells pumping from the
Antlers produce waters which are satisfactory for irrigation insofar as the RSC is concerned.

Historical Changes in Water Quality

The quality of water derived from the Antlers in Callahan County, as well as from other
water-bearing units, varies greatly (Table 7 and Figure 9). Even with this exhibited wide range in
quality, some of the waters sampled during this study appear to have been altered. Both natural
and artificial means contribute to the alteration of the chemical quality of ground water.

Natural alteration occurs when water dissolves minerals from the rocks through which it
percolates or over which it flows. In Callahan County natural alteration is evidenced by locally
high concentrations of calcium and magnesium. Many wells also yield water extremely high in
bicarbonate. These constituents are probably derived from dolomites and limestones which are
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present in rocks of Cretaceous age within the county. Ground waters found in Permian undiffer-
entiated and Quaternary or Recent alluvium also contain high concentrations of the above
constituents which suggests that much of the waters found in these aquifers may have been
derived from the Antlers Formation.

Artificial alteration of ground-water quality may be by biological or chemical means. The
positioning of wells near, or downslope from, septic tanks and livestock feedlots or barnyards may
result in biological contamination. The presence of an abnormally high nitrate concentration in
the water locally is usually suggestive of biological contamination.

Alteration of ground water by chemical means may be associated with the production of oil
and gas, or may result from improperly constructed industrial waste-disposal wells. Produced
brines as a potential source of ground-water contamination will be discussed in a later section of
this report. The locations of several wells and springs which show evidence of possible brine
contamination are shown on Figure 21.

Figure 18 contains a series of radial-pattern diagrams which illustrate the relative concentra-
tions of dissolved minerals in native ground water, in water from selected apparently contami-
nated wells, and in a typical oil-field brine which was produced with oil or gas ata nearby location.
The percent of each major chemical constituent—calcium (Ca), magnesium (Mg), chloride (Cl),
sodium (Na), potassium (K), sulfate (S0s4), and bicarbonate (HCO3)—is plotted on radial coordinates
and the plots connected. The shape of the patterns thus illustrates the similarities and differences
between the chemical analyses. The similarity of the plots on native ground water should be
noted. This suggests that much of the ground water present in the minor aquifers may have been
derived from discharge from the Antlers Formation. Although several indications of apparent
contamination are still evident in Callahan County, efforts have been and are being made by the
Texas Railroad Commission and the many petroleum operators to eliminate contamination of the
surface water, soil, and ground water by oil-field brines and hydrocarbons.

Changes in native-quality water have occurred in some areas underlain by the Antlers
Formation. Historical quality data, when present, are included in Table 7 to indicate the location
and the amount of change which has occurred. A total of 52 wells or springs sampledfor chemical
analysis in earlier investigations were resampled during this investigation. Forty-four of these
derived their ground waters from the Antlers. Considering only the Antlers samples, 16 of the
recent samples showed essentially no change in chemical quality, and 16 exhibited improvement
in overall quality. Nine samples showed only slight to moderate deterioration, and three exhibited
significant worsening of quality.

Many wells contain water in which the nitrate concentrations are greater than the upper limit
recommended for drinking purposes (Table 7 and Figure 22). Several Antlers wells are also
thought to have been altered due to the presence of oil-field brines as the ground water contained
an abnormally high content of chloride and dissolved solids, as well as sodium (Table 7, Figures 18
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and 22). The dissolved solids, chloride, and nitrate content of apparently contaminated water from
35 wells and 3 springs producing from the Antlers are as follows:

Well

Dissolved solids
(mg/1)

30-36-603

611

810

933

37-406

509

705

740

815

44-102

205

301

401

503

504

601

702

9203

45-901

46-703

801

(Spring)

(Spring)

(Spring)

688
1,611
2,250
8,660
1,326

16,923
1,895
1,481
1,084
2,034
2,056

671

693
1,146
1,969
2,210

721
1,667
1,776

359

2,717

- 87 -

Chloride Nitrate
(mg/1) (mg/I)
89 84
371 284
860 14
3,910 < 4
196 446
10,500 < 4
620 12
580 & 4
281 135
830 85
1,050 31
67 104
76 104
246 227
550 1.5
1,020 18
99 52
420 < 20
730 < B
37 62
970 1,050



Dissolved solids Chloride Nitrate

Well (mg/1) (mg/I) (mg/1)
30-47-701 904 130 242
52-702 1,222 373 113
902 2,361 940 39
54-102 2,873 1,050 < 4
204 2,109 600 121
605 482 58 108
611 2,287 930 35
55-302 652 45 189
801 1,225 236 311
803 3,105 1,490 < 4
804 1,090 264 80
806 4,097 1,690 22
927 733 69 168
63-311 2,656 890 32
312 734 132 144
313 771 100 183
607 1,902 800 12

Ground Water Available for Development

Several hydrologic and economic factors determine the amount of water available for devel-
opment from the Antlers Formation in the county. The major hydrologic factors are the volume of
water in storage, the rate of recharge to the aquifer, and the ability of the aquifer to transmit
water. The main economic factors are the number and cost of wells required to produce the
maximum amount of water.

The amount of water in storage within the Antlers Formation is determined by the aerial
extent of the water-bearing unit, its saturated thickness, and its porosity.
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As has been previously stated, the Antlers Formation occurs within the county as two
separate deposits which are located in the Clyde-Oplin and Cross Plains areas (Figure 5). These
two developments currently support irrigation and municipal pumpage and have potential for
limited additional development.

In order to evaluate the future availability of Antlers ground water in Callahan County, a
saturated thickness map (Figure 19) was prepared from information shown on the water-table
map of the Antlers Formation for the winter of 1970-71 (Figure 13) and the contour map of the
base of the Antlers Formation (Figure 12). The total volume of saturated deposits in both the
Clyde-Oplin and the Cross Plains areas was computed to be about 4.18 million acre-feet (5,155
hm?3) with about 1.36 million (1,675) and 2.82 million acre-feet (3,479 hm?3) being present in the
Clyde-Oplin and Cross Plains areas, respectively. The greatest saturated thickness is present in
the Cross Plains area where it reaches an estimated 90 feet (27 m) in an area about 3 miles (4.8
km) northeast of the community of Rowden (Figure 19). There are several other localities in the
Cross Plains area where the Antlers has saturated thicknesses which reach or exceed 50 feet(15
m). Withinthe Clyde-Oplin area, saturated thicknesses are much less. Over most of the area, they
are usually on the order of 40 feet(12 m) or less. An exceptionto this isinan area west-southwest
of the community of Denton and near the Taylor County line where the saturated thickness
reaches a maximum of about 75 feet (23 m).

Hydrologic and physical properties of the rocks and soils of the Antlers Formation in
Callahan County were estimated using stratigraphic tests and drillers’ logs compiled for this study
together with data derived from previous ground-water studies relating to the Antlers and the
Trinity Group. These data indicated that the average specific yield (coefficient of storage since the
aquifer is under water-table conditions) of the Antlers is about 20 percent. If this average specific
yield is representative, then only about 836,100 acre-feet (1,031 hm?3) is theoretically available
from storage in both areas of Antlers outcrop within the county. About 271,800 acre-feet (335
hm3) is available in the Clyde-Oplin area and about 564,300 acre-feet (696 hm?3)is available inthe
Cross Plains area. To dewater these areas completely would be impractical because the yields of
wells fall off rapidly as the saturated thickness of the aquifer is greatly reduced. It also would
require constant year-round pumpage. This is not economically feasible, nor is there a need for
the water during the fall and winter months. Therefore, if it becomes necessary to dewater the
aquifer, the realisticamount which can be recovered from storage is approximately 75 percent of
the amount available from storage or about 627,100 acre-feet (773.2 hm3)in the outcrop areas of
the Antlers within the county. This would amount to about 203,800 acre-feet(251.3 hm3)in the
Clyde-Oplin area and about 423,300 acre-feet (621.9 hm?) in the Cross Plains area.

The amount of water that can theoretically be developed annually is limited by the amount of
effective recharge to the aquifer. During years of drought, discharge can exceedrecharge with the
deficit being pumped from storage. This condition can exist only temporarily, or until the supply in
storage is exhausted. Fortunately droughts are eventually interrupted by years in which precipita-
tion is normal or above normal. During periods in which recharge exceeds discharge, ground
water previously removed from storage is partly or completely replaced.

As discussed in a previous section of this report, the total annual effective recharge to the
Antlers in Callahan County was estimated to be about 5,400 acre-feet per year (6.66 hm3/yr).
Theoretically, this amount would be available annually for development by wells. However, it
would be impractical to intercept all of this water. To do this would require capture by wells of all
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natural discharge. Natural discharge, in part, supports vegetation growth and streamflow. It is
possible to capture enough of this discharge during the summer months, however, to reduce all of
local streamflow.

The largest use of ground water in Callahan County is for irrigation (Figure 11), which is
confined mainly to the spring and summer months. Year-round pumping for this purpose is both
uneconomical and unnecessary. During the fall and winter months much natural discharge
would not be captured. However, it does not seem unreasonable to assume that half of the annual
effective recharge to an aquifer can be economically captured on an annual basis. If this assump-
tion is correct, then approximately 2,700 acre-feet (3.33 hm?) could be economically captured
annually by pumping wells. In 1978, an estimated 1,900 acre-feet (2.34 hm?) was pumped for all
uses within the county. Thus, approximately 800 acre-feet per year (0.986 hm3/yr) of additional
ground water could be realistically developed from the Antlers Formation within the county.

Even though additional amounts of water could be developed from the Antlers in Callahan
County under conditions existing at the time of this study, maximum development would require
numerous low-capacity wells. The saturated part of the formation is relatively thin over much of
the area (Figure 19), and in these areas, the formation will not produce large quantities of water
from single wells. Only in the areas of thickest saturation should wells be expected to produce
larger volumes.

Many areas of the Antlers have a very limited areal extent as well as very little saturated
thickness. This is especially true in the northern part of the Clyde-Oplin area. During prolonged
drought with reduced recharge and declining water levels due to the inability of the aquifer to
transmit large volumes of water, well yields may decline and, if the drought is of very long
duration, wells may fail. This would normally be expected to occur first in the areas with less
saturated thickness (Figure 19).

Possible Areas of Future Development

Generally, the most desirable areas for development of ground-water supply fromthe Antlers
coincide with those areas of greatest saturated thickness (Figure 19). In these areas, the basal
sands and gravels which are thickest and most permeable are generally associated with the
structural lows or “valleys” in the erosional surface upon which the Antlers was deposited
(Figure 12). The most promising areas for futureirrigation or municipal development are generally
those in which the saturated thickness exceeds 30 feet (9 m), although reliable irrigation wells
have been developed in areas having less than this amount. In times of drought, excessive
pumping may result in failure of wells having a thin saturated thickness. Within Callahan County,
the Cross Plains area has greater possibilities for future irrigation or municipal development since
greater saturated thicknesses are present. Locations inthe Clyde-Oplin area could be selectively
chosen, however.

Therefore, when selecting sites for future irrigation or municipal wells, Figures 22 and 19
should be used to select areas of greater saturated thickness and limited well development. Less
care is required for selecting sites for domestic and livestock wells, but it is advisable to drill
through the entire section of the Antlers Formation at a location having the greatest saturated
thickness.
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Other Water-Bearing Units

In addition to the primary aquifer, minor amounts of ground water also occur in Permian rocks
and in Recent alluvium of Quaternary age.

The amounts of ground water used from these hydrologic units, as well as that available for
possible future development, is considered to be small and insignificant. Well yields are also of
questionable reliability. Ground water derived from these sources is known to be used for
domestic or livestock purposes only.

Permian Rocks Undifferentiated

As previously stated, hydrologic units yielding only minor amounts of ground water from this
system were collectively considered tp be producing from the Permian rocks undifferentiated
aquifer. The geologic characteristics of this aquifer are discussed in a previous section entitled
“Geology as Related to the Occurrence of Ground Water.”

Only 14 wells and 3 springs which yielded water from this hydrologic unit were inventoried
during this study. These amounted to about 3 percent of the total number of wells and springs
inventoried (Table 7 and Figure 22).

Extent of the Aquifer

Permian rocks crop out over most of the surface area of Callahan County (Figure 5). Two
separate outcrops of the Cretaceous Antlers Formation cover a fairly extensive area of the
Permian. Additionally, insignificant deposits of Recent alluvium, found along the tributaries of the
major drainage system, also cover small areas of its surface. Individual members of the aquifer
which dip west-northwest at approximately 40 feet per mile (7.6 m/km), crop out in belts of
various widths trending in a northeast-southwest direction (Figures 23, 24, and 25).

Ground-Water Source, Occurrence, and Movement

Ground water found in Permian rocks is derived mainly by the infiltration of stream runoff,
precipitation on the outcrop, and by limited interformational leakage from water-bearing deposits
of Quaternary and Cretaceous age which overlie the individual limestone units. Precipitation is
probably the major source of ground water found in the few sandstone members.

Occurrences of ground water in this hydrologic unit are believed to be confined to local zones
of permeability in fractures and solution channels at or near the outcrop. The areas most favorable
for well development are near the major streams and their tributaries.

Water present in Permian rocks is generally thought to be under water-table conditions.
However, in some remote cases, there may be ground water under artesian conditions. The
movement of ground water within the aquifer is downdip and toward discharge areas. Natural
discharge areas are unknown. Several domestic and livestock wells are pumping from this aquifer
and some movement is toward these areas of discharge.
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Changes in Water Levels

Limited historical data are available on the Permian rocks undifferentiated aquifer concern-
ing water-level fluctuations. However, six wells completed in various members of the hydrologic
unit were measured in the spring and fall of 1940 and again in the spring of 1971. Five wells
exhibited a net rise in water level during this period, ranging from 2.57 feet (0.78 m) in well
30-61-201 to 16.37 feet (4.99 m) in well 30-46-401. This was an average annual rise in water
level of 0.08 foot (0.02 m) and 0.54 foot (0.16 m), respectively. One well (30-54-403) reflected a
net decline in water level of 3.26 feet (0.99 m) or 0.11 foot per year (0.03 m/yr) during this same
period (Table 5).

Recharge and Discharge

Recharge to the Permian rocks undifferentiated aquifer is dependent on rainfall. Much of the
recharge is from streams which cross the aquifer’s individual units. Interformational leakage
from Cretaceous and Quaternary deposits overlying the Permian rocks provides additional
recharge. Precipitation falling directly on the very limited outcrop of the individual units of the
aquifer provides some recharge. Information is lacking to provide an estimate of the amount of
recharge; however, it has exceeded discharge as reflected by the net rise in water levels since
1940 in five of six wells (Table b).

Only two areas of natural discharge from this aquifer are known. These are springs 30-44-
308 and 30-53-101 which were flowing an estimated 1 and 8 gal/min (0.063 and 0.505 1/s),
respectively. Undoubtedly, there are other unknown areas of natural discharge. Artificial dis-
charge is through the limited number of wells which pump from the aquifer.

Chemical Quality

Twenty-one representative samples of ground water from Permian rocks were collected for
chemical analysis during this and previous investigations. These samples were collected from 13
selected wells, 1 test hole, and 3 springs located within the county. Only limited amounts of
ground water are available from the individual members which make up this hydrologic unit. The
water quality is variable, and the wells are scattered throughout the county. The dissolved-solids
content of the samples ranged from 149 to 39,500 mg/| and the waters are classed as fresh to
brine. The following table shows the number of analyses within certain ranges of dissolved-solids
content:

Range in
dissolved- Number Percent
solids of of total
(mg/1) analyses _analyses
500 or less 7 33
501 to 1,000 7 33

o TG =



Range in

dissolved- Number Percent

solids of of total

(mg/1) analyses analyses
1,001 to 2,000 b 24
2,001 to 3,000 5
over 3,000 b

Variations in the chemical quality are reflected in the concentrations of some of the principal
chemical constituents found inthe samples. Sulfate concentrations ranged from 6 to 3,960 mg/I|
and chloride from 11 to 21,900 mg/|I. In both cases, 81 percent of the samples contained less
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than 300 mg/I. Fluoride content ranged from
0.1 to 2.0 mg/I with 95 percent of the samples
being below the recommended upper limit of
1.6 mg/|. Nitrate ranged from less than 0.4 to
480 mg/| with 38 percent of the samples con-
taining above the maximum recommended
value of 45 mg/|. Total hardness ranged from
116 to 15,600 mg/l, and 95 percent of the
samples contained ground waters which were
classed as very hard. For concentrations of the
above constituents in individual wells, as well
as other constituents, consult Table 7.

Even though the quantity of ground water
in Permian beds is believed to be inadequate
for irrigation purposes, the water is of suitable
quality for such use. Figure 20 gives the
classes of the waters, Table 3 describes the
classes and restrictions, and Table 2 contains
other chemical parameters used to determine
the suitability of ground waters for irrigation.

Recent Alluvium

The Recent alluvium of Quaternary age is
a fairly reliable source of minor amounts of

ground water for domestic and livestock purposes. The alluvial deposits are found in the flood-
plains of the major tributaries of streams which make up the surface drainage system of Callahan
County. The “Geology as Related to the Occurrence of Ground Water” section of this report
discusses the geologic characteristics and extent of the aquifer.

A total of eight wells and three springs, or about 2 percent of the wells and springs which
were inventoried during this study, produced ground water from this aquifer.
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Ground-Water Source, Occurrence, and Movement

The source of the ground water is precipitation that falls directly on the alluvium outcrop and
discharge from other water-bearing units into the alluvial deposits along the streams. Principal
occurrences of ground-water supplies in the alluvial deposits are usually found near the major
streams. Movement of the ground water found in Recent alluvium is usually toward the main
stream channel where it is discharged.

Changes in Water Levels

Generally, water-level fluctuations within the Recent alluvium vary greatly with rainfall and
with the rise and fall of water in the streams. During periods of runoff following rainfall, a
temporary rise in the water level occurs due to seepage from the stream into the aquifer.
However, when the runoff has passed, the water level in the stream is again below that in the
aquifer and the water flows back into the stream.

A total of five wells provided historical data regarding possible water-level changes in the
Recent alluvium. These were measured during the spring and fall of 1940 and again in the winter
of 1970 and the spring of 1971. Four of the wells exhibited a net rise in water level during this
period, ranging from 0.85 foot (0.26 m) in well 30-47-906 to 4.60 feet(1.40 m)inwell 30-63-209.
The average annual rise in water level inthese wells was 0.03 foot(0.01 m)and 0.15 foot (0.05 m),
respectively. Well 30-63-103 reflected a net decline in water level of 2.12 feet (0.65 m) or 0.07
foot per year (0.02 m/yr) during this same period (Table 5).

Recharge and Discharge

Recharge to the Recent alluvium is partly from stream runoff and flooding which results from
precipitation upstream. Recharging from stream runoff is usually temporary since most of this
recharge is bank storage only and the water flows back into the streams after the runoff recedes.
However, during flooding, water often covers the entire floodplain, and at this time considerable
recharge takes place. Much recharge also is received by seepage from the Antlers Formation
which occasionally is in direct contact with the Recent alluvium (Figure 5). Data are not available
to estimate the amount of annual effective recharge.

Natural discharge from the Recent alluvium is directly into the mainchannels of the tributar-
ies of the major streams within the county. Three Recent alluvium springs were located and
inventoried during this investigation. Many areas of natural discharge were undoubtedly not
located; however, the three springs had estimated flows of 3 (0.189), 5 (0.315), and 10 gal/min
(0.631 I/s). The limited number of wells which pump from the Recent alluvium provide artificial
discharge from the aquifer.

Chemical Quality

Eight wells and three springs were located which produce or have produced water of usable
quality from the Recent alluvium in Callahan County. Eight water samples were collected during
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this or previous studies on four wells and two springs. The results of these analyses are tabulated
in Table 7.

Water from wells or springs deriving their water from Recent alluvium is of much poorer
quality than that found in other water-bearing units of the county. The range in the dissolved-
solids content of water collected during this and previous studies was from 370 to 9,200 mg/I.
These waters would be classed as fresh to moderately saline. Only 25 percent of the samples
contained 1,000 mg/| or less. The number of samples falling within various ranges are shown as
follows:

Range in
dissolved- Number Percent
solids of of total
(mg/I) analyses analyses
500 or less 1 125
501 to 1,000 1 125
1,001 to 2,000 1 125
2,001 to 3,000 2 25
over 3,000 3 37.5

Ranges in concentration of the major chemical constituents which follow reflect the wide
variations in the chemical quality of Recent alluvium ground waters:

Constituent Range (mg/l)
Calcium 130 to 1,150
Magnesium 30 to 497
Sodium 89 t01,810
Bicarbonate 194 to 476
Sulfate < 10 to1,450
Chloride 28 105,700
Fluoride 3 to 1.7
Nitrate < 4t0 136
Total hardness 293 104,270
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The quality of Recent alluvium ground waters can be generally summarized as follows.
Thirty-eight percent of the samples contained greater than 300 mg/| sulfate and 62 percent
contained greater than 300 mg/I chloride. These samples would have “gyppy” or “salty’’ tastes,
respectively. Fourteen percent of the samples contained both fluoride and nitrate above the
recommended limits of 1.6 and 45 mg/|, respectively. Water from all of the samples would be
classed as very hard.

Chemical analyses of four water samples collected from wells developed in the Recent
alluvium were available for use in determining its suitability for irrigation; however, only two
samples were within the limits of salinity and sodium hazards shown on Figure 20. These two
samples fall within salinity hazard classes C3 and C4 and sodium hazard class S2. The impor-
tance of these classes is shown on Table 3. The Recent alluvium does not contain sufficient
volumes of ground water to permit large-scale irrigation.

SURFACE-CASING RECOMMENDATIONS FOR
WATER-QUALITY PROTECTION

The Texas Department of Water Resources provides recommendations to oil and gas opera-
tors and the Railroad Commission of Texas concerning the depth to which usable quality ground
water should be protected in drilling for oil and gas. The authority for participation by the
Department in this surface-casing program is derived from rules promulgated by the Railroad
Commission under authority given that agency by statutes dealing with the regulation of drilling
and production activities of the petroleum industry.

Statewide Rule 13 of the Railroad Commission of Texas requires that operators obtain a letter
from the Texas Department of Water Resources recommending the depth to which fresh-water
strata should be protected when drilling for oil or gas if the lease or area is not covered by field
rules or lease recommendations. The Railroad Commission’s Rule 8 requires that all fresh-water
strata be protected in drilling, plugging, or production activities.

In carrying out its duties under Rule 13, the Texas Department of Water Resources maintains
technical data files, upon which to base fresh-water protection recommendations in all areas of
the State, and for preparing these recommendations for operators contemplating drilling oil or gas
tests. The depth to which ground water of usable quality should be protected, which is recom-
mended in a given area, is based on all pertinent information available to the surface-casing
program staff at the time the recommendation is given. Recommended depths in any one area
may, therefore, be revised from time to time as additional subsurface information becomes
available.

Known depths of wells producing usable water, or depths of wells which formerly produced
water of usable quality, such as domestic, municipal, industrial, livestock, or irrigation wells, are
of primary importance in determining the depth of usable water. Electric or gamma-ray neutron
logs run on oil and gas tests are used in many areas to determine the depth to the base of usable
guality ground water. Surface elevation is given special consideration when arecommendation is
given in an area that has moderate to high surface relief, as is common to portions of Callahan
County. This consideration is imperative when the slope of the land surface does not conform to
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the dip of the underlying rocks because of the danger that poor quality water will cause contami-
nation of surface and ground water by moving along the dip of the beds to fresh-water zones or to
points of discharge in stream channels. This information is interpreted in the light of available
knowledge of the geology and ground-water hydrology available in the area involved.

PRODUCTION AND DISPOSAL OF OIL-FIELD BRINE

Areas of Disposal, Disposal Methods, and Quantities

In 1962, and again in 1968, the Railroad Commission of Texas and the Texas Department of
Water Resources or its predecessor agencies cooperated in the statewide collection and tabula-
tion of information submitted by oil and gas operators concerning the 1961 and 1967 oil-field
brine production and the methods used for its disposal. Figure 21 delineates the areas of disposal,
quantities of brine disposal, and methods of disposal within the county. The areas of disposal,
listed numerically 1 through 27 on Figure 21, were determined by outlining the areas of greatest
concentration of producing oil and gas wells. No attempt is made to separate the individual oil or
gas fields; however, care was taken not to include parts of a field in more than one area. Statistics
on brine disposal for individual oil and gas fields for the years 1961 and 1967 are tabulated in
Table 8 by area.

Brine is disposed by injection, surface pits, or miscellaneous methods. Waters disposed by
injection are placed into the subsurface through the salt-water injection wells of a waterflood
operation, through salt-water disposal wells, or those injected into a non-producing subsurface
zone of a presently producing oil well. Waters listed under pits are those which are placed into
open surface disposal pits. Waters listed under miscellaneous disposal are those which are
disposed of by any other method, mainly through hauling by trucks to salt-water disposal or
waterflood injection wells in other areas.

As of January 1, 1968, disposal of brine into pits had been discontinuedin areas 1 through 5,
7.8, 10 through 15, 17, 18, 20 through 24, 26, and 27. Disposal into pits had been drastically
reduced in all other areas except areas 16 and 19 where considerable amounts were still being
disposed of by this method (Table 8).

The alternate method of disposal, in most cases, has been by injection. A comparison of the
volume and methods of disposal in 1961 and 1967 shows that total brine production in the county
has increased but the total quantity of brine disposal in surface pits has decreased (Table 8). The
total brine production in Callahan County in 1961 was about 5.52 million barrels (887,700 m?3)
compared to over 8.74 million barrels (1.39 million m3) producedin 1967. The amount disposed of
in pits during 1961 was about 237,500 barrels (37,760 m?3) or 4.30 percent of the total as
compared to almost 13,500 barrels (2,146 m?) or 0.15 percent of the total in 1967. Disposal by
injection into wells in 1961 was about 5.28 million barrels (839,600 m3) or 95.67 percent and in
1967 was about 8.73 million barrels (1.39 million m3) or 99.84 percent. Miscellaneous disposal in
1961 and 1967 was 1,664 barrels (264.6 m?® and 183 barrels (29.1 m?), respectively. This was
0.03 percent of the total in 1961 and 0.01 percent of the total in 1967. For a comparison of the
various methods of disposal, area by area and field by field, for 1961 and 1967 consult Figure 21
and Table 8.
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Chemical Quality of Produced Brines

Table 9 is a tabulation of the chemical analyses of some oil-field brines in Callahan County.
The brines have, for the most part, the same ions present that are present in water from wells
used for municipal, industrial, irrigation, and livestock supplies. However, the calcium, chloride,
magnesium, and sodium ions are present in much greater concentrations in the brines. The
content of dissolved solids is also much higher in the brines, ranging from 60,500 to 195,000
ppm. The concentrations of various ions in the tabulated brines range as follows:

Calcium (Ca) 1,700 to 15,100 ppm
Chloride (CI) 33,800 to 109,000 ppm
Magnesium (Mg) 352to 2,856 ppm
Sodium (Na) 20,010 to 49,400 ppm

Produced Brine as a Potential Source of Ground-Water Contamination

Ground water is often subjected to contamination from various sources, and a major poten-
tial source of contamination is the improper disposal of oil-field brines. Prior to the advent of the
statewide no-pit order, instigated by the Texas Railroad Commission, and which became effective
on January 1, 1969, there was possibly considerable ground-water pollution caused by the
disposal of produced brines in open, unlined surface-disposal pits. Even though much evapora-
tion took place in these pits, if soil conditions were conducive, there was considerable percolation
or seepage of these brines downward, to the water table, resulting in the contamination of the
native ground water. Occasional overflow of brines from these surface pits may also have
contaminated surface waters. When these brines mix with native ground water, there is usually a
marked increase in the concentrations of chloride and sodium ions in the ground water. These
increases are reflected in the analyses of some of the waters in Callahan County (Table 7). Figure
21 depicts the location of wells in Callahan County which are apparently contaminated.

Contamination may also result when there is leakage from old, abandoned and improperly
plugged oil tests, or from improperly cased producing oil wells. In cases such as these, the brines
may move up the bore holes of improperly plugged or cased wells into the shallow fresh-water
zones, due to both natural pressure in the brine-producing formations and the pressure created by
secondary recovery injection operations. The Texas Railroad Commission now has limited funds
available for plugging abandoned oil and gas wells or tests which may be leaking brines to the
surface or subsurface. Much work has been done by the Texas Railroad Commission and oil
operators to alleviate contamination problems resulting from brine produced with oil and gas.

SUMMARY AND CONCLUSIONS

Within Callahan County, the primary aquifer is the Antlers Formation of Cretaceous age. Its
major development covers an area of approximately 280 square miles (725 km?) which is located
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in the western and southwestern parts of the county (Figure 5). This water-bearing unit yields
smallto moderate quantities of usable-quality ground water which generally varies from fresh to
slightly saline. However, in local areas, moderate to very saline ground waters were also located
(Table 7). A total of 94 percent of all wells and springs inventoried during this study derived their
ground waters from this aquifer.

Some individual members and formations of Permian age, collectively called the Permian
rocks undifferentiated aquifer, alsocontain small supplies of ground water. Well yields from these
zones are of questionable reliability. The quality of ground water collected from this aquifer
ranges from fresh to brine. These waters are used for domestic and livestock purposes only.

Surficial Quaternary floodplain and terrace deposits (Recent alluvium aquifer), found along
streams and their tributaries, also provide small quantities of fresh to moderately saline ground
waters. These waters are also used for domestic and livestock purposes only.

During 1978, approximately 1,900 acre-feet (2.34 hm?3) of ground water was pumped for all
uses from the various aquifers. More than 95 percent of this is estimated to have been derived
from the Antlers aquifer. Only minor amounts of pumpage, used for domestic and livestock
purposes, were derived from other aquifers. Pumpage for irrigation and municipal purposes (100
percent from the Antlers) accounted for about 52 and 10 percent, respectively. Practically all
domestic and livestock withdrawals were also from the Antlers water-bearing unit. Pumpage for
these two categories amounted to an estimated 38 percent of the total while that for industrial
purposes accounted for only 0.2 percent. Almost all of this was also from the Antlers Formation.

Based on an estimated recharge rate of 1.5 percent of the average annual precipitation of
25.64 inches (65.13 cm) for all the stations within the county, the annual effective rechargetothe
Antlers Formation was calculated to be about 5,400 acre-feet (6.66 hm?3). Of this, about 2,400
acre-feet (2.96 hm?3) is considered to be available in the Clyde-Oplin area and about 3,000
acre-feet (3.70 hm?) in the Cross Plains area.

Using a storage coefficient of 20 percent, 836,100 acre-feet (1,031 hm?) of ground water was
estimated to be in transient storage within the Cretaceous Antlers Formation in Callahan County.
Of this amount, 271,800 acre-feet (335 hm?®)and about 664,300 acre-feet (696 hm?) are available
in the Clyde-Oplin and Cross Plains areas, respectively. If 75 percent of these amounts are
considered to be economically recoverable, then about 203,800 acre-feet (251.3 hm?) and
423,300 acre-feet (521.9 hm?) can be withdrawn from these same areas.

Since only insignificant amounts of ground water are available from the Permian rocks
undifferentiated and Recent alluvium aquifers, no attempt was made to estimate the annual
effective recharge or the amount of ground water in storage for either of these water-bearing
units.

Water-level data collected on all three of the aquifers in the county indicate that, in general,
there was a rise in water levels in all three water-bearing units for the period from the winter of
1940 through the winter of 1970-71. Measurements in the Antlers aquifer indicated that water
levels experienced net rises in the Clyde-Oplin area from 0.0 to 11.5 feet (0.0 to 3.51 m). In the
Cross Plains area, Antlers water levels show net rises ranging from 0.02 foot (0.006 m)to 9.1 feet
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(2.8 m). Water-levels in the Permian rocks exhibited net rises during the same period, ranging
from 2.57 feet (0.78 m) to 16.37 feet (4.99 m). Historical water-level data relating to the Recent
alluvium during the subject period also indicated net water-level rises ranging from 0.85 foot
(0.26 m) to 4.60 feet (1.40 m).

Chemical analyses of water samples of this and previous investigations indicate that, for the
most part, ground waters derived from the Antlers aquifer are of good quality. In the majority of
the samples, dissolved solids were low. Usually, the samples contained excessive hardness, and
locally, some waters were high indissolvediron content. The content of the chemical constituents
of chloride, sulfate, fluoride, and nitrate, in the majority of the samples, were within recom-
mended limits. Additionally, ground waters were suitable for irrigation of all crops normally
grown within the county. Generally, ground waters derived from Permian rocks and Recent
alluvium are suitable for domestic and livestock uses.

Alteration of native-quality ground water in several wells in Callahan County has resulted,
presumably, from the disposal of oil-field brines into unlined surface pits or from abandoned oil or
gas tests which are leaking. In some cases, there has also been alteration of native-quality ground
water by excess nitrate in areas where wells have been located improperly with respect to septic
tanks or animal barn-yards. Care should be exercised in the future to properly locate wells with
respect to these potential sources of pollution. Most brine contamination sources are thought to
have been eliminated by the statewide no-pit order issued by the Railroad Commission of Texas.
However, since contamination in ground water may continue for long periods of time after the
sources are removed, it would be advisable to setup a program for periodic resampling of selected
wells to check the amounts and extent of the contamination.

In order to further evaluate the future effects of irrigation or municipal pumpage from the
Antlers aquifer, a network of observation wells should be establishedin Callahan County in which
water levels are to be measured and recorded annually by personnel of the Texas Department of
Woater Resources. Some water level observation wells are presently measured; however, cover-
age is considered inadequate.
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