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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 li 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. 8ecause 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 hm'l yr). This represents 1.5 percent of the county's average 
ann ual rai nfall that reaches the water table and enters storage. It is conservative ly esti mated 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 quantityof 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 hm'). Approximately 627, 1 00 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 
Count ies, 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 km2). The county seat of government is Ba ird which is located in the north 
central part of the county along Interstate Highway 20. 

\::::.:.-~ ~ .~~ 
~: ~ _. --1, 

------ ----'; , 

Purpose and Scope 

The general purpose of the study was to 
determ ine 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, 

Figure 1 .-Location of Callahan County 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. 
Pr ice, 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 tothis 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 
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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 7 V, -minute quadrangles which are further subdi­
vided into nine 2V, -minute quadrangles. Thus, the first two digits in the well number identify the 
one-degree quadrangle, the third and fourth digits the 7Y2- minute quadrangle, and the fifth digit 
the 2V,- minute quadrangle. The sixth and seventh digits identify the individual well or spring 
within the 2 Y2-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 (51) 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 unit. Multiply by metric units 

acres 0 .4047 square hectometers (hm') 

acre-feet (acre-It) 0 .001233 cubic hectometers (hm3) 

barrel, 42 gallons (bbl) 0 .1590 cubic meters (m3 ) 

cubic feet per 0 .02832 cubic meters per 
second (ft' l s) second (m' / s) 

feet (It) 0 .3048 meters (m) 

feet per mile (ft/mi) 0.189 meters per kilometer 
(m/ km) 

gallons (gal) 3.785 liters (I) 

gallons per minute 0 .06309 liters per second 
(gal/ min) (l i s) 
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From To obtain 
English units Multiply by metric units 

gallons per minute per 0 .207 liters per second per 
toot [(gal/ min)/ tt] meter [(I/ s)/ m] 

gallons per day per 12.418 liters per day per 
toot [(gal / d)/ It] meter [( I/d)/m] 

gallons per day per 40.74 liters per day per 
square toot [(ga l/d)/ It' ] square meter [(I/ d)/ m'] 

horsepower, electric (hpj 746 wan(W) 

inches (i n) 2.54 centimeters (em) 

miles (mi) 1 .609 kilometers (km) 

million gallons per 3 .785 million liters per 
day (million gal / d) day (million I/ d) 

square miles (mP) 2 .590 square kilometers (km 2) 

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

°C ; (OF-32) (0.556) 

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, w ith 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 Provi nee. 

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 l ies 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. Theaverage annual free-a irtemperatureforthe 
period 1931-60 is about 65 OF or 18 °C (Carr, 1967, p. 4). The average minimum temperature for 
January, the coldest month, is about 33 OF (1 °C). The average maximum temperature for July and 
August, the warmest months, is 96 OF or 36 °C (Dallas Morn ing News, 1979, p. 269). 

During the period from 1911 through 1974, the average annual precipitation at Putnam was 
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 (30.0 cm) in 
1956. The average maximum monthly precipitation of slightly less than 4 inches(l 0 cm) occurs in 
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May, and the minimum of slightly over 1 inch (3 cm) occurs in February. Thesefigures 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 esti mated population of about 2,000, is the largest town in the cou nty. 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 Si lurian 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 

Annual Precipitation at Baird, Cross Plains, and Putnam, Callahan County 

{From Records of U.S. Weather Service} 
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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 t i lt 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 si nce 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 scanered parts of 
extreme northwestern Callahan County (Figure 5) . 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. Theywere 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 about40 feet per mile(7.6 
m/ km). The beds crop out in irregular 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 

SERIES 
APPROXIMATE 

SYSTEM fORMATION THICKNESS LITHOLOGIC C HARACTER 
OR GROUP (feet) 

Recent Surficial floodplain and terrace A lluvium of 
Quaternarv ,"" Alluvi um 0-30 Pleistocene to Recent age along Ihe strea ms: 

Pleistocene consists of gravel, caliche, sand, Sill, and clay. 
Unconformity 

Edwards is gray to near wilite, dense to finely 
crysta ll ine, thin \0 thick·bedded limest one with 
t h in irregular 18yersand nodulesoldark bluish-
gray chert, fossiliferous. 

Edwards, Comanche Peak Is gray. thin to Irregular, wavy-

Fredericksburg 
Comanche 0-80 bedded. fossilife rous limestone With thin inter-
Puak. and bedded claystone. tight brown 10 gray. 
Wainul 

Walnut IS an impure limestone and claystone 
interbedded, white to light gray to brown, some 

Cretsceous thin seml-crys talti ne l imestone lenses occur 
locally wi th megafossils. 

Upper part cream to near whi te, very fine to 
fine-grained sandstone interbedded with clay-
slone. brown to purplish pink. blocky, sandy. 
and local ly calcareous. Midd le pa rt claystone as 

Trinity Antlers 0-185 
described /lbove . lowor part sa ndstone as 
al>ove wi th conglomerate interbedded. Con-
glome rate consis ls of pebbles of chert and 
Quartz with loca l green clay casts. wi th some 
that are argillaceous. sandy. reddish brown and 
gray. 

Unconformity 

Un its consis t mainly 01 alternating limestone 
and shale beds. with Ihe upper parI conta ining 
thicker limestone beds Ihan the lower part. 
Limestones are genera lly gray to brown. l ine 10 

Permian - - 375-2.040 
coarsely crystalline and usually fossi liferous. 
Shales are of var ious colors and blocky to fis -
sile. Also present, primarily in the lower pa rt, 
are some gray to brown, l ine to medium -
grained sandstones, sil ts tones, mudstones, 
conglomerates and thin coal beds, 

Pre-Permian - - -

Yield of wells: sm all , less than 100 gal / min (gallons per minute) and moderate, 100-1.000 gal / min . 

Qual ity of water as mg/ I or ppm (milligrams per liter or parts per mill ion) dissolved solids: fresh, less than 1,000 mg/ I or ppm; slightly 
saline, 1,000 to 3,000 mg/ I or ppm; moderaTely sal ine, 3,000 to 10,000 mg/ I or ppm; very saline, 10,000 to 35,000 ppm; and brine, 
greater than 36,000 ppm . 

WATER -BEARING 
CHARACTERISTICS 

i 
Yields small quantities of fresh 10 moderatelv ! 

sa line water. , 

Not known to yield water [0 wells in Ihe s lUdy 
: are8. 

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

i 

, 

Yields small Quan\lt ies of fresh to brine wa ter. 

Not known to yield water of usable quali ty, 
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Figure S.-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 at rates 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 ofthe 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: 

Description 

Small 

Moderate 

large 

Yield 
(gallons per minute) 

less than 100 

100 to 1,000 

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 br iefly 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 th ick 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 unit in this report. 
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 coarse ly 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 upon the 
amount of local fracturing and solution channels. For this reason, the unit is 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 which is 
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 toform 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 all uvium, 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. Thethickness 
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 (1 00 to 1,000 gal/ min or 6.31 t063.1 
I/ s). Even though these conditions exist, the occurrence of ground water conforms to the same 
fundamental principles as those in any other area. 
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Figure 7.-Hydrologic Cycle 

Hydrologic Cycle 

Water available for use by ma n-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 return ing 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 conta ining 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 aquiclude 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 unconfi ned 
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 ofthe precipitation actually reaches the watertable(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-gra ined 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 40to 60 percent, the fine-grained sediments are capable of 
storing large quantities of water. 

In aquifers containi ng 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, Oischarge, 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 
an aquifer'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 unit is 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 toareas 
of discharge. The governing factors whichdetermine the rate of movement are the permeability of 
the aquifer and the hydraulic gradient. With low permeabilities (1 0 gallons per day per square foot 
or 407 liters per day per square meter) and a very low gradient of much less than 1 degree, the rate 
of flow would be less than 1 foot per day (0.305 mi d). Under ideal conditions of high permeabili­
ties and gradient, field tests have reported velocities of greater than 100 feet per day (31 mi d). 
Todd (1959, p. 53) states, however, that the normal range is from 5 feet per year to 5 feet per day 
(1.52 ml yr to 1 .52 mi 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. Th is 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 is termed 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 in the shape of an inverted cone having its apex 
at the pumped well (Figure 8, well A). These cones will expand unt i l 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 it and 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 that aquiferto 
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 aq uifers. 

- 20 -



Static water level 
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Figure 8.-ldealized 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 abilityto 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 important in the calculation ofthe 
amounts of water stored in 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 ratioofthe volume 
of water yielded, to the volume of the aquifer which was dewatered (Stearns, 1927, p. 144). 
Coeffic ients 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. 

The yield in gallons per minute per foot of drawdown of the water level in a well pumping at a 
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 w ith the rate 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. Thesolvent 
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 ofthe 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 co lor, taste, odor, turbidity, and temperature; and the chemical 
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 Wins low and 
Kister (1956). This classification is as follows: 

Description 

Fresh 

Sl ightly saline 
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Dissolved-Solids Content 
(ppm) 

Less than 1,000 

1,000 to 3 ,000 



Description 

Moderately saline 

Very saline 

Brine 

Dissolved-Solids Content 
(ppm) 

3,000 to 10,000 

10,000 to 35,000 

More than 35,000 

In recent years, most laboratories have begun reporting analyses in milligrams per liter 
(mg/ I) 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/ I). The concentrations 
of chemical constituents reported in this report, other than for oil-field brines (Table 8), are in mg/ 1. 
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 establish ing 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 deliverytothe 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 wh ich 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. Analysesare in milligrams per liter except 
percent sodium, specific conductance, pH, and SAR. 

Constituent 
or 

Property 

Silica (Si02) 

Iron (Fe) 

Calcium (Ca) and 
Magnesium (Mg) 

Sodium (Na) and 
Potassium (K) 

Bicarbonate (HC03) and 
Carbonate (C03) 

Sulfate (50-4' 

Chloride (CI) 

Fluoride (F) 

Nitrate (NOl) or 
Nitrate (as N) 

Boron (B) 

Source or Cause 

Dissolved from practical Iv all rocks 
and soils, commonly less than 30 
mg/ I. High concentrations, as much 
as 1 00 mg/ I. generally occur in h ighly 
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 sultur 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 const ituent 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. Inhibitsdeterior­
ation of zeol ite-type water softeners. 

On exposure to air, iron in ground water oxidizes to reddish-brown pre· 
cipitate. More than about 0 .3 mgll stain laundry and utensils reddish­
brown. Objectionable for food processing, texti le processi ng. beverages, 
ice manufacture, brewing. and other processes. Texas Department of 
Health (1977) drinking water standards state that iron should not ex­
ceed 0 .3 mgl l. larger quantit ies 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 incalclum and magnesium 
desired in electroplating, tanning, dyeing, and in textile manufacturing. 

large amounts, in combination with chloride, 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 magnes ium decompose in steam boilers and hot water facilities to 
form scale and release corrosive carbon-dioxide gas. In combination w ith 
calcium and magnesium, cause carbonate hardness. 

Su lfate in water containing calcium forms hard scale in steam boilers. In 
large amounts. sulfate in combination with other ions gives bitter taste to 
wate r. Texas Department of Health (1977) drinking water standards 
recommend that the sulfate content should not exceed 300 mgl l. 

In large amounts in combination With sodium, gi ves saltY taste to drink­
ing water. In large quantities , increases the corrosiveness of water. 
Texas Department of Heah:h (1977) drinking water standards recom­
mend that the chloride content should not exceed 300 mg/ l. 

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 monling of the teeth, depending on the concentration of 
fluoride, the age of the ch ild. amount of drinking water consumed. and 
susceptibility of the individual (Maier. 1950, p. 1120·1 132). 

Concentration much greater than the local average may suggest pollu­
tion. Texas Department of Health (1977) drinking water standards 
suggest a limit of 45 mgll (as NOl) or 10 mgl l (as N). Waters of high 
nitrate content have been reported to be the cause of methemoglobi­
nemia (an often fatal disease in infants) andtherefore 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 end odors. 

An excessive boron content will make water unsuitable for irrigat ion. 
Wilcox (1955, p. 11 ) indicated that a boron concentration of as much as 
1.0 mgl l is permissible for irrigat ing sensitive crops; as much as 2.0 
mgll for semitolerant crops; and as much as 3.0 mgl l for tolerant crops. 
Crops sensitive to boron include most deciduous fruit and nut trees and 
navy beans; sem itolerant crops include most small gra ins. potatoes and 
some other vegetables, and cotton; and tolerant crops include alfalfa. 
most root vegetables. and the date palm. 
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Table 2.-Source, Significance, and Concentration of Dissolved­
Mineral Constituents and Properties of Water-Continued 

Constituent 
or 

Property 

Dissolved solids 

Hardness 8S Cae03 

Percent Sodium (% Na) 

Sodium-adsorption 
ratio (SAR) 

Residual sodium 
carbonate (ASC) 

Specific conductance 
(micro mhos at 25CC) 

Hydrogen ion 
concentration (pH) 

Source or CaulS 

Chiefly mineral constituents dis­
solved from rocks and soits . 

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, end 
free carbon dioxide lower the pH. 
Carbonates. bicarbonates, hydro)(­
ides, phosphates , silicates, and 
borates faise the pH. 

Significance 

Texas Department of Health (1977) drinking water standards recom­
mend that waters containing more than 1,000 mg/ l 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/ l, is as follows (Winslow and Kister. 1956. p. 5); Waters con­
taining less than 1 ,(xx) mg/ l of dissolved solids are considered fresh; 
1,000 t03,(XX) mg / l. slightly saline; 3,000 to 10,000 mg/ l, moderately 
saline; 10,000 to 35,000 mg/ l. very saline; and more than 35 ,000 
mgll. 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 / l are considered soft 61 to 120 
mg/ l, moderately hard; 121 to 180 mg / L hard; more than 180 mg/ l, 
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). Def ined by the following equation: 

SAR • r=-====­yca++: Mg++ 

where Na + ; Ca ++ , and Mg H represent tha conce ntrations in milli­
equivalents per liter (me/ l) 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: 

ASC = (CO l" + HCO ,,'I - (Ca ++ + Mg+ +) 

where C03 .- , HC03 - , Ca H, and Mg H represent the concentra· 
t ions in milliequivalents per liter (me/ l) of the respective ions . 

Indicates degree of mineralization. Specific conductance is a measure of 
the capacity of the water 10 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 a 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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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 witli the esthetic qualities of drinking water. Contami­
nants for which secondary maxi mum contaminant levels are set in these standards do not have 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: 

Contaminant 

Arsenic (As) 

Barium (Ba) 

Cadmium (Cd) 

Chromium (Cr') 

Lead (Pb) 

Mercury (Hg) 

Selenium (Se) 

Silver (Ag) 

Nitrate (as NO,) 

Nitrate (as N) 

Maximum 
concentration 

(mg/l) 

0.05 

1.0 

.010 

.05 

.05 

.002 

.01 

.05 

45 

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 1 0 mgl l nitrate as N (about45 mgl l nitrate as 
NO,) 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 bilsed on ranges in the annual 
average maximum daily air temperature: 

Temperature (OF) Temperature (OC) 

63 .9 - 70.6 17.7-21.4 

70.7 - 79 .2 21 .5 - 26.2 

79 .3 - 90.5 26.3 - 32.5 

Maximum 
concentration (mg / I) 

1.8 

1 .6 

1.4 

The annual average maximum daily air temperature within Callahan County varies from 76.2 to 
78.2 OF (24.6 to 25 .7 °Cl. therefore, the maximum permissible limit for fluoride for community 
water systems located within the county would be 1.6 mg/ I. 

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 in the 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 (CI) 300 mg/ I 

Color 15 color units 

Copper (Cu) 1.0 mg/ I 
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Constituent Maximum level 

Corrosivity non-corrosive 

Foaming agents 0 .53 mg / l 

Hydrogen sulfide (H, S) .05 mg / l 

Iron (Fe) .3 mg/ l 

Manganese (Mn) .05 mg/ l 

Odor 3 Threshold Odor Number 

pH > 7.0 

Sulfate (504) 300 mg/ l 

Dissolved solids 1,000 mg/ l 

Zinc (Zn) 5.0 mg/ l 

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 meetthe recommended 
l imits 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 domest ic 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 avaiiable(Texas 
Department of Health, 1977). 
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Substance Concentration (mg/ l) 

Chloride (CI) 300 

Fluoride (F) 1.6" 

Iron (Fe) .3 

Manganese (Mn) .05 

Nitrate (as N) 10 

Nitrate (as NO, ) 45 

Sulfate (S04) 300 

Dissolved solids 1.000 

"Maximum recommended fluoride limit based on annual average 01 
maximum da ilv air temperatu re range of 76.2 to 78 .2 of (24 .6 to 25 .7 QC). 

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 dri nking purposes conta·in more than a maximum of 
2.000 mg/ l dissolved solids; however. water containing somewhat higher mineral concentra­
tions has been used where water of better quality was not available. 

Water havi ng 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 ofthe water quality ofthe individual aquifers can 
be found in later sections of this publication. 

Generally. water used for livestock purposes is subject to the same quality limitations as 
those re lating to drinking waterfor humans; however. the tolerance limits ofthe various chemical 
constituents as well as dissolved-solids concentration may be considerably higher for livestock 
than that which is considered satisfactory for human consumption. Thetype of animal. the kind of 
soluble salts. and the respect ive amount of so luble salts determine the tolerance limits (Heller. 
1933. p. 22). In the western United States. cattle may tolerate drinking water containing nearly 
10.000 mg / l dissolved solids providing these waters contain mostly sodi um 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/ l 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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Animal 

Poultry 

Hogs 

Horses 

Cattle (dairy) 

Cattle (beef) 

Sheep (adult) 

Maximum dissolved-solids 
concentration (mg/l) 

2,860 

4,290 

6.435 

7,150 

10,000 

12,900 

8urden (1961) stated that there should be concern for livestock when the nitrate content of 
their drinking water is as great as 100 mgl l and he further recommended an upper limit of 220 
mgl l 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 irr igation are: (1) the total salt concentrat ion 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 relationsh ip to concentration of calcium and magne­
sium. These factors are termed: the salin ity, sodium, boron, and the carbonate and bicarbonate 
ion hazards, respectively (U.S. Sal inity Laboratory Staff, 1954, p. 69-82; W ilcox, 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. Salin ity 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 
irrigat ion waters. It is based in part on various sal inity classes which are determined by the 
conductivity in microm hos 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 (Cl , 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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Figure 10.-Diagram for the Classification 
of Irrigation Waters 

Physical conditions of t he soil are markedly 
affected by an increase in exchangeable 
sodium. For that reason, it is necessary to con­
sider the sodium haza rd of irrigation water. 
Accumulations of sodium in the soil may be 
injurious to plants sensit ive to sodi um. The 
total salt concentration, as well as the sodium ­
adsorption ratio (5AR). influence the sodium 
hazard. A high 5AR is the cause of soil struc­
ture breakdown. 50ils tend to form a hard crust 
and become impermeable to water and air 
movement. This usually results in crop dam­
age, cu ltivation difficulties, and drainage prob­
lems (Hem, 1959, p. 247). Table 2 shows the 
equation for calculating the 5AR, and Table 7 
gives the 5AR values which have been calcu­
lated for most of the water samples in Callahan 
County. Using these 5AR values and the con­
ductivity, the sodium hazard can bedetermined 
from Figure 10. The sodium-hazard classes 
(51,52,53, and 54) are shown on the vertical 
scale of Figure 10. A discussion of these 
classes is also given in Table 3. Under most 
conditions, irrigation waters containing a per­
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. 

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 ca rbonate w hich makes the precipitation possible. 
Conditions favoring precipitation and the extent to which calcium and magnesium carbonates will 
precipitate are not fu lly understood. However, waters containing 1.25 to 2.5 mel l (milliequiva­
lents per liter) of residual sodium carbonate (R5C) are considered marginal and those containing 
greater than 2.5 mel I probably are unsafe for irrigation use. The equation for calcu lating R5C is 
given in Table 2, and R5C 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 
Irrigation Waters Shown in Figures 10,17, and 20 

(After Lyerly and Longenecker, 1957, p. 13-15) 

Hazard Classification and Limitations 

Salinity 

Sodium 

Cl) 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. 

C2) 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. 

C3) High-sali nity 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. 

C4) Very high-salinity water-may be used occasionally under special condi­
tions. Soils must be permeable and drainage adequate. Highlysalt-tolerant 
crops, only, should be selected. Excess irrigation water must be applied to 
provide considerable leaching . 

S 1) 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 . 

52) 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. 

53) High-sodium water-requires special so il 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. Chem ica l amendments may be required for replacement of 
exchangeable sodium, but this may not be feasible with waters of very high 
salinity. 

54) Very high-sodium water-generally unsatisfactory for irrigation except at 
low and, possibly, medium salinity, where the solution of calcium from the 
soi I 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 meet the 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, filtrat ion, 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 ofthe outcrop of 
the water-bearing unit. Several ofthese 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 a water-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 v.. 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 th is 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 2'h miles 
(4.0 km) southeast of the city. Three of the original wells (30-37-804, 811 , and 812) are presently 
being used as irrigat ion wells, and the remainder are ma intained 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 ofthe wells were in use as of January 1972, at the 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 dr illed 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. A ir 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 th is 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: 

Year 

Unknown and 1950 
or before 

1951 - 1960 

1961 - 1970 

After 1970 

Number of 
irrigation wells 

drilled 

7 

12 

112 

22 

Percent 
of total 

4.6 

7.8 

73.2 

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 depths range 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 range is from 1.5 to 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 arf:! 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 casedto 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 outside the casing is 
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). 
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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 (0.62 to 4.4I / 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 I/ 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 121/ s); Quaternary alluvium deposits, " weak" to 5 gal/ min (0 .32 I/ s); 
and Permian rocks, 1 to 5 gal/ min (0.06 to 0 .32 I/ 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 ofthe 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 pri ncipa I 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 t025 horsepower (3,730 to 18,600W). 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 hm3) 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 
Ie Denton Valley Missile Site during 1960 and 1961. This well field was located 2 miles(3.2 km) 
:>rthwest of the community of Denton and was maintained by the U.S. Air Force at Dyess Air 
)rce Base in Abilene . This installation was deactivated in February 1965. During 1964,9.2 
:re-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 hm3). 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 
;timate. Four of the six wells classed as industrial are located at a commercial turkey farm or a 
lestock 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 hm3). Industrial pumpage for well 30-37-823 is believed to have been 
,significant since the well was used by a plumbing firm for only a very short period oftime. Total 
Idustrial pumpage during 1978 is believed to have been only aboutO.2 percent ofthetotal 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 
ifficult to determine; however, water use for these purposes is believed to comprise slightly less 
lan 38 percent of the total county pumpage and is therefore significant. Estimates of pumpage 
Jr 1978 for domestic supply are slightly over 500 acre-feet (0.617 hm3) and for livestock supply 
bout 200 acre-feet (0.247 hm3). The estimated total ground-water pumpage from domestic and 
vestock wells for the period 1955-78 is about 11 ,100 acre-feet (13 .69 hm3) 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 
prings inventoried during this study. Waters produced from this aquifer were used for all 
urposes. 
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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 km2) or about 33 percent of the 
surface area of the county. About 155 square miles(401 km2) ofthe 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 (56.4 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 a map 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 alsobe 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 
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derived from i nterformational drainage from rocks of Fredericksburg age which may locally 
overl ie the Antlers and contain limited amounts of ground water. Only a small port ion of the 
precipitation which falls, however, actually reaches the water tab le (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 permeabilit ies 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 basa l 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 movement is, 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 forthewinter of 
1970-71 (Figure 13) shows water-level r ises 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 (O .Oto 
3.51 m) in spring 30-44-404 and well 30-36-602 . A slight decline of 1 .3 feet (0.40m) was 
recorded dur ing this period in well 30-52-905 . Since the area is one of very l imited pumpage, o ne 
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 30-54-303 to 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 per iod 1966-75. The two wells with 
long records both show a general upward trend in water levels with t ime. Figure 16 compares 
seasonal water-level f luctuations 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, aswell asthe 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 ofthe 
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 nearthe Llano Uplift were used to esti mate the recharge 
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 Tri nity Group aquifer to supply the assumed withdrawals on a sustained 
basis (Price, 1979). 

Within and west ofthe main aquifer in the Brazos, Trinity, and Red River basins, as well as in 
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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Water-Level Fluctuat ion s in Observation Wells 

in the Antlers Formation , 1940-75 
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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 hm3/ 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 hm3/ yr) being available in the Brazos River basin and about 1,760 acre­
feet/year (2.17 hm3/ yr) available in the Colorado River basin. In the Cross Plains area, about 
3,000 acre-feet (3 .70 h m3) is available annually as effective recharge with approximately 850 and 
2,150 acre-feet (1 .05 and 2.65 hm3) 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 olthe 
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 ina previous section of this report. Some natural discharge from the 
Antlers is most probably lost to the underlying Permian beds through interformationa l drainage. 
Some alluvial deposits along the major streams are probably recharged by waters discharging 
from the Antlers. The numerous wells located on the pri ncipa I 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 sa mples were co llected for chemical 
analysis from wel ls, springs, and test holes yielding ground water from the Antlers Formation. A 
tabulation of these ana lyses 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 aq uifer were low in dissolved solids. However, based on 
the range in dissolved solids, the water would be classed as fresh to very saline. Ana lyses indicate 
wide va riations 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 suitableforthe 
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/ l. The following table shows a breakdown of the various ranges of 
dissolved sol ids. 

Range in 
dissolved Number Percent 

solids of of total 
(mg / l) 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/ l dissolved solids 
and 17 percent contained water which ranged from 1,001 to 3,000 mg/ l dissolved solids which 
would be termed slightly saline in quality. Up to 1,000 mg/ l 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 w ith 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/ l a re 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 .0 to 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 < .1 to 5 .3 

Nitrate < .4 to 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 to 6,510 mg/ 1. Three samples (1 percent) contained 61 to 120 mg/ I and, therefore, would be 
classed as moderately hard. Eight samples (3 percent) ranged from 121 to 180 mg/ I and are 
classified as hard water. The remainder of the samples, or96 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/ I) 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/ 1. 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/ I, ground waters taste either "salty" or "gyppy", respectively. 
Chloride concentration of Antlers ground water ranged from 2 to 1 0,500 mg/ I 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/ 1. 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/ 1. Based on an annual average maximum daily air temperature within the 
county, which varies from 76.2 to 78.2 OF (24.6 to 25.7 ° C), the maximum recommended upper 
limit for fluoride would be 1.6 mg / 1. A total 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 (196 1) 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 humans is 
an upper limit of 45 mg/ I, and the upper limit for livestock water is 220 mg/ I; however, there 
should be concern for ani mals when the nitrate content reaches 100 mg/ I (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 of45 mg/ I (Table 7). The nitrate content in 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/ I 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/ I 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/ I. A tabu lation of the boron content of 
Antlers waters follows: 

Range in boron Number of Percent of 
content (mg/ I) analyses total analyses 

o to 1.0 202 99 

1.1 to 2.0 1 .5 

2 .1 to 3.0 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 up to 1 .0 mg/ I. Grains are semi-tolerant crops and 
can stand boron content up to 2.0 mg/ I. Peanuts are classed as a tolerant crop and they can stand 
a boron content up to 3.0 mg/ I. 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 
Water Used for Irrigation 

representative Antlers Formation waters are 
shown on Fig ure 17. All but 39 of the 229 
samples of Antlers ground water fall within 
salinity-hazard classes C2 and C3 and 
sodium-hazard class Sl. The importance of 
these classes is shown in Table 3. 

Of 300 Antlers samples for which percent 
sodium was calculated, 296 (99 percent) had a 
percent sodium of 60 or less and 4 samples 
had a percent sodium greater than 60. Irriga­
tion waters with a percent sodi um of 60 or less 
and a low bicarbonate content are usually 
satisfactory. When the percentage is greater 
than 60, the sodium hazard becomes progres­
sively greater. 

Following irrigation, the soil dries and the 
soil solution becomes progressively more con­
centrated. 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 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 mel l (milliequivalents per liter) of residual sodium carbonate (RSC) are considered 
marginal and those containing greater than 2.5 mel l 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 outof 302 considered or 97 percent 
contained less than 1.25 mel l and, therefore, almost all of the sampled wells pumping from the 
Antlers produce waters wh ich 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 relativeconcentra­
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 at a nearby location. 
The percent of each major chemical constituent-calcium (Ca), magnesium (Mg), chloride (CI), 
sodium (Na), potassium (K), sulfate (SO.), and bicarbonate (HC03)-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 elimi nate contamination ofthe 
surface water, soil, and ground water by oil -field brines a nd 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 sampled for 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 asthe 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: 

Dissolved solids Chloride Nitrate 
Well (mg / l) (mg/ l) (mg/ l) 

30-36-603 688 89 84 

611 1,511 371 284 

810 2,250 860 14 

933 8,560 3,910 < .4 

37-406 1,326 196 446 

509 (Spring) 16,923 10,500 < .4 

705 1,895 620 12 

740 (Spring) 1,481 580 < .4 

815 1,084 281 135 

44-102 2,034 830 85 

205 2,056 1,050 31 

301 671 67 104 

401 693 76 104 

503 1,146 246 227 

504 (Spring) 1,969 550 1.5 

601 2,210 1,020 18 

702 721 99 52 

903 1,667 420 < 20 

45-901 1,776 730 < .4 

46,703 359 37 62 

801 2,717 970 1,050 
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Dissolved solids Chloride Nitrate 
Well (mg/ l) (mg/ l) (mg/ l) 

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 3.5 

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-Opl i n and the Cross Plai ns areas was computed to be about 4 .18 million acre-feet (5,155 
hm3) with about 1 .36 mill ion (1 ,675) and 2 .82 million acre-feet (3.479 hm3) 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 mi les (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 
mI. Within the Clyde-Oplin area, saturated thicknesses are much less. Over most of the area, they 
are usually on the order of 40 feet (12m) or less. An exception to this is in an 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 mI. 

Hydrologic and physical properties of the rocks and soils of the Antlers Formation in 
Callahan County were est imated using stratigraphic tests and drillers ' logs compiled for this study 
together with data der ived 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.lfthis average specific 
yield is representative, then only about 836,100 acre-feet (1 ,031 hm3) is theoretically available 
from storage in both areas of Antlers outcrop within the county. About 271,800 acre-feet (335 
hm 3) is available in the Clyde-Oplin area and about 564,300 acre-feet(696 hm3) is available in the 
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 realistic amount 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 (521 .9 hm3) in the Cross Plains area. 

The amount of water that ca n theoretically be developed annually is limited by the amount of 
effective recharge to the aquifer. During years of drought, discharge can exceed recharge 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 byyears 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 sum mer 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 unreasonableto assume that half ofthe annual 
effective recharge to an aquifer can be economically captured on an annual basis. lfthisassump­
tion is correct, then approximately 2,700 acre-feet (3.33 hm3) could be economically captured 
annually by pumping wells. In 1978, an estimated 1,900 acre-feet (2.34 hm3) 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 wi II not produce large quantities of water 
from single wells. Only in the areas of thickest saturation should wells be expected to produce 
larger vol umes. 

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 from the 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 future irrigation 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 in the 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 tothe pri mary 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 t9 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 ofthe 
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 interformationalleakage 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 ihis 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 ofthe 
recharge is from streams which cross the aquifer 's individual units. Interformational leakage 
from Cretaceous and Quaternary deposits overlying the Perm ian rocks provides additional 
recharge. Precipitation falling directly on the very limited outcrop of the individual units of the 
aquifer provides some recharge. Information is lacki ng 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 5). 

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 I/ 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 representat ive samples of ground water from Permian rocks were collected for 
chemical analysis during th is 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 avai lable from the ind ividua l 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/ I and the waters are classed as fresh to 
bri ne. 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/ I) analyses _analyses 

500 or less 7 33 

501 to 1,000 7 33 
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Range in 
dissolved- Number Percent 

solids of of total 
(mg/I) analyses analyses 

1,001 to 2,000 5 24 

2,001 to 3,000 1 5 

over 3,000 1 5 

Variations in the chemical quality are reflected in the concentrations of some ofthe principal 
chemical constituents found in the samples. Sulfate concentrations ranged from 6 to 3,960 mg / I 
and chloride from 11 to 21,900 mg/ 1. In both cases, 81 percent of the samples contained less 
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Figure 20.-Classification of Water From Recent 
Alluvium and Permian Rocks Used for Irrigation 

than 300 mg/ 1. 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/ 1. Nitrate ranged from less than 0.4 to 
480 mg/ I with 38 percent of the samples con­
taining above the maximum recommended 
value of 45 mg/ 1. Total hardness ranged from 
116 to 15,600 mg/ I, 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 rainfa ll 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 spri ng 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 .60feet (1 .40 m) in well 30-63-209 . 
The average ann'ual rise in water level in these wells was 0 .03 foot(0 .01 m) a nd 0.15 foot (0.05 m), 
respectively. Well 30-63-103 ref lected 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 a lluvium 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 main channels 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 gall min 
(0.631 li 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/ I or less. The number of samples fall i ng within various ranges are shown as 
follows: 

Range in 
dissolved­

solids 
(mg/ I) 

500 or less 

501 to 1,000 

1,001 to 2,000 

2,001 to 3,000 

over 3,000 

Number 
of 

analyses 

1 

2 

3 

Percent 
of total 

analyses 

12.5 

12.5 

12.5 

25 

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/ I) 

Calcium 130 to 1,150 

Magnesium 30 to 497 

Sodium 89 tol,810 

Bicarbonate 194 to 476 

Sulfate < 10 to 1,450 

Chloride 28 to 5,700 

Fluoride .3 to 1.7 

Nitrate < .4 to 136 

Tota I ha rd ness 293 to 4,270 
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The quaHty of Recent alluvium ground waters can be generally summarized as follows. 
Thirty-eight percent of the samples contained greater than 300 mg/ I sulfate and 62 percent 
contained greater than 300 mg/ I chloride. These samples would have "gyppy" or " salty" tastes, 
respectively. Fourteen percent of the sam pies contained both fluoride and nitrate above the 
recommended limits of 1.6 and 45 mg/ I, 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 52. 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-sca le 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 ofTexas requires that operators obtain a letter 
from the Texas Department of Water Resources recom mending 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 quaHty 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 anyone 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 
quality ground water . Surface elevation is given special consideration when a recommendation is 
given in an area that has moderate to high surface rel ief, 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 ofthe 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 aga in 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 
bri ne production and the methods usedfor 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 f ields; 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 bri ne into pits had been discontinued in 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 thattotal brine production in the county 
has inc reased 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 m3 ) 

compared to over 8.74 million barrels (1.39 million m3) produced in 1967. The amount disposed of 
in pits during 1961 was about 237,500 barrels (37.760 m3 ) or 4 .30 percent of the total as 
compared to almost 13,500 barrels (2,146 m3 ) 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 m3 ) and 183 barrels (29.1 m3 ), 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 
va rious methods of d isposal , 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 bri nes, ranging from 60,500 to 195,000 
ppm. The concentrations of various ions in the tabulated brines range as follows : 

Calcium (Ca) 1,700to 15,100ppm 

Chloride (CI) 33,800 to 109,000 ppm 

Magnesium (Mg) 352 to 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 maj or poten­
tial source of contamination is the improper disposal of oil-field brines. Prior to the advent of the 
statewide no-pit order, inst igated 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 
nat ive ground water. Occasional overflow of brines from these surface pits maya Iso have 
contaminated surface waters . When these bri nes 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 pi ugged 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 Ra i lroad 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 km2) which is located 
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in the western and southwestern parts of the county (Figure 5). This water-bearing unit yields 
small to 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, col lectively called the Permian 
rocks undifferentiated aquifer, also conta in small supplies of ground water. Well yields from these 
zones are of questionable reliabi lity. The qual ity 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 fo r domestic and livestock purposes only. 

During 1978, approx imately 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 domest ic 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 th is 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 hm3). Of this, about 2.400 
acre-feet (2.96 hm3) is considered to be available in the Clyde-Oplin area and about 3,000 
acre-feet (3 .70 hm3) in the Cross Plains area. 

Using a storage coefficient of 20 percent. 836,100 acre-feet (1 ,031 hm3) of ground water was 
est imated to be in transient storage within the Cretaceous Antlers Formation in Callahan County. 
Of this amount, 271 ,800 acre-feet (335 hm3) and about 564,300 acre-feet (696 hm3) 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 hm3) and 
423,300 acre-feet (521.9 hm3) can be w ithdrawn 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 tothe 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 invest igations 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 in dissolved iron 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 bri nes into unlined surface pits orfrom 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 i n 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 Ra ilroad Commission of Texas. 
However, since contamination in ground water may cont inue for long periods of time after the 
sources are removed, it would be advisable to set up 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 established in Callaha n County in which 
water levels are to be measured and recorded annually by personnel of the Texas Department of 
Water Resources . Some water level observation wells are presently measured; however, cover­
age is considered inadequate. 
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Tabl .. 5. --Ilecord, of Selected Velh, Sprin,& ud rut Hol .. --Continued 

ca.,lna u< ... 
Dtlpth Altitude lleiOOl 

om .f 01 •• - IoI&U'r of Iatld. hnd- Date of Ko.thod U .. ... " Om" Drtlle ... ,,_plned ... 11 atar Dtlpth b •• rtnll .... r fa'"~ .... rf.c. .... \lr_nt .r .r Relllll ... k. 
(ft) (In . ) (ft) unit (ft) datu. 11ft ... u .... 

(h) 

· 30-46-501 Roben Eubank. A. L. V.rnllr 1971 40 "" "" 
, 1,604 8.00 ",y 6, 1971 , , W .. ter uporud from ft undy .hal,. It 20 to 25 

teet . Wner I' ntrllMl), .. 11ne. Abandoned cut 
hole . 21 

• 701 Dr. J. 1'.. Mlk ...... , Jr. t. L. I1cKelvy 196.5 53 , 
" ... 1,9U 22.98 "'< . 24 , 1970 0, ' 

, E.U .... t .. d yield .5 ,Il/.ln. Slotted fr_ U to 
23.50 Sept . 10. 1970 53 feet. JJ 
23.80 NOli. 12, 1913 

· 70' Horll .. Stok •• "" "" 91 "" "" ... 1.970 76.10 Sept. 5, 1940 " , , Dug .... 11. Well 30J In Calla"'"" County report.!i 
11.30 Sept. 22, 1910 1/3 

• 703 C. K. Eller, Sr. R. L. McKelvy 1965 " , 
" ... 1.940 '" "65 Sub, E Ir ... , 0 He .. ured yield 12 gd/Ilin . Perfonted trOll 40 to 

" Oct . 14. 1970 '" 15 feet. ]I 

'''' do d. 1968 " • " ''" 1.945 47.05 do 0, • ° Reported yield 12 ,,1111111'1. 

'" Chari .. K. Eller, Jr. d. 1966 70 , 70 ''" 1.915 " d. 0, , , ht1J111ted yield l~ gall1l1n . S10tte.d frOlll 48 to 
72 feet. 'feUow cley It 6' feet. ]I 

• 70' Andy Myen "" 1920 '" "" "" ". 1,892 12.92 do Cf, E " , nUS WillI. Sind Ind Invel et 10 to 20' feet. 

'" Red chy U 20 r .. t. 

70' DIove Pllhu A. L. Vuner "., " 
, 

" ... 1.910 25.70 d. S"b, It , Wlter und frOll 31 to 52 flU. Rid "hili 52 to 
61 feet. I/nu ... d lrr1,"Uon _11. 

-o '" do R. L. McKelvy "65 " , 
" ". 1.913 14.53 d. Cf. I!; , Slotted trOll 20 to 48 rllt . Wlter und I l'Id IUVI: 

1/, fr_ 26 to 32 {eet. 11 
w · 801 W. O. Wylie " "" 17 "" "" '0' 1 '" 

9.25 Sept. 5, 1940 , , Dug well. Wltlr (rOIl ul'ld Ind luvll . Well 30S 
7.34 "". S. 1971 in Cllhhln Co"nty report . !J 

• '" county of Cllhhln "" "" Spr1nll "" "" "'. 1.966 (+, "'<. 21, 1940 1'1ow" , £.t1D11tld flow 3S lal11l11'1. Weter froll white 
(+, Sept, 23. 1970 . Ind 11'1 conUct with blue chy, Te"'Peutun 68°P. 

Welt 308 1n Celhh.n County report. !J 

• 903 Sob hckhlll A. L. VI mer "" '" , 
'" ... 2.070 234.1 JII'I. 13, 1971 0, , , Report ld yteld 2 to , .11/_11'1. Wlter ,"nd hOll 

245 to 265 feet. ]J 

· 47-601 E. R. !!.Itth Pred Spuwh 1920 " "" "" '0' 1.783 15 . 31 ... ,. 19, 1940 " , 0, , Dug _11. Will 316 11'1 CllhhlnCount, report. JJ!J 
13 . 29 ... <. 5, 1969 11l 
13.15 "" 7, 1974 

'" lI.a~d Spnwl. A. L. VlrnU 1970 " 
, J2 ... 1,772 16 July 1970 Sub, E ,« Reporced yhld 35 111/.11'1 . Sl otted fr"", U to 

14.83 Jel'l. 14, 1971 1/2 25 bet . Red bed. reported .c 28 het. 

• ,OJ " do 1970 " 
, 

" ... 1.772 16 July 1970 Sub, E I« Reported yleld 25 Ill/_In. Slotted fro .. I S to 
15.03 JII'I, 14, 1971 1-1/2 25 feat. Red d l y It 2, to 41 fut. Will eOlll' 

pIeced to 30 feet. J1 

· '''' do do " 2J "" " '0' 1.172 " Sipt. 11, 1910 Sub, E Irr, OUI well. ""'"ured yhld 60 Idlllin. Ten r .. t 
1S.44 Jln, 14, 1911 1 - 1/2 " , of wlter lind prellnt in wat 1. 

· '" W. w. Scott J. V. Hurt "" " "" "" ... 1.767 12 . 67 (),", 6, 1970 0, , 0, S 0", wdt. W.ter .. nd trOll IS to 19 fut. 
1 Tempenturl 69"F. 

· '''' C. A. a..c. R. L. KcKlIlvy 1966 ., , 
" ... 1,787 18.52 do i' , 0, , Pick .. ncI trOll 23 to 35 fut . J1 

· >Of Weldon Glry "" "" " "" "" ... 1,855 29.94 Sept. 21, 1970 0, • , Dug well. Open hol1 trOll 4 to 45 het. 

· '" do "" "" SprlnS "" " ... 1.800 C+' d. Plow. S E.U .... tad flow ut. 30 ad/ .. 1n. W,ter !1owtn • 
f r Odl fine to coar .. I rdned und whie'" i. i n 
eonUet w1th I Pendln HOIII lton" . 

· ,OJ Loyd Gery A. L. V.rn.r 1951 118 , n. ". 1,900 66.78 d. 0, , 
" S 

81ue Ihale reported et 80 feet. 

I 

S •• foot .... te. et end of ,"bh , 
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-..J 

\oId l """ .. 
, 30-54-307 80b Beekh ... 

, 
'" We.ldCln Cu', 

, 
'" 0110 E"8111h 

, "3 Wdter B. 8hek. Jr. 

, 50' Eltu~th lIur k. 

'" Lu C. 1dv .. 11 

, 601 J. C. ChUdere 

, 
'" d. 

, ,OJ John 1. Crevley 

, 
'" do 

, 
60' Chn Wooten 

"" do 

'" do 

, 'OS do 

'" do 

'" do . 6l\ \!d."r Albrtcht 

, 612 d. 

, 613 J. O. \llllh .... 

'" do 

, 
'" Hn. Fred. lIey .. r 

, 
'" O. M. nOl hnd 

Se. footllote. It .nd of t.ble. 

,." 
Driller COOlphted 

\jUlh", hrner 1947 

J,Il, Chlldln 1955 

-- 1920 

.. 1917 

C"!"til Alford 1955 

Herle IIdu 1964 

J. C. Chllderl 1964 

.. .. 

J. E, Woo," 1955 

W. D. Clirk "69 

.. 1945 

Jlke O.U •• 1964 

.. 1920 

.. "00 

Jeke Dell .. 1964 

.. 1920 

Eddh Wood. 196' 

do 1970 

Stephen Portune .. 
do 1911 

.. .. 

.. .. 

T,bl. 5, *-Reco1'd. of Selected Welh, 5p1'1n"., _fld Tnt Holu--Contln"ed 

Calinl w..Ur ... 
Depth Altitude hi .... 
.f Db.- watu of land I,nd· Df,u ot 

... ll eter Depth b .. rin. ,ur t'CI .urracI ..... "r ... nt 
(tt) (In, ) (ft) "nU (ft) dlt ... 

(tt) 

" 8 " '00 1,985 20 . 47 "",, 11. 1971 

" 
, " '00 1,876 5.26 Sipt. 18, 1970 

5. 51 Jln. 12, 1911 

" .. .. '00 1,882 11.54 Slpt • 5, 1940 
11.10 "",, 9, 1971 

12 .. .. f 1,855 3.89 Sept . 5, 1940 
7 . U "", 'ii, 1971 

123 , 123 .. - 1,925 113. 10 "" .. 7. 1970 

78 8 78 ,,- 1,897 " "" 51. 61 "",, I S, 1971 

38 13 " ,,, 1,840 10 . 40 Se.pt, 4, 1970 
10 . 14 Jln. 8, 1972 

Sprins .. .. ,,, 1, US C+' do 
C+' J.n. H, 1971 

" , 
" ,,- 1,870 35.10 Sipt. 23, 1910 

" , 
" .. - I,S82 30.60 d. 

60 , 
" 

,,, 1,845 " 0. .. 9, 1970 

" 8 " ,,, 1,813 46.10 """ 7, 1970 

" , 
" .. - 1,986 32 . 86 d. 

" .. .. ,,, 1,875 47.55 do 

" 8 " ,,, 1,866 33.60 do 

1» , 15. .. , 1,965 98.80 do 

go , go .. , 1.890 47.66 Peb . 17. 1971 

100 , 100 .. - 1,900 74.55 d. 

" , 
" .. , .. 28.28 """ 10, 1974 

'" , 
'" .. - .. '" July 16, 1971 

33.95 "'" 10, 1914 

1) .. .. '0' 1,759 2.93 Apr. 16, 1 940 
12,60 "" , 9, 1971 

'" , 
'" '0_ 1,822 14.42 Sept . 15, 1970 

14.30 J.n. 12, 1911 

Kothod ,--
.f .f R_o: l<, 

Utt ... t.n 

Sub, E 8 Wdl completed i n uppf-l' und unit. 
112 

3, , 
" S 

Water ... porrld f l''' .and It 5 to 20 feet. 
1 

0, , 
" S Dua ,,811. YI,ld reported to be Itrona. 101,,11 

366 in edhhan County rtport . !J 

3, , " , Dug .. ell. Reported I trona '''pply. Wlte .. nport ld 
1/' f .. en fr.er ura- tn l1..e.' 1'on •• Wlllll 367 in Cal-

lahan County report. !!J 

3, • ., , Reported yldd 10 S.1/.1n, S.nd Ind srlvel re-
3/' port~ f r_ 99 to 101 f .... t. 

0, • , Reporud ,leld S let/.ln. Slotted f r_ 58 to 
73 fee t . J1 

3, , , Reported yie ld 8 Sel/ .. l n. Open hole frOlll 10 to 
1/' 28 feet . JJ!i 

PI"" • S Enhutod n"" ute S 111/llln. \liter e .... lne 
f r _ und In eonteet vlth Plnhn chy. 

3, ' " S 
Reported ,tdd 10 a.1/.1n. Twenty-flve f .... t of 

3/' wat .. r und reported. 

S"h, E ", Reported yield 12 I.l/ .. tn. Weter undo reported 
112 It 24 to 30 feet .nd 57 to 64 r .. t . !i 

3, , , Reported yteld 15 1181/mln. Ten fut of ... t u-

'I' uod reported. 

" 0 
, R.port ld potonthl yield 100 a d /. tn, W,ter und 

.nd Irlvel reported fr_ 48 to 80 rut. 11 

" 0 
S ilepor ud to b, ..... k vell. Well .""""I .. ted 1n 

"pper und _lIber. 

" 0 
S DUI .. ell. TI .. perlture 69·P . 

, , Reported poUnthl y1l1d 80 g.l/llln. Blu .. clly 
reported It 83 teet. 

" 0 
S Well completed In upper und ... er • 

0, , 
" S ilePOttec! ,tdd 10 8.1I.ln. BId ... ter repoft~ 

It 45 to 50 hit. 

0, , S R .. ported y ield 9 1I. 1/.l1n, W.ter report .. d frOID. 
l over Vlter lind. llpper lind .. IMnud off 45 to 
52 teet. 11 

Sub, r. ,,, Re ported y i eld 75 aol/aln . 

Sub, E ,,, Reported yiold 20 11l/.ln . 

, , Old dUI .. e ll tilled vith debrh. Wi ll 364 In 
CIIlIkin County report. fj 

3, , • Reportld .tton8 lupp1y . 
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'I'abh 5 .--Recol:d a of Selected W,,11o, Sprl"8~ . 8nd TM t l!oleo __ Con t l nu"d 

ca.Ri ng W.te" e ve l 

Depth Altitude Below 
Date ,r Ola .. • Wat e r of land l a nd _ Dau of Mothod " .. Well ~"' Drilhr completed we ll "ten Depth beul"8 .urfllce ",uthel! ",ealur~","nt " " R"!!!iIrka 

(ft) (In. ) eft) unit ( ft ) d a cum li Ct water 
{ftl 

• )0 - 55 · 920 CH y of ero •• Phi". Clty of Cr a .. Phln" 1938 1, 1, -- -- ". 1,761, 30 . 90 Sept . 4, 1940 • • Dug well . Reported yield 10 ga l/min . op"" hole 
27 . SO Oct . 21, 1970 from 30 to 44 feet. UII ,u"d public s upply well. 
29.05 "' .. 7, 1974 Well 340 In Cdhhan County uport, fj' 

· '" d, Sen Welch 1926 " • •• S ,,, 1, 763 " "' .. n, 1970 " , , RPoporc .. ,1 yie ld 10 gal / min . W~ter u nd report~d 
1-1/2 at 23 to 4S feet . Unused public 8uppl y w"ll. 

W"ll 31.1 In C81lahan COllne y report. ~ 

· 92' d, E. F.. Thnte 1940 " • " 
,,, 1,758 22.44 d, '. ' , R~ported yt~ld to gal/mln. Sand reported f roll 

" 41 1-1/2 29 t o 47 fee t . Well 336 in Callah .. " CO"'l ty 
report . !!i 

· 923 " .. .. " .. .. ,,, 1,747 15 f e b • 1946 J, F- , Du~ w .. 11. Reported y I eld 15 gaU'Ilin. Jj 
30 Oct. 5, 1959 , 
16 . 73 Apr. 29, 1966 
16.68 Nov. 29, 1966 
12 . 56 Nov . 16, 1970 
t2.09 ,~. 7, 1974 

• 921, d, .. .. " .. .. ... L 745 30 "' .. 5, ]959 J. ~: , D"8 we l l . Repor t ed y1e]<I 15 ga l / .. ln. 
12.21 "' .. 21, 1970 1/, 

· '" Harvey WUeo",,,n Luter King 1970 "' • " 
,,, 1,761 24.21 "' .. 19, 1970 Sub, E ," Reported yield 4 8 /1 l/mln. Slotted f rom JD to 70 

teet, Jj 

'" d, d, 1970 " • " ,,, 1,766 J5 d, Sub, f ", R"port"d y i eld 40 g~l /mtn. Slo tted fram 30 to 
70 fee t. 

w · '" Tho", ... E. Buck Pa rk"r Baum 1964 40 , 40 ... 1. 775 15.45 " Cf, [ D, S Report~d yldd J ga l/",\n. W.ter reported from ," "and lind g rove l at 20 Co 40 feet. 

· '" I'ICIrri a !hoDIB a Luter Klng 1970 " • " ". 1,746 17. 34 d, '. , , Reportod yl.old 10 ga l/min. Slotted {ro", 30 to 
1/, .50 f eet . Jj 

'" B"" (}dom edd i e Wood .. 1968 30 , 30 ,,, 1,766 16.71 ~,. 25, 1971 '. " , Wa t er und reported from 25 to 30 fe e t , 

m O. a. r.v~n"on J.ke Dallu 1971 " • " ... 1 760 28.60 ." ,. , , Red be ,!! reported at 60 fe~t. 
1-1/2 

m Dt"k Vutal r.., l t~ r King 1970 " , 
" 

,,, 1,781 •• 0 J""e 29, 1971 Sub, f. In Measured yield 27 gal/ .. in. 
1 

• 56 · 613 w. R. r.rwin .. 1940 " .. .. ,,, 1.760 14.25 "'" 27, 1970 ' . , 0, S Dug ""11 . Waur und {r om 20 to 25 f ee t . 

'02 Glenn Wl!1(rey W. D. Cla rk 1973 56 , 56 ,,, 1.753 13.19 00£ . 7, 1971. Sub, [ ,,, Own~r ' . we ll no.!. Snnd ft nd guvet 12 to 52 
fee t . 

• '" d, " 19n " , 
" Kca 1,753 10. 50 " Sub . E In Owne r ' . we ll no . 2 . 

"" d, " 19n 56 , 56 ,,, 1,754 14.24 d, Sub , E ", Own"r '~ ... e ll no . 3 . 

'OS d, " 1973 Sl , Sl ,,, 1. 756 15 .)0 " Sub, B 'n Owner'. "ell no. I, . 

'" d, " 1974 " , 
" ,co 1,758 15 . 73 " Sub. E ,,, Owner ' . we ll no. S. 

'" d, d, 1974 " 
, 

" 
,,, 1,760 19.60 d, Sub, E ", Owner ' , "~11 no, 6. 

• 61- 201 Or." 8~ine. W. C. !IJI1MI 1917 " .. .. , 1,770 14.27 S~Pt. 6, 1940 , , Dug well. Reported yield 5 gil/min. Wat~r re -
11,70 ,",. 19, 1971 portad from fractures in ltmUtoM . Well 42 1 1n 

Callahan County report. fj 

· 63·101 I .. M. flodgn !.utu King 1967 " 
, 

" 
,,, 1, 758 12.07 feb . 15, 1971 ' . ' 0. , S.nd r aported 12 to 35 feet. Jj 

'" 

See footnate8 at end of t 8ble. 
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Table S.-Drillers' Logs of Selected Water Wells , Oil and 
Gas Tests , and Stratigraphic Tests 

Th ickness Depth Th ickness Depth 
Ifeet) Ifeet) Ifeet) Ifeet) 

Well 30-38-611 Well 30-36-809 

Owner: J . 8 . Eaton Owner: Wallace W . Henry 
Driller: R. L. McKelvy Driller: R. L. McKelvy 

Brown sand 3 3 Brown sand with grave l 4 4 

Red clay tt t4 Red clay 5 

Sand and gravel (dry) 7 2t Red sand (medium) 6 tt 

Sand and gravel (water) to 31 Red sand with water show 3 14 

Red clay 3 34 Red sand with very 

Yellow clay 2 36 
small gravel (dry) 5 t9 

Yellow l ime 36 
Red sand (fine) w ith water 5 24 

White sand with small 

Well 30-36-613 
gravel (water producing ) 5 29 

Owner: F. L Dugan 
Yellow clay 2 31 

Driller : F. L. Dugan Yellow lime 32 

Top soil, clay 4 4 

Sand and red clay 11 15 
Well 30-36-909 

Water sand and gravel 9 24 
Owner. Dick Antilley 

limestone 24 Driller: Murt Bales 

Red clay 8 8 
Well 30-38-803 

Water sand 14 22 
Owner : C. B. Kniffen 
Driller: R. L McKelvy Conglomerate 2 24 

Brown sandy clay 5 5 Water sand and gravel 8 32 

Mixed sa ndy shale 26 31 Blue shale 3 35 

Red sand 14 45 

Sand and large gra vel 17 62 
Well 30-36-913 

Yellow clay 2 64 
Owner; Seth Holden 
Driller ; R. L McKelvy 

Well 30-36-806 
Top sand 3 3 

Owner: Harold Mauld in 
Driller; l. E. Hayhurst Red subsoil 4 

Sand Pack sand t9 23 

Red ctay 5 6 Red clay 11 34 

Gravel 9 15 Sand and gravel 21 55 

Sand 3 18 Yellow clay 3 58 

Gravel 3 21 Yellow lime 58 

Sand 2 23 

Purple clay 24 
Well 30-36-917 

Sand and gravel 4 28 
Owner: Seth Holden 

Purple clay 10 38 Driller: R. l. KcKelvy 

Sand and gravel (wat ar) 4 42 Sandy top 

Purple and white clay 43 Red shale 4 5 

Conglomerate rock 2 45 Brown sand 17 22 

White clay 2 47 Red shale 12 34 

Conglomerate rock 48 Sand and gravel 24 58 

Sandstone 5 53 Yellow clay and lime 2 60 

Lime 3 56 
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Table S.-Drillers' Logs of Selected Water Wells, Oil and 
Gal Tests, and Stratigraphic Tests-Continued 

Thickness Depth Thickness Depth 
Ifootl Ifeetl Ifeetl Ifeetl 

Well 30-38-927 Well 30-37-401-Continued 

Owner: Ray H. Walker Brown sand 13 3. 
Driller: Ed L Chapman 

. Sand and gravel Iwater) 7 46 
Sand 5 5 

Yellow clay 47 
Caliche 3 8 

Yellow rock 48 
Sand 12 20 

Sand and gravel 2 21 

Clay (gray) 7 28 Well 30-37 -403 

limestone 2. Owner: W. H. Walker 

Red clay 30 
Driller: R. L McKelvy 

Sand 5 5 

Well 30-38-928 Yellow clay 7 12 

CNvner: Ed Moore Red clay 6 18 
Driller: R. l. McKelvy 

Sand 8 26 
Brown sand 8 8 

Sand and gravel 7 33 
Caliche 5 13 

lime 33 
Pack sand 13 26 

Sand and large gravel 21 47 

Yellow clay 47 Well 30-37-406 

Owner: A. D. Ash 
Well 30-38-931 Driller: .W. D. Clark 

Owner: George Sewell Sand 3 3 
Driller: A. l. McKelvy 

Red clay 21 24 
Top sand 5 5 Gray clay 13 37 
Red clay 4 • Pack sand " 48 
Pack sand 22 31 loose lime gravel 2 50 
Brown sand " 42 

Red bed 4 54 
Sand and gravel " 53 

Rock 55 
Red clay 53 

Well 30-38-934 
Well 30-37-606 

Owner: O. C. Garner, Jr. 
Owner: Roy Phemister 

Driller: R. L. McKelvy 
Driller: L. E. Hayhurst 

Brown sand 4 4 
Topsoil 

Yellow clay 2 6 
Brown clay 3 4 

Brown sand 26 32 
White clay 6 10 

Sand and gravel (water) t5 47 
Sand 5 15 

Yellow clay 3 50 White clay 3 18 

Well 30·37·401 
Sand and gravel 3 21 

Owner: Frankie Darnell 
White clay 4 25 

Driller: R. L. McKalvy Yellow and white clay 5 30 

Brown sand 6 6 Sandrock 5 35 

Red clay 3 • Yellow lime with layered clay 7 42 

Brown sand 12 2t Red clay 4 46 

Yellow clay 5 26 Blue shale 4 50 
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Table 6. - Drillers' Logs of Selected Water Wells, Oil and 
Gas Tests, and Stratigraphic Tests-Continued 

Th ickness Depth Thickness Oepth 
(feet) {feetl {feetl {feet l 

Well 30·37·607 Well 30-37-716-Continued 

Owner: Oscar Brown Sand and large gravel (water) 8 36 
Driller: R. L McKelvy 

Soft limestone 37 
Sand, brown 32 32 

Sand and gravel 14 51 
Sand and gravel (water) 8 40 

Red clay 4 55 
Yellow clay 3 43 

Lime 43 Well 30·37·722 

Owner: CitY of Clyde 
WeU 30-37·611 Driller: A. L Verner 

Owner: Jade. T. Kidd Soil 7 7 
Driller: R. l. McKelvy 

Caliche 3 10 
Sand 2 2 

Sand and gravel 8 18 
Sandy 4 6 

Rock 19 
Red shale 5 " Sand and gravel 21 40 
Sand rock 6 17 

Clay 10 50 
Red sand (water ) 6 23 

Sand and grave! 8 31 Well 30-37-728 

Yellow clay 4 36 Owner: City of Clyde 

Yel low l ime 36 
Dril ler: R. L. McKelvy 

Topsoil 6 5 

Well 30-37-707 Caliche 2 7 

Owner: Eddie Konczak White pack sand 9 16 
Driller: R. L McKe11/Y Soft limestone 17 

Top sand 2 2 Brown sand 8 25 

Red sand 2 4 Sand and gravel (water) 12 37 

Brown sand 18 22 Soft limestone 2 39 

Water formation 2 24 Sand and gravel (water) 13 62 
Sand with roct.; layers 16 40 Yellow clay 6 67 
Water formation (large gravel) 6 46 

Red bed 47 Well 30·37·730 

Owner : Joe L. Jones 

W.tl 30· 37·714 Driller: R. L McKelvy 

Owner: City of Clyde White sand 8 6 
Driller: A. L McKelvy Mixed clay t1 17 

Topsoi l. black 6 6 Pack sand t6 32 
Brown sand t1 17 Sand and gravel 16 47 
Sand and gravel (dry) 7 24 Yellow clay 2 49 
Sand and gravel (water) 29 63 

Well 30·37·732 

W.tl 30·37·716 Owner : Charles Bailey 

Owner: City of Clyde Driller: R. L McKelvy 

Driller: R. L McKalvy Sand 2 2 

TopSOil. black 8 8 Red clay 2 4 

White sand 3 " Yellow clay 8 12 

Brown sand t1 22 Rock t3 

Sand and gravel (water show) 6 28 Brown sand 2 15 

. 118 -



Table 6.-Drillers' Logs of Selected Water Wells, Oil and 
Gas Teats, and Stratigraphic Teats-Continued 

Thickness Depth Thickness Depth 
If •• t) If •• t) If •• t) If •• t) 

Well 30·37-732-Continued W.U 30·37·738 

Rock 2 t7 Owner: Boyd Bri&CDe 

Brown sand t4 31 Driller: R. L McKelvy 

Water formation (large gravel) 11 42 Brown sand 4 4 

Red bed 2 44 
Vellow clay 2 S 

Red sandy shale S 12 

Well 30·37·733 Srown sand 12 24 

Owner: Glen Crosby Red clay 11 35 
Driller: A. L McKelvy 

Red sand 12 47 
Top sand 4 4 

Yellow clay and lime 3 60 
Pack sand, clay 10 14 

Pack sand, white 51 65 

Sand and gravel 17 82 
Wei' 30-37·801 

Sandy sha le 8 90 
Owner: Baird City Schools 

Driller: Jack R. Barnes 
Wei' 30· 37·7315 

Soil and clay 5 5 
Owner: Ralph Ramerez 
Driller: R. L McKelvy Oay with sandstone 18 23 

Topsoil. black 5 5 Conglomerate with breaks 7 30 

Caliche 8 13 Conglomerate. tight 15 45 

Brown rock 4 17 Hard l imestone 18 63 

Sand and gray. 4 21 

Yellow clay 6 27 Wei' 30·37·814 

Water formation 3 30 Owner: John L Estes, Jr. 

Red clay 10 40 Driller : A. L Varner 

Sand 

WeU 30·37·737 Clay 18 19 

Owner: Clyde Church of Christ Lime 20 
Driller: L. E. Hayhurat 

Shale 35 55 
Soil 2 2 

Sand 7 62 
Caf iche 13 15 

Shale 22 84 
Sand and grav. 25 40 

Sand 12 9S 
Red clay 5 46 

Sand and gravel 34 130 

W.U 30·37·738 Rock 9 139 

Owner: Glen Curtiss Shale 11 150 

Driller : R. L McKelvy 

Brown sand 3 3 
Well 30-37·824 

Cloy 2 6 
Owner: Don E. Boles 

Brown sand 25 30 Driller. L E. Hayhurst 

Vellow clay 6 36 Sand 

White sand 6 42 Red clay 3 4 

White sand and gravel 6 47 Sand 11 16 

Sand and gravel (water) 8 66 Sand and grav. (water) 11 26 

Vellow clay 6 61 Vel low clay 9 36 
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Table 6.-Drillers' Logs of Selected Water Wells, Oil and 
Gas Tasts, and Stratigraphic Tests-Continued 

Thickness Depth Thickness Depth 
(f •• t) (f •• t) (f •• t) (f •• t) 

Wen 30·37-826 Wen 30-44-301-Continued 

Owner: S. D. Tucker Yellow clay and rock 28 
Driller: R. l. McKelvy 

Sand and gravel to 38 
Brown sand 18 18 

Yellow clay 2 40 
Sand and gravel (seep) 2 20 

Red and yellow clay 16 36 Well 30·44·304 

Yellow lime with blue Owner: Harold Holden 
streaks 2. 65 Driller: R. L McKelvy 

Blue shale 10 75 Topsoil 3 3 

Red clay 10 13 
Wen 30·37·827 

Sand and gravel (large) 22 35 
Owner: City of Baird 

Driller: Works Projects Administration 
Well 30-44-307 

Red clay 
Owner: C. E. Hicks 

Sandy yellow clay 6 7 Driller: Bridwell Oil Company 

Yellow sand 4 11 Red clay with some sand 14 14 

White sand 2 13 Sand and gravel 28 42 

Sma It gravel 14 Red clay 43 

White chalk and sand 15 

Sandy yellow clay 16 Wefl 30-44-401 

Red sand and small gravel 17 Owner: Jack J . Hill 
Driller: R. l. McKelvy 

Red and ymlow sand 2 ,. 
Top soil 

Red sand and gravel (water) 6 26 
Caliche 14 15 

Coarse water gravel 5 30 
Sand and gravel with lime 

Rock 4 34 shells 2. 44 

Sandstone 45 
Well 30·44·201 

46 
Owner : Eula Public School 

Driller: School Trustees Sand and gravel (water) 12 68 

Clay and caliche 12 12 Redbed 58 

Sand and clay 3 15 
Well 30·44·402 

Sand 10 25 
Owner: Doyle Lenz 

Water sand 5 30 Driller: L. E. Hayhurst 

Sand 
Well 30·44·301 

Red clay 2 
Owner: Frank Blalock 
Driller: L. E. Hayhurst Cafiche 12 14 

Sand Sand 7 21 

Red clay 6 7 Conglomerate rock 5 28 

Sand 6 13 Sand • 35 

White clay 

" 
Purple and white clay 5 40 

Sand 5 19 Sand and grave! 5 45 

Gravel 5 24 Sand rock 46 

White clay 2 28 Sand and grave! 3 4. 

Conglomerate 27 Red clay 7 56 
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Table 6.-Drillera' Logs of Selected Wllter Wella, 011 lind 
Gas Teats, and Stratigraphic Teata-Continued 

Th ickness Depth Thickness Deplh 
If881) If881) If88t) Ifeet) 

Wotl 30-44-&01 w.n 30·44·704 

Owner: E. F. Beyer Owner: Earle Zimmerle 

Driller: L. E. Hayhurst Driller: L. E. Hayhurst 

Sand 2 2 Topsoil 2 2 

Red and white clay 6 7 Caliche 13 16 

Purple and white clay 23 30 Pack sand 6 20 

Sand t9 49 White and fed clay, sandy 33 63 

White e lay 6 64 Black li me rock 64 

Sand and gravel (water) 26 80 Red clay 4 58 

Redbed 80 White sandy clay 4 62 

Red clay 3 65 
Wotl 30-44-&02 Pack sand 23 86 

Owner: C. E. Campbe ll 
Driller: C. E. Campbell 

Sand rock t4 102 

Red clay 6 107 
Topsoil. black 5 6 

Red clay to 15 
Sand and gravel (water) t6 125 

Water sand (white. sugar) 7 22 
Red clay 3 128 

Red bed 
Sand and gravel (WItter) 7 135 

22 
Red clay 3 t38 

Wotl 30-44-&07 

Owner : Winfrod Gardner 
W"I 30·44·706 

Driller: l. E. Hayhurst Owner : Annie Mosier 

Sand 7 7 
Driller: L. E. Hayhurst 

Red clay 8 
Topsoil 

Sand and gravel 16 24 
Red clay 2 3 

Yellow clay 34 
Sand 5 8 

10 
Purple and white clay 10 t8 

Wotl 30-44-702 Sand 16 34 

Ownar: Tommy Smith Purple clay 3 37 
Driller: L E. Hayhurst 

Sand and gravel (water) 7 44 
Topsoil 2 2 

Red cley 4 48 
Red clay 5 7 

Sand rock 49 
Sand 8 16 

Sand 50 
Red clay 4 19 

Purple clay 2 62 
Sand (water) 7 26 

Limestone 53 
Red clay 4 30 

Purple and wh ite clay 4 57 
Yellow clay 5 36 

Limestone 58 

W.U 30·44-703 
Purple and white clay 17 75 

Owner: Frank D. Chrane 
Wotl 30-44-70. 

Driller: L E. Hayhurst 

Caltche 6 6 
Owner: Burt Northcutt. Jr. 

Driller: A. L Varner 
Red clay 20 26 

Soil 10 10 
Sandatone 13 39 

Sandy 8 18 
Sandy clay 11 60 

Sand and water gravel 13 31 
Sand and gravet (water) 16 66 

Clay 3 34 
Yellow l ime 4 70 
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Table 6.-Drillers' Logs of Selected Water Well., Oil and 
Gas Tests, and Stratigraphic Tests-Continued 

Thickness Depth Thickness Depth 
(feetl (feetl (feeij (feetl 

Well 3O-44·708-Continued Well 30-44-808 

Sand 6 40 Owner: L H. Ully 

Rock 13 53 
Driller: L E. Hayhurst 

Sand 

Wan 30-44-803 Red clay 4 6 

Owner: Michael B. Williams Sandstone 3 8 
Driller : Jack R. Barnes 

Purple and white clay 26 34 
Topsoil 4 4 

Sandstone 3 37 
Sticky clay 21 26 

Pack sand 18 65 
Clay and caliche 26 50 

Conglomerate rock 2 67 
Sandy clay 8 58 

Sandstone 17 74 
Sand and clay 11 89 

Conglomerate rocK 2 76 
Sand and gr8vel 16 84 

Sand (water) 16 91 
Hard sand 2 86 

Yallow clay 92 
Sand 17 103 

Sand and lim. shale 20 123 Well 30-44-807 

Owner: Herman Scott 
Well 30-44-804 Driller: L E, Hayhurst 

Owner: Jimmy Partin, III Red clay 6 6 
Driller : Robert Higgins 

Sand 8 14 
Soil 

Sand and gravel 16 30 
Caliche 3 4 

Gravel and clay 7 37 
Lime 4 8 

Purple and white clay 4 41 
Sandy clay 22 30 

Lime 42 
Sand (water) 6 36 

Sandstone 33 68 Well 30-44-808 

Lime rock 2 70 Owner : A. E. Robertson 

Sandy clay 40 110 
Driller: J . C. McCarrell 

Clay 20 130 
Topsoil 

Rock lime 2 132 
Red clay 9 10 

Water sand and gra .... 1 2 134 
White &and 18 28 

Baain clay 19 163 
Red clay 8 34 

Sand rock 13 47 

Well 30-44-80& Sand and gra ..... 13 60 

Owner: Casto Smith Red bed clay 61 
Driller: L E. Hayhur&t 

Topsoil Well 30-44-808 

Red cl.y 3 • Owner: J . C. Tucker 

White sandy cl .... 10 14 
Driller. L. E. Hayhurst 

S.nd.nd gr ...... 8 22 
Topsoil 

2 24 
Red olay 2 3 

S.nd rock 
Pack sand 21 24 

Sand 6 29 
Red cl.y 13 37 

S.nd rock 30 

S.nd.nd gr ...... 10 40 
S.nd rock 38 

P.ck sand 6 44 
Purple .nd white cl.y 10 60 

Sand .nd gr .... et (water) 11 56 
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Table 6.-Drillers' Logs of Selected Water Wells, Oil and 
Gas Tests, and Stratigraphic Tests-Continuad 

Thickness Depth Thickness Deplh 
If •• ,) If •• ,) If •• ,) If •• ,) 

Well 3O ...... -809-COntinued Wen 30-46-904 

Sand rock 56 Owner: Bill Varner 

Sand and gravel (water) 5 61 
Driller: Jack leonard 

Redbed 61 
Topsoil 4 4 

Clay 22 26 

W.U 30-44-901 Sandy clay 7 33 

Owner: W. E. Connel Sand and gravel 7 40 
Driller: L. E. Hayhurst 

Blue shale 2 42 
Topsoil 2 2 

Whit. clay 6 8 

Sand and gravel (water) 5 13 Well 30-48-601 

Vello .... !ime 3 16 Own8f: Robe" Eubanks 

Yellow clay 4 20 Driller: A. l. Varner 

Soil 5 5 
Wei, 30-46-103 Blue shale 15 20 

Owner: O. C. Rogers, Jr. Sandy shale (salt water) 5 25 
Driller: A. l. McKelvy 

Blue shale 15 40 
Top sand 4 4 

Yellow clay 3 7 
Wei' 30-48-703 

Pack sand 19 26 
Owner: C. N. Eller, Sr. 

Sand and gravel 12 38 Driller: R. L McKelvy 

Sandy clay 2 40 Brown sand 10 10 
Yellow clay 2 42 Pack sand 15 25 

Light sandstone 25 50 
W.II 30-46-107 

Owner: Dr. E. W. Evans 
White sand and gravel 
With water 20 70 

Driller: R. l. McKelvy 
Redbed 2 72 

Top sand 2 2 
Red sand 2 74 

Clay 2 4 
Redbed 2 76 

Brown sand 24 28 

Water formation (dry) 5 33 

Sand and gravel (water) 8 41 
Well 30·46·706 

4 45 
Owner : Charles M . Eller. Jr . 

Yellow clay Driller: R. l. McKelvy 

Blue shale 3 48 Surface and clay 8 8 
Rock 48 Pack sand 14 22 

Well 30·415·203 
Sand and gravel 3 25 

Owner: W. T. Barnes 
Pack sand 10 35 

Driller: l. E. Hayhurst Sand and gravel 10 45 

Sand Sand and clay 5 50 

Brown clay 2 Fine sand 2 52 

Sand 24 26 Clay and gravel 5 57 

Yellow clay 5 31 Fine sand 8 65 

lime 18 49 Yellow clay red bed 5 70 
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Table 6.-0rillerl' Logl of Selected Water Weill, Oil and 
Gal Teats, and Stratigraphic Teats-Continuad 

Thickness Depth Thickness 
Ifeet} (feet) (feet) 

Well 30· ... '·708 Well 30 ..... 8·908' 

Owner: Dave Pillars Owner: T. W. Eastham 
Driller: R. L McKelvy Driller : A. R. McElreath . Jr. 

Brown sand 3 3 Soi l 5 

Vel low sand 2 6 Yellow clay 7 

Brown sand 9 14 Yellow gravel 13 

White sand 15 Red clay 22 

Sandy sha le 11 26 Redbed 11 

White sand with gravel 6 32 Yellow clay 2 

Redbed 16 48 
W.U 30·47·803 

W.U 30-48-903 Owner: Raymond Sprawfes 

Owner : Bob Beckham 
Driller: A. L. Varne, 

Driller: A. L Varner Topsoil 2 

Soil 4 4 Clay 8 

Rock 66 60 Sandy and 58nd rock 5 

Shells and shate 20 80 Water sand and gravel 10 

Sand 16 95 Red clay 16 

Red rock 116 210 

Sand 26 235 
Well 30-47-808 

Clay 10 245 
Owner: G. A. Reece 

Driller: R. L McKelvy 

Sand (water) 20 265 Topsoil and pack sand 18 
Clay 266 Water &and 5 

W.II 30 .... 8-904' 
Pack sand 12 

Owner: C. M. CaldlNell 
Clay 7 

Driller: Star Oil Company Redbed 3 

Surface rock 22 22 

Shale and rock streaks 13 35 W.U 30·47·908 

Hard sandy shale 65 100 Owner: J . L. Marinelli 

Yellow shale 30 130 Driller: Vernon Phillips 

Sandy shale 40 170 Sand 8 

Red shale 20 190 Gray clay 4 

Gravel 45 235 Sand and gravel 2' 

Red shale 60 295 Red bed 2 

Well 30·48·906' Well 30-&2·101 

Owner: Edgar Smith Owner: C. W . Carter 
Driller: ke Drilling Company Driller: C. W . Carter 

Soil Lime, caliche 38 

Caliche 24 26 Sand and gravel (little water) 2 

Gravel 10 36 Limestone (little or no water) 40 

Lime 3 38 Sand and gravel 40 

Brown shale 37 76 Black shale 

See footnote at end of table. 
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Depth 
(feet) 

6 

12 

26 

47 

68 

60 

2 

10 

16 

26 

41 

18 

23 

35 

42 

45 

8 

12 

33 

35 

38 

40 

80 
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Table e.-Drillers' Logs of Selected Water Wells, Oil and 
Gas Tests, and Stratigraphic Tests-Continued 

Thickness Depth Thickness Dep,h 
(fee') (fee') (fee,) (feet) 

Well 30· 62·103 Wei' 30·&2·601 

Owner: C. W. Carter Owner: 'ra Crawford 
Oriller: Jack leonard Driller: L E. Hayhurst 

Black topsoil 3 3 Topsoil 

Red clay 13 16 Red clay 3 4 

Yellow clay 4 20 Sand 10 14 

Red water sand 3 23 Purple and white clay 2 16 

Sand and grs\leI 12 35 Yellow clay 2 16 

Yellow clay 36 

Well 30-&2-106 
Well 30-&2-703 

Owner: S. O. Barton 
Driller: L E. Hayhurst Owner: lowell Johnson 

Driller: l. E. Hayhurst 
Topsoil 

Caliche 7 7 
Purple and white clay 20 21 

Purple and white clay 40 47 
Sand (water) 9 30 

Pack sand 16 62 
Purple and white clay 24 64 

Red bed 8 70 
Sand rock 3 57 

Purple and white clay 41 98 

Pack sand 5 103 
Well 30-62-801 

Sand and gravel (water) 15 118 
Owner: Guy Wi lliams 

Red clay 2 120 Dril ler: L E. Hayhurst 

Purple and wh ite clay 15 135 Sand 

Red clay 4 6 
Well 30-62-107 

Sand 16 21 
Owner: C. W. Barnard 

Sandstone 22 
Driller: L E. Hayhurst 

Sand 
Lime 15 37 

Red clay 5 6 

Sand 2 8 wen 30·62·802 
Sand and gravel 6 14 

Owner: Leon Berr 
Yellow lime 4 18 Driller: L E. Hayhurst 

Topsoil 
Well 30· 62·401 

Red clay 7 8 
Owner: Stella Johnson 

Sand 11 19 
Driller: Jack Barnes 

Soil and caliche 10 10 Yellow clay 3 22 

Red shale and limerock 10 20 

Red and gray sha le 15 35 
W .. I 30· 62·804 

Red shale 20 65 
Owner: Alvin Cox 

Sand shale 5 60 Driller: L E. Hayhurst 

Red shale and lime 25 66 Caliche 2 2 

Sand and clay 5 90 Clay 14 16 

Sand 15 106 Pack sand 39 56 

Shale 6 110 Purple and white clay 9 64 

Brown day and lim.rock 5 115 Lime 65 
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Tabla 6.-Drillars' Logs of Salectad Water Wells, Oil and 
Gas Tests, and Stratigraphic Tests-Continued 

Thickness Dep'h Thickness Dep'h 
(fee') (fee') (faa~ (faet) 

won 30·62·902 W.II 3O-&4-106-Continued 

Owner: Guy Wi lliams Sand 5 50 
Driller: l. E. Hayhurst 

Red clay 5 55 
Topsoil 

White sand '0 65 
Red clay 24 25 

Water sand 5 70 
Pack sand 14 39 

Lime 5 75 
Purple and white clay 32 71 

Red bed clay 5 80 

Wetl 30·62·903 
lime with hard streak 22 102 

Owner: earl Dunlap w.n 30-64-206' 
Driller: Aepps B. Guitar, Jr. 

Sand and clay 14 '4 
Owner: C. M . Caldw'ell 

Driller: Roxanan. Petroleum Corporation 
Sand and fi ne gravel 8 22 and C. O. Moor. 

Rock limestone 7 29 Surface 3 3 

Red and blue clay 21 50 Lime 33 36 

Sandy shale 30 66 
Well 30-64-101 

Broken lime 10 76 
Owner: Robert McClain 

Sand rock 8 84 
DriUer : lester King 

Soil 2 2 
Yellow clay 21 105 

Sand 28 30 
Sand and gravel 5 110 

Water SInd 10 40 
Yellow clay 30 140 

Red (shale? t 10 50 
Lime 10 150 

lime 8 58 
Pink shale 15 165 

Red shale 5 63 
Red rock 28 193 

lime 17 80 
Gray lime 7 200 

81u8 shale 3 83 Broken lime 16 216 

lime 5 88 
Sand rock 9 225 

81u8 shale 2 90 Sand rock cave 22 247 

Redbed 7 264 

Well 30-64-103 Brown shale 76 330 

Owner: H. J . Gibbs 
Driller: W. D. Clark 

Soil 5 5 
W.II 30·64-308' 

Sand 25 30 
Owner : C. M. Caldwell 

Driller: Brodericlt and Calvert 
Clay and sand 19 49 

Soil 6 5 
Water sand 7 58 Yellow clay 15 20 
Blue shale 14 70 Sand (fresh water sand) 30 50 

Well 30-6"-106 
Gray shale 30 80 

Owner: Russell H. Dye 
Red bed 15 96 

Driller: Dick Marrow Sand. sandy shale 73 168 

Sandy topso il 2 2 Redbed 32 200 

Caliche 6 8 Red shale 10 210 

Sandrock and sand 27 35 Blue shale 30 240 

Red clay 10 45 lime shale 15 255 

See footnote at end of table. 
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Table S.-Drillers' Logs of Selected Water Wells, Oil and 
Gas Tests, and Stratigraphic Tests-Continued 

Thickness Depth Th ickness Depth 
If •• ,) If •• ,) If •• ,) If •• ,) 

Well 30-64-309' Well 30-64·606 

Owner: -caldwell Owner: Gle n Wooten 
Driller : C. B. Edgar Driller: Jake Dallas 

Yellow clay and fine Sand and caliche 48 48 
sand mIx 120 120 

Water sand and gravel 32 80 
Pink clay and f ine sand 40 160 

Red clay 4 84 
Pink shale and fine 
sand mix 20 160 

Well 30-64-612 

Coarse orange and clear basal Owner : Edgar Albricht 
TrinitY conglomerate 35 15 Driller : Eddie Woods 

Yellow and pink plastic shale Clay and sand 45 45 
and cong lomerate 10 225 

Red plastic shale 5 230 
Sand (seep) 7 52 . 

Clay 28 80 

Well 3D-54-602 Water (sand and gravel) 20 100 

Owner: lee Caldwell Red bed 2 102 
Driller: Murl Bales 

Topsoil and clay 15 15 Well 30-64-902 

Pack sand 15 30 Owner: Dr. R. H. lull 

Water sand (dry) 6 36 
Driller: J. C. Childers 

Pack sand 22 58 
Topsoil 2 2 

Gravel (water) 15 73 
Sandy shale 18 20 

Red clay 5 78 
Sand and gravel 8 28 

Red bed 28 

Well 30-64-601 Well 30- 66-104 

Owner: J . C. Childers Owner: Red Doncan 
Dr iller: J . C. Childers Dri ller : W. D. Clart. 

Soil 2 2 Clay and sand 20 20 

Sandy shale 20 22 Pack sand 70 90 

Pack sand 6 28 Clay 10 100 

Bloe shale 10 38 Gravel and sand 10 110 

Red bed 110 
Well 30- 64-604 

Owner: John T. Crawley Well 30-66-106 

Driller: W. D. Clark 
Owner: A l. Varner 

Sorface 2 2 Dr iller: A. l. Varner 

Caliche 8 to Soil 5 5 

Rock 11 Caliche 10 15 

Red bed 9 20 Sandy shale 50 65 

White clay 4 24 Clay 5 70 

Sand and gravel 6 30 Sandy shale 80 150 

White clay 6 36 Water sand and gravel 35 185 

Rock 37 Yellow clay 10 195 

White sandy clay 20 57 Lime 3 198 

Sand and fine gravel 7 64 Clay 2 200 

Clay 6 70 Shale and clay 18 218 

See footnote al end of table. 
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Table 6.-Drillers' Logs of Selected Water Wells, Oil and 
Gas Te~s, and Stratigraphic Tests-Continued 

Thickness Depth Thickness Depth 
(feet) (feet) (feet) (feet) 

Well 30-65·106 Well 30· 66·221 

Owner: J. T. Howard Owner: Leonard Mose ly 

Driller: A. l. Varner Driller: A . L. Varner 

Sand 3 3 Soil 5 5 

Red day 7 10 Sandy shale 30 35 

Yellow clay 40 50 Clay 15 50 

Pack sand t3 63 Water sand (water) 40 90 

Water sand 30 93 Red shale 10 100 

Red clay 32 125 
Well 30· 65· 307 

Well 30-66-206 Owner: Nathan Foster 
Drille r: Kit Carson 

Owner : Charles Sowell 
Driller: A. l. Varner Soil 5 5 

Topsoil 5 5 Sand rock 5 10 

Sand rock 10 15 Sand 10 20 

Sand (water seep) 5 20 Yellow clay 15 35 

Sandy shale and sand 40 60 Hard sand 25 60 

Water sand 35 95 Water sand to 70 

Red mixed and blue shale 20 105 Red shale 10 80 

Water sand to 90 
Well 30-66-213 Red shale , sandy 10 100 

Owner: W. O. Clark Blue shale 10 110 
Dri ller: W . D. Clark 

Sand and clay 13 
Water sand 20 130 

13 

Sand 5 
Red sand (red bed) 2 t32 

18 

Red bed 2 20 WeU 30-66-309 

Sand and gravel 40 60 Owner: Robert Brashear 

Red bed 7 67 
Driller : lester King 

Soil 2 2 

Well 30·65·216 Sandy shale 53 55 

Owner: Jack Smith Water sand 20 75 
Driller: J . C. Childers 

Sand and gravel (water) t4 9 
Soil 2 2 

Red shale 11 100 
Clay 3 5 

Sandy clay 25 30 Well 30-55-406 

Sand (water) 5 35 Owner: Dan L Childers 
Driller: Glen Vaughn 

Sand and gravel 115 150 
Sand 6 6 

Red bed 5 155 
Red clay 6 12 

Well 30-66-217 Sandstone 4 16 

Owner: J. N. Nisben Water sand 8 24 

Driller : Curtis Alford Blue clay 6 30 

Soi l 2 2 
Well 30· 66-408 

Clay 4 6 
Owner: J. B. Green 

Gray sandy 14 20 Driller: Jake Dallas 

Water sand 10 30 Clay 15 15 

Urne 31 White sand 2 17 
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Table 6. - Drillers· Logs of Selected Water Wells. Oil and 
Gas Tests. and Stratigraphic Tests-Continued 

Thickness Depth Thickness Depth 
(feet) (feet) (feet) (feet) 

Well 3a-6640B-Continued Well 30·66·618 

Yellow clay 7 2. Owner: Troy Lamb 

Gravel and sand 6 30 
Driller: Jack Leonard 

Red bed '0 40 
Sandy c lay '2 '2 

Sand and gr8vel 8 20 

Well 30-66-409 Blue shale • 2. 

Owner: C. M. Kinnard 
Driller : W . O. Clark Well 30-65-607 

Surface 5 5 Owner: Arvin Brasher 

Sand 8 '3 
Driller: Lester King 

Blue clay 6 '9 
Topsoil 2 2 

Sand and gravel '2 3' 
White shale 5' 53 

Light blue clay 7 38 
Lime 2 55 

Pack sand w ith some sand 8 46 
Yellow shale 3 58 

Blue clay 2 48 
Red clay '7 75 

Pack sand 8 56 
Sand (dry) '5 90 

Clay 2 58 
White shale 10 "lO 

Rock 59 
Red shale 5 '05 

Red bed 60 
Waler sand 17 '22 

Red shale 8 '30 

Well 30-66-602 
Well 30-66-60B 

Owner: W. A. Gill 
Driller; Jake Dallas Owner : S. E. Page 

Dri ller : lester King 
Soi' 2 2 

Topso il 2 2 
Pack sand '8 20 

Sandy shale '0 .2 
Sand (water) 20 40 

Water sand and gravel 32 7. 
Shale 8 48 

Red shale " 85 

Welt 30-66-616 Well 30-56-610 

Owner : Richard Smith Owner: S. E. Page 
Driller : R. L. McKelvy Driller: Texas Department of Water Resources 

Brown sand 3 3 Sand, brown, topsoil 5 5 

Yellow clay 2 5 Sand. reddish, fine grained, 

9 ,. with gray sand streaks 9 ,. 
Sand with gravel 6 20 Sand, dark red. fine 

grained, with gray-wh ite 
Brown sand 9 29 clay streaks '8 32 

Blue shale 6 35 Sand, gray, medium grained. 
and gravel, small with oc-

Well 30-66-617 
casional white-gray clay streak 32 64 

Owner. Mrs. Bryan Bennett Clay, green, sandy 2 66 

Driller: A . L Varner Sand, gray, fine-medium-

Soil 5 5 gra ined, gray, and gravel 
with green clay stringers '0 76 

Clay 25 30 
Clay. brown, sandy with 

Pack sand 30 60 sand and gravel streaks 3 79 

Water sand 25 85 Clay. brown to green with 

Red bed '3 98 
green shale and red to brown 
sandstone streaks '.5 83.5 
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Table 6 . - Drillers' Logs of Selected Water Wells, Oil and 
Gas Tests, and Stratigraphic Tests-Continued 

Thickness Depth Thickness 
(f •• ,) (feel) (f •• ,) 

Wen 30-66-702 Well 30- 66-928 

Owner: Howard Cox Owner : Morris Thomas 
Driller: lester King Driller: lester King 

Soil 3 3 Soil 3 

Sandy shale 17 20 Red shale 7 

Water sand 10 30 Water sand 15 

Red shale 15 45 Red Shale 15 

Well 30-66-9301 

Well 30.66-704 
Driller: 

Owner : W. R. Erwin 
Humble Oil and Refining Company 

Owner: Kenneth Whithurst 
Clay 4 

Driller: L E. Hayhurst 
Gray clay 26 

Sand 
Red clay 25 

Sand and gravel 9 10 
White clay 20 

White clay 2 12 
Redrock 20 

Sand and gravel 11 23 
Sand 5 

White clay 5 28 

Red shale 20 48 
Gray shale 5 

Red rock 20 

Gray sha le 15 

WeU 30-56-706 Lime 15 

Owner: Oran Bains, Jr. Red rock 15 
Driller: W . D. Clark 

We" 30-63-101 
Clay and sand 22 22 

Owner: L M. Hodges 
Sand and gravel 7 29 Driller: Lester King 

Red clay with yellow clay 31 60 Caliche-clay 12 

Sand 23 

Red shale 25 
Well 30-66-913 

Blue shale 5 
Owner: Qty of Cross Plains 

Driller: Jake Dallas Well 30- 63-306 

caliche and gravel 15 15 Owner: City of Cross Pla ins 
Driller: -

Yellow sandy clay 25 40 
Soil 5 

Sand with some gravel 20 60 
Fine white sand 61 

Red shale 10 70 
Red bed 

Well 30-63-314 

Well 30-66-926 Owner: H. R. M iner 

Owner : Harvey Wilcoxen 
Driller: Jack Leonard 

Driller : Lester King caliche and sand 30 

Soil 5 5 Water sand, white 10 

Pack sand 26 30 Clay with some sand 10 

Water sand 40 70 Sand and clay 11 

Red shale 15 85 Red bed 

, Panial drillers' log from an oil or gas test. 
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Deplh 
(f •• ,) 

3 

30 

45 

60 

4 

30 

55 

76 

95 

100 

105 

125 

140 

155 

170 

12 

35 

60 

65 

5 

66 

66 

30 

40 

50 

61 

62 



Depth 0 f 
Well Aqulhr .. ell 

(ft) 

30-211-703 .. ' " ." '" " ." .. ' 15 

31-9 10 P 31 

91. P 3l 

36-102 0" Sprtnl 

301 ... Spring 

302 ... 35 

'''' ... 35 

'''' ,,, " 
,OJ 

w 
,,, 25 

501 , 30 

601 .... Spring 

'" ... l) 

'" .... l) 

,OJ ... 21 

'" ... 21 

". ... " 
'" ... " 
'12 ,.. ". 
001 .... " 
'" ,,, " 
"2 ... 20 

." .. - " ... .. - " ... ... 30 

"" ... " 
'" 

,,, 
" 

.10 .... " 

s.e fOOU'Iote •• t end of t.ble. 

T.ble 7.--Ch~ .. ical An.lYles of Win ... [;rOIl Sale<:t"d Well., 8 p ... in,I, e nd Test 1101 .. 

(An . ly .......... in mUligraM pOI ... H te r exupt p ..... cent .0eU .... 'p.<:Ht c cortductence. pH, SAR, .nd IISC.) 

W.ter-be.rtnt "nit: Q.l, Quetern .. ')' 0 ... R"<:,,nt .lluv!"",: Itca, Antl"u Fonutlon, P, Penoian ... ""ka undiUerentieted. 

Analy.es ... d" In 1939 .nd 1940 were by che.tau e.ployed on Work ProJecta Ad .. t niatuHon Project 10443. Other ena l y.n 
pe ... fo ...... d by T ..... Department of lIu] tli except .. heu indiuted by footnote. 

Date ot Silica Iron ""- ""'tna- ''''- Pota,- Btclt- Sul - Chlo- l"1uo- ,, - Boron Ch-
colle<.t1on (510:2) (1"fI) c i "", I lu .. '"" dum bonat . r.ta rid e rid, tt.t. ,., lolved ,<>, ' .. ' (N.) 'K' (IICO,) (804) eC I) ", (NO,) .0Ud. 

,",. 30, 1971 " -- "' " '60 , 
'" ,0. '" 1.> '" '.5 1,367 

~,. 2, 1940 -- -- -- -- -- -- -- " " -- <>. -- m 

,",. S, 1971 10 -- 1,150 '" 1,810 7 1 .. 114 5,700 .. < .. ., 9,200 

Aug. 2, 1940 -- -- '" " 127'* -- m '" m .. 21,0 -- I, tOl 

"" . 16, 1971 17 -- m " '" , 
2" '" 600 ., I, SO .. 2,26S 

,",. II, 1971 II -- "2 Il. ". 1 20. 222 1,5)0 . 7 II -- 2,1162 

Sept. II, 1970 19 -- Il " '" -- m ". m 5.2 < .. -- 1,01111 

reb . is, 1940 -- -- " 22 ,. -- "4 " 17 -- <20 -- 172 

Dec . 10, 1970 " -- " 
, 5 , 

'" < , • . 1 " .1 '" 
J .. l y 2.5 , 1978 22 -- " II • -- 247 , 24 < .1 " -- '" 
.~. 10, 1970 19 -- " , " 1 ". " " 1., , .5 ". 
Feb. 22, 1940 -- -- no 242 271'* -- '" 2" ." 2 •• 22. -- 1,794 

Sept. II, 1970 Jl -- " 22 " 1 m 122 " 1. ' < ., ., '" 
July 31, 1940 -- -- " " 121'* -- m '" " -- <20 -- '" 
Sept . 8, 1970 " -- " " '" 1 ". '" " 2.1 2. 5 ., 7" 

J .. ly 31, 1940 -- -- m " ". -- m 101 '" -- '" -- 1,419 

Stpt. &, 1970 19 -- '" " " 1 301 120 " .5 " .2 ... 
Nov . 4, 1970 " -- '" " 10. 1 .07 '00 '" 1.1 " .2 '" 
Dec. 10, 1970 " -- 50' .0 140 , 

'" 1>' '" .5 2" ., 1,511 

" " -- m " '" 2 I. S8 210 '" . 5 1> .2 1,436 

Sept. II, 1910 22 -- 12 • " 117 1 2" 10, '" I.. 22 ., '" 
Feb . 22, 1940 -- -- " 10 .,. -- '" " " -- " -- m 

.~ . 9, 1970 21 -- '" 17 70 , 
'" " '" .. 20 .2 '" 

d. 19 -- " 22 " 1 '" " " ., • .2 , .. 
Jan. 111, 1971 • -- " 7 11 1 "2 • , .2 < ., . 1 157 

Aug , I, 1940 -- -- "7 " 191'* -- m , .. I" -- -- -- 1,271 

..... 17, 1971 " -- " 7 , 1 177 22 15 ., ,., .1 '" 
July 25, 19711 " -- " , • -- 177 " 14 .. '-' -- m 

..... 30, 1971 " -- m " 110 2 '" '" ". 1.1 " ., 2,250 

Totd Spec ific Per- Socii .... fluid ... ] 
hlrd- <:ondo <: t - ce nt .d.orp - aocllu. 
nUl InCI '" .od- tion c.rbon 

" (lI.icrolilhol '"" r.Ho '" c...~ at 25 · C) (SAlt) (RSC) 

51. 1,9110 7.' SO . O '-' ••• 
'" -- -- -- -- --

4,270 11,900 7.' -- -- --

'" -- -- lO . S 2'.2 .. 
1,160 3, ISO 7.' 34.0 '.5 .. 
1, 650 4,490 7.' 35 . 6 ,., .0 

" 1,700 '.2 90. 3 17.7 ' . 1 

137 -- -- ••• . 2 .. 
211 "0 7.5 '-' .1 .0 

2" '" 7.0 ,., .2 .. 
m 7" '.1 &7.0 2.7 l.O 

1,007 -- -- 36.9 ,. , .0 

'" '" 7. 5 42 . 1 2.' . 5 

'" -- -- 44.11 2 . , .0 

351 1,169 7.' 46 • .5 ,., ., 
'" -- -- 11. 0 .7 .0 

'" 1, 091 7.' 30.4 1.7 .0 

510 1,360 7.2 30. 7 2.' . 0 ... 2,2S0 7.1 24 . .5 1.' .0 

'" 2,230 7.' 35.4 ' .1 .. 
'00 1,170 7.' 40. 2 2" .0 

'" -- -- 25.6 , .. .. 
'" 1,09& 7. 5 25.6 1.4 .0 

'" '" 7.' 18.9 .. .0 

127 '" 7.5 IS.8 .. .1 

'" -- -- 311.3 J.2 .0 

'" '" 7.5 ,., .1 .. 
" 7 '" 7.' ,., . 2 . . 
.10 3,3&0 7. ' 5 7.11 7.' .0 
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w ... 

W~ll Aquihr 

30-44-304 "', 
,OJ "" 
,07 ." 
30. , 
". .,' 
"2 ,,, 
40J ,,, 
"., ." 
"" 

,,, 

'" "'. 
50" "'. 
50J K~a 

,., ,,, 
505 .,. 
50' ,,, 
60' "', 
,0> "" 
'" "'. 
70? ." 
m ,,, 

"" 
,,, 

705 ,,, 
no ,,, 
no ,,, 
• O? ,,, 
'O? ,,, 

"" "" ... ''" . " "" 
.07 "" 
.08 ,,, 

." ,,, 
90? ", 

See fOO~"OlU Il end of table . 

Depth of 
",dl 
(ft) 

" 
" 
" 

Sprtng 

" 
J6 

77 

Spring 

Sprins 

" 
22 

42 

Sprtng 

30 

" 
" 
" 
90 

" 
66 

'" 
" ." 
." 
'" 
m 

'" 
'53 

90 

" 
60 

76 

.05 

Date of 
collection 

Nov . 6, 1970 

Nov . 13, 1970 

" 
N"v. 17, 1970 

Jan. 6, 1971 

Jan. ~, 1971 

Feb. 5, 1971 

Aug . 1, 1940 

~, 10, 1971 

Nov . 2, 1970 

Nov . 11, 1970 

Jan . 11, 1971 

" 
Feb. 5, ],971 

" 
P~b. 21, 1940 

Jan. 11, 1971 

Sept. 9, 1970 

Jan . 6, 1971 

Jan . II, L9n 

.'eb . 5, 1971 

,. 
Oct. 10, 1974 

July 24, 1978 

"ug. ll, 1961 

Jan . 7, 1971 

July 25, 19711 

Jan . II , 1971 

Jan . 11, 1971 

~·eb . II, 1971 

hb. 11, 1971 

"". I, 1971 

Feb . 16, 1971 

Tjlbl~ 7.--Ctn'OItcal AnalY8e" of Water J>r0lll Select~d Wella, Sprinsa, and Test Moln·-Continued 

SUtca Tron Ca l - Magne- Sod- Potu- lit car - Sui- Chlo- Fluo- ". 1I0ron 
(S t Qz) (Pe) ctu," . l uID .. " Itum bonate f.t~ ride rid" tra te ,., 

(C.) ''''' (Na) ,., ( ltC03) (S04 ) (C l ) '" (1'10 3) 

" < 0. 02 "''' 20 61 <1 '" 63 " L1 " 0 . 2 

JJ .. 79 " " <1 ". " " L, L' .2 

" .. m " 70 <1 '" " .07 .. , 9 . , 
20 .. '30 " 34 ~ . 344 " 67 • < .4 .2 

" .. 137 9 " I< • '" " " . 6 "" . , 
U .. "" • " <1 '00 23 " . , • .. 
20 .. 77 9 " ~ . "0 '" , .2 ' . 5 . 2 

.. .. "" " 50' .. 31,e " " . 6 <20 .. 

" .. 67 " 2JJ 2 ,,4 '" 200 '.5 < .4 . 6 

" .. ." " 36 • '99 24 62 .5 < .4 .. 
" .. 9' 30 " I< • 409 " 9 2 . ' ,., .. 
" .. 2" " U4 I< • '" " 21,6 .7 227 ., 
" .. ." 69 496 I< • '" 560 550 '-' L' . 4 

" .. 95 24 50 I< • 4J' " " • ' . 5 . 2 

" .. "6 " 72 , 
"" 66 "" .. " .. 

.. .. " 2', 142* .. 34. m " .. " . . 
10 . . 244 " 493 1 364 ". 1,020 ••• " .4 

" .. 20. " 97 I< • '" " '" ., 9 .2 

2J .. .50 30 63 6 '" .. 99 .. " .. 
9 .. m 6 " • JO' " " ., < ." .1 

" .. m u u I< • 365 " J2 . 5 < .. . 1 

" .. 90 U " I< • 3" 24 " . 6 , .1 

" .. U9 9 " .. m " J7 .4 " .. 

" .. ' U " 20 .. m 27 " .2 " . . 

" .. " " J5 ' . 2 '06 " " . 7 '.0 ... 
" .. 'OJ " 39 • 394 25 5', . 7 U .. 
7 .. 40 20 " .. "4 56 '" ., < .. . . 

" .. m " • • '" " " . 2 ".5 ., 
" .. m " 53 • '" 72 ." .. ' . 0 .. 
" .. 56 7 9 • 200 " 5 . 2 ' . 5 .. 
" .. ." " 55 • " 4 4J .. . 7 < .. . 2 

" .. ". 34 ". • '60 '" "9 .. " .. 
" .. 47 49 ." • 667 439 '" 2 • • < . 4 L, 

ToUI Specific !'er- Sodium Re . tdual 
DlI- hard- conduct- cent ad. orp- sod i um 

lolved nUB anea ". . "d- lion c.rbon-
• "U d. .. (Ollcromh" • .. " r.ti" m 

C.COJ at 25 ·C) (SAR) (RSC) 

'" ". on 7.1. 27 . 9 .. " 0.0 

'" '" .,. 7." 44 . 0 2 . ' '" 
623 4" 1,000 "4 26.9 .. , . 0 

'''' '04 '" 7.' 16.2 . 7 . 0 

693 '" 1. 036 7.6 33 . 0 "9 .0 

347 297 '" • . 0 ••• ., . 0 

257 229 ". 7., 3.6 .. . 0 

m '" .. .. 26 . 4 '" .0 

96. 364 1,520 , .. 511 . 0 5.' ., 
'" '67 704 7.2 17 .7 .. . 0 

m '" 637 7.4 7.4 ., . 0 

1.146 .90 1,140 7. ' 26.5 ••• . 0 

1. 969 570 2,910 7.' 65.5 9. 0 .0 

492 JJ7 742 ••• 24 . 4 ... ., 
'" 459 1,0M 7. 4 25.3 ' . 4 .0 

no 300 .. .. 50.7 ' . 5 . 0 

2,210 05' 3,520 7. 5 55 . 11 7. ' . 0 

'" 600 1,600 7.' Z6 . I ' . 7 .0 

'" 496 1,134 7. 4 21.3 .. , . 0 

345 300 '" 7.' 7. 9 ., . 0 

"7 '" 7" 7." 5.7 . 2 .0 

J50 '" '" 7.' 111.9 . 7 . 0 

". ". '" 7.' 7. 2 ., . 0 

'97 '" 635 7.7 12.0 . 4 .0 

'" 3<4 '" 7. 6 19 . /, ., .0 

." J57 766 7.9 19 . 2 .. . 0 

4" "2 '" ' . 2 52.1 ' . 9 . 0 

'" 34' ." 7. 9 ,., .. . 0 

707 540 1,164 7. 9 17 . 7 . 9 . 0 

m " 0 34 . 7. 6 10.3 . 3 .0 

'34 '66 '" 7. 4 24.6 1.2 . 0 

1,04 1 .30 1,650 ", J2 . 7 2 . ' . 0 

1, 463 '" 2, 1110 7.' 73 . 3 10. 0 .. , 
- -
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Tabla 7.--Ch_tcal Analyu. of Warn Proll Sdectd Waih, Spr1nal, and Tut "" Iu--C"netnutd 

Total Spacific hr- Sodiu. Rutdual 
Depth of Date of S11t ca Iron "d · Magna- ,,,. Poea.- lIicar - S ... l - Chlo- I'luo- ". lIoron Ot . - hard- conduct- cent ad,orp- .odi_ 

Wdl Aqutfu .. all collection (S10:2> (Pe) d ..... 111.111 ,," .iull bonat~ fate rtd~ ride trae. ,., . "lvtd n .. , anca " .od- t ion carbon-
(ft) ,o., ,"', (Na) ", (HC03) (8°4 ) (C l ) ,P) ()tOl) .oUd, 

C:~o, 
(llicro"",o. ,~ r.uo ... 
at 2S·C) (SAR) (RSe) 

30-S2 -7 01 ,~ " Jan. 6, 1971 " .. '" " '" q '" '" '" 5.1 < 0 . 4 0.' 1,14 '" 1,190 ,. , 37 . 11 3.0 0.0 

70' ,~ " " " .. 260 44 '" . , 323 "0 373 .. m .2 1,222 .30 1,950 ,., 21 . 7 ,., . 0 . " ''" 37 Dec. 3, 1970 " 4.' 95 " , , 
'" " " . 3 • .4 ., 32 280 510 ,., ,. , . , . 0 

." "" " Apr. 30, 1940 .. .. " 20 (2. .. '20 " " '20 .. . . " 20' .. . . 11.2 .3 .0 . " ", " "" 10, 1971 (4 .. " " 32 2 '" 23 " . , , . 2 40, m '" ,., 18.2 . , .0 

", , .. " Jan. 6, 1971 " .. ". '" '" 3 322 4" 940 Ll 39 .3 2,36 1, 650 3,570 ,. , 21 . 3 ,. , .0 

"3 "', " do 24 .. .. " '" 
., 450 '" "4 3.' " .2 " 424 1,490 , .. 48 . 5 3.' .0 

'" "', 37 Stpe. 6, 1940 .. .. (4' " ". .. '" " 'DO .3 " .. '" 40' .. .. ' . 2 . 4 .0 

53-101 , Spring ,",. 19, 1971 (2 .. (43 " , ., 434 22 22 ., • .4 .2 431 399 '05 '.3 3 . , ., . 0 

'" ''" 
, Sept. 5, 1940 .. .. " " ". .. 3U " 42 ., ." .. m '" . . .. 22 . 3 ., .0 

'" "', , Sept. 22, 1970 " .. 79 , (4 ., 264 " " ., 3.' . . 27 '" 462 '.4 11.11 .4 .0 

,0> , Spring ,",. 25, 1971 (4 .. .. 29 36 2 '" " " ., • .2 '" 340 740 ,., 111.7 .. .0 

54-101 "', .. Sept . 22, 1970 H .. " " 47 , m " " .4 · . 4 ., 362 227 '" ,. , 30.6 '''' . 0 -W .... ", ,~ " do " .. " '34 '" 
, .40 '" 1,050 ' . 3 

, .4 2.' 2,1173 1,140 4,410 ,., 55.3 ' . 3 .0 

'OJ ,,, 70 do " .. '04 H " , 304 27 " .2 24 ., " . 307 634 ,. , 11.9 .4 .0 

'04 ''" 70 "'''. 7, 1970 " ." '63 " '" 
, 477 " '" ., " .3 '" 3" 1,370 ,., 35 . 7 2.4 .0 

". ,,, 30 Jan. 13, 1971 29 .. " " (2 , 376 " • .. , . 2 m '" '" , .. ,., ., . 0 

202 ,,, 
" "',. 13, 1970 30 .. " 

, , 3 243 " " .3 • .4 . , '" '" 4~. '.4 ••• . 2 . 0 

'04 ,,, (20 Oct. 14, 1970 17 . . '" 66 309 2 '" '" 'DO ., '" . 4 2,109 1,110 3, 070 '.4 37 . 7 4.0 . 0 

'" ,~ "0 ... , . 11, 1971 " .. 
" 22 , , 360 " 

, ., • . 4 .2 336 322 '" ,., 3. 3 ., . 0 

30' 
,,, 

'" "",. 6, 1969 27 .. 30' " " 
, 322 " '04 . 3 '" .. 1,194 ." 1,600 ,. , ,., ., .0 

302 ,,, 
'" Oct. Il, 1974 " .. '" • • .. 372 " " .2 H • .. '" 462 '" , .. 3. , ., . 0 

30' ''" '" July 26, 19711 " .. '" 
, , .. 349 n " ., 24 .. '" 326 561 '.4 3 . 3 ., .0 

303 "', m Ap~ . 4, 1940 .. .. 'DO 20 24' .. 390 36 33 .. '20 .. 432 '" .. .. 12.9 ., . 0 
304 ,,, 

'" St pt. 23, 1970 " .. ,n " " 
, 345 " 41 . 3 " .2 426 m 703 , .. .. , .3 . 0 

304 "', '" Oc t . II, 1974 14 .. '00 " " .. 306 " 32 .4 ,. , .. 3" 3U 600 ,. , 10.1 . 3 .0 

30' ,,, 56 Junt " 1971 14 .. n. 10 , , J79 n , ., • . 4 .1 '" 332 '70 ,. , 3. ' .1 . 0 
401 ,,, 60 Sopt . 111, 1970 , .. " " 37 32 '" 

, 4 97 .3 L5 . , '" '30 690 ,., 22 . 9 1.0 . 0 
40> "', 60 Oct. 10, 1974 " 

.. ". 37 '" .. 460 ". '" ., . .4 .. '" 466 1,350 ,. , 37 .7 , .. . 0 

'" '0' 60 July 26, 19711 " .. 110 39 176 .. '" '" '" 1.4 • .4 .. .99 436 1,240 ,., 46.11 3 . ' .0 
402 <0, " Stpt. 4, 1940 .. .. '30 56 255* .. 64' '44 300 ,., <20 .. 1,225 '" .. . . 50. 0 4.7 . 0 
402 ", " ,",. 9, 1971 22 .. ", 29 .. 4 '" 99 '" ., , .4 ., 677 394 I, US , .. 32 . 6 ,., .0 

Su footno t u at end of table . 



Table 7.··Ch_iu.l A ... l,eee ,,( w.cu Fr_ Select ... Wdh, Sprin,e, end Te,t H"L •• ··Cont1n,,~ 

Total SpecUlc P.r· Sodl". a."ld"el 
Ptlpth of nllt. of SIUce lron Col· Moll"'· .". Pot .. - Ileer· S"I· Chlo· F1",,· Nt · ,",W Dh· herd· cond"ct· ceat .... orp· lod1 ... 

Will /oq"Uu .. e n collection (S1~) (Pe) d~ Il". I"" el". bonete fet. ride ride tu,ce ,.) ,,,L ... eII nee. -~- " -". u~ c .rb .... -
(tt) 'Co) ''''' ''') ") (IiCOJ) (5°4) (CI) ") (ItO) eollde 

c:~ 
(.Icr .... o. 1- ntlo OU 
et 2"C) (5""") (l,5C) 

30-54-403 , 
" Sept . 4, 1940 .. .. " 14 ,,- .. m " " 0.7 " .. 412 '" .. . . 19_8 0.' 0.0 

• 03 , 
" "",. 9, 1971 14 .. 103 13 " I m " " .7 " 0. ' 40, m 64' 7. 7 13_6 ., . 0 . " , 
" J"ly 26, 1978 " .. 10, 10 " .. m " " .7 20 .. ". m '" 7.' 12.8 ., .0 

,01 ,,, 
'" Oct. 7, 1970 " .. " 21 " I '" " " ., " . 1 '03 '" '43 7.' 10.1 .. . 0 

601 "'- " Sept. 4, 1970 " .. 10' " 22 I '" " 47 .. , .1 46' '" 760 7.' 10.8 .. . 0 

60' ''" Sprinl •• 22 .. " 10, '" .. '10 '" m 1.7 < .. .. 1,159 '" 1.800 7.7 11.1 , . I .0 ,,, "'- 70 Sept . 23, 1910 13 .. "' II 16 I m " 20 .1 21 ., '01 '" '" 7.' ••• ., . 0 

'04 "'- 70 •• 13 .. " " 14 I '" 13 16 .1 I . 1 ". m '" 7.' ••• ., .0 

'03 
,,, 60 Oct. 9, 1970 20 .. 113 " 16 I 240 " " ., 108 .1 '" m 761 7.1 ••• ., .0 

60. ''" " Oct _ 7, 1970 " .. 131 110 " 7 '20 '" I" 1.0 21 ., ." 760 1,580 7 . ' 14_0 •• . 0 

611 ,,, 
" Peb. 17, 1971 16 .. ,"0 200 '" 

, 
'" m ." .. ,., ., 2,287 1,'50 3,410 7 . 1 26.0 1.7 . 0 

612 ,,, 100 •• " .. 100 " " I '" " " .. I.' .1 '" '" '" 7.' 16.3 • 7 . 0 

6Il "'- " Oct. LO, 1974 13 .. 101 " .. .. m " 21 .. '.0 .. '" '" '" 7. 7 10_3 ., .0 -~ 6Il ,,- " J"ly 26, 1918 14 .. 93 " 13 .. 340 14 14 ., ,., . . 33' '" '" 7. ' '.0 ., .0 

• 01 ''" " Apr. 16, 1940 .. .. 100 " 328* .. 44, 497 220 2.1 <20 .. 1,442 '" . . . . 59_6 , .. .0 

• 01 "'- 40 Sept. 15, 1970 " .. I" " " I '" " "' ., , .1 67. 310 L,134 7.2 21.1 1. 1 .0 

'" "'- " •• " .. " 36 72 , 40' 44 " 1.7 < .. .1 36' '" '" 7.7 30.1 I.' • 7 

55_tOl ,,- 100 S.pt. 18, 1970 II .. " 21 " , 310 " " ., < .. .1 '64 '" 612 7. ' 25.0 1.0 .1 

101 ,,- " •• 10 .. " " " I '" " " ., I .1 '" '" '67 7.' 22.0 .. .0 

I" ,,, " Apr. 4, 19100 .. .. .. .. .. .. m " 36 .. <20 .. m .. .. .. . . .. . . 
I" "'- " S.pt. 2l, 1970 " .. " 13 " I '" " " ., < .. .1 J74 '" 617 7. ' 17.0 ., .0 

101 ,,- .. Sept. 15, 1910 II .. I" " .. I '" " " ., 1. 0 .1 44' J74 '92 7. ' .. , ., .0 

101 "'- '" A", . 2. 1940 .. .. " 14 13 .. m " " .. <20 . . m '" .. . . '.7 ., .0 

'" ,,- 103 Slpt. 15, 1970 .. .. " 22 " I '" 37 " ., 24 .1 .34 '" 720 7.' 15 . 2 ., .0 

'" ''" 130 d. " .. " " 22 I '" 24 " ., " .1 37 '" '" 7. ' 13 . 4 ., .0 

20. "'- 60 Sept. 18, 1910 II .. " " 41 I '" " " • 7 " .1 " '" 703 7.' 22 . 8 1. 0 .0 

". ''" 60 Sept . 21, 1970 " .. 101 " " I ,.. 
" 71 .. ,., . , .. 360 .01 7.' 20.2 •• . 0 

'" "'- 60 d. " .. 101 24 46 .. '" " " ., , .. '97 '" '" 7.3 22.1 1.0 .0 

III ,,- I" S.pt. 17. 1970 " .. 114 " 24 I '" " 36 ., 21 .1 '" '" 7J7 7.' 12 . 8 ., . 0 

217 "" " .«. 19, 1970 II .. m " I .. I ... ". 193 .. 24 ., 1,43 .. 0 1,000 7.' 33.5 I.' .. 
m "'- 13' "",. 24, 1971 13 .. " • 31 I '" 24 J6 .. I . 1 ,OJ I •• '00 7.7 24.1 .. . 0 

3" 'u " Sept . 24, 1970 16 .. m 16 " I '" 40 " ., I" . 1 m 461 ." 7.' 10.9 ., .0 

s .. footnote. u .nd ot table . 
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Ar.' 

2 

3 

4 

5 

Table 8,-Reported Oil-Field 8rine Production and Disposal, 1961 and 1967 
(Quantities reported in barrels) 

Box (palo Pinto) 

Elmdale (Palo Pinto) 

County regular 

Area Total 

Dyer (Flippen) 

Dyer (Moran) 

Dyer (Strawn) 

Morrise« 

FieidZ 

Morrise« (Tannehill, lower) 

Morrlse« (Tannehill. Upp8f) 

Morrise«, West (TannahilL upper) 

51. Patrick (Hope) 

Seidel (Tannehill, upper) 

Three Acres (Flippen) 

Three Acres, South (Gardner) 

County regular 

Area Total 

County fegular 

Area Total 

Dykes (Cook) 

County regular 

Area Total 

Ounder (8luff Creek) 

Colonel (Fry Sand) 

Herr-King (Cross Cut! 

IX (Conglomerate) 

Red Horse (Hope) 

Red Horse (Moran) 

County regular 

Area Total 

BriM production 

1981 

213 ,681 

152,400 

137,880 

503,961 

12 ,775 

o 
161 ,801 

27 ,445 

124 ,885 

5,475 

548 

81,700 

18,250 

84,437 

o 
108,520 

625,836 

o 

o 
10,904 

547 

11,451 

15,000 

31 ,673 

60,000 

547 

108,000 

189,515 

48,670 

453,405 

1987 

821,480 

133,285 

105,078 

1,059,843 

o 
2190 

88,620 

o 
o 
o 
o 

200,750 

o 
999,420 

100 

686,366 

1,977,446 

19,750 

19,750 

35,525 

1,460 

36,985 

73,000 

1,095 

1,137,728 

186,385 

o 
108,949 

582,331 

2,089,488 

01.,,0 .. 1 into pits 

1981 1987 

o 
o 
o 

o 
o 
o 
o 
o 

730 

o 
548 

o 
o 

437 

o 
1,560 

3,276 

o 

o 
904 

o 

904 

o 
o 
o 

187 

o 
3,000 

19,220 

22,407 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 

o 

Injection into wells 

1981 1987 

213 ,681 

152 ,400 

137 ,880 

500,961 

12,775 

o 
161 ,801 

27,445 

124,155 

5,475 

o 
81,700 

18,260 

" ,000 

o 
106,960 

622 ,561 

o 

o 
10,000 

547 

10,547 

15,000 

31 ,673 

60,000 

360 

108,000 

186,515 

29,450 

430,998 

821,480 

133,285 

105,078 

1,059,843 

o 
2.190 

88,620 

o 
o 
o 
o 

200,750 

o 
999.420 

100 

686,366 

1.977,446 

19,750 

19,750 

36,525 

1,460 

36,985 

73,000 

1,095 

1.137.728 

186,385 

o 
106,949 

582,331 

2,089.488 

See footnotes 8t end of table. 

Milcellaneous dispos.1 

1981 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 

o 

1987 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 

o 
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Table B. - Reported Oil-Field Brine Production and Disposal, 1961 and 1967- Continued 

Area' 

6 

7 

8 

9 

10 

11 

12 

13 

Field ~ 

Wagley (Tannehill Sand) 

County regu lar 

Area Tota l 

Finely (Moran) 

Giddens (1,100' Cisco and 1,900' Sand) 

Hendrick (Morr is Sand) 

Mikapam 

County regular 

Area Total 

Perkins (Caddo) 

Suttle (Palo Pinto Sand) 

County regu lar 

Area Totsl 

Coun ty reguler 

Area Tolal 

Putnam, Soulh (Duffer Lime) 

County regular 

Area Total 

Speed-Findley (Cross Plains) 

County regular 

Area Total 

County regu lar 

Area Total 

EGN (King) 

Lord & Shell (Tennehill) 

Myers (Upper Hope) 

Area Total 

See footnotes at end of table. 

Brine production 

1961 

274 ,0 19 

30.nl 

304 .790 

26 ,696 

1,660 

o 
365 

14 ,020 

42 ,741 

730 

• 
30,505 

31 ,243 

755 

765 

4 

13,855 

13,859 

183 

365 

548 

3.000 

3.000 

725 

1,095 

301.125 

302,945 

1967 

9 1,262 

26,097 

117,359 

2 1,900 

422.932 

41,975 

365 

20.000 

507,172 

2.160 

o 
144,788 

146,948 

802 

802 

730 

11 5,705 

116,435 

o 
518 

518 

7,300 

7,300 

750 

o 
o 

750 

Dilposal into pitl 

1961 

o 
350 

350 

o 
1,660 

o 
365 

2,190 

4,215 

730 

8 

4,042 

4,780 

755 

755 

o 
350 

350 

183 

o 

183 

o 

o 
725 

1,095 

o 

1,820 

1967 

o 
4 

4 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
72 

72 

o 
o 

o 
o 
o 

o 
o 

o 
o 
o 
o 

o 

Injection into weill 

1961 

274 ,019 

~,421 

304 .440 

26,696 

o 
o 
o 

~ 

38,526 

o 
o 

~ 
26,463 

o 

o 
o 

13,505 

13,505 

o 
385 

365 

3.000 

3.000 

o 
o 

301 ,125 

301, 125 

1967 

91 .262 

25,910 

117,172 

21 ,900 

422.932 

41,975 

365 

20,000 

507 ,172 

2,160 

o 
144,788 

146.948 

730 

730 

730 

115,705 

116,435 

o 
518 

5 18 

7,300 

7,300 

750 

o 
o 

750 

Milcelianeoul dilpOlal 

1961 

o 
o 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
o 

o 
4 

o 

4 

o 
o 

o 
o 

o 
o 
o 
o 

o 

1967 

o 
183 

183 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
o 

o 
o 
o 

o 
o 
o 

o 
o 

o 
o 
o 
o 

o 
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Table a.-Reported Oil-Field Brine Production and Disposal. 1961 and 1967-Continued 

Aree' 

14 

15 

16 

17 

18 

19 

20 

21 

Fie l d~ 

McCurdy-Blair (Mississippil 

McCurdy-Blair, East (Mississippi) 

County regular 

Area Total 

Brock (Cookl 

Area Total 

Eula, Northwest (Cook) 

H & H (Cookl Field Un it 

Olga (Upper Cook) 

County regular 

Area Total 

J . K. Wadley 

County regular 

Area Total 

Inman (Flippen Sand) 

County regular 

Area Total 

Denton 

Milliorn 

Whitehead (Hope Sand) 

County regular 

Area Total 

Marge (Jennings Sand) 

Marge E (4040) 

AreB Total 

Scranton 

Area Tota l 

See footnotes at end of table. 

Brine production 

1961 

5.400 

o 
o 

5.400 

279.703 

279,703 

19. 700 

25,550 

2.910 

1.721 

49,881 

736 

o 

736 

18,365 

o 

18,365 

20.085 

2,760 

335 

46,176 

69,356 

1,550 

o 

1,550 

13,225 

13.225 

1967 

35,010 

12,750 

4,016 

51 ,775 

72.000 

72.000 

33.833 

o 
484 

157 

34,474 

o 
42.093 

42.093 

67, 150 

13,028 

80.178 

12,775 

9,490 

7,300 

83.782 

113.347 

9, 125 

3,650 

12,775 

4,300 

4.300 

OiapoN I into pitl 

1961 

o 
o 
o 

o 
o 

o 
o 
o 

1,600 

o 

1,600 

736 

o 

736 

365 

o 

365 

540 

2,760 

335 

551 

4,186 

1.550 

o 

1,550 

13,225 

13,225 

1967 

o 
o 
o 

o 
o 

o 
o 
o 

484 

157 

641 

o 
o 

o 
o 
o 

o 
12,775 

o 
o 
o 

12,775 

o 
o 

o 
o 

o 

Inject ion into weill 

1961 

5,400 

o 
o 

5.400 

279.703 

279.703 

19,700 

25,550 

1,310 

1,721 

48.281 

o 
o 

o 
18,000 

o 

18,000 

19,545 

o 
o 

45,625 

65,170 

o 
o 

o 
o 

o 

1967 

35,010 

12,750 

4.015 

51 .775 

72.000 

72.000 

33 ,833 

o 
o 
o 

33,833 

o 
42,093 

42,093 

67,150 

13.028 

80,178 

o 
9.490 

7,300 

83,782 

100,572 

9,125 

3.650 

12.775 

4,300 

4,300 

Milcellaneoua diaposal 

1961 

o 
o 
o 

o 
o 

o 
o 
o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 

o 
o 

o 

1967 

o 
o 
o 

o 
o 

o 
o 
o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 
o 
o 

o 
o 
o 

o 
o 

o 
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Table B.-Reported Oil-Field Brine Production and Disposal , 1961 and 1967-Continued 

Ar .. ' 

22 

23 

24 

25 

26 

27 

Barnes (Cook lime) 

Barnes (Cook Sand) 

Dumont (Cook) 

Loven Ranch 

Counly regular 

Area TOlal 

Oplin, S. E. (Ellenburger) 

Area TOlal 

Counly regu lar 

Area Total 

A. C. Scoll (Cross Plains) 

Fiald1 

A. C. SCOII, N.W. (Cross Plains) 

Am-Hard (Cross Plains) 

Gregory -Fonune (Cross Plains) 

Lucky Strike (Cross Plains) 

M cGraw (Cross Plains) 

M cKinney ICross Pl ai nS) 

War Kirk (Cross Plains) 

Counly regular 

Area TOlal 

Counly regular 

Area Total 

County ragular 

Area Total 

County regular, Unlocaled TOlal 

Counly TOlal 

Parcenl of TOlal 

, Areas shown on Figure 21. 
1 011 or gas fields .s assigned by tha Railroad Commission of Texas. 

Brine production 

'961 

4.500 

28,720 

4.800 

3,012 

2,905 

43,937 

2B,000 

28.000 

---E 
o 

274 ,175 

22,250 

36,750 

42 ,520 

2.555 

97,381 

73.232 

37.065 

750 

586,678 

765.280 

765,280 

93 

93 

1,363, 198 

5,519 ,936 

100 

1967 

o 
5,500 

12,775 

o 
15,780 

34,055 

o 

o 
15,060 

15.060 

523,775 

o 
o 
o 
o 

1. 066 

20.410 

o 

4.000 

549,251 

1.645.600 

1,645,600 

4,782 

4,782 

o 
8,740.486 

100 

Dispoul into pita 

'96' 

4,500 

28,000 

4,800 

o 
1,825 

39, 125 

o 

o 
o 

o 
18.900 

22,250 

250 

545 

o 
390 

232 

1,065 

750 

44,382 

8.345 

8.345 

93 

93 

84,843 

~ 

4 .30 

'967 

o 
o 
o 
o 
o 

o 
o 

o 
o 

o 
o 
o 
o 
o 
o 
3 

o 
o 
o 

3 

o 

o 
o 

o 
o 

13,495 

0.15 

Injection Into wells 

'961 

o 
720 

o 
3.012 

1.080 

4 ,812 

28.000 

28,000 

o 

o 
255,275 

o 
36.500 

41 ,975 

2,555 

96,991 

73.000 

36.000 

o 

542 .296 

755,570 

755.570 

o 

o 
1,278,060 

5,280.783 

95.67 

'967 

o 
5,500 

12.775 

o 
15.780 

34 ,055 

o 

o 
15.060 

15.060 

523.775 

o 
o 
o 
o 

1.063 

20.410 

o 

~ 
549.248 

1.645.600 

1.645.600 

4,782 

4,782 

o 
8,726.808 

99.84 

Miacallaneoua diapo •• 1 

1961 

o 
o 
o 
o 
o 

o 
o 

o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
1,365 

1,365 

o 

o 
295 

1,664 

0.03 

1967 

o 
o 
o 
o 
o 

o 
o 

o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 

o 
o 

o 
o 

,.3 

0 .01 
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Producing 
zone 

Dothan Sand1 

do' 

Tannehill2 l 

do' 

do ' 

do' 

do' 

do' 

do' 

do' 

U,Tannehill " 

L,Tannehill" 

Flippen" 

do' 

Cook Sand' 

do' 

King l 

Home Creek" 

do' 

Winchell" 

Palo Pinto" 

do' 

Cross Plains· 

do' 

Field' 

Elmdale 

Regular 

Morrisell 

do 

Red Horse 

Three Acres 

S, E, Clyde 

N , of Baird 

Wagley 

do 

Regular 

do 

Wildcat 

Threa Acres 

Brock 

Regular 

Morriseu 

Brock (Cook 
Sand) and Eula 
lower Hope 

do 

El mdale 

Bo< 

Regular 

8aum 

Cross Plains 
(McKinney) 

See footnotes at end of table , 

Average 
well depth 

(feet) 

3,350 

1.400 

1,609 

1,623 

1.407 

1,312 

1,763 

1,682 

1,956 

3,300 

1.530 

Table 9,-Chemical Analyses of Oil-Field Brines 
(Analyses are in parts per million except pH) 

Area 
Ihown on 
Figure 21 

2 

2 

5 

2 

14 

5 

B 

B 

2 

16 

2 

15 

15 

26 

25 

Calcium 
(Ca) 

12,059 

1,992 

4,159 

4,128 

5,360 

5,720 

6,520 

4,750 

3,673 

3,812 

5,860 

5,360 

4,390 

7,310 

4,993 

5 ,750 

7,793 

3,354 

2,lB9 

2,960 

11,680 

3,280 

4,eoo 

3,920 

Magne­
~um 

(Mg) 

Permian Sy.tem 

1,008 

635 

1,41 7 

1,256 

1,099 

1,370 

2,106 

1,120 

1,384 

1,359 

1,090 

1,120 

1,070 

1,660 

1,333 

1,440 

Sodium 
(Na) 

20,300 

28,530 

27,320 

30,786 

34,100 

25,402 

27,000 

21,180 

22,280 

34,600 

34 ,800 

29,400 

38,000 

39,445 

35,290 

Penn.ylvanian Syatem 

1,780 

1,143 

B20 

1,000 

2,041 

1,500 

1,205 

2,350 

33,270 

32,499 

32,586 

30,750 

20,010 

32,600 

32,100 

31,000 

Bicarbonate 
(HC03) 

., 
259 

99 

139 

83 

80 

106 

300 

21 

267 

85 

85 

96 

146 

78 

85 

94 

312 

124 

62. 

117 

150 

70 

124 

Sulfate 
(504) 

730 

3,710 

6 

6 

7 

666 

680 

o 
19 

43 

o 
o 

340 

o 
o 
o 

92 

275 

40 

750 

148 

o 
740 

46 

Chloride 
(CI) 

52,800 

33,800 

55,400 

52,950 

60,100 

66,300 

71.800 

53,300 

44,050 

44,320 

66,900 

66,400 

50,000 

76,200 

73,500 

69,100 

70,100 

59,000 

60,000 

54,700 

81,650 

60,500 

60,980 

60,500 

Oi •• olved 
lolld. 

147,300 

119,800 

92,500 

112,000 

112,000 

85,000 

132,800 

120,000 

124,800 

96,000 

95,817 

94,500 

97,649 

100,800 

105,150 

97,900 

pH 

6.1 

7.4 

7.0 

7,1 

7,0 

6.6 

6.8 

6,3 

5.3 

6.5 

6,2 

6.7 

6.8 

62 

7.4 

8 ,0 

6.8 

6,7 

7.2 

6,0 

7.3 

6,0 

6.25 
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Table 9.-Chemical Analyses of Oil-Field Brines- Continued 

Producing 
l one 

Cross Cut' 

Cisco Sand~ 

MOfan Sand' 

Fry Sand' 

U. FryJ 

U. FryJ 

do' • 

dOl. 

Fry Sand' 

Jennings Sand' 

Lake? 

do' 

Bend' 

Conglomerate' 

ElienburgerJ 

do' 

do' 

do' 

do ' 

do ' 

do ' 

do' 

Ellenburger' 

Filid' 

Herr. King 

Regular 

Herr· Klng 

R&d Horse 

do 

1.6 SE Eula 

Regular 

Silver Ve ney 

Red Horse 

Speed Findley 

IX Conglomerate 

do 

Red Horse 

do 

do 

Three Acres 

Red Horse 

Hatchett 

Red Horse 

Optin 

OpUn SE 

A verlge 
W I n depth 

If .. t) 

2.680 

2.350 

2,680 

2,700 

4. 190 

3.800 

4,356 

4.362 

4,442 

4,396 

4.460 

4,410 

4,420 

4,442 

3,875 

4,190 

'Oil and gas fields as assigned by the Railroad Commission of TeKas . 
' Analyses obtained from BJ Service, Inc., 1960. 

M .. 
shown on 
Figure 2 1 

5 

5 

5 

5 

19 

5 

• 
5 

6 

5 

5 

5 

2 

5 

12 

5 

22 

23 

Cllcium 
ICa) 

M -ane· 
s'um 
(Mg) 

Sodium 
INI ) 

Penn.ylvln.an System- Continued 

9,324 

5,120 

8.787 

10,880 

10.085 

2.930 

5.800 

4,300 

5._ 
15,100 

4.625 

13.355 

12,360 

2,889 

1,170 

1,518 

1,941 

1,586 

775 

.70 

600 

1,395 

2.160 

706 

2.723 

2,856 

36,650 

30.400 

32,030 

39.'" 
36,295 

30,000 

34,240 

49,400 

16,420 

43 ,661 

37 .330 

10,560 2.180 32,400 

2.288 

3,240 

2,3 18 

2,200 

2,200 

6,890 

2.735 

2. 100 

1.700 

Ordovician Sylltem 

1,388 

1,685 

564 

554 

400 

1,752 

733 

352 

690 

22,944 

22,000 

23,110 

25,100 

23 ,040 

21.200 

22,260 

24 .900 

22 ,500 

JAnalyses obtained from data accompanying Rai lroad Commission of TeKas' 1967 Salt Water Production and Disposal Questionnaires. 
'Analyses obtained from Laxson and others, 1960. 

Bicarbonate 
IHC 0 3) 

196 

160 

•• 
93 

72 

' .0 
220 

292 

11 0 

290 

47 

109 

15 

.6 

4.0 

392 

60 

393 ., 
50 

121 

312 

4.3 

Sulf ite 
(50.. ) 

,.9 
120 

329 

.9 

110 

2,730 

122 

7. 

36 

.5 
337 

•• 
145 

175 

1.592 

1,866 

1,064 

1.260 

1,390 

359 

1,685 

474 

1,400 

Chlorkil 
(CI) 

79,430 

60,200 

69.085 

85.650 

78,370 

51,700 

61.370 

41,245 

67,400 

109,000 

36,200 

98.759 

95.000 

74.900 

42.034 

43.300 

39.300 

43.000 

39.520 

49,700 

40,020 

42,600 

38,500 

Dil. olved 
solids 

102,800 

111,81 5 

91,200 

108,800 

83,000 

118.300 

195.000 

147.700 

71,280 

75.300 

60,500 

pH 

•. 0 

••• 
6.15 

• . 6 

5 .• 

7.0 

• . 0 

6.3 

5.9 

6.4 

5.2 

•. 7 

4.75 

5.3 

7.03 

6. 6 

6 .• 

7.7 

7 .• 

••• 
••• 
7.1 

7.58 



Well OperalOr 

30· 27 ·623 Rock Hill Oil Compeny 

28·802 lotovgllrd and Fitzgerald 

29-601 E. H. R. Sallens 

37-201 A. G. Hill 

38-401 William D. Austin 

60' E. l . Finely 

90' Mieml Operaling Company. Incorporeled 

39· 901 Wesl Central Drilling Company 

40·801 Intex Oil Company 

45·204 Copez Oil end Gn Corpor8lion 

60> Humble Oil and Relining Company 

46-901 Frank Ausenka Tlustoo end Ab.Tal< Drilling 
Compeny 

~ 

~ 
90' Slar all Company 00 

905 Ike Drilling Company 

906 A. R. McElreath. Jr. 

51 ·603 RObinson-PuCkett. In c. 

52· 601 Anderson-Pritchard Oil Corporation 

53· 601 Warren·Brad shaw Explorat ion Company 

64_205 Roxananna Petroleum Corporation lind 
C. O. Moore 

206 Woodson PrOduction Company end 
ErneStine Cell&han 

3o, Star 011 Compeny 

306 Broderick lind C&lvert 

Table 10.- Oil and Gas Tests Selected as Data-Control Points in 
Callahan County and Adjacent Areas 

(For location of wells, see Figure 22.) 

lee.e nlme end Type 
operllo .. Survey Ind .f 

well num"-r lection number County f", 

D. M. Myel1 No. I Blind Asylum lands No. I Jones Eleclric 

R. D. Damewood No. Section 90, Block 13, T and P RR Company Cellehan Electric 

Green No. A·l Section 71. 810ck 13. Tend P RR Company Shnckellord Elecldc 

Maggie Hllfdy No. 2 Section 24, ET RR Company Callah"n Ehlclric 

Synder No. A· I Seclion 142. 8BB and C RR Compeny ,. Electric 

E. l. Finely No. I Section 5B. 8 . O. A do Drillers' 

N. L Finely No. I Se(;lion 73, 8 .0 .lot. do Electric 

W. A. Ramsey No I Seclion 2277, TE and L RR Compeny ,. Electric 

A. J. Pippen No. Section 3 I 82, TE and L RR Company Easlland Elec!fic 

Jones No. 1 No. 336. Viclo,;a County School Land Callahan Electric 

L. J . McFarlene NO. 1 Jesse Y01Jngblood NO. 24B ,. Electric 

C. M. Celdwell No.2 Seclion 12, Block 5, SP RR Compeny do EleClr;c 

C. M. Caldwu!1 No. 1 Seclion 12. Block 6, SP RR Compeny ,. Orillers ' 

'"' Electric 

Edger Smith NO.1 Section 9 , Block 5, SP RR Compllny ,. Drillers' 

T. W. Eastham No. 1 Section 9, Block 6, SP RR Company "" Drillers ' 

Addie Bishop Plleuger NO. 1 Section 18. Block 6, SP RR Company Survey Taylor Electric 

'"' Sample 

Tom Windham No. I George HanCOCk Section 359 Callahan Electric 

'0' 
Samph.l 

Ludie H. Owen No. 1 A·275. George Massengale ,. Electric 

C. M. Cilidwell No. 3 Seclion 15. Block 5. SP RR Company ,. Drillers ' 

C. M. Caldwell NO. 1 Section 14, Block 6, SP RR Comp.ny '" Electric 

C. M. Caldwell No. A-I Geo Cliell "" Electric 

C. M. Caldwell No. 1 Section 15. Block 16. SP RR Company do Dri ll ers' 

Elevltion of 
m .... uring 

~Inl 

1,580 

1,922 

1.62B 

I.B47 

1,73B 

1.473 

1.606 

1.626 

1,652 

1,956 

1.763 

2.152 

2,068 

I.B09 

I,B64 

2.284 

1,958 

1.595 

2,017 

1.996 

2.043 

1.993 

Remetkl 

Log on Jones County fillIOlofilical cross sea ion 8 · B·. 

Log on Shackellord County fileologi(;111 cro&s 
seclion B·B·. 

A total of 36 feel of Alluvium was encountered 
in this tfllil. 

Base of Anllers Formation at 1,795 feet ebove sea 
level. and 357 feet of Cretaceous ledimentswere 
encountered in the t681. 

Bue of Antlers Formetion et 1.923 feet above sea 
level. A 10lal of 235 feel of Cretaceous sediments 
WIIre encountered In the tOSt 

Bese of Antlers Formation all. 790Iellt above lell 
level . and 35 feat of Cretaceous sediments were 
encountered in the tllS l. 

Base 01 Antlers Formation at I .B29 feel above sea 
level , A 10lal of 25 feet 01 Cretaceous sediments 
were encountarad in the teSt . 

Base of Antlers Form8lion at I ,B24 leet above sea 
level. and 247 leat of Cretaceous sediments were 
encountered in the t95t . 

Base of Antlers Formation at 1 ,B59 feetllbove 5ell 
lev III . A total of 137 feet of CrlltllClt01JS sedim8l'lts 
were encountered in the test . 

Base of Antlers Formation at 1,7BB feel abova.lla 
Illvel. a!'ld 245 feet of Cretaceous sediments were 
encountered in the test . 

Basa 01 Antlers Formation 811.B26 feet above sea 
levu!. FrlHlh weter reported from 50 to 80 le8l . 
A t0181 of 168 feet of CreteCeoUI . edlmen" 
were encountered In the tlllt . 



~ ..,. 
CO 

We ll 

30·54 ·309 

55-301 

601 

701 

707 

929 

930 

61- 10 1 

701 

64-205 

Operator 

C. B. Edga. 

Sunray 0;1 Company 

Irvin Producmg Company .nd Weslern 
Natural Gas 

Harding Brothera 

Orlliing and bploration CompanV, Incorporated 

Cnper Orill ing Company 

Humble Diland Ra fin ing Company 

Hovga.d end Fillll4l.ald 

Coronet 0,1 Complny 

Henlhew Brother. 

Table 10_- Oil and Gas Tests Selected as Data·Control Points in 
Callahan County and Adjacent Areas-Continued 

t.. ... n.m •• nd 
oper.tOrt 

well number 

C.ldwell No. l -SWD 

C. E. ASpin No. 1 

Ben Llllte. No. I 

Cornelouis No. 

Baum-Swafford NO. A- I 

W"ght No. 1 

W. R. Erwin No. 

C. M. Mor58 No 

Morrll No. 66-2 

Aluander and Plumlay No. 

Surv .... end 
aeelio" number 

Slclion 13. 810ck 5. SP RR Company 

Gabriel Padillo 

Jell. OvlOn No. 751 

George M . Vigal No. 798 

do 

Seclion 751 . Jesse Dyson 

do 

Slaion 138. GH a"d H RR 

SechOll 66. GH end H 

SIClion 20, Block 2, ET fiR 

Typ. 
.f 

County ~ 

Cillahan Eleclric 

d. Elllctric 

do Electric 

d. Electric 

d. Electric 

do Eleclric 

do Driller, ' 

do Electric 

Coleman Electr ic 

EIIUe"d Electric 

EI.vltlon of 
me .. urlng 

~o lnt Remerlt. 

2.043 811e 01 Antlers Formationll 1.826 1 ... abovl s.a 
lellll. and 2 17 feel of CrellC80ul.ldlmlnts wera 
ancounlered In thl 1111. 

2,000 Base 01 Antler. Formelion al 1,726 18ltabolle Sla 
level . A 10lal of 275 fell 01 eriIKeOU. sediments 
were enoounllfed in the 1"1. 

1,799 

1.801 

1.802 

1.763 

1,804 8e8e of Antler, Formalion al 1,704 feel . bolle Sla 
lellel. lind 100 feel of Crelaceou,aedlmenllwere 
encountered '" the 11111. 

1.885 

1.752 

1.697 
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