TEXAS WATER DEVELOPMENT BOARD

REPORT 195

GROUND-WATER RESOURCES
OF PART OF CENTRAL TEXAS WITH
EMPHASIS ON THE ANTLERS AND
TRAVIS PEAK FORMATIONS

VOLUME 1

November 1975

By

William B. Klemt, Robert D, Perkins,
and Henry J. Alvarez

Published and distributed
by the
Texas Water IJ{'\'L‘I(}pIIICTlr Board
Post Ottice Box 13087
Austin, Texas 78711

TEXAS WATER DEVELOPMENT BOARD

John H. McCoy, Chairman Robert B. Gilmore, Vice Chairman \uthorization for use or reproduction of any original material contained in this publication,
W. E. Tinsley Milton Potts i.e., not obtained from other sources, is freely granted, The Board would appreciate
Carl Illig A. L. Black acknowledgement.

= «

Harry P. Burleigh, Executive Director



DEDICATION

This report is dedicated to the memory of Robert D. Perkins, one of its authors. Bob, his wife, and
two daughters were victims of a plane crash near Temple, Texas on November 17, 1972, Another employee
of the Texas Water Development Board, Joe Henry, was also lost in this unfortunate accident.

Bob, a native of Stephenville in Erath County, was born December 8, 1940. He attended Tarleton
State College, and in 1966 received a Bachelor of Science Degree in Geology from Texas Tech University.
While at Texas Tech, he was President of the Geology Club in 1962-63 and a member of the Sigma Gamma
Epsilon honorary geology fraternity.

Bob joined the staff of the Water Development Board in February 1966 and worked in the Waco field
office until December 1871 when he transferred to El Paso as head of the regional field office of that city.

The Board and its staff pay tribute here to Bob Perkins' fine work and express our deep feeling over
the very tragic loss of this highly skilled professional.



GROUND-WATER RESOURCES OF PART OF CENTRAL TEXAS WITH
EMPHASIS ON THE ANTLERS AND TRAVIS PEAK FORMATIONS

ABSTRACT

The area covered by this report includes all or parts of Bell,
Bosque, Brown, Burnet, Callahan, Comanche, Coryell, Eastland,
Ellis, Erath, Falls, Hamilton, Hill, Hood, Johnson, Lampasas,
Limestone, McLennan, Milam, Mills, Navarro, Somervell, Travis,
and Williamson Counties in the central part of Texas. It has a
population of about 846,000(1970) and an area of
13,888 square miles. The economy of this region is supported
principally by light industry, governmental agencies, and
agriculture. The cities of Waco and Temple are important
manufacturing centers. [rrigation from ground-water sources is
practiced in Comanche, Eastland, Erath, and adjacent counties.
The production of oil and gas also contributes to the economy in
the northwest and eastern areas. Ground water, used extensively
for peanut irrigation, public supply, and industry, is essential to
the present and future welfare of the region.

The geologic units of the study region generally consist of a
southeast-dipping sequence of Cretaceous rocks which
uncomformably overlies a complex of Paleozoic and older rocks.
The principal aquifers are of Cretaceous age and consist of sand
and limestone units. The Antlers and Travis Peak Formations,
which are hydrologically connected in Brown, Comanche, and
Eastland Counties, are the most important aquifers. These
formations extend on the surface or in the subsurface through
essentially the entire study region. The Travis Peak Formation
contains the Hensell and Hosston Members which are the two
most  important water-bearing units. Other important
water-bearing units are the Glen Rose Formation, Paluxy
Formation, Edwards and associated limestones, and the
Woodbine Group.

Fresh ground water containing less than 1,000 milligrams
per liter (mg/l} dissolved solids is available from the Cretaceous
aquifers throughout most of the study region. The Travis Peak
Formation generally yields water of good chemical quality with
an approximate dissolved solids range of 300 to 3,000 mg/I
within the region. In general, the water becomes more saline with
depth. Ground water suitable for irrigation is produced from the
Antlers and Travis Peak Formations in Comanche, Eastland,
Erath, and adjacent counties. Most of the water from the Travis
Peak Formation, with proper treatment, will meet industrial
requirements. Water from the Travis Peak Formation is generally
suitable for public supplies throughout most of the region,

Approximately 48,600 acre-feet of ground water in the
study region was pumped from the principal Cretaceous aquifers
in 1967. Of this amount, about 42,500 acre-feet was from the
Antlers and Travis Peak Formations with additional withdrawals
of 3,290 acre-feet from the Edwards and associated limestones,

1,200 acre-feet from the Glen Rose Formation, 1,060 acre-feet
from the Paluxy Formation, and 580 acre-feet from the
Woodbine Group. In 1967, the Antlers and Travis Peak
Formations yielded about 16,800 acre-feet of water for public
supply, about 16,100 acre-feet for irrigation, about
5,900 acre-feet for rural domestic use and livestock, and about
3,700 acre-feet for industrial use.

Water levels of the principal Cretaceous aquifers in the
study region are generally declining. The amount of decline
ranges from a few feet to 450 feet in 1967 in the Waco area
where the supply is from the Travis Peak Formation. The amount
of fresh water being withdrawn from the Hensell and Hosston
aquifers in parts of Bell, Coryell, Hill, and McLennan Counties
exceeds the estimates of recharge, and the ground-water supply is
being depleted by removal of water from storage. Digital
computer aquifer simulation studies of the Travis Peak Formation
to the year 2020 indicate that tremendous water-level declines
should occur downdip in the existing areas of heavy pumpage as a
result of projected pumpage. Small water-level declines have been
noted in the Paluxy Formation and the Woodbine Group, while
only seasonal water-level fluctuations have been observed in the
Glen Rose Formation and the Edwards and associated limestones.

Large quantities of ground water of good quality are
available for development in the study region. Approximately
87,000 acre-feet of ground water could be pumped annually until
the year 2020 from the Antlers and Travis Peak Formations
under optimum conditions, Based on estimated recharge in the
outcrop and a digital computer simulation of pumpage and
water-level declines, this would not lower water levels to a depth
greater than 400 to 500 feet below the surface of the ground or
below the top of the water-bearing sands until the year 2020. An
estimated 1,836 acre-feet of water is available from the Woodbine
Group and approximately 930 acre-feet is available from the
Paluxy Formation. These amounts can be pumped annually
without lowering the static water levels below the top of the
aquifer or below 400 feet below land surface. More detailed
information is needed to determine the quantity of water
available from the Glen Rose Formation and the Edwards and
associated limestones.

Continuing programs are needed to collect basic data such
as fluctuations of water levels, chemical analyses of water
samples, and inventory of pumpage. In addition, pumping tests
and recharge studies are needed in the outcrop areas. Data from
these continuing programs, pumping tests, and recharge studies
can be used to provide a basis for any needed adjustments to the
digital computer model of the Hensell and Hosston aquifers.
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GROUND-WATER RESOURCES OF PART OF CENTRAL TEXAS WITH
EMPHASIS ON THE ANTLERS AND TRAVIS PEAK FORMATIONS

INTRODUCTION

Purpose and Scope

Field investigations were conducted during the period from
September 1964 to September 1969 to determine the
ground-water resources of part of the central Texas region, with
emphasis on the Antlers and Travis Peak Formations. The Travis
Peak Formation contains the Hensell and Hosston Members,
which are the two most important water-bearing units of this
region. The study region is shown on Figure 1.

The primary purpose of this investigation was to determine
the occurrence, availability, dependability, quality, and quantity
of ground water used for public supply, industry, and irrigation,
from the Antlers and Travis Peak Formations, and to establish a
relationship between pumpage and water-level decline. The
secondary purpose was to determine the occurrence, availability,
dependability, quality, and quantity of ground water in the
remaining water-bearing units of the study region.

Figure |
Location of Study Region

The general scope of this investigation included the
collection, compilation, and analysis of data relating to ground
water from the Antlers and Travis Peak Formations in central
Texas, and the presentation of these data, results of analyses,
recommendations, and conclusions in a published report. The
report is prepared in two volumes. Volume 1 contains interpretive
information presented as text and related figures and tables.
Volume 2 contains supporting basic data including well location
maps, records of wells, drillers’ logs, and chemical analyses of
water.

The scope, although directed toward the quantitative
aspects of water availability, also includes collection and use of
chemical quality data, surface and subsurface geological data,
study of the magnitude and extent of contamination of ground
water by oil-field brine in the northwest outcrop area, synthesis
and analysis studies of aquifer hydrology using digital computer
model techniques, and review of previous work by federal and
State agencies.

Location and Extent

The study region has an areal extent of 13,888 square
miles, and represents 5.02 percent of the State’s total area. It is in
the Brazos, Colorado, and Trinity River basins and includes all or
parts of 20 counties—Bell, Bosque, Brown, Burnet, Callahan,
Comanche, Coryell, Eastland, Erath, Falls, Hamilton, Hill,
Lampasas, Limestone, McLennan, Milam, Mills, Somervell, Travis,
and Williamson. Data were also used from the fringes of Ellis,
Hood, Johnson, and Navarro Counties. Consideration was given
to only that portion of each county in which usable ground water
is found within the Antlers and Travis Peak Formations.

For the purpose of this report usable ground water is
considered to be water which contains less than 3,000 milligrams
per liter (mg/l) dissolved solids. However, it is recognized that
ground water with higher dissolved-solids content is desalted and
used in some areas.

Topography, Soils, and Vegetation

Most of the land surface expressions in the study region are
the result of stream erosion of relatively flat or gently dipping
rocks that are exposed on the surface. Along its southern and
eastern edges, the region has gently rolling prairies with low relief
and a well-developed, dendritic drainage. Soils consist of dark
calcareous clays, sandy loams, and clay loams in the uplands,
while dark gray to reddish-brown calcareous clay loams and clays
are found in the bottomlands. Vegetation in the uplands consists
of tall bunch grasses and scattered mesquite, while elm,
hackberry, and pecan are usually found in the bottomlands.

In the northwest, the physical features consist of gently
sloping prairies with moderate relief and mature dendritic
drainage. The northeast has an irregular topography of high relief
with erosional knobs, abrupt valleys, resistant outliers, and
moderate to rapid surface drainage caused by major streams
cutting across the various rock formations. Soils are usually
light-colored, neutral to slightly acid sand, sandy loams, and
loamy sands. Vegetation in the northwest and northeast part of
the region consists mainly of tall bunch grasses, mesquite, cedar,
and scrub oak.

The central part of the region has moderately high relief
with tabular divides, small limestone-capped mesas, sharp-cut
valleys, and a thorough dendritic drainage. The soils are dark,
stony, shallow to deep calcareous clays in the uplands and
reddish-brown to dark gray clay loams and clays in the
bottomlands. Tall bunch grasses, scattered mesquite, some live
oak, and cedar grow in the uplands while oak and juniper are
usually found in the bottomlands.

Elevations range from 350 feet in the southeast to
2,200 feet above mean sea level in the northwest. Drainage is to
the southeast by the Bosque, Brazos, Colorado, Lampasas, Leon,
Navasota, and Paluxy Rivers and their tributaries.

Climate

The climate of the region covered by this report is
characterized by long, hot summers and short, mild winters. The
average minimum temperature for January, the coldest month,
ranges from 32°F (0°C) in the northwest to 39°F (4°C) in the
southeast. The average maximum temperature for July, the
warmest month, is 96°F (36°C) throughout most of the study
region. The annual mean free air temperature for the period
1931-60 ranged from 65°F (18°C) in the northwest to
68°F (20°C) in the east (Carr, 1967).

The average annual precipitation ranges from 24 inches in
the northwest to 36 inches in the east. These figures are based on
National Weather Service records for the 30-year period 1931-60,
and are illustrated on Figure 2 along with average monthly
precipitation for periods of record at selected stations.

The average annual gross lake-surface evaporation for the

period 1940-65 ranged from B0 inches in the east to 80 inches in
the northwest (Kane, 1967).

Population

In 1970, approximately 846,000 inhabitants lived within
the region covered by this report. This represented about

7.5 percent of the State’s population. More than 65 percent of
the region's population lived in urban areas having 2,500 or more
inhabitants. Some of the urban areas are the cities of Austin,
Belton, Brownwood, Cameron, Copperas Cove, Georgetown,
Hillsboro, Killeen, Lampasas, Marlin, Mexia, Stephenville, Taylor,
Temple, and Waco. The remaining inhabitants lived in rural areas
or smaller communities.

Economy

The principal manufacturing plants are in or near larger
cities; however, some plants in smaller cities process local
products, especially those related to agriculture. The cities of
Waco and Temple are important manufacturing centers, while
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Figure 2

Austin, although having light industry, derives its economy
mainly from the activities of State and federal governmental
agencies. Killeen, another major city in the region, is the home of
Fort Hood, the largest free world armored post.

Agriculture has contributed substantially to the economy
of the region. In some parts, the development of ground water for
irrigation has greatly increased the production of agricultural
products and improved the standards of living on farms. Farming
includes raising various grains, small garden and truck vegetables
and fruits, peanuts, and various forms of livestock. Dairy farming
is practiced throughout the region and is of local importance.
Ranching consists of raising cattle, goats, hogs, and sheep and is
especially important where farming is not predominant.

Average Annual Precipitation, 1931-60, and Average Monthly

Precipitation for Period of Record at Selected Stations



Industrial activities include the operation of sand and gravel
pits and stone quarries, the production of clay and manufacture
of brick and tile products, the production of cement materials,
and manufacture of cement. Lignite is mined in Milam County
where it is used to produce electricity for the processing of
aluminum ores shipped in from other states or imported from
foreign countries.

0il and natural gas and gas liquids (natural gasoline, butane,
and propane) are produced in many counties. In these areas the
supporting activities connected with the production of oil and gas
further enhance the economy.

Previous Investigations

Portions of the study region have been previously discussed
in numerous publications related to geology and ground-water
resources. Some of the investigations leading to these publications
were conducted by the U.S. Geological Survey, Texas Water
Development Board, Bureau of Economic Geology of the
University of Texas at Austin, private concerns, educational
institutes, and individuals fulfilling partial requirements for
advanced degrees.

Prior publications which are the principal references for this
report include the following geological investigations: Hill (1901),
Adkins and Lozo (1951), Atlee (1962), Rodda and others (1966),
Fisher and Rodda (1966 and 1967), Rodgers (1967), Hayward
and Brown (1967), Young (1967), and Boone (1968).

The following ground-water investigations were used as
principal references: Follett (1956), Arnow (1957), Rayner
(1959), Holloway (1961), Henningsen (1962), Mount (1962 and
1963), Peckham and others (1963), Cronin and others (1963),
Thompson, G. L. (1967 and 1969), Thompson, D. R. (1967), and
Mount and others (1967). Water-well inventories conducted in
certain counties in the study region were also used as references
and historical background,
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Method of Investigation

The field work for this investigation was begun in
.September 1964 and ended in September 1968. The office work,

assembling data and writing the report, was accomplished from
September 1968 to September 1969. Some office work was done
intermittently throughout the study during periods of inclement
weather. The investigation procedure is presented in
chronological order.

Field work consisted of conducting a complete inventory of
the historical pumpage; collecting past and present water levels;
collecting data on well construction, yields, pumping rates, and
pumping levels; collecting drillers’, electric, and various other logs
and well completion data; examining sample cuttings;
determining elevations of wells having water-level or stratigraphic
data; conducting pumping tests on certain wells where
construction details are known and power and yield tests on
certain irrigation wells; mapping surface geology, as needed;
logging wells with electric/gamma-ray logger, as needed;
determining chemical quality and temperature of ground water
by using available analyses and collecting water samples for
analysis, where needed; and determining magnitude and extent of
contamination of ground water in the outcrop area. Office work
included constructing geologic cross-sections; tabulating water
well records, logs, water levels, and chemical analyses; preparing
well-location maps; constructing geologic maps of net fresh-water
sand thickness, structure, piezometric surface, total thickness,
chemical quality, surface geology, and water-level decline;
tabulating historical pumpage and projecting future water
demands based on population, economic growth, and
precipitation; and using a digital computer model developed by
Dames and Moore under contract with the Texas Water
Development Board, to forecast water-level decline based on
predicted pumpage for the years 1975, 1990, and 2020, and
pumpage which would be economically feasible to develop within
the region to the year 2020,
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Well-Numbering System

The numbers assigned to the water wells, oil wells, and test
holes in this report conform to the statewide system adopted by
the Texas Water Development Board. This well-numbering
system, illustrated on Figure 3, facilitates the location of wells
and prevents duplication of well numbers in present and future
studies. Each well is assigned a seven-digit number and a 2-letter
county designation prefix.

The State is divided into 1-degree quadrangles of latitude
and longitude. There are 89 such quadrangles, numbered 01
through 89. Each 1-degree quadrangle is further subdivided into
sixty-four 7%-minute quadrangles numbered 01 through 64.
Finally, each 7%-minute quadrangle is subdivided into nine
2%-minute quadrangles, numbered one through nine. Within these
2%-minute quadrangles, each well is assigned a two-digit number
beginning with 01.

The first two digits of each well number identify the
1-degree quadrangle; the third and fourth digits indicate the
7%-minute quadrangle; the fifth digit identifies the 2%-minute
quadrangle; and the last two digits identify the well within the
2':-minute quadrangle.
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Well-Numbering System

In addition to the seven-digit well number, a two-letter
prefix is used to identify the county. The prefixes for the 24
counties entirely or partially covered by this report are:

PREFIX COUNTY PREFIX COUNTY
AX Bell LW Hill
BB Bosque Ly Hood
BR Brown PX Johnson
BT Burnat RW Lampasas
BX Callahan SD Limestone
DY Comanche ST MeLennan
HB Coryell TK Milam
JD Eastland TL Mills
JK Ellis TY MNavarro
JP Erath XJ Samervall
JR Falls YD Travis
LA Hamilton ZK Williamson

Well AX-58-056-902, shown on Figure 3, is in Bell County
(AX); 1-degree quadrangle 58; 7%-minute quandrangle 05;
2%-minute quadrangle 9; and was the second well inventoried in
that 2%-minute quadrangle.

Definitions of Terms

This section is intended to acquaint the reader with some of
the terms used in this report. Many of these definitions were
selected from previous reports and from the Glossary of Geology
and Related Sciences, American Geological Institute (1957).

Acre-foot—The volume of water required to cover 1 acre to
a depth of 1 foot (43,560 cubic feet), or 325,851 gallons.

Acre-feet per year—One acre foot per year equals
892.13 gallons per day.

Alluvium—Sediments deposited by streams; includes
flood-plain deposits and stream-terrace deposits. Also called
alluvial deposits.

Aquifer—A formation, group of formations, or part of a
formation that is water bearing.

Aquifer test, pumping test—The test consists of the
measurement at specific intervals of the discharge and water level
of the well being pumped and the water levels in nearby
observation wells. Formulas have been developed to show the
relationship among the yield of a well, the shape and the extent
of the cone of depression, and the properties of the aquifer such
as the specific yield, porosity, and the coefficients of
permeability, transmissibility, and storage.

Aquifer test, recovery test—The test consists of the
measurement at specific intervals of the water level in a
previously pumped well and the observation wells. Measurements
are begun shortly after the pump is stopped and are continued
until the water levels rise {or recover) to their positions previous
to the start of the test.

Argillaceous—Applied to all rocks or substances composed
of clay, slate, or shale. They are readily distinguished by the
peculiar odor they emit when breathed on, known in mineralogy
as the "argillaceous odor".

Artesian aquifer, confined aquifer—Artesian (confined)
water occurs where an aquifer is overlain by rock of lower
permeability (such as clay) that confines the water under pressure
greater than atmospheric. The water level in an artesian well will
rise above the top of the aquifer even without pumping.

Barrier effect—The result of a hydrologic boundary of
restricted permeability which affects the radial growth of the
cone of depression of a pumping well. This occurs after*®an
elapsed pumping time. Because of this, the drawdown data of
pumping tests are abnormal and the transmissibility value
obtained is less than the true transmissibility.

Clastic—Rock composed of fragmental material derived
from pre-existing rocks or from the dispersed consolidation
products of magmas or lavas. The most common clastics are
sandstones and shales.

Coefficient of permeability—The rate of flow of water in
gallons per day through a cross sectional area of 1 square foot
under a hydraulic gradient of 1 foot per foot.

Coefficient of storage—The volume of water an aquifer
releases from or takes into storage per unit of surface area of the
aquifer per unit change in the component of head normal to that
surface.

Coefficient of transmissibility—The number of gallons of
water that will move in 1day through a vertical strip of the
aquifer 1 foot wide extending the vertical thickness of the aquifer
when the hydraulic gradient is 1 foot per foot. It is the product
of the field coefficient of permeability and the saturated
thickness of the aquifer.

Cone of depression—Depression of the water table or
piezometric surface surrounding a discharging well, more or less
the shape of an inverted cone.

Confining bed—0One which, because of its position and its
impermeability or low permeability relative to that of the aquifer,
keeps the water in the aquifer under artesian pressure.

Contact—The place or surface where two different kinds of
rock or geologic units come together, shown on both maps and
cross-sections.

Contamination—An impairment of the quality of the water
by sewage (high nitrate content), industrial waste (such as
oil-field brines from improperly cased or plugged wells), or
intraformational leakage from overlying or underlying strata that
contain undesirable water (Glen Rose Formation), to a degree
which creates an actual hazard to public health.

|

Dendritic drainage pattern—A pattern characterized by
irregular branching in all directions with the tributaries joining
the main stream at all angles.



Dip of rocks—The angle or amount of slope at which a bed
is inclined from the horizontal; direction is also expressed (such

as 1 degree, southeast; or 90 feet per mile, southeast).
[

Drainage system—A surface stream or body of impounded
surface water, together with all surface streams and bodies of
impounded surface water that are tributary to it.

Drawdown—The lowering of the water table or piezometric
surface caused by pumping (or artesian flow). In most instances,
it is the difference, in feet, between the static level and the
pumping level.

Electric log—A graph log showing the relation of the
electrical properties of the rocks and their fluid contents
penetrated in a well. The electrical properties are natural
potentials and resistivities to induced electrical currents, some of
which are modified by the presence of the drilling mud.

Evapotranspiration—Water withdrawn by evaporation from
a land area, a water surface, moist soil, or the water table, and the
water consumed by transpiration of plants.

Facies—The "aspect’” belonging to a geological unit of
sedimentation, including mineral composition, type of bedding,
fossil content, etc. (such as sand facies). General appearance or
nature of one part of a rock body as contrasted with other parts.
A stratigraphic body as distinguished from other bodies of
different appearance or composition.

Fault—A fracture or fracture zone along which there has
been displacement of the two sides relative to one another
parallel to the fracture.

Formation—A body of rock that is sufficiently
homogeneous or distinctive to be regarded as a mappable unit,
usually named from a locality where the formation is typical
(such as Glen Rose, Paluxy, and Georgetown Formations).

Head, or hydrostatic pressure—The pressure exerted by the
water at any given point in a body of water at rest reported in
pounds per square inch or in feet of water. That of ground water
is generally due to the weight of water at higher levels in the same
zone of saturation.

Hydraulic gradient—The slope of the water table or
piezometric surface, usually given in feet per mile.

Igneous rocks—Rocks formed by solidification from a
molten or partially molten state.

Impermeable—Impervious or having a texture that does not
permit water to move through it perceptibly under the head
differences ordinarily found in subsuiface water.

Irrigation—The controlled application of water to arable
lands to supply water not satisfied by rainfall.

Leaching—The process of removal of soluble material by
passage of water through soil.

Lignite—A brownish-black coal in which the alteration of
vegetal material has proceeded further than in peat but not so far
as sub-bituminous coal.

Lithology—The description of rocks, usually from
observation of hand specimen, or outcrop.

Metamorphic rocks—Rocks formed in the solid state due to
pronounced changes of temperature, pressure, and chemical
environment, which take place, in general, below the shells of
weathering and cementation.

Million(s) gallons per day—One million gallons per day
equals 3.068883 acre-feet per day or 1,120.14 acre-feet per year.
I

Mineral—Any chemical element or compound occurring
naturally as a product of inorganic processes.

Nodes—The centers of the subareas (polygons) used to
represent pumpage centers in the digital computer simulation of
the Hensell and Hosston aquifers in the study region.

Outcrop—That part of a rock layer which appears at the
land surface.

Milliequivalents per liter (me/l)—An expression of the
concentration of chemical substances in terms of the reacting
values of electrically charged particles, or ions, in solution. One
milliequivalent per liter of a positively charged ion (such as Na*)
will react with 1 milliequivalent per liter of a negatively charged
ion (such as Cl-).

Milligrams per liter (mg/l)]—One milligram per liter
represents 1 milligram of solute in 1 liter of solution. As
commonly measured and used, one milligram per liter is
numerically equivalent to one part per million (1 milligram of
solute in 1 kilogram of salution).

Perched ground water—Ground water separated from an
underlying body of ground water by unsaturated rock. Its water
table is a perched water table.

Percolation—The movement, under hydrostatic pressure, of
water through the interstices of a rock or soil, except the
movement through large openings such as caves.

Permeable—Pervious or having a texture that permits water
to move through it perceptibly under the head differences
ordinarily found in subsurface water. A permeable rock has
communicating interstices of capillary or supercapillary size.

Permeability of an aquifer—The capacity of an aquifer for
transmitting water under pressure.

Pjezometric surface—An imaginary surface that everywhere
coincides with the static level of the water in the aquifer. The
surface to which the water from a given aquifer will rise under its
full head.

Polygon—A subarea which resulted from segmenting the
study region into smaller areas for the purpose of simulating the
Hensell and Hosston aquifers using a digital computer,

Porosity—The ratio of the aggregate volume of interstices
(openings) in a rock or soil to its total volume, usually stated as a

percentage.

Recharge of ground water—The process by which water is
absorbed and is added to the zone of saturation. Also used to
designate the quantity of water that is added to the zone of
saturation, usually given in acre-feet per year or in million gallons
per day.

Rejected recharge—The natural discharge of ground water
in the recharge area of an aquifer by springs, seeps, and
evapotranspiration, which occurs when the rate of recharge
exceeds the rate of transmission in the aquifer.

Resistivity (electrical log)—The resistance of the rocks and
their fluid contents penetrated in a well to induced electrical
currents. Permeable rocks containing fresh water have high
resistivities.

Safe yield—The rate at which water can be withdrawn from
an aquifer for human use without depleting the supply to such an
extent that withdrawal at this rate will become no longer
economically feasible. The practical rate of withdrawing water
from an underground reservoir perennially for human use.

Sedimentary rocks—Rocks formed by the accumulation of
sediments in water or from air. The sediment may consist of rock
fragments or particles of various sizes; of the remains or products
or animals or plants; of the product of chemical action or
evaporation; or of mixtures of these materials.

Specific capacity—The rate of yield of a well per unit of
drawdown, usually expressed as gallons per minute per foot of

drawdown. If the vyield is 250 gallons per minute and the
drawdown is 10 feet, the specific capacity is 25 gallons per
minute per foot.

Specific yield—The quantity of water that an aquifer will
yield by gravity if it is first saturated and then allowed to drain;
the ratio expressed in percentage of the volume of water drained
to volume of the aquifer that is drained.

Storage—The volume of water in an aquifer, usually given in
acre-feet.

Strike of bed—The direction or bearing of a horizontal line
in the plane of an inclined stratum. It is perpendicular to the
direction of dip.

Structural feature, geologic—The result of the deformation
or dislocation (such as faulting) of the rocks in the earth’s crust.
In a structural basin, the rock layers dip toward the center or axis
of the basin. The structural basin may or may not coincide with a
topographic basin.

Transit recharge—That portion of the actual recharge which
is transmitted downdip to the areas of pumpage.

Transpiration—The process by which water vapor escapes
from a living plant, principally the leaves, and enters the
atmosphere.

Water level—Depth to water, in feet below the land surface,
where the water occurs under water-table conditions (or depth to
the top of the zone of saturation). Under artesian conditions the
water level is a measure of the pressure on the aquifer, and the
water level may be at, below, or above the land surface.

Water level, pumping—The water level during pumping
measured in feet below the land surface.

Water level, static—The water level in an unpumped or
nonflowing well measured in feet above or below the land surface
or sea-level datum.

Water table—The upper surface of a zone of saturation
except where the surface is formed by an impermeable body of
rock.

Water-table aquifer (unconfined aquifer)—An aquifer in
which the water is unconfined; the upper surface of the zone of
saturation is under atmospheric pressure only and the water is
free to rise or fall in response to the changes in the volume of
water in storage. A well penetrating an aquifer under water table
conditions becomes filled with water to the level of the water
table.

Yield of a well-The rate of discharge, commonly expressed
as gallons per minute, gallons per day, or gallons per hour.

GEOLOGY AS RELATED TO THE
OCCURRENCE OF GROUND WATER

Geologic History

Precambrian

Precambrian rocks in central Texas were, in part, derived
from great deposits of sediments consisting of limestone,
sandstone, and carbonaceous shales. After these sediments were
deposited, they were intruded by igneous magmas,
metamorphosed, and folded. These igneous and metamorphic
rocks were then extensively eroded before the start of the
Paleozoic era.

Paleozoic

During most of the Paleozoic era, a sedimentary basin
existed throughout much of central Texas which received

sediments consisting of sandstone, limestone, carbonaceous
shales, and other marine sediments. This basin received sediments
until late Pennsylvanian time when the Llano Uplift and the
Ouachita Fold Belt caused a regional tilting to the west and
faulting in the immediate uplift area. During Permian time, the
basin shifted to the west and oniy the extreme western part of
central Texas received sediments, while the remainder of the area
underwent extensive erosion.

Triassic and Jurassic

Extensive erosion continued throughout Triassic time in the
central Texas area. However, during the Jurassic period, only the
western and central part of the area had continued erosion, while
the Jurassic sea, advancing from the east Texas basin, began
inundating the extreme eastern part, Jurassic sediments possibly
extend as far west as eastern McLennan County.

Cretaceous

At the beginning of the Cretaceous period, the sea advanced
from the south and east and eventually covered all of central
Texas. This major transgression, together with several minor
regressions and a continuously oscillating shoreline, caused the
present sequence of sediments. During late Cretaceous (Gulf
Series), a general uplift occurred to the west and the Cretaceous
sea started a general regression and covered only the eastern
portion of central Texas. The uplift continued and the seas finally
regressed to the south marking the end of the Cretaceous period
in central Texas.

Tertiary and Quaternary

At the close of the Cretaceous period, noted by uplifting of
the western area and subsidence of the coastal area, sediments of
Tertiary and Quarternary age were deposited. The repeated
transgression and regression of the sea resulted in an alternating
sequence of marine and continental deposits. During the Tertiary
period, the Balcones faulting occurred probably as a result of
continued subsidence near the Gulf Coast and moderate uplift to
the west. Since the beginning of the Tertiary period, most of the
rocks in central Texas have been subjected to erosion and
weathering thus producing the present topographic and
geomorphic features.

Stratigraphy

The stratigraphic units that supply fresh to slightly saline
water to wells in the study region range in age from Paleozoic to
Recent. The most important water-bearing rocks in central Texas
are of Cretaceous age.

The Cretaceous System is composed of two series, Gulf and
Comanche, and each is divided into groups. The Gulf Series is
divided into the following five groups: Navarro, Taylor, Austin,
Eagle Ford, and Woodbine. The Comanche Series is divided into
the following three groups: Washita, Fredericksburg, and Trinity.

The Navarro, Taylor, Austin, and Eagle Ford Groups
consist predominantly of limestone, marl, and shale and yield
only small amounts of water in localized areas. The Woodbine
Group is the only important aquifer of the Gulf Series in the area
covered by this report. It consists predominantly of sand and
shale and is capable of yizlding small to moderate amounts of
water. The Woodbine Group is discussed in detail in the sections
covering the stratigraphy of the water-bearing formations and the
occurrence and availability of ground water.

The Washita, Fredericksburg, and Trinity Groups are the
three major water-bearing units of the Comanche Series in the
study region, and each of the three groups is divided into separate
formations and members.

The Washita Group is divided into the Buda, Del Rio, and
Georgetown Formations, The Buda and Del Rio are composed of

limestone and shale, respectively, and neither is known to vield
usable water in the region. The Georgetown consists of limestone
and usually yields small amounts of water.

The Fredericksburg Group is divided into the Kiamichi,
Edwards, Comanche Peak, and Walnut Formations. The Kiamichi
is a shale and is not known to yield water in the region. The
Edwards is composed of limestone, often porous, and in some
areas yields large amounts of good quality water. The Comanche
Peak and Walnut Formations consist of limestone and shale, and
in some localized areas yield small amounts of water.

The Edwards and Georgetown Formations are usually
hydrologically connected and in this report are discussed in detail
as the Edwards and associated limestones.

The Trinity Group is the principal water-bearing group of
rocks in the region and is divided into the Paluxy, Glen Rose,
Travis Peak, and Antlers Formations. The Paluxy consists of sand
and shale and is capable of yielding small to moderate amounts of
water, The Glen Rose is predominantly a limestone and yields
only small amounts of water. The Travis Peak is composed of
limestone, sand, and shale. It is the principal water-bearing
formation of Cretaceous age in the region and yields up to large
amounts of good quality water. The Travis Peak Formation is
divided into the following seven members: Hensell, Pearsall, Cow
Creek, Hammett, Sligo, Sycamore, and Hosston. The name
Antlers Formation is applied northwest of a line where the Glen
Rose pinches out and the Paluxy and Travis Peak coalesce to
form one unit.

The Paluxy, Glen Rose, Antlers, and Travis Peak
Formations, including the members of the Travis Peak
Formation, are discussed in detail in the sections covering the
stratigraphy of the water-bearing formations and the occurrence
and availability of ground water.

The relationship, approximate maximum thickness, brief
description of lithology, and summary of water-bearing properties
of the stratigraphic units are shown in Table 1. The outcrop areas
of the various formations are illustrated on Figure 21. Altitude
and depth of the formations and their total thicknesses and net
sand thicknesses are shown on Figures 22 through 34, 50, and 53.

Geologic cross-sections are profiles portraying an
interpretation of a vertical section of the earth. Six geologic
cross-sections were constructed; four are dip sections, and two are
strike sections. Dip sections are constructed approximately
perpendicular to the strike of the beds and parallel to the dip of
the beds, while strike sections are constructed parallel to the
strike of the beds. These six geologic sections, illustrated on
Figures 55 through 60, show the structure and stratigraphic
relationships of the geologic units.

Structure

The structural features most affecting the Cretaceous
aquifers in the area of study are the regional dip, the Balcones
and Luling-Mexia-Talco Fault Zones, the Llano Uplift, the
McGregor High, and the ridges and valleys of the eroded
pre-Cretaceous depositional surface, The regional structure and
generalized geologic outcrops are shown on Figure 4.

The Cretaceous rocks generally dip east-southeast at a rate
of about 15 feet per mile in the northwest part of the study
region, gradually increasing to approximately 40 feet per mile in
the central part, and then rapidly increasing east of the fault zone
to around 80 to 100 feet per mile.

The Balcones Fault Zone in the study region extends from
Austin through Waco to Hill County. The Luling-Mexia-Talco
Fault Zone parallels the Balcones on the east.

The Balcones Fault Zone has produced displacements up to
400 feet in McLennan County and perhaps as much as 600 feet in
Travis County. The Luling-Mexia-Talco Fault Zone has
displacements of 700 feet and more in some locations. These
fault zones may completely block or severely restrict the



Table 1.—Stratigraphic Units and Their Water-Bearing Characteristics

APPROXIMATE
MAXIMUM
THICKNESS
SYSTEM SERIES GROUP STRATIGRAPHIC UNITS (FEET) CHARACTER OF ROCKS WATER-BEARING CHARACTERISTICS
Quaternary
= ostly gravel, sand, silt, and cla elds sma arge amounts of water
and Mastl I, sand, sil d clay Yield Il ro large am ts of wat
Tartiary
Navarro 550 Shale, marl, and sand
Taylor 1,100 Marl and limy shale Locally yields small amounts of usable water
Austin 600 Chalky limestone
Gulf
Eagle Ford -300 Shale Not known to yield water
Farruginous sand, sandstone, shale, sandy shale, clay, and some
Woodbine 200 lignite and gypsum Yields small to moderate amounts of water
Buda Formation 50 Limestone Not known to Yield water
Washita Del Rio Formation 100 Shale Not known to yield water
Georgetown Formation 150 Limestone May yield water in connection with the Edwards
Kiamichi Formation 50 Shale Not known to yield water
Hard, fossiliferous limestone (often honeycombed), reef material,
Edwards Formation 176 shale, chert, and dolomite Yields small to large amounts of water
Fredericksburg
Comanche Peak Formation 150 Limastone and limy shale Yields little or no water
Walnut Formation 200 Shale and calcareous clay Yialds little or no water
T T T
| Paluxy i | Paluxy: Fine to medium grained sand, shale sandy l Paluxy: Yields small to moderate
ormation and calcareous shale, some pyrite, and iron nodules amounts of water
| F i | 200 | i i 1 | f
L
] T
I | l | Glen Rose: Locally yields small
Glen Rose Formation 1,600 ] Glen Rose: Limestone, shale, and anhydrite amounts of usable water
Cretaceous l -r I
| Hensell Member, (Approximate maxi- |
| I mum thickness 175 feet): Cong- | Hengell: Yields small to large
| | [ lomerate, fine to coarse grained sand, amounts of water
| | sandstone, siltstone, shale sandy shale, |
[ | | clay, limy clay, and limestone |
Comanche | l | |
| i ‘ Pearsall Member, (Approximate maxi- |
mum thickness 85 feet): Predom-
inantly shale interbedded with sand; l Pearsall: Locally yields small
| )
| however, in the calcarsous facies, the | amounts of water
A I l Antlers: I unit is composed almost entiraly of |
ntiers Fine to calcareous sad iments
Trinity Formation | 225 I =08rse- I Antlers: l
I | grained [ Cow Creek Member, {Approximate Yields I Cow Creek: Yields small amounts
I T;‘“*’ P:_':" | 3 o0 sand with | Travis maximum thickness 130 feet): small to | of water near outcrop
orma n
' varicolored | Peak Limestone moderate |
| : shale and | Formation amounts |
| streaks of Hammett Member, (Approximate of water Hammett: Not known 1o yield
l ! limestone 1 maximum thickness 140 feat): Shale l water
| |
I } | Hosston Member, | Approximate maxi- l
| mum thickness 1,550 feet): Cong- Hosston: Yields moderate to large
! | lomerate, fine to coarse sand and I amounts of water
| | [ sandstone, siltstone, shale, sandy and I
‘ | I calcareous shale, clay, and limestone [
I | | Svcamore Member: Sand and cong | Sycamore: Yields little or no
| | | lomerate with calcareous cement, shale, | water
| | | and’limestona |
| I | Sligo Member, | Approximate maxi- I Sligo: Not known to yield
: { : mum thickness 130 feet): Limestone { water
The Cotton Valley Group of Jurassic age, if pre-
Cotton Valley Group (?): Possibly sands, conglomerate, and shale sent, may yield usable water in the southeastern
area (amount and quality unknown)
Pre-Cretaceous rocks 7
Paleozoic rocks: Shale, limestone, dolomite, sandstone, evaporites, Paleozoie rocks yield small to moderate amounts
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movement of ground water downdip and may contribute to
contamination by allowing undesirable saline water to enter along
fault planes; therefore, these two fault zones affect the
occurrence, movement, and quality of the ground water in the
study region. The western boundary of the Luling-Mexia-Talco
Fault Zone appears to be the controlling factor in the downdip
limit of fresh to slightly saline water occurring in the lower
Cretaceous aquifers.

The Llano Uplift, a structural dome of igneous and
metamorphic rocks, is centered in Llano County southwest of the
study region. This dome acted as a source area for sediments, and
affected the depositional environment of the Cretaceous rocks
immediately east of the uplift area,

The McGregor High is an erosional high where
non-deposition occurred during early Cretaceous time. This high
is probably a Paleozoic limestone ridge or mesa that existed as an
island during early Cretaceous time and was part of one of the
ridges that occurs on the pre-Cretaceous surface. It is located in
southwest McClennan County near the city of McGregor. As a
result of this high, there is a marked decrease in the thickness of
the lower Cretaceous rocks, particularly in the Hosston Member
of the Travis Peak Formation; therefore, the movement of ground
water through this area is restricted.

The various ridges and valleys that existed on the
pre-Cretaceous surface had a direct effect on the lower
Cretaceous sediments as they were being deposited on that

irregular surface, Thicker accumulations of sand occur in the
valleys and thinner accumulations on the ridges, thus influencing
the occurrence and movement of ground water. The
pre-Cretaceous surface, or base of the Antlers and Travis Peak
Formations, is shown on Figure 22.
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STRATIGRAPHY OF THE
WATER-BEARING FORMATIONS

Pre-Cretaceous Rocks

Paleozoic rocks crop out in the northwestern and western
part of the study region in Brown, Burnet, Callahan, Comanche,
Eastland, Erath, Lampasas, and Mills Counties (Figure 21). The
occurrence of usable water in these rocks is generally limited to
the outcrop area or the area adjacent to the outcrop.

Of the many Paleozoic rocks in the region, only the
Ellenburger Group of Ordovician age, and rocks of Pennsylvanian
age are considered important water producers.

The Ellenburger, in the outcrop area in Burnet and
Lampasas Counties, consists of limestone and dolomite, both of
which may have vugs and cavernous zones associated with joints
and fractures, commonly enlarged by solution, and interbedded
lenses and nodules of chert.

Rocks of Pennsylvanian age consist of conglomerate,
sandstone, siltstone, limestone, shale, sandy shale, carbonaceous
shale, coal beds, redbed facies of sandstone and shale, non-marine
sandstone and shale, and channel-fill deposits consisting of gravel,
sand, and clay. In the northwest part of the study region where
they yield fresh water, these sediments regionally dip toward the
west or northwest at an average rate of approximately 50 feet per
mile, and are separated from the Trinity Group, of Cretaceous age,
by an angular unconformity.

Jurassic rocks could possibly be represented by sands,
conglomerates, and shales in the southeastern part of the study
region. These rocks may yield potable water. The amounts and
quality of water are unknown.

Antlers Formation

The Antlers Formation is a lateral equivalent of the Travis
Peak and Paluxy Formations. It occurs in the northwest part of
the region where the Glen Rose Formation thins and is no longer
a traceable or distinguishable unit. There the clastic sand and clay
of the Travis Peak and Paluxy Formations coalesce to form a
single unit, the Antlers Formation (Figures 55 and 57).

The Antlers outcrops in Brown, Callahan, Comanche, and
Eastland Counties. The Antlers dips to the southeast at an average
rate of about 12 feet per mile, increasing slightly near its
southeastern limit.

The lower part of the Antlers consists of pebbly
conglomerate, fine to coarse-grained sand and sandstone
(predominantly siliceous), and interbedded red to green sandy
clay. The middle part is predominantly a red-brown, sandy clay
interbedded with clayey sand and sandstone and a few streaks of
limestone or calcareous siltstone. The upper part of the Antlers is
composed of friable, compact, massively bedded, fine-grained
sandstone with interbedded red-brown to gray-green sandy clay
and clay.

The Antlers has been subjected to extensive erosion,
therefore, a complete section is found in only a few places. One
of these complete sections is the Spring Mesa location in Callahan
County where the total thickness is 220 feet, as noted in oil test
BX-30-46-901. In most of the outcrop area, the erosional
remnant of the Antlers has a thickness of 100 feet or less, as
illustrated on Figure 23,

Travis Peak Formation

The Travis Peak Formation outcrops in the northern,
northwestern, and western part of the study region in Brown,
Burnet, Comanche, Eastland, Erath, Hamilton, Hood, Lampasas,
Mills, and Travis Counties. The Travis Peak overlies Paleozoic
rocks throughout the region except in the extreme southeast
where it possibly overlies Jurassic rocks, The Travis Peak

underlies the Glen Rose Formation throughout the region. The
lower sands and shales of the Travis Peak are geologically and
hydrologically connected with the basal sands of the Antlers
Formation. The Travis Peak in the subsurface extends throughout
the study region east of the outcrop.

The Travis Peak Formation in much of the region is
composed of a lower sand unit, a middle argillaceous unit, and an
upper sand unit. The lower sand unit generally consists of sand
and sandstone, conglomerate, shale, and clay, and is termed the
Hosston Member. In the extreme downdip area, a limestone unit,
the Sligo Member, overlies the Hosston as shown on Figure 55.
The middle unit is predominantly a clay or shale, termed the
Pearsall Member; in downdip areas where distinguishable
carbonate (limestone) beds overlie the shale, the terms Cow Creek
Member (limestone) and Hammett Member (shale) are used
(Figure 55). The upper sand unit, termed the Hensell Member,
consists of sand and sandstone, occasionally conglomerate, shale
and clay, and some limestone.

This lithology generally occurs throughout the region
except in the west-central part where a calcareous facies of the
Travis Peak Formation exists. Here the various members of the
Travis Peak can be differentiated in some areas; however, due to
their calcareous characteristics and the lack of good subsurface
data, they are generally undifferentiated and are referred to as the
calcareous facies of the Travis Peak Formation. The calcareous
facies occurs in Bell, Burnet, Brown, Coryell, Hamilton,
Lampasas, Mills, and Williamson Counties as illustrated on Figure
23.

The calcareous facies of the Travis Peak Formation consists
of a lower calcareous conglomeratic unit, a middle calcareous
unit, and an upper calcareous clastic unit. The lower unit is a
conglomerate consisting of limestone and dolomite pebbles with a
calcareous cement and is named the Sycamore Member
(equivalent to the Hosston Member). The middle unit is
predominantly a limestone with varying amounts of argillaceous
material and is probably equivalent to the Cow Creek Member:
however, it is commonly referred to as the Pearsall Member and is
so used in this report. The upper unit, equivalent to the Hensell
Member, is composed of calcareous sand, silt and clav, and
limestone.

Hosston Member

The Hosston Member is the lower sand unit of the Travis
Peak Formation and is between the underlying Paleozoic rocks
and the overlying Pearsall or Hammett Members. The Hosston
exists as a distinguishable unit in essentially the entire study
region east of the outcrop, except possibly in the west-central
where the Sycamore Member is its equivalent. The Hosston is
often referred to as the ““Lower Trinity Sand” or the *‘Second
Trinity"” by drillers and residents in the region, The Hosston is the
most important aquifer in the region.

The Hosston is composed of: pebbly, sandy conglomerate,
generally poorly sorted, multicolored and cemented with calcite
or opaline (silica) cement; fine- to very coarse-grained, poorly to
well sorted sand and sandstone that is poorly to well cemented
with calcite or less commonly with opaline cement, gray to tan
through red-brown in color; sandy and silty clay with some waxy
clay, gray, green, yellow, or brown color; various colored shale;
and occasionally streaks of limestone. Crossbedding is commonly
associated with the conglomeratic beds, and the sands range from
thin bedded to massive. The sands and conglomerates are
predominantly siliceous with the pebbles consisting of chert or
quartz. The conglomeratic zones commonly occur at or near the
base and decrease in abundance and frequency downdip. The clay
and shale zones are interbedded and gradational vertically and
laterally.

The thickness of the Hosston varies greatly in the study
region with a maximum thickness of 1,555 feet occurring in well
TK-59-01-301 in Milam County and a minimum thickness of 5
feet in the Round Mountain measured section, 6 miles northwest
of Comanche. The thickness of the Hosston can be seen in the
various geologic sections on Figures 55 through 60 and the
thickness map on Figure 23.

The Hosston Member has a regional dip to the east in the
northern, central, and western parts of the region and to the
southeast in the area adjacent to and east of the Balcones Fault
Zone. Locally the direction may vary due to the depositional
structure and localized thickening or thinning of the Hosston.
The regional dip and the local variations are illustrated on the
geologic sections and on Figure 24 which shows the altitude and
depth to the top of the Hosston Member, the major faults
influencing the Hosston, and its downdip limit of fresh to slightly
saline water,

Sligo Member

The Sligo Member of the Travis Peak Formation is the
carbonate equivalent of the Hosston and exists in the subsurface
in the southeastern part of the study region where the Hosston
grades upward into a shale and then into limestone. The Sligo
consists of fossiliferous, dolomitic limestone that is crystalline to
chalky, occasionally sandy or shaly, and interbedded with shale.
The Sligo ranges in thickness from 0 to 130 feet and is not known
to yield water in the study region.

Pearsall Member

The Pearsall Member of the Travis Peak Formation
comprises clastic rocks of the predominantly argillaceous middle
unit. The Pearsall occurs when the limestones of the Cow Creek
Member thin and gradually pinch out in a westward direction. As
this occurs, the shales of the Cow Creek Member and the
underlying shales of the Hammett Member coalesce to form the
Pearsall Member as illustrated on Figure 57.

The Pearsall is present in the northern, central, and
northwestern part of the study region, west of a line trending
southwest through the west-central part of Hill County, extreme
southeastern Bosque County, extreme northwestern MclLennan
County, and southeastern Coryell County; and is gradational into
the calcareous facies of the Travis Peak Formation in western Bell
County.

In this area the Pearsall is composed of clay, commonly
silty to sandy, some of it waxy, green, maroon, red-brown, or
gray in color, interbedded with lenses of sand. Occasionally
streaks of limestone occur. The Pearsall in this area is commonly
called “redbeds’” by local drillers and farmers.

The Pearsall ranges in thickness from 0 to 85 feet and
pinches out near the Antlers Formation. The Pearsall thickens
downdip and has various areas of local thickening and thinning,
which often occur with an opposite thickening or thinning of the
Hosston. The Pearsall has approximately the same dip as the
underlying Hosston.

Hammett Member

The Hammett Member is the lower part of the argillaceous
middle unit of the Travis Peak Formation where it has a
distinguishable upper carbonate (limestone) bed.

The Hammett is present in the northeastern, east-central,
eastern, and southern parts of the study region, east of a line
trending southwest through the west-central part of Hill County,
extreme southeastern Bosque County, extreme northwestern
McLennan County, southeastern Coryell County, and is
gradational into the calcareous facies in western Bell County.

The Hammett is predominantly a shale, gray to buff in
color, occasionally silty or sandy, with streaks of fossiliferous,
dolomitic limestone particularly in the upper part. In areas where
sandy zones occur, the Hammett may yield small amounts of
water.

A maximum thickness of 140 feet is encountered in well
JR-39-43-801 in extreme southeastern Falls County: however, the
Hammett usually ranges from 40 to 75 feet thick. The dip of the
Hammett generally corresponds with that of the Hosston.

Cow Creek Member

The Cow Creek Member is the upper carbonate (limestone)
bed of the argillaceous middle unit of the Travis Peak Formation.
It is a distinguishable unit in the northeastern, east-central,
eastern, and southern parts of the study region. Since the Cow
Creek is the controlling factor on the location of the Hammett,
they have the same boundaries.

The Cow Creek is composed of limestone, cream to tan in
color, fossiliferous, often sandy and dolomitic with the sand
increasing westward particularly in the southern part, and is
occasionally porous due to vugs and fractures.

The thickness of the Cow Creek ranges from 0 to 125 feet
in the study region, with the maximum thickness recorded in well
YD-58-25-901 in west-central Travis County, The Cow Creek
gradually thins in a westward direction, eventually becoming
indistinct with only a few limestone lenses present in the north
and northwest. The average thickness of the Cow Creek ranges
from 40 to 75 feet, with a thickness of 100 feet common in the
south. The dip of the Cow Creek is approximately the same as the
Hosston.

The Cow Creek may yield small amounts of water in the
area near or adjacent to its outcrop.

Hensell Member

The Hensell Member is the upper sand unit of the Travis
Peak Formation and is overlain by the Glen Rose Formation and
underlain by the Pearsall or Cow Creek Member. The Hensell is
distinguishable in the entire study region, except possibly in the
west-central part where, due to the abundance of calcium
carbonate (limestone) in the Hensell, a distinction between it and
the underlying Cow Creek Member is very arbitrary. Included
with the Hensell Member is the “'Bluff Dale Sand,” a term used
by various authors for a clastic series immediately below the
limestones of the Glen Rose Formation. The ““Bluff Dale Sand"’ is
generally considered time-equivalent to the lower Glen Rose.
However, the "“Bluff Dale Sand” is probably hydrologically
connected with the Hensell Member and is included as part of the
Hensell in this report. The Hensell is commonly referred to as the
“First Trinity” or "“Upper Trinity Sand” by local drillers,
engineers, and residents. It is the second most important aquifer
in the study region. Most domestic and livestock wells drilled to
the Travis Peak Formation are completed in the Hensell.

The Hensell consists of: pebbly, sandy, multicolored
conglomerate that is poorly sorted and poorly to well cemented
with calcite, opaline cement, or clay; fine- to coarse-grained, gray,
green, and buff to red-brown sand and sandstone that is poorly to
well sorted, poorly to well cemented with calcite and occasionally
with opaline cement, and often unconsolidated in the subsurface;
sandy to silty, green, gray, red, yellow, or brown clay that is
occasionally waxy and calcareous; gray to green shale; and lenses
of limestone that are often arenaceous. The conglomerates are
often crossbedded, and occasionally the sands are crossbedded
although they usually range from thin-bedded to massive. The
sands and conglomerates consist mainly of chert or quartz. The
conglomerates usually occur near the base of the Hensell and are
found only in the area near or immediately adjacent to the
outcrop. With the grain size and amount of sand decreasing in a
southeastward direction, the sands grade into silty and sandy
shales in the southeastern subsurface. This facies change is
illustrated on Figure 25, which also shows the altitude and depth
to the top of the Hensell, and on the geologic sections, Figures 55
through 58.

In the northern, northwestern, and central areas and to the
west of the Balcones Fault Zone, the Hensell has a regional dip to
the east. In the area east of the fault zone, the Hensell dips to the
southeast. Variations from the regional pattern occur locally. The
general east and southeast dip of the Hensell and the increased
rate of dip in the fault zone are illustrated on Figure 25.

The total thickness of the Hensell varies considerably in the
study region, It is thickest in the northwest and thins to the

southeast. A maximum thickness of 178 feet occurs in well
JP-31-54-401 in west-central Erath County, and a minimum of
about 20 feet occurs in numerous locations in the southeastern
part of the region.

A general decrease in thickness to the east and southeast is
illustrated on Figure 26, along with the various trends of
thickening and thinning and the area of the facies change from
sand 1o shale. The thickness of the Hensell and the facies change
are also illustrated on the geologic sections, Figures 55
through 60,

Calcareous Facies of the
Travis Peak Formation

The calcareous facies of the Travis Peak Formation exists
only in the west-central part of the study region where the clastic
and cementing materials of the Travis Peak Formation have a
general calcareous composition. This calcareous characteristic
exists in all the units of the Travis Peak, making differentiation
into the various members difficult and arbitrary. Nevertheless, in
some areas where sufficient subsurface data are available, a
general distinction can be made with the Sycamore Member
representing the lower unit, the Pearsall Member representing the
middle unit, and the Hensell Member representing the upper unit.
The exact limit or extent of the calcareous facies is arbitrary;
however, the approximate location is shown on Figure 23.

The lower unit of the calcareous facies of the Travis Peak
Formation is the Sycamore Member, which is equivalent to and
correlates with the Hosston Member. The Sycamore consists of
coarse conglomerates, medium- to coarse-grained sand, silt, clay,
and limestone. The conglomerates consist chiefly of limestone
and dolomite pebbles and cobbles derived from the Llano Uplift.
These conglomerates are often very well cemented with calcium
carbonate (limestone) and are very hard. The sands have some
limestone and dolomite fragments but are chiefly siliceous with
calcium carbonate cement. The silts and clays are calcareous and
usually occur near the top. The Sycamore grades upward into a
finer clastic and more calcareous material, and the contact or
boundary between the Sycamore and the overlying, middle unit is
indistinct.

The middle unit, which is commonly called the Pearsall
Member, is composed almost entirely of calcareous sediments.
These sediments are usually composed of limestone, often sandy
and dolomitic, occasionally fossiliferous, crossbedded, and
coarse-grained. Clay and shale occur in various locations, and in
the southern part of the calcareous facies these are probably
equivalent to the Hammett while the limestone is probably
equivalent to the Cow Creek. However, this differentiation is not
traceable over a large area and may only occur locally. The
middle unit is gradational upward into a predominantly clastic
upper unit.

The upper unit, usually correlated to the Hensell Member,
is generally finer grained and contains few, if any, conglomerates.
It consists of fine- to coarse-grained sand and sandstone, silt, clay,
and some limestone. The sand is usually siliceous and generally
cemented with calcium carbonate. The silts and clays contain an
abundant amount of calcareous material, often as much as half,
therefore constituting a marl or silty marl.

The total thickness of the calcareous facies of the Travis
Peak Formation is illustrated on Figure 23. The minimum
thickness recorded is 90 feet in well RW-41-54-702 in western
Lampasas County near the outcrop, and a maximum thickness of
300 feet is noted in well ZK-58-09-501 on the western edge of
Williamson County.

The calcareous facies dips in various directions—northeast,

east, and southeast—often changing direction in a relatively short
distance due to the influence of the Llano Uplift.

Glen Rose Formation

The Glen Rose Formation crops out in the northern,
northwestern, western, central, and southwestern parts of the



study region in Bell, Bosque, Brown, Burnet, Comanche, Coryell,
Eastland, Erath, Hamilton, Hood, Johnson, Lampasas, Mills,
Somervell, Travis, and Williamson Counties. The outcrop area is
shown on Figure 21, The Glen Rose overlies the Travis Peak
Formation and underlies the Paluxy Formation. The only
exceptions are in parts of Burnet County, where the Travis Peak
is absent due to nondeposition and the Glen Rose overlies the
Paleozoic rocks, and east of the downdip extent of the Paluxy
Formation, where the Glen Rose underlies the Walnut Formation.

The Glen Rose extends on the surface or in the subsurface
through essentially the entire study region, except in portions of
Brown, Callahan, Comanche, and Eastland Counties where the
Glen Rose thins and is no longer traceable or distinguishable. In
this area, the Glen Rose pinches out and the Paluxy and Travis
Peak Formations coalesce to form the Antlers Formation. The
Glen Rose pinch-out is illustrated on Figures 55 and 57.

The Glen Rose Formation is composed primarily of
limestone with some shale, sandy shale, clay, sandstone, and
anhydrite. The limestone is often dense, finely crystalline,
fossiliferous, and gray to tan in color, with marl and chalky
limestone common,

From a featheredge near May in Brown County and
northwest of Twin Mountains in Erath County, the Glen Rose
gradually thickens southeastward and has a maximum thickness
of 1,110 feet in Limestone County. The increase in thickness and
general rate of dip are illustrated on Figures 55 through 60.

The Glen Rose produces fresh to slightly saline water in
localized areas on or adjacent to its outerop usually- to small
domestic and livestock wells, Away from the outcrop, water in
the Glen Rose is highly mineralized and constitutes a potential
source of contamination to wells completed in the underlying
Travis Peak Formation, = = S ESE

Paluxy Formation

The Paluxy Formation extends on the surface or in the
subsurface through the northern, western, and central parts of the
study region, It crops out in Bell, Bosque, Brown, Burnet,
Comanche, Coryell, Eastland, Erath, Hamilton, Hood, Johnson,
Lampasas, Mills, Somervell, Travis, and Williamson Counties as
shown on Figure 21. The Paluxy is overlain by the Walnut
Formation and underlain by the Glen Rose Formation.

The Paluxy is composed predominantly of fine-grained,
compact, friable, white quartz sand, ranging from very fine- to
medium-grained and interbedded with sandy, silty, calcareous, or
waxy clay and shale. The clay and shale are commonly dark and
contain organic material. The sands are usually well sorted,
poorly cemented, and crossbedded. Pyrite and iron nodules are
often associated with the sands and frequently contribute a red
stain to the individual beds. Some lenses and thin beds of
limestone and marl occur locally.

The dip of the Paluxy is generally eastward with minor
local variations as shown on Figure 27 which also shows the
altitude of and depth to the top of the Paluxy.

The thickness of the Paluxy varies considerably in the study
region. From a maximum thickness of 210 feet in the Twin
Mountain measured section in northwestern Erath County, the
Paluxy thins to the south and southeast. A complete pinch-out
occurs along a line running from west of Hubbard through Waco
and McGregor, west of Belton, through northwestern Williamson
County, and through the extreme northwestern corner of Travis
County. This thickness change is shown on the geologic sections
and on Figure 28. Figure 28 also shows the approximate total
thickness and the approximate downdip extent of the Paluxy
Formation,

The Paluxy Formation is an important aquifer in the
northern and central areas of the region and yields small to
moderate amounts of water.

Edwards and Associated Limestones

The Edwards and associated limestones is the term used in
this report for the water-bearing unit that includes the
Georgetown and Edwards Formations. These two formations are
hydrologically connected over most of the area and are seldom
differentiated by drillers in the area; therefore, the term Edwards
and associated limestones is used. The Comanche Peak Formation
is not included because it is not known to yield significant
amounts of water in the study region.

The Edwards and associated limestones supply small to
large amounts of water to wells and constitute an important
aquifer in the area south of the Lampasas River in Bell County
and along and east of the Balcones Fault Zone. The Edwards
crops out in this area paralleling the fault zone in Bell, Travis, and
Williamson Counties as illustrated on Figure 29. It crops out in
other areas usually as isolated outliers. The Edwards is present in
Bell County north of the Lampasas River, but is not an important
aquifer.

The Georgetown Formation is composed of a nodular
limestone, usually white and massive, interbedded with layers of
mar! or marly shale, It is fossiliferous, commonly burrowed with
fossil fragments found in the burrows, and abundant in pyrite.

The Edwards Formation consists of a hard, fossilferous
limestone, thick-bedded to massive, and commonly dolomitic;
reef material consisting of shell fragments and rudistid reefs;
calcareous shale and marl; and bedded and nodular chert, flint,
and dolomite.

In the Edwards and associated limestones, the limestone
and dolomite beds are commonly extensively honeycombed and
cavernous with numerous fractures and solution channels
occurring within the individual beds. The dolomitic beds
commonly have a sugary texture and often are misinterpreted as
sandstone or sandy limestone by many drillers.

The total thickness of the Edwards and associated
limestones ranges from 180 to 250 feet in the area of the study
region where fresh to slightly saline water occurs in the aquifer.
The thickness increases southward as illustrated on Figure 30.

The regional dip is to the east-southeast at an average rate
of 80 feet per mile. This direction and rate is determined on the
top of the Georgetown Formation which is the top of the
Edwards and associated limestones. (See Figures 29 and 56.)

Woodbine Group

The sand facies of the Woodbine Group crops out in the
northeastern part of the study region in Hill and northern
McLennan Counties as illustrated on Figure 21. The Woodbine is
overlain by the Eagle Ford Group and underlain by the Washita
Group.

The Woodbine Group occurs as a sand facies and a shale
facies. The sand facies is located in the northeastern area and is
the water-bearing unit of the Woodbine; therefore, only the sand
facies was mapped. The sand-shale facies line is shown on
Figure 31, and the facies change as well as the shale facies itself
are shown on Figures 55, 56, 57, 58, and 60. The areal extent of
the sand facies of the Woodbine Group, both on the surface and
in the subsurface, covers only the northeastern part of the region
and is illustrated on Figure 31. The shale facies of the Woodbine
is present in the eastern and southern parts, south of Waco and
generally east of the fault zone. The shale facies gradually thins
southward and is difficult to distinguish in the southern part of
the region,

The Woodbine, in the northeastern part of the region, is
composed of ferruginous, friable, fine-grained sand and sandstone
that is locally indurated; black, wusually noncalcareous
interbedded shale and sandy shale; and laminated clay. The upper
part of the Woodbine shows a vertical increase in shale and clay
with gypsum, gypsiferous shale and clay, and lignite. The sands
and sandstones thin southward, grading into sandy shales and

shale, The Woodbine generally thickens to the northeast and thins
to the south and southwest as illustrated on Figure 32, which
shows the total thickness of the Woodbine Group.

The regional dip is to the east-southeast at an average rate
of 33 feet per mile in the area west of the fault zone in Hill
County, increasing to 50 feet per mile in the vicinity of the fault
zone and to 67 feet per mile near Hubbard in southeastern Hill
County. (See Figures 31 and 58.)

The Woodbine is an important aquifer in the northeastern
area, especially in Hill County where it supplies water to many
domestic and livestock wells and to wells in several small towns,
The Woodbine can be expected to yield small to moderate
amounts of water.

GENERAL GROUND-WATER HYDROLOGY

Hydrologic Cycle

The hydrologic cycle is the sum total of processes and
movements of the earth’s moisture from the sea, through the
atmosphere, to the land, and eventually, with numerable delays
en route, back to the sea. Many courses that the water may take
to complete the hydrologic cycle are illustrated on Figure 5.
Water occuring in the study region is derived, for the most part,
from water vapor carried inland from the Gulf of Mexico.

Source and Occurrence

The primary source of ground water in the study region is
the infiltration of precipitation either directly in the outcrop area
or indirectly as seepage from streamflow. A large percentage of
precipitation is evaporated back to the atmosphere directly or is
consumed by plants and returned to the atmosphere by
transpiration. A large portion also becomes surface runoff
because it moves rapidly over land surfaces which are steep or
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impermeable. If the rain is intense, surface runoff increases
because the time available for absorption is inadequate even in
sandy areas. A small amount of the rainfall will percolate
downward under the force of gravity to the zone of saturation
where all the rock voids contain water. The upper surface of the
zone of saturation is the water table. Water percolating down may
be intercepted by a local impermeable layer of rock above the
zone of saturation, thus forming a saturation zone above the main
water table known as a perched water table. Two characteristics
of fundamental importance in the zone of saturation are porosity,
or the amount of the interstices, voids, or open space contained
in the rock, and permeability, which is the ability of the porous
material to transmit water. Fine-grained sediments such as clay
and silt generally have high porosity; however, because of their
small voids they have little or no permeability and consequently
do not readily transmit water. Sand and gravel are usually porous
and permeable, the degree depending upon the size, shape,
sorting, and amount of cementation of the grains. In limestone or
igneous rocks, or in tightly cemented or compacted rocks,
porosity and permeability are controlled to some degree by the
occurrence and extent of joints, crevices, and solution cavities.
For a formation to be an aquifer, it must be porous, permeable,
water-bearing, and yield water in usable quantities.

Water in an aquifer is either under water-table or artesian
conditions. In the outcrop area, ground water generally occurs
under  water-table, or unconfined conditions; it is under
atmospheric pressure and will rise or fall in response to changes
in the volume of water stored. In a well penetrating an
unconfined aquifer, water will rise to the level of the water table.
The hydraulic gradient in an unconfined aquifer coincides with
the slope of the water table which corresponds to the general
slope of the land surface.

Downdip from the outcrop or recharge area, ground water
within an aquifer occurs under artesian or confined conditions as
a result of being overlain by relatively impermeable beds which
confine the water under a pressure greater than atmospheric. In a
well penetrating an artesian aquifer, water will rise above the
confining bed and, if the pressure head is large enough to cause
the water in the well to rise above the land surface, the well will
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flow. The level or surface to which water will rise in an artesian
well is called the piezometric surface. The hydraulic gradient of
an artesian aquifer is the slope of the piezometric surface.

Recharge, Movement, and Discharge

Recharge is the process by which water is added to an
aquifer and may result from either natural or artificial processes.
Precipitation on the outcrop of an aquifer is generally the most
significant natural source of recharge; however, water may enter
from surface streams and lakes on the outcrop and possibly
through intraformational leakage. Artificial recharge is the
process of replenishing ground water in an aquifer and may be
accomplished by (1) injection wells, and (2) infiltration of
irrigation water or properly treated industrial waste water and
sewage. The amount of recharge must be considered in
determining the amount of water which can be safely developed
from an aquifer, because it must balance the discharge over a long
period of time or the water in storage in the aquifer will
eventually be depleted. Factors which influence the amount of
recharge received by an aquifer in its outcrop area are the amount
and frequency of precipitation, rate of evaporation, types and
condition of soil cover, topography, type and amount of
vegetation, and the extent of the outcrop area. In addition, the
ability of the aquifer to accept recharge and transmit it to areas
of discharge influences the amount of recharge it will eventually
receive. Recharge is generally greater during winter months when
plant growth and well use are at a minimum and evaporation rates
are low.

Ground water moves in response to the hydraulic gradient
from areas of recharge to areas of discharge, or from points of
higher hydraulic head to points of lower hydraulic head. Ground
water under artesian conditions generally moves in the direction
of the aquifer’s regional dip, while movement of ground water
under water-table conditions is closely related to the slope of the
land surface. However, in areas of large and extensive
withdrawals, ground water moves from all directions toward the
areas of pumpage or lowered pressure. The rate of movement of
ground water is directly related to the porosity and permeability
of the aquifer. In most sands and gravels, the rate of movement
ranges from tenths of a foot per day to many feet per year, while
in cavernous gypsum or limestone, water flows in subterranean
channels and may have velocities and volumes comparable to
surface streams.

Discharge is a process by which water is removed from an
aquifer and may be either natural or artificial. Natural discharge
includes springs, effluent seepage to streams, lakes, and marshes
which intersect the water table, transpiration by vegetation,
evaporation through the soil where the water table is close to the
land surface, and intraformational leakage as a result of
differences in head. Since ground water moves in response to
gravity, its natural discharge from an aquifer is always at a lower
elevation than that of the recharge area. Ground water is
artificially discharged from flowing and pumped water wells, and
by drainage ditches, gravel pits, and other forms of excavation
that intersect the water table,

Hydraulic Characteristics

When a well is pumped or allowed to flow, the level of the
water table or piezometric surface is lowered; the difference
between the discharging level and static level (water level before
pumping or allowing to flow) is the drawdown. When water is
discharged from an aquifer through a well, a hydraulic gradient
toward the well is established and the water table or piezometric
surface surrounding the well assumes the shape of an inverted
cone which is called the cone of depression.

The water-producing capabilities of an aquifer depend
upon the aquifer’s ability to store and transmit water. Although
the porosity of a rock is a measure of its capacity to store water,
not all of this water may be recovered by pumping. Some of the
water stored in the interstices is retained because of molecular
attraction of the rock particles for water. Formulas have been
developed to show the relationship of the yield of a well, the



shape and extent of the cone of depression, and the properties of
the aquifer including specific yield and coefficients of storage,
transmissibility, and permeability. These formulas indicate that,
within limits, the discharge from a well varies directly with the
drawdown, that is, doubling the drawdown will nearly double the
amount of discharge. The discharge per unit of drawdown
(gallons per minute per foot), or specific capacity, is of value in
estimating the probable yield of a well and the required pump
setting. However, the type of well construction and thoroughness
of well development also affect the well’s specific capacity.

The coefficient of storage is the volume of water, in cubic
feet, that will be released from or taken into storage by a vertical
column of the aquifer having a base one foot square when the
water level, or hydrostatic pressure, is lowered or raised one foot.
When ground water is withdrawn from an artesian aquifer, the
hydrostatic pressure is lowered and the weight of the overlying
sediments compress the aquifer causing the water to be released
from storage. The coefficient of storage in an artesian aquifer is
small compared to that in a water-table aquifer; therefore, a
discharging artesian well develops a cone of depression over a
wide area in a short time. In a water-table aquifer, the coefficient
of storage is much larger since it reflects the removal of water
from storage by gravity drainage; therefore, under these
conditions, it is essentially equal to the specific yield. The specific
yield is the quantity of water that an aquifer will yield by gravity
if it is first saturated and then allowed to drain; the ratio,
expressed in percentage, of the volume of water drained to the
volume of the aquifer that is drained.

The coefficient of transmissibility is the amount of water,
in gallons per day, that will pass through a vertical strip of the
aquifer one foot wide extending through the full saturated
vertical thickness of the aquifer at a hydraulic gradient of one
foot per foot and at the prevailing temperature of the water. The
coefficient of transmissibility is an index to an aquifer’s ability to
transmit water,

The coefficient of permeability is defined as the quantity of
water in gallons per day that will pass through a section of the
aquifer one foot square under a hydraulic gradient of one foot
per foot. It may be determined by dividing the coefficient of
transmissibility by the saturated thickness of the aquifer, in feet.

The coefficients of storage and transmissibility of an
aquifer are determined from pumping tests, which consist of
pumping a well at a constant rate for a period of time and making
periodic measurements of water levels in the pumping well and, if
possible, in one or more observation wells. The recovery of the
water level is also measured after pumping stops. From the data
obtained, the coefficients of transmissibility and storage can be
calculated and used in computing the effects that pumping will
have on water levels in an aquifer at various times and at various
distances from a pumped well. In addition to providing a means
for computing the quantity of water that will flow through a
given section of the aquifer, the coefficients can also be used in
estimating the availability of ground water in storage.

Fluctuations of Water Levels

Water levels in wells fluctuate in response to natural and
artificial factors acting on the aquifers, some of which are of
regional significance while others are only local. In general, the
maijor factors that control changes in water levels are the rates of
recharge to and discharge from an aquifer.

Fluctuations due to natural factors generally occur daily
and seasonally. Daily fluctuations are generally in response to
barometric pressure, tidal effects, earthquakes, or changes in the
rate of evapotranspiration. The magnitude of these fluctuations is
usually very small. Seasonal fluctuations are generally the result
of changes in the amount of precipitation and evapotranspiration
on the aquifer's outcrop area which affects its recharge. During
periods of drought, recharge is reduced and some of the water
discharged from the aquifer must be withdrawn from storage.
This causes water levels to decline. However, when adequate
rainfall resumes, the volume of water drained from storage may
be replaced and water levels will rise accordingly.

When a well is pumped, water levels in the vicinity are
drawn down in the shape of an inverted cone with its apex at the
pumped well, The development or growth of this cone depends
on the aquifer's coefficients of transmissibility and storage, and
on the rate of pumping. As pumping continues, the cone expands
until it intercepts a source of replenishment capable of supplying
sufficient water to satisfy the pumping demand. This source of
replenishment can be either intercepted natural discharge or
induced recharge. If the quantity of water received from these
sources is sufficient to compensate for the water pumped, the
growth of the cone will cease and new balances between recharge
and discharge are achieved. In areas where recharge or salvageable
natural discharge is less than the amount of water pumped from
wells, water is removed from storage in the aquifer to supply the
deficiency, and water levels will continue to decline. Where
intensive development has taken place in ground-water reservoirs,
each well superimposes its own individual cone of depression on
that of neighboring wells, This results in the development of a
regional cone of depression. When the cone of one well overlaps
the cone of another, interference and an additional lowering of
water levels occur as the wells compete for water by expanding
their cones of depression. The amount or extent of interference
between cones of depression depends on the rate of pumping
from each well, the spacing between wells, and the hydraulic
characteristics of the aquifer in which the wells are completed.

In water-table aquifers, water-level fluctuations due to
pumping are generally less pronounced than in artesian aquifers;
the water-level declines are the result of a decrease in storage. In
artesian aquifers, water levels fluctuate primarily from an increase
or decrease in pressure; the change in the amount of water in
storage may be small even though the change in water level may
be great,

CHEMICAL QUALITY OF GROUND
WATER AS RELATED TO USE

General Chemical Quality of Ground Water

All ground water contains minerals carried in solution, the
type and concentration of which depend upon the environment,
movement, and source of the ground water. Precipitation is
relatively free of minerals until it comes in contact with the
various constituents which make up the soils and component
racks of the aquifer; then, as a result of the solvent power of
water, minerals are dissolved and carried into solution as the
water passes through the aquifer. The concentration depends
upon the solubility of the minerals present, the length of time the
water is in contact with the rocks, and the amount of dissolved
carbon dioxide in the water. In addition, concentrations of
dissolved minerals in ground water generally increase with depth
and especially increase where circulation has been restricted due
to faulting or zones of lower permeability. Restricted circulation
retards the flushing action of fresh water moving through the
aquifers, causing the water to become highly mineralized. In
addition to natural mineralization, man can adversely alter the
chemical quality of ground water by permitting highly
mineralized water to enter fresh-water strata through
inadequately constructed wells, by seepage from brine disposal
pits used in disposing of highly mineralized water produced with
oil, and by disposal of animal wastes, sewage, or various industrial
waste into fresh-water strata or into aquifer recharge areas.

The principal chemical constituents found in ground water
are calcium, magnesium, sodium, potassium, iron, silica,
bicarbonate, carbonate, sulfate, chloride, and minor amounts of
manganese, nitrate, fiuoride, and boron. Concentrations of these
ions or chemical constituents are commonly reported in
milligrams per liter (mg/l). Milligrams per liter are the preferred
metric system units and may be considered equal to parts per
million at concentrations less than about 7,000 mg/l. At higher
concentrations the units are not directly interchangeable, as
conversion must take into account the greater differences in
density of saline waters. The source, significance, and range of
mineral constituents and properties of natural waters for the
various aquifers in the study region are given in Table 2. Chemical
analyses of water from selected wells in the study region are given
in Volume 2 of this report.

Table 2.—Source, Significance, and Concentration of Dissolved-Mineral Constituents and Properties of Water
(Adapted from Doll and others, 1963, p. 39-43)

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

RANGE IN CONCENTRATIONS, BY AQUIFER

CONSTITUENT EDWARDS AND
OR TRAVIS PEAK TRAVIS PEAK:U ASSOCIATED
PROPERTY SOURCE OR CAUSE SIGNIFICANCE TRAVIS PEAK L/ ANTLERSZ2/ HENSELL HOSSTON PALUXY LIMESTONES WOODBINE
Silica (Si0g) Dissolved from practically all Forms hard scale in pipes and boilers. Carried over & - 26 10 - 40 3= B o - 29 7 - 21 8 - 27 7 - 100
rocks and soils, commonly less in steam of high pressure boilers 1o form deposits |
than ao ma/l. High on blades of turbines. Inhibits deterioration of
concentrations, as much as 100  zeolite-type water softanars,
mg/l, generally occur in highly
alkaline water,
Iron (Fa) Dissolved from practically all On exposure to air, ifon in ground water oxidizes .03- z2° .02- 1.4 .02- 22 0 - 3.6 02- 168 o - 7.4 02- 25
rocks and soils. May also be to reddish-brown precipitate. More than about 0.3
derived from jron pipes, pumps, mg/l stain laundry and utensils reddish-brown.
and other equipment, Objectionable  for food processing, textile
processing, beverages, ice manufacture, brewing,
and other processes, US. Public Health Service
(1962) drinking water standards state that iron
should not exceed 0.3 mg/l. Larger quantities cause
unpleasant taste and favor growth of iron bacteria,
Calcium (Ca) Dissolved from practically all soils Cause most of the hardness and scale-forming  (Ca) (Ca) {Ca) {Ca) (Ca) (Ca) (Ca)
and and rocks, but especially from  properties of water; soap consuming (see hardness), 27 - 136 30 - 174 1 - 98 1 102 B - 204 10 - 110 15 - 226
Magnesium (Mag) limestone, dolomite, and gypsum.  Waters low in calcium and magnesium desired in  (Mg) (Mg) (Mg) {Mag) (Mg) (Mg) (mg)
Calcium  and magnesium are  electroplating, tanning, dyeing, and in textile 8 - 896 2 - 8 1 = 47 o - 78 A=« T8 3 - B33 0o - 186
found in large quanitites in some  manufacturing,
brines. Magnesium s present In
large quantities in ses water.
Sadium (Na) Dissolved from practically all  Large amounts, in combination with chloride, give 9 - BO6 3 - 330 11 - 620 9 - 632 13 - 740 B - 650 23 1,000
and i rocks snd soils. Found also in a salty taste. Moderate quantities have little effect
Potassium IK)‘H ail-tield brines, sen  water, on the usefulness of water for most purposes.
industrial brines, and sewage. Sodium salts may cause foaming in steam bollers
and a high sodium content may limit the use of
water for irrigation,
Bicarbonate (HCOg)  Action of carbon dioxide in water  Bicarbonate and carbonate produce alkalinity. (HCOg) (HCO3) (HCDOg) {HCO3) (HCO4) (HCOg3) (HCOgz)
and on carbonate rocks such as Bicarbonates of calcium and magnesium 280 - 534 128 - 472 262 - 500 247 - 650 206 - 640 294 - BBO 23 - 924
Carbonate (COg) limestone and dolomite. dacompose in steam boilers and hot water facilities
to form scale and release corrosive carbon-dioxide
gas. In combination with calcium and magnesium,
cause carbonate hardness,
Sulfate (SO4) Dissolved from rocks and soils Sulfate in water containing calcium forms hord 1 - 700 2 - 130 24 - 510 20 - 900 0 -1,7140 6.8 - 549 47 - B70
containing gvpsum, iron sulfides, scale in steam boilers. In large amounts, sulfate in
and other sulfur compounds. combination with other ions gives bitter taste to
Commonly present in  some water. US, Public Health Service {1962) drinking
industrial wastes. water standards recommend that the sulfate
content should not axcesd 250 mg/|,
Chloride (C1) Dissolved from rocks and soils. In large amounts in combination with sodium, 15 - 530 3 - 217 11 - 334 16 - 528 10 - 179 10 - 489 21 - B50
Prasent in sewage and found in pives salty taste to drinking water. In large
large amounts in oil-field brines, quantities, incroases the corrosivenass of water.
sea water, and industrial brines. US, Public Health Service (1962) drinking water
standards recommend that the chioride content
should not exceed 250 mg/l.
Fluoride (F) Dissolved in small to minute  Fluoride in drinking water reduces the incidence of gi= 4.4 0o - 2.4 g 6 o - 53 o= 8.4 e 8 2 - 4.7
quantities from most rocks and tooth decay when the water is consumed during
soils, Added to many waters by  the period of enamel calcification. Howaver, it may
fluoridation of municipal sup- cause mottling of the teeth, depending on the
plies. concentration of fluoride, the age of the child,
amount of drinking water consumed, and
suscaptibility of the individual (Majer, 1950, p.
1120-1132.)
Nitrate (NOg) Decaying organic matter, sewage, Concentration much greater than the local average 0 - 168 a - 7 0 - 64 o - 20 o - 70 0 - 36 Qi = M
fertilizers, and nitrates in soil, may suggest pollution. U.S, Public Health Service
(1962) drinking water standards suggest a limit of
45 mg/l. Waters of high nitrate content have been
reported to be the cause of methemoglobinemia
lan often fatal disesse in infants) and therefore
should not be used in infant feeding (Maxcy, 1950,
P. 271), Nitrate shown to be helpful in reducing
inter-crystalline  cracking of bollar steal. It
encourages growth of algse and other organisms
which produce undesiratile tastes and odors,
Boron (B) A minor constituent of rocks and  An excessive boron content will make water - .06- A A o - 6 o - 1 o - 22 o - 25
of natural waters, unsuitable for irrigation. Wilcox (1985, p, 11)
indicated that a boron concentration of as much as
1.0 ma/l is permissible for irrigating sensitive crops;
as much as 2.0 mg/l for semitolerant crops; and as
much as 3.0 mg/! for tolerant crops, Crops sensitive
to boron include most deciduous fruit and nut
trees and navy beans; semitolerant crops include
maost small grains, potatoes and some other
vegetables, and cotton; and tolerant crops include
alfalfa, most root vegetables, and the date palm.
Dissolved w!idrﬂ'J Chietly mineral  constituents U.S, Public Health Service (1962) drinking water 372 -2,280 182 - 980 311 1470 362 -1885 289 2420 310 -1.848 162 2,662

standards recommaend that waters containing more
than 500 mg/l dissolved solids not be used if other
less mineralized supplies sre available, For many
purposes the dissolved-solids content is a major
limitation on the use of water. A genaral
classification of water based on dissolved-solids
content, in mg/l, is as follows (Winslow and Kister,
1956, p. 5): Waters containing less than 1,000 mg/|
of dissolved solids are considered fresh; 1,000 to
3,000 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 mg/l, birine.

dissolved from rocks and soils,



Table 2.—Source, Significance, and Concentration of Dissolved-Mineral Constituents and Properties of Water—Continued

RANGE IN CONCENTRATIONS, BY AQUIFER

EDWARDS AND
TITUENT
CONSOFFE‘ TRAVIS PEAK TRAVIS I’Ii.l‘\l(,;}a‘I ASSOCIATED
PROPERTY SOURCE OR CAUSE SIGNIFICANCE TRAVIS PEAKY ANTLERSZ/ HENSELL HOSSTON PALUXY LIMESTONES WOODBINE
Hardness at CaCOg In most waters nearly all the Consumes soap before a lather will form. Deposits 98 - 6546 98 - 550 3 - 398 65 - 500 3 - B30 37 - 372 4 - B90
hardness is due to calcium and soap curd on bathtubs. Hard water forms scale in
magnesium. All of the metallic boilers, water heaters, and pipes, Hardness
cations other than the alkali equivalent to the bicarbonate and carbonate s
metals also cause hardness. called carbonate hardness. Any hardness in excess
of this is called non-carbonate hardness, 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.
Percent Sodium Sodium in water. A ratio (using milliquivalents per liter]) of the 5 - 85 4 - B4 7 98 5 99 8 - 99 3 a6 22 a9
(% Na) sodium ions to the total sodium, calcium, and
magnesium ions. A sodium percentage exceeding
50 percent is a warning of a sodium hazard.
Continued Irrigation with this type of water will
impair the tilth and permeability of the soil.
Specific Mineral content of the water. Indicates degree of mineralization. Specific 643 -3,760 300 -1,550 654 -2.464 632 3840 488 3,330 342 2940 2565 4,032
conductance conductance is 8 measure of the capacity of the
{micromhos at 25°C) water to conduct an electric current. Varies with
concentration and degree of jonization of the
constituents.
Hydrogen ion Acids, acid-generating salts, and A pH of 7.0 indicates neutrality of a solution. 7.0 - 8.1 6.7 - 7.9 7.4 - 2.1 T3 = 89 68 - 89 6.9 BS 5.5 - 85
concentration (pH)  free carbon dioxide lower the pH.  Values higher than 7.0 denote increasing alkalinity;
Carbonates, bicarbonates, values lower than 7.0 indicate Increasing acidity.
hydroxides, phosphates, silicates, pH is a measure of the activity of the hydrogen
and borates raise the pH. jons. Corrosiveness of water generally increases
with decressing pH. However, excessively alkaline
waters may also attack metals.
Sodium-adsorption Sodium in water. A ratio for soll extracts and irrigation waters used 2 - 354 = 7 g- 32 2 50 - 56 2 <} 2 94

ratio (SAR)

exchange reactions

to express the relative activity of sodium ions in
with soil (US. Salinity

Laboratory Staff, 1964, p. 72, 166). Defined by

the following eguation:

SAR =

Catt + Mg*"
v -

Nat

where Na’, Ca'', and mg'" represent the
concentrations in milliequivalents per liter (me/l)

of the respective ions.

1 Area within calcareous facies of the Travis Peak Formation. Area includes all or part o
2| Area where Travis Peak and Antlers Formations outerop and adjacent counties, Most h

Cglahan, Comanche, Eastland, Erath, and Hamilton,
4]

Includes all of project area except that which is within the calcareous facies of the Travis Peak Format

Sodium and potassi ted as sodium (Na) is shown in the aquifer tabulations

Recalculated values of dissolved solids are shown in the aquifer tabulations.

Public Supply and Domestic and Livestock

The U.S. Public Health Service (1962, p.7-8) has
established, and periodically revised, standards of drinking water
to be used on common carriers engaged in interstate commerce.
The standards are designed to protect the traveling public and
may be used to evaluate public and domestic water supplies.
Some of these standards, in milligrams per liter, are as follows:

MAXIMUM
CONCENTRATION
RECOMMENDED
SUBSTANCE (MG/L)
Chiloride (Cl) 250
Fluoride (F) x
Iron (Fe) 0.3
Manganesa (Mn) 0.05
Nitrate (NO3) 45
Sulfate (S0O4) 250
Total dissolved solids 500

* When fluoride is naturally present in drinking water, the concentration
should not average more than the appropriate upper limit in the following
table.

-10 -

ANNUAL AVERAGE RECOMMENDED CONTROL LIMITS
OF MAXIMUM DAILY (FLUORIDE CONCENTRATIONS
AIR TEMPERA- IN MG/L) !

TURES (°F) LOWER OPTIMUM  UPPER
50.0 - 53.7 0.9 1.2 1.7
538 -68.3 B 1 1.5
58.4 - 63.8 8 1.0 1.3
639 -70.6 ] 9 1.2
70.7 -79.2 7 8 1.0
79.3 -90.5 6 7 8

Optimum fluoride concentrations in drinking water depend
upon climatic conditions,, because the quantity of water and
consequently the amount of fluoride ingested is influenced
primarily by air temperature. Use of drinking water having a
fluoride content exceeding the upper recommended limits may
cause mottling of the teeth of children (Dean, Dixon, and
Cohen, 1935, p.424-442). However, the use of drinking water
that contains the optimum fluoride concentration appears to
reduce the incidence of tooth decay (Dean, Arnold, and
Elvove, 1942, p. 1,115-1,179 and Maier, 1950, p. 1,120-1,132).

The above limits are desirable for public and domestic use.

f the fallowing counties: Bell, Brown, Burnet, Coryell, Hamilton, Lampasas, Mills, and Williamsaon,
igh capacity wells are completed in the Hensall and Hosston Members of the Travis Peak Formation. Area includes all or part of the following counties: Brown,

ion. All wells considered are completed in “only” the Hensell or Hosston Members of the Travis Peak Formation,

However, many supplies which cannot meet these standards must
be used for lack of a more suitable supply, and have been used for
long periods of time without any apparent ill effects on the user.

In areas where the nitrate content of water is excessive, a
potential danger exists. Concentrations of nitrate in excess of 45
mg/l in water used for infant feeding have been related to the
incidence of infant cyanosis (methemoglobinemia or “blue baby”’
disease), a reduction of the oxygen content in the blood
constituting a form of asphyxia (Maxcy, 1950, p. 271). Since
nitrates are considered to be the final oxidation product of
nitrogenous material, their presence in concentrations of more
than a few milligrams per liter may indicate present or past
contamination by sewage or other organic matter (Lohr and
Love, 1954, p. 10). Excessive concentrations of iron and
manganese in water cause reddish-brown or dark gray precipitates
that stain clothes and plumbing fixtures. Water having a chloride
content exceeding 250 mg/l may have a salty taste, and sulfate in
excess of 250 mg/l may produce a laxative effect.

The hardness in water is caused principally by the
concentration of calcium and magnesium. Excessive hardness of
water causes an increase in soap consumption and encrustation
and formation of scale in hot water heaters, water pipes, and
cooking utensils. The hardness of water becomes objectionable
when it exceeds 100 mg/l (Hem, 19569, p. 147). A commonly

accepted classification of water hardness is shown in the
following table.

HARDNESS RANGE

(MG/L) CLASSIFICATION USABILITY

60 or less Soft Suitable for many uses
without further softening

61 to 120 Moderately Usable except in some

hard industrial applications

121 o 180 Hard Softening required by
some industries

More than 180 Very hard Softening desirable for

Most purposas

The total dissolved-solids content is a major limiting factor
in the use of water. The following general classification of water
is based on dissolved solids (Winslow and Kister, 1956, p. 5).

DESCRIPTION DISSOLVED-SOLIDS CONTENT (MG/L)

Fresh Less than 1,000

Slightly saline 1,000 to 3,000

Moderately saline 3,000 to 10,000

Very Saline 10,000 to 35,000

Brine More than 35,000

Quality limits for livestock are variable. The limits of
tolerance depend principally on the kind of animal and, according
to Heller (1933, p. 22}, the total amount of soluble salts in the
drinking water, more so than the kind of salt, is the important
factor. According to Hem (1959, p. 241), a high proportion of
sodium or magnesium and sulfate in highly mineralized waters
would make them very undesirable for livestock use. Heller also
suggests that as a safety rule 15,000 mg/| dissolved-solids content
should be considered the upper limit for most of the more
common livestock animals. According to Hem (1959, p. 241), the
California State Water Pollution Control Board (1952) guotes
other investigators who have found concentrations as high as
15,000 mg/! to be safe for limited periods but not for continuous
use. In a publication (1950) relating to practices in Western
Australia, the officers of the Department of Agriculture of that
state quote the following upper limits for dissolved-solids
concentration in livestock water (Hem, 1959, p. 241).

ANIMAL DISSOLVED SOLIDS (MG/L)
Poultry 2 860
Pigs 4,290
Horses 6,435
Cattle (dairy) 7,150
Cattle (beef) 10,000
Adult sheep 12,900

Irrigation

The chemical composition of ground water is important in
determining its usefulness for irrigation in that it should not
adversely affect the productivity of the land. The extent to which
chemical quality limits the suitability of ground water for
irrigation depends on the nature, composition, and drainage of
the soil and subsoil; the amounts of water used and methods of
application; the kinds of crops grown; and the climate of the
region, including the amounts and distribution of rainfall.

The most important characteristics in determining the
quality of ground water for irrigation, according to the U.S.
Salinity  Laboratory Staff (1954, p.69) are (1) total
concentration of soluble salts; (2) relative proportion of sodium
to other cations; and (3) concentration of boron or other
elements that may be toxic.

High concentrations of dissolved salts in irrigation water
may cause a buildup of salts in the soil solution and may make
the soil saline. Increased salinity of the soil may drastically reduce
crop yields by decreasing the ability of the plants to take up
water and essential plant nutrients from the soil solution. The

tendency of irrigation water to cause a high buildup of salts in the
soil is called the salinity hazard of the water. The specific
conductance of the water is used as an index of the salinity
hazard.

High concentrations of sodium relative to the
concentrations of calcium and magnesium in irrigation water may
adversely affect soil structure. Cations in the soil solution become
fixed on the surface of the soil particles; calcium and magnesium
tend to flocculate the particles, whereas sodium tends to
deflocculate the colloidal soil particles. Consequently, soils may
become plastic, movement of water through the soil can be
restricted, drainage problems can develop, and cultivation can be
rendered difficult. This adverse effect on soil structure caused by
high sodium concentrations in an irrigation water is called the
sodium hazard. An index used for predicting the sodium hazard is
the sodium-adsorption ratio (SAR), which is defined by the
equation given in Table 2.

The U.S. Salinity Laboratory Staff (1954, p. 69-82) has
prepared a classification diagram for irrigation waters in terms of
salinity and sodium hazards. This diagram, reproduced in
modified form as Figure 14, uses SAR and specific conductance
in classifying irrigation waters. With respect to both the salinity
and sodium hazards, waters are divided into four classes: low,
medium, high, and very high. The classification range
encompasses those waters which can be used for irrigation of
most crops on most soils as well as those generally unsuitable for
irrigation.

Boron is necessary for plant growth, but is highly toxic and
unsuitable for irrigation at concentrations only slightly more than
optimum. Scofield (1936, p. 286) suggests the following
permissible limits of boron for irrigation water:

CLASSES OF
WATER
e SENSITIVE SEMITOLERANT  TOLERANT
RAT- CROPS CROPS CROPS
ING GRADE (MG/L) (MG/L) (MG/L)
1 Excellent <0.33 <0.67 <1.00
2 Good 33 to .67 .67 10 1.33 1.00 to 2.00
3 Parmis- .67 10:1.00 1.33 to 2.00 2.00 to 3.00
sible
4 Doubtful  1.00 to 1.25 2.00 to 2.50 3.00 to 3.75
5 Unsuit- >1.25 >2.50 >3.75
Industrial

The chemical quality of water suitable for industry is not
necessarily referenced to potability and may or may not be
acceptable for human consumption. The tolerance in chemical
quality of water for industrial use differs widely for different
industries and different processes. Suggested water-quality
tolerances for a number of industries are presented in Table 3
(American Water Works Association, 1950, p. 66-67). Water used
by industry may be classified into three principal categories:
cooling water, boiler water, and process water.

Cooling water usually is selected on the basis of
temperature and chemical quality since any characteristic which
may adversely affect the heat exchange surface is undesirable.
Chemical substances such as calcium, magnesium, aluminum, iron
iron, and silica may cause the formation of scale. Excessive
hardness is objectionable because it contributes to the formation
of scale in steam boilers, pipes, water heaters, radiators, and
various other equipment where water is heated, evaporated, or
treated with alkaline materials. The accumulation of scale
increases costs for fuel, labor, repairs and replacement, and lowers
the quality of many products. Some calcium hardness may be
desirable because calcium carbonate sometimes forms protective
coatings on pipes and other equipment and reduces corrosion. A
high concentration of dissolved solids in a water may be closely
associated with its corrosive properties, especially if chloride,
calcium, magnesium chloride, sodium chloride in the presence of
magnesium, acids, and oxygen and carbon dioxide are among the
substances. Water that contains a high concentration of



magnesium chloride may be highly corrosive because the
hydrolysis of this salt yields hydrochloric acid.

Water used for boilers generally must meet rigid
chemical-quality standards, especially in high-pressure boilers
where the problems of encrustation and corrosion are greatly
intensified. Iron oxides in boiler water may cause priming and
foaming and magnesium chloride to break down and form
hydrochloric acid. In addition, magnesium, calcium, and silica in
most waters cause scale, and in the case of silica, the tendency for
forming scale intensifies with increased boiler pressure. Suggested
water-quality tolerances for boiler water (Moore, 1940, p. 263),
in milligrams per liter for various pressures in pounds per square
inch (psi), are as follows:

CONSTITUENT OR OVER
PROPERTY 0-150 PSI 150-250 PS| 250-400 PSI 400 PSI

Turbidity 20 10 5 1
Caolor BO 40 5 2
Oxygen consurnad 15 10 4 3
Dissolved oxygen® 1.4 A4 .0 0
Hydrogen sulfide (H2S) Hee ass o] 0
Total hardness as CaCOg 80 40 10 2
Sulfate-carbonate ratio

(Nas504:NasCOg) 1:1 2:1 3:1 3:1
Aluminum oxide {Al,045) 5 5 .05 01
Silica (Si02) 40 20 B 1
Bicarbonata (HCO4) * 50 30 5 o
Carbonate (COg) 200 100 a0 20
Hydroxide (OH) 50 40 30 15
Total dissolved

solids*** 3,000-500 2,500-500 1,500-100 50
pH value (minimum) 8.0 8.4 9.0 9.6

* Limits applicable only to water entering boiler, not to original water

supply.
** Except when odor in live steam would be objectionable.
*** Depends on design of boiler,

Some treatment of boiler water may be needed, and it may
be better to appraise the water source from the viewpoint of
suitability for treatment rather than for direct use of raw water.

Process water is that water which is incorporated into or
comes in contact with final manufactured products and is subject
to a wide range of quality standards, usually rigidly controlled
since they involve physical, chemical, and biological factors. In
textile manufacturing, water used must generally be low in
dissolved-solids content and free of iron and manganese which
cause staining. The paper industry, especially where high grade
paper is made, requires water in which all heavy metals are either
absent or in small concentrations, and water approaching the
quality of distilled water is required for the manufacture of
pharmaceuticals. Water free of iron, manganese, and organic
substances is generally required by many beverage industries.
Unlike cooling and boiler water, much of the process water is
consumed or undergoes a change in quality in the manufacturing
process and generally is not available for reuse.

OCCURRENCE AND AVAILABILITY OF
GROUND WATER

Antlers and Travis Peak Formations

Source and Occurrence

The primary source of ground water in the Antlers and
Travis Peak Formations is rainfall on the outcrop area. This area
receives approximately 30inches of rainfall annually.
Surface-water seepage from lakes and streams, such as Proctor
Lake and Lake Travis and the Lampasas, Leon, and Sabana Rivers
located on the outcrop, are also a source of ground water to the
Antlers and Travis Peak Formations. Another source of water is
seepage from unlined earthen ponds and the effluent water used
in the irrigation of crops on the outcrop.

Ground water in the Antlers Formation usually occurs
under water-table conditions, while ground water in the Hensell
and Hosston Members of the Travis Peak Formation occurs under
both water-table and artesian conditions.

COLOR DIS-
+02 SOLVED

TUR- CON- OXYGEN
INDUSTRY BIDITY COLOR SUMED (mi/1) ODOR
Air t.'.‘t:.mcliticwning3 - - - - -
Baking 10 10 —_ = !
Boiler feed: .
0-150 psi 20 80 100 2 -
150-250 psi 10 40 50 2 -
250 psi and up ] 5 10 0 -
Brawinn:5
Light 10 - - —_ Low
Dark 10 -— — — Low
Canning:
Legumes 10 - - - Low
General 10 — — - Low
Carhonate.d bev-
eragesﬁ 2 10 10 - 0
Confectionary - - - - Low
Cooling® 50 = - i )
Food, genaral 10 - - - Low
Ice (raw water)? 1-5 5 - - -
Laundering — - — — —
Plastics, clear,
undercolored 2 2 - - -
Paper and pulp: 10
Groundwood 50 20 - - =
Kraft pulp 25 15 — - =
Soda and sulfite 15 10 - — .
Light paper,
HL-Grade 5 B - — —
Rayon (viscose)
pulp:
Production 5 B —_ — -
Manufacture 3 = = = =
Tanning1? 20 10-100 = = =
Textiles:
General 5 20 — =
Dyeing12 5 5.20 - u -
Woal m:ouring“:3 - 70 - —
Cotton bandage3 5 5 - - Low

Amaerican Water Works Association, 1950.

Some hardness desirable.

DN DdLON -

Table 3.—Water-Quality Tolerances for Industrial Apr.nlii:micn'ls‘I

[Allowable Limits in Milligrams Per Liter Except as Indicated]

A—No corrosiveness; B—No slime formation; C—Conformance to Federal drinking water standards necessary; D-NaCl, 275 mg/l.
Waters with algae and hydrogen sulfide odors are most unsuitable for air conditioning.

ALKA- NaS04q
LINITY TO
HARD- (AS TOTAL Fe+ NazS03  GEN-
NESS  CaCOgq) pH SOLIDS Ca Fe Mn  Mn Al203 S0 Cu F CO3 HCO3 OH CaSOy RATIO ERALZ
2 = = - — 05 05 05 — - oy = = = - s = A.B
(4) — < = - 2 2 2 = =2 =g = = — - = c
75 - 8.0+ 3,000- - - - - 5 40 - - 200 50 50 - 1to1 -
1,000
40 - 8.5+ 2,600- = — — — 5 20 - - 100 30 40 - 2to1 -
500
8 - 9.0+ 1.500- - - - - .05 5 - - 40 5 30 - 3101 —
100
- 75 6.5-7.0 500 100200 A A A - - - | - — - 100-200 - c,D
- 150 7.0+ 1,000 200-500 =1 A | A - - 1 - - - 200500 - c,D
2575 = = = 5 2 2 - = = = - = == - c
= = = = = 2 2 2 ~ = i = = c
250 50 - B50 - 2 2 3 - - - 2 - - - - - c
e e (7) 100 = 2 2 2 = — - - = = E = -
50 = = — = 5 5 5 = = 5 — = - — AB
— = - = L 2 2 2 - - = = = — - - — c
— 30-50 = 300 = 2 2 2 = 10) - = = = = = c
50 = = = = 2 2 2 = = = s = 5
= = = 200 = 02 .02 .02 = E = S = = = = = -
180 — - - — 1.0 5 1.0 - - — - - - - - A
100 - - 300 — l o 2 - - — - — — - - ~. =
100 - - 200 —_ A .05 1 - - - — - - - - g
50 < = 200 = 4 05 . = = T — = = = = B
8 50 - 100 - 05 .03 05 <8.0 <2/ <5 - - - - - —
b5 - 7.8-8.3 - - 0 0 (4] — = = = == — = o= = =
50-135 135 8.0 —= = b -2 2 - - - - — - - - - -
20 - = = - DR Il = — By =5 dats = = e l = -
20 — . = — 25 25 .25 . = = e -~ — - - -
20 = - = ~ 9 A0 10 - = S = - L. = - = -
20 L g = = 2 2 2 - - B - . — — = =

Water for distilling must meet the same general requirements as for brewing (gin and spirits mashing water of light-beer quality; whiskey mashing water of dark-beer quality).
Clear, odorless, sterile water for syrup and carbonization, Water consistent in character, Most high quality filtered municipal water not satisfactory for beverages.
Hard candy requires pH of 7.0 or greater, as low value favors inversion of sucrose, causing sticky product.

Control of corrosiveness is necessary as is also control of organisms, such as sulfur and iron bacteria, which tend to form slimes.
Ca (HCOg)p particularly troublesome. Mg (HCOg)o tends to greenish color. COg assists to prevent cracking. Sulfates and chlorides of Ca, Mg, Nz should each be less than 300 mg/l (white butts).

10 Uniformity of composition and temperature desirable. Iron objectionable as cellulose adsorbs iron from dilute solutions. Manganese very objectionable, clogs pipelines and is oxidized to permanganates by chlorine, causing reddish color,
11 Excessive iron, manganese, or turbidity creates spots and discoloration in tanning of hides and leather goods.

12 Constant composition; residual alumina 0.5 mg/I.

13 Calcium, magnesium, iron, manganese, suspended matter, and soluable arganic matter may be objectionable.

The lower sands and shales of the Travis Peak are
geologically and hydraulically continuous with the basal sands of
the Antlers. Both formations have a common piezometric surface
and the same quality of water.

In the outcrop area, the sands and gravels of the Antlers
and Travis Peak Formations are not completely water saturated,
and water-table conditions prevail. This is illustrated by
Figures 40 and 41 which delineate the areas where the Hensell
and Hosston Members of the Travis Peak Formation are not
completely water saturated. Ground water found in one area of
the outcrop may not be found in another due to localized sand
and shale facies as well as channel-like sand bodies characteristic
of the Antlers and Travis Peak Formations. In addition, perched
water tables and artesian conditions occur locally in the outcrop
area due to sand lenses interbedded with shales within the Antlers
and Travis Peak.

Artesian conditions exist downdip as a result of the Hensell
and Hosston aquifers being overlain by the Glen Rose Formation

and the Pearsall Member of the Travis Peak Formation. The
aquifers here are completely water saturated, and the hydrostatic
pressure is great enough to cause static water levels to rise above
the aquifers and, in some cases, cause flowing wells. In the past,
before the aquifers attained their present state of development,
the piezometric surface was above the ground at the lower
elevations downdip from the outcrop area. In these places, water
wells drilled into the the Travis Peak Formation flowed. Later,
overdevelopment caused water levels in some areas to decline
more than 300 feet below land surface in places where flowing
wells had previously existed. A few flowing wells can still be
found in Bell, Falls, McLennan, Milam, and Travis Counties. Most
of these wells are supplied from the Hosston Member of the
Travis Peak Formation.

Recharge, Movement, and Discharge

Recharge to the Antlers and Travis Peak Formations occurs
in the outcrop area which covers 1,732 square miles, or

approximately 1,108,400 acres. In the northwest part of the
study region, the outcrop soils generally consist of permeable
sand and sandy clay loams. The terrain is characterized by gently
sloping plains with moderate relief. These conditions are excellent
for recharge from rainfall, seepage from streams and lakes, and
infiltration resulting from the irrigation of crops. The amount of
actual recharge to the Antlers and Travis Peak has not been
determined, but the hydrographs on Figure & indicate that
recharge does occur in the outcrop.

For the purpose of computer simulation of the Travis Peak
Formation, an estimate of 3 percent of the average annual
precipitation, as applied to the outcrop area, is assumed available
as recharge. This is approximately 0.1 foot per year and amounts
to 110,840 acre-feet per year that is available as recharge to the
entire  Antlers and Travis Peak Formations including the
calcareous facies. However, due to small streams dissecting the
formations and preventing downdip movement of the ground
water, this amount is reduced to about 88,400 acre-feet per year.
After subtracting the 1966 municipal, industrial, and irrigation
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Hydrographs of Water Levels in Wells

Completed in the Antlers and Travis

Peak Formations Under Water-Table

Conditions, and Monthly Precipitation
at Comanche, Texas

pumpage that occurs shortly downdip from the dissecting
streams, a net amount of approximately 82,400 acre-feet is
available to move downdip in the Travis Peak Formation. Much
of this available recharge is lost by natural rejection (springs,
seeps, and evapotranspiration).

In Burnet, Lampasas, Mills, and Brown Counties, the
subsurface units of the Travis Peak Formation are well cemented
and the outcrop soils are tight, reddish-brown clay loams and
sandy clays. The terrain consists of tabular divides, small
limestone-capped mesas, and valleys of moderate relief. These
conditions suggest that there is comparatively little recharge in
this area.

Ground water in the Antlers and Travis Peak Formations
moves slowly downdip. Water-level measurements indicate the
present gradient of the piezometric surface is 10 to 25 feet per
mile east-southeast in most of the region.

In areas of continuous pumping, the direction of
ground-water movement is toward these points of discharge from
all directions. A major, elongated cone of depression has formed
as a result of ground-water pumpage from the Hensell and
Hosston aquifers in Bell, Coryell, Hill, McLennan, and Williamson
Counties. The long axis of the cone parallels Interstate
Highway 35 where well fields of municipalities and industries
draw large supplies of ground water from the aquifers. The
deepest part of the cone is at Waco, and smaller depressions have

L JE



developed within the trough at Belton, Gatesville, Hillsboro, and
McGregor. Altitudes of water levels in the Hensell and Hosston
Members of the Travis Peak Formation are shown on Figures 40
and 41, The direction of movement of the water is at right angles
to the contours in the direction of decreasing altitude.

The amount of water that moves downdip from the
outcrop to the areas of continuous pumpage was calculated by
determining the transmissive capacity of the Travis Peak

Formation along an imaginary line approximately halfway these coefficient of permeability values adjacent to the Balcones COEFFICIENT OF EFFECTIVE TOTAL FRESH  APPROXIMATE TOTAL DRAWDOWN TIME AFTER
between the outcrop and the areas of continuous pumpage. Fault Zone, the average coefficient of permeability for the TRANSMISSIBILITY SAND COEFFICIENT OF  WATER SAND COEFFICIENT OF COEFFICENT OR WELL TURNED  AVERAGE  SPECIFIC
Hosston is about 77 gpd.fft2. The Hosston thickens considerably FROM TEST THICKNESS PEHMEABIIEITY THICKNESS TRANSMISSIBILITY OF RECOVERY ON OR OFF YIELD CAPACITY
The amount of water that the Hensell and Hosston aquifers downdip, therefore coefficient of transmissibility values up to WL IR ol Ll (GELIET=) (FEET] {ARD/FT) STORAGE (FEET) (HOURS) (GPM) (GPM/FT)
will transmit annually, based on the 1967 water-level conditions, 45,000 gpd/ft can be expected in the downdip areas. The artesian Bell County
was computed by using the formula storage coefficients obtained from Table 4 for the Hosston range
from 0.000028 to 0.000077. AX-40-53-505 Kho 8,100 8/ 95 :1] 95 8,100 - 36.4 41.00 120.0 3.3
O i T|wr AX-40-54-501 Kip 14,100 - —_ - - — 33.4 6.00 170.0 5.1
where Q is the quantity of water in gallons per day moving Test data from Table 4 for the Hensell Member in the ARSOLI10R wr S 408/ 9 1 39 40 - 377.0 a.66 35.0 8
through the aquifer; T is the coefficient of transmissibility in downdip region,zshow coefficients of permeability ranging from AX-40-60-801 Khe,Kho 8,700 b/ 90 97 90 8,700 0.000043 105.0 24.00 390.0 37
gallons per day per foot; | is the hydraulic gradient of the 1967 26 to 126 gpd/ft*. The Hensell thins and becomes shaly downdip, A aDSo oDt e Satoh o 5 a6
static water level in feet per mile; and W is the width of the downdip, therefore a range in coefficients of transmissibility from ' ~00Ls B0 - 810 24.00 500.0 5.5
aquifer in miles normal to the gradient. approximately 0 to 15,000 gpd/ft could be expected in the AX-40-60-904 Khe,Kho 9,600/ 108 89 108 9,600 000042 103.0 24.00 440.0 43
region, Lack of test data prohibits assigning a coefficient of AX-40-60-008 i hs 58,8005/ Soa is o Soaa 05050 = 185 n S
Using this formula, the amount of water moving across a storage range for the Hensell Member, however, storage values ' ‘ ' ' : :
line halfway between the outcrop and the areas of continuous should be somewhat less than those of the Hosston Member. S amos Eoliity
pumpage is approximately 23,000 acre-feet per year.
. B BB-40-03-603 Kho 7.300 94 78 120 9,300 - 151.0 4,00 346.0 L]
Ground water is discharged naturally from the Antlers and Tht coetigitms of tranemissiiiifty s storage.may. b sied B8-40-12-803 Kh
s Pedle Bormations i tr?e i :rea il 2l i to predict future drawdowns of water levels caused by pumping. il o e e 128 53 6,700 B 100.0 4.00 242.0 2.4
ard evapotranspira;ion Downdin w%ere th\; !T-lenie'll a‘::d' Figures 7 and 8 show the relation of decline in water levels to the BB8-40-21-701 Ktp 7,200 - ~ = =i = 50.0 4.00 220.0 a4
i i : i from th nter of ing f ifferent coefficients of
Hosston aquifers are under artesian pressure, natural discharge dnstanc_e 'rc.a. ol onitl I oF SiTsrent ;oRHIchn :
lra failts and by brafarrationst fatins transmissibility in the Hensell and Hosston Members of the Travis Burnet County
b v 9e. Peak Formation. The graphs are based on a well or group of wells A i e
Pumping from wells constitutes the artificial discharge from pumping at an indicated rate for 1year and having certain i~ - AR N E - N = = 40 *70 $:9
the Antler?al?d Travis Peak Formations. In 1967, approximately coefficients of transmissibility and storage. For example, on BT-57-24-101 Ktp 1,000 51 20 51 1,000 .000042 = = = -
42,500 acre-feet of ground water was pumped from the Antlers E'guoae 8, d;:t t:e d (g)eufufnrcuszms of t;an:; mf:b:illty :nd sm:zg: I?:;Z BT-57-24-103 Ktp 800 51 16 51 800 = 50.0 4.00 50.0 1.0
and Travis Peak in the region. Most of this ground water was g th gpater Ier\lrel .o 1d ﬁer?b%ect’;esiéet :&t ra\:_ :":“ v § tc l'le
discharged from well fields of the various municipalities, < il s ~ 2 R Comanche County
industries, and irrigators. from a well or group of wells discharging 50 gallons per minute
! (gpm) for 1 year. DY-31-60-215 Kho 6.500d/ = - - - - 37.4 72.00 80.0 2.1
DY-31-60-216 Kho 9,900 50 198 56 11,100 021 - - - -
Hydraulic Characteristics Figures 9 and 10 show the relation of decline to time and DY-31-60-217 Kho 10,100 as 224 56 12,600 026 . & B B
distance from the center of pumping under artesian conditions AL aenE o T »
The aquifer coefficients of transmissibility, permeability, for the Hensell and Hosston Members of the Travis Peak s e 8 ‘ 235 55 12,900 013 1 3 U E
and storage for the Travis Peak Formation are shown in Table 4. Formation. Figure 11 shows the same relationship for the DY-31-60-219 Kho 10,700 52 206 56 11,500 021 = . - 14
This table was compiled from existing literature and from aquifer Hosston under water-table conditions. These illustrations indicate DY-31:60-220 Kho 12,200 a5 285 = i %8 - - - r
tests conducted by Board pe.rmnna'l Data from the aqujfer tests that the rate of decline decreases with time and that the decline :
were analyzed by using the Theis nonequilibrium formula, as caused by pumping is proportional to the amount of time a well RYSIIeES e 2509 it 18R *» 5,500 3 Bie 16.00 61.1 8
modified by Cooper and Jacob (1946) and Wenzel (1942). The or well field is pumPEC!- For example, on Figure 10, if the decline DY-41-14-107 Kho 3,900 30 130 as 5,900 .000049 = s = .
permeability coefficients were computed by dividing the test 200 feet from a pumping well is 45 feet after 300 gom has been
transmissibility coefficients by the well’s effective {utilized) sand pumped for 1 year, the decline would be about 61 feet after Coryall County
thickness. The approximate total coefficient of transmissibility 300 gpm has been pumped for 100 years. The total decline at any 2
was computed by multiplying the total fresh-water sand thickness one place within the cone of depression or influence of wells SROSEEe = 4890 8 82 . 8,200 s 4.8 24.00 74.0 18
by the well’s permeabilitv coefficient. within a well field would be the sum of the influences of all wells HB-40-43-202 Khe,Kho 8,300 e/ 82 101 140 14,200 000056 94.0 24.00 302.0 3.1
within the well field.
HB-40-43-206 Khe,Kho 9,400 e/ a1 103 140 14,500 .000084 101.0 24.00 302.0 3.0
The most permeable sands of the Antlers and Travis Peak
Formations occur in the northwest outcrop and adjacent areas of Kot Courty
Brown, Callahan, Comanche, Eastland, and Erath Counties. Chisnass in Woter Laveh
Pumping tests conducted in this area indicate the sands of the s Sl Ll 3 6,000 69 87 140 12,200 00023 - - - -
':on;flfi:;e:tr;dra:r?:'s f:ﬁ:ka ar.:oxcil::;::ltenaz_e!d tab;3§ e;r:;:zt:u ':::_ The changes in water levels of observation wells completed BN NRace e B:N00 = = = - 0011 = - - -
day per squarge 200,( {gpg?fﬂ] Bec:use of thisg range pin in the Antlers and Travis Peak Formations are illustrated by JP-31-55-205 Ktp - 69 - 140 = - = 12.00 148.3 -
permeability and the extreme variations in the thickness of the hy'drograph.s aod, a wetsl davel decling map. Hydrographs_ of weils JP-31-55-801 Khe,Kho 11,500 124 a3 165 15,300 _ 4718 14.00 227.0 a8
water-saturated sands, coefficient of transmissibility values of 0 (Figure 6) in Callah?n, Coma'nche, and Eastlanc! Counties show
y water-level fluctuations which are seasonal in nature. The
to 20,000 gallons per day per foot (gpd/ft) can be expected. Test tarlovel dach Falate with the Fautie irisatl . Falls County
data in Comanche County show coefficient of storage values R R Sepea 290 VIGRON PLIDPAGE 1
ranging from 0.000049 to 0.026. The variation in storage values is the summer months. In the fall and winter, water levels are JR-39.33-604 Kho 2,200 63 a5 460 16,100 - 198.0 4.00 95.0 5
to be expected since ground water in the outcrop occurs under recovering due to rfrnal! withdrawals ‘and. rechargs of the
both water-table and artesian conditions. permeable.sands by rainfall. Hamilton County
LA-41-08-301 Ktp 13,000 - - — — =, 26.0 11.00 167.0 6.4
The sands within the calcareous facies of the Travis Peak The largest water-level declines in the Hensell and Hosston
ity = : oo : : LA-41-24-401 Khe,Kh 1,800 89 2 ; = ; ; : :
Formation in west-central Texas (Figure 23) exhibit extremely Members have taken place in the area adjacent to Interstate i 2 i X ki 08 A S
low permeabilities due to cementation. Pumping tests conducted Highway 35. The long-term water-level declines and seasonal LA-41-24-403 Khe 3,800 56 68 70 4,800 - 25.0 3.00 95.0 3.8
in the calcareous facies area indicate that coefficients of changes in this region are illustrated by Figures 12 and 13, and
permeability range from 1 to 20 gpd/ft2. The low coefficients of the amount of decline from 1900 to 1967 is illustrated by Hill County
permeability and the relatively thin sand thicknesses combine to Figure 42. This steady decline is due to the low permeability of Do ey e 50 i - 55 i N — = b 33
produce very low coefficients of transmissibility that range from the water-producing sands and the large amount of ground water ) ' '
LW-32-55.904 Kho 1,500 90 17 117 2,000 - 185.0 6.00 171.0 9

0 to 1,000 gpd/ft.

.12.

In the remainder of the region, excluding the northwest
outcrop and calcareous facies areas, ground water within the
Hensell and Hosston Members of the Travis Peak Formation is
under artesian conditions. Test data in Table4 indicate that
coefficients of permeability of the Hosston range from
approximately 17 to 171 gpd/ft2. In general, permeabilities in the
vicinity of the Balcones Fault Zone appear to be low. This could
be due to the faults producing a barrier effect on the pump-test
data or the faults causing decreases in permeabilities. Excluding

which is used for industrial and public supply purposes.

Table 4.—Results of Pumping Tests

Aquifer: Kgr, Glen Rose Formation; Ktp, Travis Peak Formation; Khe, Hensell Member of the Travis Peak
Formation; Kpe, Pearsall Member of the Travis Peak Formation;

Coefficient of transmissibility values shown are the averages from drawdown and recovery
test data unless indicated differently by footnotes.

Kho, Hosston Member of the Travis Peak Formation.



COEFFICIENT OF EFFECTIVE
TRANSMISSIBILITY SAND
FROM TEST THICKNESS
WELL AQUIFER (GPD/FT) (FEET)

LW-39-10-201 Kho 4,000 ay 55
LW-40-06-501 Kho 2.800%/ -
PX-32-54-101 Kho 3,200!'/ 66
ST-40-16-404 Khao 1,950 ay 107
ST-40-16-601 Kho 1,300 50
ST-40-24-102 Kho 2,600 79
ST-40-24-801 Kho,Kpe 2,900 ay 136
ST-40-24-802 Kho,Kpe 2,700a/ 11
(Feb. 11, 1953)

$T-40-24-803 Kho 3,100 165
(Mar. 31, 1964)

§T-40-24-803 Kho 3,300 165
5T-40-31-701 Kho 5,500 62
§T-40-32-403 Kho 4,600 hy 140
§T-40-37-501 Khe 1,100 43
§T-40-39-106 Kha 5,700 72
§T-40-39-702 Kho 9,100 91
ST-40-46-403 Khao 8,200 116
ST-40-46-801 Kho 5,6000y 59
¥J-32-50-303 Kho 13,500d s -
¥D-58-43-702 Ktp 700 16
¥D-68-43-703 Kho 600 -

¥ D-568-43-801 Kip 1,400 -
¥YD-58-44-201 Kho 19008y 60
ZK-58-10-201 Khe 1,800 32
ZK-58-10-202 Khe 1,800 32
ZK-58-18-401 Ktp 5,400 60
ZK-58-21-202 Kho 34,800 203
ZK-58-21-203 Kho 25,200 203
ZK 58-29-604 Kho 28,500 423

azAquiter coefficients ted from re Y tost.

Table 4.—Results of Pumping Tests—Continued

TOTAL FRESH APPROXIMATE TOTAL

COEFFICIENT OF WATER SAND COEFFICIENT OF
PERMEABILITY THICKNESS TRANSMISSIBILITY OF
(GPD/FT2) (FEET) (GPD/FT) STORAGE
Hill County—Continued
73 216 15,600 -
- — - 0.000028
Johnson County
48 80 3,900 -
McLennan County
18 120 2,200 -
26 140 3,600 -
32 118 3,600 -
21 191 4,100 -
24 191 4,600 -
19 166 3,100 -
20 165 3,300 -
89 124 11,000
32 195 6,300 -
26 43 1,100 ==
79 1256 9,900 -
100 152 15,200 -
71 115 8,200 .000028
95 89 8,400 —
Somervell County
Travis County
a7 225 10,500 -
32 310 9,800 -
Williamson County
56 32 1,800 -
56 32 1,800
90 80 7,200 =
m 248 42,500 -
124 248 30,800
67 527 35,500 -

by Aquifer coefficients obtained by averaging certain transmissibility and storage values, W. F. Guyton and W. O. George, 1943,

£/4. R. Mount, 1962,
dyAquifer coatficients computed from drawdown test.

2 rAquifer coefficients obtained by averaging certain transmissibility and storage values, N. A. Rose, 1943,

17J. R, Mount, 1963.

9yAquifer coefficients obtained by personal communication from G. L. Thor

h/W. 0. George and B. A. Barnes, 1945,

Chemical Quality

Because of the large areal extent of the Travis Peak
Formation and the lateral variations in lithology, porosity,
permeability, and transmissibility, the discussion of chemical
quality is with respect to three areas: (1) the northwest area,
where the Antlers and Travis Peak Formations crop out and areas
immediately adjacent to the outcrop in Brown, Callahan,
Comanche, Eastland, and Erath Counties; (2) the area within the
calcareous facies of the Travis Peak Formation in Bell, Brown,
Burnet, Coryell, Hamilton, Lampasas, Mills, and Williamson
Counties; and (3) the remainder of the study region not included
in the northwest outcrop or the calcareous facies area. Only wells
completed in the Hensell or Hosston Members of the Travis Peak
Formation are considered in this remaining area,

, U.S. Geological Survey, J y 1968,

Data on the chemical quality of water in the Antlers and
Travis Peak Formations throughout the study region are shown
on Figures 35, 36, and 37. Ranges of constituents and properties
of water from representative wells in the northwest outcrop and
adjacent areas are given in Table 5. The ranges also appear within
parentheses throughout the following discussion of chemical

quality.

The water in and near the northwest outcrop area is a hard
(98-550 mg/l CaCOg3), sodium bicarbonate type, generally of
good quality, with a range in temperature from about (59°F)
(15°C) to (75°F) (24°C).

Ground water in Comanche, Eastland, Erath, and adjacent
counties is used primarily for irrigation and is generally

COEFFICIENT

000023

.000077

DRAWDOWN TIME AFTER
OR WELL TURNED AVERAGE SPECIFIC
RECOVERY ON OR OFF YIELD CAPACITY
(FEET) (HOURS) (GPM) (GPM/FT)
204.0 4.00 229.0 11
- 1.00 297.0 1.8
92.6 3.00 168.0 18
138.0 1.17 250.0 1.8
110.0 2.00 100.0 8
122.0 4.00 136.0 1.1
— 1.37 560.0 =
- 1.38 513.5 —
447.0 94.00 650.0 1.5
314.0 8.00 768.0 2.4
- 48.00 - 21
201.0 5.00 155.0 8
248.0 6.00 6580.0 2.3
71.0 2.66 191.0 2.7
43.0 66.00 100.0 2.3
133.0 16.00 614.0 4.6
22.6 40.37 12.8
53.2 8.03 19.6 A4
50.5 1.68 40.0 8
50.9 1.10 48.8 1.0
47.5 4.00 60.0 1.3
9.8 3.00 25.1 26
56.3 4.00 3100 5.5
163.9 4,00 1,089.0 6.6

considered satisfactory for the crops grown. Its salinity hazard is
medium to high, while its sodium (alkali) hazard is generally low
as shown on Figure 14. Wilcox (1955) concludes that the
classification of the U.S. Salinity Laboratory Staff, shown on
Figure 14, is not directly applicable to supplemental waters used
in areas of relatively high rainfall. Therefore, because of the high
annual rainfall and crop rotation practice in the study region, the
U.S. Salinity Laboratory Staff system may not be applicable.
Other constituents generally considered in evaluating the
chemical quality of irrigation waters are percent sodium (4-64)
and boron (0.06-0.4 mg/l), which according to Scofield (1936)
would rate good for use on sensitive crops, and excellent for use
on semitolerant and tolerant crops.

Most domestic and public ground-water supplies in the
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Table 5.—Range of Constituents and Properties of Ground Water From Representative Wells in the
Antlers and Travis Peak Formations in the Northwest Outcrop and Adjacent Areas
Analyses given are in milligrams per liter except percent sodium, specific conductance, pH, and sodium-adsorption ratio.
CONSTITUENT OR CALLAHAN EASTLAND ERATH COMANCHE BROWN
PROPERTY COUNTY COUNTY COUNTY COUNTY COUNTY

Silica (Si05) 19 - 40 10 29 11 - 18 13 - 23 13 = 17
Iron (Fe) .03- 21 s 4 A= 1.4 .02- .3 =
Calcium (Ca) 95 - 142 30 174 46 - 132 a0 - 144 58 - 100
Magnesium (Mg) 132 - 31 2 46 8 37 4 - 62 52 - 82
Sodium and
Potassium (Na + K) B 198 3 116 8 - 93 4 - 79 41 - 330
Bicarbonate (HCO3) 265 - 455 134 - 468 209 - 472 128 - a1 397 - 434
Sulfate (SO4) 3@ - 99 10 71 9 - 105 1 - 118 2 - 130
Chioride (C1) 36 - 217 3 - 213 14 - 143 6 - 188 44 81
Fluoride (F) 4 13 0 2.4 2= & oL it | 1
Nitrate (NOz) Moy (70 o as 4 27 4- : 9
Boron (B) - .08- a A= 2 .06 = L
Dissolved solids 409 - 980 182 - 731 271 - 579 219 - 770 500 - 791
Total hardness (CaCOz) 206 - 433 98 . 476 196 - 419 117 - 850 379 - 484
Percent sodium (percent Na) 21 - B3 4 45 6 44 4 36 16 - 64
Specific conductange
(micromhos at 25 C) 675 -1,550 300 -1,270 458 -1,050 349 1,290 862 -1,035
pH 7.0+ 748 68 - 7.5 Ty g &< 9 F3 78
Sodium adsorption
ratio (SAR) ) 4.4 1 2.5 2- 28 8 1.8 7.

northwest outcrop and adjacent area are obtained from the Travis
Peak Formation, although the concentrations of dissolved solids
(1820980 mg/l), iron (0.02-1.4 mg/l), and fluoride (0-2.4 mg/l) in
in some cases exceed the standards set by the U.S. Public Health
Service. Chloride (3-217 mg/l) and sulfate (9-130 mg/l) are well
within the prescribed limits. Treatment other than chlorination
for public supply does not seem necessary except possibly in
areas with high iron concentrations.

Ground water in the northwest outcrop and adjacent area is
generally not suitable for industrial use due to its high content of
silica (10-40 mg/l), iron, hardness, and sodium bicarbonate.
Testing and effective treatment should be considered by future
potential industry in the area.

Contamination reported to have occurred locally from
improper disposal of oil-field brines is illustrated on Figure 35.
Proper disposal and plugging methods will help correct this
situation with time.

Ranges of constituents and properties of water from
representative wells in and adjacent to the calcareous facies of the
Travis Peak Formation are given in Table 6. The water usually is a
hard (98-546 mg/I CaCO3), sodium bicarbonate type of poor
qualitv, and ranges in temperature from (70°F) (21°C) to (84°F)
(29 C).

Ground water in this area is primarily used for domestic
and public supply, although generally the ranges of major
constituents exceed U.S. Public Health Service standards. This
water has been and continues to be used, due to the unavailability
of a more suitable supply, without any apparent ill effects on the
users. Some of the constituent ranges in mg/l are: chloride
(15-530), fluoride (0.1-4.4),iron (0.03-2), nitrate (0-168), sulfate
(11-700), and dissolved solids (372-2,280). Treatment, other than
chlorination for public supply, is generally not practiced.
practiced.

Irrigation is uncommon in this area primarily because of the
thin calcareous soil cover and rough topography which supports
very little farming. The ground water in this area has a very high
sodium (alkali) hazard and salinity hazard based on its SAR
(0.2-35.4) and specific conductance (643-3,760). In addition, it
has a high percent sodium (5-95) and high dissolved-solids
content, all of which make it undesirable for irrigation.

Industrial use of ground water in this area is negligible since
the water is generally unsuitable because of its high iron,
hardness, and sodium bicarbonate contents, Consideration should
be given to testing and effective treatment by future potential
industrial users,

Contamination of ground water in this area occurs generally
when saline water from the Glen Rose Formation is allowed to
enter and mix with native Travis Peak water, This occurs as a
result of poorly constructed wells which have little or no casing,
wells which have been completed (perforated) opposite
undesirable water zones, and wells with corroded casings.
Another factor which contributes to the poor quality of ground
water found in the area is the low permeability of the aquifer.
This reduced permeability is due to calcareous cementation which
restricts the recharge and flushing so vital in maintaining good
quality in ground water,

Water from the Hensell Member of the Travis Peak
Formation in the downdip areas, but not within the calcareous
facies, is of a sodium bicarbonate type. The chemical quality of
the water, although generally good, exhibits a gradual
deterioration with distance from the northwest outcrop area and
toward the south-southeast, as illustrated on Figure 36. Connate
water present during deposition is replaced to a lesser degree
downdip, consequently the quality of the ground water decreases.
This decline in quality results from the aquifer's loss of
permeability which in turn restricts the influx of fresh waters.
Loss of permeability in Travis County and western Williamson
County is due to calcareous cementation of the aquifer, while in
the east and southeast it is a product of the change in
depositional facies from sand to shale. Ranges of constituents and
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Relation of Decline in Water Levels to Time and Distance as a
Result of Pumping Under Artesian Conditions From the
Hosston Member of the Travis Peak Formation

properties of the water from representative wells in the Hensell
Member of the Travis Peak Formation are shown in Table 7.

Water from the Hensell, in this area, is primarily used for
domestic and public supply, although its iron (0.02-2.2 ma/l),
fluoride (0.1-6 mg/l), and dissolved solids (311-1,470 ma/l) may
generally exceed the U.S. Public Health Service standards. Other
constituents or properties such as nitrate (0-64 mg/l), chloride
(11-334 mg/l), sulfate (24-510 mag/l), hardness (3-398 mg/l
CaC03) are generally low over most of the area except adjacent
to the calcareous facies where chloride, sulfate, and hardness
exceed the U.S. Public Health Service standards. Treatment other
than chlorination for public supply is generally not exercised.

Hensell water, in this area, is generally not suitable for
irrigation because of its high sodium hazard (SAR 0.3-32), high
salinity hazard (specific conductance 554-2,464), and high
percent sodium (7-98). An appraisal of boron was not made
because of the lack of data.

Water from the Hensell is generally favorable for industrial
use in most of the area except where hardness, iron, and dissolved
solids are high, Silica (3-17 mg/l) and temperatures of (66°F)
(19°C) to (84°F) (29°C) are relatively low, making it highly
desirable for use in boilers and cooling processes.

Contamination, resulting in a deterioration of water
quality, is restricted to local areas and generally occurs when
undesirable saline water enters along fault planes or intermingles
with the more desirable water in poorly constructed and
completed wells.

Water from the Hosston Member of the Travis Peak
Formation in the downdip areas, but not within the calcareous

facies, is a sodium bicarbonate type, generally of better quality
than the Hensell. Its chemical quality, like that of the Hensell,
decreases gradually downdip from the outcrop as illustrated on
Figure 37. This general decrease in chemical quality can be
attributed to a reduced replacement of connate water by fresh
water progressively downdip from the outcrop. In the extreme
southeast, faulting has reduced the movement and flushing of
connate water and may have allowed undesirable saline water to
enter along fault planes. East of the Balcones Fault Zone, water
in the lower part of the Hosston is of better quality because of
the coarse and permeable nature of the sands, while the saline
water found in the upper part may have resulted from the finer,
less permeable sand impeding the flushing action. Ranges of
constituents and properties of water from representative wells in
the Hosston Member of the Travis Peak Formation are presented
in Table 8.

The water within the Hosston downdip and immediately
adjacent to the calcareous facies of the Travis Peak Formation in
western Bell and Williamson Counties is of poor quality. This is
due to the low permeability within the calcareous facies, which
impedes the movement and flushing action of ground water
within and adjacent to the facies boundary.

Water from the Hosston in this area is primarily used for
domestic and public supply, even though the iron (0-3.6 mg/l),
fluoride (0-5.3 mag/l), and dissolved solids (362-1,885 mg/l)
content may generally exceed the U.S. Public Health Service
standards. Nitrate (0-20 mg/l), chloride (16-528 ma/l), sulfate
(20-900 mg/1), and hardness (5-500 mg/l CaCO3) are usually low:;
however, chloride increases adjacent to the calcareous facies,
sulfate increases east of the Balcones Fault Zone, and hardness
increases in both areas. All increases exceed the U.S. Public
Health Service standards. Chlorination, in public supplies, is
generally the only treatment exercised except at Bartlett, which
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Result of Pumping Under Water-Table Conditions From the
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treats for fluoride, and Little River, Taylor, and Buckholts, which
aerate to remove the hydrogen sulfide gas.

Irrigation is not an important use of Hosston water because
dryland farming is generally practiced in this area, and because
the quality of water is not suitable due to a high sodium hazard
(SAR 0.2-50), salinity hazard (specific conductance 632-3,840),
and percent sodium (5-99).

The industrial application of Hosston water includes its use
in processing, cooling, and boilers. Silica is generally low making
its use in boilers desirable. Some restriction or treatment may be
necessary in areas where iron, hardness, temperature, and
dissolved-solids content are excessive,

Contamination is restricted to the local variations in quality
resulting from improperly constructed or completed wells and
faulting which allows undesirable saline waters to enter and
deteriorate the native ground water. In the extreme southeast,
major faulting (Mexia-Talco Fault Zone) has caused pronounced
displacement and may contribute to water quality decline by
restricting water movement and flushing or by permitting
undesirable saline water to enter along fault planes.

Utilization and Development

Prior to 1880 there was no development of ground water
from the Antlers and Travis Peak Formations other than small
amounts used for domestic, livestock, and public supply
purposes. Later Hill (1901) and Adkins (1923) reported many
wells completed in the Travis Peak Formation, which supplied
towns and a few enterprising farmers. Since the early 1900's, the
Travis Peak has been developed to provide large amounts of
ground water for domestic, livestock, public supply, industrial,

and irrigation needs. At present, residents in Comanche and
Eastland Counties are rapidly developing the Antlers and Travis
Peak Formations for irrigation purposes.

In 1967, about 48,600 acre-feet of ground water was
pumped from the principal Crotaceous aquifers in the region.
Approximately 87 percent of this ground water was supplied
from the Antlers and Travis Peak Formations. The estimated
amounts and uses of ground water pumped in 1967, by aquifer,
are shown in Table 9.

Public Supply

The increase in population and modernization of homes in
towns and cities have created a steady, increasing demand for
ground water over the years. This demand is illustrated by
Figure 15, which shows the amount of ground water used for
public supply purposes from 1955 to 1967. In 1967,
approximately 16,800 acre-feet of ground water was pumped
from the Antlers and Travis Peak Formations for public supply
use. This was about 40 percent of the total amount of ground
water used from the Antlers and Travis Peak Formations in the
region.

The city of Waco and its suburbs are the largest users of
water for public supply in the study region. In 1872, the city had
its first water system which obtained its supply from an artesian
well that tapped the Travis Peak Formation. Presently the city
and its suburbs obtain water from Waco Lake and 33 wells which
range in depth from about 1,500 to 2,500 feet. All of the wells
are completed in the Travis Peak Formation with most of the
wells supplying water from the Hosston Member. In 1967, these
wells supplied approximately 3,000 acre-feet of water for the city
and surrounding areas. This is 18 percent of the total amount of

156 ——p——— — R ——
(T | I ] T
157 — - S— —
158 \ s e e 1 e
Y \ 7-\1
N L
159 - \
160 —t—1—1—1— RN e o et —
Hill County \
(6] —1— Wall LW~32-52- 40 Ry .
Depth 1,020 Fest | LY e
162 =1+ Hermall Mambsr of the Trovis Peak Fottmetion ra '¥'
R0 T o T Vv
255 : - —
l [ ’
260 1 -~
~
"'/ | L\“
265
270 / + \l.
8 ol — A4 — R \ s
5 7 '\
' 280 —+ Coryell County —————1—— : /’—‘=—
B Well HE-40-35-804 l | }\
= 285 —— Dupth ; 745 Fent + - + .,/
-§ Harsell and Hosston Membors of the Trove Peck Formanon
290 i i i | | 1 i | | M |
@
& ere = il _‘
g N
» ara Y - |
£ b
- 27
§ 2re +—— | \{__..__ !
sl Ball County | | i
e Well 4X-40-62-101 \ |
282 k— Depth 1 2,136 Fest 3\ =
Hosaton Member of the Travie Peck Formation \ \ ,--.
it | i VI |\ N
285 [ | ~/ L [
o T = . :
el j [ ]
37— ~] =1 1 T
~ay }
39
A — h S
Bell Connty | S
oA Well AX-58-05-302 _ | R s
Cwotn : 2,420 Feat | 1
a% | Hosstan Member of the Trovis Peck Formation _ |
= [ | |
* [Sept | Ocf, | Now | Dee | Jon, | Fab | Mor. | Apr | Moy | dune | July | Aug. [Senl | Gl | Mow | Dec. | Jan | Feb.

1966 1967 [ 19ea

Figure 12
Hydrographs of Water Levels in Wells
Completed in the Travis Peak
Formation Under Artesian Conditions

ground water used for public supply from the Antlers and Travis
Peak Formations.

The city of Stephenville is the second largest user of ground
water from the Travis Peak Formation for public supply. In 1967,
the city pumped about 1,460 acre-feet of ground water, which is
approximately 9 percent of the total amount of ground water
used for public supply from the Antlers and Travis Peak
Formations. Stephenville obtains its supply from approximately
19 wells located within the city limits and southeast of town.
These wells are completed in the entire sand section of the Travis
Peak (Hensell and Hosston) and range in depth from 400 to
511 feet.

The city of Belton is the third largest user of ground water
from the Travis Peak Formation for public supply. In 1967, the
city used approximately 1,140 acre-feet of ground water, which is
about 7 percent of the total amount of water used for public
supply from the Antlers and Travis Peak Formations. The water is
pumped from four wells which range in depth from 1,190 to
1,293 feet. It is believed these wells are completed in the Hosston
Member.

The city of Taylor is the fourth largest user of ground water
from the Travis Peak Formation for public supply. During 1967,
Taylor pumped about 1,120 acre-feet of ground water from the
Hosston Member. This is approximately 7 percent of the total
amount of water used for public supply from the Antlers and
Travis Peak Formations. Taylor obtains its water from three wells
ranging in depth from 3,308 to 3,365 feet.
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The city of Hillsboro is fifth largest user of ground water
from the Travis Peak Formation for public supply. Hillsboro used
about 915 acre-feet of ground water from the Woodbine, Paluxy,
and Travis Peak Formations. However, about 80 percent of this
ground water was obtained from the Travis Peak Formation. This
is approximately 5 percent of the total amount of water used for
public supply from the Antlers and Travis Peak Formations,
Hillsboro has nine wells ranging in depth from approximately 200
to 2,000 feet. Four wells are completed in the Woodbine, Paluxy,
and Travis Peak Formations, two in the Travis Peak only, two in
the Paluxy, and one in the Woodbine.

Other towns in the region which used large quantities of
ground water from the Travis Peak Formation in 1967 were
Gatesville, about 721 acre-feet; Dublin, about 662 acre-feet;
DelLeon, about 583 acre-feet; McGregor, about 447 acre-feet
from the Hensell Member; Mart, about 381 acre-feet from the
Hosston Member; Clifton, about 331 acre-feet; West, about
330 acre-feet from the Hosston Member; Meridian, about
257 acre-feet from the Hosston Member; and Granger, about
215 acre-feet from the Hosston Member,
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Figure 13

Hydrograph of Water Levels in Recorder Well

ST-40-31-802, McLennan County

Industrial

In 1967, as shown in Table 9, approximately 3,700
acre-feet of ground water was pumped from the Antlers and
Travis Peak Formations for industrial purposes. This is about
9 percent of the total amount of ground water used from the
Antlers and Travis Peak Formations in the study region.
Industrial pumpage has remained fairly constant with only minor
fluctuations occurring from 1955 to 1967, as illustrated on
Figure 16.

Irrigation

In 1967, approximately 1,600 irrigation wells pumped
16,100 acre-feet of ground water for irrigation purposes from the
Antlers and Travis Peak Formations. The irrigation pumpage
represents 38 percent of the total ground water pumped from the
Antlers and Travis Peak Formations during 1967 in the study
region. This pumpage was principally from Comanche, Eastland,
and Erath Counties. Irrigation ground-water pumpage in these

and adjacent counties for the period 1954-67 is illustrated on
Figure 17.

The quantity of ground water used for irrigation was
estimated from power and yield tests conducted in Comanche,
Eastland, and Erath Counties. The following procedure was used
to estimate this pumpage: (1) the annual number of
kilowatt-hours supplied to the irrigated farms from 1954 through
1967 was obtained from power companies and electrical
cooperatives; (2) power and yield tests were conducted on various
irrigation wells to determine the average number of gallons
produced per kilowatt-hour; (3) the average number of gallons
produced per kilowatt-hour was multiplied by the total
kilowatt-hours supplied by power companies and electrical
cooperatives to determine the approximate annual irrigation
pumpage (1954 through 1967) for the outcrop and adjacent
areas. The results and data collected from the power and yield
tests are given in Table 10. The test locations and approximate
locations of irrigation wells in Comanche, Eastland, Erath, and
adjacent counties are shown on Figure 38.

Table 6.—Range of Constituents and Properties of
Ground Water From Representative Wells in and Adjacent to the Calcareous Facies of the Travis Peak Formation

Analyses given are in milligrams per liter except percent sodium, specific conductance, pH, and sodium-adsorption ratio.

Single values appear where only one analysis or value was available.

CONSTITUENT BROWN MILLS
OR PROPERTY COUNTY COUNTY

Silica (Si09p) 14 9 - 13
Iron (Fe) - 2-
Calcium (Ca) 62 41 - 110
Magnesium (Mg) 57 26 - 62
Sodium and

Potassium (Na + K) 1 32 . 227
Bicarbonate (HCOg) 455 312 - 433
Sulfate (SO 4) 1" 32 - 250
Chloride (CI) 15 a4 - 101
Fluoride (F) A .6 1.8
Nitrate (NOg) 6 9- 168
Boron (B) - =
Dissolved solids 400 476 - 830
Total hardness (CaCO5) 388 209 - 530
Percant sodium (parcent) 6 12 - 70
Specific mnducmngo

(micromhos at 26 C.) 680 B156 -1,450
pH 7.6 7.0 8.0
Sodium-adsorption

ratio (SAR) 2 6 6.8

The history of irrigation in Comanche, Eastland, Erath, and
adjacent counties is illustrated graphically by Figure 17. In the
early 1950's, irrigation began to develop at a slow uniform rate
largely as a result of the drought years. By the end of 1963, about
180 irrigation wells were supplied from the Antlers and Travis
Peak Formations. In 1964 and 1965, irrigation in the area began
to accelerate due to the development of an efficient submersible
pump and government price supports for peanuts. By the end of
1967, about 1,600 irrigation wells were in operation and capable
of producing 80 million gallons per day of ground water. These
wells are pumped about 60-70 days annually and the water is
generally used to irrigate peanuts and bermuda grass.

Domestic and Livestock

The amount of ground water pumped from the Antlers and
Travis Peak Formations for rural domestic and livestock purposes
in 1967 was approximately 5,900 acre-feet, as illustrated in
Table 9. This represents about 14 percent of the total amount of
ground water used from the Antlers and Travis Peak Formations.
The amount of ground water pumped in the region for domestic
and livestock purposes was estimated by (1) multiplying the
average amount of water a person uses by the rural population as
listed in the Texas Almanac (1967); (2) multiplying the average
amount of water each type of livestock animal uses by the
population of each animal type as listed in the almanac; and
(3) adding the results.

Rural domestic and livestock pumpage has probably been
fairly constant from 1955 to 1967 with minor fluctuations
occurring during wet and dry years. The per capita use of water
on farms and ranches has probably increased due to the
modernization of many rural homes, and the overall rural
population has decreased; therefore, the total amount of ground
water used has likely remained about the same.

CORYELL LAMPASAS BURNET
COUNTY COUNTY COUNTY
14 5 - 22 7 - 26
A= 4 a- 17 03 2

27 - 46 a3 - 127 52 - 136
8 a7 29 96 28 49
680 - BO6 g - ao08 14 - 89
380 - 389 353 - 534 280 - 439
560 - 700 13 - 530 16 - 194
468 - 530 22 - 304 20 - 395
3.1- 44 A 23 Ze Al
5 18 0 - 1m 8 - B84
1,900 2,280 422 1,420 372 - 968
98 - 266 225 - 546 267 - 456
83 - 95 5 - 78 8 . 36
2,750 -3,760 655 -2,000 643 1,300
78 7.4- 80 72~ 82
15.5- 35.4 2- 112 3- 14

The Digital Computer Model of the Travis Peak Formation

The supply of ground water in the Travis Peak Formation is
large, however, the amount of water being withdrawn in the
study region exceeds the natural recharge. This ground-water
supply is being depleted in the downdip areas by removal of
water from storage in the aquifers. One of the primary objectives
of this study was the simulation of the Hensell and Hosston
Members of the Travis Peak Formation through the use of a
digital computer. The simulation process allows the prediction of
water-level declines in the aquifers as a result of estimated
projected pumpage. Predicted water-level declines provide a
means for evaluating the ability of the aquifers to meet
anticipated ground-water requirements.

A contract for a digital computer model of the Hensell and
Hosston Members was entered into between the consultant firm
Dames and Moore of California and the Texas Water
Development Board on July 30, 1968. This contract required
Dames and Moore to build the aquifer model and furnish the
Board with the data that resulted from the study.

The digital computer deals in digits and provides exact
numerical answers. The advanced high-speed electronic digital
computer is flexible and is able to compute with tremendous
speed.

The operation of a digital computer can be compared to a
desk calculator. First, a decision must be made in how numbers
are to be used in a mathematical process (addition, subtraction,
multiplication, or division) and in what sequence. The
computations are then performed with the desk calculator and
the answers recorded. With the digital computer, the sequence of
mathematical operations and the form in which answers are to be
presented must still be decided in advance. These decisions are
given to the digital computer in the form of instructions, called a
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program. The program and data are generally given to the
computer on punched cards or magnetic tape. The program is
then read, memorized, and executed by the computer. Therefore,
the operations by which a computer solves a problem are to read
and store a program or set of instructions, read and process data
according to the program, and present the results.

Procedure

The study region was segmented into 292 subareas called
polygons, each containing the Hensell and Hosston aquifers. The
center of each polygon for a particular aquifer is called a node.
The study area contained 292 node locations; each location has
two numbers, one for the Hensell and one of the Hosston,
thereby making 584 numbered nodes which were placed on base
maps. The node locations for the Hensell and Hosston aquifers in
the study region are illustrated on Figures 45 and 48. The Hensell
and Hosston nodes are joined in each polygon by a vertical
leakage value which represents the Pearsall or the Hammett and
Cow Creek Members in the computer simulation. This vertical
leakage value enables the computer to analyze the Hensell and
Hosston aquifers as a unit.

Coefficients of transmissibility and storage properties of the
Hensell and Hosston aquifers were obtained from pumping test
data, as presented in Table 4, and aquifer fresh water sand
thicknesses were obtained from Figures 33 and 34. These values
were assigned to the respective nodes within each polygon.
Transmissibility values were reduced in the Balcones Fault Zone
in order to compensate for the flow barrier effect caused by the

CONSTITUENT OR
PROPERTY

Silica (Si05)
Iron (Fe)
Calcium (Ca)
Magnesium (Mg}

Sodium and
Potassium (Na + K)

Bicarbonate (HCOg4)
Sulfate 1504}

Chloride (Cl)

Fluoride (F)

Nitrate lNO3)

Boron (B)

Dissolved solids

Total hardness (CaCOg4)
Percent sodium (percent)

Specific conductance
{micromhos at 25°C)

PH

Sodium-adsorption
ratio (SAR)

CONSTITUENT OR
PROPERTY

Silica (Si0g)
Iron (Fe)
Calcium (Ca)
Magnesium (Mg)

Sodium and
Potassium (Na + K}

Bicarbonate (HCO3)
Sulfate (S04)

Chloride (CI)

Fluoride (F)

Nitrate (NOg)

Baron (B)

Dissolved solids

Total hardness (CaCOg)
Percent sodium (percent)

Specific conductange
(micromhos at 25 C)

pH

Sodium-adsorption
ratio (SAR)

Table 7. —Range of Constituents and Properties of Ground Water

From Representative Wells in the Hensell Member of the Travis Peak Formation

Analyses given are in milligrams per liter except percent sodium, specific conductance, pH, and sodium-adsorption ratio.

Single values appear where only one analysis or value was available.

SOMERVELL HAMILTON BOSQUE HILL CORYELL McLENNAN BELL
COUNTY COUNTY COUNTY COUNTY COUNTY COUNTY COUNTY
1 - 14 8 - 4% 12 15 13 - 14 9 10 15 10 - 15
- .5- 7 .02- .16 A6 2.2 2- 6 02- 4 .08-
34 13 p S 3 . 48 3 =B 8 66 W = 8 16
1 -10 - 2 32 ) N 3 - 47 2 - 7 5 9
145 -180 126 - 450 50 - 274 190 - 266 296 - 391 201 322 227 - 520
352 -409 388 - 500 268 - 443 262 - 386 337 - 475 356 - 446 387 - 489
36 - 67 80 - 373 29 - 215 85 - 236 186 - 510 87 221 104 - 453
15 - 19 33 - 198 11 - 36 24 40 104 - 264 20 105 79 - 334
9 8 5.4 A= A8 5 1.4 22- a9 4 - 25 22 - 6
2- 25 4 35 Heaiis 4 4 3 0n4- 3 0o -
— — a4 ==, — == =
407 -493 495 -1,280 360 - 770 483 736 884 -1,440 549 - 890 630 1,470
12 - 75 36 - 170 18 . 245 17 - 30 34 - 357 3 - 54 40 - 77
81 - 97 62 - 96 31 - 96 94 97 70 - 96 89 - o8 92 96
646 -790 825 -2,000 650 -1,181 835 -1,296 1,420 2,200 816 1,520 1,030 2,464
79- 85 7.4- 79 75 - 84 81 - 04 7.5- B84 7.8 - 9.1 8.1 .
7 22 4 : 27 14- 22 18 - 27 9 - 28 15 32 15 - 30
Table 8.—Range of Constituents and Properties of Ground Water
From Representative Wells in the Hosston Member of the Travis Peak Formation
Analyses given are in milligrams per liter except percent sodium, specific conductance, pH, and sodium-adsorption ratio.
Single values appear where only one analysis or value was available.
Hamilton County was not included due to a lack of analyses from wells completed in the Hosston.
Refer to ranges from Coryell County, which should closely approximate what one might anticipate in
Hamilton County.
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Figure 15
Public Supply Ground-Water
Pumpage From the Antlers and

Travis Peak Formations in the
Study Region, 1955-67

faults. Similarly, transmissibility values were reduced in other
areas where the Hensell or Hosston may be affected by shaly
facies and where the Hosston is absent at the MeGregor High.

Following the assignment of the aquifer coefficients to the
respective nodes, the pumping and recharge rates were assigned to
each polygon. Recharge was assigned to the outcrop areas in the
north and west. The amount of recharge to a particular outcrop
polygon was estimated to be approximately 3 percent of the
average annual precipitation applied to the outcrop area.

Each aquifer node within the polygons was assigned a
percentage of the polygon’s recharge and pumping rate. The
amount of recharge or pumpage assigned to an aquifer node,
located on the outcrop, depended on the following factors:
(1) the estimated use of the Hensell and Hosston aquifers within
the polygon, (2) the extent of one or both aquifer’s outcrop on
the surface of the ground, and (3) the amount of recharge and
pumpage assigned to the polygon. For example, the Hensell
Member outcrops over the entire surface area of a polygon that
received an estimated 200 acre-feet of recharge per year. Pumpage
from the polygon is estimated to be 50 acre-feet per year from
the Hensell and 50 acre-feet per year from the Hosston.
Therefore, in this particular polygon the Hensell node would be
assigned a net recharge of 150 acre-feet per year and the Hosston
node would be assigned a pumpage value of 50 acre-feet per year.
The Hensell node would receive the entire recharge since it was
the only aquifer that occurred at the surface of the ground.

The first computer studies involved analyzing pumpage and
drawdown data from about 1900 to the spring of 1967. For the
purposes of this study, it was assumed that in 1900 the aquifers
were undeveloped and a zero downdraw condition existed. A
water-level map for this period, Figure 39, was constructed from
early water-level data presented in the Central Texas area by R. T.
Hill (1901). Ground-water pumpage from the Hensell and
Hosston aquifers used in the computer studies was estimated
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Table 9.—Estimated Pumpage of Ground Water From the Principal
Cretaceous Aquifers, 1967

PUBLIC SUPPLYY INDUSTRIALY
AQUIFER (ACRE-FEET) (ACRE-FEET)

Antlers and

Travis Peak

Formations 16,800 3,700
Glen Rose

Formation - -
Paluxy Formation 60 1
Edwards

and associated

limestones 2,100 230
Woodbine Group 120 110
Totals 19,080 4,041

1 Based on water use inventory by the Texas Water Development Board,
2/ Based on power and yield tests conducted in the irrigation district.

RURAL DOMESTIC
AND LIVESTOCK3/ TOTALS
(ACRE-FEET)

IRRIGATIONZ/
(ACRE-FEET)

16,100 5,900 42,500
- 1,200 1,200
- 1,000 1,061

30 930 3,290
= 350 580
16,130 9,380 48,631

3/ Based on average water use rates, and estimates of rural population and livestock taken from the Texas Almanac, 1967.
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Figure 16
Industrial Ground-Water Pumpage
From the Antlers and Travis
Peak Formations in the

Study Region, 1955-67

from 1900 to 1955. Actual collected pumpage data were used for
1955 through 1966. The objective of the first computer studies
was to take the input data (pumpage and aquifer characteristics)
and compute water-level declines from 1900 to spring 1967 that
would agree with the observed declines illustrated on Figure 42.

Adjustments were made on the input data so that
computed declines would reasonably agree with observed
declines. Original estimates of pumpage from 1900 to 1955 were
increased, and pumpage was assigned to polygons where ground
water could have been lost from the aquifers through flowing
wells. Additional pumpage was assigned to the Fort Hood well
fields to account for ground-water development which could have
existed during World War I1. All transmissibilities were reduced
25 percent, and additional reductions to transmissibilities were
made in the Balcones Fault Zone,

After the final adjustments had been made to these input
data, the computer was provided with data on projected pumping
rates and programmed to print out water-level declines by aquifer
node for the periods spring 1967-1975, spring 1967-1990, and
spring 1967-2020. Pumpage figures for these periods were
obtained from water resource planning studies conducted by the
Board.

Next, it was desirable to know what annual withdrawal or
pumping rate would be required for each node and the whole
system of nodes, if the Hensell and Hosston water levels were
lowered to an interval between 400 and 500 feet below land
surface or to the top of the water-bearing sands. The lowering of
the water levels would occur from 1967 to 2020 only in the
downdip area between the outcrop of the Travis Peak Formation
and the base of fresh to slightly saline water of the Hensell and
Hosston Members. For the purpose of this study, ground-water
development of the Travis Peak in the downdip area was
considered economically feasible as long as the 2020 water levels
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Figure 17
Irrigation Ground-Water Pumpage
From the Antlers and Travis Peak
Formations in Comanche,
Eastland, Erath, and Adjacent
Counties, 1954-67

reached no deeper than 400 to 500 feet below land surface or the
top of the water-bearing sands.

Before the simulation of the system was begun, the
following modifications and assumptions were made:

(1) The annual net recharge or pumpage projected for the
1967 to 2020 period was used in the outcrop nodes.

(2) Annual pumpage was reduced to zero in the Hensell and
Hosston nodes in the area downdip from the base of fresh to
slightly saline water.

(3) Downdip from the Travis Peak outcrop, annual
pumpage was reduced to zero in the Hensell and Hosston nodes

where the 1967 water levels were more than 400 feet below land
surface or below the top of the water-bearing sands.

After initial simulation was completed, pumpage was
modified in nodes occurring in the following areas:

(1) In areas outside the study area but updip from the base
of fresh to slightly saline water, the annual pumpage for each
node was not used in the final withdrawal total.

(2) In areas 10 miles or less updip from the base of fresh to
slightly saline water, the annual pumpage for each node was
reduced to avoid large-scale updip movement of saline water.

The results of the simulation provided data on annual
pumpage rates for each node which was useful in determining
areas most favorable for well development.

Predicted Water-Level Declines

The computer aquifer simulation studies of the Travis Peak
Formation indicate that tremendous water-level declines should
be expected in several areas of heavy pumpage. The predicted
water-level declines for the periods spring 1967-1975, spring
1967-1990, and spring 1967-2020 are presented in the form of
water-level decline contour maps for the Hensell and Hosston
aquifers, Figures 43 through 48. Based on pumpage projections
which were obtained in water resource planning studies
conducted by the Board, the maps show large water-level declines
in the vicinity of Waco, Belton, Gatesville, Hillsboro, McGregor,
and Stephenville. By the year 2020 extensive dewatering of the
Hosston aquifer may occur in the Stephenville area, and
water-level declines in excess of 1,000 feet may develop in Waco.

The projected water-level declines from spring 1967 to
2020 and the approximate water level above or below the land
surface in the spring of 1967 are shown beside the node locations
on Figures 45 and 48. An approximation of the predicted 2020
water level below the surface of the ground can be computed
from the two values. For example, by the year 2020, the static
water level of the Hosston at Meridian should be approximately
301 feet below the surface of the ground.

Ground Water Available for Development

The amount of ground water available from the Hensell and
Hosston aquifers in the downdip areas is determined from the
computer simulation of pumpage and the associated water-level
declines. In 1966, approximately 16,752 acre-feet of ground
water was used in the downdip areas for municipal, industrial,
and irrigation purposes. The computed optimum node pumping
rates show that approximately 40,000 acre-feet of ground water
can be pumped annually downdip from the outcrop in the region,
excluding the calcareous facies area of the Travis Peak Formation.
This proposed annual pumpage represents an approximate
increase of 23,248 acre-feet of water over the 1966 municipal,
industrial, and irrigation use in the downdip areas, and will not
lower the water levels below the 400- to 500-foot interval below
land surface or the top of the water-bearing sands until the year
2020. Ground water used by this proposed method of
development is obtained from the annual transit recharge and
from ground-water storage within the Travis Peak Formation.

Additional quantities of ground water can be developed
from the Antlers and Travis Peak Formations in the outcrop areas
outside the calcareous facies. These areas receive an estimated
87,150 acre-feet of water as recharge annually, based on
approximately 3 percent of the average annual precipitation. The
quantity of water that is recharged annually cannot be
determined with precision at this time due to lack of adequate
data.

In 1966, approximately 6,715 acre-feet of ground water
was used in the outcrop areas outside the calcareous facies for
municipal, industrial, and irrigation purposes. Allowing for full
development in the downdip areas (40,000 acre-feet annually)
and the 6,715 acre-feet used in 1966, it appears an additional

40,000 acre-feet can be developed annually under optimum
conditions without affecting the downdip availability of ground
water from the Travis Peak Formation. In order to develop this
additional 40,000 acre-feet annually, all wells must have small
capacities and be evenly distributed over the outcrop.

In the computer simulation of the downdip areas of the
Travis Peak Formation, an average of 21,269 acre-feet per year
for the period 1967 through 2020 was assumed to be pumped in
the outcrop area that contributed to the recharge of the Hensell
and Hosston aquifers downdip. This area includes the total
outcrop of the Antlers and Travis Peak Formations except where
dissecting streams prevent the downdip movement of ground
water. Therefore under the assumed conditions of recharge, and
allowing for maximum ground-water development in the downdip
areas, the outcrop areas of the Antlers and Travis Peak
Formations should be capable of supplying twice the simulated
pumpage for the period 1967 to 2020,

Areas Most Favorable for Future Development

The areas in the study region that are most favorable for
future development of ground water from the Travis Peak
Formation are shown on Figure 49, The delineations of these
areas are a product of the digital computer simulation study of
the Travis Peak Formation and are based on an analysis of the
optimum node pumping rates which will not lower the water
levels below the 400 to 500 foot interval below land surface or
the top of the water-bearing sands until the year 2020. The map
shows the areas favorable for additional ground-water
development in the downdip areas from the Travis Peak
Formation, other areas that are fully developed and therefore not
suited for additional major development, and other areas that are
presently overdeveloped. Also shown is the computer simulated
annual pumpage for each area, the 1966 pumpage for each area,
and the additional quantity of water that can be developed
annually or the annual pumpage which must be reduced if water
levels are not to fall below the 400- to 500-foot interval below
land surface or below the top of the water-bearing sands.

In the computer simulation of pumpage and associated
water-level declines, the simulated pumpage was reduced to zero
in the following three general areas: (1) Itasca, Hillsboro, West,
McGregor, Gatesville, southwest Waco, and Salado; (2) south of
Iredell; and (3) southwest of Georgetown. Although the
simulated pumpage was reduced to zero for these areas, the water
levels nevertheless declined to depths exceeding 400 to 500 feet
below land surface or below the top of the water-bearing sands
during the simulation process. These areas, shown on Figure 49,
are overdeveloped and unfavorable for ground-water pumpage
from the Travis Peak Formation.

The areas around Belton, Dublin, Stephenville, and Waco
are shown as overdeveloped areas where the 1966 pumpage would
have to be reduced to prevent the water levels from falling below
the designated limits. Within these areas some water could be
produced, but the amount is less than the 1966 pumpage.

Within the areas unfavorable for additional development,
pumpage from the Travis Peak Formation preferably should not
be increased beyond the 1966 level of development. The city of
Taylor, which is within this zone, for best results should not
increase pumpage within the city limits but should plan for
distributing the present pumpage and any proposed additional
pumpage over a wide area in order to avoid large water-level
declines in the immediate vicinity.

The areas most favorable for ground-water development
from the Antlers and Travis Peak Formations are located in the
east, southeast, west, and northwest portions of the study region.
This includes the outcrop not within the calcareous facies of the
Travis Peak Formation.

The calcareous facies area should be able to sustain its
present ground-water development, which generally consists of
small-yield domestic or livestock wells. This area is considered
unfavorable for any additional development other than occasional
domestic or livestock wells.

In the areas most favorable for future development, the
best locations for additional development are the areas where the
thickest accumulations of sand containing fresh to slightly saline
water occur as shown on Figures 33 and 34. Also, additional
development must be distributed widely in order to avoid the
deleterious effects of large concentrated withdrawals of ground
water in small areas.

Disposal of Salt Water in Areas of
0Oil and Gas Field Operations

Salt water is produced from oil and gas fields mainly in the
northwestern outcrop area of the study region. In this area are
numerous oil and gas fields, most of them relatively shallow,
ranging from about 500 feet to 4,400 feet in depth. These oil and
gas fields have been in operation since the 1920's, and many are
still active.

The amounts of brine produced in 1961 and 1967 and the
methods of disposal in Brown, Callahan, Comanche, Eastland,
and Erath Counties are given in Table 11, The locations of
brine-producing areas, amounts of brine produced, methods of
disposal, and locations of reported contamination areas are
illustrated on Figure 18. The areas of reported contamination are
also shown on Figure 35.

Until recently a large amount of salt water produced in
connection with oil and gas field operations was disposed of in
unlined, open pits that were dug in the loose, porous and
permeable sands of the Travis Peak Formation. These pits seldom
filled or ran over, and the evaporation rate was not sufficient to
account for the large volume of salt water pumped into them.
Therefore, in some areas where contamination was reported, the
water must have percolated downward into the underlying sands
to become incorporated with the native ground water.
Comparisons of the relative concentrations of chemical
constitutents in native ground water, apparently contaminated
ground water, and a typical oil-field brine are illustrated on
Figure 19.

The recharge and movement of water through the sands is a
relatively slow process, and movement may be only a few feet a
year. Therefore, in severely affected areas, the water may remain
contaminated for many years after the source of contamination
has been removed. It is also possible that the contaminated water
may migrate downdip, and affect areas that presently contain
good native ground water, Periodic checks on the chemical
quality of the ground water should be made in order to warn the
residents of any possible future contamination.

The Railroad Commission of Texas issued a “‘no-pit" order
effective January 1, 1969, for the entire State. The present
method of disposal is generally through wells that inject the salt
water into formations that do not contain fresh water.

Pre-Cretaceous Rocks

The occurrence of usable water in the pre-Cretaceous rocks
of the study region is generally limited to the area on or adjacent
to their respective outcrops. The two most important
water-bearing units are the Ellenburger Group of Ordovician age
and rocks of Pennsylvanian age.

The principal source of ground water in the Ellenburger
Group is precipitation on its outcrop and infiltration from the
overlying Travis Peak Formation. Water in the Ellenburger occurs
in vugular, cavernous zones and in joints and fractures in the
dolomite and limestone beds. Due to this type of occurrence, the
hydraulic properties are very unpredictable and extreme
variations can occur in short distances. Fluctuations of water
levels are usually related to changes in climatic conditions, and to
an undetermined amount by pumpage. In and near the outcrop,
the chemical quality of the ground water in the Ellenburger is
usually of good quality, although very hard. It usually contains
less than 1,000 mg/l dissolved solids. However, the quality
deteriorates rapidly away from the outcrop, and at distances
greater than 20 miles downdip, it is generally unsuitable for
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WELL

JD-30-45-901
JD-30-48-902

J0-30-56-103
JD-30-56-401
JD-30-66-508

JD-30-64-301
JD-30-64-302
JD-30-64-306

JD-30-64-307
JD-31-35-601

J0-31-36-703
JD-31-36-704
JD-31-36-705

JP-31-39.502

4D-31-42-508
JD-31-42-509

JD-31-42.901
JD-31-42.902

JD-31.42.003
JD-31.42.004
JD-31-42-006
JD-31-42-906
JD-31-42.907

JD-31-43-804
JO-31-43-805

1D-31-43-806
J4D-31-43-807
JD-31-43-808

JD-31-43-904
J0-31-51-306
JD-31-51-307

JD-31-44.106
JD-31.44107
JD-31-44108
JD-31-44-708
JD-31-44.110
JD-31-44-111
JD31-44-112

JOo31-44-113
JO-31-44.114
JD-31-44-115

JD-31-44-403
J0-31-44-404
J0-31-44.406
JD-31-44.-407
JD-31-44-408
JD-31-44.409
JD-31-44.6503
JD-31-44-505

JD-31-44.506
JD-31-44-507

JD-31-44-602
JD-31-44-603

JD-31-44-804
J0-31-44-806

JD31-44-806
JD.31-44-808
J0-31-44-800
JD-31-44-810
AP-31-48-302
40315100
JD-31-51-102
JD31-81103
JD-31-51-104

JD-31-61-224

Table 10.—Power-Yield Tests From Selected Irrigation Wells in Comanche, Eastland, and Erath Counties

Method of Distribution: OD, Irrigation well pumps into earthen or concrete tank; D, Irrigation well pumps directly to the field through sprinkler lines;
OD-EB, Irrigation well pumps into earthern or concrete tank, and electric booster pumps water from the tank to the field through sprinkler lines.

DATE OF TEST

August 18, 1967

do,
August 15, 1966
August 16, 1966

August 17, 1966

do,
July 17,1967

July 12, 1967

August 16, 1967
August 18, 1966

August 12, 1966

o,

July 10, 1967

do,

July 24, 1967

August 16, 1967

August 10, 1967

duly 17,1967

August 14, 1067

July 18, 1967
do.

do.

August 14, 1967

July 11, 1967

July 18, 18967

August 15, 1967

August 16, 1967

August 9, 1967

July 11, 1967

See footnotes at end of table.

METHOD
DISTRIBUTION

oo 1f

oy
oo Y
Dy
ob if

oy
oo if

oy

oo
ob i

oo yf

oy

By

ooy

Dy

oy

oD 3

oD 3

oy

oDy
oy
oo 1

oy
ob 1/
oD

oD Y

oy
oD 1f

oy

LENGTH