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FOREWORD

The ground-water reconnaissance study is the first phase of the State's
water-resources planning concerning ground water as outlined in the progress re-
port to the Fifty-Sixth Legislature entitled '"Texas Water Resources Planning at
the End of the Year 1958." Belore an adequate planning program for the develop-
ment of the State's water resources can be prepared, it is necessary to determine
the general chemical quality of the water, the order of magnitude of ground-water
supplies potentially available from the principal water-bearing formations of the
State, and how much of the supply is presently being used. To provide the data
necessary to evaluate the ground-water resources of Texas, reconnaissance in-
vestigations were conducted throughout the State under a cooperative agreement
with the U. S. Geological Survey. The ground-water reconnaissance investigations
were conducted by river basins so that the results could be integrated with in-
formation on surface water in planning the development of the State's water re-
sources. The river basins of the State were divided between the Ground Water
Division of the Texas Water Commission and the U. S. Geological Survey for the
purpose of conducting and reporting the results of the ground-water investiga-
tions.

This bulletin presents the results of the Gulf Coast region ground-water
reconnaissance investigation. It provides a generalized evaluation of the
ground-water conditions in the basin and points out areas where detailed studies
and continuing observations are necessary. The additional studies will be re-
quired to provide estimates of the quantity of ground water available for devel-
opment in smaller areas, to provide more information on changes in chemical qual-
ity that may affect the quantity of fresh water available for development, and
to better determine the affects of present and future pumpage. This report was
prepared by personnel of the U. S. Geological Survey.

TEXAS WATER COMMISSION

Joe D. Carter Chairman
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RECONNAISSANCE INVESTIGATION OF THE
GROUND-WATER RESOURGCES OF THE

GULTF COAST REGION, TEXAS

ABSTRACT

The Gulf Coast region, as the term is used in this report, includes all or
parts of 51 counties adjacent to the Gulf of Mexico between the Rio Grande on
the Mexico border and the Sabine River on the Louisiana border, about 35,000
square miles. Its population is about 2,900,000.

The climate ranges from semiarid in the southwestern part to humid in the
northern part. Irrigation is practiced throughout the region, rice being the
principal irrigated crop in the northeastern half. Cotton, maize, and other row
crops are irrigated during dry periods in all but the northeastern fourth, and
citrus fruit and vegetables are irrigated in the Lower Rio Grande Valley.

Most of the Gulf Coast region is a smooth, featureless depositional plain
rising from sea level to an altitude of 200 feet, although the interior boundary
is as high as 900 feet. The sediments cropping out range in age from upper
Eocene to Recent. In vertical section, the geologic formations underlying the
region form a series of gently dipping truncated wedges which thicken toward the
coast, causing each wedge to have a slightly steeper dip than the overlying
wedge. Recent deposits form the wedge nearest the coast, and successively older
deposits crop out toward the interior. The part of a wedge in and near the out-
crop consists of beds, lenses, and stringers of gravel and coarse to fine sand
interbedded with silt and clay beds and lenses; downdip the lithology changes
gradually to dominantly silt and clay.

The principal aquifer includes the Goliad Sand, Willis Sand, and Lissie
Formation. Of less importance is the aquifer that includes the Catahoula Sand-
stone, Oakville Sandstone, and the Lagarto Clay. The Beaumont Clay generally is
an aquifer between the Nueces and Sabine Rivers, and the alluvium of Recent age
is an aquifer in the Rio Grande Valley and the Brazos River Valley.

Ground water in the region is classified as fresh--less than 1,000 ppm
(parts per million) of dissolved solids--or slightly saline--1,000 to 3,000 ppm
of dissolved solids. The base of the fresh to slightly saline water zone and
the thickness of water-bearing sand in the zone are shown on maps prepared from
electric logs of oil and water wells. The base of the fresh to slightly saline
water zone is as much as 3,600 feet below sea level, and sands in the zone are



as thick as 1,400 feet. The upper limits of dissolved solids used as a basis
for the preparation of the map of the base of the fresh to slightly saline water
varied according to the availability and use of the water in the region. North-
east of the Guadalupe River, most of the ground water classed as fresh to slight-
ly saline contained less than 1,200 ppm of dissolved solids. In places south-
west of the Guadalupe River, ground water that contains as much as 3,000 ppm of
dissolved solids is being used, and, therefore, the boundaries of the fresh to
slightly saline water were based on that quantity. In general, the fresh to
slightly saline water zone is thickest, contains the most water-bearing sand,
contains the best quality water, and is capable of yielding the largest quanti-
ties of water to wells in the part of the region northeast of the Guadalupe
River.

In 1959, about 920,000 acre-feet of ground water, or about 820 million gal-
lons per day, was pumped in the region. About 55 percent was for irrigation,
about 23 percent was for industry, and about 20 percent was for public supply.
About 3 percent was from domestic and livestock wells, from miscellaneous small
wells, and from flowing wells.

A map showing the estimated transmissibility of all the sands in the fresh
to saline water zone was prepared from the results of about 300 pumping tests
and the map showing the thickness of the sand. To compare the potential quan-
tity of ground water available in one area with that in another, the map was
used with several assumptions to calculate the length of time necessary to lower
the water level to a maximum depth of 400 feet along the line of discharge. The
computations are summarized in a table for comparative purposes but many un-
determined factors have a great bearing on the availability of ground water.
Among these are the amount of recharge to the aquifers, the amount of natural
discharge that could be salvaged, the effect of vertical leakage in areas of
lowered artesian pressure, and the amount of water that will be released by com-
paction of the clays as the artesian pressures are lowered. The computations
indicate that precipitation may be sufficient in all parts of the region to
maintain adequate recharge to equal or surpass the transmission capacity of the
aquifers (quantity of water tramsmitted through a given width of an aquifer at
a given hydraulic gradient). The aquifers in the part of the region that have
the lowest potential recharge have small transmission capacities.



RECONNAISSANCE INVESTIGATION OF THE

GROUND-WATER RESOURCES OF THE

GULF COAST REGION, TEXAS

INTRODUCTION

Purpose and Scope

The Texas Water Planning Act of 1957 (Senate Bill 1, First Called Session
of the 55th Legislature) created a Water Planning Division within the Texas
Board of Water Engineers (since January 1962 known as the Texas Water Commis-
sion). A report, entitled "Texas Water Resources Planning at the End of the
Year 1958; A Progress Report to the Fifty-Sixth Legislature,' was submitted by
the Board in December 1958. The report states (Texas Board of Water Engineers,
1958, p. 78), "...Initial planning for development of the State's water re-
sources will require that reconnaissance ground-water studies be made in much of
the State because time is not available to complete the recommended detailed in-
vestigations. Studies of this type will be made chiefly to determine the order
of magnitude of the ground-water supplies potentially available from the princi-
pal water-bearing formations."

To implement the directive of the Legislature, a cooperative project be-
tween the Texas Board of Water Engineers (Commission) and the U. S. Geological
Survey was begun in September 1959. The project was titled, "Reconnaissance
ground-water investigations in Texas."

The planning of the cooperative program was based on the needs and avail-
ability of water in major river basins. The U. S. Geological Survey is report-
ing on the Red, Sulphur, Cypress, Brazos, Upper and Lower Rio Grande, Guadalupe,
Nueces, and San Antonio Basins, and the Gulf Coast region. The Texas Water Com-
mission is reporting on the Canadian (Texas Board of Water Engineers, 1960),
Sabine, Neches, Trinity, Colorado, and Middle Rio Grande Basins. All the reports
were scheduled for completion in 1962 except that for the Canadian, which was
completed in 1960, that for the Gulf Coast region, completed in 1961, and that
for the Guadalupe, Nueces, and San Antonio Basins, which will be completed in
1963.

The reconnaissances of the basins were to have their principal emphasis on
the following items (Texas Board of Water Engineers, 1958, p. 78):

1. Inventory of large wells and springs.

2. Compilation of available logs of wells and preparation of generalized
cross sections and maps showing subsurface geology.

u B



3. Inventory of major pumpage.

4, Pumping tests of principal water-bearing formations.
5. Measurement of water levels in selected wells.

6. Determination of areas of recharge and discharge.

7. Compilation of chemical analyses of water and sampling of selected
wells and springs for additional analyses.

8. Correlation and generalized analysis of all data to determine the mag-
nitude of supplies available from each major formation and the general effects
of future pumping.

9. Preparation of generalized reports on principal ground-water resources
of each basin.

Fieldwork in the Gulf Coast region was done from September 1959 to August
1960. The inventory of wells consisted of locating all the major wells--that
is, the public supply, industrial, and irrigation wells. Although all the wells
were located, complete data on individual irrigation wells were obtained on only
10 to 15 percent of the wells in the areas of concentrated development. Several
thousand electric logs of oil- and gas-test wells were used in mapping the base
of the fresh to slightly saline water and in compiling the total thickness of
the sand beds that contain the fresh to slightly saline water. Water samples
from 92 wells were analyzed for the study. These and several hundred other an-
alyses that had been made before the study began were used as guides in inter-
preting the electric logs. Pumping tests of about 300 wells were used to deter-
mine the water-bearing characteristics of the formations. By interpreting the
water-bearing characteristics and total thickness of sands, the magnitude of
ground-water supplies available in the several subregions was calculated. How-
ever, because of the complexity of the aquifers and the many assumptions nec-
essary in the calculations, calculated amounts of available ground water should
be considered as preliminary estimates expressing an order of magnitude that may
require revision as development takes place and additional data become available.

Location and Extent of the Area

The Gulf Coast region (Figure 1), as the term is used in this report, in-
cludes the lower parts of the Rio Grande, Nueces, San Antonio, Guadalupe, Colo-
rado, Brazos, Trinity, Neches, and Sabine drainage basins and all the San Ja-
cinto, Lavaca, and small coastal basins. The region includes all or parts of 51
counties and has an area of about 35,000 square miles. The region ranges in
width from 50 to 120 miles and averages about 90 miles; it is 467 miles long
measured by highway from Orange to Brownsville, although by air, it is only
about 400 miles, as the region is curved, and the shortest distance from one end
to the other is across the Gulf of Mexico. Most of the region lies between lati-
tude 26° and 31° north and longitude 94° and 99° west.
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Economic Development and Cultural Features

"Although the Gulf Coast region constitutes less than 14 percent of the
area of Texas, it has slightly more than 30 percent of the population, about
2,900,000. The largest center of population is Houston (938,219 in 1960).
About 1,500,000 persons resided in Harris (Houston), Galveston, Brazoria, and
Fort Bend Counties in 1960. The next largest concentration of population is in
Cameron and Hidalgo Counties in the Lower Rio Grande Valley (about 331,000 in
1960). In the Beaumont-Port Arthur-Orange area of Jefferson and Orange Counties,
the 1960 population was about 306,000. Another population center is the Corpus
Christi area (Nueces and San Patricio Counties), about 210,000 in 1960,

The principal factor in the economic development of the region is water for
agriculture, industry, municipal use, and transportation. Water for agriculture
comes from three sources--rainfall, streams, and wells. In 1960 all but 520
acres of the 417,039 acres of rice grown in Texas was in the Gulf Coast region
between the Guadalupe and Sabine Rivers, each acre requiring from 1-1/2 to 4
feet of water in addition to rainfall. About 40 percent was irrigated by ground
water and the remainder by surface water. Another intensively irrigated area is
in the Lower Rio Grande Valley in Cameron, Hidalgo, and Willacy Counties where
citrus fruit, vegetables, and cotton are irrigated with water from the Rio
Grande and from wells. Cotton and other row crops are irrigated in places
throughout the region, but principally in the area between and including Fort
Bend County and northern Brooks County, and in the Lower Rio Grande Valley.

The abundance of water for industrial use has been a principal factor in
the location of most of Texas' oil refining and petrochemical plants in the Gulf
Coast region. According to Resen (1955, p. 182-195), more than 85 percent of
the 2,312,050 barrels per day handled by Texas' refineries was processed in the
Gulf Coast region. The three important refinery centers are (1) Houston-Baytown-
Texas City area in Harris and Galveston Counties, (2) Beaumont-Port Arthur area
in Jefferson County, and (3) Corpus Christi area in Nueces and San Patricio
Counties. Associated with the oil-refining industry on the Gulf Coast is a
large and growing petrochemical industry. The Houston-Baytown-Texas City area
has the largest concentration of petrochemical plants in the world (Resen, 1955,
p. 189). The Beaumont-Port Arthur-Orange area has nearly a dozen plants and all
together there are more than 40 petrochemical plants in the region. Other Texas
industries that require large amounts of water are the paper mills in Harris
and Jasper Counties, the metal refining industry (steel mill in Harris County,
aluminum plants in Calhoun and San Patricio Counties, and a magnesium plant in
Brazoria County), and the mining industry (recovering sulfur by the Frasch
method or processing salt from one of the many salt domes in the Gulf Coast re-
gion).

Water transportation is a major factor in the economic growth of the Gulf
Coast region. Houston is a deep-water port along the upper 22 miles of a 52-
mile channel, and the port of Houston has been second in the Nation in total
tonnage during several recent years. Other deep-water ports are at Orange,
Beaumont, Port Arthur, Texas City, Galveston, Freeport, Port Aransas, Corpus
Christi, Port Isabel, and Brownsville. In addition to the deep-water ports,
many ports are suitable for barge shipments on the Gulf Intracoastal Waterway,
which extends from the mouth of the Rio Grande on the southwest to and beyond
the Mississippi River,



The region is served by several air, rail, and bus lines and many hundreds
of miles of paved State and Federal highways and secondary roads.

Previous Investigations

The first studies of the ground-water resources of the Gulf Coast region of
Texas were by Singley (1893), Taylor (1907), and Deussen (1914). Further studies
were not recorded until 1929 when a cooperative program was begun by the Texas
Board of Water Engineers and the U. S. Geological Survey, and, in some areas,
local units of government. Between 1929 and 1945, wells in nearly every county
in the region were partly inventoried and reports were published containing re-
cords of wells, chemical analyses of water, water levels, and well logs. (See
Selected Bibliography, p. 103).

Since 1945, detailed reports have been published on the Houston area (Lang
and others, 1950), Galveston County (Petitt and Winslow, 1955), the Lower Rio
Grande Valley (Baker and Dale, 1961), and Victoria and Calhoun Counties (Marvin
and others, 1961). Special reports on salt water (Winslow and others, 1957) and
land-surface subsidence (Winslow and Doyel, 1954; Winslow and Wood, 1959), in
addition to several other progress reports and journal articles, have been pub-
lished on the Houston area. Numerous other short reports on various areas in
the region have been published also since 1945. Many reports describing areas
smaller than counties have not been duplicated but are in the open files of the
U. S. Geological Survey and Texas Water Commission.

In 1956, a report was prepared by the U. S. Geological Survey for the U. S.
Bureau of Reclamation on the availability of ground water in the Gulf Coast re-
gion of Texas (Wood, 1956). Much of the basic data for that report, collected
during 1955 and 1956, has been incorporated into this one.

Assignment of Work

Basic data for this report were collected and assembled between September
1, 1959, and August 31, 1960, by C. C. Mason, R. B. Anders, W. L. Naftel, R. K.
Gabrysch, Richard Marvin, and 0. C. Dale, all of the Geological Survey. The
illustrations and the text were prepared by the authors between September 1,
1960, and August 1, 1961. The method of computing the magnitude of water avail-
able in the different subregions was determined with the aid of M. L. Klug of
the Texas Water Commission.

Acknowledgments

The collection of the basic data upon which this report is based would have
been impossible without the cooperation of innumerable well owners, well drill-
ers, city and county officials, and consulting firms; the writers take this op-
portunity to thank them.



GEOGRAPHY

The Gulf Coast region is in the West Gulf Coastal Plain and is a nearly
smooth, featureless depositional plain rising from sea level to 200 feet in 50 .
to 88 miles. The 200-foot contour is closest to the Gulf of Mexico in the area
between the Nueces River and the Rio Grande. Between the 200-foot contour and
the coast, the principal relief is caused by the youthful valleys of the small
consequent streams that drain the region. The larger streams that cross the
area have broad shallow valleys that for the most part are remnants of earlier
erosional cycles. The land above the 200-foot contour is generally more rolling
and has a greater relief.

The interior boundary of the region generally has an altitude between 200
and 400 feet, but attains an altitude of more than 500 feet in northeastern
Jasper County and northern Newton County, and more than 900 feet in southeastern
Webb County. The interior boundary descends to an altitude of 90 to 200 feet
where it crosses the larger river valleys.

The largest streams crossing the region are the Sabine, Neches, Trinity,
Brazos, and Colorado Rivers, and the Rio Grande. The Sabine and Neches Rivers
rise in the Gulf Coastal Plain in northeastern Texas, whereas the others rise
several hundred miles north and west of the Gulf Coastal Plain. Other major
streams are the Guadalupe, San Antonio, and Nueces Rivers. The San Jacinto and
Lavaca Rivers lie wholly within the region.

These and many other smaller streams are transporting sediments from the
Gulf Coastal Plain and older inland areas to the shoreline where deposition is
taking place much as it did at the time the formations comprising the Gulf
Coastal Plain were laid down. In places the coastline has moved gulfward in
historic time, notably at the mouths of the Colorado and Brazos Rivers and the
Rio Grande.

The northeastern part of the region (east of U. S. Highway 75 and north of
U. S. Highway 90 between Houston and the Sabine River) is mostly forested. The
principal trees growing in the area are the longleaf, shortleaf, loblolly, and
slash pines. Most of the remainder of the region northeast of the Guadalupe
River is a treeless prairie, although many varieties of trees grow along the
numerous watercourses. Much of the region southwest of the Guadalupe River is
covered by brush, principally mesquite, small liveoak, postoak, prickly pear
cactus, catclaw, black brush, white brush, huajillo, huisache, and other arid-
land shrubs.

Barrier islands extend the full length of the region. In many places the
bays behind the islands are only a few feet deep and in places, notably in Jef-
ferson and Brazoria Counties, the bays have been nearly filled so that only
marshes remain. The Rio Grande, Brazos and Colorado Rivers have constructed
deltas across the bays and are enlarging their deltas as are the Trinity and
Guadalupe Rivers, although the construction of dams upstream has probably slowed
the delta-building activity of some of the rivers. The shoreline behind the
barrier islands is characterized by numerous indentations and bays, some of which
have areas of several hundred square miles. Galveston Bay is the largest; other
large bays are Sabine Lake and Matagorda, San Antonio, Copano, Corpus Christi,
and Baffin Bays.



Salt domes are unusual features of the region and are of great economic
importance as many of the oil and gas fields and all the sulfur mines are as-
sociated with them. Although many of the domes have no surface expression, sev-
eral form mounds rising more than 100 feet above the rather flat coastal plain.
Conversely, other domes are marked at the surface by depressions which form
small lakes, generally containing saline water.

Climate

According to Thornthwaite's classification (1952, p. 32), the Gulf Coast
region is divided into an area of moisture deficiency west of a line through Cal-
houn, Jackson, and Lavaca Counties, and an area of moisture surplus east of this
line. Thornthwaite's classification is based on a comparison of potential eva-
potranspiration and precipitation. If precipitation is exactly the same as
potential evapotranspiration at all times and water is available just as needed,
there is neither a deficiency nor a surplus of water, and the climate is neither
moist nor dry. The area having surplus moisture is further broken down by Thorn-
thwaite into a humid area (east of a north-south line through Galveston Bay) and
a moist subhumid area (remainder of the moisture-surplus area). Similarly, the
moisture-deficiency area is divided into a dry subhumid area ‘(east of a north-
south line through Corpus Christi Bay) and a semiarid area (remainder of the
moisture-deficient area).

The validity of Thornthwaite's classification can be ascertained by the
examination of Figures 2, 3, and 4, which show the variation in rainfall across
the region and the average monthly precipitation, evaporation, and temperature
at Beaumont, Angleton, Beeville, and Weslaco. The average precipitation ranges
from about 20 inches a year in part of the Lower Rio Grande Valley to more than
56 inches a year in part of the Sabine River Basin. Figures 3 and 4 show that
the potential evaporation increases generally from the area of higher precipita-
tion to the area of lower precipitation. Evaporation data are less exact than
precipitation data because of local conditions and the different types of equip-
ment used. For example, the annual average evaporation at Weslaco is less than
that at Beeville perhaps because the extensive irrigation in the vicinity of
Weslaco causes a higher humidity.

Figure 4 shows the correlation between temperature and evaporation by
months. Figure 3 shows the distribution of precipitation throughout the year.
All four stations have their highest monthly precipitation during one of the
warmer months between May and September, inclusive, when the precipitation is
generally from thunderstorms. However, tropical storms may sweep in from the
Gulf during these months and drop as much as 30 inches of rain in 24 hours.

Although the average precipitation ranges from about 20 to 56 inches a
year, the precipitation during the growing season in any particular year may not
be adequate in any particular part of the region. In the semiarid part water is
needed to supplement rainfall during all or at least some part of almost every
growing season. In the dry subhumid part, irrigation is needed for most crops
during part of most growing seasons and in some years during most of the grow-
ing season. Conversely, in the moist subhumid part, most crops can be grown
without supplemental water, and in the humid part supplemental water is rarely
needed, although during prolonged dry spells in the growing season it would be
beneficial. Rice, which is the principal irrigated crop, is irrigated wherever

e
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Figure 2
Map of Texas Showing Mean Annual Precipitation

in Inches Based on the Period 1931-55
(After map prepared by U. S. Weather Bureou)

U S. Geological Survey in cooperation with
the Texas Water Commission
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it is grown because during most of its growth it must be standing in several
inches of water. ©Nearly all the rice produced in Texas is grown in the moist
subhumid and humid parts of the Gulf Coast region.

Drainage Basins

For statewide water planning, the drainage basins and intervening coastal
areas of the State have been delineated by the Planning Division of the Texas
Water Commission. The river basins designated by them are the Canadian, Red,
Sulphur, Cypress, Sabine, Neches, Trinity, San Jacinto, Brazos, Colorado, Lavaca,
Guadalupe, San Antonio, Nueces, and Rio Grande. All but the Canadian, Red,
Sulphur, and Cypress Rivers either cross or rise in the Gulf Coast region. The
boundary of each river basin was delineated on the outer line of the catchment
area tributary to the stream involved. Adjacent rivers share a mutual boundary
except near their mouths where intervening areas are drained by small streams
emptying directly into the Gulf of Mexico. The coastal parts of the Sabine,
Neches, Trinity, Brazos, Colorado, Guadalupe, San Antonio, Nueces, and Rio Grande
Basins and all the San Jacinto and Lavaca drainage basins and the coastal areas
are included in the Gulf Coast region.

Each of the river basins is further divided into major subdivisions, which
have areas of about 600 square miles or more. The major subdivisions are num-
bered beginning at the head of the basin and proceeding downstream to the mouth.
The coastal areas are designated by the names of the bounding river basins and
are also divided into from one to seven major subdivisions.

For convenience of discussion and to permit the use of adequate-scale maps,
the region has been split into five subregions (Figure 1). Subregion I contains
the coastal parts of the Trinity, Neches, and Sabine River Basins and the adja-
cent coastal areas. Subregion II contains the San Jacinto River Basin and the
adjacent coastal areas. Subregion III contains the Lavaca River Basin, the
coastal parts of the Brazos and Colorado River Basins, and the adjacent coastal
areas. Subregion IV contains the coastal parts of the Guadalupe, San Antonio,
and Nueces River Basins and the adjacent coastal areas. Subregion V contains
the coastal part of the Rio Grande Basin and the adjacent coastal areas which
have not been divided into major subdivisions.

GENERAL GEOLOGY

Regional Structure and Geologic History

The regional geology of the Gulf Coast region is simple. Sedimentary beds
ranging in age from late Eocene to Recent lie as bands nearly parallel with the
coast. The strike of the beds changes from north-south in the southern part of
the region to northeast-southwest in the eastern part. Recent deposits form the
coastline and successively older beds crop out toward the interior. Because of
the age of the exposure of the rocks, the outcrop areas are successively more
eroded and dissected toward the interior. Pleistocene and Recent formations
still retain much of their depositional surface.

- 13 -



In vertical section, geologic formations underlying the region occur as a
series of gently dipping truncated wedges that thicken toward the coast, causing
each wedge to have a slightly steeper dip than the overlying wedge. At the
coast the thickness of the upper Eocene to Recent sediments totals 4 to 5 miles.
Near the outcrop area, the dip changes progressively from approximately 150 feet
per mile for the upper Eocene sediments to 10-20 feet per mile for youngest
Pleistocene sediments,

The lithology of the wedges reflects three depositional enviromments: con-
tinental (alluvial plain), transitional (delta, lagoon, and beach), and marine
(continental shelf). The part of a wedge in and near the outcrop consists of
beds, lenses, and stringers of gravel and coarse to fine sand interbedded with
silt and clay beds and lenses; these sediments were deposited in a continental
environment. Downdip the lithology changes gradually to dominantly silt and
clay of marine depositipnal origin.

Faults are common in the region, but generally they have little or no sur-
face expression. Most are normal strike faults, seemingly related to the grad-
ual subsidence and tilting of the basement strata of the earth's crust and the
subsequent adjustment of the overlying sediments. Some faults are related to
the salt domes, which occur in many places throughout the region.

Salt domes are the result of upward movement of deep-seated salt. The move-
ment is by means of plastic flow, initiated by the tremendous weight of the over-
lying sediments, the salt piercing or doming these same overlying sediments.

Many salt domes have a surface expression but are in themselves minor structural
features of the region.

The depositional history of the upper Eocene to Recent sediments is cycli-
cal. At the beginning of each cycle, a gradual tilting or elevation of the. land
occurred. Rivers were rejuvenated and erosion increased. Large volumes of clas-
tic material were transported to the coast and deposited on alluvial plains,
deltas, or the continental shelf to form the thick continental or transitional
beds of gravel, sand, and clay, and the marine deposits of fine sand, silt, and
clay.

The continuous gradual subsidence of the crust under the depositional plains
and continental shelf facilitated the formation of thick deposits. During
periods of rapid erosion, large coalescing deltas were built. They were sub-
sequently attacked by the waters of the Gulf and overrun during periods of les-
ser deposition of sediments and continued crustal subsidence. Thus, the cycle
continued as the shoreline moved back and forth, and the clastic materials tend-
ed to become finer grained. A new cycle began with another gradual tilting of
the crust and a new elevation of the land. The shoreline moved gulfward with
each cycle until it reached its present position.

During late Eocene time, about 40 million years ago, volcanos were active
at times in areas near the Gulf Coast region. As a result, volcanic ash has
been incorporated in some of the sediments of that time. Volcanic activity also
occurred during the Oligocene(?) Epoch, but it was during Miocene time that near-
by volcanos were most active. As a result, a great amount of pyroclastic mate-
rial was deposited in the Miocene strata, some of it being reworked when a pre-
vious depositional plain was elevated and subjected to stream erosion.



During the Pliocene and Pleistocene Epochs, climatic conditions were pro=-
pitious for the formation of caliche, generally in the form of calcium carbonate
deposited at or near the land surface. Water moving through the sediments pre-
cipitated dissolved lime to form caliche nodules and continued formation of cali-
che produced thick, irregular layers.

The depositional processes that produced the thick sedimentary formations
of late Eocene to Pleistocene age are continuing today as shown by the deltas of
the Rio Grande, Colorado, Brazos, and Trinity Rivers. However, one feature that
is different is the widespread blanket of sand and silt, covering about 2,800
square miles of southern Texas. Dominant west-blowing winds move sand from the
beach dunes of Kenedy County toward the interior until decreasing winds, change
in wind direction, and vegetation stop the movement. Such large-spread eolian
deposits are not known in preceding cycles of deposition.

The 13 cross sections included in this report show the base of the fresh to
slightly saline water and the thickness of water-bearing sand (Figures 5, 6, 7,
and 8). The cross sections and subsurface maps were drawn from the interpreta-
tion of electric logs. Formational differences such as color, grain size, min-
eral composition, and others, cannot be determined by electric logs. Subsurface
correlation is exceedingly difficult as the sands and gravels occur as beds, len-
ses, or stringers, which thicken and thin or grade into silts and clays within
short lateral distances. Therefore, formation contacts are not shown on the
sections.

Rock Formations and their Water-Bearing Properties

The coastal geologic formations underlying the Gulf Coast region change in
lithology, dip, and thickness in the direction of the dip. The dip and thick-
ness increase; the clastic materials change from sands, silts, and clays to dom-
inantly clays. The following descriptions of formations (Table 1) are limited
to the fresh to slightly saline water zone and outcrop area--that is, the updip
part of the formation., Fresh water does not occur deeper than 3,600 feet below
sea level and is generally much closer to the land surface. Figure 9 shows the
areas where the major water-bearing formations yield fresh to slightly saline
water within the region.

Tertiary System

Eocene Series

Jackson Group

The Jackson Group, late Eocene in age, is not divided into its formational
units in this report. In the outcrop area, the dip ranges from 120 to 150 feet
per mile. The group ranges in thickness from 800 to 1,300 feet, thickening
downdip and toward the west. In the eastern part of the region, the Jackson
consists of interbedd light-colored sandy or tuffaceous shale and fossiliferous
sand and some limestone and lignite beds. In the central part of the region,
the lower part of the Jackson Group is predominantly clay and silt; the upper
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part is composed of interbedded tuffaceous sand and bentonitic clay lenses.

Some strata contain fossils, lignitized wood, and limestone concretions. The
Jackson Group lithology in the southern part of the region is much the same as
in the central part except abundant opalized or silicified wood is found instead
of lignitized wood.

The Jackson Group is not an aquifer of major importance in the region ex-
cept possibly in the eastern part where its potential was not determined. 1In
general, wells that tap sand beds in the Jackson yield only small to moderate
quantities of water. Sand beds of the Jackson Group yield water for municipal
supply in Polk County and for municipal and industrial supply in Karnes County,
A few wells in Karnes County yield water both from sands in the Jackson Group
and the overlying Catahoula Tuff by means of multiple screen settings. The
Jackson Group yields potable water only in and near the outcrop area, the water
becoming saline at depths of a few hundred feet. In the southern part of the
region even the shallow water is saline.

Oligocene(?) Series

Frio Clay

In the southern part of the region, the Frio Clay is predominantly a mas-
sive clay, containing noticeable amounts of gypsum and thin beds of sand and
volcanic ash. The Frio ranges in thickness from 0 to 600 feet. In the central
part, it becomes more sandy, conglomeratic, and appreciably thinner. The Frio
Clay is recognized only in the subsurface in the eastern part. The formation is
not an aquifer in the region.

Miocene(?) Series

Catahoula Sandstone (Catahoula Tuff)

The Catahoula Sandstone--called the Catahoula Tuff in the central and south-
ern parts of the region--ranges in thickness from 0 to 1,500 feet and is charac-
terized by its extenmsive and thick deposits of volcanic ash. In the eastern
part, the base of the formation is a sand, in places conglomeratic, and partly
cemented by silica. The rest of the formation consists of tuff, variegated clay,
silts, tuffaceous silts, and sands, dipping toward the coast at an average of 50
to 60 feet per mile. Some deposits of volcanic ash have been weathered to ful-
ler's earth.

In the central part, the Catahoula is more heterogeneous, consisting of
conglomerate beds containing pyroclastic material, gravel, and sand, thick beds
of tuff, tuffaceous and sandy clay, and even a few thin beds of lignite and lime-
stone. At the outcrop the formation dips coastward at about 120 feet per mile.

In Duval County, the Catahoula is decidedly volcanic. Large amounts of
volcanic debris form intergrading beds of conglomerate, arkosic sand, tuff, and
tuffaceous clay. Extensive siliceous cementing of the clastic material has form-
ed prominent hills in Duval County.
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Figure 9

Areas Where Major Water-Bearing Formations of the Gulf Coast
Region Yield Fresh to Slightly Saline Water

U.S. Geological Survey in cooperation with the Texas Water Commission

w25 o




(?8ed 3x3u uo panutjuoy)
‘uo18a1 ay3 jo 3aed uzajsea ayl ug
padoraaap L12ATSUIIXT *S°Sn [eINITNO “Ler2 00% -0 pPuUBS SITTIM (z)2uado11g (i) Aaer3aag
-128e pue ‘reriisnpur ‘yedroTunm 103 pue 3ITIS Yitm pappaq
193em Jo satiddns a81e1 o3 [yews spyatx -123uT T2ARI8 puw pueg
*uor8az ayl
Jo siied uwisyinos pue
*uoi8ax ayi jo sized uia TBI3U32 2yl up spaq
-15E2 pu®R [E13uad 2yl ut padoyaaap AYDTTED JIATSUIIXY 009°1-0 uotTiTmIod
A1aatsuaixy ‘uordazx ayl jo yiBuag *Ae1> pue ‘Aero Apues ITSSTT
2yl Inoydnoiyl uorle8riir pum ‘19ae18 ‘pues paioyod
‘£13snpur ‘A1ddns s17qnd 107 I97EMm -3Yy817 3O spaq oIyl
jo sariddns a81eT 031 Tiwms spraix 01 uryl SuprruialTy
*uo18ax
*IBATY sIoany Byl Jo yinos 2yl jo 11ed uiajses 3U20038T3T4
1a1em aurres A73y817s 031 ysaiy jo a3yl ut Sujzmmoodo
adanos 1ood y - (gyeT) 280y JO puEg “(gw61) 250y Jo ®woT
PWOT ®ITY Iyl woij ialem jo satyd 11V 243l ‘puws [eseq
-dns a2xe7 spratk 11 @1aym K3unop ¥oTYyl ® 103 1daoxa
STIIPH UI3JSEIYINOS pu® SIaTIUNO) Jaied 19moT uy sasuaf 00S°1-0 Lev10 juoumesqg
28up1Q pue uolsaaiey ur padoan pues Uiyl puwv sdeyo Axeuiajend
-9p A13Arsuaixa 1sol ‘uwotfar ay3 paloTodtIeA A73jUPUT
Jo sjaed uialses pur [BIIU3D a3yl -wopaig *31993 Q07
jo 31som InoyZnoiyl uoyrlefriar puw 19ddn ut sfe7> pue
‘Aaasnput ‘A1ddns o17qnd 103 197EM ‘s1711s ‘spues paioroo
jo saryddns ajeiopom 03 [ywwS SPIaT} -3y811 ‘perepirosuodup
*A11EO0]
133em jo sayyddns TTews A(uo Spratx ‘spues pa3EpIIOSuUOIU() +0S -0 s3tsodap uetiog
‘uorle8raat pur ‘Laisnpuy ‘Arddns
911qnd 107 pauieIqO IR I23BM JO Juasay
sa131juenb a8ieT 031 IjpIPpOm Diaym
SK9TTBA 19ATY SOZ®RIg puUR IpURIY OTY 00t -0 ENTADTTY
ayl jo sayoeai iamo] =yl ut 3daoxe *Ke1o> pue ‘3715 ‘pues
Ialem jo saritjuenb (r1ems Lquo sprarx ‘12A®28 pajeprTOSUOIUp
uotidyaosap (1991)
§3T1STI230®vaRYD BuriEaq-IalEM >180T0UTTT ssousdPTYL 3Tun satiag ua184g

uoT331 3SFO) JINH 2yl UT SOTISTIAIDBIRPYD FurIwaq-IaieM ITay] pue SUOTIEMIO] 21307039--

‘T 31qel

- 26



*paurwialap

jou sem TeTIualod s31 Araym Jaed uas
-3se2 ayl utr L1qissod 1daoxa uoilax ayl
utyitm 13jinbe ue se aouejiodur zoutw

i
70 sT dnoa8 syl ‘sa1juno) Y104 pue 00€"T1-008 dnoxp uosyoer el
sauaey ut A1ddns yeraasnpur pue d>17qnd *fe1o> pue pues
103 193BM JO satitjuenb ajezapowm spiaix snoaseyyniy ‘311s ‘pueg
*111s pue
PU®S JO Spaq uryl 009 -0 Ae1) o113 (;)auas2081710
‘uot8aa ay3 ut aaynbe ue o0y ‘Ae1o ArjupuTwopaig
(1aed uiayjnos
pue TeIjUad)
*sasn 1eany IInI BTNOY3IE)
-tnotade pue ‘teraasnpur ‘tedioTunw *auolspues pue 006°1-0 (31ed (g)auado1y
103 dypumop sa71m majy ® pur doisano ‘ero ‘Ketro snoao 11915e3) 3U0IS
uo 123eM JO mu..ﬂu...nu._hm.__-_mv 2]BJ2pow SPIATX =ejIn] —._.ﬁm.m JTUBRDTOA -puEg EBINOYERIEY
‘uot8aa
a3yl 30 y3r8uaT a3yl Inoydnocays dipumop Aaeriaag
saTIm [viaaas pue doidino uwo sasod au07SpuUEg
-and TeanyTnotade pue ‘relalSnpur *371s pue LE{D yitm 0$9°1-0 3T11A%R0 UIVOTH
frediojunm 101 1@3Bm auiTes ATIY81Ts pappPaqialuT FU01ISpPUERSs
031 Ysaay Jo satitiuenb a3eIapow Splai} pue pues A[3jusutwog
*35N }J01S9AT] pue o11SaWOp
103 sarpddns {iews A{uo spyatd uorjew
-1037 241 ‘uot8ax 2yl jo lawed uiayinos “2U0ISPUES puw .
ay3 ul ‘A3junon asg Jo 1SED UOTI pUBS YITM Pappaqinl 000°1-0 4e1D o3xede] (;)auado1R
-e8t1aa1 pue ‘Laasnpur ‘Lyddns o1yqnd -ut Kero Apues pue
103 123BM JO sSaTi1TIuEnb 3jeiapow sprati Ae1d aa1ssew A7iuEuTHON
*uoifai
ayl jo 1aed uxs
*uoT8ax ayl jo siaed -yinos ay3l ur juasaxd
ulayinos pue [ERIJUID Iyl JO SEAIR spaq ays1Tey 1718
awos ut padoyaa2p AT2ATSUAIXT  ‘UOTI pue Ae1o paieSatiea nos -0 pues peRITo9 BUIVAYTL
-e8taat pue ‘Axisnput ‘Ayddns aryqnd YITM pPappagialur
103 123BM BurTes ATIYBTITS 03 ysaig AUOISPURS PIIUBWSD
jo sar3itjuenb sijpiapow 03 [TrRWS Spyatx | -awry pue ‘ro2aeid ‘pueg
uotadriasap (12271)
S2T3§T19398IBYD FuTaEaqg-Ia1EpM 31807041 17 PPN atup sat11ag wa1s4g

pPanuIIvO)--u0TIAI 1SL0) J[NH Y3 UT SITISTIFIOBRIRYD furieaq-Iajesm 178yl pue suorlemioj 51307099--°1 I1qel

- 27



The Catahoula Sandstone (Catahoula Tuff) is of importance as an aquifer
near its outcrop area and for a few miles downdip throughout the region and it
yields moderate quantities of water for public supply, industry, and irrigation.
Fresh to slightly saline water extends downdip to depths greater than 2,500 feet
below sea level in some areas. However, extensive cementation of the sands and
conglomerates inhibit storage and movement of water and decrease the fresh water
producing potential of the Catahoula.

Miocene Series

Oakville Sandstone

The Oakville Sandstone is not easily differentiated from the overlying
Lagarto Clay, particularly in the eastern and central parts of the region, as
the two formations are lithologically similar--interbedded and intergrading lay-
ers of sand, silt, and massive calcareous clay. Thin layers of lime-cemented
sands are common. The Oakville Sandstone generally contains more sand than the
Lagarto Clay. In the southern part, the Oakville Sandstone consists of massive,
light-colored sand interbedded with gray or dirty yellow, calcareous clay, and
silt. Locally, silica-cemented sands are found. Throughout its outcrop area,
the Oakville is characterized by layers of reworked fossils of Cretaceous age
and volcanic ash. The Oakville ranges in thickness from O to 1,650 feet, being
thickest in the southern part. Generally, the formation dips from 50 to 60 feet
per mile toward the coast, but the dip may be as much as 80 feet per mile in
sSome areas.

The sands of the Oakville Sandstone are important aquifers throughout the
region. Wells tapping the Oakville yield moderate supplies of fresh to slightly
saline water for public supply, industry, and irrigation. In some areas, fresh
to slightly saline water extends downdip to depths greater than 3,000 feet below
the land surface.

Miocene(?) Series

Lagarto Clay

The Lagarto Clay is not easily differentiated from the underlying Oakville
Sandstone in the eastern and central parts of the region. Together they con-
stitute a thick series of light-colored, massive, calcareous clay and silt beds
interbedded with sand beds which are locally more or less cemented with lime.
The sand beds diminish in thickness and extent downdip. South of the Nueces
River, the Lagarto Clay maintains much the same lithologic character except that
the over-all percentage of sand decreases. Like the Oakville Sandstone, it con-
tains reworked fossils of Cretaceous age and volcanic ash. The Lagarto ranges
in thickness from O to about 1,000 feet, being thinnest in the southern part.
The Lagarto generally dips coastward at a rate of 50 to 60 feet per mile.

The sand beds of the Lagarto Clay are important aquifers for public supply,

industry, and irrigation east of Bee County. Wells tapping the sand beds in
the Lagarto generally yield moderately large quantities of water. However, in

- 28 -



the southern part of the region, the Lagarto Clay yields only sufficient water
for domestic and livestock needs; fresh-water sands are thin.

Pliocene Series

Goliad Sand

The Goliad Sand crops out in the southern and central parts of the region
and dips toward the coast at the rate of 20 to 45 feet per mile. Although the
formation is not recognized in the outcrop in the eastern part of the regiom, it
is present in the subsurface as a bentonitic clay interbedded with reddish-
colored sand and gravel which are cemented with lime. In the southern and cen-
tral parts, the Goliad is predominantly sand interbedded with gravel and varie-
gated clay and silt, The sand and gravel beds are extensively cemented with
lime. '"Salt and pepper'" sands (black chert and colorless quartz) commonly occur
in the Goliad. Caliche is prevalent, beds of caliche as much as 100 feet thick
being reported in the formation in the southern part. The Goliad ranges in
thickness from O to 500 feet, being thickest in the southern and central parts.

A description of the water-bearing characteristics of the Goliad Sand fol-
lows the lithologic description of the Lissie Formation.

Pliocene(?) Series

Willis Sand

Although Sellards, Adkins, and Plummer (1932, p. 750), Darton, Stephenson,
and Gardner (1937), and early American Association of Petroleum Geologists pub-
lications list the Willis Sand as Pliocene or Pliocene(?) in age, Weeks (1945)
and Doering (1956) believe it is Pleistocene in age. Paleontological evidence
of late Pliocene or early Pleistocene age is still lacking, but it is considered
Pliocene(?) in age in this report.

The Willis Sand of Pliocene(?) age is present only in the eastern part of
the region, according to Plummer (in Sellards, Adkins, and Plummer, 1932,
p. 750). Doering, however, (1956, p. 1823) after extensive study of the Gulf
Coastal Plain, believes that the Willis Sand has been mapped with the overlying
Lissie Formation in the central and southern parts except in the Rio Grande Val-
ley, where the Willis does not seem to be present.

In the eastern part of the region, the Willis Sand is dominantly a fine to
coarse sand, reddish in color in many places, containing gravel, silt, and clay
intimately mixed with the sand or as lenses interbedded with the sand. The
Willis ranges in thickness from 0 to 400 feet and dips coastward about 25 feet
per mile.

A description of the water-bearing characteristics of the Willis Sand fol-
lows the lithologic description of the Lissie Formation.
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Quaternary System

Pleistocene Series

Lissie Formation

The Lissie Formation, dipping coastward at 10 to 20 feet per mile, is wide-
ly exposed throughout the region. It ranges in thickness from 0 to 1,600 feet
and is composed mainly of beds and lenses of coarse to fine light-colored sand,
grading into and interbedded with sandy clay, clay, and gravel. Most of the
sand beds are in the lower part of the formation; some of the sand beds are mas-
sive, more than 80 feet thick. Sandstone layers (sand cemented with lime) are
present in places. Caliche deposits several feet thick are common in the out-
crop area in the central and southern parts.

The sands of the Goliad Sand, Willis Sand, and Lissie Formation constitute
the greatest source of ground water for municipal, industrial, and agricultural
uses throughout the region. Not only are the three formations difficult or im-
possible to differentiate in the subsurface with the usual electric or drillers'
logs, the sand beds of these three formations are hydraulically connected; thus,
they are grouped together as a single aquifer forming the thickest section of
sand in the fresh to slightly saline water zone. The water moves downdip through
the sand beds of the Goliad, Willis, and Lissie for great distances from their
outcrops and constitutes the only usable ground water of sufficient quantity for
municipal or industrial use in much of the region. However, in the southern
part, the fresh to slightly saline water sands tend to be laterally discontinuous
or to thin and thicken so that productive and unproductive wells may be drilled
within short distances of each other.

Beaumont Clay

The Beaumont Clay, dipping coastward at an average of 20 feet per mile, is,
except for a basal sand east of the Brazos River, principally a poorly bedded,
calcareous clay of various colors, containing thin stringers and beds of silt
and fine sand. In the central and southern parts of the region, the sand beds
are less abundant than in the eastern part. Calcareous nodules are commonly
present. The total thickness of the Beaumont ranges from 0 to 1,500 feet.

East of the Brazos River and paralleling the present coastline, a thick
(80 to 370 feet), well-sorted, fine to medium sand--possibly an old beach
deposit--occurs at the base of the Beaumont Clay. It is narrow and does not
crop out. This sand is known locally as the Alta Loma sand (Rose, 1943, p. 3).

Sand beds in the lower part of the Beaumont Clay yield small to moderate
amounts of water to public-supply and industrial wells in the central and east-
ern parts of the region. Wells drilled into the Alta Loma sand obtain large
quantities of water, the Alta Loma being one of the most prolific aquifers of
the region. The water in the sands of the lower part of the Beaumont becomes
increasingly mineralized toward the west and is saline south of the Nueces River.
In the southern part, the formation is not an aquifer except in the Rio Grande
Valley where small amounts of usable water are obtained for industrial, munici-
pal, and agricultural use.
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The upper part of the Beaumont Clay fronts many of the lagoons and bays
along the coast and extends inland adjacent to the major river valleys as allu-
vial plains. The formation here is composec of interbedded, unconsolidated,
light-colored sands and clays and minor lenses of gypsum, coquina, and caliche,
It ranges in thickness from 0 to 200(?) feet.

Sands in' the alluvial plains are a minor source of water for domestic and
livestock needs except in the Rio Grande Valley where they may yield small to
large amounts for irrigation, industry, and public supply. Sand beds in the
upper part of the Beaumont Clay near the coast yield only small to moderate
amounts of water used chiefly for public supply and industry. However, as these
sand beds contain only small quantities of fresh water, they generally cannot
sustain heavy pumping without resultant salt-water invasion.

Recent Series

Eolian Deposits

Widespread eolian deposits cover almost 2,800 square miles in the southern
part of the region, being thickest in Kenedy County where dunes are 30 to 50
feet high. Farther west, the dunes are smaller and more stable. Dominantly
west-blowing winds, semiarid climate, and the concentration of sand on the
beaches of Kenedy County by longshore currents are the factors that create a
more or less constant movement of sand dunes toward the interior. The sand is
very fine, light-colored, well sorted, and unconsolidated. The sands readily
absorb rains and in some places they yield small quantities of water to wells
but should not be considered a dependable source for large supplies.

Alluvium

The upper delta deposits of the Rio Grande are an important source of
ground water and they yield moderate to large quantities of fresh water for ir-
rigation, public supply, and industry. The unconsolidated deltaic sands, silts,
and clays are 100 to 300 feet thick near the river.

Along the lower reaches of the Brazos River, unconsolidated sands and grav-
els of the Brazos River alluvium yield moderate to large quantities of water for
irrigation, public supply, and industrial purposes.

Except along the Brazos River and the Rio Grande, most of the Recent allu-
vial deposits along the rivers crossing the region are less than 30 feet thick
and are not principal sources of water.

Wave and storm action along the coast have built off-shore islands and sand
dunes. These dune and island deposits, which consist of well-sorted, uncon-
solidated, fine sand, 50 or more feet thick, produce sufficient water for live-
stock and domestic needs in many places. Larger supplies of moderately saline
water have been developed for sanitary and fire-fighting purposes on Matagorda
and Mustang Islands, but are no longer used. The unconsolidated clay and silt
that gradually is filling the bays and lagoons are not sources of fresh water.
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Aquifers

Because of the difficulty in differentiating the rocks of Miocene, Pliocene,
and Pleistocene age in the subsurface, the rocks are grouped into four major
aquifers. Figure 9 shows the areal extent of the aquifers.

The principal aquifer in the region includes the Goliad Sand, Willis Sand,
and Lissie Formation. The aquifer yields large quantities of fresh to slightly
saline water in a wide belt extending from the Rio Grande to the Sabine River
(Figure 9). Most of the water in the Goliad, Willis, and Lissie in subregions I,
II, and III is fresh--less than 1,000 ppm (parts per million) dissolved solids--
and the sands have a large coefficient of transmissibility. Much of the water
in subregions IV and V is slightly saline and the thinner sands have a much
smaller coefficient of transmissibility.

The aquifer that includes the Catahoula Sandstone, Oakville Sandstone, and
the Lagarto Clay yields small to large quantities of fresh to slightly saline
water in a wide belt extending from near the Rio Grande to the Sabine River
(Figure 9). The aquifer in the Catahoula, Oakville, and Lagarto has less sand
thickness than that in the Goliad, Willis, and Lissie and a smaller coefficient
of transmissibility. Also, the chemical quality of the water is much less con-
sistent. In many parts of the region, water from the Catahoula, Oakville, and
Lagarto is slightly saline, although fresh water is yielded from many wells, es-
pecially in subregions I, II, and III.

The Beaumont Clay is an aquifer in a large part of the region between the
Nueces and Sabine Rivers; wells tapping sand beds in the Beaumont Clay yield
small to moderate amounts of water throughout much of the area outlined on
Figure 9. Where the wells tap the basal sand (Alta Loma of Rose (1943)) in
southeastern Harris County, Galveston County, and Orange County, they yield
large quantities of fresh to slightly saline water. The quality of water from
the Beaumont Clay generally is better east of the Colorado River than west.

Alluvium of Recent age is a principal aquifer in the Rio Grande Valley in
Hidalgo and Cameron Counties (Figure 9). The chemical quality of water from the
alluvium in the Lower Rio Grande Valley varies considerably from place to place,
but generally is better nearer the river (Baker and Dale, 1961, p. 49).

Alluvium also is an aquifer in other major river valleys crossing the re-
gion, although it is used extensively only in the Brazos River Valley. Major
wells tapping the alluvium in the Freeport area yield water for public supplies
and industries. Irrigation wells tap the alluvium in Waller, Fort Bend, and
Brazoria Counties.

Figure 9 shows that in many parts of the region a single well might tap two

or more of the major aquifers; in fact, many wells do, especially the large-
capacity wells in the Houston area.
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GENERAL GROUND-WATER HYDROLOGY

Source and Occurrence

The understanding of basic principles involved in a study of the source and
occurrence of ground water entails a knowledge of the hydrologic cycle. A dia-
grammatic representation of the cycle is given in Figure 10, but only the part
that is concerned with ground water will be discussed in this report.

Precipitation is the source of all fresh ground water. Most precipitation
on the land surface runs off or is consumed by evaporation and transpiration, or
is stored in the soil, later to be evaporated or transpired., A part of the water
infiltrates through the pores of the soil and subsoil or through the fractures
and solution channels of the rocks to the zone of saturation by the forces of
gravity and molecular attraction. The zone of saturation is the zone below the
water table where the interstices are filled with fluid. The upper part of the
zone of saturation is filled with fresh water in most of the region.

Formations that will yield water freely to wells are called water-bearing
formations. An aquifer is a water-bearing unit which may consist of a formation,
a group of formations, or a part of a formation. It may be a water-table or
artesian aquifer, depending on whether water in it is unconfined (under atmos-
pheric pressure only) or confined, respectively. Water in the outcrop of a
water-bearing formation generally is under water-table conditions; water in the
upper part of the zone of saturation in the region is under water-table condi-
tions.

Where the aquifer is overlain by a layer of less permeable material down-
dip from the outcrop, the water in the aquifer is confined under pressure, and
artesian conditions exist. Water in a well penetrating an artesian aquifer will
stand at a higher elevation than the bottom of the confining layer. The pressure
head that causes the water to rise in the well is maintained by the water in the
updip part of the formation. Part of the head is lost due to friction caused by
movement of the water through the formation. The weight of the water updip in
the formation is dependent on the height of the column of water above the well
site, which is the difference in the elevation of the top of the aquifer at the
well and the elevation of the water table in the outcrop. Most of the ground
water in the region is under artesian pressure in beds of sand and gravel,

Ground water is present also in clay that is interbedded with sand and
gravel. Withdrawal of water from an artesian aquifer lowers the pressure head
in the sand and gravel and water moves into the sand and gravel from the clay.
Under natural conditions before withdrawals are begun, the entire pressure sys-
tem is in balance, the weight of the overburden being supported partly by the
pressure head and partly by the resistance of the aquifer to deformation. When
withdrawals are begun, the balance is changed, the pressure head decreases, and
the system yields to compression and the land surface subsides. Meinzer (Mein-
zer and others, 1942, p. 458) states that most of the compression takes place
in the finer-grained material. Although part of land-surface subsidence is from
elastic deformation of the aquifer, most is directly related to release of water
from and the compaction of the adjacent clay beds. The volume of land-surface
subsidence is a measure of the quantity of water released from the sand beds
and associated clays. The amount of head decline, the total thickness and per-
meability of the clay, and the type of material making up the clay are important

=33 =~



Water precipitoted from atmospheric vapor v Water wvopor returned to atmosphere
Y S S S Y Y S O S S O A
| | [ |
Interception by | | |
trees and shrubs | I | |
- |
Intil tration Svare lond t_. Evoporstion | I : |
|
|
i i
|
I |
[ | |
I
- Extraction by crop plants and evaporation from tilled lan | A |
e i e e R e e o e e e e -
—— . o I 1
[ T L, _ | Extraction by native plants and evaporation from wild lond, | [
Replenishment | e | Evaporation
Depletion § d [ TERY
; f { Evaporation I
S iy — O, S W, S, B, — —
-Soll-water storage Streoms ond lokes —1 | . — Ocean —
S ;3 =] |
L ) Regullalion 1 |
Capillary Base flow Pollution
replenishment y |
- Seepoge Researvoir
52"'::;’" _,.l Divarsion ! Horage —l [
Lpes i e ‘ :
Seepoge ' I
Non-consuming use _ [ Sewage I
i - | and waste |
i §
| Consuming yse | e e
e |4 Corsumptive waste | _ |
1 |
Recharge | thdrcmﬂ' +
Artiticial Consumptive
Seepage h TR waste by
L Dinchargs recharge . water—loving
Pol lution plants
4444 Saa‘m-

Ground-watar storage

95

Figure 10
The Hydrologic Cycle in the Gulf Coast Region
(Modified from Piper, 1953, p. 9)

U.S. Geological Survey in cooperatipn with the Texas Water Commission
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factors that determine the total amount of water released from the clay by com-
paction. Winslow and Wood (1959, p. 1034) calculated the amount of water de-
rived from compaction in the Houston area tc be about 254 billion gallons or 22
percent of the total pumpage between 1943 and 1354.

Plates 2, 3, 5, 6, 8, 9, 11, 12, 14, arc 15 show the approximate base of
the fresh to slightly saline water zone anc the aggregate sand thickness in the
region. Information used to compile these mzps was obtained from a few thousand
electric logs of oil-test wells, drillers' logs of water wells, and chemical an-
alyses of water samples. The electric logs show the electrical resistivity and
voltage potential of individual beds penetrated in z hole drilled in the earth's
crust. In the Gulf Coast region, a large deflection of the resistivity curve in
a positive direction or increase in resistivity (curve moves to right) usually
indicates a fresh water-bearing sand. Clays and sands containing salt water are
less resistant to current flow and will cause smaller or no deflections. An in-
crease in the deflection of the vcltage-potential or self-potential curve in a
negative direction (curve moves to left) generally indicates increased salinity.

The logs are extremely useful iz ground-water studies because, among other rea-
sons, few water wells are drilled o the base of the fresh-water zome and chemi-
cal analyses of water at great cepchs gemsrally are not available. The maps in-
dicate the areas that have the greates: azmount of fresh to slightly saline water
available and are useful in computing the magnitude of fresh ground water in
transient storage. Estimates based on ths maps, however, must be on a regional
basis because data around loczl geologic structuzes, such as salt domes, have

not been included.

The upper limits of dissolved solids used as a basis in preparation of the
map of the base of fresh to slightly saline water varied with conditions of
availability and use of the water in the regicn. Northeast of the Guadalupe
River, most of the water included as fresh to slightly saline contained less
than about 1,200 ppm dissolved solids. In some parts of the area southwest of
the Guadalupe River, water that contained as much as 3,000 ppm dissolved solids
is being used and, therefore, the boundariss of the fresh to slightly saline
waters were basad on that quantity.

Movement

Fresh ground water in the saturated zone is not static. It is continuously
acted upon by gravitational forces and moves from the intake area through the
interconnected interstices of the aquifer skeleton toward areas of lesser hy-
draulic head or discharge area. The movement under water-table conditions gen-
erally is not restricted in an upward direction by beds of low permeability and
water moves chiefly laterally to discharge areas which, under natural conditionms,
are topographically lower than the recharge area.

A somewhat more complex system of movement exists in an artesian aquifer.
The artesian pressure head at a point in an artesian aquifer downdip from the
outcrop is dependent on the difference in the altitude of the top of the aquifer
at that point and the altitude of the water in the outcrop. Normally, the pres-
sure head in deep formations is greater tham that in shallow or younger forma-
tions because generally the deep formations crop out at higher altitudes. In re-
sponse to this difference in pressure head or vertical hydraulic gradient, water
tends to move vertically upwsrc through the confining layers at a very slow rate.
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The velocity of movement through a confining layer depends on the vertical per-
meability and thickness of the confining layer and the difference in head across
the confining layer. If the pressure head in the deeper formations is lower
than that of the overlying formations, water will move downward. Vertical move-
ment, either upward or downward, occurs throughout the region.

The rate of lateral movement through the aquifer varies widely with changes

in hydraulic gradient, temperature, and different properties of the aqui fer,
but in the Gulf Coast region the rate is probably a few hundred feet a year.

Recharge and Discharge

Water that reaches the zone of saturation is recharge. This may be from
precipitation directly on the outcrop or downward percolation of water from
streams and ponded areas. The amount and intensity of the precipitation, the
permeability of the aquifer, quantity of water in the aquifer, depth to water,
soil type, and the evapotranspiration rate are factors affecting recharge. Even
though rainfall may supply large amounts of water, potential recharge will be
rejected to stream as storm-water runoff or through the soil as baseflow if the
rate of rainfall exceeds the rate of intake by the aquifer or if the water level
in the outcrop is at a greater elevation than the stream beds that cross the
outcrop.

Potential recharge is greater northeast of the Guadalupe River because pre-
cipitation is greater and the evaporation rate is less than it is southwest of
the river. However, more water is transpired to the atmosphere in the subhumid
to humid northeastern part because vegetation is more dense than it is in the
southwestern part. Recharge is being rejected northeast of the river because of
large amounts of rainfall and the relatively "full" condition of the aquifer in
the outcrop. Probably no recharge is being rejected in the semiarid southwestern
part of the region because most of the water from precipitation that does not
run off is tramspired or evaporated. Recharge to the aquifer in the southwestern
part is furnished by Streams crossing the outcrop and by downward percolation of
precipitation during periods of wet weather. Downdip from the outcrop, indivi-
dual sand beds also are recharged by leakage from adjacent sediments.

Water in the aquifer may be discharged naturally in several ways. It may
be transpired from the capillary fringe (belt overlying the zone of saturation)
or from the water table by vegetation, or it may be evaporated from the capillary
fringe or from the water table where they are near the surface. It may seep in-
to streams and run off, or it may move upward through confining clays and seep
directly into the Gulf.

The natural recharge-discharge relationship is altered by pumpage or arti-
ficial discharge. Whenever pumping occurs, at least part of the water is taken
from storage. A reversal of gradient between beds of a leaky artesian aquifer
will induce recharge in the area influenced by pumpage. If the area of in-
fluence or cone of depression extends to the outcrop of the artesian aquifer,
rejected recharge and evapotranspiration from the water table, if either is pre-
sent, will be salvaged. If the area of influence extends to an area of natural
discharge, the gradient will be reversed and the area of natural discharge will
become an area of natural recharge. Probably none of the cones of depression in



any of the heavily pumped areas of the region has reached the outcrop. Verti-
cal movement of water through the clays in the cone of depression itself par-
tially recharges the sands in those areas.

Aquifer Coefficients

A part of the water in an aquifer passes through the interstices of the
aquifer and the other part remains fixed to the aquifer skeleton by molecular or
capillary attraction. The volume retained and the volume moving are dependent
on the size and arrangement of the voids within the aquifer. The field coeffi-
cient of permeability is the rate of flow of water through a cross section of 1
square foot under a unit hydraulic gradient (1 foot per foot) at the prevailing
temperature in the aquifer and is expressed in gallons per day per square foot.
The coefficient of transmissibility is the product of the field coefficient of
permeability and the saturated thickness of the aquifer. Both coefficients are
measures of the ability of the aquifer to transmit water.

The specific yield of a saturated formation is the amount of water the for-
mation will yield by draining under the force of gravity. If the saturated for-
mation is under artesian pressure, a withdrawal of water will cause a compres-
sion of the formation which is proportional to the change in water level (change
in pressure head). The volume of water an aquifer releases from or takes into
storage per unit surface area of the aquifer per unit change in the component of
head normal to that surface is called the coefficient of storage. In the water-
table aquifer, the coefficient of storage is nearly equal to the specific yield.

The coefficient of storage is important in any calculation of the total
amount of water that could be obtained from an aquifer, but the availability of
the water depends primarily on the transmitting ability of the aquifer. Draw-
down in and around wells is related to permeability and, therefore, to the co-
efficient of transmissibility. Figure 11 shows the theoretical relationship
between drawdown and distance for different coefficients of transmissibility.
The calculations of drawdown were based on a withdrawal of 1 mgd (million gal-
lons per day) for 1 year from an extensive aquifer having coefficients of stor-
age and transmissibility as shown. After 1 year, pumping of 1 mgd from the
theoretical aquifer would cause about 5 feet of decline at a distance of 1 mile
if the coefficients of storage and transmissibility were 0.001 and 100,000 gal-
lons per day per foot (gpd per ft.), respectively. If the coefficient of stor-
age were 0.0001 and the coefficient of transmissibility were 5,000 gpd per ft.,
the same pumping rate for the same time would cause about 85 feet of decline at
the same distance.

Figure 12 shows the drawdown effect of pumping with time in an aquifer of
infinite areal extent., The rate of water-level decline decreases with time, but
is not affected by distance. The "equilibrium curve" shows the maximum draw-
downs that would result from pumpage from a well that is 20 miles from a line
source of recharge.

Figure 13 is a map (adapted from Wood, 1956b, p. 37) showing the estimated
transmissibility of all fresh to slightly saline water sands in the region. The
map may be used with the maps of the base of fresh to slightly saline water and
thickness of fresh to slightly saline water sands to estimate the quantity of
water available.

. I
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Data from about 300 pumping tests were used to determine transmissibility
of the sands in the pumped zone at various locations. Average permeabilities of
the sands in the pumped zone were computed and the average transmissibility of
all fresh to slightly saline water sands was estimated from the isopachous maps
(Plates 3, 6, 9, 12, and 15). Few wells in the region are drilled through the
entire fresh to slightly saline water zone. Therefore, estimated values of per-
meability (and transmissibility) of all sands are based on the permeability of
part of the fresh to slightly saline water zone, generally the middle or upper
part of the zone. The calculated values of permeability of the tested section
may be in error because wells are rarely, if ever, screened opposite all sands
penetrated. However, many wells are constructed in a manner whereby a sand may
contribute some water to the well even though it is opposite blank casing. Gra-
vel packing, filling the annular space between the casing and the drilled hole
from top to bottom with selected gravel, is common in construction of irrigation
wells and gravel packing of the screened interval is common in construction of
public-supply and industrial wells.

Northeast of the Guadalupe River, the indicated transmissibility of the
sands is much higher than it is southwest of the river. Most of the north-
eastern part is underlain by sands that have a transmissibility in excess of
50,000 gpd per ft., and the sands in this area can produce large quantities of
water without excessive drawdown. Practically all the area southwest of the
Guadalupe River contains sands whose transmissibility is less than 50,000 gpd
per ft. Large quantities of water are present in the sands, but drawdowns may
be excessive for economical pumping if large-scale development occurs. Of
course, pumping lifts that are not economical for one user may be economical for
another, depending on power costs and use.

The specific capacity of a well or the yield per unit drawdown is directly
related to transmissibility. The measured specific capacity may differ from the
computed theoretical specific capacity for a well because of one or more rea-
sons. Poor well construction and development, screen losses, unfavorable local
geologic conditions, or partial penetration of the aquifer decrease measured
specific capacities. On the other hand, if the effective diameter of the well
is increased by proper development or gravel packing, measured specific capaci-
ties larger than the theoretical may result. Properly sized gravel packing gen-
erally increases and maintains the permeability around screens in wells drilled
in fine material. The range in theoretical specific capacities that might be
expected in the region is shown on the transmissibility map (Figure 13). Speci-
fic capacities greater or less than those indicated by the average transmissi-
bility have been measured throughout the Gulf Coast region, but although the co-
efficient of transmissibility calculated from measurements of the recovery of
water level in a pumped well after pumping ceases may be the product of the per-
meabilities and thicknesses of all the sands in the gravel-packed zone, the
measured specific capacities of most wells in the region are smaller than the
theoretical, indicating that many of the sands in the gravel-packed zone are
poorly connected to the interior of the screen so that '"screen losses' are con-
siderable during pumping.

In this report, small yields are less than 100 gpm, moderate yields are
from 100 to 1,000 gpm, and large yields are more than 1,000 gpm.
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Figure 13
Map of Gulf Coast Region Showing Estimated Transmissibility
of all Sands that Contain Fresh to Slightly Saline Water

U.S. Geological Survey in cooperation with the Texos Water Commission
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Chemical Quality

The chemical quality of water depends upon the dissolved minerals present
and commonly determines its suitability for use. A general classification of

water according to dissolved solids is as follows (Winslow and Kister, 1956,
p. 5).

Description Dissolved solids
(ppm)

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

Most ground water used for municipal supplies in the region is classified as
fresh, but some is slightly saline.

The U. S. Public Health Service (1946, p. 383) specifies the following
limits of concentration for some of the constituents in water used by common
carriers in interstate commerce.

Magnesium (Mg) should not exceed 125 ppm.
Chloride (Cl) should not exceed 250 ppm.
Sulfate (SO4) should not exceed 250 ppm.
Fluoride (F) must not exceed 1.5 ppm.

Dissolved solids should not exceed 500 ppm. However, if
water of such quality is not available, a dissolved-
solids content of 1,000 ppm may be permitted.

Some effects of high concentrations of dissolved solids on individuals are
as follows: A sulfate content in excess of 200 to 500 ppm has a laxative effect
on some people, and a chloride content of more than 300 ppm will cause the water
to taste salty to most people. A concentration of about 1.0 ppm of fluoride is
beneficial in controlling tooth decay, but concentrations in excess of about 1.5
ppm causes the teeth of children to become mottled (Dean and others, 1935,

p. 424-442). Individuals can, however, become accustomed to more highly mineral-
ized water than that recommended by the Public Health Service. In the southern
part of the region, water furnished by many municipalities exceeds the limits

shown; northeast of the Guadalupe River, water furnished by most municipalities
is within the limits.

The suitability of water for industrial use is dependent upon the process
in which the water is used. Some processes are more tolerant of high mineral
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concentration than are others, but in some places the water must be treated to
reduce the concentration. For example, it may be necessary to soften water and
reduce high concentrations of silica to lessen formation of scale in boilers.

Hardness is the term used to describe a property of water created mainly
by compounds of calcium and magnesium. It is recognized by the amount of soap
necessary to produce a lather and the precipitate that forms with the addition
of soap to the water. A classification commonly used with reference to hardness
is as follows: 60 ppm or less, soft; 61 to 120 ppm, moderately hard; 121 to
200 ppm, hard; and more than 200 ppm, very hard. If water used in steam boilers
has more than 75 ppm hardness (American Society for Testing Materials, 1959,

p. 24) as calcium carbonate, it should be treated to prevent the formation of
scale, and in high pressure boilers the tolerance is much less than 75 ppm. It
also may be desirable to treat very hard water that is used for household pur-
poses. Water for domestic and livestock use in the region is generally from
wells less than 600 feet deep, and most of the water is hard to very hard.
Water from most wells that are more than 600 feet deep is soft or moderately
hard.

Oxides of iron and manganese cause staining if the concentration of iromn
and manganese together is greater than 0.3 ppm. The staining properties are
especially objectionable if the water is used in some manufacturing processes
such as those of paper and textile mills.

The chemical quality of water used for irrigation affects plants irrigated
and the soil in which the plants grow. Several criteria are used in judging the
quality of water used for irrigation. According to the U. S. Salinity Labora-
tory Staff (1954, p. 69), "...the characteristics of an irrigation water that
appear to be most important in determining its quality are: (1)total concentra-
tion of soluble salts; (2)relative proportion of sodium to other cations; (3)con-
centration of boron or other elements that may be toxic; and (4)under some condi-
tions, the bicarbonate concentration as related to the concentration of calcium
plus magnesium."

A direct relationship exists between the total concentration of soluble
salts or salinity and the electrical conductivity of the water. The Salinity
Laboratory uses electrical conductivity to judge the salinity hazard of irriga-
tion waters.

The absolute and relative concentrations of sodium, calcium, and magnesium
are important in determining the alkali hazard of irrigation waters. The sodium-
adsorption ratio (SAR) describes the relative activity of the sodium ion and is
defined by the following equation:

+
SAR = A §
catt + Mgt
2

where the concentrations of the ions are expressed in milliequivalents per
liter. The Salinity Laboratory uses the SAR to classify irrigation waters with
respect to the alkali hazard. The diagram showing the classification of irriga-
tion water with respect to the salinity hazard and the alkali hazard is shown
on Figure 1l4.
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Plant growth and crop production are inhibited or prevented if soils be-
come too saline or alkaline. The accumulation of too large a concentration of
salts (salinity) may be prevented to a certain extent by leaching. The accumu-
lation of salts will be carried below the root zone by either rainfall or by the
addition of surplus water if drainage is adequate. To control alkalinity, cal-
cium or magnesium may be added to the soil or water to replace the exchangeable
sodium. Leaching then may be used to remove the sodium. If the hazards cannot
be reduced, possibly more tolerant plants might be grown.

Boron is essential to plant growth but is toxic if in concentrations only
slightly above optimum. Suggested permissible limits of boron for several
classes of irrigation water (Scofield, 1936, p. 286) are given in the following
table:

Sensitive Semitolerant Tolerant

Boron crops crops crops
class (ppm) (ppm) (ppm)

1 <0.33 <0.67 <1.00

2 0.33 to .67 0.67 to 1.33 1.00 to 2.00

3 .67 to 1.00 1.33 to 2.00 2.00 to 3.00

4 1.00 to 1.25 2.00 to 2.50 3.00 to 3.75

5 > .25 >2.50 >3.75

Boron can be removed from the soil by leaching, but enough boron to cause toxic
effects may be retained in the soil after other salts have been sufficiently re-
duced. If the boron content in the soil is toxic to a particular crop, it may
be necessary to plant a more tolerant crop.

Other elements that may be toxic are calcium, magnesium, and potassium.
Because these elements rarely appear in large enough concentrations to cause
toxicity, they will not be discussed.

Type and condition of soil, drainage, and amount of rainfall are important
in determining the suitability of water for use in irrigation. The classifica-
tions and limits described above were based on data collected in arid and semi-
arid regions. Limits suggested are used for comparison but probably do not
apply to the eastern part of the Gulf Coast region, where rainfall is heavy.
Some deep water in the southwestern part of the region contains extremely high
concentrations of boron and is unsuitable for irrigation, but generally waters
that contain harmful constituents in excess of the permissible limits are being
used with no apparent ill effects.

Relation of Fresh Ground Water to Salty Ground Water

Many of the formations comprising the fresh-water aquifers in the region
consist of sediments that were deposited beneath the Gulf and contained salt
water at the time of deposition, or were deposited in fresh water but were later
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filled with salt water at a time of higher sea level. At some time after de-
position, the sea receded and the process of recharge and discharge began.

Fresh water furnished to the recharge area began to force the saline water down-
dip to discharge areas until the pressure exerted by the saline water equaled
the pressure of the fresh water. Flushing of the salt water from the sands may
have been accomplished in several ways. Winslow and others (1957, p. 387-388)
concluded that the discharge took place through the overlying clays. Before
large withdrawals by wells was begun, the system was probably in dynamic
equilibrium--that is, the fresh water-salt water interface was nearly stationary
because the pressure head of the fresh water that was moving downdip from the
outcrop and discharging upward through the clays was balanced by static head of
the salt water, Figure 15 is a diagrammatic sketch of the theoretical relation-
ship of the fresh water to the salt water in the region. There is a zone of a
mixture of fresh water and salt water at the fresh water-salt water interface.

In some areas, notably the Texas City and Houston areas, large ground-water
withdrawals have upset the equilibrium, and updip movement of salty water has
begun in response to a reversal of the hydraulic gradient. Updip movement of
salt water can be expected at any place in the region where large concentrated
withdrawals lower the artesian pressure head and upset the equilibrium at the
fresh water-salt water interface. The rate of movement updip, of course, depends
on the hydraulic gradient and permeability of the sands and is slow. In the
Houston and Texas City areas, the rate is a few hundred feet a year.

GROUND WATER IN THE COASTAL PARTS OF THE TRINITY, NECHES,
AND SABINE RIVER BASINS AND ADJACENT COASTAL AREAS (SUBREGION I)

General

Subregion I includes all or parts of 13 counties--approximately 7,900
square miles (Plate 1). The population was about 435,000 in 1959, of which
305,000 or 70 percent was urban. Beaumont, population 119,000, is the largest
city.

The climate is humid throughout the subregion. Precipitation ranges from
47 inches in the northwestern part to more than 56 inches in the eastern part;
the average annual temperature ranges from about 49°F in the northern part to
about 52°F in the southern part.

Occurrence

Prolific fresh-water sands attain a maximum thickness of about 1,400 feet
and extend to a depth greater than 3,000 feet below sea level in subregion I
(Plates 2 and 3). The zone containing fresh to slightly saline water thickens
rapidly northward and northeastward from Chambers and Jefferson Counties and
eastward from Polk and Tyler Counties to an area of maximum thickness in Newton
and Jasper Counties.

Thickening of the sands northward from near the coast is shown by the

sections through the Neches, Sabine, and Trinity basins (sections A-A', B-B',
and C-C', Figure 5). Information was not available in the northern part of
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Figure 15

Diagrammatic Sketch of the Theoretical Relationship of the

Fresh Water to Salt Water in the Gulf Coast Region
( After Winslow ond others, 1957, p. 386)

U. S. Geological Survey in cooperation with the Texas Water Commission




subregion I to estimate the base of fresh water or sand thickness. However, the
Jackson Group and Catahoula Sandstone that crop out along the extreme northern
part generally contain much less fresh to slightly saline water sand than the
younger formations.

The altitude of the water levels in wells in subregion I generally in-
creases with depth of well. Exceptions to this may exist where large amounts of
water are drawn from a particular zone, thereby lowering the pressure head or
water level. Levels in water-table wells range from a few feet to about 75 feet
below the land surface and average about 35 feet. Flowing wells are common in
the artesian part of the aquifer in many parts of subregion I north of Chambers
and Jefferson Counties.

Hundreds of millions of acre-feet of fresh to slightly saline water are in
transient storage in the saturated zone in the subregion. Only a part of this
water can be withdrawn for use; the optimum rate of withdrawal will depend pri-
marily on the properties of the aquifer, yields and spacing of wells, and pump-
ing levels. Yields and specific capacities are extremely variable from place to
place, depending on thickness and permeability of the sands tapped by the wells.
Specific capacities as measured by pumping tests ranged from 1.5 gpm per ft.
(gallons per minute per foot of drawdown) in a well in Polk County to 55 gpm per
foot in a well in Orange County. Yields as great as 2,500 gpm with pumping
levels less than 200 feet are obtained where sand thickness and permeabilities
are large. Much lesser yields and deeper pumping levels are to be expected
where transmissibility is small. For example, wells tapping the Catahoula Sand-
stone or the Jackson Group in the northern part of the subregion will yield less
than 500 gpm, and the pumping level will be greater than 300 feet. Wells tap-
ping the Oakville and Lagarto sequence will yield between 500 and 1,000 gpm with
pumping levels greater than 200 feet, and wells tapping the Goliad, Willis, and
Lissie will yield as much as 2,500 gpm with pumping levels less than 200 feet.

Transmissibility as high as 490,000 gpd per ft. in the thick, well-sorted,
coarse sands and gravels in Orange County and as low as 1,900 gpd per foot in
the thin beds of finer material in Polk County have been calculated from pumping-
test data. Parts of Liberty, Newton, Jasper, and Orange Counties are underlain
by sands whose transmissibilities are greater than 200,000 gpd per foot (Figure
13). The average transmissibility throughout the central part of the subregion
is probably about 100,000 gpd per ft. Although large supplies of fresh water
can be obtained readily throughout most of the subregion, availability is more
favorable through the central part where sand thickness and transmissibility are
greatest.

Chemical Quality

Almost all the water in the fresh to slightly saline zone (Plate 2) is
fresh, but perhaps as much as 300 feet of material along the basal part of the
zone may contain slightly saline water.

Ground water of good to excellent quality suitable for most uses may be
obtained in most of the subregion. However, ground water from a large part of
Jefferson and Chambers Counties is slightly saline to saline and is unsuitable
for most purposes, although some slightly saline ground water is used for live-
stock and industrial purposes. Water from the Jackson Group in the extreme
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northern part of the subregion is of good quality in most of the outcrop area
but becomes highly mineralized a short distance downdip where it passes beneath
the Catahoula Sandstone.

Table 2 shows chemical analyses of water from selected wells in subregion
I. The locations of the wells sampled are not shown on the well map but the
analyses are considered representative of the general depth and location indi-
cated in the table. The analyses shown are only a few of the hundreds on re-
cord but are representative of the water being used in the subregion. The an-
alyses indicate that the softer waters are more likely to occur at greater
depths.

Analyses of water from 36 public-supply systems in subregion I show that
all systems furnished water with less than 900 ppm dissolved solids; only 9 sys-
tems furnished water that contained more than 500 ppm; 16 systems furnished
water that contained less than 300 ppm dissolved solids. The range in chloride
content was from 5 ppm to 375 ppm. Four municipalities furnished water that con-
tained more than 250 ppm chloride. Twenty-one of the supplies furnished soft
water. The iron content of the untreated water of many of the systems was great-
er than 0.3 ppm; some of the water is treated either to reduce the concentration
or inhibit the precipitation of the iron. Generally, the water is of good qual-
ity for public supply.

Analyses of water in the subregion indicate that the water is suitable for
most industrial uses but may require treatment for particular uses. Reduction
of the iron concentration for some uses may be necessary. In the northern part
of the subregion, some waters may have to be treated to prevent corrosion where
the pH is less than 7.0. Industries that need water for boilers may have to
soften near-surface waters or drill deeper wells to obtain softer waters. In
cooling operations, most equipment can be designed to use highly mineralized
water with a minimum of expense or operational trouble.

The analyses of water from sands below about 500 feet indicate that the
alkali and salinity hazards are medium to high for irrigation according to stand-
ards for arid regions (Figure 14). Sands above about 500 feet yield water in
the low to medium alkali and salinity hazard classification.

The dissolved-solids content increases generally from the northern parts of
Chambers and Jefferson Counties toward the coast. The increase in dissolved-
solids content is reflected by increases of chloride and sulfate. Some water in
the northern parts of the two counties is being used to supplement surface water
for irrigation even though the alkali and salinity hazards are extremely high.
The dissolved-solids content of water from one well used for supplementary irri-
gation was 2,240 ppm; the chloride content was 770 ppm. Inland from Chambers,
Jefferson, and southern Orange Counties, irrigation waters generally contain
less than 500 ppm dissolved-solids content and less than 100 ppm of chloride.
Notable exceptions were a dissolved-solids content of 1,120 ppm and a chloride
concentration of 558 ppm in water from an irrigation well drilled to 1,180 feet
in southeastern Liberty County and a dissolved-solids content of 1,210 ppm and
chloride concentration of 425 ppm in water from an irrigation well drilled to
460 feet in western Polk County.

Water of different quality may be expected from different sands at any
given location; however, the composite water or combination of the waters from
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the different sands generally is of good quality for irrigation in most of the
subregion.

Utilization

Plate 1 shows the location of major water wells, and Table 3 shows the
amount of water pumped by the major wells for various uses. Pumpage from small
domestic and livestock wells was estimated to be about 10 percent of the total
for all uses. Only those domestic and livestock wells that discharged more than
50 gpm are shown on the well-location maps.

All public-supply systems in the subregion withdraw water from wells with
the exception of the following four cities in Jefferson County: Beaumont, Port
Arthur, Port Neches (which is 5 miles northwest of Port Arthur), and Nederland
(adjoining Port Neches). They obtain water from the Neches River. In 1958,
however, Beaumont completed a well in southeastern Hardin County which will be
used to supplement its surface-water supply. Approximately 19 wells in the
Sabine Basin, 27 in the Neches Basin, 18 in the Trinity Basin, and 5 wells in
the adjacent coastal areas pumped a total of about 5 mgd for public supply. The
use for public supply represents about 7 percent of the approximately 71 mgd
pumped for all purposes.

Industry was the principal user of ground water in the subregion in 1959.
Of the 38 mgd pumped for industrial use, more than 27 mgd was pumped in the
Neches Basin, about 7 mgd in the Sabine Basin, about 1 mgd in the Trinity Basin,
and about 2.5 mgd was pumped in the Neches-Trinity coastal area. Most of the
2.5 mgd of water pumped in the Neches-Trinity coastal area was slightly saline,
and almost 0.5 mgd was moderately saline water that was used in Jefferson County
in the production of saturated sodium chloride brine from a salt dome.

In the northern part of the subregion, some flowing wells are allowed to
flow continuously, the water apparently being wasted. Only three of the flowing
wells discharged 50 gpm or more; they had a combined flow of more than 0.6 mgd.
Not enough information is available to determine accurately the total amount of
water discharged from other flowing wells, but it is estimated to be less than
2 mgd.

The inventory of wells used for irrigation and other data obtained indicate
that normally rainfall is sufficient for row crops and pasture growth in sub-
region I. Only rice is irrigated extensively; about 20 mgd of ground water was
pumped in 1959 for rice irrigation. The water was pumped from 63 wells, 35 of
which were in Liberty County. Of the 20 mgd pumped for irrigation, 14 mgd or
70 percent was pumped from 38 wells in the Trinity River Basin. In the Neches-
Trinity coastal area, where surface water is used extensively for irrigation,
only 1 irrigation well was used in 1959. Rice irrigation accounted for 28 per-
cent of the total pumpage for all uses in the subregion.

Changes in Water Levels

Where pumpage has caused a decline in water levels in subregion I, the de-
cline in most wells represents a decline in artesian head rather than a dewater-
ing of the sands. Some wells that flowed when drilled have ceased to flow
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Table 3.--Ground-water pumpage in major subdivisions of subregion I, 1959

Mai bdivisi Public supply Industrial Irrigation Total™*
ajor subdivisions mgd acre-ft./yr. mgd acre-ft./yr. mgd acre-ft./yr. mgd acre-ft./yr.
Sabine River Basin:
S-14 0.01 11 -- -- - - 0.01 11
§-15 .28 314 0.06 67 -- -- .34 380
5-17 .75 840 6.92 7,751 1.8 2,000 9.5 11,000
Neches River Basin:
NE- 8 -- -- .10 112 -- -- .10 110
NE-16 .76 851 -- -- -- -- .76 850
NE-17 -- - -- -- -- -- -- --
NE-18 .18 202 -- -- -- - .18 210
NE-19 1.09 1,221 1.34 1,501 -- -- 2.4 2,700
NE-20 .16 179 1.02 1,143 3.5 3,900 4.7 5,300
NE-21 .17 190 25.39 28,440 1.2 1,300 27 30,000
Trinity River Basin:
TR-37 = s - o - - s -
TR-38 ;39 437 .15 168 -- -- .54 600
TR-39 .70 784 .85 952 14 16,000 16 18,000
Neches-Trinity Coastal
Area:
NE-TR-1 11 123 Y 2.52 2,823 -- e 2.6 2,900
NE-TR-2 .21 235 -- -- - -- .21 240
NE-TR-3 2 134 - - -- -- .12 130
Subtotal, major wells 4.9 5,500 38 43,000 20 23,000 64 72,000
Domestic, livestock, and miscellaneous small wells 7 7.800
Total 71 80,000

* Figures are approximate because some of the pumpage is estimated.

significant figures,.
nearest acre-foot.

Y Includes 0.35 mgd slightly saline to saline water.

Irrigation figures are shown to no more than two
Public supply, industrial, or other pumpage figures are shown to the nearest 0.0l mgd and to the
Totals are rounded to two significant figures.




because the pressure head has been lowered below the land surface at the well
by pumping. There is no evidence of large-scale water-level declines throughout
the subregion and, in many areas, wells still flow.

In many areas where water levels declined during the drought years 1948-57,
water levels have risen after above-normal precipitation in 1957 and following
years. However, the rise in water level was due to decreased pumpage in the
wet years after the subnormal rainfall period.

One area of water-level decline is in southern Jasper County where with-
drawal of about 20 mgd has caused a decline in levels locally from above ground
level in 1954 to more than 50 feet below ground level in 1959. Most of the de-
cline occurred during the first year of withdrawal, but as the cone of influence
spread, the rate of decline decreased rapidly-‘with time (Figure 12). During
1958-60 the decline probably was about 2 feet per year.

Water levels in some parts of the subregion will continue to decline, but,
unless future development greatly exceeds the 1959 development, the decline in
most areas probably will remain less than 0.5 foot per year. A hydrograph of
a well near Orange (Figure 16) shows that the decline has been only about half
a foot per year, even though pumpage is moderately heavy.

Problems

One of the most serious problems in subregion I is the threat of salt-water
encroachment, especially in Chambers, Jefferson, and southern Orange Counties.
In this area salt water may move toward wells through the sands either vertically
or laterally. Some wells tap sands that contain fresh water in the upper part
and saline water in the lower part. Such wells probably will become contami -
nated sooner from vertical movement of salt water than from lateral movement.
Some wells in the east-central part of Jefferson County have been abandoned be-
cause of contamination by saline water that could have entered the wells either
by vertical or lateral movement.

Farther inland, salt-water contamination is more likely around improperly
cased, leaky, or improperly plugged wells drilled to the salt-water zone. Other
sources of contamination include leaky salt-water disposal wells and pits, oil-
field blowouts, and leakage into the fresh-water zone due to repressurizing of
oil fields by injection, causing salt water to rise in old abandoned casings.

Another possible problem near areas of large ground-water withdrawal is
subsidence of the land surface that might damage structures such as power plants,
which have critical tolerances of attitude or aligmment. Adequate design of
large structures to eliminate or to minimize damage will be necessary in areas
where large ground-water withdrawal is expected.

Much additional information is needed in the subregion to determine the
amount of ground water available to wells, to develop the resource further, and
to shed more light on the problems of possible land-surface subsidence and con-
tamination by salt water. Electric logs are scarce in the northern part of the
subregion, and few records of water levels are available through most of the
subregion. More detailed information also is needed concerning the fresh-water
interface near the coast and movement of the interface due to pumping.
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Figure 16

Hydrographs of Wells in Orange, Galveston, Wharton, Victoria,
and Kleberg Counties, Gulf Coast Region

U.S. Geological Survey in cooperation with the Texas Water Commission
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GROUND WATER IN THE SAN JACINTO RIVER BASIN AND ADJACENT
COASTAL AREAS (SUBREGION II)

General

Subregion II is the smallest subregion, having an area of about 5,500 square
miles, but it has about 50 percent of the population (about 1,500,000). Houston,
the largest city, had a population of more than 938,000 in 1960. Galveston, the
second largest, had a population of about 67,000.

The climate is moist subhumid; the average annual precipitation at Houston
is about 45 inches.

For discussion, subregion II is divided into thirds, roughly of the same
size, designated the northern, central, and southern. The northern third lies
north of a line extending through the intersection of U. S. Highway 290 and the
Harris-Waller County line and the intersection of U. S. Highway 59 and the
Liberty-Montgomery County line. The southern third lies south of a line that
passes through the common corner of Fort Bend, Harris, and Brazoria Counties and
the point where the San Jacinto River enters Galveston Bay just south of Baytown
(Plate 4).

Occurrence

Fresh to slightly saline water is present in nearly every part of subregion
II. The most prolific water-bearing sands are in the central third in Harris
County and adjoining parts of Waller, Fort Bend, and Liberty Counties. The base
of the fresh to slightly saline water in part of this area is more than 3,000
feet below sea level, although in most of the area it is between 2,000 and 3,000
feet below sea level and is at or above sea level near a salt dome in western
Harris County (Plate 5). Nearly all of the areas where the base of fresh to
slightly saline water is at a shallow depth are associated with salt domes or
oil fields.

The total thickness of the fresh to slightly saline water-bearing sands in
the central third of the subregion is generally between 800 and 1,200 feet
(Plate 6). Most of the sand in this area is in the upper 1,500 feet of sedi-
ments (principally the aquifer in the Goliad, Willis, and Lissie) where the
ratio of sand to clay is from 1l:1 to 2:1. The deeper sediments contain a small-
er ratio of sand to clay and are principally in the aquifer in the Lagarto, Oak-
ville, and Catahoula.

In the southern third, the base of the fresh to slightly saline water rises
rather sharply from about 2,400 feet below sea level in Harris County to 1,000-
1,400 feet below sea level in Brazoria and Galveston Counties, thence it rises
gently to 600-800 feet at the coastline.

The principal aquifer in the southern third is the Beaumont Clay. In west-
ern Chambers County, southeastern Harris County, and Galveston County, a massive
sand 100 to 250 feet thick at the base of the Beaumont Clay, the Alta Loma sand,
yields large quantities of water to wells. However, the Alta Loma contains
salty water in southern Galveston County in the Texas City and Galveston areas.
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The Alta Loma is present in extreme eastern and southern Brazoria County near
the coast, but is not recognizable in the central and northern parts oi the
County. The sand beds in the upper part of the Beaumont Clay throughout most of
Galveston and Brazoria Counties in subregion II furnish moderate to large quan-
tities of water to major wells, although near the coast the water is generally
slightly saline. In northern Brazoria County and the southeast cormner of Fort
Bend County, the upper part of the Goliad, Willis, and Lissie yields water to
wells, but the lower part contains moderately saline to saline water. The total
thickness of fresh to slightly saline water sand in the southern third ranges
from less than 100 to more than 800 feet, averaging about 400 feet (Plate 6).

In the northern third, the base of the fresh to slightly saline water zone
is generally from 1,400 feet to 2,000 feet below sea level. However, an area in
central Montgomery County possibly has fresh to slightly saline water at a depth
as great as 3,600 feet below sea level. The presence of fresh to slightly
saline water to this depth is indicated by electric logs but has not been con-
firmed by sampling. Sand beds containing moderately saline to saline water lie
above the deep fresh to slightly saline water and below the general level of the
base of the fresh to slightly saline water (Plate 5). Some of the northern
third was not contoured because of the lack of electric logs and other data.

The principal aquifer in the northern third is in the Catahoula, Oakville,
and Lagarto. The Goliad, Willis, and Lissie yield moderate to large quantities
of water to wells in northeastern Waller, southern Montgomery, and northwestern
Liberty Counties but thins rapidly northward so that only shallow wells tap the
section in the latitude of Conroe. The Catahoula, Oakville, and Lagarto yields
moderate to large quantities of water to wells throughout the northern third.

Section D-D' (Figure 6) through subregion II shows that the thickest part
of the fresh to slightly saline water zone and the greatest total thickness of
sands are in the central third. Although much of the northern third has a thick
fresh to slightly saline water zone, the thickness of sand is proportionately
less because most of the zone is made up of the aquifer in the Catahoula, Oak-
ville, and Lagarto, which has a much lower ratio of sand to clay than does the
aquifer in the Goliad, Willis, and Lissie.

Major wells in the central third discharge from 1,000 to more than 3,000
gpm and average about 2,000 gpm. The specific capacities of wells in this part
of the subregion range from 20 to 55 gpm per ft. The major wells tap from 1 to
20 or more different sand beds, and most withdraw water from more than one for-
mation, although those wells that tap the Alta Loma sand in eastern Harris
County generally do not tap underlying sand beds. Most major wells in the cen-
tral third tap sands in the aquifer in the Goliad, Willis, and Lissie, although
many also tap sand beds in the Catahoula, Oakville, and Lagarto. Wells are as
deep as 2,500 feet. The coefficient of transmissibility of the Alta Loma sand
ranges from 90,000 to 150,000 gpd per ft. The coefficient of transmissibility
measured in the other aquifers in the central third ranged from 50,000 to more
than 200,000 gpd per ft., depending on the thickness of sands tapped by the well.

Major wells that tap the Alta Loma sand in the southern third yield from
750 to 1,500 gpm; the wells have specific capacities ranging from 20 to 40 gpm
per ft. Major wells tapping the sand in the upper part of the Beaumont Clay
yield from 100 to 500 gpm and have specific capacities of from less than 5 gpm
per ft. to as much as 20 gpm per ft. The coefficient of transmissibility of
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the sands in the upper part of the Beaumont ranges from less than 5,000 to as
much as 40,000 gpd per ft. In subdivision SJ-BR-3, several major wells are less
than 150 feet deep, tapping alluvium of Recent age. Most of them are used for
the irrigation of row crops during periods of below-normal precipitation.

Major wells tapping the aquifer in the Goliad, Willis, and Lissie in the
northern third yield from 300 to 2,500 gpm. The specific capacities of wells
tested ranged from 8 to 40 gpm per ft. and the coefficient of transmissibility
ranged from 6,000 to 85,000 gpd per ft. Major wells tapping sand beds in the
Catahoula Sandstone and the Lagarto Clay yield from 100 to 1,000 gpm. The speci-
fic capacity in those wells tested was about 8 gpm per ft. or less and the co-
efficient of transmissibility ranged from 14,000 to 45,000 gpd per ft.

Chemical Quality

The chemical quality of ground water in subregion II is generally very
good, especially in the central third. Except for the water in the slightly to
moderately saline zones, the hardest water is yielded by wells generally less
than 500 feet deep. Most of the water from deeper wells is softer than that
from shallow wells except where the dissolved-solids content is more than 1,000
ppm. Most of the water in subregion II in the fresh to slightly saline zone
has a dissolved-solids content of less than 500 ppm.

Table 4 contains chemical analyses of water from representative wells in
subregion II1--31 fresh, 4 slightly saline, and 2 moderately saline. All three
types of water can be obtained anywhere in the subregion except that fresh water
is unavailable in an area near the coast in Brazoria and Galveston Counties. In
the rest of subregion II slightly saline and moderately saline water lie suc-
cessively beneath the fresh water. In sands that are continuous over several
miles, all three types of water can be obtained in the same sand because pro-
gressively more saline water is present downdip beyond the body of fresh water.

Because of the many different sand beds tapped by most major wells, the
quality of the water produced from adjacent wells may be significantly different.
The permeability and thickness of the sand beds change from place to place.
Thus, if two similarly screened wells are 1,000 feet apart, one may obtain a
greater proportion of water from a different depth. The temperature of the
water discharged from wells also is different in many places for the same rea-
son. The temperature of ground water in subregion II normally is equal to the
average annual air temperature plus about 1°F for each 75 to 100 feet of depth.
Wells less than 1,000 feet deep generally yield water between 70° and 80°, wells
between 1,000 and 1,800 feet deep yield water between 80° and 90°, and wells
deeper than 1,800 feet yield water of 90°, or more.

Water suitable for public supply is obtained in the northern third from
wells tapping the aquifer in the Catahoula, Oakville, and Lagarto and in the
southern part from the aquifer in the Goliad, Willis, and Lissie (wells 1-9,
Table 4). 1In the northern third the lower part of the Catahoula, Oakville, and
Lagarto contains slightly saline water.

In the central third, water suitable for public supply is obtained from

wells tapping the Goliad, Willis, and Lissie and the upper part of the Cata-
houla, Oakville, and Lagarto. In southeastern Harris County the sands in the
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Beaumont Clay also furnish water of good quality; however, here the Catahoula,
Oakville, and Lagarto contains slightly to moderately saline water and the base
of the fresh to slightly saline zone rises rapidly. At the Harris-Galveston
County line the Goliad, Willis, and Lissie contains slightly saline water.

In the southern third, the only water suitable for public supply is ob-
tained from sands in the Beaumont Clay except for the uppermost sands of the
Goliad, Willis, and Lissie in Brazoria County. No major wells obtain fresh
water south of a line intersecting the boundary of the subregion 10 miles south
of Angleton and running through Texas City.

Industrial water is obtained from wells throughout the subregion although
the wells in southern Brazoria and Galveston Counties yield slightly to moder-
ately saline water, which generally is used for cooling. Water from the rest
of the subregion commonly can be selected for the purpose for which it is to be
used by testing the different sands as the wells are drilled and screening only
those yielding the most favorable water. For example, many laundries in Houston
drilled wells tapping sands 1,000 to 1,500 feet deep to obtain soft water. Iron
generally is not a problem in water from major wells in the subregion.

Water for irrigation is obtained generally from wells that are shallower
than the public-supply and industrial wells. The shallower water generally has
a higher calcium and magnesium content and, therefore, a lower SAR. However,
with the ample rainfall and the rotation practices of rice irrigators, even a
high SAR water may be used successfully.

Utilization

The total pumpage from all major wells (Plate 4) in subregion II in 1959
was about 380,000 acre-feet, an average rate of about 340 mgd. Of course, the
daily rate was much higher during the warmer months than during the winter be-
cause nearly all the irrigation water was pumped during the spring and summer;
much of the industrial water is used for cooling and more is used in summer than
in winter; also more water is used for public supply in summer than in winter.
The largest withdrawal from major wells in 1959 was for public supply, about
140,000 acre=-feet, although withdrawals for industrial uses and for irrigation
were nearly as large, about 130,000 and 120,000 acre-feet, respectively (Table
5). In several of the dry years during the 1950's, the largest use of ground
water was for irrigation.

Most of the pumpage in subregion II is from major subdivisions SJ-8, SJ-9,
and §J-10, SJ-BR-1, and TR-SJ-1 (Plate 4), these subdivisions also having the
greatest concentration of major wells. The principal use of ground water in
SJ-8 is for irrigation, in SJ-9 for public supply, and in SJ-10 for industry.

The city of Houston and its suburbs depend upon wells for 80 percent of
the water in the public-supply systems, and pumped 97 mgd of the approximately
120 mgd pumped for public supply in subregion II in 1959. In addition to the
ground water used, about 25 mgd of treated surface water was sold by the Houston
Water Department in 1959 for public supply. Also, about 75 mgd of untreated sur-
face water was scld to industries along the Houston Ship Channel. All cities in
the subregion (II) except Houston depend exclusively on wells for their public
supplies, although industries in the Baytown and Texas City areas use both ground
water and surface water.
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Table 5.--Ground-water pumpage in major subdivisions of subregion II, 1959

Public supply

Industrial

Irrigation

Total*

Major subdivisions mgd acre-ft./yr. mgd acre-ft./yr. mgd acre-ft./yr. mgd acre-ft./yr.
San Jacinto River Basin:
5J- 1 0.49 549 - -- - -- 0.49 550
8J- 2 . 146 0.18 201 - - 31 350
5J- 3 .24 269 -- -- 0.49 550 .73 820
8T~ &4 -- -- .12 134 -- - .12 130
8J- 5 .35 392 .34 381 .66 740 1.4 1,500
SJ- 6 .50 560 -- -- 19 21,000 20 22,000
5J- 7 137 )535 .96 1,075 2.9 3,200 5.2 5,800
SJ- 8 7.39 8,278 3.39 3,797 50 56,000 61 68,000
§J- 9 66.41 74,388 20.26 22,694 4.5 5,100 91 100,000
SJ-10 22.61 25,326 61.53 68,922 2.0 2,300 86 97,000
Trinity-San Jacinto:
Coastal Area TR-5J-1 3.31 3,708 13.88 15,548 11 12,000 28 31,000
San Jacinto-Brazos
Coastal Area:
SJ-BR-1 17.84 19,983 11.50 12,881 3.6 4,000 33 37,000
SJ-BR-2 1.03 1,153 .50 560 5.7 6,400 7.2 8,100
SJ-BR-3 .70 784 .55 616 4.9 5,500 6.1 6,900
Subtotal, major wells 120 140,000 110 130,000 100 120,000 340 380,000
Domestic, livestock, and miscellaneous small wells 10 11,000
Total 350 390,000
* Figures are approximate because some of the pumpage is estimated. Irrigation figures are shown to no more than two

significant figures.
acre-foot.

Public supply and industrial pumpage figures are shown to the nearest 0.0l mgd and to the nearest
Totals are rounded to two significant figures.




The oil refining industry and the related petrochemical industry were the
principal industrial users of ground water in subregion II. Although most of
the water used by the refining and chemical plants is used for cooling, it is
recirculated several times so the dissolved solids are concentrated by evapora-
tion until they are doubled or tripled before the water is discharged. Other
large users of ground water are electric power plants, steel mills, and a paper
mill.

Nearly all the ground water used for irrigation is for rice, only a small
amount being used for truck vegetables and row crops during periods of below-
normal rainfall. Approximately 60,000 acres of rice was irrigated with about
2 feet of ground water in 1959, Both the acreage and duty of water were less in
1959 than in the peak year of 1954, when about 200,000 acre-feet of ground water
was pumped in subregion II for irrigation. Acreage limitations under the U. S.
Department of Agriculture price-support program and increased rainfall since
1956 have been factors in reducing ground-water withdrawals for irrigation.

The quantity of ground water pumped by small wells for purposes such as

domestic, livestock, and drilling oil wells is unknown but probably was 10 mgd,
or more.

Changes in Water Levels

The first major wells drilled in subregion II, after drilling techniques
as we know them today were developed in the last half of the 19th century, gen-
erally flowed. Before large-scale withdrawals of ground water were made, a rule
of thumb was the deeper the well, the higher the artesian pressure head, and
this is still true in areas remote from the areas of heavy withdrawals. The
rice industry was begun in the area before 1900 using flowing wells, although
most of the wells required low-lift centrifugal pumps before the first World
War to increase their discharge. The first public supply of ground water for
Houston used flowing wells on the banks of Buffalo Bayou. Galveston's first
potable supply was obtained from flowing wells in the 1890's. As pumpage in-
creased, water levels declined and most wells in Houston ceased flowing by 1925
and those in Galveston County by about 1930.

Levels in the Houston area declined slowly until 1937 when industry along
the Ship Channel greatly increased withdrawal (Figure 17). Levels declined
rapidly until surface water from Lake Houston began to augment the supply in
1954. The reduction in pumpage in the Houston area at that time was accompanied
by a leveling off of water levels, although outside of the area of reduced pump-
age levels continued to decline.

Levels in the Texas City area declined so that the water level at the cen-
ter of pumpage was more than 100 feet below sea level in 1948. Because of land-
surface subsidence and the incursion of salt water into the water-bearing sand
in the area, water from the Brazos River was brought in for Texas City indus-
tries, and in 1957 the cone of depression was gone and water levels were between
50 and 60 feet below sea level (Wood, 1958b, p. 11).

The rate of water-level decline in the irrigation areas has been small,

about 2 feet or less a year, except near centers of large withdrawals for public
supply or industry (Figure 18). In shallow wells in the northern third of
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Figure 17
Changes in Water Levels in Harris County Wells 1168, 1170, and C-66

U. S. Geological Survey in cooperafion with the Texas Water Commission
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subregion 1I, changes in water level seem to be related to changes in annual
precipitation--that is, during periods of below-normal precipitation, levels
decline and during periods of above-normal precipitation, levels risc. In the
irrigation areas, seasonal declines may lower the level 50 to 100 feet below
that of the late winter or early spring.

Because withdrawals in the Houston area have been largely from wells tap-
ping sands 500 to 1,800 feet below the land surface, levels in that zone are
lower than in the zones above 500 feet and below 1,800 feet. Because ol this,
water moves toward the heavily pumped zone not only laterally but vertically
from above and below.

Changes in water level will occur in subregion II as long as the levels in
the different zones are not in equilibrium--that is, the zone having the highest
outcrop (and highest water level in the outcrop area) should have the highest
water level. As each successively deeper formation in the heavily pumped areas
of subregion II has a higher outcrop, changes in water level will occur even
though pumpage is stabilized.

Problems

Decline of water level (artesian pressure head) has resulted in several
diverse effects, some easily recognized and others not so apparent. The imme-
diate effect of declining level is increased lift, which increases the cost ol
the water. Continued decline has made it necessary to install more powerful
equipment in places to obtain the same quantity of water, again increasing the
cost. Many wells have had to be abandoned before their useful life should have
been finished because their construction did not allow a pump setting deep
enough to reach the declining levels. In most places new wells were drilled.

In recent years, declines have been anticipated by setting large-diameter casing
at much greater depths to accommodate large-capacity pumps.

Another result of water-level decline has been the incursion of salt water
into centers of heavy withdrawal. As all the fresh-water sands in subregion II
contain saline water at some distance downdip, the reversal of the natural gra-
dients has caused the salt water to move updip toward the zone of lowered pres-
sure head. In heavily pumped areas that originally were close to the fresh
water-salt water interface or to parts of the sands that were in contact with
underlying salt-water sands, the salt water has moved toward the wells, result-
ing in the deterioration of the chemical quality of the water. This has happen-
ed in two places in subregion II, both in Galveston County. The chloride con-
tent of water from the Alta Loma Sand of Rose (1943) in the Texas City area in-
creased from 1936 or before until use of most of the wells was stopped in 1948.
In the city of Galveston well field, about 20 miles northwest of Galveston, the
chloride content of the water increased to a point that new wells were drilled
from 2 to 3 miles farther north (Petitt and Winslow, 1955, p. 81). Evidence of
updip movement of poor quality water has also been noted in the Houston area
(Winslow and others, 1957, p. 397) but the saline water is about 5 miles from
the heavily pumped area and may be many years away. However, very few wells
are strategically located for observing the movement of the salty water, and
much work needs to be done to define the problem in that area.
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Another effect of water-level decline that has been unnoticed in many areas,
especially at first, is land-surface subsidence. As levels declined in the sand
beds, the load of the overlying sediments caused elastic deformation in the sand
beds because part of the load was borne by the artesian pressure head, although
most of it was borne by the skeleton of the aquifer. The land surface subsided
because the overlying beds are not competent to carry the load. The subsidence
from elastic deformation generally is small, only a few tenths of a foot for
each several hundred feet of decline of pressure head. However, the interven-
ing clay beds also contain water under artesian pressure that, before pumping,
was nearly in equilibrium with the pressures of the water in the sand beds. As
the water level declined in the sand beds, some of the water in the clay beds
was forced out of the clay into the sands. As the pressure head in the clay is
lowered and more of the load is transmitted to the particles making up the clay
bed, plastic deformation takes place. In the Houston area, total land-surface
subsidence from both elastic and plastic deformation has been from less than 1
to more than 3 feet between 1935 and 1959. The differential subsidence in a
distance of 1,000 feet has been small generally so that few effects are directly
observable. In the Texas City area the subsidence was as much as 5 feet in the
same period, and difficulties such as poor drainage, broken pipelines, and
others, occurred near the center of the area. In one respect the subsidence may
be viewed as beneficial because 22 percent of the water pumped in the Houston
area between 1943 and 1959 was derived from compaction of clay beds.

Before any of the problems of subregion II can be completely solved, they
must be understood better. To define the quality of water in the heavily pumped
Houston area, many test wells will have to be constructed and observed. To de-
fine the subsidence problem, samples of many different clay beds will have to be
analyzed, and compaction recorders will have to be installed in wells of differ-
ent depths. Also, determination of the vertical permeabilities of clay beds
will be necessary for both subsidence and recharge studies.

Among the important problems in subregion II are those concerning the rate
at which ground water can be pumped, the magnitude of the resultant decline of
water levels and the length of life of the ground water. The rate of recharge,
rate of salt-water movement, and future subsidence are all factors in the pro-
blems. A proposed analog model study by the U. S. Geological Survey in coopera-
tion with the city of Houston and the Texas Water Commission will probably pro-
vide some of the answers, at least regarding the magnitude of water available
per year and the expected water-level declines.

GROUND WATER IN THE LAVACA RIVER BASIN, IN COASTAL PARTS OF THE
BRAZOS AND COLORADO RIVER BASINS, AND IN ADJACENT COASTAL AREAS (SUBREGION III)

General

Subregion III, lying within the drainage basins of the Brazos, Colorado,
and Lavaca Rivers and the adjacent coastal areas (Plate 7), includes all or
parts of 15 counties and about 8,300 square miles. The total population is
about 240,000, of which about 25 percent is urban. Freeport in Brazoria County
had the largest population in 1959, about 11,600; the twin cities of Richmond
and Rosenberg in Fort Bend County together had a population of about 13,400.
Victoria had a population of about 33,000 in 1959; however, only part of the
city is in subregion III.
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The climate is wet subhumid east of a north-south line through Calhoun,
Jackson, and Lavaca Counties, and dry subhumid west of the line. The average
annual precipitation at the western edge is about 35 inches and at the eastern
edge about 45 inches,

Occurrence

The base of fresh to slightly saline water in subregion III ranges from
slightly above sea level in small areas in Calhoun County and southern Jackson
County to more than 3,000 feet below sea level in Fort Bend County. In most of
the subregion the base is between 600 and 2,000 feet below sea level (Plate 8).

The water-bearing sands attain their maximum thickness in Wharton and Fort
Bend Counties, where as much as 1,000 feet is present in the fresh to slightly
saline water zone (Plate 9). The total thickness of the sands is greatest
through the central part of the subregion, thinning in all directions except
northeastward, as shown by cross sections E-E', F-F', G-G', and Q-R (Figures 6,
7, and 8).

The range in transmissibility of the sands as determined by field tests is
from 10,000 gpd per ft. in the northwestern part to as much as 250,000 gpd per
ft. in the central part. Most of the subregion is underlain by sands whose com-
posite transmissibility is greater than 100,000 gpd per ft. and parts of Colora-
do, Wharton, and Fort Bend Counties are underlain by sands whose composite trans-
missibility is more than 200,000 gpd per ft. (Figure 13). An average through
the central part is probably about 125,000 gpd per ft. Northwest of southern
Lavaca County and central Colorado and Austin Counties, less thickness of fresh
to slightly saline water sand is present, yields of wells are less, and draw-
downs are greater than in Victoria, Jackson, Wharton, southern Colorado, south-
ern Austin, Fort Bend, and northern Matagorda Counties.

Wells in the northwestern part obtain water from the aquifer in the Lagarto,
Oakville, and Catahoula, and the Jackson Group and range in depth from 300 to
900 feet and in yield from 100 to 500 gpm. The average specific capacity in
this area is about 5 gpm per ft., and yields of less than 500 gpm causing draw-
downs greater than 100 feet are common.

In the central part, yields as great as 3,000 gpm are obtained from wells
less than 1,000 feet deep in sands of the Goliad, Willis, and Lissie and the
Beaumont Clay. Some wells in the central part that are less than 300 feet deep
yield more than 1,000 gpm; however, most of the large wells are deeper than 300
feet and the average yield of the deeper wells is about 2,000 gpm. Yields of
2,000 gpm with drawdowns of about 50 feet are not unusual in the deeper wells
and pumping levels less than 150 feet are common. Specific capacities as high
as 140 gpm per ft. were measured in central Wharton County, but the average spe-
cific capacity is generally less than 50 gpm per ft. in wells less than 1,000
feet deep.

Chemical Quality

Fresh to slightly saline ground water can be obtained throughout the sub-
region, except in small parts of southern Jackson and Central Calhoun Counties;
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however, some of the fresh-water sands in Calhoun County, the southern part of

Jackson County, and southwestern part of Matagorda County are overlain by sands
containing salty water (Plate 8). Ground water in that part of Brazoria County
included in subregion III (Plate 7), in Calhoun County, and in parts of Jackson,
Matagorda and Victoria Counties is of poorer quality than elsewhere in the sub-
region. The concentration of dissolved solids in water from wells deeper than

about 300 feet exceeds 1,000 ppm in most of the western half of Brazoria County.

Table 6 shows selected chemical analyses of water from wells in subregion
ITT. In general, water from sands deeper than 500 feet is softer than water
from sands less than 500 feet deep, but the water from the deeper sands contains
greater concentrations of bicarbonate than that from the shallow sands. Most of
the water, especially from sands less than 500 feet deep, is hard to extremely
hard. The hardness is of the carbonate type and softening can be accomplished
economically by using lime as a precipitant.

Chemical analyses of ground water from 40 public-supply systems show that
6 furnish water containing dissolved-solids content greater than 1,000 ppm; 13
systems furnish water containing more than 500 ppm but less than 1,000 ppm; 16
furnish water containing more than 300 ppm but less than 500 ppm; and 5 furnish
water containing less than 300 ppm. All systems that furnish water having more
than 1,000 ppm of dissolved solids are in Brazoria and Calhoun Counties. Wells
at the Matagorda Island Air Force Base in Calhoun County yield water that con-
tain as much as 2,370 ppm of dissolved solids. The water is used for sanitary
facilities and is demineralized for human consumption. Seven public-supply sys-
tems furnish water that contains in excess of 250 ppm of chloride and only 4 sup-
plies furnished soft water. The range in iron content was from about 0.05 to
about 5.2 ppm. Thirteen municipal systems in Austin, Brazoria, Colorado, Jack-
son, Wharton, and Matagorda Counties have wells that yield water containing iron
concentrations in excess of 0.3 ppm. Some of the municipalities are treating
the water to reduce both the iron concentration and hardness. The concentration
of all other constituents was less than the limits of the Public Health Service
standards.

The ground water in subregion III is suitable for most industrial uses but
may require treatment for special purposes. Much of the water used by industry
is heated to high temperatures in boilers for use in mining sulphur by the Frasch
process. The water is hard and requires treatment to prevent the formation of
scale in boilers and lines. Water in many parts of the subregion contains a
high concentration of iron which is undesirable in certain types of industry be-
cause of staining properties,

Water being used for irrigation would be classified as low to medium for
the alkali hazard and medium to high for the salinity hazard according to stand-
ards used in arid regions. Also, because of the bicarbonate content, the water
would be marginal or unsuitable for irrigation in arid regions. However, the
climate is subhumid; rainfall and drainage seem to be adequate for use of the
waters, irrigation having been practiced for many years with no apparent harm to
the soil or plants.

Utilization

Plate 7 shows the location of the major wells and Table 7 shows the 1959
pumpage for subregion III. In 1959 about 230 mgd of fresh to slightly saline
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Table 7.--Ground-water pumpage in major subdivisions of subregion III, 1959

Major subdivisions

Public supply

Industrial

Irrigation

Total*

mgd acre=ft./yr. mgd acre-ft,/yr. mgd acre-ft./yr. mgd acre-ft,/yr.
Brazos River Basin:
BR-91 0.23 258 -- -- -- -- 0.23 260
BR-92 .85 952 -- -- 21 2,400 2.9 3,300
BR-93 .90 1,008 4.34 4,861 7.9 8,900 13 15,000
BRTQA 2.32 2;599 Y6.56 7,348 6.2 6,900 15 17,000
Brazos-Colorado Coastal
Area:
BR-CO-1 .39 437 .38 426 9.7 11,000 10 12,000
BR-CO-2 .07 78 2.97 3,326 2.5 2,800 5.5 6,200
BR-CO-3 .84 941 6.59 7,381 1.8 2,000 9.2 10,000
BR-CO-4 1.11 1,243 -- -- 1.0 1,100 2 | 2,300
Colorado River Basin:
C0-76 .39 437 .05 56 8.6 9,600 9.0 10,000
C0-77 -- -- w22 246 6.2 6,900 6.4 7,100
Colorado-Lavaca Coastal
Area:
CO-LA-1 1.34 1,501 -- -- 20 22,000 21 24,000
CO-LA-2 .12 134 .78 874 27 30,000 28 31,000
Lavaca River Basin:
LA-1 .64 717 .02 22 1.2 1,300 1.9 2,000
LA-2 .69 773 - - 3.7 4,100 4.4 4,900
LA-3 .26 291 -- -- 6.4 7,200 6.7 7,500
LA-4 -- - .45 504 35 39,000 35 40,000
LA-5 .74 529 .03 34 39 44,000 40 45,000
Lavaca-Guadalupe
Coastal Area:
LA-GU-1 .01 11 .17 190 14 16,000 14 16,000
LA-GU-2 .98 1,097 .01 11 1.4 1,600 2.4 2,700

See footnotes at end of table.
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Table 7.--Ground-water pumpage

in major subdivisions of

subregion III, 1959--Continued

Major subdivisions

Public supply

Industrial

Irrigation

Total*

mgd acre-fr./vr. mgd acre-ft./yr. mgd acre-ft./yr. mgd acre-ft./yr.
Lavaca-Guadalupe
Coastal Area:

LA-GU-3 .11 123 -- -- -- - )| 120

LA-GU-4 .09 100 .01 11 .20 220 .30 320
Subtotal, major wells 12 14,000 23 25,000 190 220,000 230 260,000
Domestic, livestock, and miscellaneous small wells 8 9,000
Total 240 270,000

* Figures are approximate because some of the pumpage is estimated.

significant figures.
nearest acre-foot.

1Y Includes 2.65 mgd of slightly saline to saline water.

Irrigation figures are shown to no more than two
Public supply, industrial, and other pumpage figures are shown to the nearest 0.01 mgd and to the
Totals are rounded to two significant figures.



water was pumped for the major uses and about 8 mgd was pumped for domestic and
livestock uses.

Water for all public supplies is obtained from wells. In 1959, 121 public-
supply wells pumped 12 mgd or about 5 percent of the pumpage for all major uses.
The greatest pumpage for public supply was in the Brazos River Basin where 4.3
mgd was pumped in 1959.

0f the 23 mgd used for industry more than 20 mgd or about 90 percent was
pumped from 30 wells in the Brazos Basin and 37 wells in the Brazos-Colorado
coastal subdivisions 2 and 3. Of the 20 mgd, 2.65 mgd was water classified as
slightly saline to saline. Most of the industrial water was used for sulfur
mining, refining of oil products, and in manufacturing chemicals.

More water was pumped for irrigation than for any other use. Approximately
190 mgd was pumped in 1959 for irrigation of which 185 mgd was pumped from about
690 wells to irrigate rice. About 85 mgd or 40 percent of the rice irrigation
water was pumped from 310 wells in the Lavaca Basin.

Prior to 1955, very few wells were used primarily for row-crop irrigation.
The period of subnormal rainfall from 1947 to 1957 pointed out the need for sup-
plementary irrigation of some crops, and by 1959 more than 250 wells had been
drilled for the irrigation of crops other than rice, such as cotton and corn.
The development is principally in Wharton and Fort Bend Counties, but there are
some row crop wells in each of the other counties. There is little need for
most of the row-crop wells during years of normal or above-normal rainfall, and
many of the wells were not used in 1959, the pumpage in that year being only
about 5 mgd for row-crop irrigation in the subregion.

Changes in Water Levels

The most significant changes in water levels have occurred in the Freeport
area of Brazoria County and in the eastern part of Fort Bend County. Heavy
pumpage in the Freeport area caused local declines of as much as 95 feet during
the period 1941 to 1956. In 1956, the use of a well field in the southwestern
part of the Freeport area that formerly yielded about 1 mgd was discontinued,
and between 1956 and 1961 water levels in the vicinity of the well field rose
as much as 60 feet. Since 1958, pumpage in the Freeport area has decreased by
about 1-1/2 mgd, resulting in a significant recovery of water levels, although
not enough information is available to determine the areal extent or amount of
the recovery.

In the eastern part of Fort Bend County in an area west of the Brazos River
approximately 15 miles southeast of Richmond, about 41 feet of decline was re-
corded during the period 1947 to 1961; more than 38 feet of the decline occurr-
ing between 1947 and 1957. The decline was caused by pumpage outside the area,
in Harris County.

Elsewhere levels have declined at lesser rates. Before 1947, the decline
was about 0.5 foot per year in most of the subregion. Between 1947 and 1957,
the rate was about 2 feet per year, and from 1957 to 1960 the decline again was
less than 0.5 feet per year. In many areas levels have risen during the latter
period because of increased recharge and decreased pumpage caused primarily by
increased rainfall (Figure 16).
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The rates of decline and total decline discussed above were based on water-
level measurements made during the early months of each year, when pumpage was
at a minimum. In the rice-irrigation areas, seasonal declines of 50 feet or
more may be expected. The largest seasonal declines probably occur in northern
Jackson, eastern Lavaca, southern Colorado, and western Wharton Counties.

Water levels in artesian sands throughout the subregion are less than 100
feet below the land surface. The levels are declining and will continue to de=-
cline, but the rates will be small except in the vicinity of areas where the
pumpage is increased substantially.

Problems

Fresh water sands are overlain by sands containing saline water in southern
Jackson County, the southwest part of Matagorda County and most of Calhoun
County. If water of the best quality available is to be obtained in those areas,
the sands containing the saline water must be effectively sealed to prevent
downward leakage around the well casings. If pumpage in the area becomes large
enough, salt water may percolate downward through the intervening clay into the
fresh water sands. As of 1961 evidence was lacking of downward percolation of
salt water through the clays, but reportedly, water from some wells that screen
both fresh and saline water sands has become too salty for use.

Fresh water sands could be contaminated in areas of extensive development
of oil-field and sulfur-mining operations in the subregion if proper precautions
are not taken to prevent leakage of saline water into the fresh water sands. No
extensive contamination from leaky casings, disposal pits, or other means of
industrial contamination have been observed, but small areas may have been af-
fected by this type of contamination.

Land-surface subsidence in areas of large ground-water withdrawal is prob-
able. Land-surface subsidence has not been observed in the subregion but if
water levels decline so that a large amount of fine material is dewatered, sub-
sidence will occur.

Much additional information is needed in subregion III to determine:
(1)the relation between fresh water and salt water and the rate of movement of
salt water, (2)properties of the aquifers, (3)details of present development and
the availability of water to wells, (4)possible areas of land-surface subsidence,
and (5)possible areas of contamination. Electric-log coverage of much of the
northwestern part and along the coast is sparse and detailed subsurface maps
have not been prepared because of the lack of data. More information on water
levels also is needed throughout the subregion.

GROUND WATER IN THE COASTAL PARTS OF THE GUADALUPE, SAN ANTONIO,
AND NUECES RIVER BASINS AND ADJACENT COASTAL AREAS (SUBREGION IV)

General

Subregion IV includes about 7,700 square miles--all or parts of 17 counties
(Plate 10). About 400,000 persons live in the subregion, more than three-fourths
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of the population being urban. Corpus Christi is the largest city, having a

1960 population of 167,690. The climate ranges from dry subhumid to semiarid,
the annual rainfall decrea51ng from 36 inches along the lower reaches of the

Guadalupe River to 20 inches in Webb County.

Occurrence

As shown by Plate 11, fresh to slightly saline water is found at various
depths throughout most of subregion IV, reaching a maximum depth of more than
2,000 feet below sea level in Jim Wells and Duval Counties. However, there are
areas in Aransas, San Patricio, and Nueces Counties where no appreciable amounts
of fresh to slightly saline ground water are found. Within these areas, the
demand for water is satisfied by rain-filled cisterns and stock tanks or water
from Lake Corpus Christi (on the Nueces River in Jim Wells, San Patricio, and
Live Oak Counties) or the Nueces River. On the Gulf-shore islands, sufficient
water for domestic and livestock needs may be found in shallow sand deposits.

The vertical extent of the fresh to slightly saline zone and corresponding
sand thickness is shown by the four sectionms, H-H', J-J', K-K', and P-Q (Figures
7 and 8). The first three sections are drawn nearly parallel to the dip of the
sands; section P-Q is constructed nearly parallel to the strike. As seen by
these sections, the fresh to slightly saline zone is continuous from the surface
throughout most of the subregion except near the coast, where sands containing
moderately saline to saline water overlie the fresh to slightly saline zone.

The areal extent of these overlying moderately saline to saline water sands is
shown on Plate 11.

Although the fresh to slightly saline water zone may extend from the sur-
face down to about 2,500 feet below the surface, only a few hundred feet may
constitute the actual thickness of the water-bearing sands in the zone. Thus,

a more quantitative evaluation of the amount of fresh to slightly saline water
present is obtained from the sand-thickness map (Plate 12) which shows that the
sand thickness averages about 400 feet in the northeastern half of the subregion
and about 200 feet in the southwestern half.

The major wells tap the aquifers at various depths, but most are more than
100 feet and less than 1,000 feet deep. The shallowest major wells, 70 to 80
feet deep, are in Aransas County, and the deepest wells, 2,400 to 2,500 feet
deep, are in southern Jim Wells County.

The depth to water ranges from 0 to 20 feet along the coast and from 0 to
150 feet in the interior, depending on depth of the well and artesian pressure
head. As most of the ground water is under artesian conditions, in general, the
deeper the well, the higher the water level. Flowing wells can be obtained in
most of the subregion and many have been drilled, the largest number, estimated
to be 75 to 100, being in Refugio County.

Each of the major aquifers in the Gulf Coast region yields fresh water to
wells in some parts of subregion IV. One major well in Karnes County obtains
water from sands in the Jackson Group; however, the well is screened also op-
posite sands in the Catahoula Tuff. Sands in the Catahoula, Oakville, and Lagar-
to serve as an aquifer for most of the major wells in Goliad and Karnes Counties,
in the northwestern half of Bee County including most of the city of Beeville

- 80 -



wells, in western Duval County, and in the parts of Jim Wells County and eastern
Duval County where the wells are more than 1,000 feet deep.

The chief aquifer is in the Goliad, Willis, and Lissie which yields water
to the major wells in Victoria, Live Oak, Kleberg, and Nueces Counties, the
southeastern half of Bee County, San Patricio County, most of Refugio County,
and in Jim Wells County and eastern Duval County where the wells are less than
1,000 feet deep. The maximum total thickness of the Goliad, Willis, and Lissie
sands in the fresh to slightly saline zone is 400 to 600 feet, the thickness
decreasing towards the coast. In southeastern Nueces County, the quality of
water from the sands of the aquifer in the Goliad, Willis, and Lissie changes
abruptly and irregularly from well to well. Presumably the difference in qual-
ity of water within short lateral distances is the result of the lenticularity
of the sands which hinders the flushing action of water moving downdip.

Sands in the Beaumont Clay serve as an aquifer for major wells in Aransas
County and the southeastern part of San Patricio County, and many of the wells
in eastern Refugio County.

The coefficient of transmissibility of the aquifer sands in the Catahoula,
Oakville, and Lagarto in subregion IV ranges from about 6,000 to about 35,000
gpd per foot. The coefficient generally is higher in Karnes, DeWitt, and Bee
Counties than in Webb, Duval, and Jim Wells Counties. The average discharge of
wells tapping the Catahoula, Oakville, and Lagarto in Karnes, DeWitt, and Bee
Counties is about 250 gpm, although yields of 1,000 gpm have been measured in
wells in Beeville. The specific capacities of wells in Karnes, DeWitt, and Bee
Counties ranges from less than 3 to more than 9 gpm per foot of drawdown. The
average discharge of wells tapping the Catahoula, Oakville, and Lagarto in Duval
and Jim Wells Counties is 200 gpm or less; however, yields as large as 800 gpm
have been recorded. The specific capacities of the wells in Duval and Jim Wells
Counties range from less than 2 to 5 gpm per foot of drawdown.

Coefficients of transmissibility of the aquifer sands in the Goliad, Willis,
and Lissie determined in the part of subregion IV north of the Nueces River
range from 11,000 to 67,000 gpd per foot. The average discharge of wells is be-
tween 500 and 900 gpm; some wells yield as much as 2,000 gpm in the vicinity of
Victoria. The specific capacities of wells tapping the Goliad, Willis, and
Lissie north of the Nueces River range from 5 to 65 gpm per foot of drawdown.

South of the Nueces River, coefficients of transmissibility ranging from
4,000 to 25,000 gallons per day per foot have been determined in the aquifer in
the Goliad, Willis, and Lissie. The average discharge of wells is about 300 gpm,
although discharge rates of as much as 1,000 gpm are reported. Specific capaci-
ties range from less than 4 to nearly 17 gallons per minute per foot of drawdown.

Sands in the Beaumont Clay in Refugio, San Patricio, and Aransas Counties
generally have a maximum coefficient of transmissibility of 2,000 to 3,000 gal-
lons per day per foot. Although discharge rates of as much as 300 gpm have been
measured, generally the discharge from wells tapping the Beaumont Clay is much
smaller.
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Chemical Quality

Ground water changes in chemical quality from fresh to saline both laterally
and vertically; however, this discussion will be limited to the general quality
trends of the water in the fresh to slightly saline zone. The water in that
zone is predominantly slightly alkaline, being hard to very hard near the sur-
face but becoming softer with increasing depth. Most of the water of better
quality occurs in the northeastern part, the quality tending to deteriorate to-
ward the southwest as the chloride and sulfate content increases. Analyses of
water from representative wells in subregion IV are shown in Table 8.

In some areas there is no fresh water, all the water in the fresh to slight-
ly saline zone being slightly saline. However, the water is the best available
and it is used for human consumption although it may contain enough chloride
and/or sulfate--and more rarely fluoride--to give the water a disagreeable taste
or produce irritating but not necessarily debilitating reactions in metobolic
processes (U. S. Public Health Service, 1946, p. 383). Water of this quality is
acceptable for industrial washing and cooling but is generally too mineralized
for use in manufacturing processes where the water is an ingredient or for use
in boilers.

Very little of the ground water in subregion IV would be acceptable for ir-
rigation, according to the standards suggested by the Department of Agriculture
for use in arid and semiarid areas. Most of the water has either a high salin-
ity or alkalinity hazard, or both. Some of the water of the fresh to slightly
saline zone is being used for irrigation and more could be used but it should be
used with restraint. Soil conditioning probably will be necessary at some future
time to combat the harmful cumulative effects from using this water for irriga-
tion. In addition to the high salinity and alkalinity hazards, excessive con-
tent of boron is found in water from the Oakville Sandstone in Jim Wells County.
(See analyses 21 and 22, Table 8.)

Table 9, which contains analyses made by the Campbell Laboratory of Corpus
Christi, shows the chemical composition of the water in the major sand zones
penetrated while drilling an irrigation well in San Patricio County. The ana-
lyses show an abrupt change in calcium-magnesium content and SAR below 443 feet.
By careful placement of well screens in such a well, water for irrigation possi-
bly can be obtained that will have only a small potential to cause possible soil
or plant damage, but the quantity of water obtained probably will be too small
for irrigation needs. Therefore, well screening or slotting usually is indis-
criminant. Analysis 23, Table 8, shows the resultant composition of the water
from an irrigation well in which the casing was slotted opposite most of the
sands between 281 feet and 751 feet. The well is in the same area as the one
from which analyses of water for Table 9 were obtained,.

The composition of the water from the sands between 398 and 443 feet below
the surface is anomalous to its depth (Table 9), the composition being more re-
presentative of a shallow water. This is a common anomaly and probably results
from the lenticularity of the sands.

Much of the water pumped from aquifers older than the Beaumont Clay carries
dissolved natural gases. The smell of hydrogen sulfide is noticeable around
many major wells while they are pumping. Aeration dispels the gas.
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Table 9.--Analyses of water from individual sands in a well 8 miles northwest of Sinton, San Patricio County.

(Analyses by Campbell Laboratory, Corpus Christi.

Results are in parts per million except SAR.)

; y Sodium and | Bicar- Dis- Hardness
S "
??EZE) (giéci Ca%g;?m Hag?;:;um potassium bonate S?ééage Ch%g;%de B?;?n solved as SAR
2 (Na + K) (HCO5) 4 solids CaCo,

175- 41 137 47 330 218 75 708 -- 1,484 536 6.4
205 )
260- 41 75 20 201 318 65 268 0.5 860 270 2.3
302

316- 20 69 21 186 322 116 196 .6 732 259 5.0
344

398- 21 183 44 246 272 284 464 .6 1,470 638 4,2
443

596- 16 12 5 329 286 55 316 1.8 918 i3 20
644

750 % 17 8 3 316 377 85 208 -- 876 32 24
900 * 23 9 3 326 395 80 217 - 838 35 24




Chemical analyses 1 through 6 (Table 8) show the change in composition of
the water in the aquifer in the Goliad, Willis, and Lissie from Victoria County
to Kleberg County along the strike of the formations, analyses 5 and 6 showing
a decided change in nitrate content.

Chemical analyses 2 and 7 through 12 show the changing composition of water
in the downdip direction in Karnes, Goliad, Refugio, and Aransas Counties. The
quality of the water from the Lagarto Clay seems to improve downdip (analyses 9
and 10, Table 8); conversely, water in the Goliad, Willis, and Lissie (analyses
2 and 11) deteriorates in quality downdip. The latter is more typical of the
water in the aquifers of the subregion.

Analyses 5 and 13 through 16 exemplify the variation of quality of waters
used for public supply in the southern part of the subregion.

Analyses 8 and 18 through 22 are of water from the Oakville Sandstone.
They clearly show the change in hardness with depth. The high fluoride and
boron content shown by analyses 21 and 22 is of water from the lower part of the
fresh to slightly saline zone.

Analysis 24 is representative of the composition of water used for irriga-
tion in southern Jim Wells County and northeastern Brooks County.

Analydes 25 through 27 are typical of the water from sands of the Beaumont
Clay. Analysis 25 probably is representative of water used for irrigation in
the eastern part of Refugio County.

Utilization

About 36 million gallons of ground water was used in subregion IV each day
in 1959 for domestic, municipal, industrial, and agricultural uses (Table 10),
the largest part being used for public supply.

During 1959, about 13 mgd was pumped from 133 public supply wells. All the
cities, towns, and villages depend on wells for public supply except Corpus
Christi, its suburbs, and seven other nearby towns. The exceptions obtain their
water from Lake Corpus Christi (on the Nueces River in Jim Wells, San Patricio,
and Live Oak Counties) or the Nueces River. Almost half the 400,000 (estimated)
population, both urban and rural, obtain their water from wells.

Wells supplied about 7.3 mgd in 1959 for industrial use from approximately
96 wells; however, surface-water sources--the Guadalupe River, Lake Corpus
Christi, and the Nueces River--supply most of the demand for water for industry.

About 9.3 mgd of ground water was pumped from approximately 115 wells in
1959 for irrigation in two principal areas--southern Bee and western San Patricio
Counties and southern Jim Wells and northeastern Brooks Counties. During 1959,
propitious rains lessened the need for irrigation and less water was pumped than
during normal years. In some years, the amount of water pumped for irrigation
probably exceeds the amount of water pumped for other uses. At the end of 1960,
a total of 147 irrigation wells was in use.
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Table 10.--Ground-water punpage in major

subdivisions of subregion IV, 1959

Flowing wells Public supply Industrial Irrigation Total*
M
ajor subdivisions mgd acre-ft./yr. med acre-ft,/yr, | mgd acre-ft./yr. | mgd acre-ft./yr. mgd acre-ft,/yr.
Guadalupe River Basin:
GU-13 0.14 157 0.56 627 0.88 986 0.14 160 1.7 1,900
San Antonio River Basin:
SA-8 -- -- 1.06 1,187 .20 224 .1 110 1.4 1,500
SA-9 - el e - - -- .14 160 .14 160
San Antonio-Nueces
Coastal Area:
GU-NU-1 29 325 .05 56 .18 202 .04 45 .56 630
GU-NU-2 -- -- -- -- 42 470 -- -- 42 470
GU-NU-3 -- -- .03 34 .22 246 .02 22 .27 300
GU-NU-4 -- -- .73 818 .11 123 -- -- .84 940
GU-NU-5 -= -- 2.78 3,114 .15 168 4.5 5,000 7.4 8,300
GU-NU-6 -- -- .39 437 .23 258 -- - .62 690
Nueces River Basin:
NU-33 -- -- 27 302 -- -- 1.0 1,100 1.3 1,400
Nueces-Rio Grande
Coastal Area;
NU-RG-1 -- -- .0 11 - -- -- -- .01 11
NU-RG-2 -- -= .22 246 .85 952 .01 11 1.1 1,200
NU-RG-3 - -- -- -- .16 179 -- -- .16 180
NU-RG-4 -- -- 6.57 7,359 1.34 1,500 .1 110 B.0 9,000
NU-RG-5 -- -- .25 280 .98 1,097 .29 320 1.5 1,700
NU-RG-6 -- -- .05 56 .65 729 .58 650 1.3 1,400
NU-RG-7 -- -- 48 538 .96 1,075 2.4 2,700 3.8 4,300
Subtotal, major wells 0.43 480 13 15,000 7.3 8,200 9.3 10,000 30 " 34,000
Domestic, livestock, and miscellaneous small wells 5 6,000
Total 35 41,000

* Figures are approximate because some of the pumpage rates are estimated.

cant figures. Public supply and industrial and other pumpage figures are shown to nearest 0.0l mgd and to nearest acre-foot. Totals
are rounded to two significant figures,.

Irrigation figures are shown to not more than two signifi-




Two wells in subregion IV are classified as major wells because they flow
more than 50 gpm. A well in Victoria County flows about 100 gpm and a well in
Refugio County flows about 200 gpm. The water from the wells is not used except
by livestock. There are many other flowing wells but the individual flows are
small. The total discharge of all the flowing wells is estimated to be about
0.9 mgd.

Livestock is dependent chiefly on ground water pumped by windmills or pro-
vided by controlled flowing wells, and the entire rural population also is de-
pendent on ground-water sources. About 5 mgd was pumped from the fresh to
slightly saline zone in 1959 for domestic and livestock use. Some of the live-
stock wells yield moderately saline water.

Changes in Water Levels

The ground-water resources of subregion IV have not been as extensively de-
veloped as those in the other subregions, most of the 396 major wells shown on
Plate 10 having been drilled since 1940. Consequently, declines in water level
have been small. Comparisons of recent water-level measurements in livestock
and domestic wells with measurements made in the 1930's showed practically no
change in water levels for a great part of the subregion.

Water levels have declined in small areas near major wells throughout the
subregion, but only in the southeastern part have they declined generally. In
south-central San Patricio County, water levels have declined 10 to 20 feet
since 1939, although apparently very little ground water has been pumped. No
appreciable decline has been noted in the irrigation area of northwestern San
Patricio County from the few measurements that have been made in the last few
years. However, a seasonal decline of several feet in the water levels in do-
mestic wells in the irrigation area during the pumping season has been reported
by well owners.

The greatest declines have occurred in three areas: (l)central Jim Wells
County, (2)southwestern Nueces and northwestern Kleberg Counties, and (3)southern
Jim Wells and northeastern Brooks Counties. In the vicinity of Alice in central
Jim Wells County, water levels have declined approximately 70 to 80 feet between
1932 and 1960. The decline near the Kleberg-Nueces County line, north of Kings-
ville, has been more than 100 feet since 1932 (Figure 16). Similarly, the great-
est decline in southern Jim Wells County and northeastern Brooks County has been
about 70 feet since 1932, and the depth to water in most wells in these areas
is now more than 100 feet. Most of the decline in the three areas occurred dur-
ing the 1940's; the decline has leveled off since the early 1950's although some
adjustment still continues. The declines in areas adjoining the centers of
greatest decline have continued at slower rates and the areas have nearly merged
so that now much of southwestern Nueces County, Jim Wells County, western Kleberg
County, northeastern Brooks County, and a small part of southeastern Duval County
show a decline of water levels.

The declines in water levels are related to the intensive pumping of water
from the major wells in the area, to climatic differences, and to the distribu-
tion of sand thickness. Some areas in Jackson and Wharton Counties in subregion
III have been as intensively pumped as the heavily pumped areas in subregion IV,
but the water levels have not declined as much because of the much greater sand
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thickness (more than 600 feet), and the higher rate of recharge and greater rain-
fall. In the heavily pumped areas in Nueces, Kleberg, and eastern Jim Wells
Counties, the sand thickness averages only about 200 feet, and the rate of re-
charge is lower due to less rainfall, higher evaporation, and possibly to the
retardation of percolation by caliche which underlies much of the area. Most of
the wells in Nueces and Kleberg Counties are pumping water from the same '"tongue"
of sand. Section L-L' (Figure 8) shows this '"tongue' of sand in the aquifer in
the Goliad, Willis, and Lissie extending almost to the coast. Where declines in
water levels have occurred, they have been greatest where the sand thickness is
least.

Problems

The fresh to slightly saline water zone of subregion IV must be protected
from the introduction of contaminating fluids. Contamination could occur during
exploration for oil and gas and subsequent activities or during the disposal of
salt water either on the surface or through injection wells. The maintenance of
high artesian pressure head helps protect the fresh to slightly saline zone. A
diminishing of artesian pressures enhances the possibility of updip salt-water
invasion, and may permit entry of overlying saline waters into the fresh to
slightly saline zone through corroded casings or through improperly constructed
wells.

Water adequate in both quantity and quality is of primary importance to
the life and growth of a population center or industry. In much of the southern
half of subregion IV, the quantity of water available from ground-water sources
is small. The best water obtainable in some areas is slightly saline, and,
therefore, the uses that can be made of it unless it is treated are limited.
In these areas of small supply, it is especially important that the wells be
adequately spaced so as to minimize interference effects and the resultant de-
crease of artesian pressure.

Irrigators should be conscious of the potential harm that can be done by
using water having a high sodium, boron, and dissolved-solids content. Damage
to soil structure commonly can be corrected, but it can be more easily prevented.

GROUND WATER IN THE COASTAL PART OF THE RIO GRANDE BASIN
AND ADJACENT COASTAL AREAS (SUBREGION V)

General

Subregion V includes about 6,300 square miles -- all or part of 10 counties
(Plate 13): Webb, Duval, Jim Hogg, Jim Wells, Brooks, Kenedy, Willacy, Cameron,
Hidalgo, and Starr. The population, about 350,000, is concentrated chiefly along
the Rio Grande; approximately two-thirds of the population is urban. The climate
is semiarid; the rainfall ranges from approximately 30 inches per year along the
coast to 20 inches along the western boundary.
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Occurrence

Fresh to slightly saline ground water occurs in most of this subregion; the
lateral extent of the water is shown on Plate l14. Only in eastern Cameron and
Willacy Counties and a few small areas in Kenedy and Hidalgo Counties is water
of this quality lacking. Even in these areas shallow reservoirs of small extent
but containing water of usable quality may be present; such reservoirs are com-
mon under the dune areas of the off-shore islands.

Plate 14 shows the depth to the base of the fresh to slightly saline water.
In some areas of Brooks and Jim Hogg Counties, the base extends to more than
2,500 feet below sea level; however, the total thickness of the sands in these
areas is not large. In most of the subregion, the thickness of the sands totals
200 to 400 feet (Plate 15), the greatest sand thickness, more than 600 feet,
being in north-central Hidalgo County. In the same area, the deepest water wells
in the subregion, more than 1,500 feet deep, withdraw water from near the base
of the fresh to slightly saline zone. Most of the wells in the subregion are
less than 1,000 feet deep.

The base of the fresh to slightly saline water zone, as shown on Plate 14,
is generalized because of incomplete data and because the base changes so abrupt-
ly that the details of the changes could not be shown on a map of the scale used.
The aquifers thicken and thin and are laterally discontinous; productive and non-
productive wells can be drilled within short distances of each other. In the
western part natural gas commonly occurs in the sands. On the electric logs,
such gas-containing sands may seem to contain fresh water when they do not.

In southeastern Hidalgo County, the map of the base of the fresh to slightly
saline water shows a small area which contains no water of that quality. This
represents a gap between two sand zones, one below 800 feet extending to the
north, the other above 650 feet extending to the south.

In more than half of the subregion, sands containing salt water overlie the
fresh to slightly saline zone. Plate 14 shows the approximate western limits of
these sands.

Section L-L' (Figure 8), extending across the northern part, shows the
fresh to slightly saline zone, the corresponding sand thickness, and the inland
extent of the overlying salt-water zone. Fresh to slightly saline water travels
long distances downdip in the sands of the Catahoula Tuff and Oakville Sandstone
and even greater distances in the aquifer sands of the Goliad, Willis, and Lis-
sie. The latter aquifer underlies Kenedy County and parts of Brooks, Willacy,
Cameron, and Hidalgo Counties, constituting the only source of fresh to slightly
saline water in most of Kenedy and Willacy Counties.

Section M-M' (Figure 8), in the southern part, shows the fresh to slightly
saline zone and corresponding sand thickness in the sediments underlying the Rio
Grande Valley. Formational contacts could not be discerned, but the sediments
are probably Goliad (Pliocene) to Recent in age.

Section N-P (Figure 8), lying in a north-south direction through the center
of the subregion, shows the fresh to slightly saline zone and corresponding sand
thickness, but no formational contacts.



In western Jim Hogg and southeastern Webb Counties, water is obtained from
the sands of the Catahoula Tuff. The major wells in northeastern Starr and
southeastern Jim Hogg Counties and the wells more than 1,000 feet deep in south-
eastern Duval County tap the sands of the Oakville Sandstone. Sands of the
Goliad, Willis, and Lissie yield water to most of the wells in Brooks, Kenedy,
Willacy, and northern Hidalgo Counties. Sands in the Beaumont Clay and Recent
sediments are the principal aquifers along the Rio Grande in Hidalgo and Cameron
Counties.

The average coefficient of transmissibility of the fresh to slightly saline
water sands in the Catahoula, Oakville, and Lagarto in subregion V is about
5,000 gpd per ft., although it may be as much as 2 or 3 times greater locally.
The average specific capacity of wells tapping that aquifer probably is less
than 2 gpm per foot of drawdown and the average yield generally is less than
300 gpm.

The coefficient of transmissibility of the fresh to slightly saline water
sands in the Goliad, Willis, and Lissie ranges from less than 5,000 to as much
as 40,000 gpd per ft., the larger coefficients being measured in Hidalgo and
Cameron Counties. The specific capacities of major wells tapping the Goliad,
Willis, and Lissie in the subregion range from less than 5 to 20 gpm per foot
of drawdown. The average discharge is about 300 gpm although some major wells
yield 1,000 gpm, or more.

The alluvium in the Rio Grande Valley in Cameron and Hidalge Counties has
a coefficient of transmissibility ranging from 5,000 to 70,000 gpd per ft. The
range is great because of the extreme heterogeneity of the deposits constituting
the alluvium. The specific capacities of wells tapping the alluvium range from
less than 5 to 35 gpm per foot of drawdown. The average discharge of major wells
probably is less than 500 gpm; however, discharges have been measured in excess
of 2,500 gpm. i | ¢

Chemical Quality

The chemical quality of the ground water of subregion V varies from fresh
to saline; however, this discussion will be limited to the general trends and
characteristics of the water in the fresh to slightly saline zone. Most of the
water within this zone is slightly saline; it is predominately slightly alka-
line, having high sulfate, chloride, and sodium contents. Ground waters in the
southern half of the subregion generally have a higher sulfate content than the
waters in the northern half, Nitrate content ranges from 0 to more than 50 ppm.
The hardness is variable, in most places decreasing with depth in the fresh to
slightly saline zone. The dissolved-solids content increases with depth except
in areas where saline water overlies fresh water. In these areas the dissolved-
solids content decreases with depth before increasing again as the base of the
fresh to slightly saline water is approached.

Industry can readily use water of the quality which is predominant for
cooling and washing. However, the slight salinity of most of the water pre- .
cludes its use in boilers and in some refined products without first being treat-
ed. The U. S. Public Health Service (1946, p. 383) does not advise the use of
slightly saline water for human consumption, but it is the best quality water
available in many areas and the water is consumed by residents with no apparent
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ill effects. Some ground waters have a nitrate content higher than 44 ppm.
Such waters may be harmful to infants (Maxcy, 1950, p. 271).

Most of the water in the fresh to slightly saline zone is slightly saline
and is, therefore, either marginal or unsuited for irrigation. The constant use
of slightly saline water may cause high salinity in the soil which would cause
damage to crops and possibly harm the soil. However, under proper irrigation
management and on favorable soil, some slightly saline water can be used for
irrigation.

Of more significance to the irrigator is the sodium-adsorption-ratio (SAR)
of his irrigation water. Water having a high SAR may cause serious soil damage
because most of the dissolved sodium of the water has the potential for entering
the soil structure by base exchange; the soil then becomes less permeable and
less tillable. Adding calcium to the soil (for example, by spreading gypsum)
may alleviate the damage done to a soil irrigated with water having a high SAR.

The sodium-adsorption-ratios range from 1.3 to more than 50. Water from
the lower part of the fresh to slightly saline zone generally has a high SAR
(see analyses 7 to 9, Table 11), making it undesirable for irrigation. The same
waters may also have a high boron content.

In summary, much of the ground water of subregion V is unsuitable for irri-
gation because of high salinity hazard, high SAR, and high boron content. Most
of the water used for irrigation in 1959 in northeastern Brooks County, north-
central and southern Hidalgo County, southwestern Willacy County, and western
Cameron County is marginal. The ground water of best quality in the subregion
occurs along the Rio Grande in southeastern Hidalgo County (analysis 14, Table
11). Periodic treatment of the soil with gypsum and correct irrigation practices
will prevent soil or crop damage by these marginal waters. Where more mineral-
ized waters are used for irrigation, the soil or crop probably will be damaged
to some extent.

The chemical analyses given in Table 11 were chosen from hundreds of analy-
ses to be representative of water of subregion V. Analysis 1 is representative
of the composition of water from the lower part of the fresh to slightly saline
zone in Jim Hogg County, the water coming from sands in the Catahoula Tuff.
Analysis 4 shows the composition of water from the Oakville Sandstone in north-
eastern Starr County. The water is slightly alkaline, slightly saline, and mod-
erately hard, During the past 10 to 20 years, it has been used by industry in
the area as a coolant in industrial processes. It is used also for irrigation
and domestic purposes, but the amount pumped for such purposes is small.

Analyses 2, 3, and 5 through 10 are representative of the variable composi-
tion of water from the aquifer sands of the Goliad, Willis, and Lissie in the
subregion. Analyses 2 and 3 are representative of the quality of ground water
in Jim Hogg County in the upper part of the fresh to slightly saline zone. The
ground water commonly found in the northern half of the subregion has a high
nitrate content as shown by analyses 2, 3, and 6. Although analysis 5 is of
water from a public-supply well, it is also typical of the water used for irri-
gation in northeastern Brooks County. Waters represented by analyses 7 and 8
are used for irrigation in north-central Hidalgo County. Analysis 9 is of water
from a public-supply well in Willacy County; the sulfate and chloride content
and the amount of dissolved solids greatly exceed the limits recommended by
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the U. S. Public Health Service; however, this is the best available ground

water in this area. Most of the water obtained from aquifer sands in the Goliad,
Willis, and Lissie underlying Kenedy, Willacy, and Cameron Counties and the east-
ern part of Hidalgo County is of similar quality to that shown in analysis 9.

Analyses 10 through 15 illustrate the range of composition of water in
Hidalgo and Cameron Counties. Analyses 10 through 13 are of water from public-
supply wells, although nearby wells pump water from the same aquifers for irri-
gation. Analyses 14 and 15 are of water from irrigation wells. Most of the
ground water used in this area is slightly saline and even some moderately saline
waters are used for irrigation.

The waters of the nearby Rio Grande are generally of better quality than
the ground water underlying Hidalgo and Cameron Counties; thus, when possible,
waters of the Rio Grande are used for public supply. Most of the public-supply
wells in this area are '"'stand-by" wells, an emergency source of water. Much
water from the Rio Grande is used also for irrigation but the demand for irriga-
tion water cannot be entirely satisfied with surface water. Therefore, the irri-
gation wells are used in two ways: (1)they pump ground water for use on the im-
mediately adjacent land, and (2)they pump ground water into one of the extensive
canal systems which carry water from the Rio Grande to increase the amount of
water available for irrigation to canal users.

Utilization

Ground water has long been important in the coastal part of the Rio Grande
Basin and adjacent coastal areas as the only dependable source of supply, the
only perennial river being the Rio Grande. Before and during the recent drought
which ended in 1957, the waters of the Rio Grande were insufficient to fulfill
the many demands; therefore, many wells were drilled to obtain supplementary
water. Most of the wells are still being used to extend the surface-water sup-
plies, although the supply of water from the Rio Grande has been much larger
and more dependable since the completion in 1954 of Falcon Reservoir, 60 miles
west-northwest of McAllen. Most of the water used for irrigation and public
supply is obtained from surface-water sources.

No large springs are known, but there are many flowing wells, most of which
are controlled by valves or other means of restricting the flow. Kenedy County
has the largest number of flowing wells; the largest reported flow is 75 gpm
from a controlled well in Kenedy County.

Most of the livestock and much of the rural population are dependent on
windmill or flowing wells for water in subregion V and about 4 mgd was pumped
in 1959 for livestock and rural domestic use. Part of the water so used is
probably moderately saline.

About 120 mgd of ground water was pumped in 1959, 1.5 mgd being for indus-
trial uses, 5.7 mgd for public supply, and 110 mgd for irrigation. The esti-
mated pumpage for 1959 is given in Table 12. There were 58 public-supply wells,
39 industrial wells, and approximately 1,500 irrigation wells in 1959, although
not all were pumped in 1959,
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Table 12.--Ground-water pumpage in major subdivisions of subregion V, 1959

__CG-

. e Public supply Industrial Irrigation Total*

Major subdivisions mgd |acre-ft./yr. | mgd [acre-ft./yr. mgd |acre-ft./yr. | mgd [acre-ft./yr.
Nueces-Rio Grande

undivided coastal area

NU-RG-U-1 1.2 1,344 0.74 829 29.0 32,000 31 34,000
Nueces-Rio Grande

undivided coastal area

NU-RG-U-2 and Rio

Grande Basin RG-63 4.5 5,041 .78 874 85.0 95,000 90 100,000
Subtotal, major wells 5.7 6,400 Yo 1,700 110 130,000 120 140,000
Domestic, livestock, and miscellaneous wells & 4,400
Total 120 140,000

* Figures are approximate because some of the pumpage rates are estimated. Irrigation figures are shown
to not more than two significant figures. Public supply and industrial and other pumpage figures are shown
to nearest 0.0l mgd and to nearest acre-foot. Totals are rounded to two significant figures.




The main areas of irrigation are in the northeast part of Brooks County,
the north-central and southern half of Hidalgo County, the southwestern part of
Willacy County, and western Cameron County. As mentioned above, more ground
water is pumped for irrigation than for all other uses combined. The pumpage
for irrigation is very difficult to determine as the need for irrigation with
ground water varies according to the rainfall, type of crop, and availability
of surface water. The estimated pumpage figures shown in Table 12 were deter-
mined from an evaluation of the number of acres irrigated (Keese, 1959), esti-
mated water requirements of irrigated crops, and estimated rainfall.

Changes in Water Levels

Water levels have changed little where the ground water has been only
sligntly developed, but appreciably in a few areas. According to water-level
measurements made during the last 10 to 25 years, declines have been substantial
in the following areas: (l)northeastern Brooks, southwestern Jim Wells, and
southeastern Duval Counties, and (2)in north-central Hidalgo County. Although
comparative water-level measurements are not available, declines may have been
sizeable also in northeastern Starr County. Comparative water-level measurements
in wells in the southwestern part of Cameron County show that water levels de-
clined during the drought years 1945-57 and have since returned to or are above
their former levels, and drainage problems have been created in some areas.
Ground-water conditions and development in southern Hidalgo County are similar
to those in southwestern Cameron County and water-level changes there probably
have been similar.

In the northeastern Brooks-southwestern Jim Wells-southeastern Duval County
area, water levels generally have declined many feet. Comparisons of water-
level measurements made in 1932-33 with 1960 measurements show a maximum decline
of 65 feet in the vicinity of Falfurrias, Brooks County. The decline diminishes
to the south, southwest, and west. The rate of decline seems to have slowed
since 1953 although the water levels are still declining somewhat.

In the area of intensive irrigation about 15 miles north of Edinburg, Hi-
dalgo County, water levels have declined 10 to 20 feet in wells less than 260
feet deep during the approximate period 1950-60. Water levels in the few deeper
wells in the same area apparently have not declined appreciably.

Problems

Subregion V has not been as well endowed with ground water as the other sub-
regions. Fresh to slightly saline water may be found at great depths, but the
total thickness of sands in the aquifers is small in comparison with that in the
other subregions. Water of desirable quality, such as water containing less than
1,000 ppm dissolved-solids content for public supply, is difficult or impossible
to obtain from ground-water sources in many areas. Even so, ground water must
be conserved and protected. Man's conversion of saline water to fresh water is
still too costly to compete with naturally converted water. The fresh to slight-
ly saline zone must be protected from contaminating fluids, the introduction of
which may occur during oil and gas exploration and subsequent activities or dur-
ing the disposal of wastes either on the surface or through injection wells.
Conservation of artesian pressure should be encouraged by publicizing the most
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efficient methods of using water. A lessening of artesian pressure causes a
decline of water levels and a corresponding increase in pumping costs, enhances
the possibility of updip salt-water invasion, and may permit the entry of over-
lying saline waters into the fresh to slightly saline zone through the corroded
casings of old wells or improperly constructed wells,

In part of the irrigation area of southern Hidalgo County and western
Cameron County, the water table is so close to the land surface that the land
cannot be worked; some lands will be "drowned" if corrective measures are not
applied. This water-logging has resulted from clearing the land of phreatophytes
and applying surface waters for irrigation.

Soil and crop damage is a constant threat when ground water of the quality
found in most of the fresh to slightly saline zone is used for irrigation. In
some places, adding gypsum to the irrigation water or applying it directly to
the soil should prevent destruction of favorable soil structure by the sodium
content of the water. Proper water management will lessen the chance of crop
damage from waters having a high salinity hazard or containing injurious con-
centrations of harmful elements such as boron.

Additional detailed ground-water studies are needed in subregion V parti-
cularly to define the extent and quality of the ground-water body in the Lower
Rio Grande Valley and to determine the interrelation between ground water and
water in the Rio Grande.

AVAILABILITY OF GROUND WATER

One of the chief objectives of the reconnaissance of the river basins of
Texas was to determine the order of magnitude of ground-water supplies available
in each river basin. A method was devised that will permit at least a compari-
son of one area with another and provide a preliminary estimate of the potential
water available. A reliable estimate of the amount of water available and the
proportion that might be recovered will have to await more detailed data and im-
proved methods. Many undetermined factors have a great bearing on the avail-
ability of the ground water. Among these are the amount of recharge to the aqui~-
fers, the amount of natural discharge that can be salvaged, the effect of verti-
cal leakage in areas of lowered artesian pressure, and the amount of water that
will be released by compaction of the clays as the artesian pressures are lower-
ed. Other undetermined factors are the effects of updip salt-water movement,
effects of subsidence and other causes on pumpage distribution, and economic
conditions that will determine the price that will be paid for water.

The calculations of availability in this report are for only the principal
aquifer in the region (in the Goliad, Willis, and Lissie) because the data for
the other aquifers are meager and the inclusion of the calculations for the other
aquifers would add only relatively small amounts to the total availability
figures.

The maps depicting the transmissibility of the aquifer and the thickness of
the water-bearing sands (Figure 13 and Plates 3, 6, 9, 12, and 15) were used
with the following assumptions to estimate the relative ground-water avail-
ability:

- 97 =



P — e e

l. Water levels will be lowered to a maximum depth of 400 feet along a
line of discharge approximately paralleling the outcrop area and lying approxi-
mately midway between the center line of the outcrop and the salt-water inter-
face, tine line generally lying within the area of the greatest depth of fresh .
water.

2. No water moves downward into the aquifer except in the outcrop area
where all recharge is assumed to occur along a line parallel to the strike of
the outcrop and in the middle of the outcrop.

3. TFor computation of water available from storage:

a. The altitude of the water levels is the same and remains the same
at all points along the center line of the outcrop (assumed effective line
source of recharge); the altitude of the water levels is the same at all
points along the salt-water interface; and the altitude of the water levels
is the same at all points along the line of discharge.

b. The net coefficient of storage is 0.10 and includes those parts
of the storage coefficient related to water released from storage as the
result of draining, compaction, and depressurizing.

c. The slope of the water surface will be constant after drawdown to
400 feet at the line of discharge.

4. For computations of the average transmission capacity of the aquifer
(defined here as the quantity of water which can be transmitted through a given
width of an aquifer at a given hydraulic gradient):

a. No further decline in water levels will occur along the line v
source of recharge (assumes adequate recharge to maintain present water
level).

b. The hydraulic gradient is the slope of a straight line from the
water level at the line source of recharge to the water level along the
line of discharge.

c. The average hydraulic gradient is the average of the present hy-
draulic gradient and the maximum hydraulic gradient that can be attained
with a water level of 400 feet at the line of discharge.

d. All the sands between the line source of recharge and the line of
discharge transmit water from the outcrop area to the line of discharge.
The assumed average coefficient of transmissibility of these sands in each
subregion is shown in Table 13.

e. Where recharge is considered, the amount of recharge along the
line source is sufficient to supply the water that can be transmitted to
the line of discharge at the assumed gradients.

f. The only increment to the water moving toward the line of dis-

charge from the coastal side is that water released from storage as a result
of lowering water levels. :
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For purposes of computation, different rates of withdrawal include (1) the
present rate of withdrawal (Table 14) and (2)rates arbitrarily chosen based on
reasonable estimates of potential development. These rates of withdrawal, the
amount of water in transient storage, and the average transmission capacity
were used to determine the time required to meet the above assumptions. Only
the amount of water in transient storage was used in computing the time required
to meet the condition of no recharge. Results of the calculations are presented
in Table 13 with the warning that the figures can be changed by a factor of
several times by a small change in any one of several of the above assumptions.
Limited basic data analyzed on a regional basis under assumed development condi-
tions provide a preliminary estimate of potential water available. Thus, these
preliminary estimates, which are especially suited for comparative purposes,
will need to be revised and kept current as development takes place and more
data become available.

Subregions I, II, and III, the parts of the region northeast of the Guada-
lupe River, contain more fresh to slightly saline water per mile of outcrop in
transient storage than do subregions IV and V, the parts southwest of the Guada-
lupe River. Also, northeast of the Guadalupe River, the aquifer is capable of
transmitting more water, as shown by the higher transmission capacities. In the
northeast where precipitation is greater and evaporation is less than in the
southwest, precipitation is probably sufficient to overcome losses of evapotran-
spiration and still maintain adequate recharge under the conditions imposed.
Recharge may be adequate to maintain water levels in the outcrop even southwest
of the Guadalupe because the amount of recharge necessary to equal the trans-
mission capacity is so small.

In a large part of subregions IV and V, salt-water sands overlie fresh to
slightly saline water sands (Plates 11 and 14). The estimate of total water in
storage above the base of the fresh to slightly saline water zone was decreased
by 65 percent in subregion IV and 75 percent in subregion V and presented as an
estimate of the amount of fresh to slightly saline water in transient storage.

The most favorable area for availability of ground water is northeast of
the Guadalupe River, and the areas of most concentrated withdrawal lie within
the area of greatest availability. Although water levels have declined signi-
ficantly in the Houston area, the Gulf Coast region as a whole could support
additional ground-water withdrawals of the same magnitude. The problems that
would be encountered with more intensive development in the next 50 years are
those of salt-water invasion and land-surface subsidence rather than excessive
depth of pumping levels.

The amounts of water listed as available in Table 13 are conservative be-
cause the assumptions ignore water contributed by compaction of the fine-grained
materials and by recharge and vertical movement of water throughout the cone of
depression--that is, water is derived not only from the line source in the cen-
ter of the outcrop. In the Houston area (subregion II), for example, the prin-
cipal sources of water pumped to date appear to be from storage, from compaction,
and from local recharge rather than being transmitted from the outcrop of the
Lissie Formation and the Willis Sand.

Another factor that would increase the water available is the distribution
of withdrawals throughout the subregion instead of along a line of discharge as
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Table 14,=--Summary of ground-water pumpage in the Gulf Coast region, 1959

10T

Sub- Public supply Industrial Irrigation Miscellaneous Total*
region mgd acre-ft, /yr, mgd acre-ft,/yr. mgd acre-ft./yr. mgd acre-ft./yr. mgd acre-ft,/yr.
I 4.9 5,500 38 43,000 20 23,000 7 7,800 71 80,000
I1 120 140,000 110 130,000 100 120,000 10 11,000 350 390,000
111 12 14,000 23 25,000 190 220,000 8 9,000 240 270,000
1v 13 15,000 7.3 8,200 9.3 10,000 5.4 6,000 36 40,000
v St 6,400 1.5 1,700 110 130,000 4 4,400 120 140,000

Total* 160 180,000 180 210,000 430 500,000 34 38,000 820 920,000

* Totals are approximate because most figures in the table have been rounded to two significant figures and totals are further
rounded to two significant figures.




assumed. By moving wells closer to the outcrop, steeper gradients could be es-
tablished that would increase the flow of water through the aquifer.

A factor which might be overlooked in a cursory examination of Table 13 is
the extremely large quantity of water in storage. For example, the table shows
that about 36 million acre-feet of fresh to slightly saline water is in storage
in subregion III. It also shows that it would take 60 years of pumping 500 mgd
in subregion III (about twice the 1959 rate of pumping) to lower the water levels
along the line of discharge to 400 feet. This is based on the assumption of no
recharge--that is, all of the water is being taken from storage.

Continuing study as development continues plus the utilization of new
techniques, such as the analog model of the aquifer in the Houston district un-
der construction in 1962, will aid in the calculation of more reliable estimates
tnan those presented in Table 13.
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