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GROUND-WATER RESOURCES OF

BEE COUNTY, TEXAS

ABSTRACT

Bee County, in south-central Texas in the West Gulf Coastal Plain, has an
area of 342 square miles. The topography ranges from nearly flat lands in the
southern part of the county to gently rolling hills in the northwestern part.

Rock formations that crop out and yield fresh to slightly saline ground
water are sedimentary deposits of Tertiary and Quaternary age. In order of
decreasing age, the formations are Catahoula Tuff, Oakville Sandstone, Lagarto
Clay, liad Sand, Lissie Formation, Beaumont Clay, and alluvium. The forma-
tions consist principally of interconnected and interbedded sand and clay
deposits which are hydrologically connected. The deposits, except those of
Recent age, crop out in belts roughly parallel to the coast line and dip south-
eastward at an angle greater than the slope of the land, thereby creating favor-
able conditions for the occurrence of artesian water. The deposits of Recent
age are exposed in the stream valleys.

Ground water in the county moves southeastward from areas of recharge to
areas of discharge at about 10 feet per year. Precipitation on the outcrop of
the formations is the primary source of recharge; and because the water table
averages about 50 feet below land surface, little if any ground water is dis-
charged to streams or lost through evaporation or consumption by vegetation.

A total of about 6,300 acre-feet per year, or about 5.6 mgd (million gal-
lons per day), was pumped from wells in 1963 to supply the needs of Bee County.
The pumpage was about 2.3 mgd (72 percent pumped by Beeville) for public supply,
1.3 mgd for irrigation, 0.7 mgd for industrial use, and about 1.2 mgd for rural
domestic and stock needs.

Ground-water levels have declined.only slightly in the last 25 years. The
average decline in 17 wells was 2.4 feet since 1939, or about 0.l foot per year.

Additional ground water is available for development. About 8 mgd could be
pumped perennially without depleting the supply. In addition to the 8 mgd,
about 10,000,000 acre-feet of water in transient storage is available for devel-
opment at depths less than 400 feet below land surface.

Areas most favorable for the development of additiomal supplies of ground
water are in the southeastern half of the county where fresh to slightly saline
water-bearing sand--containing less than 3,000 ppm (parts per million) dissolved
solids--is thickest, Sufficient quantities of water for rural domestic and



stock needs can be obtained in most places from wells 150 feet deep, except in
the outcrop of the Catahoula Tuff where wells may have to be drilled deeper than
300 feet.

The chemical quality of the ground water in the water-bearing formations is
generally suitable for public supply, many industrial uses, and supplemental
irrigation. Much of the water is hard, especially the relatively shallow water;
but soft water may be obtained in places from depths exceeding about 800 feet.
The dissolved-solids content of the water is rarely less than 500 ppm, but water
having less than 1,000 ppm dissolved solids is available in many places. Gener-
ally, the better quality water for supplemental irrigation is found at rela-
tively shallow depths.

The use of unlined open surface pits for the disposal of oil-field salt
water is a threat to the potable water supply, and contamination from this
source is believed to be occurring in some places. In 1961, almost 10,000 bar-
rels of salt water per day was placed in open surface pits in the county.



GROUND-WATER RESOURCES OF

BEE COUNTY, TEXAS

INTRODUCTION

Purpose and Scope of Investigation

In October 1963, the investigation in Bee County was begun as a cooperative
project of the then Texas Water Commission and the U.S. Geological Survey. The
purpose was to determine the occurrence, availability, dependability, quality,
and quantity of the ground-water resources of the county and to publish these
data as a guide to developing and obtaining maximum benefits from the available
ground-water supplies.

Specifically included in the investigation were: a delineation of the loca-
tion and extent of fresh to slightly saline--less than 3,000 ppm (parts per mil-
lion) dissolved solids--water-bearing sands; the chemical quality of the water
contained; the quantity of water being withdrawn and the effects of these with-
drawals on water levels and quality; the hydraulic characteristics of the impor-
tant water-bearing sands; and an estimate of the quantity of ground water avail-
able for development.

For purposes of this report, small yields of wells are those less than 100

gpm (gallons per minute), moderate are 100 to 1,000 gpm, and large are more than
1,000 gpm. ’

Methods of Investigation

To accomplish the main objectives of the investigation, the following
detailed work was performed.

1. An inventory was made of 507 water wells and 25 oil tests (Table 5).
The locations of the wells inventoried are shown in Plate 1.

2. Drillers' logs of 34 wells were obtained (Table 6), and more than 600
electric logs were examined in order to correlate the subsurface geology and to
define the sand zones that comprise the aquifers.

3. An inventory was made of present and past ground-water pumpage.

4, Pumping tests were run on nine wells to determine the hydraulic charac-
teristics of the aquifers.

5. Elevations from topographic maps were obtained for altitude control.

-3 -



6. Measurements of water levels in wells were made and records of past
fluctuations were compiled.

7. Climatological and streamflow data were collected and compiled.

8. Samples of water from 85 wells and 17 salt-water disposal pits were col-
lected for chemical analysis and earlier available analyses on some wells were
compiled for comparison of quality-of-water changes (Tables 7 and 8).

9. The hydrologic data were analyzed to determine the quantity and quality

of water available for development.

Previous Investigations

Pricr to this investigation, few detailed studies had been made of the
ground-water resources of Bee County. Among the first was a brief investigation
in 1934, the results of which were discussed in reports by Lynch (1935a, b). A
well inventory made during 1939 and 1940 included records of water wells and
test wells, drillers' logs, chemical analyses of water, and a map showing loca-
tions of the wells (Lynch and Frazier, 1941). Broadhurst, Sundstrom, and Rowley
(1950, p. 21-24) presented a summarized description of the public water supplies
of southern Texas, including those of Beeville and Pettus. Wood's report (1956)
on the availability of ground water in the Gulf Coast region applied to part of
Bee County. Most of Bee County was considered in a reconnaissance investigation
of the ground-water resources of the Gulf Coast region by Wood, Gabrysch, and
Marvin (1963).

Although the geology of Bee County has not been studied in detail, the gen-
eral geology of the county was included in reports by Deussen (1924) and by
Sellards, Adkins, and Plummer (1932). The surface geology of the county is
shown on the Geologic Map of Texas (Darton and others, 1937). Doering (1956),
in his paper on the Quaternary formations of the Gulf Coast, has suggested
changes in the Geologic Map of Texas, particularly in the Pleistocene units.

Location and Extent of Area

Bee County is in south-central Texas in the West Gulf Coastal Plain (Figure
1). It is bordered on the north by Karnes County, on the east by Goliad and
Refugio Counties, on the south by San Patricio County, and on the west by Live
Oak County. Beeville, the county seat and the principal commercial center in
the county, is about 60 miles northwest of Corpus Christi and about 90 miles
southeast of San Antonio. Pettus, Tuleta, and Skidmore are local markets and
shipping centers serving farming, ranching, and oil-producing areas. The area
of the county is 842 square miles.

Topography and Drainage

The land surface of Bee County, sloping generally toward the coast, is mod-
erately rolling and hilly in the northern part and nearly flat to slightly roll-
ing in the southern part. The altitude of the land surface ranges from 80 feet
along the southeastern boundary of the county to about 500 feet in the northern
part.

-4 -
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The major streams draining Bee County are the Aransas River, Medio Creek,
and Blanco Creek. The streams are dry most of the time except after storm peri-
ods when surface runoff occurs.

The U.S. Geological Survey established a stream-gaging station on Medio
Creek, 8 miles northeast of Beeville in March 1962, From March through Septem-
ber 1962, runoff occurred on 16 days, the maximum daily discharge being 1,250
cubic feet per second and the total discharge being 4,225 acre-feet. From Octo-
ber 1, 1962 through September 30, 1963, runoff occurred on 20 days--the total
discharge being 1,760 acre-feet.

A stream-gaging station on Aransas River, about 4 miles northeast of Skid-
more, was established in March 1964. Records are not yet sufficient to evaluate
the flow at the station.

Some of the ranchers have constructed small surface ponds to catch runoff

water for stock supplies, but no large surface reservoirs have been built in the
county and no surface water is used for irrigation.

Population and Economy

During a 10-year period, 1950-60, the population of Bee County increased
approximately 30 percent. In 1960 the population was 23,755, while that of
Beeville was 13,8l1--more than half of the total number. The small towns of
Pettus, Skidmore, Pawnee, Mineral, Tuleta, Normanna, and Tulsita had a combined
population of about 1,400,

Expansion of the o0il industry, coupled with farming and ranching, has
resulted in a relatively stable economy. Some of the smaller towns serve as mar-
kets and shipping centers for farming, ranching, and oil products. Small indus-
tries in Beeville produce brooms, bedding, leather items, bakery goods, carbon-
ated beverages, and metal products, many of which are marketed outside of the
county.

Numerous highways and the railroad facilitate transportation and shipping.
Furthermore, the proximity of the county to the port of Corpus Christi makes
shipping by water an economic advantage.

Climate

Bee County has a dry subhumid climate according to the classification of
Thornthwaite (1941, p. 2). At the weather station 5 miles northeast of Beeville,
the precipitation averaged 29.32 inches annually during the period 1915 to 1962
and was fairly well distributed throughout the year, being greatest in September
(3.8 inches) and least in February (1.7 inches). (See Figure 2.) The total
annual precipitation usually is sufficient for most of the farm crops; however,
irrigation is used when rainfall is deficient.

The average annual gross lake-surface evaporation of about 58 inches (Lowry,
1960) is about twice the average annual precipitation. Evaporation is lowest in
February (2.7 inches), gradually increasing as the temperature becomes warmer,
and reaching a peak in August (7.9 inches).

-6 -
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The average annual temperature in Bee County is 70,7°F, the average January
temperature being about 55°F and the average August temperature about 85°F. The
mild climate is favorable to a widely diversified agriculture. Usually more
than one crop may be grown per year, because the average frost-free period is
287 days.

Numbering Systems for Wells and Disposal Pits

The well-numbering system used in this report is the one adopted by the
Texas Water Development Board for use throughout the State and is based on lati-
tude and longitude., Under this system, each l-degree quadrangle in the State is
given a number consisting of 2 digits. These are the first 2 digits appearing
in the well number. Each 1-degree quadrangle is divided into 74-minute quadran-
gles which are also given 2-digit numbers from Ol to 64, These are the third
and fourth digits of the well number. Each 75-minute quadrangle is divided into
2%-minute quadrangles which are given single-digit numbers from 1 to 9. These
are the fifth digits of the well number. Finally, each well within a 2% -minute
quadrangle is given a 2-digit number in the order in which the well is invento-
ried, starting with Ol. These are the last 2 digits of the well number. In
addition to the 7-digit well number, a 2-letter prefix is used to identify the
county. The prefixes for Bee and adjacent counties are:

County Prefix
Bee AW
Goliad KP
Karnes PZ
Live Oak SJ
Refugio WH
San Patricio WW

For example, well AW-79-51-501 is in Bee County, in the Il-degree quadrangle
number 7%, in the 7%—minute quadrangle 51, the 2%—minute quadrangle 5, and was
the first well (0l) inventoried in that 2z-minute quadrangle.

The numbering system for the salt-water disposal pits is an abbreviated
form of the State well-numbering system, the pit numbers consisting of only 5
digits and an alphabetical prefix. The first 4 digits continue to signify the
numbers of the l-degree and 7%—minute quadrangles in the State. The fifth digit,
however, indicates the number of the pit, in the order in which the pit was
inventoried in the 7%-minute quadrangle. The 2-letter prefix again identifies
the county.

For example, pit number AW-79-26-3 is in Bee Countyv, in the 1l-degree quad-
rangle number 79, in the 75-minute quadrangle 26, and was the third pit invento-
ried in that 73-minute quadrangle.



On the map showing the locations of wells and salt-water disposal pits in
Bee County (Plate 1), the l-degree and 7:-minute quadrangles are shown and num-
bered; the 2%-minute quadrangles are not shown, because they would obscure other
details. The 3-digit number shown with the well symbol includes the number of
the 23-minute quadrangle in which the well is located and the number of the well
within that quadrangle, The l-digit number shown with the pit symbol indicates
the order in which the pit was inventoried within the 7&-minute quadrangle.
Table 1 shows the well numbers used in this report and the corresponding numbers
used in the report by Lynch and Frazier (1941).
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GEOLOGY

Rock Formations and Their Water-Bearing Properties

The rock formations that crop out in the county are sedimentary deposits of
Tertiary and Quaternary age, They include, in order of decreasing age, the
Catahoula Tuff, Oakville Sandstone, Lagarto Clay, Goliad Sand, Lissie Formation,
Beaumont Clay, and alluvium (Figure 3 and Table 2). The formations, nonmarine
in origin, are composed of sand and sandstone interbedded with clay. The sedi-
ments become finer toward the Gulf; thus, some of the sand layers grade into
clay in that direction. Because of the heterogeneous character of the forma-
tions, correlation of individual sand or clay beds is difficult even in short
distances. The formations younger than the Lagarto Clay are difficult to delin-
eate in the subsurface owing to the similarity of the sediments, and these forma-
tions have not been differentiated on the cross sections (Plates 2, 3, and 4).

The formations trend northeastward and dip southeastward toward the Gulf of
Mexico. The dip of the formations ranges from about 20 feet per mile for the
Beaumont Clay to about 65 feet per mile for the Catahoula Tuff.

The Carrizo Sand of Eocene age is not tapped by water wells in Bee County;
however, electric logs indicate that slightly saline water (1,000 to 3,000 ppm
dissolved solids) may be obtained from the Carrizo in an area of about 10 square
miles in the extreme northwestern part of the county at a depth of about 6,000
feet, The water has a high temperature at this depth and would require cooling
for many uses. Because of the expense of drilling to the Carrizo and the high
temperature of the water, development in Bee County is unlikely. Therefore, the
Carrizo is not discussed further.



Table 1l.--Well numbers used in this report and corresponding numbers
in the report by Lynch and Frazier (1941)

01d New 01d New 01d New 01ld New
no. no. no. no. no. no. no. no.
1 |AW-78-24-903 || 46 | AW-79-25-607 91 | AW-79-41-602 140 | AW-79-35-302
2 78-32-201 50 79-26-401 92 79-42-402 141 79-35-301
3 78-24-905 51 79-26-503 93 79-42-102 143 79-35-304
4 79-25-104 52 79-26-604 94 79-42-201 144 79-36-401
5 78-32-309 || 53 79-26-601 95 79-42-205 145 79-36-801
6 75-25-105 54 79-26-603 96 79-42-601 151 79-50-201
9 79-17-802 55 79-26-906 97 79-42-504 152 79-50-202
10 79-17-703 57 79-26-904 98 79-42-803 153 79-50-302
11 79-17-702 58 79-26-905 99 79-42-502 154 79-50-602
21 79-17-901 59 79-34-206 100 79-42-901 155 79-50-303
22 79-17-903 60 79-26-504 102 79-34-604 157 79-51-401
24 79-18-701 62 76-27-705 107 79-34-204 158 79-50-603
25 79-25-309 64 79-26-701 110 79-34-301 168 79-43-503
26 79-17-904 66 79-26-406 115 79-35-501 169 79-43-501
27 79-17-905 67 79-25-903 116 79-34-503 171 79-43-901
28 79-18-704 68 79-25-905 117 79-34-806 178 79-43-806
29 79-26-201 || 69 79-34-102 124 79-35-703 179 79-43-807
30 79-18-805 71 79-33-501 126 79-43-114 200 79-44-101
31 79-18-902 73 79-33-301 127 79-43-504 201 79-44-402
34 79-26-301 75 79-34-504 132 79-36-701 202 719-43-404
38 79-25-601 78 79-34-703 133 79-35-902 220 79-36-901
40 79-25-703 | 80 79-34-205 134 79-35-901% 226 79-37-902
41 79-25-802 81 79-34-201 135 79-35-801
44 79-25-901 82 79-34-204 136 79-43-201
45 79-25-904 || 84 79-26-802 137 79-35-705

- 10 -
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Table 2.--Rock formations and their water-bearing properties in Bee County

Approximate
System Series ROCk_ range in Character of rocks Water-bearing properties
formation thickness
(feet)
Fine sand, silt and clay. Yields small quantities of
Recent Alluvium 0 30 water to domestic and
stock wells.
Unconformity
Clay, interbedded with
Beaumont Clay 0 100 layers of medium to fine Do.
Quaternarv sand.
Pleistocene p~Unconformity
Sand with lentils of gravel Yields small to large quan-
Lissie 0 - 500 interbedded with clay and tities of fresh to
Formation silt. Contains caliche slightly saline water.
in the outcrop.
Unconformity
Sand and sandstone inter- Capable of yielding moder-
. . bedded with lentils of ate to large quantities
Pliocene Goliad Sand 0 5007 gravel and clay. Contains cf fresh to s?ightly
caliche in the outcrop. saline water.
Unconformity
Clay, silty calcareous clay, | Yields small to large quan-
Miocene (?) Lagarto Clay 0 900 and interbedded sand and tities of fresh to
gravel. Contains caliche slightly saline water.
in the outcrop.
Tertiary
Fine to coarse sand, sand- Capable of yielding moder-
Miocene Oakville 0 - 600 stone, and clay. ate to large quantities
Sandstone of fresh to slightly
saline water.
Unconformity
Predominantly tuffaceous Yields small to moderate
clay and tuff; locally quantities of fresh to
Miocene (?) | Catahoula Tuff 400 700 sandy clay, bentonitic slightly saline water.

clay, and thin beds of
sand and conglomerate.




Tertiary System

Miocene(?) Series

Catahoula Tuff

The Catahoula Tuff crops out in the northwestern part of the county and is
the oldest formation exposed. Although it is composed predominantly of tuffa-
ceous clay and tuff, locally it contains sandy clay, bentonitic clay, irregu-
larly distributed lenses of sand, and conglomerate. The Catahoula ranges in
thickness from 400 to about 700 feet.

The Catahoula Tuff is a relatively unimportant water-bearing formation in
Bee County, yielding only small to moderate quantities of fresh to slightly
saline water to wells in the county. Two wells in Pawnee furnish water for the
school and enough water to irrigate a football field. All other wells tapping
the Catahoula are used for rural domestic and stock needs and individually yield
about 5 gpm or less. Interpretations of electric logs indicate that the water
becomes rapidly mineralized downdip, and potable water is not available from the
Catahoula more than a few miles southeast of the outcrop.

Miocene Series

Oakville Sandstone

The Oakville Sandstone crops out in an irregular pattern in the northwest-
ern part of the county and unconformably overlies the Catahoula Tuff. The for-
mation, consisting of fine to coarse sand, sandstone, and clay, ranges in thick-
ness from slightly less than 400 feet in the southwestern part of the county to
about 600 feet near the southern boundary.

The Oakville, one of the principal water-bearing formations in the northern
half of the county, is capable of yielding moderate to large quantities of fresh
to slightly saline water from properly constructed wells. A northeast-southwest
line about 3 miles south of Beeville marks the approximate downdip limit of
fresh to slightly saline water in the Oakville.

Water from the Oakville Sandstone is used chiefly for public supply in Bee
County. Beeville obtains most of its water from the Oakville at depths from
1,400 to 1,600 feet, and one well tapping the Oakville furnishes part of the pub-
lic supply at Pettus. Other major wells tapping the Oakville include 1 irriga-
tion well 6 miles northwest of Pettus and 5 industrial wells which furnish water
for cooling and other industrial purposes. Many domestic and stock wells on and
near the outcrop of the formation furnish small quantities of water for farm and
ranch needs.



Miocene(?) Series

Lagarto Clay

The Lagarto Clay, conformably overlying the Oakville Sandstone, crops out
in the north-central part of Bee County, the outcrop extending southeastward
down the valley of Medio Creek and westward up the valley of San Domingo Creek
for about 4 miles. In the western part of the county, the Lagarto is completely
overlapped by the Goliad Sand. The Lagarto, which thickens downdip from about
500 feet near Normanna to about 900 feet near the southern boundary of the
county, consists primarily of clay and silty calcareous clay interbedded with
lenses of sand and gravel. 1In places the outcrop consists of relatively thick
beds of caliche. Where the Lagarto contains thick sand zones, differentiation
of the Lagarto from the underlying Oakville Sandstone and the overlying Goliad
Sand is difficult.

The Lagarto yields small to large quantities of fresh to slightly saline
water to many wells for public supply, irrigation, and rural domestic and stock
needs., Of the 19 wells used for public supply in the county, 7 produce from the
Lagarto; 18 of the 42 irrigation wells and 6 of the 9 large industrial wells tap
the Lagarto.

Pliocene Series

Goliad Sand

The Goliad Sand, unconformably overlying and overlapping the Lagarto Clay,
crops out in a broad irregular area in central Bee County. The formation, about
500 feet thick, is predominantly sand and sandstone interbedded with clay and
gravel. 1In some places the sand and clay beds contain only a small amount of
calcareous material; in other places where solution and redeposition of calcium
carbonate have taken place, beds on and near the land surface may contain more
than 50 percent of caliche. The Goliad Sand, where cemented by caliche, is gen-
erally harder than the underlying Lagarto Clay; consequently, erosion has, in
many places, formed a scarp which marks the surface contact of the two forma-
tions.

The Goliad Sand is one of the principal water-bearing formations in Bee
County; it is capable of yielding moderate to large quantities of fresh to
slightly saline water from properly constructed wells throughout the southern
half of the county. Twelve wells tapping the Goliad were used for irrigation in
1964 ; the individual wells reportedly yielded up to 900 gpm.

The only industrial wells drawing water from the Goliad Sand were small-
diameter wells used for oil-field supply. These wells usually are converted to
rural domestic and stock use after their oil-field use is no longer required.
One public supply well, furnishing water for the public school at Skidmore, also
tapped the Goliad Sand.

Many farm and ranch wells furnish small amounts of water from the Goliad
for stock and rural domestic use. Where only small quantities of water are
needed for such purposes, the wells are drilled so that they penetrate only
enough of the sand to obtain the necessary supplies.

- 14 -



Quaternary System

Pleistocene Series

Lissie Formation

The Lissie Formation, unconformably overlying the Goliad Sand, crops out in
an irregularly shaped area occupying a large part of southern Bee County. The
formation is composed of thick beds of sand and lentils of gravel interbedded
with clay and silt. 1In places the outcrop consists of relatively thick beds of
caliche. The thickness increases southeasterly to about 500 feet,

The surface of the Lissie is an almost featureless plain. Streams meander
broadly across the flat surface and have wide shallow valleys. The only large
vegetation growing on the Lissie is mainly along stream channels.

The Lissie Formation yields small to large quantities of fresh to slightly
saline water to wells in the county. The largest use of water from the Lissie
is for irrigation. Eleven irrigation wells tap the formation and individually
yield as much as 1,100 gpm. Only small quantities of water for public supply,
industrial, and rural domestic and stock needs are obtained from the Lissie.

Beaumont Clay

The Beaumont Clay crops out in small areas in the southern part of the
county and covers about 40 square miles of the land surface. The Beaumont, con-
sisting of clay interbedded with layers of medium to fine sand, has a maximum
thickness of about 100 feet within the county. Part of the Beaumont outcrop is
cultivated and irrigated intensely, the irrigation water being pumped from the
underlying Lissie Formation and Goliad Sand.

The Beaumont yields only small quantities of fresh to slightly saline water
for rural domestic and stock needs from shallow wells on the outcrop.

Recent Series

Alluvium

The alluvium is not an important water-bearing unit in Bee County. The
alluvium, found only in some of the stream valleys, is as much as 30 feet thick
and consists of fine sand, silt, and clay. Only small-diameter wells produce
fresh to slightly saline water from the alluvium; because most of them are pow-
ered by windmills they produce no more than a few gallons per minute.



GROUND-WATER HYDROLOGY

Source and Occurrence of Ground Water

The general circulation of water as it relates to the earth is called the
"Hydrologic Cycle." A complete diagrammatic representation of the phenomena
involved was published by Piper (1953, p. 9). A somewhat less comprehensive,
but readily visualized diagram, indicating the major elements in the hydrologic
cycle pertaining to Bee County and adjacent areas, is shown in Figure 4.

Precipitation is the source of all fresh ground water in Bee County. Of
the total precipitation infiltrating the surface of the ground, a part may reap-
pear very quickly as runoff, whereas the remainder may pass downward into the
zone of aeration. Of the latter, some may be brought back to the surface by cap-
illary action and evaporated, some may enter the plants through their root sys-
tems and be transpired, some may be used to make up deficiencies in soil mois-
ture, and the rest may ultimately reach the zone of saturation. The zone of
saturation is the zone below the water table where the open spaces in the sedi-
ments are filled with water.

Ground water in Bee County occurs under both water-table and artesian condi-
tions. Water-table conditions prevail in the water-bearing formations near the
land surface in most of the county, and artesian conditions prevail deeper in
the formations or downdip where beds of clay or shale have a confining effect on
the water. A well tapping the water-table part of a water-bearing formation
becomes filled with water to a level where the water was first found--that is, a
level equal to the surface of the zone of saturation or water table. Any
changes in water levels in water-table wells reflect direct changes in the vol-
ume of water stored in the aquifer. A well tapping the artesian part of a water-
bearing formation becomes filled with water to a level above where the water was
first found--that is, a level proportional to the hydraulic pressure of the con-
fined water. The pressure that causes the water to rise in the well is created
and maintained by the water in the updip part of the formation, and changes in
water levels represent primarily changes in pressure. The level or surface to
which the water will rise in artesian wells is called the piezometric surface.

Recharge, Movement, and Discharge of Ground Water

Rechzrge of the water-bearing formations in Bee County is almost wholly
from rainfall on the outcrops of the formations. The soil and outcropping rocks
of the sandy parts of all of the formations in the county--the Catahoula Tuff,
Oakville Sandstone, Lagarto Clay, Goliad Sand, Lissie Formation, Beaumont Clay,
and alluvium--readily absorb rainfall and are therefore effective areas for
replenishment of ground water.

The ground water in the county moves from the areas of recharge to the
areas of discharge, gravity being the motivating force in the movement of the
water. The water is in transient storage--that is, it is in a constant state of
movement, and the volume of water moving out of the county or being discharged
within the county is essentially offset by replenishment of water entering the
formations. An average rate of movement might be on the order of 10 feet per
year. The general direction of movement is southeastward toward the Gulf of
Mexico,
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Discharge from the water-bearing formations occurs naturally by underflow
out of the county to the southeast, evaporation of soil moisture, or transpira-
tion by vegetation, and artificially by pumping wells. The quantity of water
discharged by natural means is several times greater than the quantity dis-
charged by wells. Little, if any, ground water is rejected or discharged into
streams; thus, the streams in the county are not perennial.

The natural recharge-discharge relationship is altered by pumping or artifi-
cial discharge. Whenever pumping occurs, cones of depression (depressions in
the water table or piezometric surface having the shape of inverted cones with
the apexes of the cones at the points of discharge) are formed around the pump-
ing welle and direct ground water to the wells from all directions. A benefi-
cial effect of these cones of depression in Bee County is that they capture
ground water which otherwise would move out of the county by underflow.

Pumping Tests

The development of an aquifer is largely dependent upon its ability to
transmit water and its capacity to store water. These properties are described
by the terms: coefficient of transmissibility, and coefficient of storage.

The coefficient of transmissibility is the number of gallons of water that
will move in 1 day through a vertical strip of an aquifer 1 foot wide and having
a height equal to the thickness of the aquifer when the hydraulic gradient is
1 foot per foot.

The coefficient of storage is defined as the volume of water that an aqui-
fer releases, or takes into storage, per unit surface area of the aquifer per
unit change in the component of head normal to that surface.

These properties may be determined in the laboratory by testing samples col-
lected in the field, or by analyzing data obtained in the field from pumping
tests on wells., The pumping-test method has advantages over the laboratory
method because of the difficulty of obtaining laboratory samples of the forma-
tion that are representative of the undisturbed water-bearing material., Short-
term pumping tests under water-table conditions are not desirable and do not
give accurate aquifer coefficients because all of the water does not drain from
the sediments in a short time, and complete drainage may require months or even
years. Pump testing of artesian aquifers does not require drainage of the sedi-
ments but only lowering of the pressure head; hence, less time is needed to
obtain the data for analysis.

The Theis non-equilibrium method as modified by Cooper and Jacob (1946, p.
526-534) and the Theis recovery method (Wenzel, 1942, p. 95-96) were used to
analyze the aquifer test data obtained in Bee County and adjacent areas. Pump-
ing tests were made on 8 wells in Bee County and 1 in San Patricio County (Table
3). The coefficients of transmissibility in wells tapping the Oakville Sand-
stone, Lagarto Clay, Goliad Sand, and Lissie Formation ranged from 7,500 gpd per
foot (gallons per day per foot) to 30,000 gpd per foot (Table 3). Coefficients
of storage were obtained only in the Lagartc Clay and Goliad Sand and ranged
from 4.7 X 10-% to 1.1 X 10-3,

The coefficients may be used to predict the lowering of water levels caused

by pumping wells. Figure 5 shows the computed maximum drawdown of water levels
caused by pumping from wells tapping sands having assumed coefficients as shown.

- 18 -



61

Table 3,--Results of aquifer tests in Bee and San Patricio Counties

Screened

Average discharge

Coefficient of

Specific

?j?;:%i;n nz;éir interval during test transmissibility capacity Cgegfiiie:t Remarks
{feet) (gpm) {gpm/ft) (gpm/ft) | ©F S-oras
Oakville AW-79-18-503 727- 767 255 11,000 6.7 -- Recovery of pumped
Sandstone 797- 907 well,
Lagarto AW-79-34-902 526- 561 340 7,500 4.2 -- Do.
Clay 576- 622
Oakville AW-79-35-702 | 1,428-1,468 1,000 19,000 9.0 - Do.
Sandstone 1,478-1,590
Lagarto Clay | AW-79-43-103 ? - 770 1,070 26,000 -- 8.5 X 1074 Drawdown in observa-
and Goliad tion well,
Sand
Do. AW-79-43-104 ?2 - 770 1,070 29,000 -- 4.7 X 1074 Do.
Do. AW-79-43-105 7 - 770 1,070 30,000 -- 8.9 X 1074 Do.
Do. AW-79-43-106 2 - 770 1,070 19,000 - 1.1x 1073 Do.
Do. AW-79-43-401 340- 370 1,070 20,000 -- -~ Recovery of pumped
375- 400 well,
412- 433
465- 498
570- 635
680- 690
725- 778
798- 835
Goliad Sand | WW-79-51-705 280- 331 1,600 23,000 10.7 -- Do.
and Lissie 347- 588
Formation 639- 696

711- 751




The coefficients are typical of those that might be measured in wells in Bee
County. The water levels, as shown on the graph, would be reached after equilib-
rium had been established. Before equilibrium can be established, water levels
must decline sufficiently throughout the water-bearing formations to reduce the
natural discharge or increase the recharge by an amount equal to the amount
pumped. The calculations of drawdown assume sufficient recharge to prevent low-
ering the water table in the outcrop area which is assumed to be 18 miles from
the center of pumping. The calculations alsoc assume a pumping rate of 500 gpm
(gallons per minute) from the various formations having average coefficients of
transmissibility and storage as shown in Figure 5. If a discharge of 1,000 gpm
instead of 500 gpm had been used in the calculations, the drawdown would have
been approximately doubled for, in a homogeneous aquifer, the drawdown is
directly proportional to the pumping rate.

On Figure 6 is shown the relation of drawdown (or decline of water levels
in wells) to distance due to a well pumping 500 gpm continuously for 30 days,
1 year, and 10 years under artesian conditions. The calculations are based on
coefficients of transmissibility and storage that might be typical for wells
tested in the county. The approximate drawdown or decline, 1,000 feet from a
well pumping continuously for 30 days, would be 16 feet; after 1 year, 24 feet;
and after 10 years, 30 feet.

In Table 3 are shown specific capacities of four wells measured during the
pumping tests. The specific capacity, an expression of the yield of a well in
gallons per minute per foot of drawdown, is useful in estimating the yield of a
well at various drawdowns.

Ground-Water Development

Table 4 shows pumpage of ground water in Bee County for public supply and
industry from 1955-63 and for irrigation and rural domestic and stock needs for
1963. A total of about 6,300 acre-feet per year, or about 5.6 mgd (million
gallons per day), was pumped from wells in 1963 to supply the needs of Bee
County.

Records of 507 water wells were obtained during the ground-water investiga-
tion in the county (Table 5). The inventory included most of the public supply,
industrial, and irrigation wells, and a representative number of domestic and
stock wells, Locations of the wells inventoried are shown in Plate 1.

Public Supply

The pumpage of ground water for public supply in the county in 1963 was
2,584 acre-feet, or about 2.31 mgd. This is 41 percent of the total pumpage for
all purposes in that year. Seventy-two percent (about 1.67 mgd) of the water
pumped for public supply in 1963 was used by the city of Beeville, the city's
water being prmped from 4 wells tapping the Oakville Sandstone and 1 well tap-
ping the Lagarto Clay. Other centers of pumping for public supply in 1963
included: the U.S. Auxiliary Air Station at Chase Field, which pumped 480,000
gpd from the Lagarto Clay; the city of Pettus, about 90,000 gpd from the Lagarto
and Oakville; the South Texas Children's Home, about 29,000 gpd from the Lagario:
the Skidmore Public School, about 21,000 gpd from the Goliad Sand and Lissie For-
mation; and the Pawnee Public School, about 18,000 gpd from the Catahoula Tuff.
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DRAWDOWN, IN FEET

Q ( Discharge) = 500 gpm

T= Coefficient of transmissibility in gpd per ft
S = Coefficient of storage
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Public-supply usage in the county increased 122 percent from 1.04 mgd in
1955 to 2.31 mgd in 1963 (Table 4). About 75 percent of this increase was attri-
buted to pumping by the city of Beeville.

Irrigation

Irrigation, practiced on a small scale for many years in the county, is
largely supplementary and is significantly increased during periods of deficient
rainfall. Of the 49 wells classed as irrigation wells, only 17 pump relatively
large quantities of water, the average yield of these larger capacity wells
being about 650 gpm. Several of the irrigation wells were formerly oil tests
that were plugged back and perforated opposite fresh-water sands.

Industrial Use

The pumpage of ground water for industrial use in the county in 1963 was
811 acre-feet, or 0.72 mgd. This is 13 percent of the total withdrawals for all
purposes in that year, The industrial use decreased 27 percent from 0.99 mgd in
1955 to 0,72 mgd in 1963 (Table 4).

All of the industrial water pumped in the county is used by the petroleum
industry. The largest user is Pan American Petroleum Co., which pumps about 413
acre-feet per year for cooling purposes. Gasoline Production Corp. pumps about
202 acre-feet per year; Tidewater 0il Co., in operation since 1962, pumps about
147 acre-feet per year; and Danaho Refining Co. pumps about 49 acre-feet per
year.

Rural Domestic and Livestock Needs

The pumpage of ground water for rural domestic and livestock needs in the
county in 1963 was estimated to be 1,390 acre-feet, or 1.2 mgd, This is about
22 percent of the ground-water withdrawals for all purposes in that year.

Most of the rural domestic and stock wells are shallow and penetrate only
enough water sand to produce the quantity of water needed. The wells are
equipped with pumps powered by windmills, small electric motors, or small gaso-
line engines and are not designed to pump more than a few gallons per minute.

Changes in Water Levels

Changes in water levels in wells in the county are caused by factors such
as changes in rates of recharge to and discharge from the water-bearing forma-
tions, changes in barometric pressure, and changes in hydraulic connection of
wells and aquifers. These changes may be regional or local and of short or long
duration,

Probably the most significant cause of regional water-level changes in the
county is the lack of balance between recharge and discharge of ground water.
During periods of low rainfall the recharge to the water-bearing formations is
reduced and pumpage from wells is increased causing substantial reductions in
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Table 4.--Pumpage of ground water in Bee County for public supply and industry, 1955-63, and for irrigation and rural domestic and stock needs, 1963

Public supply Irrigation Industry Rural domestic and stock needs Totals*
Year | Acre-feet | Million gallons Acre~feet | Million gallons Acre-feet | Million gallons Acre-feet | Million gallons Acre-feet [ Million gallons
per year per day per year per day per year per day per year per day per year per day
1955 1,165 1.04 -- -- 1,109 0.99 -~ -- 2,300 2.1
1956 1,572 1.40 -- -- 1,109 .99 -- -- 2,700 2.4
1957 1,393 1.24 -- -- 1,109 .99 -- -- 2,500 2.2
1958 1,957 1.75 -- -- 651 .58 -- -- 2,600 2.3
1959 1,786 1.59 -- -- 717 W64 -- -- 2,500 2.2
1960 1,946 1.74 -- -- 598 .53 -- -- 2,500 2.2
1961 2,111 1.88 -- -- 533 .48 -- -- 2,600 2.3
1962 2,479 2.21 -- -- 525 W47 -- -- 3,000 2.7
1963 2,584 2.31 1,480 1.32 811 .72 1,390 1.24 6,300 5.6

* Figures are approximate because some of the pumpage is estimated.
period 1955-62 because data for irrigation and rural domestic and stock were not available.

Totals are rounded to two significant figures.

Totals are incomplete for the




the quantity of ground water in storage and declines in water levels. Con-
versely, during periods of high rainfall when recharge is increased, the water
previously withdrawn from storage may be replaced and water levels tend to rise.

Puniping may cause large local declines in water levels. When water is
pumped, a cone of depression is created around the well. 1If pumping is continu-
ous, the cone expands until it intercepts a source or sources of replenishment
capable of supplying water equal to the quantity pumped. In an area where wells
are closely spaced, the individual cones may overlap and cause larger water-
level declines than would occur if the wells were spaced farther apart.

Heevily-pumped irrigation areas normally have significant water-level
changes annually because of seasonal pumping. During the season when pumping is
discontinued, the water levels usually rise and may reach their former levels
prior tc pumping.

Water levels in 17 wells measured in 1939 were measured again in 1963-64.
The change in water levels ranged from a rise of 1.2 feet in well AW-79-25-905
to a decline of 5.3 feet in well AW-79-18-805. The average change in the 17
wells was a decline of 2.4 feet, or about 0.1 foot per year. Because most of
the wells are water-table wells, the declines represent a reduction of water in
storage in the water-bearing formations. In general however, the declines in
water levels in Bee County since 1939 have not been large enough to be alarming.

Figure 7 shows the approximate altitude of the water levels in wells in Bee
County, 1963-64. The figure represents chiefly measurements in water-table
wells, although some of the measurements may represent the artesian piezometric
surface. The map does not necessarily portray one single water surface. This
is especially true in the northern part of the county where there appears to be
a high on the water surface. The high apparently represents at least two water-
level surfaces. Northwest of the high, the water levels probably represent the
water surface in wells tapping the Catahoula Tuff and the lower part of the Oak-
ville Sandstone; southeast of the high, the surface represents water levels in
wells chiefly in the Lagarto Clay, Goliad Sand, and Lissie Formation. The chief
value of the illustration is that it shows the approximate altitude that can be
expected in wells drilled at any particular location in the county.

Well Construction

Large-capacity wells completed in the aquifers underlying Bee County have
been drilled to supply the needs of some of the municipalities and irrigators;
whereas, smaller-capacity wells are used throughout the county to supply water
for domestic and stock needs.

Recently drilled municipal wells generally are underreamed, screened, and
gravel packed. The gravel packing increases the effective diameter of the well,
aids in preventing the entrance of sand into the well, and protects the casing
from caving of the surrounding formation. The earlier-drilled municipal wells
were completed without gravel packing.

Irrigation wells in Bee County generally are designed to pump a large quan-
tity of water at as low a cost as possible. A few of the wells used for irriga-
tion are underreamed and gravel packed. The wells generally are finished with
torch-slotted casing and little effort is made to relate the width of the slot
to the diameter of the sand particles. If the slots are too large, considerable
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quantities of sand enter the well, resulting in wear of the pumps and casing.

On the other hand, slots that are too small, or an insufficient number of slots,
may cause excessive ''entrance losses'' in head, thereby reducing the specific cap-
acities of the wells,

Stock and domestic wells generally are of small capacity; most are equipped
with wincémills, pumpjacks, or small jet pumps. Generally, they are cased with
galvanized pipe nearly to the bottom of the well and no screen or slotted casing
is used; these are usually called '"open-end'" wells. Although the stock and
domestic wells usually are pumped at less than 5 gpm, they still are vulnerable
to sand troubles and some must be cleaned periodically. When larger yields are
needed, the wells are completed with torch-slotted or perforated galvanized cas-
ing and equipped with submersible pumps or larger jet pumps.

Potential Development

Because most of the water-bearing formations in Bee County are composed
chiefly cf interbedded sand and clay, permitting water to move from one forma-
tion to cnother, the entire sequence of these water-bearing formations (except-
ing the Catahoula Tuff) might be considered to function as a single aquifer.
Therefore, in discussing potential development the Oakville and younger water-
bearing formations are treated as one aquifer. This sequence of water-bearing
formatiors is designated the "Gulf Coast'" aquifer, a term applied to a similar
sequence of formations in other areas of the Texas Gulf Coastal region.

The amount of ground water that can be pumped perennially in the county
without depleting the ground-water supply depends chiefly on the rate of
recharge to the aquifers. The average rate of recharge can be estimated by
determining the amount of water moving through the aquifers. This is computed
using the formula Q = TIL, in which Q is the quantity of water in gallons per
day moving through the aquifer, T is the coefficient of transmissibility in gal-
lons per day per foot, I is the hydraulic gradient of the piezometric surface or
water table in feet per mile, and L is the length of the aquifer in miles normal
to the hydraulic gradient. The average gradient is estimated to be about 8 feet
per mile, the coefficient of transmissibility of all fresh to slightly saline
water sands through which the water passes near the southern boundary of the
county is estimated to be about 50,000 gpd per foot, and the average width
across the county approximately normal to the hydraulic gradient is 19 miles.

On the basis of these figures, the average rate of recharge is approximately

8 mgd or about 9,000 acre-feet per year. Little, if any, ground water is dis-
charged into streams as rcjected recharge or lost through evaporation and con-
sumption by vegetation, because the water table averages about 50 feet below
land surface. Therefore, the 8 mgd represents the approximate quantity of
water available for development on a perennial basis without depleting the aqui-
fer.

Converted to annual precipitation the 8 mgd, or 9,000 acre-feet per year,
is equivalent to about 0.5 inch of water covering and effectively recharging the
sandy parts of the aquifer that crop out in the county; 0.5 inch of recharge is
slightly less than 2 percent of the average annual precipitation. Most of the
precipitation fails to recharge the aquifer, probably because infiltration of
the water is impeded by the thick beds of caliche that form much of the outcrop
area of the aquifers.
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In addition to the 8 mgd, which is available on a perennial basis, about
48,000,000 acre-feet of fresh to slightly saline water is in transient storage
in the county. Although most of this water is not available to wells, at least
part is available for development--for example, about 10,000,000 acre-feet from
the upper 400 feet of the aquifer. To utilize this large quantity of ground
water, withdrawals exceeding the perennial yield of 8 mgd could be made for long
periods before the water in the upper 400 feet would be depleted.

Areas most favorable for the development of large additional ground-water
supplies are indicated by a map showing the approximate thickness of sand con-
taining fresh to slightly saline water (Figure 8). In general, the areas having
the thicker amounts of sand are the more favorable. The thickness of sand con-
taining fresh to slightly saline water ranges from less than 50 feet in the
northwestern corner of the county to more than 650 feet in the southeastern part.
Thicknesses greater than 300 feet are, for the most part, restricted to the
southeastern half of the county; thicknesses in excess of 400 feet occur in the
Beeville area and in the southeastern quarter of the county. Yields of properly
constructed wells might be expected to range from less than 100 gpm in the north-
west to more than 1,000 gpm where the thickness is greatest. The stippled areas
shown on Figure 8 are the most favorable for future development.

Ground water in sufficient quantities for rural domestic and stock needs
can be obtained almost anywhere in the county from depths less than 150 feet.
The only exceptions are in the outcrop of the Catahoula Tuff where, in places,
wells may have to be drilled deeper than 300 feet,

CHEMICAL QUALITY OF GROUND WATER

The chemical constituents of ground water are dissolved from the soil and
rock through which the water has passed; therefore the difference in the chemi-
cal character of the water indicates, in a general way, the nature of the geo-
logic formations in contact with the water. Most deep ground water is free from
contamination by organic matter but the chemical content of ground water usually
increases with depth.

The suitability of a water supply depends on the chemical quality of the
water and the limitations agssociated with the contemplated use of the water.
Various criteria for water-quality requirements have been developed for most
categories of water quality, including bacterial content, physical characteris-
tics, anc chemical constituents. Usually problems concerned with bacterial con-
tent and physical characteristics can be remedied rather economically, but
removal cr neutralization of unwanted chemical constituents may prove difficult
and expensive, For many purposes, the dissolved-solids content of water is a
major limitation on use of the water. The general classification of water shown
on the following page is based on total dissolved-solids content (Winslow and
Kister, 1956, p. 5).
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Description Dissolved—so}idé content
parts per million (ppm)
Fresh Less than 1,000
Slightly saline 1,000 - 3,000
Moderately saline 3,000 - 10,000
Very saline 10,000 - 35,000
Brine More than 35,000

The U.S. Public Health Service has established standards of drinking water
to be used on common carriers engaged in interstate commerce. The standards are
designed to protect the traveling public and may be used to evaluate public
water supplies. According to the standards, chemical constituents should not be
present in water supplies in excess of the listed concentrations shown in the
following table, except where other more suitable supplies are not available.
Below are some of the standards adopted by the U.S. Public Health Service (1962,
p. 7-8):

Substance Concentration (ppm)

Chloride (C1) 250

Fluoride (F) 0.8%

Iron (Fe) .3
Manganese (Mn) .05
Nitrate (NO3) 45

Sulfate (S0y4) 250

Total dissolved solids 500

*Assumed upper limit for Bee County based on an
approximate annual average of maximum daily air
temperature of 80°F at the station near Beeville.

Water having concentrations of chemical constituents in excess of the recom-
mended limits may be objectionable for various reasons. Concentrations of
nitrate ir. excess of 45 ppm in water used for feeding infants have been related
to the incidence of infant cyanosis (methemoglobinemia or 'blue baby' disease),

a reducticn of the oxygen content in the blood causing a form of asphyxiation
(Maxcy, 1950, p. 271). High nitrate concentration may be an indication of pollu-
tion from organic matter, commonly sewage. Concentrations of iron and manganese
in water in excess of 0.3 ppm and 0.05 ppm, respectively, cause reddish-brown or
dark-gray precipitates that stain clothing and plumbing fixtures and impart an
objectionsble taste to the water, Water having a chloride content exceeding 250
ppm, and en equivalent amount of sodium, may have a salty taste; and water hav-
ing a sulfate content in excess of 250 ppm may produce a laxative effect,
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Excessive fluoride concentration may cause teeth to become mottled, whereas
optimum amounts may reduce the incidence of tooth decay (Dean, Arnold, and
Elvove, 1942, p. 1155-1179).

Calcium and magnesium are the principal constituents in water that cause
hardness. Excessive hardness causes an increase in the consumption of soap and
promotes the formation of scale in hot-water heaters, boilers, and water pipes.
That portion of hardness equivalent to the amount of carbonate and bicarbonate
is termed carbonate hardness; hardness exceeding this amount is termed noncarbon-
ate hardness. Below are the commonly accepted standards and classifications of
water hardness:

Hardness range Classification
(ppm)
60 or less Soft
61 - 120 Moderately hard
121 - 180 Hard
More than 180 Very hard

Two general methods are commonly used to soften large quantities of water: the
lime or lime-soda ash process which, in addition to softening, reduces the miner-
alization; and the zeolite process which involves the exchange of calcium and
magnesium in the water for sodium in the exchange material. Carbonate hardness
may be removed most economically by using lime as the precipitant. Because car-
bonate hardness predominates in Bee County, most of the water can be softened
effectively by the lime process.

The quality-of-water requirements for various industries vary widely with
each type of process. Water for industrial use may be classified into three
principal categories--cooling water, boiler water, and process water.

Water for cooling purposes is usually selected on the basis of its tempera-
ture and the available source of supply, although its chemical quality is also
significant. The temperature of ground water near the land surface approximates
the mean annual air temperature of the region and increases with depth. The
undesirable chemical constituents in cooling water are those which cause scale
or corrosion, and thereby adversely affect the heat-exchange surfaces.

Scale formation can be caused by dissolved solids, such as calcium and mag-
nesium, carbonate and bicarbonate, aluminum, iron, and silica. Among the solu-
ble materials that make water corrosive are calcium and magnesium chloride,
sodium chloride in the presence of magnesium, acids, and gases such as oxygen
and carbon dioxide. Any corrosive water is objectionable because it attacks
metal surfaces.

For steam boilers the problems of corrosion and scale are greatly intensi-
fied, and as a result the quality of water must meet rigid requirements. Treat-
ment of boiler water may be necessary; therefore, examining the water from the
viewpoint of suitability of treatment is preferable to examining it solely for
use as raw water, In boiler water, silica is especially undesirable because
silica forms a ha