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GROUND·WATER RESOURCES OF DUVAL COUNTY, TEXAS

By

G. H. Shafer
United States Geological Survey

ABSTRACT

The geologic formations that yield fresh to
moderately saline water in Duval County are, from
oldest to youngest, the CatahouJa Tuff, Oakville
Sandstone, and Goliad Sand. All other geologic
formations underlying the county are not known to
yield water to wells or they yield only saline water.

About 5.3 mgd (million gallons per day) of ground
water was used in 1970. Of this amount 0.6 mgd was
pumped from the Catahoula Tuff. 0.7 mgd from the
Oakville Sandstone, and 4.0 mgd from the Goliad Sand.
Most of the large ground-water supplies are obtained
from wells in the Goliad Sand.

During 1931-69, water levels declined as much as
55 teet in the artesian zone of the Goliad Sand in the
east-eentral and southeastern parts of the county. as a
result of pumping for irrigation, public supply, and
industrial use. Changes in water levels in wells in the
Catahoula Tuff have been relatively small. Probably only
slight changes in water levels have occurred regionally in
the Oakville Sandstone.

The ground water is characteristically high in
dissolved solids, chloride, and hardness. Most of the
water sampled does not meet the quality standards of
the U.S. Public Health Service for drinking water,
although water having chemical constituents in e)(cess of
the standards is used in the county for drinking. Water
from the Goliad sand is more suitable for irrigation than
water from the Oakville Sandstone and Catahoula Tuff;
however, water from any of the three aquifers shoukl be
used with careful management and as a supplement to
rainfall.

The ground·water resources of the county are only
partly developed. A total of 23 mgd (6 mgd from the
Catahoula, 7 mgd from the Oakville, and 10 mgd from
the Goliad) of fresh to slightly saline water is available,
on a long-term basis without depleting the supply. This
total is slightly more than four times as much water as
was used for all purposes in 1970.





GROUNO-WATER RESOURCES OF DUVAL COUNTY. TEXAS

INTRODUCTION

Purpose and Scope of the Investigation

The purpose of the investigation, which was made
by the U.S. Geological Survey in cooperation with the
Texas Water Development Board, was to determine the
occurrence, availability. dependability. quality, and
quantity of the ground-water resources of Duval County,
with particular reference to the sources of water suitable
for public supply. industrial use, and irrigation, and to
identify areas of present or potential ground-water
problems. The results of the study are presented as
guides lor developing, protecting, and obtaining
maximum benefits from the available ground·water
supplies.

The investigation specifically included: A
delineation of the location and extent of sands
containing fresh to slightly !.aline water (less than 3,000
milligrams per liter dissolved solids): a determination of
the chemical quality of the water; a compilation of the
quantity of water being withdrawn and an assessment of
the effect of these withdrawals on water levels and water
quality; a determination of the hydraulic characteristics
of the important water-bearing sands, an estimate of the
quantity of ground water available for development; and
a consideration of all significant ground-water problems
in the county.

The report includes records of 509 water wells
(Table 7), 85 oil and gas welts (Table 8), water levels in
58 wells (Table 9), 37 drillers' logs (Table 10), and 174
chemical anaiyses of water samples (Table 11).

The technical terms used in discussing the
ground·water resources of the area are defined in the
section entitled "Definitions of Terms."

location and Extent of the Area

Duval County is in the West Gulf Coastal Plain of
south Texas. It is bounded on the south by Brooks and
Jim Hogg Counties, on the INCSt by Webb County, on the
north by McMullen and Live Oak Counties, and on the
east by Jim Wells County. San Diego, the county seat, is
abOut 55 miles west of Corpus Christi. The county has
an area of about 1,800 square miles (Figure 1).

- 3-

Figure I.-Loca.ion of Duval County

Previous Investigations

Prior to this investigation, few comprehensive
studies had been made of the ground·water resources of
Duval County. The earliest significant ground·water
investigation was made by Sayre (1937) who described
the geology and ground· water resources of the county.
The public water supplies of the towns of Benavides,
Freer, and San Diego were described briefly by
Broadhurst, Sundstrom, and Rowley {1950, p. 50·52). A
reconnaissance of the ground·water resources of the Gulf
Coast region, including Duval County, was made by
Wood, Gabrysch, and Marvin (1963).

Detailed reports have been published on the
ground·water resources of several neighboring counties,
including Webb County, Lonsdale and Day (1937); live
Oak County, Anders and Baker (1961); Alice area of Jim
Wells County, Mason (1963); La Salle and McMullen
Counties, Harris (1965); Brooks County, Myers and Dale
(1967); Kleberg, Kenedy, and southern Jim Wells
Counties, Shafer and Baker (1973).

Watl!f levels in observation wells in Duval County
have been measured periodically since about 1931 as



part of a statewide observation·well program undertaken
jointly by the Texas Water Development Board and the
U.S. Geological Survey. Some of the water·level
measurements have been published in annual water· level
reJX)rts of the Geological Survey, and many are included
in Table 9.

Some of the data collected during previous well
inventories are included in this report. Table 1 shows the
\M!II numbers used in Duval County by Sayre (19371 and
corresJX)nding numbers used in this reJX)rt.

dome since 1934, is being used in large quantities by
chemical industries at Corpus Christi as a basic raw
material.

The county. which is served by numerous
hard·surfaced roads and highways and one railroad, had
a populatiorl of 11,722 in 1970. San Diego, the county
seat, and largest town in the county. had a population in
1970 of 4.490 (including the part of the lawn in Jim
Wells County!.

Tabfe 1.-Well Numbers Used m This Report and Corresponding
Numbers Previously Used in Duval County by Sayre (1937)

NEW OLD NEW OLD NEW OLD
NUMBER NUMBER NUMBER NUMBER NUMBER NUMBER

J6·84.Q2·601 J6·84-29·308 '" J6·84·44·101 259

03-102 • '0' "8 60' m

60' 6 30-101 '" 45·101 '"
80' , '0' ,.. '0' '"

12·201 80 '0' '89 ,.., ,..
13·801 " '0' '8-.1 :lO5 ""

80' " '0' '8' :lO, ,...., 69 .., .., .., "n
90' .. .., ,.. 600

""~
90' '0 34-301 ,.. '0' '8'

9" " 36·901 ,:lO 46·101 ,..
14-403 .. 37·104 ,.. 30' m... 61~ ,.. 218~ '0' 30'

'0' '9 ,.. "9 .., ,.,
80' 55 .., 209..!J 60' '"

22-801 '" 38~01 '0' 60' ",
90' '" ,.. '" .., 325!1

90' ,.. '0' '09 .., 322!l

29·305 '" '0' '0' 900 322!1l

:J06 '" .., ,.. 47·702 ",

'0' '" 900 '00 '00 325~

Eamomic Development

The economy of Duval County depends mainly on
oil and gas pmduction, large-scale ranching and farming,
and the production of brine. According to the Texas
Mid·Continent Oil and Gas Association. more than 450
million barrels of oil were produced in Duval County
from 1905 through 1968. Grain sorghum. peanuts,
forage crops. and a variety of vegetables are grown
locally. Brine. which has been produced at Palangana salt

·4·

Topography and Drainage

The tOJX)graphy of Duval County varies from
nearly flat in the southeastern part to gently rolling and
hilly in the western and northern parts. The attitude
ranges from about 200 feet above mean sea level in the
valley of Cibolo Creek (southeastern part of the county)
to more than BOO feet at a few places in the extreme
western part of the county.
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Physiographic features include cuestas. "knobs".
plains. gravel hills, and escarpments, mainly in the
western and northwestern pans of the county, many of
which have been described by several of the earlier
geologists 'o'YOrking in the area. Much of the terrain in
Duval County consists of open prairie grasslands. The
brushy areas are covered with mesquite, cactus or
prickly pear, scrub oak, cenizo, huisache, black
chaparral, and other vegetation commonly found in
south Texas.

All the stream channels in the county are dry
except during and briefly after periods of heavy rainfall.
The Nueces River and its tributaries drain a part of the
terrain in the northwestern pan of the county; the rest
of the county is drained by several intermittent streams
that flow eastward or southeastward toward the Gulf of
Mexico.

Climate

The records of the National Weather Service for
the town of Falfurrias in adjoining Brooks County
provide the most complete climatological data that
apply to Duval County. The average annual precipitation
during 1940·69 was 24.15 inches (Figure 2).
Thunderstorms in the spring and tropical disturbances in
early fall result in peak monthly rainfall totals in May
and September. Records show that as a result of
Hurricane Beulah, 32.78 inches of rain fell in Falfurrias
during September 1967; and for all of 1967, 55.15
inches of precipitation were recorded. Generally, March
is the driest month.

The average monthly gross lake·surface
evaporation in Duval County for the period 1940·65
(Kane, 1967, p. 107) ranged from 2.7 inches in January
to 10.3 inches in August (Figure 2). Average monthly
evaporation was 5.9 inches, and the average annual was
70.9 inches.

The average annual temperature at Falfurrias
during the period 1940·69 was 73.1°F (23°CI. The
average monthly temperature for the same period was
lowest, 56.7°F (14°Cl. during January and highest,
86.5°F (30°CI, during July (Figure 2). The average
growing season is 298 days.

Well-Numbering System

The well·numbering system used in this report is
the one adopted by the Texas Water Development Board
for use throughout the State (Figure 3). Under this
system, each l·degree quadrangle in the State is given a
number consisting of two digits from 01 to 89. These are
the first t'o'YO digits in the \/\/ell number.

Each 1-degree quadrangle is
7Vi·minute quadrangles which are given

divided Into
2-<1igit numbe~

from 01 to 64. These are the third and fourth digits of
the weI! number. Each 7%'minute quadrangle is divided
into 2Y,-minute quadrangles which are given a single·digit
number from 1 to 9. This is the fifth digit of the well
number. Each well within a 2'h-minute quadrangle is
giver. a 2--digit number in the order in which it is
inventoried. These are the last two digits of the llllell
number. in addition to the 7-<1igit well number, a
2-letter prefix is used to identify the county. The prefix
for Duval County is JB.
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On thewell·location map in this report (Figure 22),
the l-degree quadrangles are numbered in large bold
numerals. The 7}t~-minute Quadrangles are numbered in
the northwest corners where possible. The 3<1igit
number shown with the well symbol contains the
number of the 2'h-minute quadrangle in which the well
is located and the number in the order in which it is
inventoried within that quadrangle.
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GEOLOGY AS RELATEO TO THE
OCCURRENCE OF GROUNO WATER

General Stratigraphy and Structure

The geologic units that yield fresh to moderately
saline water to wells are, from oldest to youngest, the
Catahoula Tuff and Oakville Sandstone of Miocene age
and the Goliad Sand of Pliocene age. All of these units
are e:-;posed in Duval County. The Frio Clay of
Oligocene (?I age, Fleming Formation of Miocene age,
Lissie Formation of Pleistocene age, south Texas
eolian-plain deposits of Pleistocene PI and Holocene
age, and alluvium of Holocene age are also exposed in
Duval County, but are not knOIllKl to yield water to
wetls.

The formations crop out in belts that trend
roughly northeastward and parallel to the coast
(Figure 41. Younger rocks crop out near the coast and
successively older units crop out farther inland. Because
of the different ages of the formations, the outcrops are
pl'"Ogressively eroded and dissected inland. For example,
the outcrop of the Lissie Formation is comparatively
uneroded in contrast to the uneven and dissected
outcrops of the Frio Clay and Catahoula Tuff.

The formations are composed chiefly of clay, silt,
sand, and gravel, but because of the method of
deposition, they vary in lithology and thickness. The
sand beds, which may grade laterally into clay or silt
within short distances, and other beds containing water
are vertically interconnected with similar beds on a
different level; therefore, a group of water·bearing beds
within a formation may be in hydrologic continuity. A
summary of the lithology, age, thickness, and

·7·

water'bearing properties of the geologic units is given in
Table 2.

The water-bearing units in Duval County form a
monocline that dips gently toward the coast (Figures 5,
6, and 71. Dips of the formations generally range from
12 to 80 feet per mile. In the west-eentral part of the
county, the Goliad Sand overlaps the upper part of the
Catahoula Tuff and completely overlaps the Oakville
Sandstone and Fleming Formation. At some places, the
monoclinal structure is disrupted by doming, faulting,
and folding.

Two salt domes are known to underlie the surface
of Duval County; the Piedras Pintas dome, 2 mites
northeast of Benavides, and the Palangana dome, 9 miles
north of Benavides. The Palangana dome is the larger of
the two. The Goliad Sand is continuous across the tops
of these domes. The Oakville Sandstone and older
formations have been more noticeably deformed. The
extent to which the movement of ground water has been
affected in the vicinity of these domes is not known,
although Austin (1959, p. 5) reports poor quality water
in the Oakville just east of Patangana dome.

Faults are fairly common in many of the
formations (Figure 4). Displacements vary greatly among
the faults, but the effect on movement and quality of
the ground water probably is only local.

Physical Characteristics and
Water-Bearing Properties

of the Geologic Units

Jackson Group

The Jackson Group of Eocene age does not crop
out in Duval County, but it underlies the entire county
and is encountered in wells at increasingly greater depths
southeastward. The Jackson Group consists of an
estimated 1,000-1,600 feet of brown to buff sandy
shale, fossitiferous sandstone, and beds of volcanic ash.
The unit is reported to yield small quantities of
moderately saline water to a few wells in the
northwestern part of the county.

Frio Clay

The Frio Clay of Oligocene (?l age crops out in the
northwestern part of the county where it has an
estimated thickness of 400-600 feet. The Frio consists of
gypsiferous clay and thin beds of sand and silt, At the
outcrop, the Frio is distinguished from the Jackson by
its clay content and by the general absence of fossils.
The Frio is distinguished from the overlying Catahoula
Tuff by the nonvolcanic character of the clay. It is not
known to yiekl water to wells in Duval County.



Catahoula Tuff

The Catahoula Tuff of Miocene age crops out in a
broad and irregular belt ranging in width from about 12
to 18 miles. It consists mainly of beds of tuffaceous clay
and tuff that range in thickness from 0 to about 1,400
feet. Locally, the formation contains lenticular sandy
clay and thin to thick beds of sand and conglomerate.
The conglomerate consists of scorioceous lava and
p.Jmice, pebbles of other types of igneous material,
opalized wood, chalcedony, quartz, and chert.

The Catahoula dips southeastward at about 80 feet
per mile. Near the southeast corner of the county, the
top of the formation has an altitude of 2,200 feet below
mean sea level (Figure 81.

In Duval County, the Catahoula Tuff is one of the
major aquifers. It yields small [Q moderate quantities of
fresh to moderately saline water to _lis for publiC
supply, rural-domestiC supply, and stock use.

Oakville Sandstone

The Oakville Sandstone of Miocene age crops out
in an irregular belt Irom 1 to 10 miles wide in the
north-central part of Duval County. In places in the
....est·central part of the county, the Oakville is exposed
as a thin narrow Iflnge bordering the Goliad Sand.
Because the exposure is small, this fringe of Oakville is
not shown on the geologiC map (Figure 41.

The Oakville ranges from 0 to about 600 feel in
thickness and consists of medium to line sand.
sandstone, Silt, bentonillC clay, and small amounts 01
ash. Sayre (1937, p. 43) describes the Oakville along a
county road about 10 miles northeast of Freer as
lollows: "a shallow section of thm·bedded, firmly
cemented, dirty-buff, medium.grained OakVille
Sandstone, consisting moslly 01 graim of clear quartz
but with numerous grains of black cherI and igneous
rocks. It contains numerous tubular molds of silt or clay
(poSSibly worm holes) and many pellets of ashy clay,"

The OakVille dips SOutheastward 60-80 feet per
mile. Altitude of the top 01 the formation near the
southeast corner of the county is about 1,600 feet below
mean sea level (Figure 9).

The Oakville Sandstone yields small to moderate
quantities 01 fresh 10 slightly saline waler to
rural-domestic, stock, and industrial welts in the county.
Near the Palangana dome, industrial well JB-84-22-401 was
reported to produce about 460 gpm (gallons per minute)
of water from a depth of 1,106to 1,252 feet; the water
contains 1,550 mg/I (milligrams per liter) of dissolved
solids. Near the southern boundary of the county, a
stock wp.1I (JB·84-45·301) which taps the Oakville
flowed 40 gpm of water containing 1,000 mg/I dissolved
solids. Because the Oakville occurs at a grealer depth
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than the Goliad Sand, which is a more productive
aquifer, and because the water from wells in the Goliad
Sand is generally of better quality, the development of
ground water supplies from the deeper Oakville
Sandstone has been slow.

Fteming Formation

The Fleming Formation of Miocene age overlies
the Oakville Sandstone and is completely overlapped by
the Goliad Sand. except in a small area in the
northeastern part of the county where the formation is
exposed in tributaries to Lagana Creek. The Fleming
consists mainly of yellow to green calcareous or marly
clay. Generally, it is massive, laminated, and tough.
Locally, it contains thin seams 01 silty sand and lentils of
coarse sand and gravel. The formation ranges in
thickness from 0 to about 1.000 feet.

The Fleming Formation is not known to be tapped
by wells in Duval County. Locally, some of the sand
beds probably are capable of yielding small Quantilies of
slightly saline water.

Goliad Sand

The outcrop of the Goliad Sand of Pliocene age
makes up more than half of the land surface In Duval
County. A large part of the outcrop consists of caliche,
which is sufficiently indurated at some places to form a
"cap rock." In some places. the outcrop is red and
sandy, and in the extreme western part of the county,
the hills developed on the Goliad Sand are capped by
coarse gravel. In west·central Duval County, the Goliad
completely overlaps the Oakville and upper part of the
Catahoula Tuff. At some places northwest of the main
outcrop, the Goliad is present as outliers that form
mesas.

The Goli<ld consists of fine 10 coarse, moslly gray,
calcareous sand interbedded with sandstone, gravel, and
varicolored calcareous clay_ Sayre (1937, p. 51-52)
described a 17·'oot section of outcrop in northeastern
Du\'al Counly as light-gray to buff or gr-ayish·brown
sand. sandstone, and gravel with some buff to green clay_
In this section, the sand and sandstone are fine to
coarse-grained, crossbedded, and contain numerous
caliche fragments. Electrical logs of wells in Ouval
Cour,ty show thaI the GOliad Sand consists mainly of
S(lnd or sandstone with smaller amounts of finer clastic
sediments.

The formation ranges in thickness from 0 to about
600 feet. In structurally undisturbed areas, the base of
the Goliad dips east-southeastward at about 35 to 45
feet per mile. The altitude of the base of the Goliad in
the southeastern part of the county is between 500 and
600 feet below mean sea level (Figure 10).
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Table 2.-Geologic Formations and Their Water·Bearing Properties

GEOLOGIC APPROXIMATE WATER·BEARING
SYSTEM SERIES FORMATION THICKNESS (HI LITHOLOGY PROPERTIES

Very fine to fine MInd, Sill, Not known to yield Wile'
Holocene AIlUllium , and calcareous claV. 10 wells in the county.

Holocene South Texas Fine to lIery fine, tan to Not known to yield water
Quaternary "d 80lian plain O· '0 white sand. to wells in the county.

Pleistocene l?J deposits

L,n,e Variegated red to brown cal. Not known to Yield water
Pleistocene Formation O· '00 careous clavey und, some to wells in the county.

gravei near bIIse.

Fine 10 coarse, mO"ly gray, Principai aquifer in the
calcareous lind ;nlerbedded county. Yields smell to

Gohad wilh sanduone, grllllel. and large quantities 0' Iresh
Pliocene Sand O· 600 lIaricolored calcareous 10 slightly Mlilne Wiler

clay. An abundance of cal· 10 public-supplV, indus·
iche oller mOil of thl trial, irrigation, rural-
outcrop. domestic, and Slock wells.

Yellow to grlen calcareous
Fleming or marly clay and some Not known to vield ......11.

Formation 0·1,000 local seams 01 Silly und 10 wells in Ihe county.
and lentils of COBr..
sand and grallel.

Yields sman to moderate
Oakllilll Medium 10 "ne SInd. IInd- quanlilies 0' 'resh 10

Tertll"y Miocene $IndSlone (). 600 slone, sitt, bentonitiC clly, slightly sal,ne wiler 10
and small amount of ash. industrial .• ur Il-domestlc,

end stock WIlls.

Pink wHaceoul CllY and Yields small to moderate
Catehoula tuff. Local lenses at quanlil;es of fresh to

Tuft 0·1,400 sandy clay and thin to thick moderately salin. wiler 10
beds of sand and cOllg1omerate. public·supplV, rurel.

domestic, end Slock wells.

Frio Gypsi'erous cley Md thin Not kllown to yield Wiler
Oligocene n! Clay 400· 600 beds of sand and sill. 10 wells in Ihe county.

Brown to buff, uncly shale, Reporled 10 yield small
Jackson fossiliferous undstonl, and quantities of moderately

Eocene Group 1,000·1.600 beds of volcanic ash. Does saline water to a few wells
not crop out;n the county, '" the northweSl part of

Ihe county.



The Goliad Sand is the principal aquifer in Duval
County. Wells tapping the formation yield small to large
quantities of fresh to slightly saline water for public
supply, industrial use, irrigation, and rura l·domestic and
stock use. The tO\061S of Benavides, Concepcion,
Realitos, and San Diego are supplied with water from
wells in the Goliad. All of the wells in these towns are
from 210 to 750 feet deep, and yield water having 730
to 1,390 mg/I dissolved solids. The wells have yields that
range from 18 to 420 gpm. Some of the irrigatioo wells
in the Goliad have reported yields as high as 1,800 gpm.

Lissie Formation

The Lissie Formation of Pleistocene age overlies
the Goliad Sand and crops out in a narrow band which
extends from near the southeastern corner of the county
northward to near San Diego. The Lissie ranges in
thickness from 0 to possibly 100 feet and consists of
variegated red to brown calcareous clayey sand, and
some chert gravel near the base. It dips east at about 12
feet per mite (Sayre, 1937. p. 641.

The liS5ie is not knolM'l to yield water to wells in
Duval County except for small quantities of slightly
saline to moderately saline water that are obtained from
a few stock wells in counties east of the report area.

South Texas Eolian·Plain Deposits

A sheet of line to very fine tan to white
windblown sand covers about 2,800 square miles in
Kene<ly, Brooks, Duval. Jim Hogg, Willacy, and Hidalgo
Counties. According to Sayre (1937, p. 651 the sand
covers only a small area in the southeastern part of
Duval County. These deposits are not shown on the
geologiC map (Figure 4) because of their small areal
extent. Part of the surface of this area is almost flat, but
in adjacent counties, the sand forms sand dunes, some of
which are about 40 or 50 feet above the surrounding
terrain. The delXlSlts in Duval CountY range in thickness
from 0 to IXlssibly 10 feet. The exact age of the deposits
IS not known. Price (1958, p. 49-50) assIgned the age as
Holocene to poSSible Pleistocene; Sayre (1937, p_ 651
and Fisk (1959, p. 120) assigned the age as Holocef1e.

The eolian deposits are not an important source of
water m Duval County. but they yield small quantities
of slightly saline water and even brine with chloride
concentrations as high as 28,000 mg/l In Kenedy County
(Shafer and Baker, 1973, p. 40).

Alluvium

The alluvium of Holocene age consists mostly of
very fine to fine sand, silt, and calcareous clay. Although
not shown on the geologic map (Figure 4), the alluvium
occurs along the channels of some of the larger streams.
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The age of part of the alluvium may be Pleistocene, but
in this report, the deposits are considered to be
Holocene. The alluvium is not known to yield water to
wells in Duval County.

GROUND-WATER HYDROLOGY

Source and Occurrence of Ground Water

The general principles of the occurrence and
movement of ground water in all types of rocks have
been described in detail by many writers including
Meinzer (1923. p. 2-142; 1942, p. 385-477) and Tolman
(19371.

The source of ground water in Duval County is
precipitation on the outcrops of the aquifers in the
county and in adiacent counties to the west and north.
A large part of the precipitation either runs off, is
dissipated by evapotranspiration. or is stored in the soil
until evaporated or transpired. A small part of the water
infiltrates the soil and subsoil. moves downward to the
water table, and becomes part of the ground water in
storage. Factors affecting recharge include the intensity
and amount of rainfall, the slope 01 the land surface, the
type of soil, the type of material between the land
surface and the water table, the hydraulic conductivity
of the aquifer, and the rate of evapotranspiration.

Generally, water·table (unconfined) conditions
prevail at shallow depths in the outcrop areas of the
aquifers, and artesian (confined) conditions prevail
downdip from the outcrop where the aquifers are
overlain by less permeable sediments. Where the altitude
of the land surface at a well is considerably below the
general level of the area of outcrop, the pressure may be
sufficient to cause the water to rise above the land
surface, and the well will then flow. A few wells in Duval
County flow. such as well J8·84·19·903 on the J. R.
Dougherty Ranch west of Benavides, well JB·84·35·505
west 01 Realitos, and several other wells, mainly in the
western part of the county.

Movement and Discharge of Ground Water

Ground water in the county moves normally from
areas of natural recharge to areas of natural discharge.
This pattern, however, has been interrupted in some
areas because of large·scale pumping, which also has the
effect of increasing the hydraulic gradient and rate of
movement and causing water to move from all directions
toward the center of pumping.

Figure 11, which shows the approximate altitude
of water levels in wells tapping the Catahoula Tuff and
the Goliad Sand in 1969-70, indicates in a gef1eral way
the direction of movement of ground water. The water
moves at right angles to the contours and in the
direction of decreasing altitude.



The general direction of movement in the
Catahoula and Goliad is southeastward, but this general
direction of movement is significantly interrupted by
concentrated pumping. A large cone of depression has
developed in the Catahoula south of Freer as a result of
pumping for public supply. Water is moving into this
area from all directions. In the Goliad, the normal
southeastward direction of movement has been
noticeably altered a few miles north of Benavides near
the Palangana dome as a result of heavy pumping for
industrial purposes. Here a large northward component
of movement has been developed. The depression of
water levels around San Diego also reflects significant
pumpage there.

Transpiration, evaporation, and inter formational
leakage are the principal means of natural discharge in
Duval County. Some plants, including mesquite, whose
roots reach the water table. remove water by
transpiration. Extensive deposits of caliche near the
surface prevent water in some places from infiltrating
deep into the ground. and consequently, much of this
water is lost by evaporation. Because the annual gross
lake·surface evaporation in Duval County is about three
times the average annual rainfall, losses of water by
evaporation are significant. Interformational
leakage-the transfer of water from one aquifer to
another-is the principal means of subsurface discharge
of ground water. As pressure in the aquifer is increased,
as a result of recharge, larger quantities of water are
discharged by this means.

Ground water is also discharged artificially in the
report area. by pumping wells. In 1970 about 5.3 mgd
was discharged in this manner.

Aquifer Tests

Aquifer tests in six wells tapping the Oakville
Sandstone and Goliad Sand were made to determine the
capacity of the sands to transmit and store water. The
results of the tests are shown in Table 3. No tests were
made in wells tapping the Catahoula Tuff because
suitable wells were not i1vailable. All the test data were
analyzed by the Theis non-equilibrium method (Theis,
1935) and the Theis recovery method (Wenzel, 1942,
p. 95).

Aquifer tests in wells JB-84-21·502, JB-84-21-601,
JB-B4-21-603, and JB·B4·21·B01 tapping the Goliad
Sand, and well JB·84-22-401 tapping the Oakville
Sandstone were made during December 1965 and
January 1966 by William F. Guyton and Associates,
consulting ground-water hydrologists, Austin, Texas.
During this investigation, aquifer tests were made in
vvells J8-84-29·309 and J8·B4·29·310, which tap the
Goliad Sand and supply water for Benavides.

The average transmissivity (for definition,
see p. 54) of the Goliad Sand in the county is 700 square

feet per day. In Jim Wells County, Mason (1963, p.29)
reported an average transmissivity of 660 square feet per
day from tests in 12 wells tapping the Goliad Sand. He
states, however, that based on considerations of the test
data, the construction of the wells tested, and the
distribution of sand thickness, a figure of 1,000 square
feet per day for the average transmissivity is probably
more representative for the Goliad in the Alice area.

The transmissivity of the Oakville Sandstone was
determined to be 2,000 square feet per day. This was
determined by testing well JB-84·22·401, which is
screened from 1,106 to 1,252 feet. Mason 0963, p. 22)
reports that an aquifer test made in a well tapping the
Oakville in the Alice area indicated a transmissivity of
950 square feet per day, and an aquifer test of the
Oakville Sandstone near Premont in southern Jim Wells
County indicated a transmissivity of 1,000 square feet
per day.

Only one storage coefficient, 0.00062. was
determined in Duval County. This was determined at well
JB-84-29-310 tapping the Goliad Sand at Benavides.

The transmissivities and storage coefficients
determined from aquifer tests may be used to predict
the drawdown of water levels caused by pumping a well
or by a genera! increase in pumping in an area Figure 12
shows the theoretical relation of drawdown of water
levels to distance and different transmissivities. The
calculations of drawdown were based on a well or group
of vvells pumping 500 gpm continously for one year
from an extensive aquifer having a storage coefficient of
0.0005 and transmissivites as shown on the different
curves. As a result of pumping 500 gpm continuously for
one year from an aquifer having a transmissivity of
1,300 square feet per day, the water level would decline
about 44 feet at a distance of 1.000 feet from the
pumped well; it would decline about 25 feet at 5.000
leet and C1bout 10 feet at 20,000 feet. Because
dravvdown is directly proportional to the pumping rale,
the drawdown lor rates other than 500 gpm can be
determined by multiplying the drawdown values shown
in Figure 12 by the proper mUltiple or fraction of 500.

Figure 13 shows the theoretical relation of
drawdown of water levels to time and distance. The
calculations are based on a well or group of wells
pumping 100 gpm from an extensive aquifer having a
storage coefficient of 0,0005 and a transmissivity of
1,300 square feet per day_ The figure shows that the rate
of drawdown decreases with time, but the water level
will continue to decline indefinitely until a source of
recharge or point of discharge is intercepted to offset the
pumpage and reestablish equilibrium in the aquifer.
Because the drawdown is directly proportional to the
pumping rate, the drawdown for rates other than 100
gpm can be determined by multiplying the drawdown
values shown in Figure 13 by the proper multiple or
fraction of 100.
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Table 3.-Summary of Aquifer Tests

AVERAGE SPECIFIC
SCREENED DISCHARGE CAPACITY
INTERVAL DURING TEST TRANSMISSIVITY TIME STORAGE

WELL AQUIFER' 1FT) (GPM) (FT2/DAYI lGPM PER Fn lHDURS) COEFFICIENT REMARKS

JB-B4-21·502 T, '''' '" 00' '" "
, - Recovery in pumped ",ell

303· m after pumping 24 hou ....
369· '"495- '"605· '"

'" T, 256- m " '00 "
, - Recovery in pumped well

288- '" after PUmpin9 50 hou....

'" T. 268· '" ", no ,., , - Recovery in pumped ",ell
291· '"' after pumping 24 hours.

'" T, 250- '0' ,,, '" ,., , - Recovery in pumped well
352- m eher pumping abou1 24
450- '00 hou....
595· '"

22-401 To 1.106-1.202 '00 2.000 ,., , - Recovery in pumped welt
1.212·1,252 efter pumping 29 hou...

29-309 T, 332- M' '" '" ,., , - Dre"'down in pumped well
462· ,n after pumping 3 Y. hoy...
552· '"

'" T, 322· m - '" - - 0.00062 Drewdown Interference from
442· '" pumping ",ell JB·B4-29-309
532- '" at 349 gpm.

• To. Oakville Sandstone; Tg. Goliad Send.

-
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The specific capacity is useful in estimating the
yield of a .....ell at various drawdowns. The specific
capacities of .....ells penetrating the same aquifer may vary
widely, depending upon the thickness of sand screened,
hydraulic conductivity, .....ell construction, and duration
of pumping. Specific capacities determined from tests on
five wells in the Goliad Sand averaged 3.5 gallons per
minute per foot of drawdown over a 3·hour period; the
specific capacity determined from testing a well in the
Oakville Sandstone was 9.5 gallons per minute per foot
of drawdown for the same time period.

GROUND-WATER DEVELOPMENT

The .....ell inventory made during this investigation
included aU the municipal, industrial, and irrigation
.....ells, and a representative number of rural·domestic and
stock wells. Records of 509 water wells are given in
Table 7.

Table 4 gives the quantities of ground water
pumped for different uses from 1955 to 1970. During
1970, about 5.3 mgd of ground water was used for all
purposes in the report area. Of this amount, 0.6 mgd was
supplied by the Catahoula Tuff, 0.7 mgd by the Oakville
Sandstone, and 4.0 mgc:l by the Goliad Sand. Most of the

large ground·water supplies are obtained from wells in
the Goliad Sand.

Public Supply

The pumpage of ground water for all public supply
increased from about 0.67 mgd in 1955 to about 0.99
mgd in 1970, an increase of about 48 percent in 15 years
(Table 4). The 0.99 mgd of ground water used for public
supply in 1970 was pumped by the towns of Benavides,
ConcepciOfl, Freer, Realitos, and San Diego. This is 19
percent of the ground water pumped for all purposes
during that year. Water wells at oil-field camps generally
are used for industrial ancl public·supply purposes, but
the quantity used for public supply in these camps is
insignificant.

Irrigation

Records indicate that prior to about 1958 there
was VefY little irrigation from \Neils in Duval County.
According to a report by Gillett and Janca 11965), only
four irrigation wells .....ere in use in the county in 1958,
during which time about 0.12 mgd 1140 acre·feetl of
watef was used; in 1964, the quantity of ground water
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used had increased to about 0.86 mgd (960 acre-feet).
Records of the Texas Water Development Board indicate
that in 1969 the number of irrigation \ll/ells had increased
to 32, alld the pumpage to about 2.14 mgd (2.400
acre·feetl. which is 41 percent of the ground water used
for all purposes during that year (Table 41. The values
shaWl in Table 4 for 1958, 1964, and 1969 were
determined by inventory; the values for irrigation for the
other years are estimates.

All ground water used for irrigation in the county
is obtained from wells in the Goliad Sand. Most of the
v.ells are concentrated in the southeastern part of the
county because the Goliad is capable of yielding larger
quantities of water in that area, the land is more suitable
for irrigation, and the quality of the water is relatively
good.

The acreage irrigated with ground water increased
from about 300 acres during 1958 to about 4.100 acres
during 1969. Irrigated crops included peanuts, hay,
vegetables, cotton, grain sorghum, and forage crops.

Industrial Use

In 1970, 1.32 mgd of ground water was pumped
from wells in Duval County for industrial use. This is 25

percent of the total quantity pumped for all purposes
during that year (Table 41. The principal industrial use
of ground water was for the production of brine by
solution mining. Smaller amounts were used by the oil
and gas industry mainly for cooling purposes.

Rural-Domestic and Stock Use

Rural-domestic and stock use of ground water in
Duval County in 1970 was estimated to be 0.76 mgd.
This is 14 percent of the total ground water used for all
purposes that year (Table 4). Most of the wells that
supply water for rural-domestic and stock needs are
equipped with windmills, small gasoline engines, or
electric pumps designed to pump only a few gallons a
minute. In some areas, small ponds provide water for
stock. A few ranchers in the extreme northwestern part
of the county, where ground water is scarce or not
available, depend upon water that is relayed through
distribution pipes from wells in outlying areas.

The estimates of rural·domestic and stock use as
given in Table 4 are based chiefly on the census of stock
in the counties as of 1954, 1959, and 1964, and on the
number of stock in 1969 as estimated by the U.S.
Department of Agriculture and Texas Department of
Agriculture. Estimates of ground water use by stock for
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Table 4.-Use of Ground Water. 1955-70

(Fi~res ani approximate because some of the pumpage is estimated Totals are rounded to two
silJlifjcant filPJres. Other fi~res are shown to nearest 0.01 mgd and nearest 10 acre-feed.

RURAL-OOMESTIC
PUBLIC SUPf>LY IRRIGATION INOUSTRIAL AND STOCK' TOTAL

YEAR Ac-Ff AeFT AC·FT AC-FT Ae-FT
PER YA MGD PER YA MGD PER YA MGD PEA YA MGD PER VR MGD

1955 ". 0.67 '00' .., 1,060 0.•• ". 0.51 ' .... ,.,
,.,. ... ••• 100' ., 1,060 ••• ... ." 2,700 ,..
1957 .00 ••• '00' ., 1.060 ••• ". .M 2,700 ,..
,.'" 1.270 1.13 ,'" ." ,.... .•, "'. .,. 3,100 ,..
1959 ' .... ." 1,000' •• 1,210 1.08 ". .'" :;,900 3.'

,... '''' ." .00· ., 1,280 1,14 .OO .'" 3.... 3.'

,.., ". .M 1.000' •• 1,180 1,05 ... ••• 3.... 3.'

1962 '.000 .99 1,000' •• 1,220 1.09 ". .60 3.900 3.'

'''3 77. ••• 1.000' 3 '.300 1.16 '80 ." 3,800 3.'

,... ••• ." .60 ... 1,350 1.20 ... ." 3,900 3.'

1965 ... ... .00· ., 1,460 '.30 77. ... 3,900 3.'

".. 97. ." 800· ., 1,430 1.28 ,OO ." 3.... 3.'

1967 ... ... '00· ., 1.410 1,26 77. .,. 3.800 3.'

,... .00 ." 800· ., 1,500 ..,. ,GO ... '.000 3.'

1969 1,050 ." 2,400 2.14 1,550 1.38 ... ." 5,800 ..,
1970 1,1 '0 .99 2,500' ,., . 1.480 1.32 "'. .76 5.900 '.3

• Enl.... '..:!

the other years listed in the table are subject to error
because of lack of data. Aural-domestic usage was based
on census of rural population for 1960 and 1970and on
estimates for other years,

Changes in Water levels

Water levels in wells in the aquifers in Duval
County rise or fall mainly in response to changes in the
rates of recharge or discharge and rates of pumpage.
During periods of drought, recharge to the aquifers is
reduced and generally pumpage of water is increased,
thereby reducing the ~antity of ground water in
storage-and the water levels decline; during periods of
above normal rainfall, the process is reversed and the
water levels rise. Periodic water-level measurements in
selected observation wells in Duval County were made as
early as 1931 (Table 91. These measurements were part
of the statewide observation well program conducted by
the U.S. Geological Survey and the Texas Water
Development Board. Most of the obsefvation wells
having long records of measurements tap the Goliad
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Sand. Only relatively sho.rt records of measurements are
available for IrWlls tapping the Catahoula Tuff.

Periodic water·level measurements in the
Catahoula Tuff were begun mostly in the 1960's. The
relatively short period of record indicates that water
levels in wells JB·84-04·701, JB·84.Q4-707,
JB·B4·12·101, JB-B4·12·301, and JB-B4·12-401 (Table 9)
fluctuated considerably. The water level in well
JB-B4·12-401 rose 2B.85 feet between 1960 and 1970,
whereas the water level in JB-B4·04-707 declined 4.B2
feet betlNeen 1964 and 1970. Figure 11 shows that
water levels are relatively low in the catahoula a few
miles south of Freer where public·supply pumpage has
created a large cone of depression.

Little information is available regarding water·level
fluctuations in the Oakville Sandstone. A flowing well in
the Oakville (JB·B4-45-301j had been used for
observation purposes during recent years; however, by
1969 only three water-level measurements were
available. The first measurement in the well was made
February 25, 1967, at which time the water level was
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Figure 15 illustrates the construction of the two
most common types of present-day wells, the
straight-walled well and the underreamed and
gravel-packed well. The straight-walled type is generally
used for rural-domestic and stock welts, and to a lesser
extent, for small irrigation, industrial, and public-supply
wells. The under reamed and gravel-packed type is
generally used where larger yields are desired.

CONSTRUCTION OF WELLS

Most of the water used for domestic purposes in
Duval County during pioneer days was obtained from
dug 'Mllls, some of which are still in existence. Generally,
it was not necessary to install casings in the wells
because much of the surface is covered by a hard caliche
cap that is sufficiently indurated to serve as a natural
well casing. The dug wells usually penetrated only a few
feet of the saturated zone and yielded small supplies of
water. Most of the wells completed since about 1930
have been drilled wells.

are not separated from the surface by a more or less
impermeable bed of caliche:' Fluctuations of water
levels in most of the shallow wells (Figure 14) less than
about 150 feet deep show little relationship or response
to precipitation.

Some of the municipal wells in Duval County that
tap the Goliad Sand are underreamed, screened, and
gravel packed in the water·bearing sands. The gravel pack
increases the effective diameter of the wells and allows

Water levels in wells JB-84-38·902 and
JB·84·38·903, which are about 1 mite apart and which
tap the artesian zone, behaved si.."ilarly to those in well
J8-84-46·401: however, in the 1960's the water level in
the two wells rose substantially, indicating perhaps that
salt water under higher head had entered the wells from
above by way of leaky casings, Further evidence of this
is shown by the change in the quality of water in well
JB-84-38·902. When sampled in 1931, the water
contained 771 mgtl of dissolved solids; on December 13,
1969, the water had a field conductance of about 3,300
which is equivalent to about 2,100 mgtl of dissolved
solids.

The water level in well JB-84-46-401. which taps
the artesian zone, declined slowly during the 1930's and
more rapidly thereafter. The increase in water·level
decline is attributed to an increase in ground·water
withdrawals in the southeastern part of the county and
is not directly related to precipitation. The net
water-level decline of 55 feet from 1931 to 1969
represents almost entirely a decrease in artesian pressure
rather than a dewatering of the aquifer. This is
contrasted by well JB·84-46-402 (110 feet deep) which
taps that part of the Goliad under water-table
conditions. This relatively shallow well. about half a mile
from well JB-84-46-401, had a net decline in water levels
of only 2 feet from 1933 to 1970.

Moderate to large declines in water levels have
occurred in the Goliad Sand. These declines are mainly
attributed to pumpage by irrigation, public·supply, and
industrial wells that tap the Goliad Sand in the
east·central and southeast part of the county.

Only small changes in water levels have occurred in
those wells shown in Figure 14 that are less than about
150 feet deep. Sayre (1937, p. 63) observed that the
water levels in some wells fluctuated very significantly,
whereas water levels in other wells of similar depth
showed very little fluctuation, and that water levels in
some of the deeper wells showed greater fluctuations
than in many of the shallower wells. He further stated,
"the shallower wells, however, should respond rather
quickly to recharge from precipitation, provided they

3.8 feet above land surface. On March 20, 1969, the
time of the last available measurement. the water level
was 4.1 feet above land surface, indicating a rise of 0.3
feet. Water·level changes in other wells that tap the
Oakville Sandstone in the report area are not known, but
probably only slight changes in water levels have
occurred regionally in Duval County. In Jim Wells
County, however, Mason (1963, p. 331 states that the
water- level in an Oakville well used by Mobil Oil
Corporation in southern Jim Wells County declined
about 405 feet between 1947 and 1960.

Figure 14 shows the fluctuations in water levels in
eight \M!lIs in the Goliad Sand and the annual
pr-ecipitation at Falfurrias during the period 1931-70.
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more water to enter at a reduced velocity. This reduces
the drawdown and helps to prevent sand from entering
the wells.

The industrial wells, some of which are
underreamed and gravel packed, are generally designed
to pump large quantities of water. In many wells,
large-diameter casing (12·inchl is set in the upper parts
of the wells, and 6- or 8·inch casing is set in the lower
parts.

In most irrigation wells, torch-slotted casing is
installed in the water-bearing sands, but a few wells are
equipped with commercial screens. little effort usually
is made to correlate the width of the torch slots with the
diameter of the sand particles. If slots are too large, sand
enters freely, resulting in wear of the pumps and casing.
If the slots are too small, or too few, ellcessive
drawdowns of water leve(s result and the specific
capacities of the wells are abnormally low.

over the well numbers. Figure 16 shows the variation in
chemical content of the sampled water throughout the
report area.

Chemical-Quality Standards and
Suitability of Water for Use

Various requirements have been established for
most categories of water quality including bacterial
content; physical characteristics such as turbidity, color,
odor, and temperature; chemical substances; and
radioactivity. However, the suitability of a water supply
depends largely upon the chemical quality of the water
and the limitations associated with the contemplated use
of the water. Generally. tile problems of bacteria and
physical characteristics can be remedied economically.
but the removal or neutralization of undesirable
chemical constituents may be difficult and ell pensive.

The dissolved-solids or "total-salts" content is a
major limitation on the use of water for many purposes.
The classification of water based on the dissolved-solids
content in milligrams per liter as used in this report is as
follows (Winslow and Kister, 1956, p. 5):

At some places in Duval County, saline or
moderately-saline water overlies fresh to slightly saline
water. Wells drilled in these places should be cemented
from the top of the fresh·water sands to the land surface
to prevent the more saline water from corroding the
casing, entering the wells, and contaminating the usable
water.

Some abandoned oil or gas wells that have been
properly plugged are later converted into water wells for
various uses. The well construction is based on an
examination of the well logs. The most productive
water·bearing sands are selected and the well casing is
"shot" or gun·perforated in these sands, allowing the
water to enter the well. Several flowing wells in the
report area have been completed by this method.

DESCRIPTION

",..
Sllllhlly salin.

Mod.rately s~II"a

Very lali"e

Brin.

Public SupplV

DISSOLVEO-SOUDS
CONTENT IMG/LI

Less than 1,000

1.000 to 3,000

3.000 to 10.000

10,000 to 35,000

Mor.. Iha" 35.000

QUALITY OF GROUNO WATER

All ground water contains dissolved chemical
constituents. The chemical constituents in the ground
water in Duval County are derived principally from the
materials in the soil and rocks through which the water
has moved. The difference in the Quality of the water
reflect, in a general way, the types of soil and rocks that
have been in contact with the water and the length of
time in contact. Usually, most deep ground water is free
from contamination by organic matter; but, normally,
the dissolved-solids content increases with depth. The
source and significance of the dissolved·mineral
constituents and properties of the water are summarized
in Table 5, which is modified from Doll and others
(1963, p. 39-431. The chemical analyses of water from
165 selected wells in Duval County are given in Table 11.
The wells from which samples were taken are
identified on the well-location map (Figure 22) by bars

·34 -

Water used for public supply should not contain
excessive amounts of harmful chemical substances;
should be free of turbidity, odor, and color to the extent
that it is not objectionable to the user; and must not be
excessively corrosive to the water-supply system.

The U.S. Public Health Service has established and
periodically reviews the standards for drinking water
used on common carriers engaged in interstate
commerce. The standards are designed to protect the
public and are used to evaluate public water supplies.
According to the standards, chemical substances should
not be present in a water supply in excess of the listed
concentrations whenever more suitable supplies are
available or can be made available at reasonable cost.
The principal chemical Slandards adopted by the U.S.
Public Health Service (1962, p. 7·8) are as follows:
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CONCENTRATION
SUBSTANCE MOIL

ChlOtide (CI) ,'"
Fluoride IF) .8

Iron lFel .,
ManlJllnese (Mnl .0'

N,nala IN03) "
SullaiIO {S04J ,'"
DissOluIOd solids >00

, The permissible upper limit ot f1uo.ide II bas&(! upon t~e

annutl eueraoe of maximum daily temperature 0/ 84.9 F
(29.5 CI measured al Falfurries over a 30·ytlar period.

All the ground water presently used for public supplies
in the report area is obtained from wells in the Goliad
Sand and Gatahoula Tuff.

Less than 20 percent of the water samples taken
from wells in the county contained less than 250 mg/I
chloride. The chloride concentration in 54 water samples
from v.ells in the Catahoula Tuff ranged from 25 to
3.980 mg/I. All but six of the samples had a chloride
content that exceeded 250 mg/l. Of the 14 INl.!lIs
sampled in the Oakville Sandstone. the minimum
chloride concentration was 89 mg/I in well JB-84.Q5-602
(depth 65 feell. and the maximum was 2,010 mg/I in
well JB-84·05-502 (depth 450 feet). The chloride
content of 98 water samples from wells in the Goliad
Sand in the report area ranged from 8.7 to 3,220 mg/I,
exceeding 250 mg/l in 75 samples. Figure 16 shows that
01 the Goliad wells sampled, geflerally. the chloride
concentration was lowest in water from those \/Wlis
having a depth from 200 to about 700 feet.

The fluoride content of 89 water samples ranged
'rom 0.1 to 5.2 mg/I. exceeding 0.8 mg/I in about half
the samples. In 14 samples, the concentration exceeded
,.4 mg/I, a level which if exceedeci constitutes grounds
for rejection of a public water supply (U.S. Public
Health SeNice, 1962. p. 8). The fluoride content in 28
samples from the Gatahoula Tuff ranged from 0.1 mg/I
to 5.2 mg/I and exceeded 0.8 mgtl in 18 samples. The
maximum fluoride concentration of 5.2 mg/I was from a
water sample taken from a ftowing welt. JB·B4·44·104.
which produces from a screened interval of 1,730 to
1,772 feet. In nine samples from wells in the Oakville
Sandstone. the fluoride concentration ranged from 0.4
to 1.4 mg/I, exceeding O.B mg/l in three samples. The
fluoride content of 52 samples from the Goliad Sand
ranged from 0.2 to 2.0 mg/I. exceeding 0.8 mg/I in 24
samples.

The total iron content in water from 40 samples
ranged from 0.00 to 4.3 mg/I. exceeding 0.3 mg/I in 10
samples. tn 17 samples from wells in the Catahoula Tuff.
the iron content exceeded 0.3 mg/I in five samples. Only
four samples from the Oakville Sandstone \M;!re analyzed
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for iron; in two of these samples the iron content
exceeded 0.3 mg/I. In 18 samples from wells in the
Goliad Sand, the iron content exceeded 0.3 mg/I in only
three samples.

The nitrate content in 100 water samples ranged
from 0.00 to 226 mg/I. Of the 100 samples, 14 had
nitrate concentrations exceeding 45 mg/I. Of the 14. five
were from the Gatahoula Tuff and nine 'M!!re from the
Goliad Sand. The water in wells JB-78·60·701.
JB·84-37-401, and J8-84-45·104 contained nitrate
contents of 133 mg/I, 134 mg/I. and 226 mg/I.
respectively.

The sulfate content of 156 water samples ranged
from 6.B to 2.800 mg/I. exceeding 250 mg/I in 44
samples. Of 47 determinations of sulfate in water from
wells tapping the Catahoula Tuff, sli!tltly less than half
exceeded 250 mg/1. Samples from eight of 13 wells in
the Oakville Sandstone had a sulfate content that
exceeded 250 mg/1. Of 92 determinations of sulfate in
water from INl.!lIs tapping the Goliad Sand. slightly less
than 20 percent exceeded 250 mg/I.

The dissolved·solids content in 102 water samples
ranged from 247 to 7,060 mg/I. Almost all of these
samples were from wells in the Catahoula Tuff. Oakville
Sandstone, and Goliad Sand. The dissolved solids
exceeded 500 mg/I in 97 samples and exceeded 1.000
mg/I in 70 samples. The dissolved·solids content in water
from seven public·supply wells in the Goliad Sand
ranged from 730 to 1,540 mg/l; water from three
public·supply wells in the Catahoula Tuff had dissolved
solids that ranged from 1.290 to 1,480 mg/l. Only one
of the 10 public-supply wells had water with dissolved
solids less than 1,000 mg/I.

The hardness of water is important in a public
water supply. although no limits for hardness have been
established by the U.S. Public Health Service. Waler used
for ordinary domestic purposes does not become
particularly objectionable until it reaches the level of
about 100 mg/I (Hem. 1970, p. 225). A commonly
accepted classification of water hardness is given in
Table 5.

The hardness in 165 water samples ranged from 5
to 2,640 mg/I. exceeding 60 mg/I in 150 samples. In 15
samples, the hardness was less than 60 mg/I. and in 120
samples, the hardness was more than 180 mgt!.
Generally, the softer water was obtained from relatively
deep wells, most of which were from about 9UO to 1.800
feet deep.

In summary. most of the ground water sampled
from the Catahoula Tuff. Oakville Sandstone, and
Goliad Sand in Duval County does not meet the quatity
standards of the U.S. Public Health SeNtCe for drinking
water. Dissolved·solids and chloride contents were
especially excessive. Water having chemical constituents
in excess of the established limits, nevertheless. is used
for drinking without any obvious adverse effects.

-
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The RSC of 113 samples from wells ranged from
0.00 to 15.4 mell. About one-fourth of the samples
contained more than 2.5 mell, and about two·thirds of
the samples contained less than 1.25 me/l. Most of the
high RSC values were associated with the Catahoula Tuff
and Oakville Sandstone. RSC in water from the Goliad
Sand generally was low.
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The soil thus affected is referred to as "black
alkali." Wilcox (1955, p. 11) states that labor~tory and
field studies have resulted in the conclusion that water
containing more than 2.5 mell (milliequivaJents per liter)
RSC is not suitable for.irrigation; water containing from
1.25 to 2.5 me/l is marginal; and water containing less
than 1.25 mell probably is safe. However, good
irrigation practices and proper use of soil amendments
might make it possible to use marginal water
successfully. Furthermore, the degree of leaching will
modify the permissible limit to some extent (Wilcox,
Blair, and Bower, 1954, p. 265).

A system of classification commonly used for
judging the quality of WiIter for irrigation was proposed
by the U.S. Salinity Laboratory Staff (1954. p. 69-82).
The classification is based on the salinity hazard as
measured by the electrical cOnductivity of the water and
the sodium or alkali hazard as measured by the sodium
adsorption ratio lSARI. The U.S. Salinity laboratory
Staff's classification of irrigation water is diagrammed in
Figure 17, and results of analyses of water from 22
representative \Neils in the Catahoula Tuff, Oakville
Sandstone, and Goliad Sand are ploned on the diagram.

The diagram indicates that the samples (10 from
irrigation wells, 10 from domestic and stock wells, one
from a public-supply \Nell, and one from an industrial
\Nell) had a range in sodium and salinity hazards from
low to very high and high to very high, respectively.
Although water from each of the three aquifers
represented on the diagram had a high to very high
salinity hazard, the Goliad water had the lowest sodium
hazard (low to medium range). On the basis of the
diagram, irrigation in Duval County should be practiced
with careful management, especially if water from the
Oakville or CatahouJa is used.

Irrigation

The suitability of water for irrigation depends
upon the chemical quality of the water and other factors
such as soil texture and composition, type of crops,
irrigation practices, and climate. The most important
chemical characteristics of water used for irrigation are
the sodium concentration, the concentration of soluble
salts, residual sodium carbonate, and the concentration
of boron. Sodium is si~ificant in evaluating the quality
of irrigation water because of its potential deleterious
effect on the soil. A high percentage of sodium in water
tends to make soil plastic, thus restricting the movement
of water and giving rise to problems of drainage and
cultivation.

An excessive concentration of boron renders water
unsuitable for irrigation. Scofield (1936, p. 286)
indicated that boron concentrations of as much as
1 mg/l are permissible for irrigating most boron·sensitive
crops, and that concentrations of as much as 3 mg/l are
permissible for the more boron-tolerant crops. The
boron concentration in water samples from 13 wells
ranged from 0.63 to 2.1 mgll. In nine samples from
irrigation \Neils in the Goliad Sand, which supplies all the
water for large·scale irrigation in the county, the boron
concentration ranged from 0.63 to 2.0 mg/l, exceeding
1.0 mg/J in four samples.

Another factor used in assessing the suitability of
water for irrigation is the residual sodium carbonate
(RSCI. Excessive RSC will cause the water to be
alkaline. The organic material of the soil is dissolved by
strong alkaline solutions, and the soil takes on a
!1"ayish·black color.

In summary, the water from \Neils in the Goliad
Sand is more suitable for irrigation than the water from
wells in the Oakville Sandstone and the Catahoula Tuff;
however, water from any of the ttvee aquifers should be
used with careful management and as a supplement to
rainfall.
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Industrial Use

Ground water used by industry may be classified
into three principal categories-cooling, boiler, and
processing. In the report area most of the water used for
industrial purpOses is used in the processing or mining of
brine in the Palangana brine field, 6 miles north of
Benavides; smaller quantities of industrial water are used
for cooling at gas-cycling plants.

Cooling water generally is selected on the basis of
its chemical Quality and temperature. Silica, iron, and
hardness may cause scale which adversely affects the
heat.exchange surfaces in the cooling process; and
sodium chloride, acids, oxygen, and carbon dioxide are
among substances that make water corrosive.

Boiler water should be noncorrosive and should
have a very tow concentration of scale-forming
constituents such as silica, calcium. and magnesium.
Silica is particularly undesirable in boiler water because
its tendency to form a hard scale increases with pressure
in a boiler. The following table SholNS the maximum
suggested concentrations of silica for water used in
boilers (Moore, 1940, p. 263).

Concentrations of iron, hardness, and dissolved
solids, which also affect the suitability of water for
industrial use, have been discussed in the section on
suitability for public supply.

Pesticides Content of Water

To provide information on the presence of
pesticidal contamination, samples of ground water from
four wells in the report area IllJere analyzed for the
insecticides and herbicides recommended by the
Subcommittee on Pesticide Monitoring of the Federal
Committee on Pest Control (Green and Love, 1967, p.
13·16). The wells, which were sampled August 20, t 970,
were JB·78-62·901, J8-84-35-101, J8-84·36-901, and
J8·84-46-405 having depths of 39, 90, 70, and 42 feet,
respectively (Figure 22). No pesticides were found in the
water samples from any of these wells.

PROBLEMS

Salt-Water Disposal

CONCENTRATION
OF SI LlCA IMG/L)

'0

'0

BOILER PRESSURE
{POUNDS PER SQUARE INCH)

L-.s In"n 1 50

15010 '250

251 '0400

Morc .han 400

A tabulation of the questionnaires that the Texas
Railroad Commission sent to oilfield operators indicates
that 104,035,676 barrels, or about 13,400 acre·feet, of
salt water was produced in conjunction with the
production of oil and gas in Duval County in 1967. The
methods of disposal and the quantity disposed of are
shown in Table 6. The locations of the brine·producing
areas are shown on Figure 18.

In Duval County the concentration of silica in 79
water samples ranged from 16 to 100 mg/I, ex~ing 20
mg/I in 74 (about 94 percentl of the samples.

Water used as process water in manufacturing is
subject to a wide range of quality requirements, which
generally are rigidly controlled. For example, water used
in textile manufacturing must be low in dissolved solids
and free from the stain effects of precipitated iron and
manganese. The beverage industry requires water that is
free from iron, manganese, and organic substances. The
chemical quality of water used in the process of brine
production is not as critical as for cooling water or boiler
water.

Most of the g-ound water in Duval County is
alkaline. Of the 154 determinations of pH, all but six
exceeded 7.0, which is neutral.

The odor of hydrogen sulfide gas (H2Sl was
noticeable from many wells during the time they IllJere
being pumped. Although H2S is an objectionable
constituent, it can be removed by aeration.
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Of the total amount of salt water disposed of in
1967, 13,336,236 barrels 113 percent) was placed in
unlined surface pits and 90,699,440 barrels (87 percent)
was injected into the zone from which it was produced
(called water flooding) or into other zones below the
base of fresh to slightly saline water. During the 1969-70
period of field study in Duval County. very few unlined
surface pits were observed. The sparsity of pits is
attributed to a no·pit order by the Texas Railroad
Commission which went into effect throughout Texas
on January 1, 1969.

The disposal of salt water into unlined surface pits
is the most hazardous method with respect to
contamination of shallow fresh water. Salt water in a pit
seeps into the ground and eventually may contaminate
the water in a shallow aquifer. The time required for the
salt water to affect the quality of water in nearby wells
may vary from a few months to several years, depending
upon the permeability of the soil and the consequent
rate of movement of the salt water. Generally,
contamination of the fresh water is indicated by a
significant increase in the salinity of the water.
principally in the chloride content, without an
accompanying increase in the sulfate content. Once a



Tabte 5.-Methods of Disposal and Quantity of salt Water Disposed in 1967

(From Texas Railroad Commission)

BAINE DISPOSAL IN BARRELS
AREA SHOWN DISPOSAL OR
ON FIGURE 18 FIELD TOTAL UNLINED PITS INJECTION WELLS

, Casa Bla"ea 1,241,819 12.459 1 ,229,360
Ctla.amoulea 1,867,828 56.101 1,811,127
Naaly, E.... 3,566.454 525,967 3,040.487

TOI.. I 6.676.101 595.121 6.080.974

, Bralum 2,051 2.051 0
Eagla Hill 1.535.380 1.887 1,533.493
Hagill RJlnetl 1.121,688 104,851 1,016.837
Pied.a LUfTlb.a 8.612,907 94.483 8,518.424

Total 11,272,026 2ii3.2"7'2 11,068,754

, Labba 31,019 "" 30,289
S.ven Sina," 8,9aB,I.' 2,507,926 6,480,215

Tot..1 9.019.160 2.508.656 6.510.504

• Go'....e 103,827 1.398 102,429
Lov;a 7,200 7.200 0
Patro~ 482.359 323,050 159,309
Weide, 1,095 1,095 0

TOlel ';94.481 33""2."f43 261.138
, D. C. R.79 9";6,440 0 856.440

se_ty·Si~ 2,929,063 1 ,110,908 1,758.155
TOI.. I 3.785,503 1,\10.908 2.614.595

, Go~.nmenl Walil. Nonh 13,066,657 582,183 12,484,474
GovarnmeM Wall I, Soulh 1,703,989 283,847 1,420,142
LOmll Novie 5.443,35 1 1,074.690 4,368,661
Lundell 7.940.447 96,283 7,844.164

To... ' 28.154.444 2,037.003 26.117,441

, I-Ia,bn J.995 3.995 0
K,a," 164,165 164,165 "-

Tot ..1 168,160 168.160 0

, ROilte 30,385 1,080 29.305
Soui,e 219,000 0 219,000
Strake 2,920 2,920 0

TOlal 252.305 4.000 2i8.3ii5
, 6,idwall 330,724 330,724 0

Ch,lt,pm 2,555 2.555 0
F;t ..,mmonl 21.600 21,600 0
Joh.... 1,405.894 413.192 992,702

TOIIII 1,760,773 768,071 992,702

" A. & H. 15,330 15,330 0
Agua P,ina 144,345 144,345 0c._. 111.750 111.750 0
Loekh... t, ThOmH 1,182,600 1,182,600 0
Robinlon 147,460 147,460 0
TalO'O 2,880 2,880 "-

TOIIII 1,604,365 1,604,365 0

" Hof!ma" 28,308.981 675,410 27,633,571
MUlga .00 .00 0
Pa,llIa 1.477 1.417 0
s..nou 599.183 573.623 25.560
Taranuhun 2,22••000 0 2,224,000

Total 31,134,041 1,250,910 29,883,131

" C.d'O Hill 2,641,485 167,747 2,473,738
Colma"a 1,585,233 235,425 1,349,808
Fo'ty·Ni"a 29,160 29,160 0
Pa,a.. 430.756 430.756 0
Rowtlan 4,890 4,890 0
Tiger 69,832 69,832 ,
Tot..1 4.761,356 !lJ7,810 3,823.546

n Lapel 926,754 "- 926,754
Total 926,754 0 926,754
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TabJe 6.-Methods of Disposal and Quantity of Salt Water Disposed in 1967-Continued

(From Texas Railroad Commission)

BRINE DISPOSAL IN BARRELS

AREA SHOWN DIS~v=~L_,:R
ON FIGURE 18 FIELD TOTAL UNLINED PITS INJECTION WELLS

" Kohl'r 215,598 0 215,598
R,ncho Solo 39.755 39,755 0
Ze"gou ,S, ,S, 0

TOlll m:536 39.938 21'5.S98

" Gruv 341,6304 3041.634 0
Ronl;e 43.036 43,036 0

TOlel ""-'" ID"";61O If

" Co'. 16,200 3,600 12.600
Thanksgiving 198,000 183,600 14.400

Totel 2i"4,2OO 187,200 ~

" Cox and H.mon 299.550 299.550 0
Elva '" ----""'- 0
To"l 300,460 300,450 ,-

'S Conoco·O,iscoli 1.928,398 0 1.928.398
Totel 1.928,398 ,- 1,928.398.. All"" 2,190 2,190 0

Ben.vides 304,312 304,312 0
8u..n. Suene 1,460 1.460 0
l.onghorn 9,835 9.835 0
Peid,u Pin"s 00.... 189.814 189.814 0
Soulhl.nd 12,775 12,775 0
Woodl.y 40,150 40,150 .Q.

TOlal 290,536 290,536 0

" Good Frld.y 27,375 27,375 0
Jaboncilios C....k 106,583 106,583 0
l.I I-lu."" 167,170 167,170 0
Mesquite 80nitl 10.605 10,605 0
O.eon. 11.133 11.133 0

TOlal 322,866 322.866 0

" sai,t. 229,551 229,551 0
TOlal 229.551 229,551 ,-

County louis 104.035,676 13.336.236 90.699,440

source of contamination is eliminated, flushing and
dilution of the contamination may require a
considerably longer time than the period of original
contamination.

No conclusive evidence of salt-water
contamination was found during the investigation, This
should not, however, be construed to mean that
contamination is not occurring or did not occur during
previous years when most or aU salt water was disposed
of in unlined pits and water-courses.

Improperly Cased Wells

Aquifers may be contaminated by the invasion of
salt water throu~ improperly cased oil or gas wells. In
recent years, the Texas Water Development Bo¥d has
made recommendations to the oil operators concerning
the depths to which water-bearing formations are to be
protected by cemented casing; however, the Oil and Gas
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Division of the Railroad Commission is responsible for
protection of aquifers bearing fresh to slightly saline
water from contamination in connection with oilfield
operations. The Commission issues rules governing the
depth of cemented surface casing required to protect
such strata for many oilfields throughout the State, and
often revises the rules when additional subsurface
information becomes available.

An examination of the Commission's field rules
indicates that the field rules for surface·casing
requirements are adequate in most of the oitfields and
gasfields in Duval County. The areas (Figure 18) that
apparently are not protected adequately and the amount
of unprotected strata containing fresh to slightly saline
water are: Area 2, from 250 to 500 feet; area 8, about
500 feet in the Strake field; area 9, from 200 to 300
feet; area 10, from 650 to 800 feet (the l,150-foot field
rule for the A&H field is adequate); area lB, about 1,200
feet; and area 21, about 550 feet.



Several fields in Duval County do not have field
rules. These fields are regulated on an individual-well
basis, which usually provides adequate protection.

AVAILABILITY OF GROUND WATER

The Catahoula Tuff, Oakville Sandstone, and the
Goliad Sand are the important aquifers in ,Duval County
and are the sources of the fresh to slightly saline ground
water presently being pumped. Of the three aquifers, the
Goliad Sand is, by far, the most heavily tapped by ¥.'ells.
The Catahoula Tuff is hydrologically important because
it is the only available source of fresh to slightly saline
water in the northwestern part of the county. The
Oakville Sandstone, although it contains fresh to slightly
saline water in the eastern part of the county, is tapped
by a relatively few ¥.'ells.

Quantity of Ground Water
Available for Development

The quantity of water that can be withdrawn from
the aquifers on a long-term basis, without depleting the
existing supply, can be determined from the amount of
recharge or replenishment that the aquifers receive.
Studies to determine precisely the amount of recharge
were not a part of the present investigation, but
estimates can be made by determining the amount of
water that originally moved through the aquifers. The
estimate of recharge can be computed by using the
equation

where Q = quantity of water, in gallons per day,
moving through the aquifer;

T ,. transmissivity, in square feet per day;

I • original hydraulic gradient of the
potentiometric surface, in feet per mile; and

l '" length of the aquifer, in miles, through
which the water moves.

Catahoula Tuff

The amount of water available for development
from the Catahoula Tuff is difficult to determine
because of a lack of appropriate data on the aquifer in
Duval County. An approximation of the quantity of
water originally moving through the aquifer can be
made, however, with some assumptions.

Data are not available to determine the original
hydraulic gradient of the potentiometric surface of the
Catahoula Tuff. But assuming that the gradient, based
on water-level measurements made in 1969·70, was
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about the same as the original g-adient, then the
hydraulic g-aclient was about 15 feet per mile. This
gradient was determined for the area south of the well
field that supplies water to Freer.

The average transmissivity of the sands bearing
fresh to slightly saline water in the Catahoula is assumed
to be about 1,200 square feet per day. This
approximation was derived from an average
sand-thickness of 80 feet along a north-south line
through Freer and from an average hydraulic
conductivity of 15 feet per day. Because aquifer tesu
could not be made in the Catahoula. the hydraulic
conductivity of 15 feet per day was calculated from two
tests on the Catahoula made in Karnes County, about 50
miles north·northeast of Duval County.

Based on a transmissivity of 1,200 square feet per
day and a hydraulic gradient of 15 feet per mile, the
quantity of ground water that originally moved through
the Catahoula across the 48-mile length of V'f@stern Duval
County was about 6 mgd.

Oakville Sandstone

The original hydraulic gradient of the
potentiometric surface in the Oakville was approximated
by using water levels measured after 1946 in Duval and
Jim Wells Counties. Although the potentiometric surface
is depressed around a few centers of moderate to heavy
pumping, water levels regionally are believed to have
changed only slightly. On the basis of water levels that
probably are not significantly affected by heavy
pumping, the hydraulic gradient was about 10 feet per
mile in 1969.

The average transmiSSIvity of the sands bearing
fresh to slightly saline water in the Oakville in eastern
Duval County is 1,680 square feet per day. This was
oerived from an average sand·thickness of 120 feet along
the Duval County-Jim Wells County line and from an
average hydraulic conductivity of 14 feet per day. The
14 feet per day is the average of the hydraulic
conductivities determined from three aquifer tests in
Duval and Jim Wells Counties.

Based on the transmissivity of 1,680 square feet
per day and on a hydraulic gradient of 10 feet per mile.
the quantity of ground water that originally moved
through the Oakville across the 56-mile length of eastern
Duval County was about 7 mgd.

Goliad Sand

The original hydraulic g-adient of the
potentiometric surface of the Goliad Sand can be
approximated by using water levels measured in Duval,
Jim Wells, and Kleberg Counties in 1932 and 1933
before pumping began to affect the water levels



regionally. In this way, the approximate hydraulic
gradient was determined to be 9 feet per mile.

The average transmissivity of the sands bearing
fresh to slightly saline water in the Goliad Sand along
the Duval County-Jim Wells County tine is about 2,650
square feet per day. This is derived from an average
sand-thickness of 240 feet at the county tine and from
an average hydraulic conductivity of 11 feet per day.
The 11 feet per day is the average of the hydraulic
conductivities determined from 15 aquifer tests in
Duval, Jim Wells, and Brooks Counties.

Based on a transmissivity of 2,650 square feet per
day and a hydraulic gradient of 9 feet per mile, the
quantity of ground water that originally moved through
the Goliad Sand across the 56·mile length of Duval
County was 10 mgd. This total quantity compares
favorably with the 6 mgd that originally moved from
southern Duval County into southern Jim Wells and
Kleberg Counties as calculated by Shafer and Baker
(1973, p. 1061 plus the 3 mgd determined by Mason
(1963, p. 501 to be flowing from northern Duval County
through the Goliad Sand into the Alice area of northern
Jim Wells County.

Areas Most Favorable for
Future Development

The ground·water resources 01 Duval County are
only partly developed. A total of 23 mgd of fresh to
slightly saline water from the Calahoula, Oakville, and
Goliad aquifers is available on a long.term basis without
depleting the supply. This is slightly more than four
times as much water as was used for all PUrlXlse5 in the
county In 1970. Thus relatively large quantities of
ground water remain for future developmenl. The
development of 23 mgd, however, would cause the
aquifers to undergo hydrologic adjustments. Among
these adjustments would be a towering of water levels,
changes in the rates of natural recharge or discharge, and
possible encroachment of inferior quality water.
Generally. the areas where sand thicknesses are large
have the greatest potential for additional development of
large quantities of ground water. Other factors should be
considered, however, such as whether or not large
quantities of ground water are already being pumped in
the area.

Of the 6 mgd of ground water that may be
considered to be available from the Catahoula Tuff, only
10 percent was used in 1970. The areas most favorable
for development of large Quantities of additional ground
water from the Catahoula are along a line extending
from the southwest corner of the county
north·northeastward through Freer. This line may be
considered to be the axis of thick accumulations of sand
containing fresh to slightly saline water. From 5 to 20
miles east of this line, the thickness of sand containing
fresh to slightly saline water decreases to zero.
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The thickest accumulations of sand (at least 120
feet) are in a 12-square-mile area along State Highway 16
from 4 to 10 miles south of Freer and in a similarly sized
area about 20 miles west of Benavides (Figure 19). The
former area includes the well field fo~ Freer, where
concentrated pumping (0.3 mgd in 19701 has lowered
the water levels and created an extensive cone of
depression in the potentiometric surface (Figure 11).
Additional large development in this area of
concentrated pumping should be avoided if possible. The
latter area is undeveloped.

Of the 7 mgd of ground water that may be
considered perennially available from the Oakville
Sandstone, only about 10 percent was used in 1970.
Areas most favorable for development of large quantities
of additional ground water from the Oakville are along
the eastern side of the county where the sand section
containing fresh to slightly saline water is thickest
(Figure 201.

South of San Diego, an area of about 150 square
miles contains a sand section in excess of 120 feet thick.
Moderate to heavy pumping in southern Jim Wells
County, however, has created cones of depression that
probably extend into this area of thick sand in Duval
County. Westward from the Duval County·Jim Wells
County line in the direction of the outcrop or subcrop
beneath the Goliad Sand, the thickness of sand in the
Oakville decreases and development of ground water
becomes less favorable. Water trom the Oakville is not
available in the area overlying the Palangana salt dome
because of the absence of the aquifer on the dome.

Of the 10 mgd of ground water that may be
considered available from the Goliad Sand, about 40
percent was used in 1969. Areas most favorable for
development of large Quantities of additional ground
water from the Goliad are in the southeastern part of the
county where the sand containing fresh to slightly saline
water is thick. The thickest accumulation of sand (in
excess of 340 feet) underlies an area a few miles
southeast of Benavides. Westward from near the Duval
County·Jim Wells County line in the direction of the
edge of the Goliad outcrop, the sand gradually decreases
in thickness, and the availability of large qUiIlltities of
water becomes less favorable (Figure 21). Additional
large developments of ground waler in the area from 6
to 8 miles north of Benavides should be avoided, as large
amounts of water currently are being pumped from the
Goliad in this area.

NEEDS FDR CONTINUED
DATA COLLECTION

The collection of basic data such as an inventory
of pumpage, observations of water levels, and collection
of water samples should be continued periodically in
Duval County. Collection of water samples from selected
wells for chemical analysis will provide up-to-date



information on the status of possible salt-water
encroachment.

The program for the observations of water levels
should be expanded to include more wells in the
Catahoula Tuff and Oakville Sandstone so that any trend
in the water· level fluctuations can be established prior to
any large·scale development. The number and
distribution of observation wells in the Goliad Sand
seems adequate at least for the present time.

DEFINITIONS OF TERMS

In this report certain technical terms, including
some that are subject to different interpretations, are
used. For convenience and clarification, these terms are
defined as follows:

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

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

Alluvial deposits-Sediments deposited by streams;
includes ll00dplain deposits and stream-terrace deposits.

Aquifer-A formation, group of formations, or
part of a formation that contains sufficient saturated
permeable material to yield significant quantities of
water to wells and springs.

Aquifer test, pumping test-The test consists of
the measurement at specific intervals of the discharge
and water level of the well being pumped and the water
levels in nearby observation wells. Formulas have been
developed to show the relationships of the yield of a
well, the shape and extent of the cone of depression, and
the properties of the aquifer such as the specific yield,
porosity, hydraulic conductivity, transmissivity, and
storage coefficient.

Artesian aquifer, confined aquifer-Artesian
(confined) water occurs where an aquifer is overlain by
rock of lower hydraulic conductivity (e.g., clay) that
confines the water under pressure greater than
atmospheric. The water level in an artesian well will rise
above the level at which it was first encountered in the
well. The well mayor may not flow.

Brine-Water containing more than 35,lXIO mg/l
dissolved solids (Winslow and Kister, 1956, p. 5).

Cone of depression-Depression of the water table
or potentiometric surface surrounding a discharging well
or group of \Neils and is more or less shaped as an
invertPd cone.
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Dip of rocks, attitude of beds-The angle or
amount of slope at which a bed is inclined from the
horizontal; direction is also expressed (for example 1
degree southeast; or 90 feet per mile southeast).

Drawdown-The lowering of the water table or
potentiometric surface caused by pumping for artesian
flow). In most instances, it is the difference, in feet,
between the static level and the pumping leve1.

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

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

Fresh water-Water containing less than 1,000
mg/I dissolved solids (Winslow and Kister, 1956, p. 5).

Ground water-Water in the ground that is in the
saturated zone from which wells. springs, and seeps are
supplied.

Head, static-The height above a standard datum
of the surface of a column of water (or other liquid) that
can be supported by the static pressure at a given point.

Hydraulic gradient-The change in static head per
unit of distance in a given direction_

Hydraulic conductivity-The rate of flow of a unit
volume of water in unit time at the prevailing kinematic
viscosity through a cross section of unit area, measured
at right angles to the direction of flow, under a hydraulic
gradient of unit change in head over unit length of flow
path. Formerly called field coefficient of permeability.

Moderately saline water-Water containing 3,000
to 10.000 mg/l dissolved solids (Winslow and Kister,
1956, p. 5).

Potentiometric surface-A surface which
represents the static head. As related to an aquifer, it is
defined by the levels to which water will rise in tightly
cased wells. The water table is a particular
potentiometric surface.

Slighrly saline \'IoI!Her-Water containing 1,000 to
3,000 mg/l dissolved solids (Winslow and Kister, 1956,
p.5).

Specific capacity-The rate of discharge of water
from a well divided by the drawdown of water level in
the well. It is generally expressed in gallons per minute
per foot of drawdown.



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

TnJnsmiss;vity-The rate at which water of the
prevailing kinematic viscosity is transmitted through a
unit width of the aquifer under a unit hydraulic
gradient. It replaces the term "coefficient of
transmissibility" because by convention it is considered
a property of the aquifer, which is transmissive, whereas
the contained liquid is transmissible. Transmissivity can
be converted to the formerly used coefficient of
transmissibility by multiplying by the factor 7.48.

Very saline water-Water containing 10,000 to
35,000 mgtl dissolved solids (Winslow and Kister, 1956,
p.5).

Warer /eve'; static level, or hydrostatic leve/~In an
unconfined aquifer, the distance from the land surface
to the water table. In a confined (artesian) aquifer, the
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level to which the water will rise either above or below
land surface.

Water rabIe-That surface in an unconfined water
body at which the pressure is atmospheric.

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

Yield-The rate of discharge, commonly expressed
as gallons per minute, gallons per day, or gallons per
hour. In this report, yields are classified as small, less
than 50 gpm (gallons per minute); moderate, 50 to 500
gpm; and large, more than 500 gpm.
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Tabl. 7.--lioCMds ~f "olt.--Co~ti"ued

K;TER LEVEL

D,\T£ D~PTf. Hll_ " " •
{(N_ W DIAMETU IIATn Tl"DE OR BEW,I DAn Of METHO\) USE

''l:LL o;.;"t:R DR!LL~R PH1_ ',,'I'LL Of CASJl>G BIARJl>G Of [J<KD LA~ SL"R_ ,l:IASt;R~wr
,

W W .~~

" IT" (!~; ) c'Nn SL1U'ACI fACE OATtm CIT' \,'ATER
(FT) IT"

Ja-84-12-103 "Shorty" )k;~ar~ Dillard ~'hd 1967 '" 5 1/2 ", -- eo Apr, ;e, 1967 S. E, 1 " i'u«p s~t ., 157 ft i~ 1967,
i'edou,e~ c..i~g h"", 160
to 192 An~ 300 to 347 ft..

'" ~'ill[aJ:l HubbArd " "" DO " '0, ,- 1l~.4 Sept. " 196~ C. \I , Dug "'ell ~1:th roel, curb,
a,.ervAtion well. Tomp, 79"f
(26 "C).

· ]01 hrcy H""Aro ~,E, 1100<1 19';9 '"
, '0. ,-

120, __ fob. 1959 S. E, 1 ,. , lh ...rvatio~ "elL 2, Slotte<!
145,0 Doc. H. t970 cA'ing fro.. t&O to-190, '00

to 330. And 473 to ';03 ft.

'" '0. ,- 19£6 '" , '0. ,- 135,3 Sopt, D. 19£9 S,I,3!4 C Porforotod cuing frO<ll 120
to 4£5 It.

m Bodine !\a~oh ,- '" '"
,

"" ,- 8g.3 Aug. ,. 1970 ',' , ,-

'" Ponoiano Ruiz ,- '" m , '0, 659.5 i 150.3 ~L W, 1960 C, ~' C" Oboervation ,,011, y Tomp,, 121.4 ;·....r. ;e, 1970 82"F (28 °C),

0 '"' fau ~'. C. 1. U. 11 H.&S. lIotor "ell t962 '" 10 3/4 '0, .., N A?r, '", 1969 S, £, 40 • 8 3!4_i~. o..ing perforated
"elt 6 Sorvioo from HB to 608 ft, ~eport.d

d1<ohuge 200 gp"'. Pump set
u 483 ft. City Well 6. ! il

• M Froor ''.C.l.D. ~l ,", t962 '" 10 3/4 '0. '" no '0, S,E,40 , 8 3/4 In. cUini porfon'od
1I0U 4 from 473 to 573 ft. R~poneo

discharge 160 gptll, Pu",p set
at 441 f,. CHy ~'oU 4. 1, 2'

'"' Fnor II.C.l.O. ~I ". 1962 640 10 3/4 '". ." '" Jan. H, \969 S, £,40 • B 3/4_1n. 0-01"<\ fr"" 534
lieU 8 to &29 ft. Reported dt.-

charga J60 iP"'. Pump n, "'

I 500 f,. Cit)' ~'ell ~, _1 l
,

""' I\o(f""r. Ranel, "' "' DO • ". ,- ,- " C," ,
,-

· '"' ~.r.. Ranch "' ,- '" 4 1/2 '0, ". !88.4 '\ull· ,", 1970 C,' • "'

• 13-101 Jo•• Mgol Rui' Bon !:.ndo, 1939 '" • ,. '" 172.9 >lay .. 197Q C. .., "'

.,

'" G_lo B. Castillo __ LAbh 1962 '00 "' '"- ''" 134.0 Mol' ,. 1970 "" 0,' "'

• 401 Ra""''' P. Per« .; lon,o De La foena m, ,e; • ,.. ." 93. B ~, .. 1970 C. E, 1 0,' RopO",O<! ,,~ak supph.

'" Jean Hasetu Di ltard Wi.d t967 m , ,", "'
,.

~" ". 1.67 S, I 0, , Podouted ca'!~ll fn"" 110
'0 133n.!

,m Koi ,11 Cook Rador c~'Jiprn'nI Ce. ,%, '00 4 1/2 '" ,- '" ,- '- • Podon'«l oaoing fro:n SlO
to 600 f"

• '"' Jose ,\. amoh. Richard.o~ ~'a,or 196B '"" 4 1/2 '" m 90.1 ~....y ,. 1970 ". , Perforated c..i~ll ir"'" 415 to
~'oU Suvlce 180ft. P=POHlI.t 140f'.!

S.o footnotes at .nJ Qf table.
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Table a.--oillfld Gin Wells Seleeted u Oat.Control Points

WELL

61_501

'"
84-02-302

'"
03.602

'"
,,,
,,,

,,,

06·201

'"
".,,,

, ,·604

12·104

,,,
,3·202

",
'"
'"
,,,

U·l0J

,,,

19·203

",

OPERATOR

T.. i ... Oil Co"-"Y
....dE.W.Gl1I

....,L.o".'" Refining
~-,

Go'''''' C,illinll
COmpHly

Rid...dsOn 011 eo....,."y

Sun Oil Co.

Blanco Oil Co.
10 AI Buell...."

J. W. Go.......

Camp Oil Co. '"
R. L. KI.~wood

Lovin eon.lng, J •.

1-1. & J. 0,;11,"9 Co.
....d S. E Tho.....

.... J. Po....

Duval Oil Company

Th. T..... Co"""',,'''

S"" 0,1 Co"-ny

A ....'c.. R_h'"
Corpc"•• iotI

H. L. Ii"",,

J. B, Blanch.rd

8.;dwell 011 Co.

A,IJO 0" Com~n...

ThoO T..... Co.

C. C. Winn

Taylor AlII_ Co.

Sun 0,1 Co.

LEASE AND WELL

F. L F,I-e!rlcho No.1

J. R. Foot_ No. JO

T. M. B,oo~.hir.No.1

We..... and Drought No.2

D.C.R.C. NO.1

D.C.R.C. No.9

D.C.R.C. "8" NeT 32 No.1

Ju. F. w.."".
H";,, No. W·'

O. Fitnimmons C-l

Fin' Nall. a .....
01 Ma.hi. NO.1

Oi,hop C."I .. Co. No. 39

D.C.R.C. t"'CT 54l No. 1

W. K. Hoflln... "'0. 2

C. G. P.l""lo. "'0. 1

E. A. P... No. 1·134

M. H_ Cohn En. No. 1

V. ca..~10 H~n No. 1

cenobi. canlU. J •. No. 1

C. G. ROll'" No. 6

h" MoH.n No. G·2

M....... 8. Cu~I•• No. 1

E. 8. G..",ie No. 1

........_ (W.~I "'0. 1

W. R. P..... No. 8-2

·85·

SURVEY SECTION
OR GRANT

J. N. Gib..,n No. 344

J. R Fo..... No. 200

l.iIbb4"'o.l04

E. R. Gr.v No. 560

J. Poi'....", No. 79

Juen L s.... "'0. 154

G.c. & S.F. No. 213

J. Poi....... t No. A..430

C.C.S.D. 6 a.N.G. A·&99

J. Poit...."' No. 203

J. POi'... ..,1 "'0. 385

.....,o1d .nd e•••"
...-47 No. 551

S.K.6 K. No. 551

E. G. G.... "'0. 92

G.8. 1Io C.N.G. No. 135

GO"zelo G.". No. 16

8.S. 1Io F. "'0. 115

Julien R...." No. 550

F. R. Knill'" "'0. 8

"'. Roge" No. 134

E. P.... No. &4

.... Coontu No. 164

.... cen,,, No. 310

8 .... '0 R....... No. 11

J. Po;,....", No. 273

5 ..... 1Io M,G. No. 6

8.5. & F. No. 305

8. Elizondo No. 568

G.8.6 C."'.G. "'0. 37

DATE OF LOG

Me.. 17.1955

5_. 17.11153

"'0", 16.1947

A",. 111.1949

J..... 23.1946

"'av. 23.1954

A",. 2.1954

S.PI. 11.1955

J ..". 27.11152

Feb. 8.11155

Aug. 19.11164

S-p,. 20.1956

J .. ly 28.1958

M.r. 10.11150

J ..ly 6.1950

"'ug. 20.1949

Jun. 27.1951

M... 5.1941

J.n. 28.1942

Dec. 10.19"

S'"',. 16. 1~1

JU". 27.1958

DIOC. 9. HI51

Me.. 1.1956

Aug. 25.1959

OCt. 23.1949

Ja". 9.1957



Table 8.-Qi1 and GiI$ Wells Selected as Data-Control Points--eontinued

WELL OPERATOR LEASE AND weLL
SURVEY SECTION

OR GRANT DATE OF LOG

J 0-84-1 9·505

'"
20·103

'"

Jak. L ...mon

Humbl. 011 80 A.finlng Co.

G",,,g. D. W..,~ ....tOn.,.1

011.... 011 Co.

DO"lll>a<tv Unl' HG·511

V. Kohl.. No. A-63

O. C."llIo. 5 •.•••1 No. I

K. L. SIIa.He< No.1

B.S. 80 F. No. 195

J. Poll....... No. 163

J. pol .....n. No. 493

A. Collin, No. ,.6

Oct. 15,1958

26, 1950

211,1951

21·102

,..
'"
'"
''''

22-603

'"
26·302

21·202

.'",..
,..

28,'0'

.'"
29-20'1

""
30-103

'"
'",,,

:u,·901

35,<103

,..."
36·503

Co" .nd H.mon

Au..e1' Mevu".

kg<> 0.1 Com.,..n...

...
'0.

D. Ne••~...... Jf.

F••nk J. G••~,.

H.mon. Co". So ea.••

T~. T.... Compan...

A,go Oil Co,p.

Hamon, C.mP. M.gul....
.nd Cox

Molls D...n...·DelMa.
D.ilIlng Compan...

Sun DII Company

Sun DII ComPany

u........ D.llling Co.

G••~...... So McClaOn

Ha .... 11 So S.....'"

Cox and H.mon

F••nk loeh. J •.

C. G. GI...eock

W. L Conon .t .1

C. 0....... 11 No.1

Den",.,.. D~ So
R.flning Co. No. I

Llnle Singe' Col

LlUI. Singe. No.3

J. P. Lubv No.1

W. K. HoUme" No.1

Gn>v e..... No.1

Dar-·G."v No. 1

A.P........

D. C. Ch.p" NO.6

J. M. S ...n.n No. 19

C. O.I.col! e ... A·S

c. D.taco'. e••. S-41

M ••. R. G. Tonkin No. I

V. M. Hoopa. No. 1

D'iv•••• NO.1

H....... I.O SeI..... No. I

L. G••cI. HB" NO.1

A. McN.1I Eo•. 1-A

F. c..<>d C. C. AII.n No. I

Juan _ ...._ ....

J".n B....vid.. No. 1

John OU"n No. I

M.,V Dunn No. 1-A

K. L Sh..lI., No.1

S..... Ro..li. G..n.

J. Poll • ...". No. 129

J. 5aIi.... No. 18

A.B. 80 M. No. 183

S.M. 80 S. No. 255

S.It. AI It. No. 241

S.G.1. Co. No. 147

S.A. So M.G. No. "1

J. B.oy'" No. 245

...... 5 ............. No. 251

N. G ....n No. 28

T.80N.0.No.141

c.e.p.1. & M. Co. No. 37

U. !..oil No. 484

P. Ban...,- No. 428

S_n F.,m Lou
Sac. No. 17

H. & G.N. Sac. 37J

S.n A<>d'... G,.n.

Sen And.... G ••nt

Las An.gu•• VIc ... t.
vnojo.. G••n.

L .. Anagu•• Vic.....
Vnol.... G ••n.

Maoqult. Oil So Gas and
J. Ca«>e<t... Sub<!_ I Sh5

Maaqu". Oil So G......d
J. Ca.""", ••• Subd. J

B_S.80 F. No. 462

Diego Ynolo.. G••nt A·629

'0.

Jas. Lub... S~.J. T •. 1

A"II. 22,1944

Mav 2, 1939

Dac. 21. 1946

Sap.. 20. 1941

JulY 2B,1946

Doc. J,1951

Apf. 7, 11138

A"II. 1. 193B

N..... 20,1958

Ma... 26.1952

N..... 29.1948

Dec. 21,1955

Jun. 20,1952

Feb. 10, ,958

No~. 2,1943

M.... 2.1939

Jan. 1.1958

M.... 30.1958

A"lI. '6.1956

s.p.. 18.1955

Jun. 20,1955

Julv 9,1957

Foot>. 2, 1956

A~ til. ,936

NO~. 17, 1949

Julv II. ,949

No~, 19. ,952

5..... 4.1957



Tabfe S.-Oil and Gon Wells Selected as Oa1~Controi P~nl\-Contmul!d

~ --

f
-------

SUAV['v- SECliON
WELL OPERATOR LEASE ANOWELl ~'!.S'HANI DATE OF lOG-

Je " 36 10<1 John F. ~m. E. J. M"'.. No. I M,~ ..",o ""'0,0"" (,,~nI A l>.... t1 A., A. 1'J~J

31105 M. 1.4, M,lIe. & SO". M,"., 1'.. No, E , II,~' ..._.. h ,>", .. , fl.", >A. ".!>\.
S~ .. 'o> ~'o .. '" (""""

'" Soo'h.'" M.n..... l.'oy Oenm.n No. I COl>"" F""n, "",' Jyn~ 10, 1949
Co,po,.tion G.,,'~", 5""" ". ..

,~ , WI....m ca.. M. M. M,II.. No.• 8.11 A...~h S .." ... N•• 21. 1'l61
S... A"d'"", G •..",

38106 Synu,. Co......."on AlI_ P." No " " 55.W_ A., 1.19~

S"' ...... s.. ....

~, 0 ......" & Dole" T...".... 5..." No , l .. Hu.. '. G ..... 8n ,
~~ 18.19So1

", F,n'~ Co",pany A'I<_ S"n"",n No. , le H...". G,en. Sne'. 8 S"P' 9.1956

43-101 VI'O' 0,1 Co. J. T. RQge" No. I 5...... 1.4."..... 'ot ~

A"lI"'c, do Ah.,,,

44-201 F.,.nfl>old & Pi.e."" E. c.".,,.. No, , M.«.'ol1,nOIO•• Ju". 6.1958
G••n,. Sha." 28

'-5·605 T"""y Ga. Co,p. G'! ..... No.1 PI<Ioo do Ch.,eo AIOOndo F.b. ". 1944

,.. f'ank Zoc;". J •. l ••oy Denm.n No. , Capla 1' ... ", an" ,.~ ". ....
G....... r.ac;u

<O~~ _d. Wdsn & lu'k,n ..... Wo". "0. I Son F....e'>Co G ••", A~. 13.1951
A216.lo.5

'" AlIgei' Do-"h"g Co T. S. Del MlndO. "0. , 5 .... F,.nc..coG,.n, A 216 ,~ n. 1955

'M 00<> H. 1.4..."., .. O. G.... OllV.... No. , 5."•• C.ut ""'e N~ ,. .... IConc.."'.on e'k. ,
,,, Sa-<>'. C'.,. 0.1 Company Gl.ucq:. No_ , S."'. C,,,, d. ,. M_ 13.1936

Conc"PCIon G,a,.'

,.. A,go Oil Compenv- Ku"" lumba' Company No. , lo. O'm.,. G.an, A 346 0" 1, 1941
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Tillie 9.-Wner Levels in Wells

IOepth to watl!f" in feet below land surfacel

DATE
WATER
LEVEl DATE

WATER
LEVEL DATE

WATER
LEVEL

Well J8-84-12-301-Co... inuedw.l1 JB-84-Q4..701

..... 20. 1965 138.21

WIll JB-84-12-401

0 ......" Ponci.no Aui.

Mar.

F.b.

,.~

....,.
Mar.

25.1964

15.1965

21,1966

25,1967

21.1968

19,1969

18,1970

66.44

63.78

....,.
64.88

65.09

63.82

60.33

July 26. 1965

Sept. 24. 1965

Nov. 20, 1965

J.... 27, 1966

May 23. 1966

JulV 29.1966

Slt1lt. 23. 1966

139.28

169.60

139.88

138.27

139.37

138.83

138.23

Mar.

....,

F.b.

,~.

Mar.

10, 1960

25.1964

15.1965

21.1966

25.1967

21. HI68

19.1969

150.27

122.50

117.28

119.67

118.68

118.17

Well J8-8444-701

Ow.,.,., -wtlin.....r .....
17, 1966

23. 1967

1311.92

139.29

19,1969

18.1970

129.90

121,42

M.r.

,~. 15.1965

105.93

103.04 Mar.

25, 1967

10,1967

137.44

139.00

W.ll JB-84·13-801

Feb.

o~.

21,1966

25.1967

21,1968

19,1969

18,1970

Will J8-84-12·101

106.30

113.64

108.88

139.0

110.75

July

0 ...

Noy.

M.r.

27.1967

21,1967

19.1967

17,1967

1.1968

23,1968

149.25

143.87

171.60

142.81

144.09

149.49

Sept.

A~.

July

26. 1933

16,1934

11.1934

12, 1935

31.1936

15,1937

35.02

36.23

37.73

36.32

34.86

0 ........ : W. C. K.II.y

....,
'm.

,~.

F.b.

....,.

....,.

25.1964

15,1965

21,1966

25. 1967

21.1968

19.1969

18,1970

W.ll J6.84-12·3Ql

166.90

156.80

161.19

162.34

159.92

156.83

148.32

25.1968

July 9. 1968

$ePI. 12.1968

Nov. 19.1968

J.n. 23.1969

M... 19.1969

May 19. 1969

JuIV 23. 1969

$ep1. 24, 1969

146.26

138.15

136.26

140.16

147.29

139.94

138.89

144.81

143.39

Jan.

o~.

Ap•.

Oct.

Feb.

,~.

Feb.

M ••.

Feb.

25. 1938

14, 1938

6. 1939

5.1939

12.1940

3. 1941

9.1943

6. 1945

12,1947

35.82

37.29

"'.06
35.21

36.17

34.20

31,34

33.81

Ow...." P.rcv How.rd
OCt. 13, 1969

M ••.

JulV

Oct.

Noy.

Ma•.

..,.
24.1964

28,1964

23, 1964

3,1964

19,1964

Hi. 1965

26, 1965

120. -

150.00

154.08

145.69

139.76

146.28

o~.

A~.

Jun.

Aug.

~.

9,1969

13,1970

10,1970

19.1970

1" 1970

20, 1970

1,. 1970

. as·

143.09

144.02

138.70

138.82

141.12

144.80

143.89

Feb.

Feb.

,~.

Feb.

,~.

5.1948

5.1949

6.1950

26. 1951

7. 1952

6,1953

18.1954

10. 1955

8.1956

34.80

34.06

35.67

35.60

34.81

36.58

34.66

34.88

311.12



Table 9.-Water Levels in Wells-Continued

DATE
WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL

Well J8·84-13-801-Continued Well JB·84-13·901-Continued Well JB-84-13-902-Continued

Feb.

Mar.

July

Mar.

Mar.

Feb.

Mar.

Feb.

Feb.

Oct.

Nov.

Feb.

Mar.

Mar.

14,1957

4, 1958

13,1960

15, 1961

23,1962

14,1963

24, 1964

15,1965

21. 1966

25,1967

19, 1967

17, 1967

21, 1968

19,1969

18.1970

Well JB·84·13-802

35.51

29.71

30.27

31.88

32.92

34.20

34.47

35.70

36.43

34.65

31.91

32.61

33.81

29.91

33.06

Apr.'

Feb.

Feb.

Mar.

Feb,

Feb.

Feb.

Feb.

Feb.

Feb.

Feb.

Mar.

6,1939

12,1940

3,1941

9, 1943

6,1945

12.1947

5,1948

15,1949

6,1950

7,1952

5, 1953

18,1954

10,1955

8. 1956

14.1957

4,1958

75.44

72.16

72.49

75.44

75,79

67.34

69.83

69.50

67.67

69.70

73.05

74.88

77.09

76.75

78.06

70.76

Feb.

Feb.

Feb.

Feb.

Feb_

Feb.

Feb.

Feb.

Mar.

July

Mar.

Mar.

Feb.

Mar.

Feb.

Feb.

6, 1950

26,1951

7, 1952

5,1953

18.1954

10,1955

8, 1956

14, 1957

14,1958

13, 1960

15.1961

23,1962

14.1963

24. 1964

15. 1965

21. 1966

51.21

58.51

55.90

60.53

60.89

61.62

65.44

66.15

61.27

62.74

50.53

53.00

48.00

49.80

51.71

57.24

Owne.: Ce<:ilio Valerio July 13,1960 73.02 Feb. 25.1967 56.82

Apr.

AU9·

Feb.

Apr.

Feb.

July

Jan.

Apr.

Feb.

Feb.

Feb.

Mar_

Sept.

Feb.

Apr.

Feb.

July

Jan.

2,1931

22,1933

16,1934

12,1935

18,1936

15. 1937

25, 1938

6,1939

12, 1940

3,1941

9, 1943

6.1945

Well JB·84·13·901

Owner: Juan Pe""lez

26, 1933

16,1934

12,1935

18,1936

15,1937

25,1938

37.60

38.41

37.71

39.08

37.50

37.14

37.13

39.12

35.70

35.56

33.51

35.35

74.79

74.58

75,63

74.15

71.40

71.54

Mar_

Mar.

Feb.

Sept.

Oct.

Feb.

O~.

Apr.

Jan.

July

Apr.

Ocr.

Feb.

Feb.

15,1961

23, 1962

14,1963

1,1970

Well JB·84-13·902

Owner: Cantu Estate

6.1931

25, 1933

16,1934

11,1934

12, 1935

31.1936

15.1937

25,1938

3, 1938

6,1939

5.1939

12,1940

3,1941

9,1943

·89·

61.50

83,88

64.54

57.41

79.00

60.80

62.50

62.62

55.84

54.69

54.45

61.90

57.27

61.10

58.56

58.82

49.66

Feb.

Mar.

Mar.

June

Aug_

Feb.

July

Jan.

Apr.

Feb.

Feb.

Feb.

Feb.

Feb.

Feb.

Feb.

Feb.

21.1968

19,1969

18. 1970

Owner: Cantu Estate

9. 1931

22.1933

16.1934

18,1936

15.1937

25. 1938

6,1939

12,1940

3.1941

5,1948

15,1949

6, 1950

26, 1951

7. 1952

5, 1953

55.13

54.44

41.12

56.00

49.18

48.97

45.95

46.42

53.14

51.79

51.11

51.47

48.44

51.17

47.53

52.16

52.10

56.10



Table 9.-Water levels in Wells-Continued

DATE
WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL

Well JB-84-13-903-Continued Well JB-84-14403 Well JB·84-14-701-Continued

Feb. 18.1954 54.76 Own"r: Jo'" Meria Sepulv"da Nov. 16,1933 60.74

Feb.

Feb.

Mar.

JulV

10,1955

8,1956

14.1957

4,1958

13.1960

Well JB-84·13·904

56.31

57.10

56.83

52.63

53.96

S"pl.

Jen.

JulV

Jen.

26.1933

16.1934

12,1935

31,1936

15.1937

25, 1938

45.46

43.49

54.28

30.52

41.06

43.83

o~.

Apr.

Jan.

Feb.

JulV

Jan.

11. 1934

12,1935

31,1936

18.1936

15,1937

31.1938

63.61

64.12

57.20

57.62

57.88

59.31

Owne" Helena de Pena Oct. 5. 1939 43.20 o~. 14.1938 62.13

June

Aug.

Feb.

Apr.

Jan.

JulV

Jan.

Apr.

Feb.

Feb.

Feb.

Feb.

9,1931

22. 1933

16.1934

12.1935

31,1936

15, 1937

25, 1938

6,1939

1:2.1940

3,1941

9.1943

6,1945

12.1947

5,1948

15.1949

43.50

40.27

37.89

45.06

40.75

29.31

29.80

41.00

40.63

44.23

27.39

28.60

41.28

39.48

40.49

F"b.

Feb.

F"b.

Mar.

Feb.

Feb.

Feb.

Feb.

Feb.

Feb.

Feb.

F"b.

Mer.

JulV

12.1940

3, 1941

9, 1943

6.1945

12.1947

5, 1948

15,1949

7. 1952

18.1954

10.1955

8.1956

14, 1957

14, 1958

13.1960

Well J8·84-14·404

43.40

45.25

36.87

46.28

36.06

39.85

43.66

44.87

34.90

40.56

42.10

41.91

22.46

25.72

Apr.

Oct.

Feb.

Fab.

June

Aug.

Apr.

Jan.

JulV

Jan.

Apr.

6,1939

5.1939

12,1940

3,1941

Well JB·84·14-801

Ownll" L. N. Gercia

8.1931

22. 1933

16.1934

12.1935

31.1936

15, 1937

25. 1938

6.1939

12.1940

61.27

60.85

62.10

61.38

73.00

53.63

49.72

48.14

39.40

57.71

41.03

49.90

54.35

Feb. 6,1950 39.23 Ownllf: Tavlor R"fin;ng Company Feb. 3,1941 50.47

Feb.

F"b.

Feb.

,..
Feb.

26, 1951

7. 1952

5, 1953

18.1954

10,1955

8.1956

14. 1957

45.77

41.11

44.40

42.65

44.02

44.77

44.45

Feb.

Feb.

Feb.

12. 1947

5,1948

15,1949

7.1952

18.1954

10.1955

Well JB.84-14·701

83.73

85.28

87.00

87.22

81.85

84.10

Mer.

Feb.

Feb.

Feb.

6. 1945

12.1947

5,1948

15.1949

6,1950

5.1953

18.1954

48.38

61.82

50.02

50.27

52.93

50.42

Mar. 4,1958 39.65 Owner: Cuellar Ellele 10.1955 48.72

JulV

Mar.

Mar.

13,1960

15.1961

23, 1962

14,1963

1, 1970

42.60

34.90

35.54

37.20

36.07

June

Sept.

Sept.

o~.

9.1931

22,1933

9, 1933

25.1933

11,1933

64.00

61.58

61.51

61.20

60.77

Mar.

JulV

Mar.

8.1956

14.1957

4,1958

13, 1960

15,1961

49.87

50.23

44.26

45.17

35.41



Table g.-Water Levels in Wells-Continued

DATE
WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL

Well JB-84·15·102 Well JB-84·15-702-Continued

OW""" CilV of San Diego. old wOIi Feb. 13,1970 211.10 Feb. 21,1966 37.96

Ma•.

July

0<•.

Nov.

,...

24, 1964

28, 1964

23. 1964

3,1964

19, 1964

15.1965

238.11

238.22

255.08

234.44

255.88

227.42

Ap•.

Jun"

OCI.

10. 1970

19.1970

11,1970

20, 1970

11,1970

Well JB·84·22·801

225.18

244.90

203.22

258.92

264.00

Feb.

N~.

Mar.

Ma•.

25, 1967

19.1967

17. 1967

19. 1968

20, 1969

18,1970

36.20

34.00

34.63

34.17

33.68

33.50

Mil•• 26, 1965 235.39 Owner: Cervando Sa",,' W,,11 JB·84-22·902

5.,1.

Nov.

Jan.

,,.,.
Ma•.

JUIV

Sep"

Nov.

Jan.

.....
Julv

OCI.

Nov.

Feb,

Ma•....,
July

20, 1965

24, 1965

20. 1965

27.1966

21,1966

28.1966

23, 1966

29. 1966

23, 1966

17, 1966

23. 1967

25. 1967

10,1967

27, 1967

21, 1967

19, 1967

17,1967

1, 1968

23. 1968

25, 1968

9,1968

255.73

286.50

244.67

216.20

229.88

229.58

234.75

244_25

241 ...

194.98

181.11

178.10

184.91

233.07

260,10

242.90

225.80

227.68

233.41

230.60

227.85

OCI.

,...
A~.

,...
July

Ap•.

Feb.

Feb.

,,.,.
.....
,..,.
,..,.
,...
Feb.

,,.,.
,...
Feb.

25. 1931

27, 1933

16.1934

13.1935

1.1936

16.1937

25. 1938

6,1939

13,1940

3.1941

9.1943

6,1945

13.1947

5, 1948

15,1949

6. 1950

26.1951

7. 1952

5.1953

18. 1954

8,1956

4100

35.62

35.52

".00

35.48

34.10

36.05

35.28

35.83

".88

34.28

34.31

34.70

34.50

35.77

34.98

35.02

34.70

35.66

,...
,...
July

Jill'.

Feb.

Feb.

,..
,...
Feb.

Feb,

Feb,

,...
,...

Ownar: --Gmcill

15.1931

22. H133

16.1934

1,1936

16, 1937

25, 1938

6.1939

13.1!140

4.1941

9,1943

6.1945

13,1947

5. 1948

15.1949

6, 1950

26, 1951

7. 1952

5. 1953

Well JB-84-22-903

0-."" Alani. E~,a,e

57.50

56.08

55.80

53.15

52.52

52.89

53.55

54.34

55.27

52.22

49.61

49.27

SO.80

52.29

59.41

56,34

53.70

57.SO

NO'

~Ia•.

-"Sepl.

oa.

o~.

2, 1968

19,1968

23, 1969

19,1969

19. 1969

22.1969

13.1969

9.1969

228.68

225.91

229.22

228.81

211.22

248.00

213.48

214.22

July

.....
JulV

Mar.

,..,.
Ma•.

"".

14.1957

4.1958

13.1960

15.1961

22. 1962

14,1963

24, 1964

15,1965

·91 -

35.47

34.60

33.90

34.21

34.31

35.38

Sept_ 28, 1933

OCI. 15.1933

Feb. 16, 1934

Apr. 13,1935

Feb. 17.1936

July 16.1937

Jan. 25, 1938

Ap.. 6.1939

45,45

45.78

46.45

46.90

41.35

42.99

43.52

46.32



Table g.-Water Levels in Wells-Continued

DATE
WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL

Well JB-84-22·903--Continued Well JB-84-29-305-Conlinyed Well JB-84-29-J06--Cominued

'ob.

'ob.

Feb.

'ob.

'ob.

'ob.

'ob.

,.~

Feb.

13,1940

3,1941

9. 1943

6,1945

13, 1941

5. 1948

15,1949

6, 1950

26,1951

1, 1952

5. 1953

Well JB,84·29·J02

45.53

45.87

,8.6,
39.79

39.30

41.11

42.83

"".88

43.75

37.89

42.B5

Feb.

'ob.

'ob.

Me•.

13,1941

5, 1948

15, 1949

1.1950

26, 1951

4. 1952

5,1953

lB. 1954

10,1955

18.1956

14. 1951

4, 1958

44.85

46.34

46.31

57.78

46.40

41.37

45.08

<6.38

46.07

47.20

44.24

'ob.

'ob.

'ob.

Feb.

'ob.

'ob

'ob.

'ob.

.....
July

Me'.

Me,.

6,1950

26. 1951

1. 1952

5,1953

lB,1954

10.1955

8,1956

14, 1957

4,1958

3, 1960

15.1961

:n.1962

35.90

33.85

33.58

34.42

35.11

32.69

31.11

32.92

33.97

Owner: City 01 8e"",,,,ide... old well 2 July 13.1960 44.52 'ob. 14.1963 34.66

Ma•.

Feb.

Feb.

Feb.

Mo•.

25,1964

15,1965

22.1966

25,19S1

19,195B

20,1969

lB,1910

Well JB.84-29-305

93.91

86.16

83.45

69.24

67.02

67.72

62.66

Mo'.

'ob.

16,1961

22, 1962

14.1963

24, 1964

15.1965

21.1966

25, 1967

Well JB·84·29-306

44.11

44.69

43_80

45.46

4B.26

51.32

49.14

Mo,.

'ob.

'ob.

Feb.

O<:t.

,..
Ma'.

24,1964

15.1965

21.1966

25. 1967

19.1967

11.1967

19. 1968

20,1969

34.80

36.16

44.88

36.31

34.15

34.00

34.84

34.39

Owner: M.s. Tom C.....""'ulr!' Owner; S. Auil 18,1970 38.44

Sept.

O<:t.

Jan.

July

Jen.

O<:t.

Apr.

0,,,.

'ob.

'ob

Ma•.

21.1933

26. 1933

11, 1934

7,1934

13.1935

31, 1936

16,1937

25, 1938

17.1938

1,1939

6,1939

13,1940

3,1941

9, 1943

1, 1945

50.43

48.14

48.39

51.01

52.15

42.92

42.55

43.56

44.39

44.49

45.54

42.98

46.48

40.01

40.36

0<:1.

'ob

Apr.

July

00.

Apr.

,.,
,.~

Ma•.

Feb.

26. 1933

5, 1934

13,1935

31,1936

15,1937

25,1938

11.1938

6. 1939

13,1940

3,1941

9,1943

7.1945

13. 1947

5. 1948

15.1949

- 92-

41.43

40.50

41.08

"".00

39.96

40.11

40.11

41.29

39.88

38.02

36.10

35.16

35.75

36.35

Well JB-84-29.J07

S8I)1. 20.1933

Feb. 5. 1934

Ap.. 13.1935

Jan. 31, 1936

July 16.1937

JItfl. 25, 1938

0<:1. 6, 1939

Feb. 13. 1940

F.t>. 3.1941

F.t>. 9. 1943

Ma'. 7.1945

Feb. 13,1947

Feb. 5. 1948

45.00

44.10

45.15

43.65

41.82

42.63

41.97

40.64

"'...
35.40

35,15

34.9B

36.16



Table g.-Water Levels in Wells-Continued

DATE
WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL

Well JB-84-29-307-Continued Well JB·84-29-501-Conlinued Well J8·84·30·101

Feb.

Feb.

Feb.

SePt.

15. 1949

6.1950

18.1954

Well JB-84·29-308

Owne., Ramon Pena

20. 1933

36.88

34.28

34.78

45.67

Feb.

Feb.

Ma•.

July

Ma•.

8,1956

14,1957

4, 1958

13.1960

22, 1962

Well JB·84·29-502

93.90

95.35

91.79

92.37

91.75

S"pt.

Feb.

Ap'.

Feb.

July

Owner: I,mael G",cia

28. 1933

17,1934

13, 1935

1,1936

16, 1937

44,85

45.17

48,05

44.52

44.80

Feb. 5,1934 45.30 Owne,: Floyd Emerson Jan, 25,1938 46.96

Ap..

Feb.

July

Jan.

Ap•.

Feb.

Feb.

reb.

MM.

13, 1935

17, 1936

16,1937

25,1938

6,1939

13,1940

3. 1941

9,1943

7, 1945

46.30

43.76

42.76

43.45

43.90

4154

41.11

36.06

36.29

Sep'. 9.1933

Feb. 5.1934

Ap'. 13,1935

Jan. 30.1936

July 16,1937

Jan, 25,1938

Ap,. 7,1939

Feb. 14.1940

Feb. 4,1941

93.27

92.09

92,45

90.90

91.38

90.27

89.65

90.65

90,61

Ap,.

Feb,

Feb.

Feb.

Ma,.

Feb.

Feb.

Feb.

Feb.

6, 1939

13.1940

3. 1941

3. 1943

7. 1945

13, 1947

5.1948

IS, 1949

6, 1950

48.99

48.57

49.83

46.30

46.81

46.56

48,43

50.26

49.95

Feb. 13, 1947

Well JB-84·29·501

35.52 Ma,. 7, 1945

5.1948

88.42

89.28

Well J8·84·30-201

Own".: EncarnaciOfl Pe-;;'a

Owner: M. Gome,

Sept. 27,1933

reb. 5,1934

Apr. 13,1935

Feb. 17.1936

July 16.1937

Jan. 26, 1938

Ap.. 6.1939

Feb. 13.1940

reb. 3,1941

reb. 9,1943

Ma.. 7,1945

Feb. 5.1948

reb, 15.1949

reb. 26.1951

Feb. 7,1952

Feb. 5,1953

Feb. 18.1954

Feb. 10,1955

95.15

96.14

96.13

95.68

94.56

96.12

94.53

94.51

94.41

92.00

92.63

92.20

92.26

93,10

90.60

92.25

91.90

93.12

Feb.

Feb.

Feb.

Feb.

Feb.

Feb.

Feb.

Ma,.

July

Ma,.

Feb.

Ma'.

Feb.

Feb.

Feb.

Feb.

Ma,.

Ma'.

15. 1949

7, 1950

7, 1952

5. 1953

18,1954

8, 1956

14, 1957

4, 1958

13,1960

15, 1961

14,1963

24.1964

15. 1965

22. 1966

25.1967

19,1968

20. 1969

18, 1970

·93·

88.47

88.57

90.63

90.15

89.08

85.68

87.90

88.37

87.48

86.33

85.03

86.61

89.45

109.80

90.20

107.98

114.00

110.21

107.88

113.88

Sept.

Feb.

Ap..

feb.

July

Jan,

Apr.

Feb.

Feb.

Feb,

Ma'.

Feb.

Feb,

Feb.

Feb,

Feb.

Feb.

Feb.

28. 1933

17,1934

, 3, 1935

1, 1936

16. 1937

25. 1938

6. 1939

13, 1940

3.1941

9,1943

6, 1945

13. 1947

5, 1948

15, 1949

6, 1950

26, 1951

7. 1952

5. 1953

18.1954

74.61

74.54

74.71

74.32

73,57

74.57

74.39

74,56

74,75

74,82

74.71

74.52

74.59

74.57

75.72

80.79

75.06

74.34

73.70



Table g.-Water Level. in Welh-<:ontinued

=-

DATE
WATER
lEVEL DATE

WATER
lEVel DATE

WATER
lEVEL

Well JB-84-3(}.201-Continued W.11 JB-84-3()'301-Continued Willi JB·84-30-501-Conl;nulld

Feb.

'ob.

'ob.

10.1955

8,1956

14, 1957

Wetl JB-84-3().202

Owner: Meleo Lopez

76.47

74.16

75.64

'ob.

'ob.

......
Feb.

'ob.

3, 1941

9. 1943

6, 1945

5. 1948

15.1949

42.49

42.56

43.73

45.1ge./

'ob.

'ob.

M.r.

'ob.

4,1941

9,1943

7,1945

13.1947

5.1948

43.57

41.37

41.54

40.93

42.52

Mey 15,1931

Aug. 22.1933

Oec- 12,1934

Apr. 13,1935

Feb. 1,1936

JUly 16, 1937

Jen. 25,1938

Ap,- 6,1939

Feb. 13,1940

Feb. 4,1941

FtII>. 9, 1943

Mer. 7,1945

Feb. 13,1947

Feb. 5,1948

Fell:>. 15,1949

FtII>. 6.1950

Feb. 27.1951

Feb. 7,1952

Feb. 5, 1953

63.00

61.84

61.27

61.26

60.94

60.31

61.05

60.70

61.36

61.17

"'...
60.73

60.13

61.28

62.03

60.19

64.94

66.70

Feb. 6, 1950

Feb. 26,1951

Feb. 7,1952

Feb. 5,1953

Feb. 18,1954

Feb. 10. 1955

Feb. 8. 1956

Feb. 14,1957

Mer. 4,1958

July 13,1960

M.t. 15,1961

M.r. 22,1962

Feb. 14, 1963

Mat. 24, 1964

Feb. 15.1965

Feb. 21.1966

Feb. 25.1967

Oct. 10,1967

Nov. 17.1967

45.48

42.91

43.23

46.41

43.52

43.73

42.30

43.06

42.64

41.92

41.92

42.18

43.16

44.79

43.55

43.21

43.'"

44.52

43.74

Feb. 15,1949

Fell:>. 6.1950

Feb. 26.1951

Feb. 7,1952

F.b. 5.1953

Feb. 18.1954

F.b. 10,1955

F.b. 8. 1956

Fib. 14.1957

Mer. 4. 1958

July 13.1960

MIl.. 15. 1961

M.r. 22.1962

Filb. 14. 1963

Molt. 24. 1964

Feb. IS, 1965

Feb. 21.1966

Feb. 25, 1967

OCt. 18,1967

43.57

43.73

43.92

42.39

43.73

43.52

44.13

44.32

44.69

42.25

41.73

43.26

43.39

44.26

45.10

45.40

45.56

40.46

Ow.... , MrL Veronic. Cueli.t

FtIt>. 19.1968 Nov. 17.1967Feb. 18,1954

Well JB..84-30-301

66.76 _._. 20, 1969

18,1970

41.68

38.97

39.17

'ob.
Mer.

19, 1968

20,1969

37.54

39.11

37.61

....,
Aug.

D~.

25.1931

22, 1933

12. 1934

40.50

49.68

42.38 Oct.

Wetl JB-84-30-601

Own." ··S...no

26. 1933 38.12

M.r. 18, 1970

W.II .E-84-36-901

Owner: Leroy Den men

Apt.

July

Oct.

Apr.

Oct.

Feb.

13, 1935

16,1937

25,1938

16.1938

6. 1939

6.1939

13,1940

42.32

41.67

41.83

42.49

44.08

42.68

42.96

".,.

A~.

,..
Apr.

'ob.

12,1934

13,1935

1.1936

16, 1937

25.1938

6,1939

13, 1940

·94 .

42.27

42.88

41.10

41.79

43.42

43.37

42.44

0<•.

Feb.

A~.

'ob.

July

Jen.

30,1933

17.1934

14,1935

1,1936

16, 1937

26, 1938

7, 1939

57.70

59.70

59.82

57.58

62.33

57.96



Tab*e g.-Water leve's in Wells-Continued

DATE
WATER
LEVEL DATE

WATER
l.EVEl. DATE

WATER
l.EVEl.

85.7420. 1968

Well JB.84-37·301-ContinuMl

,....94.4013,1940

Well J8-84-37-104-Con1inued

,....13, 1940

WeU JB·84-J6.901-Continued

63.67Y,....

,....
4,1941

10,1943

58.28

63.44a./

Feb.

,....
3.1941

10,1943

93.40

92.83

Mo•. 20. 1969

18. 1970

85.25

88.17

Ow....." G. R. Marli .....z

Mar.

Feb,

Feb.

Feb.

Feb.

7,1945

13.1947

5. 1948

15.1949

7. 1950

59.09

57.24~

57,78

62.25Y

58.43Y

Mar.

,....
,....
Feb.

,....

7,1945

13. 1947

6.1948

15,1949

7. 1950

94.55

95.22

92.80

97.97

94.07

Feb.

F....

Feb.

Well J8-84-37·901

6,1948

20. 1949

4. 1950

49.18

48.42

49.17

Feb. 26, 1951 57.96 Feb. 5.1953 94.94 27. 1951 49.96

Feb. 7.1952 56.65 F"b. 18.1954 94.47 F"b. 7, 1952 49.25

Feb.

,....
,....

5. 1953

18.1954

10, 1955

57.40

57.10

58.70

Feb.

Feb.

Mo••

8,1956

14, 1957

4.1958

95.64

97.02

96.92

Feb.

'ob.

5.1953

18, 1954

10.1955

51.60

1SO.62

48.20

Feb.

,....
8, 1956

14. 1957

57.11

57.75

July

Mar.

13. 1960

15,1961

91.50

96.58

Feb.

Fob.

8.1956

14,1957

49.67

49.36

4. 1958 56.87 21. 1962 97.15 Mo•. 4. 1958 48.67

Mar. 15,1961 58.40 Well J8-84-37-301 JUly 13.1960 49.35

Mar.

,....
21. 1962

14.1963

58.08

58.65 Feb.

Own.. : Al'- Parr

5.1948 75.93 Feb.

15. 1961

14. 1963

43.66

48.32

Mar.

Feb.

24. 1964

15.1965

62.46

58.89 ,....
20.1949

7,1950

77.25

76.97

M.r.

Fob.

24. 1964

15.1965

50.25

51.64

Feb.

Feb.

Oct.

21.1966

25.1967

18.1967

61,25

61.40

59.90

Feb.

,....
Feb.

27,19S1

7.1952

5. 1953

77.76

77.70

78.62

F....

F....

'ob

22. 1966

25. 1967

20, 1968

52.40

53.22

61.81

Nov. 17, 1967 58.47 Feb. 18.1954 79.08 M"r. 20. 1969 51.07

F"b, 20. 1968 59.32 Feb. 10. 1955 80.04 M",. 17.1970 47.15

Mar.

Mar.

20, 1969

19.1970

58.18

58.67

F"b.

,....
8, 1956

14. 1957

80.22

80.63

Well JB-84-J8·601

Owner: Eluterio Seenz

Mar. 4,1958 80.14 26,1931 77,80

Owner: Guo Mir>ges July 13. 1960 80.48 22. 1933 77.31

Feb. 22. 1933 93.05 Mo•. 15.1961 79.81 F.... 5,1934 77.10

Ap,.

5,1934

13, 1935

92.03

93.08 ,....
22. 1962

14.1963

81.98

82.41

Apr.

Fob.

15,1935

2. 1936

76.60

75.20

July

Jan.

APr.

30.1936

16.1937

25.1938

7,1939

92.65

92.54

93.20

93.02

Mo•.

,....
,....
,....

24.1964

15,1965

22, 1966

25. 1967

84.23

86.45

86.40

86.82

Jan.

Ap,.

,....

17,1937

26, 1938

7. 1939

13.1940

73.30

73.62

74.56

74.86

- 95·



Table g.-Water levels in Wells-Continued

-

DATE
WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL

W.ll JB-84-J8.601-Corrtinued Well JB-84-38..701-Corrtinued Wetl JB-84-J8.702-Continued

'ob.
'ob.
,...
F'b,

F'b,

'ob.
'ob.

4,1941

1" 1943

1, 1945

13,1946

14,1941

6.1948

20.1949

'I, 1950

21,1951

1.1952

5,1953

15.60

72.84

72.37

13.01

73.92

14.92

15.62

16.32

80.63

82.10

18.90

'ob.
'ob.
'ob.

July

M.r.

M.r.

'ob.

'ob.

8.1954

10,1955

8.1956

14,1957

4, 1958

13,1960

15.1961

22,1962

14,1963

24. 1964

15.1965

42.44

43,05

".08
41.82

42.56

39.35

41.40

42.94

43.26

45.50

'ob.
July

0<,.
A~.

0«.

Feb.

Fab.

D~.

15.1936

17,1937

26, 1938

18.1938

7, 1939

6. 1939

13. 1940

4,1941

10.1943

10.1969

Wetl JB-84-38-801

30.22

35.11

38.96

40.13

41.98

31.50

38.25

44.14

38.39

37.2

F.b. 18,1954 81.05 'ob. 22,1956 46.58

Feb.

'ob.
Feb.

July

10,1955

8,1956

15.1951

4,1958

13.1960

Well JB,84·3IHOl

Owner: J. Ceffillo

82.91

83.65

84.21

82.52

83.61

Oct.

NOll'.

'ob.

25. 1961

18.1961

17.1961

20. 1968

20, 1969

17.1910

Well JB·84-38-102

48.30

42.52

44.11

44.64

42.61

37.03

Feb.

Feb.

Apr.

Feb.

Jan.

Apr.

Feb.

22. 1933

5. 1934

15. 1935

2. 1936

26.1938

1, 1939

13, 1940

60.51

51.22

59.04

52.88

52.83

56.73

53.40

29. 1931 49.50 aw..... , C. S. Hinojos, Jr. F'b. 4,1941 55.34

Aug.

'ob.
22, 1933

5, 1934

46.85

45.59

29.1931

1.1933

...""
46.05

'ob.
Mar.

10.1943

7,1945

51.91

50.31

June 26. 1933

July 24.1933

Owne" Hilario Saen~ ESTale

Apr.

Feb.

July

15. 1935

2, 1936

17,1931

26. 1938

46.85

40.92

35.68

31.53

F.h. 22, 1933

31,1933

45.63

45.54

42.16

44.90

Mo,

D~.

Well JB·84·38-902

26.1931

9. 1932

58.40

61.10

A~.

'ob.
Feb.

'ob.
'ob.
'ob.
'ob.
'ob.
'ob.
F.b.

1.1939

13.1940

3, 1941

10.1943

13, 1941

6, 1948

20,1949

4,1950

21,1951

1.1952

5,1953

40.10

41.10

41.99

31.22

39.53

40.18

40.10

40.89

42.62

42.28

42.49

AU;. 10. 1933

Aug. 22. 1933

Sept. 11.1933

SeQl. 29. 1933

Oct. 18. 1933

Oct. 30, 1933

NOll'. 11,1933

Fw. 5,1934

0..,. 10,1934

APr. 15.1935

Feb. 2.1936

·96 .

40.09

34.96

30.12

29.10

30.20

31.30

31.41

38.21

44.28

43.85

29.70

'ob
Apr.

F'b.

July

Jan.

A~.

Feb.

'ob.
N~.

Mw.

22,1933

5,1934

15. 1935

2. 1936

17.1931

26,1938

1. 1939

13.1940

4.1941

11,1943

7. 1945

58.79

51.84

59.14

58.06

59.84

60.49

82.10

64.64'!!

63.39

11.21

69.28



Table 9.-Water Levels in Wells-Continued

DATE
WATER
LEVEL DATE

WATER
LEVEL DATE

WATER
LEVEL

Well JB-84-28-902-Continued Well JB·84·38-903-Con1inued Well JB-84-44-601-Continued

Ma•.

Feb.

Feb.

''''.
''''.
''''.
''''.
Mar.

July

Ma•.

Mo,.

''''.
Mo,.

,..,
Fob.

Feb.

Mar.

Mar.

12. 1946

14,1947

6,1948

20,1949

4,1950

7.1952

5, 1953

18,1954

10, 1955

8, 1956

15.1957

4,1958

13.1960

15.1961

22, 1962

14.1963

24, 1964

15.1965

22, 1966

25.1967

20, 1966

20. 1969

17,1970

Well JB-S4·38·903

73.14

74.63

76.28

80.78

81.11

87.03

91.00

91.60

96.17.....
98.35

94.71

96.53

87.08

88.45

75.40

76.09

77.08

79.66

80.08

79.79

76.18

68.63

,....

,....

Mar.

Mo,.

,..,

Feb.

''''.
Me..

Mar.

14.1947

6, 1948

20. 1949

4,1950

27.1951

7.1952

18.1954

10.1955

8,1956

15,1957

4,1958

15, 1961

22. 1962

14,1963

24, 1964

15,1965

22, 1966

25, 1967

20.1968

20.1969

17, 1970

Well JB·84-44·601

Owner: A. C. Jones

30,1931

61.22

61.98

67.68

67.92

70.94

71.50

84.40

85.41

84.62

86.51

84.95

86.87

67.50

87.00

93.20

64.61

65.39

64.91

65.04

62.34

57.02

36.60

Feb.

F"b.

Mo,.

July

Mar.

Mar.

''''.
Mo,.

''''.
''''.

Ocl.

Nov.

Mar.

15,1949

7.1950

7,1952

5,1953

18.1954

10.1955

8,195&

14.1957

4. 1958

13,1960

15.1961

21,1962

14.1963

24, 1964

15.1965

22, 1966

25, 1967

17.1967

17. 1967

20,1968

20, 1969

Wen J8·84-45·101

Owner: J. Mann

2B, 1933

42.56

42.94

42.18

45.00

45.41

47.40

49.53

46.70

45.95

45.72

45.92

46.11

47.95

48.10

47.89

41.66

45.10

45.94

46.24

46.87

75.87

Owner: SlInlQS Cenllie. 22,1933 37.43 Dec. 5,1934 75.47

Jan.

Feb.

Apr.

Feb.

JUly

Jan.

Ap•.

''''.

Mar.

Mar.

7, 1933

5,1934

15,1935

2,1936

17.1937

26.1938

7,1939

13,1940

4,1941

11.1943

7.1945

13,1946

46.55

45.75

46.88

45.94

47.92

47.51

50.10

49.25

50.69

55.60

55.35

59.74

Feb.

Apr.

JulV

Jan.

""..

''''.
N~.

Mar.

7,1934

14,1935

2,1936

16, 1937

26, 1938

6.1939

14.1940

4, 1941

9, 1943

7, 1945

13.1947

5. 1948

-97·

31.95

34.50

34.36

33.62

35.30

38.90

39.18

39.19

37.25

38.45

41.07

41.26

Apr.

July

Apr.

Feb.

''''.
''''.
Mar.

Feb.

14. 1935

1. 1936

16. 1937

26. 1938

7,1939

13, 1940

4,1941

10.1943

7.1945

13, 1947

5,1948

15,1949

15.50

75.42

78.34

71.11

75.52

75.75

76.03

74.84

74.69

75.00

75.38

77.29



Table g,-Water levels in Wells-Continued

DATE
WATER
LeVEL DATE

WATER
LEVEL DATE

WATER
LEVEL

W~I J6-84-45-101-Continued W~I JB_84--45-304_Continued Welt JB-84-45-305-Conlinued

52.00

52.20

47.92

51 57

39.70

13, 1941

6.1969

3.1931

17.1934

22, 1933

Well J8·B4-45-301

Aug.

,...

47.67

45.76

".21

44.87

46.68

48.sa!Y

45.64

7, 1952

5, 1953

5,1948

7.1950

27,1951

18,1954

20, 1949

' ...

''''.

,...
,...

86.76

89.86

89.01

83.90

85.52

90.83

90.08

7,1950

8.1956

7, 1952

5,1953

26, 1951

10, 1955

18,1954

F"b.

Feb.

''''.

''''.
''''.
''''.

''''.

Feb. 14, 1957

4,1958

IS, 1961

91.50

89,60

90.48

Fob.

,...
,...

10,1955

8, 1956

14. 1957

46.34

46.90

45.27

Apr.

''''.
Julv

16, 1935

15, 1936

11, 1931

51 24

5O.4B

49.30

Mo,. 21,1962 90.06 4,1958 43.83 26, 1938 49.15

''''. 14, 1963 92.90 Me•. 15,1961 26.61 ''''. 13, 1940 49.95

Feb.

24,1964

15, 1965

93.01

95.47

Ma•.

,... 21, 1962

14,1963

28.79

28.11

Feb,

,"'.
4. 1941

10,1943

50.02

49.06

21.1966

25, 1967

Well J6-8445-102

94.28

85.51

Mo,.

''''.
''''.

24, 1964

15,1965

22, 1966

28.91

30.00

29.13

Mo•.....
,...

7,1945

13,1941

5,1948

49.33

49.39

Owne.: San AntOnio La..n & l·.us, Co. Feb, 25,1967 29.10 20. 1949 49.41

Slop!. 28, 1933 83.84 OCI. 17,1961 24.80 1,1950 49.72

''''.
A~.

19,1934

14. 1935

&4.57

&4.55

Nov.

,"'.
17,1967

20. 1968

24.48

25.83
''''.
,... 27,1951

1, 1952

53.36

SO.55

''''. 15,1936 84.78 20, 1969 23.82 5, 1953 52.72

JulV 16, 1937 84.20 Well J8·84-45-305 Feb, lB,1954 49.90

OWn/lr: Gilberto Rami, .. :Well J6-84-45-304

22, 1933

17,1934

45.69

45.50 ,...
3, 1931

22.1933

17,1934

48.30

48.10

47.08

Feb.

,...
' ...
Me'.

10, 1955

8,1956

14, 1951

4,1958

50.09

51_17

49.34

48.85

Ap.,

,"'.
16, 1935

1, 1936

45.40

44.48

Apr.

,... 16, 1935

I, 1936

41.44

45.60

JUIV

Nov.

13,1960

19,1969

49.23

21.80

JulV 17,1937 43.06 JulV 17, 1937 43.19 Well J8·84-45-501

0<•• 18, 1938 43.95 Jen. 26.1938 44.71 Owne.· Milll Oennen 1

A~. 7,1939 44.35 A~. 7, 1939 46.90 29,1931 20.50

''''. 13, 1940 44.66 ''''. 13,1940 47.56 Aug. 22,1933 29.01

''''.
''''.

4,1941

10,1943

44.92

43,57

Feb.

,... 'I, 1941

9, 1943

4B.Ol

45.25

Feb.

AI'"

11,1934

14,1935

26.28

27.42

Mo,. 7, 1945 44.49 Mo'. 7.1945 46.98 ."'. 2,1936 27.33

''''. 13,1947 44.25
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Table g.-Water Levels in Welts-Continued

DATE
WATER
LEVEL DATE

WATEA
LEVEL DATE

WATER
LEVEL

Well JB-84·45-501-Conti"ued Well JB-84-46-101-Co"ti"ued Well JB·84-J7-401-Co"tinued

A~.

Feb.

Feb,

Feb.

Feb.

Feb.

Feb,

Feb.

Feb.

Feb.

...,.
July

M.<.

Feb.

Ma•.

Feb.

Feb.

Feb,

Feb,

17.1937

26.1938

7. 1939

13, 1940

4, 1941

13, 1947

5,1948

20,1949

7,1950

21, 1951

1.1952

5, 1953

18,1954

10,1955

8,1956

14.1957

4,1958

13,1960

15,1961

21, 1962

14,1963

24. 1964

15, 1965

22,1966

25,1967

20, 1968

26.93

28.26

29.99

"".M

31.65

33.13

33.93

34.63

34.21

33.70

34.93

34.72

35.05

35.24

37.52

06.'"

31.80

36.14

34.29

39.02

39.50

39.29

39.88

40.44

39.11

Ap,.

,~.

Feb.

Feb.

MOl'.

Feb.

,~.

,~.

,~.

Feb.

Feb.

.....
July...,.
M,..

Feb.

MI'.

Feb.

Feb.

Feb.

Oct,

Nov.

1,1939

13,1940

4,1941

10,1943

7.1945

14,1941

6,1948

20.1949

4.1950

7.1952

5,1953

18.1954

10,1955

8,1956

14.1957

4,1958

13,1960

15.1961

22.1962

14. 1963

24, 1964

15. 1965

22,1966

25,1967

17, 1967

17, 1961

52.42

52.61

53.74

55.74

56.99

58.10

58.19

59.00

60.40

60.25

61.42

61,03

57.44

58.79

60,60

59,12

59.15

59.30

60.50

65.42

62.33

62.89

62.45

62.44

61.96

July 17,1937

J.... 26,1938

Ap.. 1,1939

Feb. 13,1940

Feb. 4.1941

Feb. 10.1943

MOl'. 1.1945

Feb. 14.1947

Feb. 6. 1948

Feb. 20,1949

Feb. 4,1950

Feb. 5.1953

Feb. 18.1954

Feb. 10,1955

Feb. 8.1956

Feb. 14,1957

Ma.. 4.1958

July 13, 1960

MOl'. 15.1961

Feb. 14. 1963

Mar. 24.1964

Feb. 15. 1965

Feb. 22,1966

Feb. 25, 1967

Nov. 22. 1969

Well JB·84·46·402

.49.18

50.18

52.65

51.71

52.31

54.94

56.93

61.89

63.67

65.95

66.80

68.90

77.60

80.62

79.49

80.10

79.22

17.45

79.42

81.20

91.04

101.20

94.53

93.35

104.80

Mo.

MI'.

20.1969

19, 1970

40.32

31.68

Feb.

MOl'.

20. 1966

21,1969

62.13

60.84 Sepl.

Owne" Rafael GarCia

29.1933 30.55

Well JB·84·46·101 Nov....,.
22,1969

17.1970

56,00

60.27

Feb.

Apr.

15.1934

16,1935

31.11

33.48

sePI.

28.1931

1 I. 1933

62.60

57.10

Wen JB·84-46-401

Owner: M ••. Vi,gini, a••ei.

Feb.

July

2, 1936

17.1937

29.42

21.18

00<.

Ap,.

Feb.

JUly

11.1934

16, 1935

2.1936

17,1937

26.1938

54.83

55.03

53.55

49.40

49.92

June

MOl'.

,~.

Ap•.

29, 1931

30.1933

15,1934

16,1935

2,1936

·99·

49.60

49.00

49.14

49.22

49.85

Jan.

Ap,.

Feb.

,~.

26. 1938

7.1939

13,1940

4,1941

10.1943

29.22

34.40

31.01

31.44

37.24



Table g.-Water l8'<lels in Wells-Continued

DATE
WATER
LEveL DATe

WATER
LeveL DATE

WATEA
LEVEL

Well JB-84-46-402-Continu.d Well JB·84-46-602-Continued Well JB·B4-46-701-Continued

Owner: l'Iub_ SetluiU

.....

.~.

.~.

Feb.

.~.

.....
July

Me•.

.....
Feb.

Feb.

Feb.

OCI,

Nov.

.....

7. 1945

14.1947

6, 19~

20,1949

4, 1950

5, 1953

10,1955

8,1956

14.1957

4,1958

13,1960

15, 1961

22, 1962

14.1963

24, 1964

15.1965

22.1966

25.1967

17.1967

17.1967

17, 1970

Well JB-84-46-602

32.98

31.30

33.40

34.67

35,72

37.42

38.59

35.30

38.65

40.31

39.08

35.58

44.08

37.77

38.33

39.62

39.53

41.06

33.60

32.04

32,45

.~.

Feb.

Feb.

A~.

.~.

July

Apr.

Feb.

.....

.....

20.1949

4,1950

27,1951

7,1952

5,1953

18.1954

10,1955

8.1956

Well JB-84-46-603

9.1932

22,1933

15, 1934

14.1935

2,1936

17.1937

27.1938

7,1939

4,1941

11.1943

8,1945

12.1948

52.24

52.68

57.17

56.70

62.22

&4.84

65.35

6&.55

47.60

47.79

47.72

47.53

47.90

47.07

47.31

49.27

50.70

51.74

43.31

4-4.14

.~.

July

Jan.

Ap••

Feb.

.~.

Mer.

.~.

Feb.

Feb.

Feb.

Mer.

8.1934

14.1935

2.1936

17.1937

27.1938

7.1939

14. 1940

4, 1941

1" 1943

8. 1945

14,1947

6, 1948

20, 1949

7, 1950

27,1951

7.1952

5, 1953

18, 1954

10,1955

8.1956

14, 1957

4.1958

52.52

52.60

51.90

52.18

51.01

53.77

52.29

52.32

53.28

53.36

53.36

53.63

53.89

64.13

75.40"'/

76.22'-1

64.47

55.18

56.80

56.98

57.83

Own." Le.oy O.,n'\Iln Feb. 14,1947 45.82 July 13.1960 57.34

Own.. : San AnlOnio Loen &r T.uII
Company

Own.. , Rufino G"cie. J,.

"".~.
.~.

A~.

July

Ap••

Feb,

.....

.....
Me.,

F.b.

Feb.

27, 1931

22,1933

15,1934

14,1935

2.1936

17.1937

27.1938

7.1939

4, 1941

11,1943

8. 1945

12.1946

14, 1947

6.1948

23,10

23.08

22.31

22.82

22.62

24.14

24,24

25,55

27.50

31.82

36.18

41.13

44.38

47.79

Feb.

.~.

Feb.

.~.

Feb.

Feb.

""
A ....

6, 1948

20, 1949

4, 1950

27.1951

7,1952

5. 1953

18, 1954

10,1955

8.1956

15,1957

Well JB-84-46-701

29,1931

22, 1933

·100 -

47.45

49.06

49.81

58.97

58.09

51.62

53.81

54.27

".90

56.13

60.50

52.74

Me •.

.....

.....

.~.

Feb.

Feb.

.....

.....

Feb.

16,1961

21, 1962

14. 1963

24, 1964

16. 1965

22. 1966

25, 1967

20, 1968

21.1969

17.1970

Well .18·84-46-901

6, 1948

20, 1949

55.33

55.98

57.18

55.74

56.07

62.46

64.24

63.46

60.61

53.67

58.41



Table g.-Water Levels in Wells-Continued

WATER WATER WATER
DATE LEVEL DATE LEVEL DATE LEVEL

Well JB-84-46·901-Conlinued Well JB-84-46·901-Conlinued Well JB·84-47-702-Continued

Feb. 4,1950 58.23 Ma'. 21,1969 95.47 No". 9,1943 40.01

Feb. 27, 1951 62.75 Mar. 17,1970 96.0B Ma'. 4,1944 39.86

Feb. 7, 1952 62.42 Well JB·84-46·903 Ma,. B,1945 41.59

Feb. 5. 1953 69.37 Owner: Santana Hinojosa Ma'. 12,1946 44.20

Feb. 18, 1954 72.01 Feb. 5,1953 81.33 Feb. 14, 1947 43.02

Feb. 10, 1965 73.86 Feb. lB,1954 82.10 Feb. 7,1952 67.07

Feb. 8, 1956 74.43 F ..b. 10,1955 83.35 Feb. 18.1954 76.19

Feb. 15, 1957 76.39 Feb. B,1956 a8,10 Well JB-84-47·703

Ma,. 4, 1958 74.21 Feb. 15.1957 90.05 Owner: Clyde C,ook

July 13,1960 73.85 Mar. 4,1958 90.76 Feb. 6.1948 57.39

Ma,. 21,1962 70.40 MaL 15,1961 89.1- Feb. 20,1949 62.23

Feb. 14,1963 65.87 D~. 15.1969 121.7 '''''. 27,1951 67.53

Mar. 24, 1964 87.78 Well JB·84·47-702 Feb. 7.1952 67.07

Feb. 16,1965 99.28
Owner: CIVde C,ook Feb. 18,1954 76.19

F ..b. 25,1967 100.41
Jan. 6.1932 36.55 !/Pumping.

'''''. 20, 1968 99.82 ~P"mped recent IV.
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Table 10.-Drillers' Logs of Wells

THICKNESS DEPTH THICKNESS DEPTH
(FEET) (FEET) (FEET) (FEET)

Well JB-78·62·703 Well JB_84-0&401-Continued

Owner: Chari ... Houlihan Send ,
'"Orill." Aich.,<!wn Wan, Well O,illing Co.

Shale ,'" '"Surf",,"..oil and e'ay '" " Sand ," ...
C.lich•• h.'d

,. ••
Shal. ,. '00

Sat>d, with ha,d ...nd n .....s " ,.
S.nd " no

C.lieh••nd ""nd " '0
Sh.'. " ""Clay. r.d sh.I•• and h.rd su".lcs ,. ".

Sand. "ard. lina " "0 Well .18-84-06·601

Clay .nd h.rd shal. '0 "0 Owna" Ed Canales
Oriller: Rad'" EQu'pment Co.

Sand. f,ee ,
'" TOPsoil ..nd clay , ,

Send. " ..,d ,
'" Celieh. ., '00

Send. I,.. • ,..
Clay "0 "0

Sha'••nd cl.y , ,.,
Clay. sandy '0 "0So.' , '" CI.y. hard "0 ~o

Shal" and clay • no
Sand, b,ok.n '0 ~O

S.nd '0 '00

Shale " '" Well JB·84·12·701

Well ..8-84-04·602
Own.r: F' ..... W.C.'.O. No.1, well 6

Orill." H & S W.le, We" S"rvice

0_" J. F. Weld.. En.,e C.licn. '0 '0
Orill,.,.: Buck "10" & Co.

Shal". ,ed. wilh
S...,I"". U1nd 30 30 suuks 01 clliche m ""
Shal. 39> on Shall. wi.h $I'ulcs 01 ""nd " ""0

Shal., .andv " ", Sh.l" " '"
Shll. .. '0' Shele. with Ihin streales 01 send '0 '"
Send. he,d " "3 Shele. with u,uks of sand .. "0

Shal" ., ,.. Sand. ha,d .. '0'

s.., '" '" SInd• ..oft , 9>3

Shal. m '" S.nd. h.rd • '"
Sand. h",d '" .., S.nd, soft • '"
She'. »3 \,000 She I". soli, with

hlrd str"aks of und " "0

Well JB-84·05·401 Send. with lin, gravel '0 .00

Own"r: V. H. L.hmen Shel"
,. .,.

Crill'" Buck ",ge & Co.
,~. '0 m

So.' .. ..
Sh••", ha'd. blue

,. ",
Shill' " "
Calich. " "
Shel. "". 00•
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Table 10.-0rillers' Logs of Wells-Continued

THICKNESS DEPTH THICKNESS DEPTH
(FEET) (FEET) (FEET) (FEET)

Well JB·84-12·102 Well JB-84-13-402-Con1inued

Owner: Fre« W.C.I.D. No.1, w ..ll 4 Sand. shal ..y " .00
Drill .. r: H & S Won.., W.... S .. rvi<: ..

Sand w'lh cl ..v bra..h " '"S..nd ". ".
Clay " '"Sha'" ,'" ".

Sha''', Ur>dY 40 ... Well JB·84-13-502

She... " '" Own..r: .10M A. C"nal'"
Drill.,: Rich"rebon Wal ..r Well Service

Sand " .'"
Sur/ac. soil , ,

Shal. ,. .,.
Caliche, h .. rd " ..

S.ntI. and IIr .....1 ,.. .,.
Calich.. , with s"ukl of sand " "SI'I.I. ,. '50
Caliche " "

Well JB-84·12·703 Clay .nd nllch.. '" '"
Owner: Fre... W.c. I. D. No.1, well 8 Sha'., n'Nky " '"Drlll ..r: H & S Water W"II S"rvic"

Sandnon., hard ,
'"catocho, with 1Ir.aks of shale •• ••

Shale " '"Sh.... ... ".
Shal., wi 11'1 small sand nruks " ,..

Sh"I.., r.d ,., ",
Sh"l. 50 '" Well JB·84·14-602

Shal., nicky .5 ". Own..r: C. M. Robinlon
O,ill." Buck P,,!I" & Co.

Grav,,' " m
Caliche ,. ,.

Sand,l'Ia.d, Wilh s".al<. of 9'"v..1 • >6,
Se"d,ha'd ,. ,..

Shel .. 5 ".
Send end ,l'Iele 50 ".Sand, ha.d, "nd oravel " ",
Sand " ".G'evel, wiTI'I thin u,e"l<. of .halo ,. '"

Sand,ha'd ,
'" Well JB·84·15-702

SI'I81e, ."ndy " ". Owner: CiTy of San Diego, old well 1

Shel". limv h,,'d u,oak. , eo, Driil .. r: L"vne TexM Co.

Shai .. , hard • ". Soil 5 ,
Sand and callch.. ,. "Well JB·84·13·402 Clay. '''d, and calich.. •• '"

Own..r: Ju"n Hl..ell" CI"y, ,ed ". '"O"lIer; O,lIa'd Wied

CI"y, ."ndy ". m
TOPIoil • •

ealoch... hard " '"Calien" 5 ,
S~, •• ...

S....P ,. ..
Clay " 'OS

caliche, "",d , ..
S~, • '"Clav, y ..llow • " a" ,.

'"aay, whila " ••
5.... " 50'Clay, brown • ••
S~d. IOUllh • ,..
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Table lO.-Drillers· Logs of Wells-Continued

THICKNESS DEPTH THICKNESS DEPTH
(FEET) (FEET) (FEET) (FEET)

Well JB-84-20-301 Well JB..84..21-604

Own...: Michel Sh.mou... Ow..... : P.P.G. Indust.;•• _" 4
Drill.. : Oill.rd WI.,;! Drill.r: Ltlvn. T.x.. Co.

Topsoil , , Surf.c. soil , ,
Caliche ....d clav " '" Sandy shale • "
Clav. tid a ...d brown " ,., S....d. fine ,

"
Sa...d. shaley '0 '" Shele.llndV ,

"
Clay. brown "

,.. Sand. fi .... , ..
Sand. shaley. and fine sand " '" CaliChe ,

"
Clay " ". Sand. fine. hard layers " ..
S ....d ••haley. and sand and clav •• ". Shale '" '"
Clev, tid , ,., S.nd " '"
CI.V. shalev sand. and sand 19oodl .,

'" Shale " "",
Clay. whlu ,

'" '~d
, '"

ClaV,lIrev " ." Sh.l., undo fine n '"
Sand '0 '00

Well J8.84-21-501
Shale " on

Ow...... , P.P.G. Industri... _11 "Drma<' !.avne Tex.. Co. S ....d. hard '0 ",

Cal'c"e " "
Sh.le " ",

Caliche .nd ~nd struk. " .. Sand. hard " no

Clav. hard. red. and Shale " '"c.IiChe streeks ..,
'" S".le, sandy " '"Sand. fin•• and c.llch. Streak, 54 '" S~d "

.,.
Shale, hard "

,.,
Caliche , ."

Sand end .hale laverl ., "'. Sh..le " ",
Sh..le " ,..

S~d
, ."

Shale. ha<d. sandy ,. ,.,
SNiI. 4 ...

Li.........d. sandV " 40'
Shal•. sandV • .,.

Li..... layers and streaks '0 ."
Shale , ..,

Sand and lime layer. " ."
Sand and shale streak, " .., Well JB-84·22.401

Shale. herd " ." Owner: P.P.G. Industria, _II 14
OtIU,,: I.eyne T••• Co.

S.nd,h..d " ".
caliche " "Shall and sand streaks '" ".
Cellche end cl.y •• '"S.nd and sandy .hal. '0 '50
Shele '"

,.,
Sh.. le '0 '" Shale, sandy, and shale " "0
Sand .nd .hale laven 48 ."

Shale '" ..,
Sand.h..d " '" Shele, hard. and celanill '" ."
Shale.ncl sand streaks • ...
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Table 10.-DrilleN' lO!JI of Wells-Continued

THICKNESS
(FEET)

DEPTH
(FEET)

THICKNESS
(FEET)

DEPTH
(FEET)

Well JB·84·22·401-Continued Well JB·84-29-302-Continued

Clay, sandy

ClaY,landy

Clay

,,,

n,

"0

"0

•
"

"
"

Clay. sand braakl

Sand, brokan

Sand, flne·orain"d

3 OJ>

83 1,020

" 1,098

" 1,167

, 1,172

" 1,203

" 1,213

" 1,258

, ','"

Sar.d

Rock, "a.d

Shale, sandy

Sand, and thin Ihale broakl

Shale

Shale. hard

Shalo and undy ,hale

Shale

Clay

Clay, sandy '0

"0
Owna" Joa Garza

Orilla" Dillard Wied Sand. b,oken " ",

Owne<: Anlalmo Ellzando
Orilla.: Buck Page & Co.

Toploil

Calich,

Gn."el. with clay breakl

Clay

Sand, lhaley

Clay and Ihalay sand

Sand

Clay, with sand break.

Sand and dirt

Sand

Sand, with clay break.

Clay

Sand

Clay

3 3

, "
" "
" '"
" '"
• '"

."
3 ".
, "0

, '", .", '", ",
" ..,

Clay

Sand

Clay, sandv

Sand

Clav••0uOh

Clay, sandy

Clay. touOh

Calieha

Sind

Sand, and landy Iha'"

"
"

",.
"
"

Well JB·84-30·102

"
30

'"

"9

'"".

"
."
'"

wet. J8·84·29-302
Shale

Sand, and landy Ihallt '0

300

""0
Own., City 01 B_vida, old w,,1 2

Drill.. : LaV<l1l Ta".. Co, Shale 30

Soil Sand, hlrd. and .hale '" '"
Sand, hard, and caliche "
Caliche and n,nd "
Caliche. hard "
Clay and cellche "
'~d

,
Caliche, hard "
Clay, sandy "

'0

'0

"
.9

'03

'"

Shala, land, S1ruked,
and sand rock

Shlle and landy ,hala

Sand, herd. and .hal" and lime

Shale,landy

Shiite

S ...d, wi," '"all st.eakl

Shall

90

"0

'0'

"0

'00

830

,so

1,000

1,105

1,155
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Table 10.-Drillers' Logs of Wells-Continued

THICKNESS D~PTH THICKNESS DEPTH
(FEET) (FEET) IFEET) (FEET)

W..l JB-84-30-901 Well JB-84·35-503--eont'nued

0 ...... : Mrs. Luther R_ Clay • '06
Orilla,: Olsbro W__ W..I Senrica

$...cl. grHn, -'al.y • ."Surl..,. soil • •
S....:l. ha,d. -'''.'1' " 63>

CII1',;.ha and .o,;.k '" ".
Clay, b,own .. .,.

ShIIla, ha,d, rad .. ". Clav, soh • ."
Shala, salt, rad .. '" Clay, hard, brown " ,..."'" " 33•

Clay, "'.'1' " no..... , 3<.
Sand, shal.y • ".

Well J8.84-35-5m Clay • ".
0 ....... : H.b8tto 8.na~ld. Sand, shalay , ".

Orilla" Olllard Wiad
Clay, g,ay , ".

Topsoil , ,
Clav ,

'"c", • • Sand. mal.y " '"C111;,;.ha " " Clav (d,illad lika sand) .. ...
Clay, brown ,. ..

"'" .. 66C

"00 • 69
Sand.ohal.v • ...

Gra~al, drv " 77
Clay " ...

Carnent ,o,;.k " •• Sand, shaiav , ..,
Clav, v"ow

,.
'06

Clay "
.,.

Clav. brown " '" Sand. sha••v • ..,
Sand, shal.V, lI'aV • '" c" •• 33'
St..... sandy, gray • '" Clay, ha,d • 33.

Clav, ""''1' " ". ClaV, brown " 1,003

Sand. shalllV, b,own • m
Sand, ,haiav • 1,009

Clay • ". Clay " 1.031

Sand. shlll.y ..,
Clay, hard • 1,035

CO" " ". Sand. ,h"ay • .....
Sand.ohal.V " ".

Clay " 1.056

Clav IdriUad!ita sand) ,. ". Sand, shal.y ,. 1,076

Clav ,
'" Clay, b,own and ",,,,,n " 1,098

Clay Idrillttd IIka sand) ,.
'" Sand. shalay ,. 1.123

Clay, hard. brown ... ...
Clay " 1.175

Clav, IilJht brown " ..,
Sand, shalay 1.176

Clav. b.own. whh soh ",..k. "
.,.

CO, " 1.200

Sand. sh""" • .S>

Clay, hard, b,own ,.. ...
Clav, whit. and b,own " .00
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Table 10.-Drillen' logs of Wells--COntinued

THICKNESS DEPTH THICKNESS DEPTH
(FEET) IFEET) (FEET) (FEET)

Well JB-84-36-401 Well JB-84-36-403-eontiooed

Owner: OKar Wyatl Sand, shaley, and clay ,
'"Oriner: Dillard Wied

SaI'Id, shaley , no
Topsoil , ,

Clay, .ed ,
'"Caliche .. ••

'~d • '"Clay. twown "
,,.

sand. shaleY • ",

G.avel " ". sand, with di'l • '"Clay••ed £ ".
Clay, red , ".

G.awel • ,..
SaI'Id. ahalay , ".

Clay '" '" Clay, brown •• ,..
G.avel and clay " '" CO.. " on
G.a_1 and sand • ,..

S"d, sh"ey • '"CO.. ,
"" Clay, b<own " "'"Sand , ,..

Sand, shaley , ",
Clay • ".

ClaY,lI rey ,. ,.,
Gr_l • ".

Sand, ahaley • ,.,
Clay , ".

Sand, whh Clay breaks , ,.,
G.avel ,

'" ClaY,lI rey , ".
Clay " '" Sand, shaley • ".

Well JB·84·36·403 ClaY,lI rey ,
""

Owne,' Oscar Wyan Send, ahalay , ,..
OriU.... : Dilla.d Wied

Clay. 11"'1' , ,..
TOPioil • • Sand, shalay , ".
CaliChe ., •• Clay , ,..
Clay, brown " •• Sand, ahaley ,

'"SlInd~10n.. • •• Cley , ..,
G.avol and sand .. ". Sand, ahaley ..,
Clay , '" Clay • '"Sand. 'haley , ,..

Clay, paro", " ..,
Sand • ". Clay. grey ,. 'OS

Gravel ,<9
Clay, blue , ro,

Sendalone , ,..
Send, shalay • ,..

Sandalona, hard • '60
'~d ,

'"Clay. whila , ,.,
Clay , m

Send. shaley , ,..
S~d " ...

aay.wh;le " ",
Sand. shalay , ,,.
Clay,lI.a y " '"
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Table 10.-0rillen' logs of Wells-Continued

Well JB-84-J6·905

"

THICKNESS
(FEET)

TOpsOil

Celiche

Caliche, and clay

Own... ' Douglas Risoinge.
Driller: Dillard Wied

,

DEPTH
(FEET)

,

..
G.avel

C.liche

Shal ..

S.nd

THICKNESS
(FEET)

Well JB.84-38-9(5-Continuec!

"..
"

DEPTH
(FEET)

..
'"

'"

OW""" Mrs. B.iglda Mo.eno
Driller: Disbro Wal.. Well Set\lle"

Cley. !>to......

Sand. Vlaley

CI~y

S~nd. ,hall v

c,~

Grav,,1 and sand

•
•,
,
"..

Well J8-84·38-901

'",..
'"
'"
'"
'09

Well J8·84-43·101

Own"" Adalbetlo T.evino Ena"
O,iII ..... , Valo' Oil Co.

Surfaee ,0Ck and lI,aval. 100•• no H.
Rock .nd w .... sand ,.. '"
Shale, ,ad m •••
Shale. bl.... with hltd Itreakl ,., ..,
Cao.ock end ....1 .. sand ,. m

Shale 10 ,andy Ihale .., 1.593

Sh..le. hltd. b,ok,n ." 2.547

Sand. b,ok..n. and sal...... t .. 22 2,569
Surfaca soil ,. ,.
Gtt",l and .ock '00 H.
Caliche " on

Shale. hltd.•ed " ,.,
Sh.le. 11.e.kv...'d " ,..
Sand and .....1 " ".

Sand

C.lich,

Well JB·84-45-106

O...n.. : Hob, ..ne. B.OI.
O.ill,,, Oilla.d Wild

•,., •,.,

W,11 J8-84·38-906

O....n.." E'n....o Ve.a
D,Hle.: Disb.o W"" Well Set\lic"

22.

22.

,.,
25.

'"

,
,

,

,

go

'"

Sand

Clav. b.o...n

5 .....

S~nd. shllay

5~'

50

,

"

'".
".

•

•

22

Caliche .nd li""'"0"",

Caliche

Shale, "a,d, .ed

S.nd....lt

Well JB·84·45-306

S".... hard, ••d 0 .....,,, Trinity G. Co.o.
Orilla.: Richardson W..... Wal, O,illinll Co.

Rock

Well JB·84-38·909

O ....n..' Tho...... Gonz....
Orill ... : Buck P'9! & Co.

" "

Surfaca soil 5 •
CI..y " ,.
Sand ,

"
Caliche, ha.d ,. "
Flintrock • "
Caliehe, t\a.d " H.
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Table 10.-Drillel'$· logs of Wells-Continued

THICKNESS DEPTH THICKNESS DEPTH
(FEET) (FEET) lFEET) IFEET)

Well JB·84-4S-306-Continued Well JB·84-45-401-Continued

Clav. and '..clshale •• '" Shele. whh clay st...I", '0 "0
Sand, Ii". " ", Sand >0 ,..
S~le. red ,

'" Clay • 20.

S~. • '" Sand and 0._1 ,. '32

Shale. red , '20 S'"
, ",

Sand 4 22S S~le • '".
Shele, fed S no Sand and IIfa.,.1 2S "0
Son. " 24' S'" " ."
Shele 24' Clay ,

""
Sand and gra"el 22 ".

W"l JB-84-45-503
S".. • '24

Owne" W. H. A,mltfong
Sand '" '08 Ofiller: H a. S Wetef Well Service

Clay " 3>0 Surfece .and • •
Send "

,., Clay and celichoe " 2S

Shale , ". S~.
,

"
S..,d, wilh gra"el slfeak. " ", C.Hchoe and sanduone " '"
Shale.ll.lndy OS ,.. Sand with ha.d caliche S"Nk. " ".
Sand , ,,, Shale and ,andy .hale ," 24'
Shale, .andy 4 "" Send end IIfe"e' " '"
S.... 20 ." Clay 4 ".
Shale 423 Sand with ClaV "reeks " m

Send , 42S Clav , ,.,
Sand with hard Ufuk. " ",

Wen JB..84-45-401
Ha.d streak. with clay d ".

Owner: Gilberta Villa
OfHI.. : H a. S Wa,.. Well Se",ice

Well JB·84-46·302
SUflace .oil , ,

Owne" Ben Schut:
Shale 4 • D,ill.,: H a. S Water Well Ser"ice

Cillche • " Surface soil and clay • •
Sand..one, red 22 ,. CaliChe 2S 33

Send<ock " dS Clay. with celiche ,treeks " "
Shele• .andy 2S " Cley. wilh sandy cley " as

Calichoe >0 60 Celichoe, ~'d '''Nk', end
sandstone Ufeek. 40 '"Celiche, wllh sand " ...ks " '0'

Clay, sandy, wilh c.llche U ....k. • '"Cley, red " ..,
C'ey. with sand. end

Clay. hoefd ".eeks 3 '.3 san<!stone sneak. " ...
Cley, fed, wilh h.,d ""ek. '" 'dS Clay • '"
S'" " '60 Clav, undv " '65
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Table 10.-0riUen' logs of Wells-Continued

THICKNESS DEPTH THICKNESS DEPTH
(FEET) (FEET) (FEET) (FEETI

Well J8.84-4&302--eontinuMi W.l Je-84-46-802

SIll'.'
,. '" Ow..... : W.I". Blu.....

Drill .... : Richltchon W.tlt w.n Se.vice

Shll•• with cal;d'l.
.nd find str••kl " '" Surl.c. SOil , ,

Shll' '" ,.. CI.y
, '0

Sand .nd g.."",t " >SO Calich.
.,

"
Sh.l. , ,., S.nd. hltd '0 m

S.nd .nd g<.v.l , '0' Sh.I., .1lCI
,,, "0

Shall , '0' ,~O '0 000

S.nd .nd lI.avel " ", Gravel " '"
Shal. , ".

Wen JB·84·46-803

S.nd .nd g<.vel " ".
Own.. : Antonio R..,io

Hltd It•••ks
, ", OriUar: Oilbto W•••• W.ll Sen<ic.

Sh.I., with lind str••b , ,..
Su.fac.loil '0 '0

Sand .nd g"""'1 "
,.,

Caliche
,. '0

Sh.... with sand su••ks "
,.,

S...d.llit , 96

S.,d .nd Iff.vel ., .., Shll., hl'd, red '" '"
Shall , ... '''''' '" on

WeI JB-84-46·502 Wall ..18-84-41-404

Own.., M.tvin D;'muk.. Own.r: Walt•• Storm
O.ill.r: Rich..chon Wat•• W.II D.illing Co. Orill.r: H & 5 W.t•• W.1l service

SurfllC' soil
, ,

Su.f.c. soil • •
CI.y , ,

CI.y " "
CI.y and calich. "

.,
CeIiCh. " 00

Caliche, heavy. and clay " " Clay, hard, gray " "
Flil" .ock .. m Sh.I., sandy " "
Clolich. , "0 Caliche • "
S.nd, with h..d Ineaks " '" Sh.I•. sandy .. ,"
Calich. " ". Clollch., with clay su.aks ,. '"
Shal., .ed .., ", Send lI.ukl, :and calic,", .. ".
~d " ,.. Caliche, hard " ...
Send and g<_l .. ". Clay,.nd caliche IIr.. luI .. no

S.... , ", Rock with lind nuykl • ..,
Send .nd !I'".v.l " ". Cl.y, with M.d str••kl "

,.,
Shal., ••d .. ,.. Sand, laity ,. ",

S~d .. ... Shal., with "".d ""uk.s " "'.,.... , .., S"", " '"
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Table 10.-0,iUen' Logs of We4h-Contlnued

THICKNESS DEPTH THICKNESS DEPTH
(FEET) (FEET) (FEET) (FEET)

W.1I J8.84-47·404--Cominued Well JB-84-47-404--Continued

H..d n •••kt • m s.... • 50'

SM>d ....d 11._1 ,g
""' W" .8-84-47-710

She'. S 3..
Owner: Clyde Bu,dinu

Send ....dllr ..... ,. m Drill..: A. Pott•• & So...

H.rd tu••kt m Su.ftee .ern " "
C'.y. with he'd u,,"'t • ." Celie.... roek " ,...", " .., Send. tl .... tllghtly uttY • 32

Shall 'S .., Cello::he ,ock 32 ....... • .S, Roell.nd ttlel. '0' '"..... • ... Shel,. 'ed ,.. ,,"0

sa...d ....d II' ...... ., .g, S.... 32 '"
SNlI•. u ...dy

,.
S'O

Send ....d 11"'"'' 23 $33
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