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The purpose of this sLUdywas to examine the quality ofground water from
selected wells completed in the Queen City Sand. Carrizo Sand. and Wilcox
Group in all or parts of Atascosa, Bexar. Dimmit. Frio. Karnes. La Salle.
Medina. Wilson. and Zavala Counties. A total of 119 wells were sampled: 9
wells in the Queen City Sand; 103 wells in the Carrizo Sand; and 7 wells in
the Wilcox Group. All analyses are presented in five sections: field
measurements; dissolved inorganic constituents; nutrients; organic
constituents; and radioactivity.

Levels of dissolved inorganic constituents in five wells in the Queen City
Sand exceeded the established Maximum Contaminant Levels (MCLs):
iron (5 wells); chloride (4 wells); dissolved solids (3 wells); manganese (3
wells); and sulfate (1 well). In the Canizo Sand 50 wells had excessive
dissolved inorganic constituents: iron (43 wells); manganese (20 wells);
dissolved solids (12 wells); chloride (11 wells); sulfate (ll wells); and zinc
(2 wells). In the Wilcox Group six wells had excessive dissoh'ed inorganic
constituents: dissolved solids (4 wells); iron (3 wells); manganese (3 wells);
chloride (I well); sulfate (l well); and zinc (l well).

No analysis of water from wells in any of the three aqUifers exceeded the
~ICLs for nitrates or an)' other nutrient. None of the analyses ofwater from
,,'ells in the Queen City Sand and Wilcox Group had any detectable amounts
of organic consliLUcnts, but 14 analyses ofwalcr from wells in the Carrizo
Sand had organic constituents. Of these, 13 had amounts which were either
below quantitation limits or were so small as LO be negligible. An organic
analysis from one well in Bexar County showed significant amounts of
pllC'Tlolic compounds, and the owner was advised LO ha\'e additional testing.

The Queen City Sand and the \Vilcox Group wells had no samples in excess
{If c'ilablished MCLs for radioactivity. Analyses ofwater from 14 wells in the
ClITizo Sand exceeded the established MCLs in gross alpha (10 wells) and
combined Radium-226 and Radillm-228 (13 wells).

A subjective attempt [Q compare historical water-quality analyses to current
analyses from the same wells was done by comparing three parameters:
chloride, sulfate, and dissolved solids. Analysis from one well in the Queen
City Sand showed aslightdeterioration in water quality. In the Carrizo Sand
analyses of water from three wells shO\\'·ed improvi.ng water quality, and
analyses of water from ten wells showed deterioration. Analysis of water
fi am one well in the Wilcox Group showed deteriorating \',rater quality,
while analysis from a second Vvilcox well showed improvement.
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The purpose of this report is to examine the quality of ground water from
selected wells completed in the Queen City Sand, the Carrizo Sand, and the
Wilcox Group in the Winter Garden area ofsouthwest Texas. This smdy was
done as pan of the Texas ',.Vater Developmen t Board Ground Water Quality
Monitoring Program which has two primary purposes: 1) to establish as
accurately as possible the dissolved constituents of the ground water
occurring naturally in the aquifers of the State and 2) to monitor changes,
ifany, in the qualityofground water over a period oftime. The southwestern
portion oflhe area coincides with ajointground-waterevaluation study\v:ith
the Texas Water Commission to investigate the effeclS of agricultural and
oil-production practices on ground \\·ater. The nonheastern portion
coincides with ajoint water-<JI.lality monitoring activity with the Evergreen
Underground ,"Vater Consen'ation District.

The study area encompasses approximately 6,500 square miles in all or pans
of Atascosa, Bexar, Dimmit, Frio, Karnes, Ll Salle, Medina, ',.Vilson, and
Zavala Counties (Figure 1). It extends from near Carrizo Springs in Zavala
County to Stockdale in Wilson County.ltalsoincludes the towns ofLa Pryor,
Crystal City, Pearsall, Cotulla,Jourdan ton, Pleasanton, Falls Ci ty, Floresville,
and numerous small unincorporated communities. Pearsall, which is near
the center of the study area, is about 54 miles southwest of San Antonio.

The \-\linter Garden area is partofthe Coastal Plains physiographic province
and is characterized by a level to gently rolling plain which dips slightly
southeas[\.\,ard toward the Gulf of Mexico. The soils are generally sandy or
sandy loam types. Drainage in the area is into four major rivcrs: the Rio
Grande, the Nueces, the Atascosa, and the Frio, either directl)' or through
many of the smaller streams in their watcrsheds, Nativc \'cgctation includcs
live oak, mesquite, huisachc, prickly pear cactus, and other hardy plants
typical of the south Texas brush country.

Long, hot summers and short, mild winters are the typical climate of the
',.\linter Garden area. It is an arid region where the annual evaporation rate
exceeds the annual precipitation rate. Thc meanJulymaximl1m temperature
is approximately 98°F, and the meanJanuaryminill1l1m is 42°F. The average
annual rainfall varies from 21.50 inches in the southwest to 28.50 inches in
the northeast. Most of the rainfall occurs during the months of May and
September (Larkin and Bomar, 1983).

The regional economy is based primarily on agriculture and mineral
production. Principal agricultural produclS are livestock including dairy
and beef cattle, hogs, sheep, and goats; grain crops including sorghum,
wheat, and oats; peanuts; cotton; vegetables; melons; pecans; and
strawbcrries. Frio Countywas the leading peanut producing county in Texas
in ]987. Approximately ]60,000 acres are irrigated across the Winter
Garden area, Mineral production includes oil and gas, lignite, sand, clay,
and gravel. Several small manufacturing companies operate plants in tlle
region. A growing source of income for many landowners since the 1980s
is the leasing of their land for h1lllting and wildlife management (Dallas
Morning News, ]987).
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Several governmental agencies, private companies, and consultants have
worked in this area through the years and discussed their findings related
to the geology and ground-water resources in numerous publications.
Initial work began prior to 1940 and continues through the present.

Previous investigations by the Texas \.yater Development Board and
predecessor agencies include Turner and others (1940); Outlaw and others
(1952); Follett (1956); Mason (1960); and Harris (1965). A major
comprehensive report on the geohydrology of the Eocene-age aquifers of
this area is a two-volume publication, Report 21 0 (Klemt and others, 1976,
and Marquardt and Rodriguez, 1977). Duffin and Elder (1979); Elder and
others (1980); and Opfel and Elder (1977) also published reports based on
research and material gathered for Report 210.

The Bureau ofEconomic Geology at The University ofTexas has published
several reports on the geology of the Winter Garden area: Hamlin (1988)
studied the depositional and ground-water flow systems afme Carrizo; and
Barnes described the geology in the Geologic Atlas in the Crystal City-Eagle
Pass Sheet (1976), the San Antonio Sheet (1974a), and the Seguin Sheet
(1974b).

The Board appreciates the cooperation of the property owners within the
sLudyregion for supplying information concerning their wells and allowing
access to their property LO sample for water quality. Appreciation is also
extended to the Evergreen Underground Water Conservation District for
obtaining permission to sample water wells within Atascosa, Bexar, Frio,
Medina, and \Vilson Counties.
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The geologic formations which occur on the surface and in the subsurface
ofthe study area are predominantly Eocene sandsand shales. The important
water-bearing units which were studied for this reponare the Wilcox Group
and the Carrizo and Queen City Sands of the Claiborne Group. The
stratigraphic relationship, approximate thickness, brief descriptions, and
water-bearing characteristics of the formations in the Winter Garden area
are summarized in Table 1.

The deposition of these units was influenced by regional structural features
known as the Rio Grande Embaymentand the San Marcos Arch. At the end
of the Mesozoic Era, deposition changed from carbonates and marine
clastics to alternating transgressive and regressive sand and shale sequences.
The shoreline of the GulfofMexico gradually moved southeastward as the
sediments continued to accumulate. The subsequent coastal plain remains
a relatively flat surface which dips gently basinward to the southeast.

The \Vilcox Group is the oldest geologic unit, shifting from a regressive
sequence of marine sands and muds in the lower 'Wilcox to massive deltaic
sands in the middle Wilcox, and grading into an alluvial system in the
Carrizo Sand (Hamlin, 1988). The Wilcox Group is undifferentiated
in the outcrop and throughout the subsurface (above 4,000 feet) in
this region. The sands of the downdip upper Wilcox (below 4,000
feet) are the equivalent of the updip Carrizo Sand. In the \Vinter
Garden area the combined lower and middle \Vilcox subgroups and
the Carrizo Sand form the Carrizo-\Vilcox aquifer. In this report
the wells completed in the \Vilcox Group are located on or immediately
downdip from the \Vilcox outcrop in Atascosa, Bexar, Dimmit,
Medina, and \Vilson Counties.

The Carrizo Sand overlies the middle Wilcox subgroup and is the major
aquifer within the study area. It is an alluvial sequence with sand and clay
lenses in the lovt'erand upper units and a middle unit composed ofstacked,
massive channel sands (Klemtand others, 1976; Hamlin, 1988).

Above the Carrizo Sand are a series of interbedded sands and clays which
represent lateral facies changes within the Rio Grande Embayment
(Plummer, 1932; Barnes, 1976). A convenient geographic reference for
these facies changes is the Frio River; west of the Frio are the continental
deposits of the Bigford Formation and the EI Pico Clay, and east of the Frio
are the marine sediments of the Reklaw Formation, Queen City Sand, and
'Neches Formation. In this repon all wells completed in the Queen City
Sand are located in \Vilson, Atascosa, and Frio Counties.

The primary source of ground waler in the study area is the infiltration of
precipitation either directly into the outcrop or indirectly as seepage from
stream now. Although most of the rainfall is lost to evaporation. a small
amount percolates downward under the force of gravity to the zone of
saturation, which is that portion in the rock where all of the voids contain
water.

For a formation to be an aquifer, it must be porous, permeable, and yield
water in usable quantities. Two important characteristics of all



Table 1. - Geologic Units and Their Water-Bearing Characteristics

Approximate
System Series Group Geologic Unit Thickness Character of Rock Water-Bearing Properties

West of Frio R. East of Frio R. tN.st of Frio R. East of Frio R. West of Frio River East of Frio River West of Frio River East of Frio River

Weches SO· Clay with interbedded Fossiliferous, glauconitic Yields small Not known to yield
EI P<c Forma/ion 700· 200 sandstones, clay- shale and sand. quantities of slightly water.

Clay 1,500 stones, and lignite to moderately saline

coal lenses. Marine, medium to fine
water. Yields small to moderate

Queen 500· quantities of fresh to
Tertiary Eocene Claiborne City 1,400 sand with interbedded slightly saline water.

Sand Sands with interbed- clay and shale. Yields small to
ded silts and shales. moderale quantities Yields small quantities

Bigford 200· Plant remains are Clay with interbedded offresh to very of slightly to moderatelyFormation Reklaw 900 200·
Formation abundant. glauconitic sand. saline water. saline water to wells in

400 or near the outcrop.

Carrizo Sand 150-1,200
Coarse to fine sand, massive, cross-bedded Principal aquifer in the study area. Yields
with a few partings of carbonaceous clay. moderate to large quantities of fresh to slightly

saline water.

Wilcox Indio Wilcox 0·2,800 Interbedded sand, clay, and Silt with discontin-
Formation Group ous beds of lignite. The shale and clay Yields small to moderate quantities of fresh to

Undil. sometimes contain gypsum. slightly saline water.

Midway Kincad Midway
0-300 Shale, sandstone and limestone. Not known to yield water.Formation Grp. Undit.

• Yields of wells, in gallons per minute (gal/min): small, less than 50 gal/min; moderate, 50-500 gal/min; large, more than 500 gal/min.
• Quality of water, in milligrams per liter (mgA) dissolved solids: fresh, less than 1,000 mg/l; slightly saline, 1,000 - 3,000 mg/l;

moderately saline, 3,000 - 10,000 mgA; very saline, 10,000 - 35,000 mgll.

'-"

References: Barnes (1974, 1976a, 1976b,1977)
Guevara and Garcia (1972)
Hamlin (1988)
Hargis (1985)
Klemt and Others (1976) i
Modified from McCoy (1991) \l-
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aquifer rocks are porosity, the amount ofopen space between the grains in
the rock, and permeability, the abilityofa porous material to transmit'Water.
Fine-grained sediments such as clay and silts generally have high porosity,
but little or no permeability, and consequently do not readily transmit
water. Sand and gravel are usually both porous and permeable, the degree
depending upon the size, shape, sorting, and amount of cementation
between the grains.

Because of its lithologic characteristics, the Carrizo Sand is an excellent
aquifer rock which can yield large quantities ofwater. The sand bodies are
thick and extensive with coarse sand grains which pennit high porosities
and penneabilities. The Wilcox Group is not as prolific an aquifer as the
Carrizo Sand because ofthc high clay content. and it yields smallervolumes
of water. The Queen City Sand is similar to the '''Iilcox Group with its
interbedded sands and clays limiting the yields of its wells.

Recharge is the process bywhich water is added to an aquifer. Precipitation
on the outcrop ofan aquifer is generally the most significant natural source
ofrecharge; howe\rer, water may enter from surface streamsand lakes on the
outcrop and possibly through interformationalleakage and return Om..' of
irrigation water. The amount of recharge must balance tile discharge over
a long period of time or the water in Lhe aquifer will eventually be depleted.
Recharge is generally greater during the winter 1110ntils when plantgrowth.
pumpage, and cvaporation rates arc all low.

Because of a general lack of sustained regular rainfall in this area, most of
the streams are intennittent. Therefore the recharge of these aquifers is
primarily limited to the direct infiltration of rainfall.

GI-olmd water moves in response to the hydraulic gradient from areas of
recharge lO areas ofdischarge. Underwater table conditions, movement of
ground water follows the drainage ofthe surface; under artesian conditions
it moves in the direction of the regional dip ofthe aqUifer. In areas oflarge
and extensive withdrawals by wells, the natural gradient is altered and
ground water moves from all directions to the areas of pumpage and
lowered pressure.

Discharge is the process by which waler is removed from the aquifer. This
may be through natural processes, such as springs, streams, or lakes, or
artificial processes, such as pumpage from wells. Excessive pumpage can
have two undesirablc consequences: (I) a change in the hydraulic gradient
can cause natural springs to slow or stop Oowing; and (2) as the hydraulic
gradient is altered, interformational leakage bet\Veen the aquifer and
surrounding rocks containing more highly·mineralized water can cause
deterioration of water quality.

•



The chemical character ofground water mirrors the mineral composition
of the rocks through which it has passed. As water moves through its
environment, it dissolves some of the minerals from the surrounding rocks.
Concentrations of the various dissolved mineral constituents depend upon
the solubility ofthe minerals in the fonnation, the length of time the water
is in con tact \Vith the rock, and the concentration ofcarbon dioxirle presen t
within the water. Dissolved mineral concentrations generally increase \\~th

depth and temperature. Neutralizingorremovingundesirable constituents
is usually difficult and can be expensive.

One of the most important tasks in water-quality sample collection is to
sample water which is representative ofthe aquifer. To insure that the water
is from the aquifer itself, the well must first be purged, which means
removing a sufficient volume ofground water stored in the well casing. The
temperature, specific conductance, and pH are monitored until stabilization
of the readings occurs. At that point, the well may be sampled. The sample
should be collected near the wellhead before the water has gone through
pressure tanks, water softeners, or other treatment. Standby, new, or little
used wells may require a day or more of pumping before the water is of
constant quality (Wood, 1976).

The most representative water samples usually can be obtained from
municipal, industrial, or irrigation wells. Because oftheir constan t pumping
and high yield, these wells draw water from a larger area oCthe aquifer and
usually insure a representative sample.

Standardized procedures were used in collecting the ground-water sam pies
for this investigation according to the Texas '"Vater Development Board
Field Manual for Ground Waler Sampling (Nordstrom and Adidas, 1990).
Upon arrival at the well site, the purging procedure was started. During
purging, the temperature, specific conductance (using a VvVRconductivity
meter), and pH (usinga Beckman pH meter) weremoniLOred attive minute
intervals until the readings stabilized. Constituents were collected and
handled as follows, ,\~th the analytical methods and detection limits listed
in Table 2 (except where noted):

Dissolved anions: Ground water was fil tered through a 0.45 ~m nonmetallic
filter into a I-liter polyethylene bottle. The sample was placed on ice and
delivered co the Texas Deparunent of Health (TDH) laboratory. Analyses
were completed within 28 days. Samples were analyzed for sulfate, chloride,
iodide, bromide, boron, fluoride, silica, and alkalinity contents.

Dissolved cations/metals: Ground water was filtered through a 0.45 ~lIn

nonmetallic filterintoa I-liter polyethylene bottle. The sample was preserved
Wilh HNO" placed on ice, and delivered w lhe TDH laborawry. Analyses
were completed within 28 days. Samples were analyzed for aluminum,
arsenic, barium, calcium, cadmium, chromium, copper, iron, lead,
magnesium, manganese, mercUl)', molybdenum, potassium, selenium,
silver, sodium, strontium, vanadium, and zinc.

Ground-Water Quality Monitoring Reaulta
in the Winter Garden Area, 1990

February 1992
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Table 2.-Detection Umits and Analytical Methods for Inorganic Species.

Dissolved Anions

Detection
Symbol Limit Method

Boron B om mg/I Method 404A
Bromide Br om mg/I Method 405
Chloride Cl I mg/I EPA Method 325.2
Fluoride F 0.1 mg/l EPA Method 325.2
Iodide I om mg/I Method 415A
Silica 5i02 I mg/I Method 425E
Sulfate 5°4 2mg/1 EPA Method 375.2
Unless otherwist: slXcified, ~Method." refers to Slaodard Methods for the Examination onVater and Wastewater (ACPHA, 1985).

Dissolved Cations/Metals

Aluminum AI 50 ~g/l ICP
Arsenic As 10 ~g/l GFAA
Barium Ba 1O~/1 ICP
Cadmium Cd 1O~/1 FAA5
Calcium Ca I mg/l ICP
Chromium Cr 20 ~g/I ICP
Copper Cu 20~/1 ICP
Iron Fe 20 ~g/I ICP
Lead Pb 50~/1 FA'\.S
Magnesium Mg 1 mg/I ICP
Manganese Mn 20 ~g/l ICP
Mercury Hg 0.2 ~g/l CVA"-S
Molybdenum Mo 20 ~g/l ICP
Potassium K 1 mg/l ICP
Selenium Se 2 ~g/I Fluorometric
Silver Ag 10 ~g/I FA"-S
Sodium Na I mg/I ICP
Strontium Sr 200 ~g/l ICP
Vanadium V 20 ~g/I ICP
Zinc Zn 20 ~g/I ICP

ICP·lnduction Coupled Plasma, EPA Method 200.7
GFAA- Graphite Furnace AA, EPA Method 206.2
FAAS- Flame A'\., EPA Methods 213.1 (Cd), 239.1 (Pb), 272.1 (Ag)
CVAAS- Cold Vapor AA, EPA Method 245.1
Fluorometric, DAN Method, AOAC Method 25.157

Nutrients

Ammonia NH3 (N) 0.02 mg/l EPA Method 350.1
Kjeldahl N 0.1 mg/I EPA Method 351.2
Nitrate N03 (N) om mg/I EPA Method 353.2
Nitrite N02 (N) om mg/l EPA Method 353.2
Orthophosphate P04 (P) 0.01 mg/l EPA Method 365.1

Radioactivity

Gross Alpha a 2.0 pCi/1 EPA Method 900.0
Gross Beta

t226
4.0 pCi/1 EPA Method 900.0

Radium-226 0.2 pCi/1 EPA Method 903.1
Radium-228 Ra228 1.0 pCi/l EPA Method 904.0

8



Nutrients: Ground water was filtered through a 0.45 flm nonmetallic filter
into a 500-ml opaque polyethylene bottle. The sample was preserved with
H

2
SO4' placed on ice, and delivered to the TDH laboratory. Analyses were

completed within 7 days. Samples were analyzed for ammonia, Igeldahl,
nitrate, nirrite, and orthophosphate.

Organic Constituents: Three samples for analysis of organic compounds
were taken: one for Volatile Organic Compounds (VOCs); the second for
pesticides (pesticide screen); and the third for other organic compounds,
referred to as the Gas Chromatograph/ Mass Spectrometer (GC/MS)
sample. The type of analysis for each well was based on the use of the land,
presence ofoil-production activities, and the type ofindusuyin the locality.
Unfiltered ground water without an)' chemical preservative was collected
for all of these samples. For VOCs, two 40-ml glass bottles were filled to the
brim and sealed with teflon-lined caps. These bottles were kept from light
and placed on ice. For the pesticides and GC/MS samples, l-quan glass
bottles were filled to the brim, scaled with teflon-lined caps, and placed on
ice. All samples were delivered to the TDH laboratory, and analyses were
completed within 7 days. Pesticide samples were analyzed according the
EPA Method 608 [or Organic Pesticides and PCBs and Method 50gB for
Chlorinated PhenoxyAcid Herbicides (American Public Health Association,
1985). Table 3 shows the detection limit for each species.

Other organic chemicals were analyzed according to EPA Methods 624 and
625 for GC/MS. Samples are screened for the EPA priority pollutants and
other contaminants. All of these chem icals have quantitation limits which
vary from the acid ext.ractables 10 the base neutrals and represent a high
confidence level. Occasionally a chemical may be reported at less than the
quantitation limit, meaning that the chemical is probably present but the
exact level cannot be stated with the required high degree ofconfidence of
a reporting level.

Radioactivity: Ground water was filtered through a 0.45 flm nonmetallic
filter into a l-gallon polyethylene boulc_ The sample was preserved with
HNO;s' placed on ice, and delivered to the TDH laboratoIJ'. Analyses were
completed within 6 months. Initially gross alpha (a) and gross beta (13)
radiation were determined, followed byradium-226 (Ra226) and radium-228
(Ra"") .

Field Measurements: Ir~ addition to the field measurementsoftemperature,
specific conductance, and pH which established that the well was stabilized,
measurements ofthe alkalinity (by titration) andEh (using a pH meterwith
an Eh electrode) were taken. Two types of alkalinity were determined for
each well: phenolphthalein alkalinity as CaCO;s and total alkalinity as
CaCO;s. Both were done according to the TWDB procedures for alkalinity
determination (Nordstrom and Adidas, 1990).

The results of the analyses for each well are presented in Appendices n
through V. The wells are grouped according to county and well number.
The well locations are shown in Figure 2. In this repon the results will be
discussed by major chemical group: Field Measurements, Dissolved Inorganic
Constituents, Nutrients, Organic Constituents, and Radioactivity. Within
each major chemical group, the results are funher broken down according
to the aquifer.

Field Measurements: These measurements were taken in the field at the
time of sampling. The range ofeach measurement is presented along with
the average value.

Ground·Water Quali~yMonitoring Reeult3
in the Winter Garden Area, 1990

Februllly 1992
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Table 3.-Detection Umits for Organic Pesticides.

Organic
Componnd

Aldrin
a-BHC
fl-BHC
b-BHC
Banvel
CWordane (cis)
CWordane (lrans)
CWorop)'rifos
Dacthal
Dicamba
Dieldrin
Dursban
DDD
DDE
DDT
Endrin
Endosulfan I
Endosulfan II
Endosulfan Sulfate
Hexachlorobenzene
Heptachlor
Heptachlor Epoxide
lindane
Malathion
Methoxychlor
Mirex
Meth)'1 Parathion
Eth)'1 Parathion
PCBs (aroclors)
Pentachlorophenol
Picloram
Silvex
Toxaphene
Treflan
2,4-D
2,4.5-T

Detection Umit
(I'g/I)

0.20
0.03
0.03
0.03
5.0
0.02
0.02
0.6
0.05
1.0
0.10
0.60
0.30
0.20
0.30
0.2
0.2
0.2
0.2
0.02
0.02
0.06
0.03
0.40
0.50
0.50
0.25
0.25
1.0
2.0
3.0
5.0
5.0
0.06

20.0
5.0

10

Dissolved Inorganic Constituents: These are the results of the laboratory

analyses for dissolved cations, anions, and selected metals. The range of

concentrations for each species is presented along with the average

concentration.

Nutrients: These are the results of the laboratory analyses for nutrients. The

range ofconcentrations for each species is presented along with the average

concentration.

Organic Constituents: These are the results of the laboratory anal)'ses for

VOCs, pesticides, and GC/MS. anI)' those wellswhich detected the presence

of an)' organic chemicals are listed. This stud)' was the first time that the

lWDB had analyzed the ground water of this area for organic chemicals.



Radioactivity: These are the results ofthe laboratoryanalyses for radioactivi ty.
The range of concentrations for each species is presented along \\rith the
average concentration. This study was the first time that the TWDB had
analyzed the ground water of this area for radioactivity.

The ten wells completed in the Queen City aquifer are located in Arnscosa,
Frio, and Wilson Counties. Queen City ground water is used for domestic
and livestock uses, public supply, and industrial cooling. The 102 wells
completed in the Carrizo aquifer are located in Atascosa, Bexar, Dimmil,
Frio, Karnes, La Salle, Medina, Wilson, and Zavala Counties. Carrizo
ground water is used primarily for irrigation, and also for domestic and
stock purposes, public supply, and industrial processes and cooling. The
seven wells completed in the Wilcox aquifer are located in Atascosa, Bexar.
Dimmit, Medina, and Wilson Counties. Wilcox ground water is used for
domestic and stock purposes, public supply, and industrial cooling.

The Texas Department of Health has set the primary and secondary
Maximum Concentration Levels (MCLs) fon.vaterwhich is used for human
consumption. The standards for selected inorganic constituents can be
found in Table 4.

Table 4.-Drinking Water Standards for Selected Inorganic Constituents as
Set by the Texas Department of Health

Primary Constituent Levels

Arsenic As 0.05 mg/l
Barium Ba 1.0 mg/l
Cadmium 0:1 0.010 mg/l
Chromium Cr 0.05 mg/l
Fluoride F 4.0 mg/l
Lead Pb 0.05 mg/l
Mercury I-t 0.002 mg/l
Nitrate (as N) N03 (N) 10.0 mg/l
Selenium Se 0.01 mg/l
Silver Ag 0.05 mg/l
Gross Alpha a 15 pCi/1
Gross Beta j.l 50 pCi/l
Radium Ra226 + Rau8 5 pCi/1

Secondary Constituent Levels

Chloride Cl 300 mg/l
Copper Cu 1.0 mg/l
Fluoride F 2.0 mg/l (community)
Iron Fe 0.3 mg/l
Manganese Mn 0.05 mg/l
pH >7.0
Sulfate S04 300 mg/l
Dissolved Solids TDS 1,000 mg/l
Zinc Zn 5.0 mg/l

Ground·Wa~rQuality Monitoring Resulta
in the Winter Garden Area, 1990

Febru&/')' 1992
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Ground-Water Quali:y Monitoring Rewlur;
in the Wmter Garden Aru. 1990
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FIELD MEASUREMENTS

Queen City Aquifer

14

The summary of the field measurements from the Queen City
aquifer. Carrizo aquifer, and the Wilcox aquifer is found in Table 5.

Table S.-Fie1d Measurements of the Ground Water of the Queen City,
Carrizo, and Wilcox Aquifers.

Queen City Aquifer

Range Average

Temperature 25.3 - 37.S"C 28.7°C
Specific Conductance 505 - 2,750 I'mho 1,360 I'mho
pH 6 -8.5 7.7
Eh ·227.1- -100.0 mV -177.9 mV
Phenol Alkalinity 0-16mg/l 3 mgt!
Total Alkalinity 73- 715 mg/l 341 mg/l

Carrizo Aquifer

Range Average

Temperature 14.4 - 64.4"C 3I.l"C
Specific Conductance 136 - 5,870 I'mho 1,0821'mho
pH 5.3 - 8.5 7.1
Eh -92.5 - +28I.l mV +105.3 mV
Phenol Alkalinity 0-8 mg/l Omg/l
Total Alkalinity 7 -987 mg/l 272 mg/l

Wilcox Aquifer

Range Average

Temperature 24.5 - 26.9°C 25.9"C
Specific Conductance 750 - 3,700 I'mho 1,6661'mho
pH 6.9 - 8.5 7.2
Eh -136.5 - +156.9 mV -31.3 mV
Phenol Alkalinity 0-8 mg/l I.l mg/l
Total Alkalinity 293 - 639 mg/l 397mg/1

The average temperature was 28.7°C. The pH was essentially neutral,
ranging from 6.0 to 8.5 with an average of 7.7. The specific conductance
ranged from 505 to 2750 I'mhos, with an average of 1360 I'mhos. The Eh
ranged from -227.110 -100.0 mV, with an average of -177.9 mV, indicating
that this water is of a reducing nature. Phenolphthalein alkalinity (as
CaCa,) averaged 3 mg/1. Total alkalinity (as CaCa,) averaged 341 mg/1.



The average temperature was 31.1°C. The pH was essentially neutral,
ranging from 5.3 to 8.5 with an average of 7.1. The specific conductance
ranged from 136 to 5870 J.lmhos with an average of 1082 J.lmhos. The Eh
rangedfrom-92.5 to+281.1 mV, with an a\'erageofl05.3 mV, indicating that
the ground water is oxidizing in nature. Phenolphthalein alkalinit}' (as
CaCO,) averaged zero. Total alkalinity (as CaCO,) averaged 272 mg/l.

The average temperature was 25.9°C. The pH was essentially neutral,
ranging from 6.9 to 8.5 with an average of 7.2. The specific conduclance
ranged from 750 to 3700 J.lmhos with an average of 1666 J.lmhos. The Eh
ranged from -136.5 to +156.9 mV, with an average of -31.3 mY, indicating
that the water is slighl1y reducing in nature. Phenolphthalein alkalinit}' (as

CaCO,) averaged l.l mgll. Total alkalinity (as Caco,) averaged 397mg/l.

Ground·Water Quality Monit<.oring Resulls
in !.he Winter Garden Area. 1990

PebnullY 1992

Carrizo Aquifer

Wilcox Aquifer

15



Ground-Water Quality Monitoring Rasult.s
in the Wmtal' GardenAr-. 1990
F.oNU)' 1992

DISSOLVED INORGANIC
CONSTITUENTS

16

Most of the water samples collected from area wells met drinking water
standards for dissolved inorganic constituents. However, several wells in all
three formations had some constituents in excess of the MCLs. These
constituents were:

Iron: On exposure to air, iron in ground water oxidizes to form a reddish
brown precipitate. More than 300 Ilg/1 iron in water can stain laundry and
utensils. Larger quantities can cause an unpleasant taste and promote the
growth of iron bacteria. Ground water which contains iron in excess of
drinking water standards is not recommended for domestic use unless some
kind of water treatment or filter system is used.

Chloride: Chloride is naturally dissolved from rocks and soils. It is present
in sewage and is found in large amounts in oil-field brines, seawater, and
industrial brines. In large amounts in combination with sodium, it gives a
salty taste to drinking water. It can increase the corrosiveness of the water.

Manganese: Small amounts ofmanganese are found naturally in limestones
and dolomites where it substitutes for calcium in the chemical structure and
in clay minerals formed from the weathering of these carbonate rocks. In
aqueous solution, divalent manganese commonly precipitates to form
coatings ofmanganese oxide (desertvarnish). Ground water which contains
manganese in excess of drinking water standards is not recommended for
domestic use unless some kind of water treatment or filter system is used.

DissolvedSolids: Dissolvedsolids are primarily mineral constituents dissolved
from the rock. The TDH recommends that waters containing more than
1000 mg/l not be used if other less mineralized supplies are available.
Ground water which contains dissolved solids in excess of drinking water
standards is not recommended for domestic use unless some kind ofwater
treatment or filter system is used.

Sulfate: Sulfale is naturally formed by lhe dissolulion of sulfur from rocks
and soils containing sulfur compounds such as gypsum and iron sulfide. In
large amounts, sulfate in combination with other ions gives a bitter taste to
drinking water.

Zinc: Zinc is a common element in the earth's crust, and it is an essential
trace mineral for humans. Ground water from wells which exceed drinking
water standards is not recommended for domestic use unless some kind of
water treatment or filter system is used.

An analytical tenn used frequently is hardness, which is a calculation based
on dissolved alkali earth metals. The property of hardness is associated
primarily with reactionsofwaterand soap; as the hardness increases, so does
the soap-consuming ability of the water. Hard water forms scale in boilers,
water heaters, and pipes. Hardness in excess of 180 mg!l is considered to be
very hard. For general domestic use, the hardness ofwater is not particularly
objectionable until it attains about 100 mg/1. Waler sofleners can be used
to alleviate hard water and its associated problems.

•



Asummaryofthe laboratory analyses ofthe dissolved inorganic constituents
of the Queen City ground water is found in Table 6. The trilinear diagram
in Figure 3 shows that the "typical" Queen City aquifer ground water from
wells sampled in 1990 is a sodium-mixed cation ~ bicarbonate-mixed anion
type. The lack ofa dominant cation-anion mix is probably due to the small
number of wells sampled, the varying depth of the aquifer, and the range
of climatic conditions found across the region where these wells are
completed.

Table 6. Dissolved Inorganic Constituents in the Queen CityAquifer Ground
Water.

Ground_Water Quality Monitodng Results
in the Winter Garden Area, 1990

February 1992

Queen City Aquifer

Constituent Concentration Range Average
Cone.

Aluminum Below detection limit
Arsenic Below detection limit
Barium 33 - 162 J.lg/l 60 J.lg/I
Boron 240 - 1540 J.lg/I 698 J.lg/l
Bromide 0.11 - I.I0 mg/I 0.66mg/1
Cadmium Below detection limit
Calcium 2 -170 mg/l 56mg/1
Chloride 40-492 mg/l 181 mg/!
Chromium Below detection limit
Copper Below detection limit
Dissolved Solids 400 - 1563 mg/l 858 mg/l
Fluoride 0.2 - 0.9 mg/l 0.5mg/1
Hardness 6-703 mg/l 224 mg/I
Iodide <0.1-1.77 mg/l O.44mg/1
Iron 34 - 2980 J.lg/l 934 J.lg/l
Lead Below detection limit
Magnesium 0-68 mg/l 20mg/1
Manganese <20 - 234 J.lg/l 56 J.lg/l
Mercury Below detection limit
Molybdenum Below detection limit
Potassium 3-19 mg/l 10 mg/l
Selenium Below detection limit
Silica 15 - 92 mg/I 29mg/l
Silver Below detection limit
Sodium 33-400 mg/l 233 mg/l
Strontium <200 - 5350 J.lg/l 1324 J.lg/l
Sulfate 22- 376 mg/l 159 mg/l
Vanadium Below detection limit
Zinc <20 - 177 J.lgll 59 J.lg/I

Average concentrations for calcium, magnesium, strontium, and barium
were 56 mg/l, 20 mg/l, 1.324 mg/I, and .060 mg/l, respectively. Hardness
of the Queen City ground water, which is calculated using these values,
ranged from 6 to 703 mg/] with an average of224 mg/I. Water softeners are
recommended for most purposes when using this ground water.

Two other major cation species measured were sodium and potassium,
which averaged 233 mg/l and 10 mg/l, respectively. There are no MCLs
established for these elements. The following elements tested below detection
limits: aluminum, arsenic, cadmium, chromium, copper, lead, mercury,
molybdenum, selenium, silver, and vanadium.

17



Ground·Water Quality Monitori~Reiuh..
in the Winter Garden AnI.. 1990
Februwy 1992
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Figure 3. Trilinear Diagram of the Queen City Aquifer Water
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Two elements were present in Queen City ground water but below the
allowed MCLs or secondary levels in all wells. These elements and their
average concentrations included: fluoride, 0.5 mg/I; and zinc, 0.059 mg/1.

Four other dissolved species were measured: boron, bromide, iodide, and
silica. The average measurements of these were 0.2 mg/l, 0.238 mg/l, 0.44
mg/l, and 18 mg/l, respectively. There are no established MCLs for these
species.

Five wells had constituents which exceeded drinking water standards:

68-59-922 (Atascosa)
Sulfate was 376 mg/l
Chloride was 417 mg/l
Dissolved Solids was 1563 mg/l
Iron was 2980 I'g/l
Manganese was 70 I'g/l

77-16-408 (Frio)
Chloride was 336 mg/l
Iron was 325 I'g/l

78-02-709 (Frio)
Chloride was 492 mg/l
Dissolved Solids was 1290 mg/l
Iron was 744 I'g/l
Manganese was 84 I'g/l

68-55-502 (Wilson)
Chloride was 336 mg/l
Dissolved Solids was 1312 mg/l
Iron was H20 I'g/l
Manganese was 234 I'g/l

68-62-507 (Wilson)
Iron was 2190 I'g/l

The constituents exceeded were iron (5 wells); chloride (4wells); dissolved
solids (3 wells); manganese (3 wells); and sulfate (1 well). All are thought
to be produced from natural processes, which are discussed in more detail
in the follo\\ring section on the Carrizo aquifer. Water treatment systems or
filters are recommended if waler from these wells is used for domestic
purposes.

Asummary ofthe laboratory analyses ofthe dissolved inorganic constituents
of ground waler of the Carrizo aquifer is found in Table 7. A trilinear
diagram ofCarrizo aquifer wells is shown in Figure 4. The "typical" Carrizo
ground water from wells sampled in 1990 is a sodium-mixed cation-calcium
- bicarbonate-mixed anion-ehloride type.

Hamlin (1988) found that Carrizo ground waler has initial composition
variability in the outcrop, but becomes dominated by sodium and bicarbonate
as depth and distance along flow paths increase. Exceptions to this trend
can be found in two areas: 1) the southwestern counties where clay content
is the greatest and chloride and sulfate ground waters develop as a result;
and 2) a strike-aligned belt across Atascosa, Frio, and Zavala Counties where
dissolution of caliche (calcium carbonate) allows the development of
calcium-bicarbonate ground waters.

Ground-Water Quality Monitoring Reeulta
in the Winter Garden Area. 1990

Februlll')' 1992

Carrizo Aquifer
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Ground·Water Quality Monitoring Resulu
in the Wmter Garden Area, 1990
February 1992

Table 7.- Dissolved Inorganic Constituents in the Carrizo Aquifer

Ground Water.

Constituent

Aluminum
Arsenic
Barium
Boron
Bromide
Cadmium
Calcium
Chloride
Chromium
Copper
Dissolved Solids
Fluoride
Hardness
Iodide
Iron
Lead
Magnesium
Manganese
Mercury
Molybdenum
Potassium
Selenium
Silica
Silver
Sodium
Strontium
Sulfate
Vanadium
Zinc

Conce:1tralion Range

Below detection limit

<10 - 10 JIg/I
<20 - 386 JIg/I
60 - 6510 JIg/l
<0. I - 32 mg/I
Below detection limit
2 - 370 mg/I
5 - 1637 mg/I
Below detection limit
Below detection limit
91 - 4103 mg/I
O. I - 3.3 mg/I
6 - 1161 mg/I
<0.1 - 0.82 mg/I
<20 - 6860 JIg/I
Below detection limit
1 - 85 mg/I
<20 - 552 JIg/I
<0.2 - 0.2 JIg/I
Below detection limit
2 -26 mg/I
<2 - 10 JIg/I
13 - 60 mg/I
Below detection limit
13 - 1390 mg/I
<200 - 6600 JIg/l
10 - 1352 mg/I
<20 - 22 JIg/I
<20 - 4030 JIg/I

Average
Cone.

100 JIg/I
670 JIg/I
0.94 mg/I

59 mg/!
157 mg/I

714 mg/I
0.9 mg/l
202 mg/I

668 JIg/I

13 mg/I
36 JIg/I

7 mg/I

22 mg/I

175 mg/!
793 JIg/!
138 mg/I

85 JIg/l
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Average concentrations for calcium, magnesium, strontium, and barium

were 59 mg/!, 13 mg/l, 0.793 mg/I, and 0.100 mg/I, respectively. Hardness

of the Carnzo ground water, which is calculated using these values, ranged

from 6 to 1161 mg/I with an average of 202 mg/1. Water softeners are

recommended for most purposes when using this ground water.

Two other major cation species measured were sodium and potassium,

which averaged 175 mg/l and 7 mg/I, respectively. There are no MCLs

established for these elements.

The following elements tested below detection limits: aluminum, cadmium,

chromium, copper,lead, mol)'bdenum, and silver. Three elements measured

below detection limits in all but one well each: arsenic (well #69-58-707 had

10 JIg/I); mercury (well #69-62-902 had 0.2 JIg/I) ; and vanadium (well #76

48-802 had 22 JIg/I) . These measurements are below the established MCLs,

except for vanadium which has no MCL.

Fluoride had an average concentration of0.9 mg/I, which is below the Mel

for that element. Twelve wells had detectable amounts ofselenium, ranging

up to 10 JIg/I, but none exceeded the established MCL.



Ground-Water Quality Monitol'ing Result.
in the Winter Garden Area, 1990

February 1992
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Ground-Water Quality Monitoring Resulu
in the Wmter Garden Area. 1990
February 1992

Average results for four other dissolved species were: boron (0.670 mg/I);

bromide (0.94 mg/I); iodide (below detection limits); and silica (22 mg/I).

There are no established MCLs for these species.

Fifty wells had constituents which exceeded drinking water standards:

22

68-51-701 (Atascosa)
Iron was 1070 I'g/l

68-52-709 (Atascosa)
Iron was 2920 I'g/I
Manganese was 54 I'g/I

68-59~14 (Atascosa)
Iron was 4030 I'g/I
Manganese was 98 I'g/I

~0-527 (Atascosa)
Iron was 1310 I'g/I

6~1-207 (Atascosa)
Iron was 0986 I'g/I

6~1-905 (Atascosa)

Iron was 392 I'g/I
Manganese was 60 I'g/I

78-03~01 (Atascosa)
Iron was 2810 I'g/I
Manganese was 85 I'g/I

78-04-104 (Atascosa)
Iron was 418 I'g/I

78-11-217 (Atascosa)
Iron was 572 I'g/I

78-12-502 (Atascosa)
Sulfate was 1352 mg/I
Chloride was 563 mg/I

Dissolved Solids were 3074 mg/I

Iron was 1420 I'g/I
Manganese was 192 I'g/I

78-20-801 (Atascosa)
Iron was 1090 I'g/I

68-46-80 I (Bexar)
Sulfate was 359 mg/!
Dissolved Solids were 1054 mg/I

Iron was 671 I'g/I

68-53-809 (Bexar)

Iron was 654 I'g/I

77-18-710 (Dimmit)
Iron was 334 I'g/I

77-18-904 (Dimmit)

Iron was 697 I'g/I

77-25-205 (Dimmit)

Iron was 797 I'g/I
Manganese was 188 I'g/I

77-28-503 (Dimmit)
Sulfate was 321 mg/l
Chloride was 659 mg/I
Dissolved Solids were 1790 mg/I

Iron was 1090 I'g/I
Manganese was 70 I'g/I

77-33-309 (Dimmit)
Iron was 1150 I'g/I
Manganese was 552 I'g/I
Zinc was 4.030 mg/l

77-33-611 (Dimmit)
Iron was 1620 I'g/I

77-35-802 (Dimmit)
Sulfate was 789 mg/I
Chloride was 1057 mg/!
Dissolved Solids were 3180 mg/I

77-37-501 (Dimmit)
Sulfate was 431 mg/I
Chloride was 822 mg/I
Dissolved Solids were 2937 mg/I

77-41-201 (Dimmit)

Iron was 1200 I'g/I
Manganese was 69 I'g/I

77-42-801 (Dimmit)

Iron was 865 I'g/I

68-57~19 (Frio)

Iron was 6860 I'g/I
Manganese was 88 I'g/I

68-58-506 (Frio)

Iron was 493 I'g/I



69~2-902 (Frio)
Iron was 69 I ).tg/I

77-06-30 I (Frio)
Iron was 471 ).tg/!

77-08-201 (Frio)
Iron was 4270 ).tg/I
Manganese was 107 ).tg/l

77-16-408 (Frio)
Iron was 325 ).tg/l

77-16~03 (Frio)
Iron was 386 ).tg/I

77-23-305 (Frio)
Iron was 429 ).tg/l

77-23-808 (Frio)
Iron was 943 ).tg/l

78-01-501 (Frio)
Iron was 58 ).tg/I

78-02-701 (Frio)
Iron was 728 ).tg/l
Manganese was 51 ).tg/l

78-09-503 (Frio)
Iron was 312 ).tg/l

78-18-501 (Frio)
Chloride was 1276 mg/l
Dissolved Solids were 2894 mg/!
Iron was 796 ).tg/I

77-47-802 (La Salle)
Sulfate was 1343 mg/I
Chloride was 944 mg/l
Dissolved Solids were 3925 mg/I

66-49~06 (Medina)
Sulfate was 468 mg/l
Chloride was 1015 mg/l
Dissolved Solids were 2658 mg/l

68-58-101 (Medina)
Iron was 3040 ).tg/l
Zinc was 1.410 mg/l

69-56-903 (Medina)
Iron was 1510 ).tg/l
Manganese was 204 ).tg/l

67-41-801 (Wilson)
Iron was 3770 ).tg/l
Manganese was 124 ).tg/l

67-49-201 (Wilson)
Manganese was 73 ).tg/l

68-48-60 I (Wilson)
Iron was 859 ).tg/l

68-62-205 (Wilson)
Iron was 6060 ).tg/l
Manganese was 79 ).tg/l
Dissolved Solids were 3387 mg/l
Manganese was 285 ).tg/l

77-01-404 (Zavala)
Iron was 1020 ).tg/l
Manganese was 57 ).tg/l

77-03-403 (Zavala)
Sulfate was 395 mg/l
Chloride was 409 mg/I
Dissolved Solids were 14?0 mg/!
Iron was 1040 ).tg/l

77-11-701 (Zavala)
Iron was 634 ).tg/l
Manganese was 60 ).tg/l

77-20-101 (Zavala)
Sulfate was 341 mg/l
Chloride was 570 mg/I
Dissolved Solids were 1685 mg/l

Ground-Water Quality Monitming Reeultll
in the Winter Garden Area. 1990

February 1992

The constituents exceeded wCI-e iron (43 wells); manganese (20 wells);
dissolved solids (12 wells); chloride (II wells); sulfate (11 wells); and zinc
(2 wells). All are thought to be produced from natural processes. and water
treaunent systems or filters are recommended if this water is to be used for
domestic purposes.

Iron is abundant within the Carrizo Sand, giving the sandstone its red color
in the outcrop. The probable source of the iron was the transport of
weathered material from the west and northwest. Figure 5 shows Carrizo
wells and the iron concentrations of each.

23



Ground·Water Quality Moni\OCina' RMult.l
in the W"mW Garden Are-., 1990
February 1992

Wilcox Aquifer
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Manganese is also found in trace amounts in the Carrizo aquifer. The

probable source of the manganese was the transport ofweathered material

from the west and northwest. Manganese can substitute in clay minerals for

other more common c1ay-fonning elements. Figure 6 shows Canizo wells

and the manganese concentrations of each.

The dissolved solids content of ground water usually increases with depth

and/or length of time that the ground water is in contact with soluble

minerals. In localized areas within the Carrizo, deteriorating water quality

is being caused by excessive purnpage and poorly cemented well casing.

As the hydraulic gradient is artificially changed by excessive pumpage, more

saline water from the overlying Bigford and Queen City aquifers leaks into

the Carrizo. McCoy (1991) identified two areas where the Carrizo aquifer is

being de-watered: (1) the Carrizo Springs-Crystal City portions of Dimmit

and Zavala Counties, and (2) northeastern Zavala County. This second area

extends into Frio and Medina Counties. Ground water from the Bigford and

Queen City aquifers is also leaking into the Carrizo via casing leaks in poorly

constructed wells.

The excessive chloride content observed in some Carrizo wells is probably

also caused by interformationalleakage from the Bigford and the Queen

City aquifers. Most wells which have excessive chloride content also have

excessive dissolved solids.

Excessive sulfate contentobserved in some Carrizo wells is probably caused

by the dissolution ofnaturally occurring sulfur minerals such as pyrite (iron

sulfate) and gypsum. Weathered anhydrite and gypsum to the north and

west probably provided the source for the original sulfate.

In addition to leaking casing and poorly cemented wells allOWing poorer

qualitywater into the Carrizo aquifer, another potential source ofpollution

is contamination from oil production activities. This pollution may be

caused by (1.) leaching of sail beneath abandoned salt-water disposal pits;

(2.) illegal dumping of produced salt water onto the surrounding land or

into surface streams; (3.) Jeakywell casing, either in producing wells or salt

water injection wells; and (4.) improperly plugged or abandoned wells, core

holes, or shot holes. Based upon computer calculations and ionic ratio

analyses. no evidence of pollution from oil producing activites was found.

Zinc is found in trace amounts in the Carrizo. The probable source of the

zinc was the transport of weathered material from the west and north.

A summaryof the laboratory analyses ofthe dissolved inorganic constituen ts

of Wilcox aquifer ground water is found in Table 8. The nilinear diagram

in Figure 7 shows the "typical" Wilcox ground water from the wells sampled

in 1990 is a sodium·mixed cation - bicarbonate-mixed anion type. The lack

ofa dominant cation~anionmix is probably the result of the small number

ofwells sampled, the varying depth of the aquifer, and the range ofclimatic

conditions found across the region where these wells are completed.



Table 8.-Dissolved Inorganic Constituents in the Wilcox Aquifer Ground
Water.

Graund'\I{ater Quality Monitoring R6!!'J'u
m the Winter Garden Area, 1990

Februuy 1992

Constituent

Aluminum
Arsenic
Barium
Boron
Bromide
Cadmium
Calcium
Chloride
Chromium
Copper
Dissolved Solids
Fluoride
Hardness
Iodide
Iron
Lead
Magnesium
Manganese
Mercury
Molybdenum
Potassium
Selenium
Silica
Silver
Sodium
SU'ontium
Sulfate
Vanadium
Zinc

Concentration Range

Below detection limit
Below detection limit
<20 - 166 I-lg/I
480 - 1100 I-lg/I
0.1 - 1.46 mg/I
Below detection limit
9 - 117 mg/I
135 - 239 mg/I
Below detection limit
Below detection limit
449 - 1275 mg/I
0.3 - 0.6 mg/I
35 - 420 mg/I
<0.1 - 0.2 mg/I
105 - 2570 I-lg/I
Below detection limit
3-61 mg/I
<20 - 150 I-lg/I
Below detection limit
Below detection limit
6 -18 mg/I
Below detection limit
9 - 25 mg/I
Below detection limit
49 -797 mg/!
310 - 4080 I-lg/I
62 - 399 mg/!
Below detection limit
<20 - 2650 I-lg/I

Average
Cone.

66l-lg/1
717 I-lg/I
0.38mg/1

68mg/1
191 mg/!

1144 mg/I
0.4 mg/I
287 mg/l

778 I-lg/I

28mg/1
461-lg/1

IOmg/1

19 mg/I

306 mg/I
1707 I-lg/I
224 mg/I

391 I-lg/I

Average concentrations for calcium, magnesium. strontium, and barium
were 68 mg/I, 28 mg/I, I.707 mg/I, and .066 mg/I, respectively. Hardness
afthe Wilcox ground water, which is calculated using these values, ranged
from 35 to 420 mg/l with an average of 287 mg/I. "Vater softeners are
recommended for most purposes when using this ground water.

Two other major cation species measured were sodium and potassium,
which averaged 306 mg/I and 10 mg/I, respectively. There are no MCLs
established for these elements.

The follo\\ring elements tested below detection limits: aluminum, arsenic,
cadmium, chromium, copper, lead, mercury, molylxlenum, selenium,
silver, and vanadium. Two elements were present in \Vilcox ground water
but below the allowed MCLs or secondary levels in all wells: fluoride (0.6
mg/I average); and zinc (0.391 mg/I average).

Average results for four other dissolved species were: boron (0.660 mg/I);
bromide (0.38 mg/I); iodide (below detection limits); and silica (19 mg/I).
There are no established MCLs for these species.
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Six wells had constituents which exceeded drinking water standards:

68-50-603 (Atascosa)
Iron was 1830 I'g/l
Manganese was 150 I'g/l

68-52-405 (Bexar)
Iron was 472 I'g/l
Manganese was 80 I'g/l

76-48-401 (Dimmil)
Dissolved Solids were 1268 mg/l
Manganese was 66 I'g/l
Zinc was 2.650 mg/l

69-54-601 (Medina)
Chloride was 1008 mg/l
Dissolved Solids were 2476 mg/l
Iron was 2570 I'g/l

68-47-303 (W"tlson)
Sulfate was 399 mg/l
Dissolved Solids were 1275 mg/l

68-48-102 (Wilson)
Dissolved Solids were 1051 mg/!

The constituents exceeded were dissolved solids (4 wells); iron (3 wells);
manganese (3wells); chloride (1 well); sulfate (I well); and zinc (1 well). All
are thought to be produced from natural processes, which are discussed in
more detail in the preceding section on the Carrizo aquifer. Water treatment
systems or filters are recommended if water from these wells is used for
domestic purposes.

Ground-Water Quality Mon.itoring Resulla
in the Winter Gan:len Area, 1990

February 1992
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Five nuoientswere analyzed in each well: nitrate, nioite,lijeldahl, ammonia,
and orthophosphate. Of these, only nitrate has a drinking water standard.

Because ofthe heavy agricultural usage ofthe land in the study area, nitrate
may be among the potential pollutants found in the region. Nitrate (NO,)
is aderivative ofnitricacid and is one ofthe most importantnulrientspecies.
It is an end product of the aerobic stabilization of nitrogen, particularly
organic nitrogen. Nitrate is used extensively as a fertilizer, as a food
preservative, and as an oxidizingagent in the chemical industry. Nitrates are
particularly detectable in soil and, therefore, ground water (De Zuane,
1990). Higher concentrationsofnitrate in ground water should be expected
where fertilizers are used, in decayed animal and vegetable matter, in
leachates from sludge and refuse disposal, and in industrial discharges. The
nitrate concentration of natural waters should always be higher than the
nitrite concentration.

Nitrite (NO/-) is a derivative of nitrous acid. It is formed by the action of
bacteria upon ammonia and organic nitrogen. Ninite is not found as
abundantly as nitrate in the environment because it is oxidized to form
nitrate. Nitrite is used in industry as a food preservative (sodium and
potassium salts), particularly in meat and cheese. 'When nitrite is detected
in potable water in considerable amounts, it is an indication of sewage/
bacterial contamination and inadequate disinfection. (De Zuane, 1990).
Large concentrationsofnitrite in watermayresultin the potential formation
of carcinogenic nitrosamines in the bloodstream. There is no MeL for
nitrite.

No infant under the age of six months should drink ground water or any
formula prepared from ground water which contains more than 10 mg!l
nitrate (as N) because iLis known to cause methemoglobinemia, asometimes
fatal illness related to the impairment of the oxygen-carrying ability of the
blood. Partial reduction of nitrates to nitrites takes place in human saliva
and in me gastrointestinal tract ofinfants. Nitrite oxidizes the hemoglobin
in the blood to methemoglobin, which is not an oxygen carrier. This may
lead to anoxia and result in death (De Zuane, 1990).

The lijeldahl value includes the amount of total organic nitrogen plus
ammonia (as N) in the water. To find the amount oforganic nitrogen, the
ammonia concentration issubtractedfrom the lijeldahl value. There are no
MCu for ammonia or lijeldahl. The presence of nitrate, nitrite, and
ammonia in water are indicators of pollution.

Phosphate (PO /'") in nature is found in phosphate rock and in the mineral
apatite. [t is an important source of the insoluble element phosphorous.
Phosphate is also the inorganic component of bones and teeth. \Vater
supplies may contain phosphate derived from narural contactwith minerals
or through pollution from the application of fertilizers, sewage, and
industrial waste. The measurements reported in this study are only for the
phosphorous content of orthophosphate, the type of phosphate used in
fertilizers. There is no MCL for phosphorous.

A summary of the laboratory analyses for nutrients of the ground water of
the Queen City, Carrizo, and Wilcox aqUifers is found in Table 9.



Table 9. Dissolved Nutrients of the Ground Water of the Queen City,
Carrizo, and Wilcox Aquifers.

Queen City Aquifer

Range Average
Nitrate (N) 0.04 - 0.10 mg/l 0.07 mg/!
Ammonia (N) 0.05 - 0.67 mg/l 0.23 mg/I
Kjeldahl (N) 0.3 - 1.2 mg/l 0.6 mg/!
Nitrite (N) <0.01 mg/l <0.01 mg/l
Orthophosphate (P) <0.01 - 0.15 mg/I 0.08 mg/l

Carrizo Aquifer

Range Average
Nitrate (N) <0.01 - 5.21 mg/! 0.36 mg/l
Ammonia (N) <0.02 - 1.11 mg/! 0.17 mg/l
Kjeldah! (N) <0.1 - 1.5 mg/! 0.3 mg/l
Nitrite (N) <0.01 - 0.01 mg/I <0.01 mg/!
Orthophosphate (P) <0.01 - 0.09 mg/I <0.01 mg/!

Wilcox A,quifer

Range Average
Nitrate (N) <0.01 - 1.86 mg/! 0.27 mg/l
Ammonia (N) 0.03 - 1.88 mg/! 0.59 mg/I
Kje!dahl (N) 0.2 - 2.0 mg/! 0.9 mg/!
Nitdte (N) <0.01 mg/I <0.01 mg/!
Orthophosphate (P) <0.01 - 0.11 mg/l 0.03 mg/!

The average concentration of nitrate (as N) in the Queen City aquifer was
0.07 mg/I. None of the analyses from the eight wells completed in the
Queen City aquifer indicated concentrations that exceeded the MeL for
nitrate.

The Kjeldahl value includes the amount of total organic nitrogen plus
ammonia (as N) in the water. The average Kjeldahl value for the Queen Cit}'
aquifer wells was 0.6 mg/I. Ammonia averaged 0.08 mg/l in these wells,
indicating Lhat most of the nitrogen is organic in nature.

Nitrite measurements were below detection limits in all Queen Cit}' wells.
The average concentration of phosphorous (as orthophosphate) \\,'as 0.08
109/I.

The average concentration of nitrate (as N) in the Carrizo aquifer was 0.36
mg/1. None of the analyses from wells completed in the Carrizo aquifer
indictade concenu-ations that exceeded the MeL for nitrate.

Ground·Water Quality Monit.oring Results
in the Winter Garden Arell 1990

Febru..ry 1992

Queen City Aquifer

Carrizo Aquifer
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The Igeldahl value includes the amount of total organic nitrogen plus
ammonia (as N) in the water. The average Igeldahl value for the Carrizo
aquifer wells was 0.3 mg/I. Ammonia averaged 0.17 mg/I in these wells,
indicating that approximately half of the nitrogen is organic in nature.

Nitrite measurements averaged below detection limits. The average
concentration ofphosphorous (asorthophosphate) was also belowdetection
limits.

The average concentration of nitrate (as N) in the Wilcox aquifer was 0.27
mg/I. None of the analyses from wells completed in the Wilcox aquifer
indicated concentrations that exceeded the MeL for nitrate.

The Igeldahl value includes the amount of total organic nitrogen plus
ammonia (as N) in the water. The average KjeldaW value for the Wilcox
aquifer wells was 0.9 mg/I. Ammonia averaged 0.59 mg/l in these wells,
indicating that less than half of the nitrogen is organic in nature.

Nitrite measurements averaged below detection limits. The average
concentration of phosphorous (as orthophosphate) was 0.03 mg/I.



There are millions of synthetic organic chemicals in use throughout the
world. Some are known by their "official name" as designated by the
International Union ofPure and Applied Chemistry (IUPAC) and others by
their commercial name. In the United States alone, over 700 synthetic
organic chemicals ha\'e been identified in drinking water. Many organic
chemicals have no drinking water standards.

Because ofthe greatnumberofpolential chemical pollutants, three separate
analyses for organic compounds were used: one for Volatile Organic
Compounds (VOCs); the second for pesticides (pesticide screen); and the
third for otherorganic compounds, referred to as the Gas Chromatograph/
Mass Specrrometer (GC/MS) sample. Of primary importance were the
priori typollutants designated by the United States Environmental PrOLection
Agency (USEPA). All three analyses screened for these pollutants and also
identified any others which may have been present. The type ofanalysis for
each well was based on the use of the land (agricultural, pasture, ctc.),
presence ofoil·production activities, and the type ofindustry in the locality.

In reporting organic chemicals, the term "quantitation limit" is used in
addition to detection limit.. The quantitation limit is the real reporting limit
and is about 10 times as great as the detection limit of the instrument. This
quantitmion limit gives a very high confidence interval for the reported
value (Borer, pel's. comm.). Occasionally there may be organic chemicals
present in the sample but not at quantitation levels. These chemicals are
listed; but since they do not have the high confidence interval of the
reporting level, the well should be sampled a second time to confirm the
prC'''('nce ofthe contaminant. Even if the contaminant is confirmed, in most
l:3SeS the amounts are so small as to be negligible.

There were no detectable organic chemicals present in the ground water
from the Queen City aquifer.

None of the analyses from the wells completed in the Carrizo aquifer had
an}' measurable amounts of pesticides or VOCS. From the GC/MS analysis,
14 wells had detectable amounts of 15 organic chemicals:

68-53..'109 (Bexar)
Bis-phenol-A was 230 JLg/1
Ethylhexanol was 92 JLg/1
Phenol was 36 JLg/1
Bis (2-ethylhexyl) phthalate was 7 JLg/1
• Ethylmethyl phenol was 2 JLg/1
• (Methylethyl) phenol was 5 JLg/1
• (Hydroxyphenyl)methylethyl phenol was 5 fAg/1
• Phenylethanone was 5 JLg/l
•• Cydohexanone was 4 JLg/1
• Pentylcydopropane was 4 JLg/1

Ground·Wal.er Quality Monitoring R.e!lulta
in the Winl.er Ga.rden Area, 1990

February 1992
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77-18-904 (Dimmit)
•• Cyclohexanone was 6 I'g/l

77-19-810 (Dimmit)
•• Cyclohexanone was 6 I'g/l
• Butylbenzyl phthalate was 4 I'g/l

77-26-610 (Dimmit)
• Trimethyleyclopentane was 5 I'g/l

77-28-503 (Dimmit)
Propene was 6 I'g/l

77·33-309 (Dimmit)
• Butylbenzyl phthalate was 1 I'g/l

77-33-611 (Dimmit)
•• Cyclohexanone was 5 I'g/l
• Butylbenzyl phthalate was 3 I'g/l

77-34-204 (Dimmit)
• Fluoranthene was 1 I'g/l
• Butylbenzyl phthalate was 1 I'g/l

77·35-802 (Dimmit)
Cyclohexanone was 9 I'g/l

77-37-202 (Dimmit)
• Bis (2-ethylhexyl) phthalate was 1 I'g/l

77-30-502 (La Salle)
• Bis (2-ethylhexyl) phthalate was 4 I'g/1

77-31-103 (La Salle)
Bis (2-ethylhexyl) phthalate was 141'g/1
• Bis-phenol was 7 I'g/l

77-38-201 (La Salle)
• Bis (2-ethylhexyl) phthalate was 4 I'g/l

77-47-802 (La Salle)
• Bis (2-ethylhexyl) phthalate was 4 I'g/l
•• Cyclohexanone was 3 I'g/I

'" Reponed at less than quantitation limit.
"'''' Common laboratory contaminant.

Of particular importance is well 68-53-609 in Bexar County. TDH chemists
re-checked the raw data and concluded that these chemicals were indeed in
the sample and that their presence was not due to equipment malfunction.
They suggested a possible original contamination by a phenolic compound
such as bjs-phenol~A and that many of the other phenolic compounds
present were degradation products. Many of those secondary phenolic
compounds are reponed at less than quantitation limits. A follow-up visit
was made by a TWDB geologist to the site to investigate the wellsite and
confer with the owner's representative. A second samplingwiU be necessary
to confirm that these chemicals are present in the waler before any other
action can be taken to locate their source.



Phenol is a highly soluble compound which has one or more hydroxyl
groups attached to an aromatic ring (Concise Encyclopedia of Chemical
Terminology. 1983). Its chemical formula is C

6
H!i-OH, and it is a derivative

of benzene (De Zuane, 1990). Phenol is commonly called carbolic acid,
hydroxybenzene, phenic acid, or phenylic acid (Verschueren. 1983). It is
used in the manufacture of explosives. fertilizers, paints, paint removers,
synthetic resins. and many other products. There is no drinking water
standard for phenol, but it should not exceed 300 ",gil (Sitting, 1981). The
United States Public Health Service (USPHS) and the World Health
Organization (\YI--IO) have suggested that the phenol content not exceed
1 ....g/l, but this is based upon concerns for the taste ofchlorinated drinking
water and not the LOxicological effects of phenol.

Other phenolic compounds are used extensively in medicinals, dyes, resins,
and other commercial products. Bis-phenol-A is sometimes used as a
fungicide. There are no MCLs for these compounds.

AJso present in well 68-53-809 was eth}'lhexanol. Itis used as a plasticizer for
PVC resins, a defoaming agent, a wetting agent, and in the manufacture of
paint lacquers, baking fmishes, textile finishing compounds, inks, paper,
lubricants, dry cleaning, and photography (Vcrschueren, 1983).

In the other nine ,",,'ells, six organic compounds ',"'ere present: Bis (2
ethylhexyl) ph thalate is used as a plasticizer for resins. Itcommonly appears
in laboratory results if the water has come into contact with plastic, either
in the well tubing or through a hose (Boyer, pers. corom.). There is no
drinking water standard for this compound. It was present in four wells
below the quantitation limit of 5 ~g/I, meaning that it was in the water in
such small quantities as to be essentially negligible. Two wells had
measuremen ts in excess of5 Ilg/1; further samplings and inspections of the
wells may be necessary to detennine the source of this chemical.

Four other chemicals were present but below the quantitation limits:
butylbenzyl phthalate, f1uoranthene, bisphenol, and cyclohexane. None of
these compounds has drinking water standards, and these concentrations
are essentially negligible.

There were no detectable organic chemicals present in the ground water
from the Wilcox aquifer.

Ground-Water Quality Monilol'ing Resull'
in the Winter Garden Area, 1990
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Gross alpha (a) radiation consists of the emissions of positively charged
helium nuclei from the nucleus ofatoms having high atomic weight. 'When
the a particle is emitted from the atom, the atomic weight decreases by 4
atomic units. This radioactive decay is measured as gross a and in the units
ofpicoCuries per liter (pCi/I). Alpha-emittingisotopes in natural waters are
primarily isotopes ofradium and radon which are members ofthe uranium
and thorium disintegration series (Hem. 1985).

A major contributing factor to the gross a radiation is the combined
radiation ofRa226 and Ra!2ll. Both of these isotopes are a~mitters. Rat26 is a
disintegration product of uranium (U!38) , whereas Ra228 is a disintegration
product of thorium (Th'''). Ram decays to Rn'" (radon gas), which is also
an a-emitter.

Gross beta (fl) radiation consists of the emission of high energy electrons
and positrons from the nucleusofatoms having high atomic weight. During
the production of a ~ particle, the neutron of the atom is converted to a
proton and an electron is emitted as a fl particle. When a fl particle is
emitted from an atom, the atomic number oCthe atom increases one unit.
Natural ~mitting isotopes are those in the uranium and thorium
disintegration series, but there are other natural sources as well.

A summary of the laboratory analyses for radioactivity in the ground water
of the Queen City. Carrizo, and Wilcox aquifers is found in Table 10.

Table 10.- Radioactivity of the Ground Water of the Queen City, Carrizo,
and Wilcox Aquifers.

Queen City Aquifer

Range Average

Gross alpha (a) <2.0 - 8.4 pCi/1 <2.0 pCi/1
Gross beta (~) <4.0 - 15 pCi/1 6.8 pCi/1
Ram <0.2 • 1.7 pCi/1 0.8 pCi/1
Ram 1.3 - 3.1 pCi/l 1.6 pCi/1

Carrizo Aquifer

Range Average

Gross alpha (a) <2.0 - 37 pCi/1 4.5 pCi/1
Gross beta (~) <4.0 - 25 pCi/1 7.1 pCi/1
Ram <0.2 - 9.5 pCi/1 2.2 pCi/1
Ra'" <1.0 - 3.4 pCi/1 1.3 pCi/1

Wdcox Aquifer

Range Average

Gross alpha (a) <2.0 - 8.4 pCi/1 <2.0 pCi/1
Gross beta (~) <4.0 - 15 pCi/l 6.8 pCi/1
Ram 0.6· 1.3 pCi/1 1.0 pCi/l
Ram <1.0 - 1.6 pCi/l <1.0 pCi/l



The average gross a radiation of the Queen City aquifer ground \\-'ater was
below detection limits. The average II radiation was 6.8 pCi/I, far below the
MCL of50 pCi/1. The average Ra'" and Ra'" measurementswere 0.8 pCi/1
and 3.1 pCi/I. respectively. for a combined measurement of 3.9 pCi/1.
This is below the MCL of 5 pCi/1.

The average gross a radiation of the Carrizo aquifer ground water was 4.5
pCi/I. far below the MCL of 15 pCi/1. The average II radiation was 7.1
pCi/I, far below the MCL of 50 pCi/1. The average Ram and Ra'"
measurements were 2.2 pCi/l and 1.3 pCi/1. respectively. for a combined
measurement of 3.5 pCi/1. This is below the MCL of 5 pCi/1.

Fourteen wells measured radiation which exceeded drinking Welter
standards:

68-51-701 (Atascosa)
a was 22 pCi/1
Combined Ra~-~ and Ram was 6.8 pCi/1

68-58-304 (Atascosa)
a was 37 pCi/1
Combined Ra'''' and Ram was 11.0 pCi/1

78-03-601 (Atascosa)
Combined Ra:!'!fi and Ra'228 was 5.2 mg/l

77-25-205 (Dimmit)
a was 40 pCi/1
Combined Ram and Ra'-~ was 19.3 pCi/1

77-33-611 (Dimmit)
a was 23 pCi/1
Combined Ram and Ram was 8.8 pCi/1

68-57-619 (Frio)
Combined Ra226 and Ram was 8.2 pCi/1

69-62-902 (Frio)
a was 23 pCi/1
Combined Ra'" and Ran, was 9.8 pCi/1

77-07-904 (Frio)
a was 34 pCi/1
Combined Ram and RaT_~was 7.0 pCi/1

68-49-917 (Medina)
a was 16 pCi/1

68-57-209 (Medina)
Combined Ra226 and Ram was 6.5 pCi/1

68-58-101 (Medina)
a was 21 pCi/1
Combined Ra226 and Ra'" was 7.5 pCi/1

Ground.~.terQualily Monitoring Re.ult-t
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69-64-202 (Medina)
Combined Ram and Ram was 6.4 pCi/1

69-58-707 (Zavala)
a was 19 pCi/1
Combined Ram and Ra"" was 6.4 pCi/1

77-02-403 (Zavala)
a was 22 pCi/1
Combined Ram and Ra"" was 7.9 pCi/1

Ofthese wells, 10 have a levels above the MCL, I had Illevel above the MCL,
and 13 have combined Ram and Ra"" levels in excess of the MCL. It is
thought that the source ofthe radium and a radiation in the Carrizo aquifer
is due to the presence ofnaturally occurring radioactive elements. such as
uranium and its daughter products, which are associated with volcanic ash
deposits.

The average gross a radiation ofthe Wilcox aquifer ground water was below
detection limits. The average Il radiation was 5.1 pCi/I. far below the MCL
of50 pCi/1. The average Ram and Ra"" measurements were 1.0 pCi/1 and
<1.0 pCi/I, respectively, for a combined measurement ofa minimum of 1.0
pCi/1. This is far below the MeL of 5 pCi/1.



V\rater quality analyses have been run periodically on ground water in the
Winter Garden area since 1930. However, itis difficult to compare previous
tests with those of today. There are two reasons for this apparent dilemma:
(1) until recently there were no quality assurance and quality control
procedures in either the collection offield samples or laboratory analyses,
and (2) the laboratory instruments lacked the analytical precision of
modem equipment. However, comparisons should at least be attempted,
although some results may have a subjective bias.

The samples collected for this study were analFed for field measurements;
cations, anions, and selected metals; nutrients; organic constituents, which
included pesticides, vacs, and GC/MS; and I<"lioacli,·ity. This is the first
study to analyze this ground water for selected metals, organic constituents
and radioactivit.y; therefore, no comparison to previous work can be made
for these constit.uents.

Historical sampling only measured major cations and anions, nitrate, and
field paramete~s including pH, specific conductance, and temperat.ure. Of
these, only three constituents can be compared with any confidence:
sulfate, chloride, and dissolved solids. The sulfate and chloride
concentrations of ground water are relatively stable and not subject to
decomposition ifa water sample is detained or misplaced on the way to the
laboratory. 'While the individual cations and aniolls may be difficult to
analyze accurately, t.he dissolved solids are a good indication of the overall
composition of the sample.

In reviewing the historical summaries of water quality presented, some
measurements may appear to be incorrect, either too high or too low as
compared to values from other years. All such apparently "incorrect"
measurements were found to be correct as reported from the laboratories.
These deviations serve as reminders of the lack of quality assurance and
quality control in the past.

Four of the "...·ells completed in the Queen City aquifer have previous water
quality analyses. These wells are located in Atascosa, Frio, and Wilson
Counties. Table 11 shows the results for sulfate, chloride, and dissolved
solids for t.hese wells.

The water quality of t.hree of t.hese wells is fresh to slightly saline, with all
three constit.uents in three wells meeting drinking water standards. Only
well 78-02-709 had concentrations of both chloride and dissolved solids in
excess of standards. Wells 78-05-409, 78-20-801, and 78-02-709 show little
change in water qualit)' throughout their hisLOries. Well 6749-202 shows
slight deterioration in water quality since 1952, although the ground water
meets drinking water standards.

Ground·Water Quality Monitoring Rellultll
in the Winter Garden Area, 1990

FebrullJy 1992

COMPARISON TO
PREVIOUS WORK

Queen City Aquifer

41



Ground,·W.Ulr Qu-.lity Monitorinc Resulu
in th. WinlM Guden Ar-. 1990
Februuy 1992

Table 1I.-Historical Water Quality Analyses of the Queen City Aquifer Wells

Well County Aquifer Date Sulfate- Chloride- TDS-

78-05-409 Atascosa QNCT 03/04/62 0 102 469

11/03/66 4 99 476

11/09/67 7 102 484

04/22/69 5 103 486

02/12/86 6 100 492

07/09/86 5 101 490

08/07/90 22 118 583

78-20-801 Atascosa QNCT 03/23/59 106 79 947

11/26/62 104 80 953

06/23/77 101 75 933

02/06/86 104 78 958

08/09/90 108 75 976

78-02-709 Frio QNCT 08/27/70 241 598 1447

06/08/77 192 491 1234

02/13/86 250 604 1449

08/08/90 206 492 1290

67-49-202 Wilson QNCT 04/01/52 166 85 599

11/13/52 181 91 633

06/16/54 172 82 524

11/02/65 201 111 649

12/13/66 187 121 642

02/18/68 206 117 667

12/31/68 194 115 641

02/18/69 211 114 688

11/23/70 187 116 643

11/17/71 197 115 651

06/11/77 201 114 680

08/07/90 207 135 732

• Units in mg/l
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Seventy-five wells completed in the Carrizo aquifer have been sampled
previous to this study and are located in Atascosa (19 wells), Bexar (] well),
Dimmit (18 wells), Frio (l6 wells), La Salle (4 wells), Medina (2 wells),
Wilson (5 wells), and Zavala (lOwells) Counties. Table 12 shows the results
of the analyses for sulfate, chloride, and dissolved solids. Generally, the
ground water of the Carrizo aquifer in this region is fresh.

The changes in water quality are shown in Figure 8 and are summarized
below:

Atascosa County- Well 78-12-502 showed significant deterioration in water
quality from 1976 to 1990. Sulfate, chloride, and dissolved solids
concentrations exceeded drinking water standards in ] 990.

Dimmit County. Three wells, 77·28-503, 77·35-802, and 77·37·501 showed
deteriorating water quality; and aU had sulfate, chloride, and dissolved
solids concentrations in excess of drinking water standards in 1990. Two
wells showed improving water quality: well 77·35--601 had extremely high
levels of sulfate, chloride, and dissolved solids in 1977, followed by three
measurements of fresh water quality; and well 77-44-101 showed a slight
improvementin the chlOlide and dissolved solids concentrations throughout
its history.

Frio County· Two wells, 68-57·619 and 78-18-501, showed deteriorating
water quality throughout their histories. Well 68-57-619 showed asignificant
increase in sulfate, chloride, and dissolved solids concentrations ill 1990,
although the levels were still within drinking water standards. ""ell 78-18
501 had concentrations of chloride and dissolved solids well in excess of
drinkingwater standards in 1986 and 1990. Well 69-63-604 showed improving
water quality over the last 21 years.

La Salle County- ""ell 77-47-802 showed a significant deterioration in water
quality in 1990. This ground water had previously tested as slightly saline,
exceeding the MCLs for sulfate, chloride, and dissolved solids.

Medina County· Well 69-64-202 showed a slight increase in chloride and
dissolved solids concentrations in ] 990, although the levels were not in
excess of drinking ,vater standards.

Wilson County-None ofthe five wells which had previous sampling histories
showed any significant change in water quality.

Zavala County· Three wells, 69-58-801, 76-08·503, and 77·20-101, showed
deteriorating water quality. Well 69·58-707 had increased chlOlide and
dissolved solids concentrations in 1990, although both were "tithin drinking
water standards. Wells 76-08-503 and 77·20·101 showed increased sulfate,
chloride, and dissolved solids concentrations in ] 990. All three measurements
were in excess of drinking water standards in both wells.

All seven wells completed in the Wilcox aquifer have previous water quality
analyses. The wells are located in Atascosa, Bexar, Dimmit, Medina, and
Wilson Counties. Table 13 shows the results for sulfate, chloride, and
dissolved solids for these wells. The water from these wells completed in the
Wilcox aquifer is of somewhat lesser quality than that of the Carrizo or
Queen City aquifers. Four of these wells have ground water which does not
meet drinking water standards.

Ground-Water Quality Monitoring ResulLs
in tha Winter Garden Area, 1990

February 1992

Carrizo Aquifer

Wilcox Aquifer
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Table 12.-Historical Water Quality Analyses of the Carrizo Aquifer Wells.

WeD County Aquifer Date Sulfate° Chloride- TDS
o

61>-51·701 Atascosa CRRZ 04/01/70 22 41 164
06/09/77 23 114 292
02/07/86 20 38 151
06/26/90 19 48 171

61>-52-709 Atascosa CRRZ 03/09/70 32 67 303
04/13/70 36 64 303
06/25/90 36 70 267

61>-59-614 Atascosa CRRZ 09/16/69 32 50 173
07/28/77 37 54 205
07/08/86 38 57 191
06/25/90 36 57 203

61>-61-207 Atascosa CRRZ 07/30/69 24 37 143
09/07/77 22 33 138
07/07/86 42 74 233
06/19/90 21 34 133

61>-61-905 Atascosa CRRZ 07/07/86 34 32 217
06/19/90 34 32 225

71>-03-601 Atascosa CRRZ 02/11/86 28 31 324
06/20/90 35 32 337

7B-04-104 Atascosa CRRZ 07/31/69 35 39 242
07/08/86 42 33 312
06/20/90 35 35 226

7B-04-803 Atascosa CRRZ 08/05/64 28 28 323
10/08/65 26 31 292
03/03/67 28 33 305
06/26/72 26 30 301
07/14/72 25 30 301
02/11/86 30 29 319
07/08/86 31 31 320
06/20/90 31 31 350

7B-05-116 Atascosa CRRZ 06/05/44 22 55
02/12/86 46 54 355
06/18/90 61 83 459

7B-05-501 Atascosa CRRZ 05/09/44 24 30
02/11/86 15 42 424
06/18/90 II 62 545

7B-06-504 Atascosa CRRZ 06/19/69 34 36 413
11/28/72 13 39 393
11/07/78 5 37 401
06/28/90 19 46 428
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Table 12.-Hislorical Water Quality Analyses of the Carrizo Aquifer Wells. (continued)

Well County Aquifer Date Sulfate• Chloride* TDS'

7s.of>.903 Atascosa CRRZ 08/19/64 46 23 425
10/17/69 70 46 550
02/07/86 52 31 454
06/19/90 66 37 486

78-11-217 Atascosa CRRZ 02/18/60 43 32 351
03/17/61 42 25 364
08/13/62 47 16 452
08/05/64 44 30 349
12/17/64 44 30 464
01/31/66 41 30 461
02/01/67 45 32 467
02/16/68 44 32 473
OS/26/69 38 31 460
10/28/69 42 29 352
04/15/70 49 27 332
07/25/73 48 31 356
07/22/74 41 31 347
lI/12/74 46 34 477
06/19/75 40 31 341
07/21/76 41 31 343
06/10/77 42 30 350
02/05/85 3 29 258
07/08/86 43 29 326
06/21/90 45 30 359

78-12-502 Atascosa CRRZ OS/26/76 41 35 348
06/02/90 1352 563 3074

78-14-302 Atascosa CRRZ lI/14/69 47 28 429
07/25/73 65 32 476
07/23/74 53 32 475
06/20/75 53 33 470
07/21/76 48 33 481
06/14/77 58 32 485
07/07/86 60 31 473
06/27/90 44 31 466

78-15-805 Atascosa CRRZ 03/03/69 23 62 540
11/13/69 65 60 602
05/12/71 38 62 564
05/10/72 42 64 583
06/14/73 43 64 591
06/15/74 50 64 600
07/07/75 42 62 589
08/02/76 23 64 589
09/16/76 37 64 604
02/16/86 68 62 621
06/19/90 35 74 619

78-20-801 Atascosa CRRZ 03/23/59 106 79 947
11/26/62 104 80 953
06/23/77 101 75 933
02/06/86 104 78 958
08/09/90 108 75 976
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Table 12.·Historical Water Quality Analy>;es of the Carrizo Aquifer Wells. (continued)

Well County Aquifer Date Sulfate° Chloride· TDS
o

7S-21-106 Atascosa CRRZ 08/12/69 48 19 350
07/23/74 47 18 342
06/23/75 46 18 335
07/22/76 44 18 332
06/13/77 45 17 336
02/06/86 43 16 343
06/21/90 51 18 352

7S-22-202 Atascosa CRRZ 11/07/69 51 43 650
09/18/75 49 47 696
02/06/86 54 45 599
06/27/90 61 44 683

6S-53-809 Bexar CRRZ 08/22/77 13 38 128
06/26/90 27 54 172

77-1S-710 Dimmit CRRZ 03/16/69 49 65 425
09/18/90 44 50 382

77-1S-904 Dimmit CRRZ 06/26/69 60 36 405
07/08/77 59 52 445
09/27/90 60 41 391

77-19-810 Dimmit CRRZ 06/26/69 69 37 425
07/08/77 75 58 466
09/26/90 74 37 422

77-25-205 Dimmit CRRZ 07/07/77 188 112 593
09/20/90 176 129 630

77-26-424 Dimmit CRRZ 04/03/69 39 33 365
09/25/90 43 39 370

77-2lHi10 Dimmit CRRZ 02/12/86 39 39 364
09/18/90 46 39 377

77-27-305 Dimmit CRRZ 04/11/69 55 46 422
09/26/90 64 55 471

77-2S-503 Dimmit CRRZ 07/13/64 55 32 389
04/11/69 54 34 412
07/11/85 60 40 417
02/10/86 183 318 1042
07/14/86 138 212 802
09/17/90 321 659 1790

77-3~309 Dimmit CRRZ 03/26/69 51 95 384
09/26/90 46 107 372

77-33-811 Dimmit CRRZ 03/26/69 87 142 535
07/11/85 84 121 484
07/16/86 87 120 491
09/26/90 81 118 460
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Ground-Water Quality Monitoring Result,
in the Winter Garden Area, 1990

February 1992

Table 12.-Historical Water Quality Ana1yses of the Carrizo Aquifer Wells_ (continued)

Well County Aquifer Date Sulfate• Chloride* IDS·

77-34-204 Dimmit CRRZ 12/07/38 172 190
03/22/57 136
02/06/69 155 166 750
08/02/77 116 167 671
07/10/85 167 237 869
07/16/86 185 224 886
09/19/90 113 190 696

77-35-403 Dimmit CRRZ 04/04/69 182 245 879
08/03/77 172 174 749
07/10/85 167 149 698
07/16/86 176 154 713
09/24/90 187 188 766

77-35-601 Dimmit CRRZ 08/04/77 587 1109 3085
07/10/85 76 79 487
07/16/86 78 79 494
09/24/90 84 87 512

77-35-802 Dimmit CRRZ 02/25/65 363 850 2136
07/23/65 178 165 738
07/09/85 265 402 1252
07/16/86 257 373 1197
09/27/90 789 1057 3180

77-37-102 Dimmit CRRZ 04/10/69 73 59 459
07/06/77 74 60 463
07/11/85 74 59 456
07/15/86 70 61 459
09/20/90 70 61 453

77-37-501 Dimmit CRRZ 07/15/86 277 482 2169
09/20/90 431 822 2937

77-42-801 Dimmit CRRZ 03/19/30 243 71 724
03/26/57 73
07/24/75 232 72 680
07/20/76 228 72 677
08/03/77 230 71 679
07/09/85 235 71 687
07/15/86 233 72 685
09/20/90 232 72 692

77-44-101 Dimmit CRRZ OS/26/71 112 185 786
08/03/77 120 118 609
07/09/85 119 118 594
07/15/86 120 116 595
09/26/90 117 125 612

77-01-404 Zavala CRRZ 07/10/73 42 91 443
07/17/85 70 97 499
07/23/86 73 100 508
08/08/90 87 93 522
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Table 12.-Historical Water Quality Analvses of the Carrizo Aquifer Wen.. (continued)

WeU County Aquifer Date Sulfate· Chloride- ms·

77~2-403 Zavala CRRZ 1l/30/60 23 17 334
09/05/62 27 14 317
03/27/68 23 17 302
06/29/72 22 14 423
07/19/72 23 15 303
03/23/74 25 18 435
03/04/75 25 16 435
06/30/77 25 16 307
07/15/85 24 13 298
07/23/86 30 29 332
08/07/90 44 61 391

77~4-601 Zavala CRRZ 02/06/86 41 24 345
07/22/86 40 25 355
08/07/90 39 25 353

77-11-701 Zavala CRRZ 12/27/48 83 36 439
06/07/68 75 34 452
07/10/73 66 36 444
07/10/74 75 35 450
07/29/76 37 33 343
06/30/77 76 35 464
07/16/85 63 34 360
09/20/90 75 34 451

77-18-510 Zavala CRRZ 08/23/38 64 42 419
09/15/39 63 43 424
02/02/41 65 39 430
12/09/42 65 41 421
01/08/45 64 43 416
10/19/46 78 53 449
07/11/47 72 II 377
03/07/53 16 227 562
04/24/54 85 156 612
08/26/55 66 144 567
09/08/56 62 42 459
08/23/62 63 82 370
09/03/63 55 57 390
11/20/64 52 44 369
08/25/65 52 44 366
09/08/65 62 42 392
10/15/66 52 47 373
01/16/68 51 41 356
01/13/69 52 44 365
07/15/85 50 34 358
07/18/86 52 36 366
08/09/90 54 36 386
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Table 12.-Historical Water Quality Analyses of the Carrizo Aquifer WeDs. (continued)

WeD County Aquifer Date Sulfate• Chloride* TDS·

77-18-512 Zavala CRRZ 11/17/48 36 29 312
05/13/49 46 44 380
08/08/52 77 57 460
03/07/53 47 46 387
04/24/54 53 4~ 254
08/26/55 47 36 360
09/08/56 38 28 353
10/21/57 61 33 360
07/20/59 46 26 328
10/10/60 41 28 316
07/21/61 46 31 325
08/23/62 44 30 319
09/06/63 77 181 627
11/20/64 40 33 324
08/25/65 38 30 317
10/15/66 59 40 376
01/16/68 48 81 426
01/13/69 39 26 309
08/09/90 40 25 336

77-20-101 Zavala CRRZ 02/24/65 28 26 354
07/10/74 52 24 370
07/08/75 44 24 364
07/26/76 44 26 364
06/30/77 51 24 372
02/07/86 342 572 1870
08/08/90 341 570 1885

* Units in mg/l
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Table 13.· Historical Waler Quality AnaJyses for Wilcox Aquifer Wells.

Well County Aquifer Date Sulfate• Chloride· IDS·

68-50-603 Atascosa WLCX 11/20/69 189 138 817
09/02/77 108 92 608
02/07/86 157 127 733
06/26/90 138 108 694

68-52-405 Bexar WLCX 02/10/70 49 62 422
08/15/73 46 56 377
07/26/77 43 46 381
09/09/83 41 49 352
06/26/90 62 64 449

76-48-401 Dimmit WLCX 07/21/60 1180 2750 6365
07/07/77 60 1570 3986
09/25/90 284 293 1268

6~54-601 Medina WLCX 12/08/69 256 958 2424
07/13/77 241 1000 2471
02/20/86 6 1056 2346
06/19/90 198 1008 2476

68-47-303 Wilson WLCX 06/27/68 287 160 957
02/19/69 403 282 1340
04/19/76 327 210 1090
06/21/90 399 239 1275

68-48-102 Wilson WLCX 01/27/65 287 192 1036
06/18/68 268 197 1012
02/19/69 294 192 1040
04/22/71 300 199 1038
05/14/73 302 205 1050
OS/22/74 222 182 908
04/19/76 208 95 841
07/26/77 300 190 1052
06/20/90 298 192 1051

68-54-501 Wilson WLCX 04/02/69 100 153 682
07/28/77 218 131 817
02/13/86 171 136 746
06/19/90 190 135 799

• Units in mg/I

50



Well 68-47-303 showed deteriorating water quality with increased sulfate,
chloride, and dissolved solids concentrations in ]990; and the sulfate and
dissolved solids levels were in excess of drinking water standards. Well
7M8-401 showed improving water quality; however, it still had dissolved
solids in excess of drinking water standards.

Ground·W8I.er Quality Monit.oring Result.
in the Wint.er Garden Arua, 1990

February 1992
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I CONCLUSIONS

54

The quality of the ground water from the Queen City aquifer in the Winter
Garden area ofsouthwest Texas was good based on the nine wells sampled.
There were no dissolved nutrients or radioactive elements which exceeded
drinking water standards. There were no detectable levels of any organic
chemicals. Four wells had naturally-occumng inorganic constituents which
exceeded drinking water standards: iron, chloride, dissolved solids,
manganese, and sulfate.

The quality ofthe ground water ofthe Carrizo aquifer in the WlIlter Garden
area was good based on the 103 wells sampled, although some individual
wells had localized water quality problems. Therewere no dissolved nutrients
which exceeded drinkingwater standards. Fiftywells had naturally-occurring
dissolved inorganic constituents which exceeded drinking water standards:
iron, manganese, dissolved solids, chloride, sulfate, and zinc. Fourteen wells
had detectable amounts of 15 organic chemicals, bUlsix wells had amounts
of these chemicals below quantitation levels. All 14 of these wells should be
resampled toverify the presence ofthese chemicals. Founeen wells contained
naturally-occurring dissolved radioactive constituents which exceeded
drinking water standards: alpha particles and combined Ram; and Ram.

The quality of the ground water of the Wilcox aquifer in the Winter Garden
area was good hased on seven wells sampled. There were no dissolved
nutrients or dissolved radioactive constituents which exceeded drinking
water standards. There were no detectable levels of any organic chemicals.
Six wells had naturally-occurring dissolved inorganic constituents which
exceeded drinking water standards: dissolved solids, iron, manganese,
chloride, sulfate, and zinc.

Changes in water quality are based on measurements of sulfate, chloride,
and dissolved solids. One well in the Queen City aquifer showed some
deterioration in water quality since 1952. Ten wells in the Carrizo aquifer
showed deterioration in water quality, and three wells showed improvement
in water quality. One well in the Wilcox aquifer showed deterioration in
water quality, and one well showed improvement.

The water quality is generally unchanged in the study area. A few localized
changes have occurred as a result of leakage of ground water from the
overlying Bigford and Queen City aquifers into the Carrizo. This leakage is
caused primarily by excessive pumpage ofthe Carrizo in the Carrizo Springs
Crystal City area and from northeastern Zavala County into Frio and
Atascosa Counties. Poorly cemented well casing also contributes to this
leakage.

Water quality in the Winter Garden area will probably remain good. The
most significant problem to be overcome is to curb the rate at which the
Carrizo aquifer is being depleted before further deterioration occurs.



Ground-Water Quality Monitoring Results
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Aquifer Codes
124 CRRZ - Carrizo Aquifer
124 QNGT - Queen City Aquifer
124 WLCX - Wilcox Aquifer

lift
N None
P Piston Pump
S Submersible Pump
T Turbine

Power
E Electric Motor
G Gasoline
N Natural Gas
W Windmill

Use
H Domestic
1 Irrigation
N Industrial
P Public Supply
S Stock
U Unused

1-1



Jan 13, 1882 TEXAS WATEA OEVELOPfIIEHT SOAAO

QAOUHO ....TEA ~TA SVSTEII

RECOfIOS OF M:LLS, Sf>AIHOS, AI«} TEST +«)lEa

OO<MTY Ata'eo,a

CASINO AHO SCREEN ~TA WATEIl LEVEL
................. _--_. ALTITWE

"''' OE"TH CASINO Ot..,.- TOf' BOT WATEA OF LAHO IllEASUl'lE· IIlETHOO OF "'"""- Of M:LL '" erEll OE"TH DEPTH 8EAAtHO SVAFACE Ilf:HT fllOlll "''' LIFT AND .,
w'" OWNE. OAtLLEll. "LETEO 1FT .) SCREEN lIN.) (fT.) (fT.) '-"IT 1fT ·1 LSD (FT.) ".... _TEA flE""AItS

..........

8f·~·lM)3 O. II. NoIo'O.Un Acleoell 'lp' .. SUpply ,... ,.. C • • 10' 12.....CX ... _88." '1018-'"8 • E " 1 • Obur"luon ..11. C_nUll to 50

• • 10' .., ·82.70 01·28_1881 10,00 r .. t. flaporUd yllid 120 IIpol1.

811·&1-70' Ol_nd " Clnh Co. 10' 124CRRl 11. ·&11 .•3 04·01·1.70 " "' T'lIlJI. 74 dlllra.. F. Obur"atlon

·158,0& 0\·25·18111 ... 11.

1111-112-7011 J.O.Hlrrllon 011t L. loone ,..,
'"~ 124CRfll ... ·1&4 .811 04·20'11185 T E H !lon'll frM 1&5 to 315 ft. Gr''''1

. '55.22 04 .\3. 1'70 30.00 paek'll. Tlillp. 7e d'llr,.. F •

".58·)04 Gloro. TholllP,on Strlck,r, watar ,.., ... 124Cflfll '" 018&.04 Of-02.lt72 T • I Slotted 1rM 2S0 to 4S0 1t.

..11 S,rvlca 150.00

"·511·&12 Henry forunbarry Stewart Will Sar"lca ,ellil '00 124CRRl ." " "'
88.511·1114 Itannatn H011..n 0111 L. lIoona ,.., ... C ,. ,

'" 124CARl .., ·80.00 0·0 ,'i84 T E "' trrl11atad liD Icrn ln 111&4. Tllllp .

C 1 2~0 '" 30.00 110 dallr... f.

8 1 '00 ...
118·511-ll22 AObart •. air row, J_a W, CUCII 'll711 '" C • ,

" 1240HC;f .., ·21.00 07·03-1ll18 SE IN

8 • " '02 58.58 01·20 11110

811·80·S27 City 01 "ot.. t 'IS5 ... 124CIIIIl , E

1111·111 ·207 Tony Ol"ln Ollr L. 800n. .... 80. 124CFlflZ ." .118.00 03·0 • '164 1 E I Slott.ll rrOlll stIll to 1I0S ft. A.port· 0

110.00 od yUld 1155 liP"'. Irrll1ltn 300 ae !,
O."l1op,...nt tnt, 'i64, St••lrt .. ~

Stt".nlon 8r", Inc: i20 lIpol1 U '38 5' ;=
1t pVlIlplnll 1.,,11, 1535 lI!H1 U '.2 -.~.

'£>
ft, Ind ,lIlKl lIpol1 .t '50 ft. ~;

;~

&11-8'-805 I'Md Royal 01If L. 800n. ,... 14\3 C "
, .10 124CRRZ '" ·ll2.211 04·211 ,lI8S , , I OIIur".,10n Will. .-

O~

C 1 ... '200 '21.1tO 0'· 'II· ,lIlI' """ ~ g..,1>--'
8 1 1200 1413 g.g~

2 ~_.

78·03,801 EOIl.r ..... II.r I ~ranca .. rlll Jo. 19~3 '64' C • , 2\:'> '''4CIIIIl '" ".00 04,'9 '9:>tl • " Ol>ura"t Ion ..11. lIaportill yUIll
s;~_3

h:>
!loIlarc C ,

'" lHO 'i1.n 0' .211 'ill' 400 1IPf11 with 34 tt llrawdl)Wl\ In H1~3
~i§~



z; &S"!!?,~~
S~~

RECORDS or .elLS, SPRINGS, 1oNO TEST HOLES ~~.

COUNTY • IIlt••eo.. !lo·
a.~
~~

CASINO AfrlO 8CREEN MYA W.TEl'I LEVEL ~'i:,.
ALTlTl.OE ............. 2.

~.

0'''' DEPTH CAIUHO DIMl· Till' eoT _TEfl 0' LNIl IEA8Uf1E· .THOO OF .... 85'
COOl· or WELL. DO ElER DEPTH DEPTH IEAII1NO ....,""' .NT FROM .", LIFT AM) ., ~

WELL
_.

OfUL.L.eR I'LETED (FT. ) SCREEN liN.) (FT.) 1FT.) ....IT tfT " LBO (FT.) ..... _TEA "e""'l<l !'.-
71·03·101 (COntinu.d) • • 1470 18"

18·04·104 L.E. 1101111 L..,..nc, Ino J •• '88' 103. e • 0 840 124CRRZ .eo -40.00 I) -0 ·1114 TE 1 Raported ylllll "5 ,PM. Or..clown

"l,re • • 840 m. 30.00 150 fe.t PU-Pllll 800 g,- 1n 1164.

71·04·&03 CIty 01 JOUrGMton McKInley Orll 1887 ,- 124CRRZ ... .55.00 04·0 ·'851 TE , alott,d ft·. 1125 to 1NO 1t.

-14.16 04-21·'''" 15.00 R.pontel y111d 01' 125 ,pII. Delldop-

..nt tilt: CIIr"OMI ot M 1t ""U,

p"..ung 2032 01* on ~r. 24,1857 .

71·05·11' Altr,'1O aotello YOfI onpor ,.S2 '200 124CARZ 373 40.00 01·05· 11M. .. .. ..11 78 1n w.ur-lupply ,.....,. 1011·

-M.07 01-08-1111' 0.30 C, R.ported l10w or IS VfMI 1n 1165.

ODllrv.t10n ..n.

11·~·408 CUy ot "l...anton Ol.t L. loon, '88T .00 1240NCT 380 .18.00 01·Ot·1M3 TE , OrlWdown ot )0 ",t pUlIf'1nl 280 gpl!

-81.12 01-21-1111 20.00 July 1,IMS. 810tt,o trOll 140 to

aoo ft. OD.,rVltlon ..n.

11·08·&01 E.G. MU.. Onllno .nd 800n, '84' '84' 124CIlRl '0' 38.00 05·01-1"4 " H • hrtorn,o trOll liMO to 11M3 ft.

·15.&0 01·08·1181 0.15 Il.port.o flow of 211 IpI! 1n l1M4.

TIIIP. 88 o.gr... F. OI:l,.rv.t10n

..n.

18-08-504 Erw1n Krttllc'-'or Mc:K1nlly Orlg '888 ,,., 124CIllll 3<0 28.00 05-0 ·IM8 NT • I 1I10tt.o trOll 2125 to 2:102 ft .

25.00 C_ntlo trOll 2075 ft to .urhc•.

Il.portlo l10w of 200 gpl! .nd y1.10

ot 400 gpll. TNfI. 110 d.gr••• f.

711-08-IOS "'~ wooolly OU1ntlnt "It roll.... '88' 3000 124CIlRl ". N 1 OU tilt j conVlrt.d to .,tlr ..U.

810ttlCl trOll 2800 to 3500 ft. Top

of c.rr110 81110 It 25&0 ft.

711-11-217 Clty ot Ctl.rlOtt. 800n••nO Ttll.rry 10" lllllil C '0 0 310 124Clllll .30 -107.00 04-0 -1957 TE , ll.poruCl y1l10 ot 475 9p11.

e • 310 1103 -13S.00 04-29-1965 30.00 C.llllntlCl trMl 1700 ft to .urf.c•.

• • 1103 '88' Or_Clown of 93 ft "'11' ' .....1n8
1200 8p. on "'.n.2, lM1.

18-12·&02 fr.nlll1n 8t11nl1 L_r.nc. , .10' 1911 2810 124CIlRZ '" _87.88 05·27_1978 " I H8 Slott.d trOll 2:104 to 2110 ft.

8wl.rc eo.OO C'lIIInt'd frMl 488 ft to .urtlc•.

7&·\2·801 L.dll1 Yy..,l,cll. L_r,nc. , .10. 197\ 1458 1240HCT 410 .40.00 07·0 .1171 TO I 810ttld trOll 1288 to 14,. tt,

llwllrc 80.00 A.port.Cl y1l1Cl 300 gpll.



Ground,Wlller Quality Monitoring Results
in the Winter Garden Area, 1990

February 1992
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ALTITUDE..,. DEI'TH CASINO D1Ml· TO!' lOT ...TER .F LAHl> MEASURE· .TlC)[) OF ....
",",. OF .lL '" ElER OEI'TH OEI'TH "..,,,'" ".,,"" IllENT flKllll ..,. LIfT AN) OF

PUlED CFT 01 SCREEN (Ul.' Cn.) IFToI L'''' Cn.) lBO (n.) ,.... ...TEIl
...... ..... ..... .....

&;

J." 13, 1982

WELL
_.

OflILUIl

TEXAS WATER DEVELOPMENT 80AAD

aROUND Wl'TER DATA SYSTEII

RECORDS OF .lu, BPIIINBB, AND TEST HOlES

COUNTY • ....r

CA8I1«1 AtIl SCREEN MTA ""TER LEVEL.

IlEIlWlKa

"lS'C)

hl
~h
~~.

~,,~
5.1'
.1:,
' ...til:i
~I

i

11·41-801 CUy of nlndorf

18·52·405 TWin VIUIY Tlrrlol

IuburtlM ..ttl'" 0.....1.

e8·e3·101 .,lICk IrOMl

..I-I Or1111ng

Adcock Pip. and

SUpply

IIoYI WlUl'" "'11

Drtlling

,...
,...

,..,

,..
...

...

124CRIU

124M..CX

124CflAZ

...

...

,.. ·150,00 12-0 ·1188

"..
"....

"
.. 00

HI

Parforltld 1rOll 31. to 400 ft.

anvil packed. oe lo~"t t ..t:
Or-aOMl 01 182 ft 111 ,Ullptrlg

200 11* tor .. 112 hour. on
FI.""1'"y 12, 1He. r.... 72

d.',.... F.

c...nUd trOll 382 1t. to '''''''CI.
""*II tIt It lea ft .



Jan 13, 1992 TEXAS WATER PEVELOPWENT 9OAR0

QIlOUNO WATER DATA SYSTEM

RECORDS OF WELLS, SPRINGS, AHO TEST HOLES

COUNTY - 01,.lt

CASINO AND SCREEN DATA WATER LEVEL

...................... AlTITUDE .............
OA" DEPTH CASING DINiI· T" BOT WATER 'F LANO lIlEASURE- lIETHOO OF US,
"",. OF WELL ., Eflll DEPTH DEPTH 8EARING SUflFACE MENT FROM OA" LiFT AHO .F

.'" _" ORILLER PLETED 1FT .) SCREEN (lH.) 1FT.) p'"T.) ""IT (FT.) LSD 1FT.) ",." ....TER REIWlI<S

...... ..... ..... ..... ........ ........ ........ .......... ......... ..... ._ .. -_ .............................

78·<48·401 H. A. FIUUM"e R.B. Oftne ,.. 124",CX 700 ·97.80 01·21.1HO ,. "' '.~orlt.o. Orl",el ple~.d.

-1ot.S3 02·11:1-1'91

18·48·802 H. A. FltUIM"e 124CRRZ ... " "' I
hn p.dro l'Ianen

71-18-110 411.n 'lUllblng ancl CrlllDl .nd O.... IGlon 1927 .., 124CI'IRZ 57. TE H , llIE11 N1·47 In T.... Bo.rd Of .Iter

8\lppl~ 75.00 Engln..rl BuU.Un 8003. "eported

~leld ot 332 gP'll. De",elop...nt t .. t

GrlWClown of 22 tt .nu. pu-.plng 190

gplt on Dee. HI,19&4. Te-.p .....

G.gre.. F.

71-10-904 Doug Potte C.f. Buren ".. 1213 C " • "'. 124CRRZ 57. ·3044.05 03·10-1988 TH I A.ported ~hId lMlS gp.. TeMp. ....

• .. "'. 1273 .321.12 02·10·1981 100.00 d.gr..e F. Ob.. rvltlon well •

11-19-810 Bruc........ r Mcl<lnh~ Orl eo ".. 1333 C " • 1333 124CRRl ... -338.20 04-04_18&1 T U Fo...rl~ "11 .It HZ_71.21.302 In

-307.00 01-13-1818 1&0.00 Vol II Of Tn...It.r o.ve1opMnt

1l0lrd A.porte 210. OC.. rVltl0n

..U.

71-2S-2~ Plttl COI"".n R.B. owene 18S8 '" 124CRRl .57 ·185.00 0'·0 ·1982 T , ,. Op.n holt frOli 45 to 325 tt.

-24a.5S 01·U-1888 40.00

11-211-424 II.". votaw 1817 '" 124CRRl 00' " H I WitH H7·,03 In Tn.. Bolrd of Wlt.r

15.00 Englnure BulltUn a003. R.ported "~ltld of 175 gplll. Te-.p. 82 Glgr... i
F.

,..
_.~,.

71·28·810 Clt~ of Clrr1l0 Sprnge \Ilcl<Hlley Orl1llng Utl5 .., 124CRRZ '" r , , 'M:11 11 IcrOfe ro.o rro,. r.coroer. -;
~".f?
~e.

71'27-30S Llndl CIiUlil. '9'2 '236 124CRRZ ,.. ·26.10 01-3'·19'1:1 SE AS ..11 He·3 In TE... BOlrd ot .Iur 1i~',,'"25.00 Enllln"rl BuIltlln 6003. Plrrorlted ..,3.2.
rrom 800 to '200 ft. Plillp .. t It ~..
:'00 rt. Reportell yl.ld or 150 gplll. 2 ~5'
Tlmp. 86 d.gr"e F. ,5.-

-:'f
&: 11'21-102 Dille Hut,n ··s....rd '928 ." .. 10 0 '" , 24CRIIl '" - Ill:! liD '2· lS.lJ;IlO eo , W(II H&·72 In rUIl Iloerd or •• ter ~8.

, • ". 03. . '83 7~ 01 ·2' 1I1il4 Engln"rl llull.t1n 6003. Op.n 110le



:s ""5·0
3-,,~a.

AECOIIoa Of' 'llEu.s, SPAUGS. NC) TEIT HOlES
~~~
~~.

aM.WT1' • au-lt ~,,~
a.~
.1:,
'~

CASIIfJ AHO acREEH ~TA "TEA LEVEL j~
.....TlTlOE ............. 2.

DATE DEPTH CASIHQ DIAM- TOP BOT 'MTEIl OF lAHIl IllEASURE· IllETHDO OF U6E ~~

COlI· OF WELL OR ErEI' oePOTH DEPTH ....,... 80fIFACE MENT fRe* DATE UFT -'NO OF
~~.

WEll ...... OflILUIl PUlED 1FT .J &eilEEN pN.) (FT.) (FT.) ...IT eFT.) Lao (FT.) 'OWE' ...TEft REMAAI<a J
77-27-102 IContlnulCf1 0 .30 .11 "r. no to NO tt. ~U'1d dOM.UC

WId Uy..tOC!l; ..dl. HUt,rlcal

ob"roUon ..U.

71·211.503 CUy 01 .11 "'11' McIUnllY Or1, ,- ,... 124CMZ ... -271 .•1 03·'11-'''' "
, Ilottld trOll 1120 to 1000 'I't.

-277.IM OZ-'4-1"1 e.-ntld , .... 1210 1't to .urt~•.

"Iported yl01. 0' 115 , .... T..,.1I1
ell,r... F. OII..,.....t1on ..11.

71·33·3Olf CO,,, H..... Cor-twrlQt1t Chlri.. L1ncletJorn 11Z1 ... 1Z4CRRZ ... " HI WIll 11-1 In T.... 800rd ot watt,.
'.00 E~l""'" IUll.tin IOOS. r....10d.',.... ,.

77-)3-1111 .... lOb HMU O,f, "bb ,,.. ... 1a4CARZ ... ·10.00 o -0 ·1 ..... T • I HI .tli ".4) In TIUI loarC! ot ..ur

-1241.45 02-16-1"1 ".00 IEi'll In••,.. auU.t1n 100:11. ap.n hoi.

1Nll1 40 to HO 1t. T.... 50 d.II,.•••

f. o.........uon ..ll.

71·:114·204 ttl.,.lI. Wlllon U. OWIn. 11:110 17. ,...."" ... -2(15.12 oa·lf·llMO TE H.I lllE11 &2_'1 ln T.... Io'''d 01 wat.,.

·227.0:11 02-11-1N1 :110.00 IEnllln..,.. lull.Un 100:11. ap.n hOI.

10,.. atl to .70 1t. T.... 1:11 d,"""

o.........Uon ...11.

71·34·101 Cit)' 01 A.h.rton McKlnl.y 0,.11111'111 '110 74. C " • '5O I 24CIll\Z ... TE ,
C•• C 10 ... '5O ".• '0 ... ..,

C 10 .., Of•

• '0 070 "'
C '0 "' '"

71·).5·403 ...lIy f:. Toll1tt O.f ...bb ,,.. '01 124Cfl,Al '" " H • ,.,.10,.".d trNl 341 to eao tt. T....

'.00 IJ d.II".. f.

77·35·501 Dorothy ,Johnun "'27 '000 124CIlRZ S30 .2<)'''41 02·11 .,.70 T E H • I WEll 13·' In Teu. Burd ot Wehr

-2311.38 02-01·tlI9 10.00 Enllln.. ,.. luUoUn 1003, OI:l..,.ut·

Ion .011.

77·)5·102 8h"'0 Konnody J. W, Hlcllorun '''0 1S00 124CAAZ .eo ·2911.90 02-l0-11H15 T , H • , "orto"'Uel TrOfi 1000 to 1300 Tto

.2111,40 02-10·111117 125.00 "Oplrtlel ylolel oT 900 IIp111. Telllp.

'1 elogr.., f. Ob,.r",ouon _11.

77_31-102 LIWronco W. HonrlChlon 8tln AO" Drllllnil 1855 17e8 124CflRZ '". T • '" Opon nolt frolll lD611 to 11811 ft.

125.00 "tl.-p Itt " 300 ft. Aoportoel yltld



;;;;

IlECOIlDS OF IlEll8, SPill NGS , AND TUT HOlES

COUNTY· D1JIIlt

CA5HjQ AIiO 8CIlEEN DATA WATEIl LEVEL

...................... AlTITUDE .......... -..
DATE OEPTH CASINO OIAM· TDA BOT _TEll ., lAIIl lIEMUAE· IlIETMOO or us,
coo· OF WELL OR ElEII DEPTH DEPTH 8EAIllHO 80IlFACE IIENT FflOII DATE lifT AND .,

wm OWNE. DIlILLEIl PLE"TED 1FT ·1 SCIlEEN (IN-I IFT'l (FT.) "'IT 1FT -I L80 1FT.) POWE' WATEIl flEIiWlKS

.................... . ...... ...... ..... ..... ..... ........ ........ ........ ........ . ........ ..... . ..................................

17·31·102 (Contlnu.d) 01 M3 o~, TI.-p. 102 a.or... f.

71·31·202 IIoyc. B..n Tltln ".rlor.torl, 1880 11130 C 0 11110 12"CRIlZ .20 .. H'
flying ·w· Illnch Inc. • 1lI10 11'130

11·31·501 Or",.l 0"'111 McKlnlly OrlUlng "" 2085 12"Clllll ... ·112,110 05·21·1~1 TO I ...U TI-I2 In Tn.. 80lrd 01 w.tt,.
·230.20 02-1 .. -1"1 200.00 Engln..rl luU.Un 8003. IlI0U.d

trOll 1a50 to 20f0 rt. Otlll,.",IUon

..11.

11·41·201 L.,.oy ,Jonll 1810 124Clllll '" ., H' own.r r • .ork.d ..11 In 1865 Ind

3 c.lII.nUll up to 500 rt.

11.42-&01 OOlpn IrllCOI 18211 1314 124CIIIIZ '" .12.45 12·10-11128 .. H • ..U 85·8 In Tnl' 10lrll or Wlt.r

·111.115 02·111·1l1l11 Englnllrl BulllUn 8003. Opln noll

rro_ loa3 to 1314 1t. OOIl,.....Uon

"11.

17·44·101 EllU. Vl"'lan 1200 124CI'IIIZ ... ·ll~.IIJ 01·11·1851 .. H • weU 83·23 In r ..... 80.rd or Wlt.r

·1111. 71 02· 18·llIi, EnOln,,'1 IulllUn 11003. II.porUll

Vllld or Mel IIPI'. c.lI,.",.tlon "n.

[
-~, .
!T".':;f
~~
",,~

'"'l a. 2.
lJ.~1i
2 ~~
~:.!,
~~,



ALTITUDE.... OEI'TH CASII«I DIAM· T'" IIIIT -.TER OF lNlll IIlfABURE· .THOO OF uo<
COII- OF WELL ClO ETER oel'TH OEI'TH ....U"" 8l.IIFACE IlIIIENT FAOM ClOT< LIFT NIl OF

[HUllE" PUTED lfT, I SCREEN fiN.) 1FT.) 1FT.) ...IT 1FT.) LSD 1fT"
_.

*TER
.... -_ ............. ...... ...... - .....................

:b
J.n 13, 'H2

..u. .....

TEXAS _TER oevELOf'tIIENT IOAAD

BflCUID ...TEfl MYA aYaTE.

RECORDS Of WELLS, SPRINGS, AND TEST HOLES

COUNTY • Fr10

CASINO AND SCREEN MYA 'tI'TER LEVEL

flfMMQ

"'5-~11- 52.
5~~-i-
~o~
5.~
a~
j~
~~
~~.

J

1a·57·ll' Aldridge ~r..ry ,,_,.,nte Mel ..1M ,... m 124Cf1IU '" TE

IMlerO .....
ea·&I·&oI J. E. lner_ E. H. c.nnOfl OrU· "" .,. .2<CAAZ ." -111.00 03·0 .'M' T •

Un, ·182.20 02·0t·'II' 125.00

H. and So Wlt,r"11 HNl7

."

..·It ·1C1 0 ••• "chen

"·12-102 '.R. Ruth,rforcl
T •.J. Goad, ..11 ..

.. ·.3·804 lklfroct AUen

811·&c·807 Moor, Wlttr Supply

Corp

E. H. CMnon Drill

E.H. clrmon orl,

Alfrld ..."" ...t,,.
..111

....

,l1li,

,...

,l1li

717

'"

...

'2<CAAZ '00 .15.11 07·HI.1Mt ,.
· ... H 04·14·ttM 128.00

124Cf1IU: 111. -102.00 02-0·11M7 TE
-le5.1M 04·10·'", 75.00

124CRRl .30 .83.00 04-0 -1Me T.
-148." 10·01·1M11i1 12$.00

124CflAZ 1170 .178.00 oe·11,'M7 ..
18.00

110tted frc. 1" to 412 ft. r ....
10 dl,r"1 F. 1II.,0rt.d .,1.111 of

411 , or....--. as h.t """,111,

1100 , for I " ... 12·...

Ilott'd frc. .aD U 110 ft. Op.n
1'1010 frc. 000 to 1M 1t. Top of
C.r"uo lknll sao ft. lII.port.d .,l.ld

of 142 'II". T.... 12 ...0"... F.
C...d to 110 1t. OtII."",at1on "11.

OO __do,..nt t ..t on _"" 1', 1MJ

Dr , .."1... lqu1,..nt CO. 104. tplI

at 141 1t ,.1nfI 1.__.1 Infl 1e&O

0" at 1&1 f ..t.

Ilott.1I f"c. 11M to MO ft. To, of

C,,,,,1ZO land 11M ft. ''''''' lOt ot
220 ft. "Iport.d .,l1U of 1500 ....

Hut.,,1001 obooNat1on ..n.

Ilotted f"c. "02 to 560 ft. Opln
tIo1o f"c. S60 U 715 fO.t. 011"""'0

uon ..11. Top Of C,,,,,uo lknd 311

f ••t. O"ow<lown ... f.ft PUlllPln, 1702

I,. ano Je 11ft ot 1108 ... 1n F•••

18$7.

I 8 I Op.n 1'1010 fo,.. 221 to 233 ft. Top

of C."rizo aond 211 ft. 'UOIP lOt
ot 170 ft. TeIIfl." ClllIrl.. F.
CO..CI to 221 ft.

SlottlCl frOlll 300 to ..50 1t. CIlIIOnt·
ICI frOllll 110 ft to lur1ocl. TllJIP. &4

dl,r"l F. "Iportld .,idd of '00

lIPM. OI __llo","nt t ..t: ClrtlWllOWfl of

12ft willI- pUllplnll 208 I,. 10r 1
/'louro on Junl 17, 1M1.



RECORDS OF WELLS, SPRINGS, ANO TEST HOlES

COUNTV - Frio

CASING ANil SCREEN OATA ...TEII LEVEL

ALTITUDE

DATE DEPTH CASINO OIAllI. TOP BOT WATEII OF LAND ME,uLlRE- IIlETHOO UF \JSf

COM- OF WELL "" ETEII DEPTH DEPTH BEAAING SUIIFACE MENT FROM llATE LIFT AND OF

"ll """'. DIIILLER PLETED In.) SCREEN (IN., (FT.) 1FT.) ""IT (FT. ) LSD (FT.) ..... WATER AElIWlKS

------ ---.- ----- .--.-

77-06-301 Mr•. C,rrll E. McKlnllY Orlg Co. "., ... 124CAAZ ." ·M.DO o ·0 .HM2 " "' Top ot ClrrilO Sind 718 tt.
TI'IOlIIp.on ·1".40 04·08·11191 OD..r ....Uon ..U.

77·07·804 H.ltt lOll Oppenl'll1JNr McKlnllY OrlUlng ".. 1725 C "
, .., 124CAAZ ... • 187.00 12-04-1884 TE 1 Top ot C.rrllo 8anll It 1330 t ..t .

Lion. F,~. C " .., 1470 150.00 c_nt.d trOll 1400 tt to .urtae•.

• " 1470 1720 or-.:town ot ISO tt lIII'IU. pUllpln8

1ltOO gPfl .nd 24 tI.t .t 1001 gpll on

O.elllb.r 4, 1884.

77·0S_201 A.C. Hlrdc,sU, HIS8 .O<! 124CRRZ 100 -207.82 12-01-1960 " ". ,.rtorat.d trOll 880 to 900 t ••t.

·315.90 03.18.1881 C,..O to 900 tt. OtI.. r .... t1on ..U.

77·0S-71. City of Pllrllll E. H. c.nnon 1883 1572 124CRAZ '" -253.00 11-0 ·1983 T N , Slott.o TrOll 1320 to 1570 t ••t.

Or111 1no -321.50 04-03-1991 200.00 C._nt.o TrOll 1250 tilt to surt.e•.

Top 01' ClrrilO sand 1270 T'lt.

A.port.d yilid 01 8ao gPli.

OOIlr-vltlOn "11. e'"d to 1572

ft. 400 tt of S-ln eol~ pip•.

DI ... t1opllOtnt tnt by po"rl'" EqUip.

Co. ,No.... 1983: 1037 OPII at 210 ft

pUllplng 1.....1, 1884 OP••t 282 ft.

77-08-S13 Iv.n H. Hili E .H. Cannon Drill 1970 'BO 1240NCT '33 " ". Slott.d TrOll 140 to 154 ft. C_nt·

0.75 .d TrOll 120 Tt to .urf,c., ".port·

.d ylt1d S OPfl.

17-14-903 J.H. l<Inll E.H. Cannon Orlg 1855 1672 124CRRZ '" -135.00 07-0 .19$6 T N 1 Slotteo TrOll HilS to 1662 ft. Top

225 00 ot CarrIzo Sand 1345 tt. R.port'd

yl.ld ot 870 liP•. O..... loplllnt t.st

or.-down ot 40 ft wt111e Pu.p1nll

~1303 OPM In July 1955. To., 100
0

0'11"" F. e.stno: 12-11'1 to 413 ft
,
<"-

10 In fro. 413 to 1672 ft. rllt, 5'~
July lS55: 1031 liP" .t 163 tt PUlllP' ,,~

lng 1.....1, 1303 lIpm ,t 175 ft. 0",
,g;
~~

17· 16·408 Murray McKlnl.y Mur,..y MelOnl.y 1102 ." C 1 , ... 1240M::T .., , E " ,-
,""S 1 ... ." '.0 00

c • '" '"
"'la 2.
~~ ~, • ,.. '" 2~~, Ins ...
~::.r

- ~8~
0



... is'r;:- 2 ~§- ~~~RECORDS OF WELLS, SPRINGS, AND TEST HOLES
-~.

COUNTY - Froio ~,,~

afg;a:
CASINO AND SCREEN DATA WATER LEVEL t~

ALTITUDE .. -----_ ..... P 2.
Dm DEPTH CASING 01....• 'OP BIl' 'M1ER DF LAHIl IIlIEMOAE- METKlO OF US< -~
COlI· OF WELL DR ElEA DEPTH DEPTH BEAAlNO 8UflFACE MIENT FROllI ...." LIFT AND DF ~~.

om -, DAILlER PLETED 1FT .) SCREEN (IN.) (FT.) (FT.) ....IT (FT .) Lao In.) ....., "TER REIIMKS i'
~

77·18.803 J •H. WOOcIWard E.H. Cannon Drill ,.., ".. 0 " 0 BIlIl 124CRRZ ..0 -250.00 02-0 ·11M13 ,. I Obl.rvatlon ..11. Top 01 CArruo

0 10 BIlIl ,... -348.85 03·13·1881 150.00 aand at 1,5815 felt.

• 10 15.. ".. Ot....loPMnt tnt by "'1"1 ... EqUip.
CO., F'b. 1883: 1048 lIfl11 It 2117 Tt

p...,lnll IIvl1, 1321 gpll It 2H 1t.

17·22·502 .Uton UrtlUl E.H. Cannon Drill ,... "'" 0 " 0 BIlIl 12-tCARZ 81D -281.01 02-10-1H4 'D I Ob.arvat1on ..11. "eported yield 01

0 10 BIlIl "'" -3tilS.OO 03-18-1"1 125.00 1100 "pII. lop 01 Car-rUG 8al\ct It

• 10 '850 "'" 1850 1t.

0 10 '850 ,...
• 10 2050 "'"

17-23.30& W11U. elMlr MCKinley Drill 1812 ,.., 124CRRl .81 ,. I 810tttct 1rOll 1802 to 1852 ft. T..,.

240.00 101 d.gr... F. O'....lo~nt. hit.:

dr.oown 01' 117 ft. p.-plng 14.7 II,.

10r 24 houri on JNl.31 ,1'72.

77-23-008 Clt.y 01 DU1.y Murtat ItCK1n1.y ,... "'. 0 " • T23 124CRRZ .., ·328.88 D2·14·1i8i TE

0
,.

'" "'" 100.00

0 • 17'7 1'2i

• • m. ",.
0 • ,.,. ,...
• • ,... 2145

0 • 2145 "'"
11·24·202 IInn.t.t. Broth.r. E .H. CNlnon Dr111 ,.., 2030 0 t3 • '" 124CRRZ ... -111.00 01·0 -1M3 " I R.port.d y1.ld 1,050 g,.. Top 01'

linton ROb.nl 0 ,.
'" 1180 -224.50 G4-11-UI91 225.00 Carr1zo 8.."d at. 1780 ft.. Or..clown

• 10 "80 ,.'" 01 51 1'..t. p!*plng 1823 Opll 1n Jan.

1183. 0II1.rllat.10n .... 11.

78·01·501 ".R. Ik:OOnl1d ,.ellll erot.h.rl ".. 1198 124CRRl ." -75.00 11·15-1958 TE I 810t.hd 1'rOll 1132 to 1199 1..t. C... ·

-181.70 04 ·03·li91 100.00 .nUd 1'rOfi 850 1..t to lur1'ec•.

en'd to 850 ft. lI.portld y1.ld 01

1200 IIp!11. O' .... lopllllnt tnt: dr....

Gown 01 82 ft. pUIlp1nll 2050 IIPIll and

3& 1t at 1027 IIjMII on No.... 15, 1958.

Ob..r ....tlOn ...11.

7&·02·701 Otto IIlInn, 8r. e .H. Cannon OrIII ".. 151115 0 ,. • '00 124CIIRZ .53 -60.00 04·0 .llItl5 H , Or....down 155 1t pUlllf'lnll 700 llPIll In

0 , '00 "00 -206.50 02·05·1991 19504. Top 01' Carr1zo Sand 1175 ft.



"·11-&01 Jot Hino..

11·02·101 ICOflttnuldl

111·02·70' otto Mann, Jr

78-00·503 o,p.nnl1JNr WUl L.ng 011 tnt OrUll" to 5004 Tt. Plug
lId back to 1100 tt. and conYlrucl

to Wltl,. "'11. Top ot Clrrlzo land
It 1,510 ft. "eportl" yill" 01 HI

lHN'. r .... " ,I"r... F.

REllWIK8

Cutng: 10·ln to sao tt, 7-1n frM

300 to 1200 ft.

,,"orltu. r.Mp &4 "llIr... F.

OD••rvIUon ...11.

.11 114 In .Itl,. SUpply I'ap.,. 171.

T.... " d.g,.... F, Otl..,..,.atlon
well. Fo,--rly an Ir,.lgat1on well.

'"port.d flow eoo II,. In 1e28.

E.ta.t.d flow 300 111*, "'-P,. ."" ....
....u,..d flow 7 "... , Jun. 13,1"2.

•8Eo ·0 "828

04·08·HI81

.....
,'1.80

...124CRI\l2114"'7

RECOflOS Of .lU, SPRINGS, ItH) TUT HOLES

COlNTY • Frio

CMtNQ AND SCREEN DATA WATER LEVEL

AlTtTVOE..,. DEPTH CASINO Ot .... • ToP lOT WATEfl ., .... .......,- METHOD OF USE

""'- Of WELL DO nER DEPTH DEPTH SEARING 8UflF~E lENT FIlOM .." UFT AHO .,
MILLER 'LElED (n.) SCIIEEN (IN.) (FT.) 1FT.) UNIT In,) Lao (FT.1 ".,.. _TEll

------ .-.--- ..... -.... ----- ._------ ........ ...._-_.

• '200 ,...
Olaf L. Boon, ... 124QHCT ... -201.18 08·27-1'70 8E ".111.ae 02-00·1111 ....

1182 IT" 124CRRZ .20 ·10.00 12-0 ·laM TE

100.00

OWNE'.m

.,..""

[
5'~
,,~

0"
~~
/i~',,'"

...,a.~.
S-~ ~
~~~.

~~f
~~,



AUITLa:
om DEPTH CASINO DIAIII· TOl' BOT _TER Of LAHll MEA8UIIE· .THOD OF ""COM· OF WELL OR EYER oefOrH DEPTH BeAlUNQ 8Ul'lfACE .NT fROM om liFT AND Of

PLETED
(fT "

&cREEN (IN.) 1fT.) (fT.) "'IT (FT.) lID (FT.) -- ...TEA
..........

!
'" .,Ian 13, 1M2

om -- OfHLtell

TEItA8 _TEfl OEVElOPaENT BOARD

QflOtMO _TEA DATA 8'1'STEIf

IlECOADe OF weLLa, SPRINGS, AND TEST HOLES

COUNTY - Kern••

CASINO AND 8CRU'" MfA ....Tell LEVEL

IIeMMKa

"'lS"C)

~~l
~~~
~£;:'
~,,£
a~
!~

"}if
~~
~Jl.

J

'8-14·102 (l·On •.a.c. l.yn.·...t.rn ,... ".. <
<
<
•

..,.
••

•
BOO

"".
2838

BOO

2830

3UI5

31110

124CRRZ ,.. ·28.00 06·00-11MO ,
.0

, Ctty ..11 11. NOrth Of hlh euy.



,Jan 13, laa2
TEXAS ...TEII DEVELOI'liIIENT IIOAAD

OIlOUHO ~TEII OATA SYSTEM

IIECOfIOS (If' 'lELLS. SPIlIH08, NtO TEST HOLES
COUNTY • La 8&U.

CASINO AND &CREEN MTA "'TEI'LEVEL
ALTITUDE

""TE DEPTH CASING OIAM- TOP BOT ....TER OF LN<O .......,. METKKl Of ....
COIl· OF WELL .. ElER DEPTH DEPTH BEARING SURFACE -=-NT FIIOIIl ""TE LIFT ,t,H() OFW'" -, DflILL£R PLETEO (n.) &CREEN (IN.) (FT.1 1FT. 1 "'IT 1FT ·1 UIO en.) ....., ...TEIII IIUWIICS..................... ........ ........ ........ ..........

17.30·$02 Jo. Mlth... E,H. clI'tnon OrU11nl ,... 2030 124CARZ ..0 ·322.00 12-0 -INS TO 1 I'Irforated 1rOll 1730 to 2030 ft.
·321.40 02·08·1181 R.port•• yl.111 01 1100 IIpl1.

Dev.lopINnt tilt: .r.-dO'll'l'l of )8

ft Win. pUlIIplnnl 1~2t' lilt' In o.e.,.... T..,. 10t d."r... F.
Ol:I.,."auon ..U.

11·:11·103 C.lvln V.rnon E.". c.nnon Or111 ,.., .... 124CRI\.Z ." , 0 H WI IloU.d trOll 2020 to :MOO ft •
275.00 e-ntell fr_ 2000 ft to .urt.c•.

PUlIIp lit It 4$0 ft. "'port.. y1.1d
ot 1100 Ipli. o.veloplNnt t ..t:
.r"O'II'I'I of 15' ft Win. pUlllplnl
1M2 I .. for 32 hOUri 1tI Mlr. IN1.

11·)8·201 C,M. Dl~1l1l ......1. OU and lII.t '04' ,... '''''''AZ m -108,20 02·111·18&' " I 011 t ..t. drUI•• to eooo ft, plug·
.:M1.31 02·13·1111 BO." g•• Dacll to 2200 ft, In. conv.rt.d

to ..tor ..11. Gun p'Morat.d trOll
1110O to 2:lOO ft. I'UlIIp lit It 120... lII.port.d y1l1d ot 1000 W-.
T..,. 105 d.gr••• F. Ol:I..,."at Ion
Will.

11·31·401 CIty 01 Cot.uUa flllcKlnl.y Or11Unl Ul12 2331 12<lCRRZ ." "N.lliI 02·21-1881 "-1ee.eo 02·12"88'

11-<11-&02 a.. Evanl Enltl 8n1l101 and '04' "BO 12<lCRRZ 3.. 20." 04 _28_1158 .. • 011 Ult. drlU.d to 5505 ft, plulI-

f
H,rrlllil

-3&.11 02 13-11111 lid b,ell to 32110 1t I and conv.rt.d
to w,t.r .IU. SlotUd 1r_ 3080 ~to 3290 1t. RlporUd flow of 10 5'~
lip. In 1959. T"'P. loa d.llr... F. ..~
DO•• rvIt10n Will.

~
~,i
0:<
~o

..,a..j;!.
8-~ ~
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5:~
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TEXAS ~TE" llEVElOf'lIENT IKWID

GROUHO 'MTEII DATA SYSTEM

RECORDS OF WELLS, 8f>RIHQ9, AND TEST HOLES

COUNTY - INcl1na

...'" .,lIn 13, 1982

'"'''
_.

DRILLER

DATE
CClIl·

PLETED

DEPTH

OF WELL.

(FT.)

CASINB ~ SCREEN MfA

CA81NC1 OJ.... • TOP BOT

OR ErER DEI'TH DEPTH

SCREEN (Jlil.) (FT.) 1FT.)

'MlER

BEARINQ

UNIT

AlTITLOE

OF IN<ll

SURFACE

(FT.)

"'TER L.EVEL

MEASlIlE·

.NT FR(II MTE

LSD (FT.)

.THOO OF

L.ln NtD

PC""

USE

0'
w.TER REIWlK8

i5'~
2 g-g
~~~
~"."'."~o'

!if
~S:n• 2.
~.

~~.

~

ea·4$·eoo A. l. C..".y

ea-4$.1IOfI Edgl,. ChrUtGpl'll,.

(I8·41H117 Clty of 0."'1"1

88·57·208 Moral•• F.'d Lot

e..,..y Or1111"\1

eMf'''Y Dr1111nll

Roy stricke,.

O,.1111nll

E.n. eMnon Dr!lI

,... ,. C , 0 ,. 124CIIAl ... .. H

.00

,... 70 C , 0 00 124CRRl '00 .. H

• , .. 70

,.., ..., 124CRRZ ... ..
,... 300 124CRRl ... " I I

100.00

Slottld frc. 180 to 380 ft. or..... l

pICk.d. R,por'hd y1.ld of aoo g,..
T.... 78 d.gr••• F.

88·158·101 oJ.W. Wlnlllt,

..·IM·eo, ..nun foM

"'-M-IlO) frank 811"'IY

88·&4·202 Chlrlt1n....ver

John •. lIoy

Al'reel Mann W.ts,.

Wdll

....
,..,

'"

'00

'"
'10

124C11RZ ... -110.12 05·12·1880 PO "'.147.1iIO 01·26·15""

124'fll.CIt '00 • elL 35 12·0&·'"' ,. •
124CRRl '00 TO

'40

124CRRZ ... -lU.~O 02-18-1lt!!2 T 0

... 00

"11 d••p.n.d trOll 11. to 141 tt
1n 1N4 rrorat.d. Obs.rvat10n

..11 11 J·l·21 1n U••• ~01.

lklrv.y "ur.lupply '''P.r '7' .

T.... 74 d.gra.. F.

.'111 1-11-211 1n T.... loard Of .atar

Eng1n.. ra lktUat1n 5601. 'arforaUd

fro.. ~ to 210 ft. PUIIp ..t at 1117

ft. ReporUd y1.1d of 4llO liP" w1tn

drawdown of 34 tt on hb.l11,l1152.

T."'9. 77 dlllr,.. f.

C.. Jng: 21 ft, p.rTorn'd fro. 90

to 210 tt. OrllWllown 34.3 tt whUI

pUIIIP1nll480 1Ip111 FIb. 111,1952.



Ground-Water Quality Monit.ol"ing Result.
in the Winter Garden Area, 1990

February 1992
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- &5'~- !rl...,
flEOOfI08 Of WEU.S, SPflIN08, AND TEST HOLES ~h

il~·
CClt.WTY ••1110n O~

a~
~a=

CASINO AND &eilEEN DA,TA _TEfl LEVEL nAl.T1Tl.OE ............. 2.
MTE DEPTH CAStNB DIAM. TOP BOT _TEfl ., ..... ........,. METIm OF USE ~~

COlI· OF WEll .. ElER DEPTH DEPTH BEARJMl """.'" .NT FROM MTE LIfT AND ., ~£
.m """. O'UlUfI 'lETED 1FT .J llCllEEN (1111,) (FT.j (FT.) "'IT 1FT.) LSD (FT.)

_.
"'TER REMMKI J................. _--- ----_ ... -------. .-... -.. .......... ......... ..... ...................................

"·65·502 ... J. Otto Me PUlIp Co. ,... 200 124QNCT ." TN I alotted TrOll 150 to 200 ft. "'.poM.·

35.00 I. yield 150 IpIl.

e'·50-803 CUy 01 Flor....,lU. Llyn, T•••• Co. ,.., ,... 124CRRZ ,.. -12.40 06·02·'"' TE , alotto. 1rM HI to ',2tO ".t.
-21.01 02-111·1N2 75.00 c.MnUIi trOfl Me relt to .Ur1'IIU.

OII""'It1on ..11. lI.poM.•• yll1. 01

1200 ,,.. Or..oown IS felt 1IIh1h

~lnl 2180 .,. for 24 nou,.. on
JM.5, 1M2. r.., ., II••,.... f.

M·5t!·4oe M' "tor 8lJpply c." Ttl.... Moy .... '00' e " • 04' 12.CIlI\l ... ·17t.00 02·00-1888 IE ,
• • 04' '00'

..·12·205 JOM Mlnry Kolly ..Ulnl trottl.r. ,- m 12.CRI\l ", .1.15,)5 OS·13·1"" T • I IloUo. TrOll 130 to "12 t ..t •

Dr1111nll Co. ·'I'.U 12·12·"'80 75,00 e-nto. trOll 130 r.,t to 'UrT.c,.

OO..,.....tlon ..11. Iloport,. yl'U ot

NI IIp11. l .... 01 d.II,.... ,.

or"'OM1 ot 70 tt. IIftU. pulllp1n,

1,75S 1Ip11 tor ao tlr•• on 7·S1·...

".12·507 vaullM y,.r Tn.... Mol' ,.77 .., e • • .02 ''''''''' 000 ·&4.00 04·00·1877 IE H

• • .02 ...
88-12·102 loon1nll trot"',... Wl.. Drl111nll Co. ,.., '000 ""'"'"

.., ·)0.10 01·21·1866 T. I "11 '-15 ln T.. auU.tln 1710.

-'7.U 12-11-1881 ".00 OO..,.....uon ..11. IloU.. trOll

,.eo to 1100 hot. Il.port,. yl.ld

1200 lIfl11. T.... It •••,.... F.

1I.13.eoS Tnr" 0-11...tor IklKlnlly Dr1111nl 1f71 .,15 124CAIU 43' ·151.00 01·0 ·1171 IE , 11ott.cs trOll 2,084 to 2,1&4 to.t.

lupply Corp. CO. ·16.504 05·22·1172 C_nt.d TrOll 2,051 Tt. to .urTleo.

or....own 14 Tilt p-.>lno 200 III"'

for 2" tlour. ",".n drlU.d.

88-&4-.01 Cay of 'otn ,.., ..12 12"CAflZ .00 10.00 01-01·1&$04 ,
-.0.30 12·12-181itO



Jan 13, IIllt2 TUM .TEII DEVELOf'llIENT IOMO

OflOUND .TEII MTA SYSTEII

REC0R08 Of WELLS, 8PRIHG8, NIJ TEST HOLES

COUNTY - Z.....l.

CASH«i N«) SCREEH O4TA .TER LEVEL

ALnn.u
.m OE"TH CASINO 01 .... • Tlll' 80T .TEII ., LAHll ':A8URE· .THOO OF """",. OF WELL ... ElER OErTH OEI"TH BEA/UNO ....,..u .:trn' FROM DATE LIFT N«) .,

om -, OflILLEII I"ureo 1FT ·1 acllEEH (tHo) (FT.) (fT.) UNIT (fT·1 Lao In-l ...., _TER RE......KS

.......... - --._-------_ ........ ...... ....... ..................... . ... ........ ........ ..........
S'·~8·707 OInnl. 11.1,. J.E. IIld £.L. Klt. ,... ... e " • ". 124CAAZ T80 ·141.00 04·08·1858 .. I H WlU H7· 21 In TI.., to.,.o or "t.,.

• " ". 200 .15&.'8 02-20·1111 Enllln..,., IulliUn ~203. ",,.rO,..t.d

n. 1)8 ot 200 tt. Du.....Uon ..11

88-88·801 ••111.,. 8rottllr. ILL. Kltl S,. ,.., '00 e • • ,.. l~C"Rl '50 ·81.10 12·27-1148 .. H' Will H8·l!l8 In T•••• 80.ret or ••t.r

·81.83 02-20·lIlltl Enllln••r. IklllOun 820S. OIoJ.. ,.....t·

Will et..p,n,cl In 1883 frOM 841t. to

100ft.

1011 ..U.

78-08·803 Ctl.,.rro.. lIlanel'l '50 124CARl 74ll ·78.88 03·11·IHe , 0 • T.., 74 clot,.... F. OIoJ..rv.Uon ..11

·'2.85 03,"·1'88

78·c.·101 ",t. 8o.p"n 1828 ... e • • ,. 124CRRl ... ·78.00 02·04·1130 ,. • Will MI·8 In T.... to.,.d .1' WltI,.

e • • ,. .IlM.82 02-20.1Il8l Enllln..r, ....ll.Un 8203. Op,n 1'101.

• • ,. '00 fr. 20 to 100 1t. OIoJ..rvlUon

...n.

17-01.404 en.,.,.,.o.. IIl1leh ,... ... e • • ,.. 124CARl '" -102.11 03.11.1'70 .. • I"lrrorlt,et f,.. 1$4 to Itl 1t.

I,K.John"" own.,. • • ,.. ,.. ·114 ,27 02·20·1"' ..00 C_nttet ,,.. 180 1t to 'UrTflC'.

OIoJ.. rv,Uon ..n.

17·02·403 Z.... Iol. County 'CIO Vlrd.U Broth.r. 1888 ." 124CIIRZ ". ·3liO,OO 0'·30·1864 TE , ... rTo,..ted 1r.. 428 to 57li 1t.

0,.11 -348.15 02·10·1881 76.00 I"UlIlp ..t .t 400 1t. Tlltp. Bl

d.g,.... F. (lI).. ,..... tlOn ..11.

i77-03-403 0,.. Alv.,.o L,b,.lJ' 11183 ... 124CRRZ '" .. H S ~

-~, .
~~

17·04·441 eltlnUlO .8 C .11,," O,.U11ng Co. 1887 ... e ,. • BO 124CRRZ ,.. "
, Will drllltd to ,..p1lcl 1704431. '"e " • '00

~i

• " '00 ... ~~,,'"
17·04·801 Fl1ton FltCh J .•. Hlclll,.,on "" 1018 I24CRRZ .BO ·304.38 12·23-1185 T , I SlotlCl 10,.. 885 to 1018 1t. PUIIP ..J~.

3-~~
·287. III 01.04-1818 121S.00 lit at 380 11. OIoJ..r ....oon _Il. 2~~'

.,.. 17·11·101 0.1 ....nt. Co"p W1IIl.no e,.othl". ,... , 183 124CRRZ '" -18$.70 02·j4·1IMe T • I ..11 HIS·1I2 In TUII Bo.rCl 01 Wlt.r ~::r- ·42'.~ 02· 10· 1lI6li 2~.OO Enllln..r. Bulhun 5203. 810thCl. ~~.00



';"'
~

""

RECORDS Of WEllS, SPRIN08, ANI) TEST ~S

cotMTY • Zo"olo

CASINO AHO &eREEN o.-,TA ...TER lEVEL

AlTITl.QE

DATE oe'TH CASINO DIM· ,or .., "'TEA OF """
......E- IIETHOD Of U8<

""'- Of 'lEU OR erEll. OE'TH OE'TH 8EAAINO ....,H:< lENT ffICII DATE lifT Nfl:) 0'
WELL

_.
OftlllEA 'LETEO (fT.) 8CAEEN liN.) (fT.) (fT.) '-"I' 1fT .) lao (FT.) ,.... ...TER AEMMKa

.....................

n·ll· 701 lCOnUnuod) c..ntod 1r.. no 1t to .urton.

,~ .ot ot 700 ft. Aoproted y101d

017...... TE., ... dogroo. f.

H1.tr01ool ob.onoUon wn.

17·18·110 C1ty 01 Crystol CUy Floyd Tr-. 1127 ,... 124C1lIU ... TE , "11 ..·.8 1n lo......,.d 01 water__00

(nl1Mo,.. IUUoUn a20S. IIoportod

y101d 01 1oe. U-.

n·"·612 C1ty 01 Cry.tal Cny ,... "30 124Cf1ftZ • 70 TE__00

77·20·101 .,.........-.n •• <Nt.. DUon Orlg ,.., .... 124C11IU ..0 ·)70.70 12·10·11&4 IE • Ob.ono.tion wU.

·S14 ... 02·21·1"1

""S'C'l
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~~~
~~.
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a~
!;~
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