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GROUND-WATER QUALITY IN
GARDEN CITY, TEXAS

INTRODUCTION

Garden City, the county seat of
Glasscock County, is a small, unincor
porated community with a population of ap
proximately 300 (Figure 1). The town,
which occupies about one half of a square
mile, is primarily residential and contains
only a few small businesses and
government offices which mostly serve a
farming and ranching economy. The semi-
arid climate in the area is characterized by
low rainfall (average of less than 16 inches
per year) and a high rate of evaporation
(more than five times the average annual
rainfall).

Being unincorporated, the com
munity comes under the jurisdiction of the
county government with the county judge
and the commissioners court responsible
for decisions relating to the daily operation
of the town. Also, the Glasscock County
Underground Water Conservation District
(GCUWCD) serves the community in an
advisory capacity.

The citizens of Garden City are
currently dependent on water wells for their
water supply; however, a majority of the
households purchase bottled water for
cooking and drinking purposes. The
Glasscock County Independent School
District operates wells in the northwest part
of town which supply water to the school
facilities and several houses adjacent to the
school property.

For several years, the local citizens
have been concerned about possible
contamination of and any subsequent
health risk from the local underground
water supply. As a result, water samples

have been collected periodically from
several local wells by the GCUWCD and
analyzed for coliform content. A number of
these samples were determined to have
dangerously high levels. Acting on a
request from the GCUWCD, the Texas
Water Development Board agreed to work
with the District in an effort to determine the

seriousness and extent of the water-quality
problem. The findings are to be presented
to the Glasscock County Commissioners
Court and the citizens of Garden City so
that necessary remedial action can be con
sidered.

The project involved a complete
inventory of both active and abandoned
water wells in town and a survey of septic
tanks and cesspools. Land-surface
elevations and 31 water-level depths were
measured to determine the ground-water
flow direction. And finally, samples from 28
wells were analyzed for various con
stituents including dissolved minerals,
selected heavy metals, and the nitrogen
cycle by the Texas Department of Health
Laboratory in Austin.
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LOCATION OF GARDEN CITY, TEXAS



WATER SUPPLY

Geohydrology of the Aquifer

Wells in Garden City draw water
from the Antlers Sand of Lower
Cretaceous age which is part of the more
extensive Edwards-Trinity (Plateau)
aquifer. Locally, the formation is 100 to 150
feet thick and consists of gray, brown,
yellow, and white, fine- to coarse-grained
sand, sandstone, and gravel, interbedded
with usually three to five layers of gray,
brown, or red clay ranging in thickness up
to 25 feet each.

The Antlers Sand overlies red,
maroon, and blue shales of the Triassic
Dockum Formation which is commonly
referred to as the "redbed." Overlying the
Antlers Sand is the light gray to yellowish
brown Edwards Limestone which extends
to near the surface. Conduits in the
limestone, created by joint fracturing, allow
for rapid infiltration of water percolating
downward from the surface. The Edwards
Limestone ranges in thickness from 160
feet in the northwest part of town to about
70 feet in the southern part. Both the
Edwards Limestone and the Antlers Sand
gently dip toward the southeast.

Water in the aquifer is unconfined
and thus occurs under water-table condi
tions. Depth to the water table from the
land surface ranges from about 145 feet in
the northwest part of town to about 90 feet
in the south. The water table generally
occurs less than 25 feet below the top of
the Antlers Sand and dips toward the
southeast (Figure 2). Movement of the
ground water is also generally toward the
southeast at a rate of only a few feet per
year. Considering an average net
saturated sand thickness of 70 feet and an
average specific yield of 0.074, there is an

estimated 1,700 acre-feet (554 million
gallons) of water contained in the aquifer
below Garden City.

Water Wells

Because there is not a central water
distribution system in Garden City, most
households are supplied from individual
wells with the exception of several houses
owned by the school district which are
supplied from a common system operated
by the district. The few businesses and
government offices either have individual
wells or share common wells. A well
inventory conducted in the town in 1989
located 104 wells currently in use and 15
abandoned or unused wells (Figure 3).

A majority of the abandoned wells
were found to be either open at the surface
or covered by an easily removable object.
In either case, these wells pose both a
safety and health hazard. Wells drilled in
the past 10 years appear to comply with
construction rules set forth by the Texas
Water Well Drillers Board and the Texas
Department of Health. Numerous older
wells were either poorly constructed or their
condition has deteriorated and may no
longer prevent contaminants from entering
the well from the surface or shallow depths.
More recently drilled wells have cement
between the borehole and the casing from
the surface down 10 to 15 feet. Depth of
cement is uncertain in the older wells and
may not occur at all in some.

SEWAGE DISPOSAL

The disposal of sewage in Garden
City is accomplished by septic tanks and
cesspools. Cesspools are more of a health
problem than septic tank systems because
they allow raw sewage to enter the soil
zone. Although an actual count was not
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ELEVATION OF AND DEPTH TO THE WATER LEVEL IN WELLS
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LOCATION OF ACTIVE AND ABANDONED WATER WELLS



made, there appears to be more disposal
systems in town than there are wells. Every
house in town has a disposal system;
however, not every house has a water
well.

Septic systems are completed in the
upper few feet of land surface. Conse
quently, their ability to function is partially
dependent on the permeability of the soil
and the nature of the underlying bed rock.
Most of the town is underlain by the
Reagan soil (Figure 4) which has been
classified as having a favorable percolation
rate by the U. S. Department of Agriculture
Soil Conservation Service. Elsewhere in

the town, Angelo, Conger, and Tobosa
soils have slow percolation rates (U.S. Soil
Conservation Service, 1977).

Underlying the soil zone at variable
depths throughout town are massive layers
of limestone which tend to cause the septic
effluent to travel more horizontally than
vertically. This horizontal movement often
brings the effluent in contact with nearby
wells that are not adequately sealed and
thus allow the effluent to travel down into

the well.

Rules related to the Water Well

Drillers Act dictate that there should be a

minimum of 150 feet between a well and a

concentrated source of contamination such
as a septic system. However, this distance
may be decreased provided the total depth
of the cement slurry placed around the
wells is substantially increased. Most
households in Garden City do not appear
to meet this standard.

WATER QUALITY

The native chemical quality of
ground water in the Antlers Sand aquifer in
the Garden City area is acceptable for most

uses; a few exceptions will be discussed in
the following paragraphs. Twenty eight
randomly selected wells were sampled to
determine the chemical quality in the aquifer
underlying the town. Data collected from
this effort was then compared to existing
data for the surrounding area to see if any
changes in quality have occurred. Ground
water in Glasscock County contains
concentrations of dissolved solids generally
ranging between 400 and 800 milligrams
per liter (mg/l) and is very hard. Table 1
shows the average and range of concentra
tion of constituents in water samples from
14 wells. One contaminated well was not
included in this table.

TABLE 1

Average and Range of Concentration of Constituents

Constituent Average (mg/l) Range (mg/I)

Calcium 105 62 - 198

Magnesium 29 17 - 54

Sodium 113 67 - 236

Potassium 6 4 - 10

Silica 14 11 - 17

Alkalinity 228 184 - 400

Sulfate 200 83 - 487

Chloride 98 29 - 229

Fluoride 1.5 1.3 - 2.1

Dissolved Solids 733 422 - 1465

Hardness as CaC03 385 225 . 716

Wells were sampled in accordance
with the Board's Field Manual for Ground

Water Sampling (1990). Sampled wells
(Table 3) were purged (pumped) until the
temperature, specific conductance, and pH
stabilized, insuring that the sample results
were reflective of the representative water
quality of the aquifer with as little inter
ference from the well construction as

possible. Samples were obtained at or as
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close to the well head as possible. Total
alkalinity was determined at the well site by
field titration. Water pumped from the well
was passed through a 0.45 i/m filter;
hence, analysis results will be in dissolved
constituents. Subsamples (individual
samples from the same well) from each
well were preserved as applicable and
chilled on ice. Samples were then
delivered to the Texas Department of
Health (TDH) laboratory for analysis within
one week so that holding times for
constituents could be observed. Table 2

shows the primary and secondary
maximum concentration level (MCL) as
recommended by the TDH for human
consumption.

TABLE 2

Standards of Chemical Quality
(TDH, 1988)

Primarv Constituent Levels

Constituent MCL in mg/l

Arsenic 0.05

Fluoride 4.00

Nitrate (as N) 10.00

Recommended Secondary Levels

Constituent

or Property Level

Chloride 300 mg/l

Fluoride 2 mg/l

Iron 0.3 mg/l

PH >7.0 units

Sulfate 300 mg/l

Total dissolved solids 1000 mg/l

Subsamples were collected from 15
wells to determine anion (sulfate, chloride,
and fluoride) and silica content. No preser
vative was necessary, but the subsamples
were chilled on ice to 4" C until delivered to
the lab. The TDH's recommended

secondary constituent levels applicable to
all public water systems (see Table 2) in
mg/l is sulfate (300), chloride (300), and

fluoride (2.0). One contaminated well (44-
13-138) exceeded the recommended limits
for all three anions. Sulfate levels were high
in several other wells (see Table 4). The
average constituent concentration from the
other 14 anion subsamples was sulfate
(200), chloride (98), and fluoride (1.5) in
mg/l. There is no MCL established for
dissolved silica, which had an average
concentration of 14 mg/l.

Subsamples from the same 15 wells
were collected to determine cation con

centrations. The filtered water was collected

in one liter polyethylene containers to which
5 ml of concentrated nitric acid was added
as a preservative. At this point the sub-
samples were put on ice and delivered to
the laboratory. Analysis of the cations was
completed within an established 28 day
holding time. Subsamples were analyzed
for calcium, magnesium, sodium, arsenic,
potassium, iron, and strontium.

Excluding the aforementioned con
taminated well, averages and evaluations
of the constituents determined in the

remaining 14 cation subsamples are as
follows:

1. Average concentrations for
calcium, magnesium, and strontium were
105, 29, and 3.25 mg/l, respectively. From
these values, hardness as calcium
carbonate was calculated to be 385 mg/l.
The property of water known as hardness
is associated primarily with reactions of
water with soap. As hardness increases,
so does the soap-consuming ability of
water. Hardness in excess of 180 mg/l is
considered very hard. Obviously, the
ground water in this area falls in this
category. For general domestic use,
hardness of water is not particularly
objectionable until it attains about 100 mg/l.
































