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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
cubic foot per day (ft°/d) 0.0003277 liter per second
foot (ft) 0.3048 meter
foot per day (fv/d) 0.3048 meter per day
foot per mile (ft/mi) 0.1894 meter per kilometer
foot per year (ft/yr) 0.3048 meter per year
foot squared per day (ft/d) 0.09290 meter squared per day
gallon per day (gal/d) 0.003785 cubic meter per day
gallon per minute (gal/min) 0.06309 liter per second
inch (in.) 254 millimeter
mile (mi) 1.609 kilometer
seconds per square foot (sec/ft?) 10.764 seconds per square meter
square foot (ft%) 0.09290 square meter
Tempereture
degree Celsius (°C) 1.8x(°C+32) degree Fahrenheit

Sea level: In this report, "sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived from a general
adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.
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Table 1. Summéry of the lithology and hydrogeology of the geologic units near Naval Air Station Chase
Field and Naval Auxiliary Landing Field Goliad, Texas

[Geology modified from Solis (1981); lithology modified from the University of Texas, Bureau of Economic Geology (1987).
* not in study area; +, subsurface only in study area]

crossbedded lenses

Stratigraphic | Thickness Hydrogeologic
t i Lithol
System |  Serles unit (feet) hology unit
Alluvium 0-20 Clay, silt, sand, and gravel; abundant
organic matter locally
Holocene . .
Fluvial- Clay, silt, sand, and grave}; concretlops Local alluvial aquifers
terrace 0-20 and massive accumulations of calcium
deposits carbonate (caliche) in zone of
po weathering
Clay, silt, sand, and gravel; calcareous
Quaternary Beaumont concretions and massive accumulations
Formation * of calcium carbonate (caliche) and
concretions of iron manganese oxide in
N . £i g e
Pleistocene zone of weathering ) .
- - Chicot aquifer
Sand, silt, clay, and minor amounts of
Lissie gravel; locaily contains calcareous
Formation 0-30 concretions and massive accumulations
of calcium carbonate (caliche) in zone
of weathering
Clay, sand, sandstone, and conglomerate;
Goliad locally contains calcareous
Formation 0-250 concretions and massive accumulations | Evangeline aquifer
of calcium carbonate (caliche) in zone
of weathering
Clay and sandstone; clay, calcareous; Burkeville confining
Miocene Fleming 650-800 sandstone, medium grained, system (Fleming
Formation calcareous, thick bedded; some aquifers) after
Tertiary crossbedding Wesselman (1983)
Oakville Sandstone and clay; sandstone, medium
Sandstone 300500 grained, calcareous, thick bedded with
+ minor amounts of gravel; clay,
calcareous i
- Jasper aquifer
Catahoula Clay and sand; clay, bentonitic,
. . 0-600 noncalcareous except for calcareous
Oligocene FclnnaUOn 35 concretions locally; sand, tuffaceous,

Formation but does not crop out in the study area. The
Beaumont Formation overlies the Lissie Formation,

but does not crop out in the study area. The lithology of

these formations consists of sand, sandstone, silt, and

Tertiary System

clay, with lesser amounts of gravel and caliche in the

outcrops. These sediments were deposited in a fluvial
to fluvial-deltaic setting. The formations in the study

area generally dip to the southeast at a rate of approxi-
mately 20 to 40 ft/mi (Myers and Dale, 1966).

The Tertiary system in the study area comprises
the Fleming and Goliad Formations of Miocene age

GEOLOGY

5



(table 1). The Fleming and Goliad Formations are com-
posed of consolidated to unconsolidated sediments.

The oldest geologic unit that crops out in the
study area is the Fleming Formation of Miocene age,
whose uppermost beds crop out in the bottoms of
creeks adjacent to NALF Goliad (fig. 2). The Fleming
Formation includes all of the strata up to the base of the
Goliad Formation (table 1). Dumble (1894) described
the Fleming Formation of south Texas, originally the
Lagarto Clay, as a calcareous clay with a little sand. In
Bee and Goliad Counties, the Fleming Formation is
composed predominately of non-marine, silty-to-sandy
calcareous clays, and thick beds of sandstone deposited
as fluvial, braided-to-meanderbelt facies; and interflu-
vial-interdeltaic floodbasin facies (Solis, 1981, p. 28).
The sandstone beds consist of fine- to medium-grained,
silica cemented quartz sand that could have an areal
extent of several miles as observed in drillers’ and geo-
physical logs of wells near NAS Chase Field and the
city of Beeville. These sandstones terminate updip,
downdip, and laterally by facies changes (Wesselman,
1983). The upper part of the Fleming Formation gener-
ally contains greater quantities of sand (40 to 60 per-
cent) than the lower part (25 to 45 percent) (Solis,
1981, p. 27-29). Although the formation thickens
downdip to the southeast, the section thins southwest-
ward from about 800 ft at NALF Goliad to about 650 ft
near NAS Chase Field (Dale and others, 1957, p. 10).
Beneath NAS Chase Field, the top of the Fleming For-
mation is approximately 270 ft below the surface. Fos-
sils in the Fleming Formation include reworked
Cretaceous marine invertebrates and Miocene terres-
trial vertebrates of Protohippus sp. (Sellards and oth-
ers, 1932).

The Goliad Formation unconformably overlies
the Fleming Formation and crops out in an irregular
band across central Bee and Goliad Counties (fig. 2).
The Goliad Formation, as described by the University
of Texas, Bureau of Economic Geology (1987), con-
sists of clay, sand, and sandstone, with chert conglom-
erates and caliche in the outcrop. Caliche is a surface
deposit formed in semi-arid climates by the evapora-
tion of calcium bicarbonate saturated ground water,
leaving calcium carbonate precipitate in the interstices
of the sand and gravel. Caliche occurs as a strongly
cemented crust or succession of crusts in the unsatur-
ated zone of soils (American Geological Institute,
1987, p. 95). These caliche deposits, which in some
areas consist of more than 30 percent calcium carbon-
ate, mantle broad areas along the outcrop of the Goliad

and Lissie Formations, producing a well consolidated
surface that is quite different from that of the loose
sands exposed in northeastern parts of the State (Sell-
ards and others, 1932, p. 755). The interbedded nature
of the sands and clays in the Goliad Formation gener-
ally make correlation of individual beds over long dis-
tances difficult. However, at NAS Chase Field, several
sandstone beds have an areal extent of at least 1 mi as
observed in drillers’ and geophysical logs of wells at
the facility. At NAS Chase Field, the top of the Goliad
Formation lies 20 to 30 ft below the surface with an
average thickness of about 240 ft, as measured in
gamma-ray borehole geophysical logs of the water-
supply wells. At NALF Goliad, the Goliad Formation
is approximately 50 ft thick and crops out over most of
the interstream surfaces. Fossils include reworked frag-
ments of terrestrial vertebrates and a few invertebrates
from earlier formations of Miocene age.

Quaternary System

The Quaternary system in the study area com-
prises the Lissie Formation of Pleistocene age, fluvial
terrace deposits of Pleistocene to Holocene age, and
alluvium of Holocene age (table 1). The Lissie Forma-
tion, fluvial terrace deposits, and alluvium are all flu-
vial and stream terrace deposits composed mostly of
clay, silt, sand, and gravel.

The University of Texas, Bureau of Economic
Geology (1987) describes the Lissie Formation as
consisting of thick beds of sand containing lens-
shaped bodies of gravel, interbedded with silt and clay.
As in the Goliad Formation, there are calcareous con-
cretions and crusts of caliche that form in the unsatur-
ated zone (table 1). Typically, the caliche in the outcrop
makes differentiation of the Lissie Formation from the
underlying Goliad Formation difficult. At NAS Chase
Field, a consolidated crust of caliche is present in the
subsurface at approximately the Goliad and Lissie
Formations contact. This "hardpan" layer was encoun-
tered during the drilling of several monitor wells as
reported by Environmental and Safety Designs, Inc./
Allen & Hoshell (1993). The Lissie Formation uncon-
formably overlies the Goliad Formation and is uncon-
formably overlain by the Beaumont Formation. The
Beaumont Formation has outcrops in southern Bee
County, but none within the study area. The outcrop of
the Lissie Formation is approximately 25 mi wide in
Bee County, underlying all of NAS Chase Field and
extending approximately 2 mi northwestward to a
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Countles, Taxas



southwest-to-northeast trending contact with the
Goliad Formation. At NAS Chase Field, the Lissie For-
mation is approximately 20 to 30 ft thick; however, it
thickens rapidly southeastward to about 400 to 600 ft in
the subsurface (Sellards and others, 1932, p. 783).

The fluvial terrace deposits of clay, silt, sand,
gravel, and caliche are present along parts of Poesta
Creek west of NAS Chase Field; on Medio Creek east
of NAS Chase Field; on Blanco Creek south of NALF
Goliad; on Mucorrera Creek southeast of NALF
Goliad; and on the northeast corner of the study area
(fig. 2). Terraces are produced by downcutting of the
flood plains adjacent to each stream. The lithology of
these terraces generally is similar to the underlying for-
mations in the study area, but can be differentiated by
topographic position.

Alluvial deposits are present in Poesta, Medio,
Blanco, Miller’s, and Mucorrera Creeks (fig. 2). These
deposits can be differentiated from adjacent contacts
with fluvial terrace deposits and other formations by
their high organic content, lack of cementation and
weathering, and topographic position.

HYDROGEOLOGY

The shallow hydrogeologic units within the
study area are part of the Gulf Coast Aquifer System
(Pettijohn, Busby, and Beckman, 1993), and include
the Chicot aquifer, Evangeline aquifer, and the
Burkeville confining system (table 1) (Baker, 1979).
The fluvial terrace and other alluvial deposits that are
present in the study area constitute minor aquifers
when and where they are saturated.

The Chicot aquifer comprises the Lissie Forma-
tion and the overlying Beaumont Formation outside the
study area (table 1). The Chicot aquifer and the Evan-
geline aquifer are hydraulically connected, but are dif-
ferentiated on the basis of lithologic and hydraulic
properties. The average hydraulic conductivity of the
Chicot aquifer is about 10 times greater than that of the
Evangeline aquifer (Wesselman, 1967; Ryder, 1988).
The Chicot aquifer is the primary source of ground
water for domestic and agricultural water users in
southeastern Bee County and areas to the southeast. In
the immediate vicinity of NAS Chase Field, the Chicot
aquifer is virtually absent because the Lissie Formation
is thin and usually unsaturated. Hence, the updip limit
of the Chicot aquifer is approximately 2 mi to the
southeast of NAS Chase Field.

The Evangeline aquifer (Jones and others, 1956,
p- 205) comprises the upper sandy part of the Fleming
Formation and all sediments of the Goliad Formation
(table 1). The Evangeline aquifer is the principal source
of ground water for most domestic and agricultural
water users in Bee and Goliad Counties; however, the
aquifer yields only small quantities of water (less than
100 gal/min). The Evangeline aquifer is unconfined
throughout the study area. Regional ground-water
movement is toward the southeast at a rate of approxi-
mately 10 ft/yr (Myers and Dale, 1966, p. 16). The
local and intermediate ground-water-flow systems in
the Evangeline aquifer are highly influenced by topog-
raphy and streamflow. The water quality of the Evange-
line aquifer in the study area is fresh to slightly saline
(dissolved-solids concentrations less than 3,000 mg/L
[milligrams per liter]) (Myers and Dale, 1966).

The Burkeville confining system (Wesselman,
1967, p. 18; Baker, 1979, p. 40) comprises the thickly
bedded clays and sandstones from the top of the
Oakville Sandstone to the upper sandy part of the
Fleming Formation (table 1). Regionally, the
Burkeville confining system is the confining unit sepa-
rating the overlying Evangeline aquifer (upper Fleming
Formation and Goliad Formation) and the underlying
Jasper aquifer (Catahoula Formation and Oakville
Sandstone). The Fleming Formation contains thick
beds of sandstone, which are confined aquifers that
Wesselman (1983) termed the Fleming aquifers. In Bee
and Goliad Counties, these aquifers are used for public
water supply by naval facilities and municipalities and
for irrigation of crops. These aquifers yield moderate
quantities of water to wells (up to approximately 1,000
gal/min). Ground-water movement within the Fleming
aquifers is slow, downward, and generally toward the
southeast (Ryder, 1988). This movement is indicated
by a downward vertical hydraulic-head gradient within
the Burkeville confining system and a gulfward
hydraulic-head gradient within the regional aquifer
system. Water quality of the Fleming aquifers in Bee
and Goliad Counties tends to be fresh to slightly saline
(Dale and others, 1957; Myers and Dale, 1966).

The local alluvial aquifers in the study area act as
separate water-yielding units. These alluvial aquifers
are variably saturated when in direct hydraulic connec-
tion with the Evangeline aquifer or streams, and are
rarely used for public or domestic water supply. Myers
and Dale (1966) report only a few small-diameter wells
producing fresh to slightly saline water from fluvial-
terrace or alluvial deposits. Within the study area, no
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wells are known to be completed in fluvial-terrace or
alluvial deposits.

Hydrogeology Beneath Naval Air Station
Chase Field

NAS Chase Field is centered on a topographic
high that slopes southeastward at approximately 20
ft/mi. The soils that formed from weathered Lissie For-
mation sediments are fine sandy to clayey loams that
allow for slow to very slow infiltration of precipitation
(Guckian and others, 1981). These soils contribute to
rapid runoff from rainfall to topographically low areas.
Predevelopment surface drainage was to Poesta Creek
on the west, Medio Creek on the east, and Spring Creek
on the southeast (fig. 1). Currently (1995), runoff from
NAS Chase Field is collected in an extensive drainage
system and channeled into a large drainage ditch that
was excavated between the southeastern boundary of
the facility and Spring Creek.

The aquifers underlying NAS Chase Field
include the Evangeline aquifer and two Fleming aqui-
fers, which are used for public water supply. In this
report, the unconfined Evangeline aquifer will be
referred to as the water-table aquifer, the uppermost
Fleming aquifer will be referred to as the A-sand aqui-
fer, and the next lower aquifer will be referred to as the
B-sand aquifer. The aquifers are separated from one
another (and from underlying units) by thick, clayey
confining units. Collectively, the aquifers and confining
units will be referred to as the aquifer system (fig. 3).

The altitude of the water table at NAS Chase
Field was determined from water-level data obtained
from wells (figs. 4, 5; table 2 at end of report). A map
showing measured water levels was prepared (fig. 5).
However, the data are insufficient to indicate the direc-
tion of ground-water flow in the water-table aquifer.
The depth to the water table ranges approximately from
0to 30 ft below land surface, depending on topographic
position.

In the conceptual model of the aquifer system
(fig. 6), the water table coincides with land surface in
Poesta Creek and is deepest on the crest of topographic
highs. Heath (1983) reported that, in general, ground
water in the shallowest part of the saturated zone
moves from interstream areas toward streams, and the
depth to water is greater along the divide between
streams than it is beneath the flood plain. In effect, the
water table usually is a subdued replica of the land sur-
face. Therefore, under natural conditions, the shallow-

est ground water at NAS Chase Field probably moves
toward Poesta Creek on the west side of the base and
toward Medio Creek on the east side of the base. In this
conceptual hydrogeologic model, shallow ground-
water flow (local flow systems), the most rapid flow
component, is down the hydraulic gradient toward
topographically low areas (Toth, 1963). At greater
depths in the water-table aquifer, the ground-water flow
(intermediate flow systems) is probably from the topo-
graphically high areas downward and then toward
Poesta and Medio Creeks. The deepest and probably
slowest component of ground-water flow (regional
flow systems) is in the lower part of the unconfined
aquifer and in the confined aquifers generally moving
toward the southeast. Ground-water flow within the
confining units probably tends to move almost verti-
cally because of the low hydraulic conductivity of the
units (Hubbert, 1940).

The A-sand aquifer is a sandstone unit approxi-
mately 20 ft thick that extends throughout the NAS
Chase Field area as indicated by drillers’ and geophys-
ical logs of wells (fig. 3). The B-sand aquifer is a sand-
stone unit approximately 80 ft thick that can be
correlated to wells in Beeville (approximately 5 mi
west). The A-sand aquifer and B-sand aquifer are sep-
arated by a thick clayey confining unit approximately
100 ft thick (fig. 3).

The water-table aquifer is penetrated by 1 non-
potable water-supply well (WSW7, AW-79-43-202)
near the southwestern boundary of the base and 22
monitoring wells at various locations that were con-
structed for a previous NACIP investigation. The A-
sand aquifer is penetrated by two non-potable water-
supply wells (WSWS5, AW-79-43-310; and WSW6,
AW-79-43-311) in the southern areas of NAS Chase
Field. The B-sand aquifer is penetrated by three water-
supply wells (WSW1A, AW-79-43-308; WSW2,
AW-79-43-309; and WSW4, AW-79-35-908) that
supply the public water system for NAS Chase Field
(fig. 4).

Since 1943, NAS Chase Field has obtained water
for public supply from the B-sand aquifer, pumping an
average of 480,000 gal/d (Myers and Dale, 1966, p.
20). Since 1943, six wells have been completed in the
B-sand aquifer; however, only three existed at any one
time. The current (1995) operating water-supply wells,
WSWI1A, WSW2, and WSW4, are the second group of
B-sand aquifer wells operating at NAS Chase Field
(fig. 4). The three original wells have been destroyed
and are not included in the inventory done for this

8 Geology and Hydrogeology of Naval Alr Station Chase Fleld and Naval Auxillary Landing Fleld Gollad, Bee and Gollad
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investigation. The potentiometric surface of the B-sand
aquifer 1s approximately 75 ft below land surface near
the NAS Chase Field cantonment area. However, water
levels are highly variable because the three wells are
pumped on a rotating basis, thereby creating cones of
depression in the potentiometric surface.

The hydraulic interaction among the aquifers and
confining units was assessed by conducting an aquifer
test. The aquifer test caused increased vertical hydrau-
lic-head gradients from overlying and underlying units
toward the pumped aquifer (the B-sand aquifer) as
water was withdrawn at a constant rate. To document
the increased downward gradient, heads were moni-
tored in the B-sand aquifer, the A-sand aquifer, and the
water-table aquifer during the test. These data were
then used to compute properties of the B-sand aquifer
characterizing its capacity to transmit and store water.
These properties are termed transmissivity and storat-
ivity, respectively. In addition, the rate of leakage from
the confining units during the test was computed.

The test involved pumping well WSW1A (AW-
79-43-308) at a rate of 520 gal/min for 74 hours and 15
minutes. In the B-sand aquifer, observation wells were
WSW2 (AW-79-43-309) at a radial distance of 996 ft
from the pumped well and WSW4 (AW-79-35-908) at
a radial distance of 2,264 ft; in the A-sand aquifer,
wells WSWS (AW-79-43-310) and WSW6 (AW-79—
43-311) at radial distances of 7,450 ft and 6,060 ft,
respectively; and in the water-table aquifer, all water-
table monitor wells on NAS Chase Field. Changes in
water levels due to pumping (drawdowns) in the B-
sand aquifer were measured by datalogger/pressure
transducers and steel tape; in the A-sand aquifer by
automatic digital recorders and steel tape; and in the
water-table aquifer by steel tape. Continuous water-
level measurement began 8 days before the pump was
turned on. No water-level trends that needed to be
accounted for in the data analysis were detected.

The test data were analyzed using the Hantush
(1960) modified method. This method takes into
account water leaking from overlying and underlying
confining units and, particularly, water coming from
storage in the confining units. The method involved
plotting on logarithmic paper the drawdown, s, in each
of the two observation wells in the pumped aquifer
against the time, t, since pumping began divided by the
square of the distance of the respective observation
well from the pumped well, r%. The resulting set of two
time-drawdown curves is overlain on and matched to
the family of logarithmic type curves of the Hantush

well function H(u, ) versus 1/u (Lohman, 1972, pl. 4).
After the "best match" of data curves to type curves! is
obtained and the values of the leakage parameter, B,
associated with the matched type curves noted, a match
point on the superimposed graphs is selected that yields
values of s, /r2, H(u, B), and 1/u (fig. 7). With values of
these parameters graphically determined, the transmis-
sivity and storativity of the pumped aquifer and the rate
of leakage from the confining units above and below
the pumped aquifer during the test can be computed
from the following equations:

Q

T = Hup), (D

where T = transmissivity of the aquifer, in feet squared

per day;
Q = discharge of the pumped well, in cubic feet
per day;
s = drawdown at the observation well, in feet;
and
H(u, B) = Hantush (1960) well function (dimension-
less).
S = 4T2tu ’ @)

r

where S = storativity of the aquifer (dimensionless);
t= time since pumping began, in days;
u= the variable of integration in the Hantush
(1960) well function (dimensionless); and
r= radial distance from the pumped well to the
observation well, in feet.

q = Qppn [1—€™erfc (Ja1)], 3)

where q; = rate of leakage from confining units during
aquifer test, in gallons per minute;
Q,,m = discharge of the pumped well, in gallons
per minute;
2
n= 16( A ) ( T )indays",where B =
r S
leakage parameter (dimensionless);
erfc (x) = complimentary error function of x (dimen-
sionless); and

other parameters are as previously defined.

1A constraint of the curve-matching process is that the r
values for the data curves representing each well fall on
proportional [} curves (Reed, 1980, p. 28; Tibbals and Grubb,
1982, p. 11); therefore, the ratio ﬁ/r should be approximately the
same for each data curve that is matched, as shown in figure 7.
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Application of the above equations resulted in a
computed transmissivity of 1,060 ft%/d, a computed
storativity of 1.2X104, and a computed rate of leakage
during the test of 448 gal/min. The transmissivity is
small compared to values representing what Freeze and
Cherry (1979, p. 60) term "good aquifers for water well
exploitation” (greater than about 13,000 ft2/d). The
storativity is in the range typical of most confined aqui-
fers (1073 to 103) (Lohman, 1972, p. 8). The rate of
leakage indicates that the source for most of the 520-
gal/min well discharge during the test (86 percent) was
the confining units rather than the pumped aquifer. The
pumpage was derived mainly from storage in the con-
fining units rather than from leakage through the con-
fining units from overlying or underlying aquifers. This
is indicated by the fact that the time-drawdown curves
shown in figure 7 had not "flattened out" by the end of
the test—that is, drawdown had not stabilized but was
continuing to increase, thus a steady-state condition
had not been reached. Under continued pumping stress,
leakage from overlying aquifers would not begin until
a later time.

As an additional check on the physical plausibil-
ity of the match-determined leakage parameters (B val-
ues), the assumption was made that the specific storage
of the clay in the confining units was 10-5/ft so that ver-
tical hydraulic conductivity of the confining units could
be estimated (E.P. Weeks, U.S. Geological Survey,
written commun., 1994). Assuming that one-half of the
leakage is derived from the upper confining unit and
applying the following equations modified from Han-
tush (1960, p. 3,716):

L @

r

K'S's
k =2 "-:f;‘s-*—, (5)

where K' = vertical hydraulic conductivity of the
upper and lower confining units, in feet
per day;
S's = specific storage of the upper and lower
confining units, in feet'!; and

and

other parameters are as previously defined; vertical
hydraulic conductivity is computed as:

K={ETE=

2~ 1.8x1073ft/d. (6)
r SS

This estimate seems plausible and falls within a range
of published values for vertical hydraulic conductivity
of clays (Todd, 1980, fig. 3.3).

The time at which some drawdown in the overly-
ing A-sand aquifer might occur can be estimated from
the relation:

2 Qe
st

tS-l'6-K—,-, (7)

where b’ =confining-unit thickness, in feet; and

other parameters are as previously defined (Hantush,
1960, p. 3,724).

By substituting a b' of 120 ft from geophysical logs
and previously assumed values for S'g and K', the
relation indicates that no drawdown would occur in
the A-sand aquifer for at least 8 days. This result is
consistent with the fact that no drawdown was
observed in the A-sand aquifer during the 74-hour
aquifer test. If pumping were to be continued and the
stress due to pumping was large enough to cause
drawdown ultimately to reach the water-table aquifer,
it would not happen until a much later time.

Large vertical hydraulic-head gradients are
present in the aquifer system at NAS Chase Field. In
1993, under static conditions, a hydraulic-head differ-
ence of approximately 55 ft existed between the water-
table aquifer and the B-sand aquifer. A hydraulic-head
difference of approximately 30 ft exists across the 120
ft-thick confining unit between the A-sand aquifer and
the B-sand aquifer (upper confining unit). These gradi-
ents indicate a potential for downward flow of ground
water. By substituting the estimated K' and b’ of the
upper confining unit and the hydraulic-head difference
across the upper confining unit into Darcy’s Law, spe-
cific discharge can be computed:

v=3- K‘( flbl,‘ ) = 4.5%107 /4, (8)

where v = specific discharge, in feet per day
A = cross-sectional area of flow, in square feet;
dh = hydraulic-head difference across the upper
confining unit, in feet; and

other parameters are as previously defined.

Using this vertical specific discharge, the computed
travel time of ground water from the A-sand aquifer to
the B-sand aquifer is long. Depending on the value of
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vertical hydraulic-head gradient (dh/b') used in the
computation, estimated travel times from the A-sand
aquifer to the B-sand aquifer could range from about
730 years under the natural gradient to about 490 years
under the gradient at the conclusion of the aquifer test.
Vertical rates of flow for the water-table aquifer and its
lower confining unit could not be estimated from the
analysis of this aquifer test.

The specific conductance, pH, and temperature
of water from wells in the aquifer system were mea-
sured whenever possible during the study (table 3). The
most variable constituent measured was specific con-
ductance. The values varied widely and decreased with
increasing depth. The specific conductance for the
water-table aquifer was 2,670 pS/cm (microsiemens
per centimeter at 25 °C), an average of 1,462 uS/cm for
the A-sand aquifer, and an average of 1,129 uS/cm for
the B-sand aquifer. The differing values of specific con-
ductance indicate that these three aquifers are some-
what insulated from one another by the intervening
confining units.

Hydrogeology Beneath Naval Auxiliary
Landing Field Goliad

NALF Goliad is in western Goliad County
approximately 6 mi north of Berclair, Tex. (fig. 1). The
topography is typical of areas where the erosion of
Goliad Formation outcrops have resulted in the forma-
tion of ridges, valleys, and cuestas. The topographic
relief is 100 ft or more in the immediate area of the air-
field. In this area, the soils that form from Goliad For-
mation sediments are sandy, clayey loams to calcareous
loams. These soils allow for moderate to good infiltra-
tion and drainage (U.S. Department of Agriculture,
Soil Conservation Service, 1975). The area is drained
by Miller’s Creek to the southwest, Mucorrera Creek to
the east, and Live Oak Creek to the north.

The Goliad Formation is approximately 50 ft

‘thick in the NALF Goliad area. Therefore, the water-
table aquifer is a thin hydrogeologic unit (approxi-
mately 35 ft thick) compared to the water-table aquifer
at NAS Chase Field, where a greater thickness of the
Goliad Formation is present. Currently (1995), NALF
Goliad uses two wells for water supply (fig. 8) that are
completed in Fleming aquifers. Because of the lack of
adequate data from driller’s or geophysical logs, it is
not known if the aquifers and confining units at NALF
Goliad correlate with those at NAS Chase Field.
WSW1 (KP-79-28-102) is used for potable water, and

WSW2 (KP-79-28-101) is used for firefighting and
maintaining a small recreational pond. As part of a site
assessment conducted by Environmental and Safety
Designs, Inc./Allen & Hoshell (1993), five monitor
wells (fig. 8; table 2) were constructed in the water-
table aquifer near the base cantonment area. Water-
level data obtained from the monitor wells (fig. 9) indi-
cates that the water table ranges from 0 to 15 ft below
land surface. Because few wells with completion infor-
mation are available for monitoring, data are insuffi-
cient to indicate the direction of ground-water flow at
NALF Goliad. However, it is reasonable to assume that
the configuration of the water table is a subdued replica
of the land surface, and that ground-water flow in the
local, intermediate, and regional flow systems gener-
ally is probably similar to that previously described at
NAS Chase Field.

A steep vertical hydraulic-head gradient, similar
to that at NAS Chase Field, is present between the
water-table aquifer and the confined Fleming aquifers,
as determined by water-level measurements in wells at
NALF Goliad. A vertical hydraulic-head difference of
approximately 80 ft was measured across the units
between the water-table aquifer and confined Fleming
aquifers. This gradient indicates the potential for down-
ward ground-water flow from the water-table aquifer to
confined Fleming aquifers. The rate of vertical flow (if
any) is unknown because data from which to estimate
vertical hydraulic conductivity do not exist for the con-
fining units beneath NALF Goliad. Aquifer tests were
not conducted at NALF Goliad.

SUMMARY AND CONCLUSIONS

The geologic formations near NAS Chase Field
and NALF Goliad consist of fluvial to fluvial-deltaic
sediments of Tertiary and Quaternary age. The lithol-
ogy of these formations consists of sand, sandstone,
silt, and clay, with lesser amounts of gravel, and caliche
in the outcrops. The freshwater aquifers underlying the
study area are the unconfined Evangeline aquifer, com-
prising the upper sandy part of the Fleming Formation
and the Goliad Formation; and two confined Fleming
aquifers, comprising the thick sandstone beds of the
Fleming Formation.

A constant-discharge aquifer test was done on
the Fleming (B-sand) aquifer from which NAS Chase
Field withdraws water for public water supply. This
aquifer test was done to determine the hydraulic prop-
erties of transmissivity and storativity for the B-sand
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Table 3. Selected water-quality constituents of wells sampled near Naval Air Station Chase Field, Texas

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius; NAS, Naval Air Station]

State well Specific Temperature
Hydrogeologlc unit conductance pH P Remarks
number (°C)
(nS/cm)
AW-79-34-901 Jasper aquifer 2,600 7.6 34.0 City of Beeville well 5
AW-79-34-902 Unnamed Fleming aquifer, 2,100 7.1 27.4 City of Beeville well 4
stratigraphically lower than
aquifers at NAS Chase Field
AW-79-34-903 Jasper aquifer 2,710 7.6 343 City of Beeville well 7
AW-79-43-202 Evangeline (water-table) 2,670 7.3 23.7 NAS Chase Field water-
aquifer supply well 7
AW-79-43-308 Fleming B-sand aquifer 1,123 7.2 27.3 NAS Chase Field water-
supply well 1A
AW-79-43-309 Fleming B-sand aquifer 1,135 7.3 270 NAS Chase Field water-
supply well 2
AW-79-43-310 Fleming A-sand aquifer 1,760 7.2 273 NAS Chase Field water-
supply well 5
AW-79-43-311 Fleming A-sand aquifer 1,165 7.2 27.5 NAS Chase Field water-
supply well 6

aquifer; and to obtain information about the hydraulic
connection between the B-sand aquifer, the overlying
A-sand aquifer, and the unconfined Evangeline (water-
table) aquifer. The aquifer test was analyzed using the
Hantush modified method. Values for transmissivity of
1,060 ft2/d and storativity of 1.2X104 were computed
for the B-sand aquifer. The computed rate of leakage
from the adjacent confining units to the B-sand aquifer
during the test was 448 gal/min, which is 86 percent of
the well discharge. The aquifer-test data indicated that
most of the water discharged from the pumped well
was derived from storage in the confining units. The
74-hour aquifer test did not last long enough for draw-
down to reach the A-sand aquifer. Data and assumed
specific storage of the confining units indicated that the
test would have had to last at least 8 days for drawdown
to reach the A-sand aquifer. Thus, the test did not last
long enough to allow leakage from the A-sand aquifer
to commence and did not demonstrate definitively that
a hydraulic connection exists between the B-sand aqui-
fer and the overlying aquifers.

Large vertical hydraulic-head gradients are
present between the water-table aquifer and the Flem-

ing aquifers at NAS Chase Field and NALF Goliad.
In 1993, under static conditions, the vertical hydraulic-
head difference between the water-table aquifer and
the lowest confined aquifer in the system studied mea-
sured approximately 55 ft at NAS Chase Field and
approximately 80 ft at NALF Goliad. Analysis of the
data of the aquifer test at NAS Chase Field indicates
that the confining unit(s) immediately above and (or)
below the B-sand aquifer leak water under a gradient.
Based on the natural gradients, the results of the aquifer
test, and assumed characteristics of the confining
units, it is concluded that ground-water movement
downward probably occurs in the hydrogeologic units
of the freshwater aquifer system of the study area.
However, the rate of downward flow as estimated
from the data and assumptions indicate a long travel
time from the A-sand aquifer to the B-sand aquifer—
probably from about 490 to about 730 years, depending
on the vertical hydraulic-head gradient. Vertical flow
velocities for the water-table aquifer and its lower con-
fining unit could not be estimated from the analysis

of this aquifer test. At NALF Goliad, no aquifer
testing was done. Thus, no data for vertical hydraulic
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conductivity exist from which to estimate flows within
the aquifer system at NALF Goliad. The rate of down-
ward flow in a ground-water system can increase as the
downward vertical gradient increases. Accordingly,
future increases in ground-water withdrawals from the
B-sand aquifer could decrease head in the B-sand aqui-
fer, increase the downward vertical gradient, and result
in increased downward flow in the aquifer system of
the study area.
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