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1.0 Executive Summary

Mace and others (2000) constructed a groundwater availability model simulating groundwater
flow through the Hill Country portion of the Trinity Aquifer System as a groundwater resource
management tool. The purpose of this report is to document updates to this earlier model. We
updated the model by (1) adding the Lower Trinity Aquifer as another layer to the model, (2)
revising the spatial distribution of parameters, such as recharge and pumping, and (3) calibrating
to steady-state water level and river discharge conditions for 1980 and historical transient water
level and discharge conditions for 1981 through 1997. The calibrated model can be used to
predict future water level changes that may result from various projected pumping rates and/or
changes in climatic conditions.

Our conceptual model subdivides the Hill Country portion of the Trinity Aquifer System into
three main components: the Upper, Middle, and Lower Trinity aquifers. The Upper Trinity
Aquifer is composed of the upper member of the Glen Rose Limestone. The Middle Trinity
Aquifer is composed of the lower member of the Glen Rose Limestone, Hensell Sand, and Cow
Creek Limestone. The Lower Trinity Aquifer is composed of the Sycamore Sand, Sligo
Formation, and Hosston Formation. The Middle and Lower Trinity aquifers are separated by the
Hammett Shale, which acts as a confining unit and is not explicitly included in the model. The
model study area also includes easternmost parts of the Edwards-Trinity (Plateau) Aquifer.

Recharge in the updated model is a combination of infiltration of precipitation that falls on the
aquifer outcrop and infiltration from losing intermittent streams within the model area. Estimates
of recharge due to infiltration of precipitation in this updated model vary spatially and are
equivalent to 3.5 to 5 percent of average annual precipitation. The highest of these recharge rates
coincide with the Balcones Fault Zone. In addition to recharge from precipitation, recharge of
about 70,000 acre-feet per year results from streamflow losses in the downstream parts of the
Cibolo Creek watershed to the underlying aquifers.

Groundwater in the aquifer generally flows toward the south and east. The Hill Country portion
of the Trinity Aquifer System discharges naturally as base flow to gaining streams, such as the
Guadalupe, Blanco, and Medina rivers, and as cross-formational flow to the adjacent Edwards
(Balcones Fault Zone) Aquifer. This cross-formational flow accounts for about 100,000 acre-feet
per year of discharge. Pumping discharge from the Hill Country portion of the Trinity Aquifer
System increased over the period 1980 through 1997. This increase in pumping is most apparent
in Bexar, Hays, Kendall, and Kerr counties—counties adjacent to the two largest metropolitan
areas in the region, San Antonio and Austin. In some of these counties pumping has doubled
during this period.

The updated model does a good job of reproducing observed water level fluctuations.
Comparison of measured and simulated 1997 water levels indicates a mean absolute error of 57
feet, or approximately 5.3 percent of the range of measured water levels. This precision is a
slight improvement over that of the original model. Overall, the updated model also does a good
job of mimicking base-flow fluctuations. The ability of the model to simulate spring discharge
varies widely. Simulating discharge to springs using a regional-scale model is commonly
difficult because of spatial and temporal scale issues. Of 17 springs, 6 display a good comparison
between measured and simulated discharge values.
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The main improvements in the updated model over the original model are due to the addition of
the Lower Trinity Aquifer to the model and the revised recharge distribution. The addition of the
Lower Trinity Aquifer is important because the Lower Trinity Aquifer is an increasingly
important source of groundwater in the study area. The revision of the recharge distribution in
the updated model, along with associated changes in the hydraulic conductivity distribution,
takes into consideration the major contribution to recharge from Cibolo Creek and will result in
better simulation of groundwater flow in Bexar and surrounding counties.

2.0 Introduction

This report describes updates to the earlier developed groundwater availability model for the Hill
Country portion of the Trinity Aquifer System by Mace and others (2000). These updates include
(1) addition of the Lower Trinity Aquifer to the model, (2) revisions to the model layers’
structural geometry, and recharge, hydraulic conductivity, and pumping distribution, and (3)
changes to the model calibration periods to bring the model in line with Texas Water
Development Board (TWDB) groundwater availability modeling standards that were developed
after the earlier model was constructed
(http://www.twdb.state.tx.us/gam/gam_documents/GAM_RFQ_Oct2005.pdf).

In this report, we use the term Trinity Aquifer System. The term aquifer system has not previously
been used in TWDB publications but is commonly used by the U.S. Geological Survey, for
example, the Edwards-Trinity Aquifer System (Barker and others, 1994), where multiple
aquifers are grouped together. In this case, the Hill Country portion of the Trinity Aquifer
System is subdivided into the Upper, Middle, and Lower Trinity aquifers.

The Trinity Aquifer System is an important source of groundwater to municipalities, industries,
and landowners in the Hill Country. Rapid population growth and recent droughts have increased
interest in the Trinity Aquifer System and led to a greater need for quantitative tools to assist in
the estimation of groundwater availability in the area. Many groundwater conservation districts
and the groundwater management area in the region need to assess the impacts of groundwater
pumping and drought on the groundwater resources of the area. Regional water planning groups
are required to plan for future water needs under drought conditions and are similarly interested
in the groundwater availability of the Hill Country.

Several studies have noted the vulnerability of the Hill Country portion of the Trinity Aquifer
System to drought and increased pumping. Ashworth (1983) concluded that heavy pumping is
resulting in rapid water level declines in certain areas and that continued growth would result in
continued water level declines. Bluntzer (1992), Simpson Company Limited and Guyton and
Associates (1993), and Kalaswad and Mills (2000) noted that intense pumping has resulted in
water level declines, decreased well yields, increased potential for the encroachment of saline
groundwater into the aquifer, and depletion of base flow in nearby streams.

Calibrated groundwater flow models are simplified mathematical representations of groundwater
flow systems that can be used to refine and confirm the conceptual understanding of a
groundwater flow system. Once the model is successfully calibrated, it can be used as a
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quantitative tool to investigate the effects of pumping, drought, and different water management
scenarios on the groundwater flow system.

In this study, we enhanced and recalibrated the three-dimensional finite-difference groundwater
flow model for the Hill Country portion of the Trinity Aquifer System to improve our conceptual
understanding of groundwater flow in the region. Our goal was to develop a management tool to
support water planning efforts for regional water planning groups, groundwater conservation
districts, groundwater management areas, and river authorities in the study area. This report
describes the construction and recalibration of the numerical model owing to the addition of the
Lower Trinity Aquifer and revisions to recharge, hydraulic conductivity, and pumping
distribution in the earlier model.

Our general approach involved (1) revising the conceptual groundwater flow model, (2)
organizing and distributing aquifer parameters for the model, (3) calibrating a steady-state model
for 1980 water level conditions, and (4) calibrating a transient model for the period 1981 through
1997. This report describes the study area, previous work, the hydrogeologic setting used to
develop the conceptual model, and model calibration results.

3.0 Study Area

The study area is located in the Hill Country of south-central Texas and includes all or parts of
Bandera, Bexar, Blanco, Comal, Gillespie, Hays, Kendall, Kerr, Kimble, Medina, Travis, and
Uvalde counties (Figure 3-1). Hydrologic boundaries define the extent of the study area. These
boundaries include (1) major faults of the Balcones Fault Zone in the east and south, (2)
presumed groundwater flow paths in the west, and (3) aquifer outcrops and/or rivers in the north
(Figure 3-1). Because we selected groundwater flow paths to the west to assign a model
boundary, the study area does not include the entire Hill Country area, such as parts of western
Bandera and northeastern Uvalde counties, and includes the easternmost parts of the Edwards-
Trinity (Plateau) Aquifer System (Ashworth and Hopkins, 1995) in Bandera, Gillespie, Kendall,
and Kerr counties (Figure 3-2).
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Figure 3-1. Location of the study area relative to major cities and towns (modified from Mace and

others, 2000).
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Study area and model boundary
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e

Figure 3-2. Map of outcrop of the major aquifers in the study area. Trinity sediments in the study area
include sediments that are part of the Edwards-Trinity (Plateau) Aquifer System to the west
and underlie the Edwards (Balcones Fault Zone) Aquifer to the south and east (modified
from Mace and others, 2000).

The study area includes parts of three regional water planning areas: the Lower Colorado Region
(Region K), the South Central Texas Region (Region L), and the Plateau Region (Region J)
(Figure 3-3). The study area includes all or parts of several groundwater conservation districts,
including Bandera County River Authority and Groundwater District, Blanco-Pedernales
Groundwater Conservation District, Cow Creek Groundwater Conservation District, Edwards
Aquifer Authority, Hays Trinity Groundwater Conservation District, Headwaters Groundwater
Conservation District, Hill Country Underground Water Conservation District, Kimble County
Groundwater Conservation District, Medina County Groundwater Conservation District, Trinity
Glen Rose Groundwater Conservation District, and Uvalde County Underground Water
Conservation District (Figure 3-4). The study area approximately coincides with Groundwater
Management Area 9 (Figure 3-5). The study area also extends over four major river basins—the
Colorado, Guadalupe, San Antonio, and Nueces rivers—and five river authorities—the Lower
Colorado River Authority (that includes Blanco and Travis counties in the study area), the
Guadalupe-Blanco River Authority (that includes Comal, Hays, and Kendall counties in the
study area), the Upper Guadalupe River Authority (that includes Kerr County), the Nueces River
Authority (that includes Bandera, Medina, and Uvalde counties), and the San Antonio River
Authority (that includes Bexar County in the study area) (Figure 3-6).
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3.1 Physiography and Climate

The study area is located along the southeastern margin of the Edwards Plateau region in a
region commonly referred to as the Texas Hill Country (Figure 3-7). The Texas Hill Country is
also known as the Balcones Canyonlands subregion, a deeply dissected terrain formed by the
headward erosion of major streams between the Edwards Plateau and the Balcones Escarpment
(Thornbury, 1965; Riskind and Diamond, 1986). Land surface elevations across the study area
range from 2,400 feet above sea level in the west to about 600 feet along the eastern margin of
the study area (Figure 3-8).

The more massive and resistant carbonate members of the Edwards Group form the nearly flat
uplands of the Edwards Plateau in the west and the topographic divides in the central portion of
the study area (Figure 3-7). The differential weathering of alternating beds of limestone and
dolostone with soft marl and shale in the upper member of the Glen Rose Limestone forms the
characteristic stair-step topography of the Balcones Canyonlands. In general, the upper member
of the Glen Rose Limestone is much less resistant to erosion than the overlying Edwards Group
caprock.

Figure 3-7. Physiographic provinces in the study area (modified from Anaya and Jones, 2009).

10
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Figure 3-8. Land surface elevation in the study area (modified from Mace and others, 2000).

The study area is characterized by a subhumid to semiarid climate. Average annual precipitation
gradually decreases from east to west (35 to 25 inches) owing to increasing distance from the
Gulf of Mexico (Carr, 1967) (Figure 3-9). Additionally, local precipitation is highest in the
central part of the study area and decreases to the north and south. Historical annual precipitation
ranges from less than 10 inches to more than 60 inches (Figure 3-10). Precipitation has a bimodal
distribution during the year with most of the rainfall occurring in the spring and fall (Figure 3-
11). During the spring, weak cold fronts begin to stall and interact with warm moist air from the
Gulf of Mexico. During the summer, sparse rainfall is due to infrequent convectional
thunderstorms. In early fall, rainfall is due to more frequent convectional thunderstorms and
occasional tropical cyclones that make landfall along the Texas coast. Rainfall frequency
continues to increase in late fall as cold fronts once again begin to strengthen and interact with
the warm moist air masses of the Gulf of Mexico.
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Figure 3-9. Average annual rainfall distribution for the period 1960 through 1996 (data from National
Climate Data Center). Contours represent annual precipitation in inches.
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Figure 3-10.  Historical annual precipitation for three rain gage stations in the study area (modified from
Mace and others, 2000).
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Figure 3-11.  Average monthly precipitation for three rain gages in the study area for the period 1960
through 1996 (data from National Climate Data Center).

The average annual maximum temperature ranges from 76°F in the west to 78°F in the east and
south (Figure 3-12). Average monthly temperatures range from about 60°F during winter months
to about 95°F during summer months (Larkin and Bomar, 1983). The average annual (1950 to
1979) gross lake surface evaporation is more than twice the average annual precipitation and
ranges from 63 inches in the east to 68 inches in the west (Figure 3-13). Seasonally, average
monthly gross lake surface evaporation ranges from about 2.5 inches during winter months to
more than 9 inches during summer months (Larkin and Bomar, 1983).
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Figure 3-12.  Average annual maximum temperature for 1971 through 2000. The contours are expressed
in degrees Fahrenheit (modified from data from Spatial Climate Analysis Service, 2004).
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Figure 3-13.  Average annual gross lake evaporation for 1950 through 1979. Contours are expressed in
inches (modified from Larkin and Bomar, 1983).

3.2 Geology

Lower Cretaceous rocks of the Trinity Group that compose the Hill Country portion of the
Trinity Aquifer System unconformably overlie Paleozoic rocks in the study area (Figure 3-14).
These Lower Cretaceous rocks consist of (from oldest to youngest) the Hosston Formation
(known as Sycamore Sand where it crops out at the surface), Sligo Formation, Hammett Shale,
Cow Creek Limestone, Hensell Sand, lower and upper members of the Glen Rose Limestone,
and the Fort Terrett and Segovia Formations of the Edwards Group (Figure 3-14). The Trinity
Group sediments are locally covered by Quaternary alluvium along streams and rivers and
capped by Edwards Group sediments in the west.
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Figure 3-14.  Stratigraphic and hydrostratigraphic column of the Hill Country area.

The stratigraphic units of the Hill Country portion of the Trinity Aquifer System were deposited
during a period of rifting and subsidence in the ancestral Gulf of Mexico (Barker and others,
1994). These units were deposited on the landward margin of a broad continental shelf under
shallow marine conditions. The Llano Uplift was a dominant structural high, forming islands of
Precambrian metamorphic and igneous rock and Paleozoic sedimentary rock that were sources of
terrigenous sediment occurring in the Trinity Group (Figure 3-15).
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Figure 3-15.  Main geologic structures in the study area (modified from Mace and others, 2000).

The Hosston Formation is dominantly composed of siliciclastic siltstone and sandstone in updip
areas and dolomitic mudstone and grainstone downdip derived from the Llano Uplift (Barker and
others, 1994). This formation, which is as much as 900 feet thick, grades upward into the Sligo
Formation and where it is exposed at the surface is known as the Sycamore Sand. The Sycamore
Sand is composed of quartz sand and gravel as much as 50 feet thick (Barker and others, 1994).
The Sycamore Sand also contains some feldspar and dolomite derived from the Llano Uplift.

The Sligo Formation is composed of as much as 250 feet of evaporites, limestone, and dolostone
(Barker and others, 1994). The evaporites were deposited in a supratidal environment, whereas
the limestone and dolostone were deposited in an intertidal environment. In the updip regions,
the Sligo Formation sediments display a greater contribution of terrestrial sediments from the
Llano Uplift (Barker and others, 1994).

The Hammett Shale is highly burrowed and is made up of mixed clay, silt, and calcareous mud
as much as 130 feet thick (Barker and others, 1994). This stratigraphic unit interfingers vertically
with the overlying Cow Creek Limestone.

The Cow Creek Limestone, a beach deposit on the southern flank of the Llano Uplift, is as much
as 90 feet thick (Barker and others, 1994). The lower part of the Cow Creek Limestone is
composed of fine- to coarse-grained calcareous sandstone. The middle part of the Cow Creek
Limestone is composed of silty calcareous sandstone, and the upper part is composed of coarse-
grained fossiliferous calcareous sandstone with poorly sorted quartz grains and chert pebbles.
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The Hensell Sand crops out in the northern part of the study area in Gillespie County (Figure 3-
16). The Hensell Sand is composed of poorly cemented clay, quartz, and calcareous sand and
chert and dolomite gravel as much as 200 feet thick (Barker and others, 1994). The gravel beds
occur at the base of this stratigraphic unit. The shallow marine deposits of the Bexar Shale

Member of the Pearsall Formation are the downdip equivalent of the Hensell Sand (Barker and
others, 1994).

Study area and model boundary
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Edwards Group (Plateau) Paleozoic and Precambrian sediments
I Upper member of the Glen Rose Limestone w Approximate updip limit of the Hammett Shale

Figure 3-16.  Surface geology of the study area (modified from Mace and others, 2000). Please note that
this map excludes isolated outliers of the Edwards Group that overlie the upper member of
the Glen Rose Limestone, some of which are included in the original and updated models.

Approximate updip limit of Hammett Shale is modified from Amsbury (1974) and Barker
and others (1994).

The Glen Rose Limestone is composed of sandy fossiliferous limestone and dolostone that are
characterized by beds of calcareous marl, clay, and shale and include thin layers of gypsum and
anhydrite (Barker and others, 1994). The Glen Rose Limestone has a maximum thickness of
1,500 feet. The lower member of the Glen Rose Limestone is composed of medium-thick beds of
limestone, dolostone, and fossiliferous dolomitic limestone (Barker and others, 1994). The Glen
Rose Limestone was deposited in a shallow marine to intertidal environment and grades
northward into the terrestrial Hensell Sand. The upper member of the Glen Rose Limestone is
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exposed at land surface in most of the study area except where it is (1) removed by erosion
exposing the lower member of the Glen Rose Limestone and (2) overlain by the Edwards Group
in the Edwards Plateau to the west and in the Balcones Fault Zone to the south and east (Figure
3-16). The upper member of the Glen Rose Limestone is characterized by a thin- to medium-
bedded sequence of alternating nonresistant marl and resistant limestone and dolostone. The
alternating layers of resistant and nonresistant rock result in uneven erosion that produces the
stair-step topography characteristic of much of the Hill Country.

The basal parts of the Hosston Formation, the Sycamore Sand, and updip parts of the Hensell
Sand are mostly sandy and contain some of the most permeable sediments in the Hill Country
portion of the Trinity Aquifer System (Barker and others, 1994). The Cow Creek Limestone is
highly permeable in the outcrop owing to carbonate dissolution and preservation of the pores but
has relatively low permeability in the subsurface owing to precipitation of calcite cements
(Barker and others, 1994). Similarly, the lower member of the Glen Rose Limestone is more
permeable in the outcrop than at depth (Barker and others, 1994). The Sligo Formation may yield
small to large quantities of water (Ashworth, 1983).

The Lower Trinity Aquifer is not exposed at land surface within the study area and exists only in
the southern half of the study area (Figures 3-14 and 3-16). The study area is completely
underlain by sediments of the Middle Trinity Aquifer. The Upper Trinity Aquifer exists in most
of the study area except where it has been removed by erosion along and near the lower reaches
of the Pedernales, Blanco, Guadalupe, Cibolo, and Medina rivers (Figure 3-16). In the western
part of the study area, the Fort Terrett and Segovia formations of the Edwards Group (Figure 3-
16) cap the Trinity Aquifer sediments. The Edwards Group may produce large amounts of water
where it is saturated and has high transmissivity.

The Llano Uplift is a regional dome formed by a massive Precambrian granitic pluton (Figure 3-
15). The Llano Uplift remained a structural high throughout the Ouachita Orogeny that folded
and uplifted the Paleozoic rocks of this area and provided a source of sediments for terrigenous
and near-shore facies of the Trinity Group (Ashworth, 1983; Barker and