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Executive Summary

The City of San Antonio Edwards Aquifer Protection Program (EAPP) was expanded
when it was renewed in 2015 to provide funding for research and data acquisition on
the Edwards Aquifer. As part of that program, Southwest Research Institute © (SwRI)
was chosen to evaluate wastewater dsposal in the recharge and ontributing zones of
the Edwards Aquifer using a n integrated hydrologic model. The principal objective of
the project was to compare the relative impact that different wastewater disposal
facilities would have on the quality of water recharged to the Edwards Aquifer.
Wastewater disposal facilities considered as part of the evaluation included on -site
sewage facilities (OSSF), Texas Land Application Permit (TLAP), andTexas Pollutant
Discharge Elimination Systems (TPDES).

A requirement of the EAPP research and data acquisitionprogram was that funded
projects must be located in Bexar County, Texas. Helotes Creek watershed which is
wholly contained in Bexar County, was selectedas the study site for the SwRI project.
Periphyton and sestonic sampling and analysis indicate that the current trophic state of
the Helotes Creek watershed s oligotrophic and possibly slightly mesotrophic which
suggests that the stream andwatershed have been marginally impacted by wastewater
discharges. An objective of the SwWRI project is to determine the impact that different
wastewater facility types would have on the trophic state of Helotes Creek watershed
and the quality of water from the watershed that recharges the Edwards Aquifer.

Currently, OSSFs are the only type of wastewater disposal facility in the Helotes Creek
watershed. Analysis of water samples from wells and surface -water bodies provide a
measure of how the existing OSSFs have impacted local water quality. Numerical and
analytical models were developed to estimate the impact that OSSF,TLAP, or TPDES
wastewater facilities would have on water quality in Helotes Creek watershed and the
guality of water from the watershed that recharges the Edwards Aquifer.

An integrated hydr ologic model of Helotes Creek watershed was developed to generate
surface-water/groundwater regimes of the study area. A transport model calculated
transport rates and masses for different reservoirs predicated on flows simulated with
the integrated hydrol ogic model. Total nitrogen was designated as the conservative
constituent of interest in the transport simulations. These models were used to predict
the impact to the quality of water recharged to the Edwards Aquifer from a variety of
OSSF scenariosand from hypothetical TLAP and TPDES wastewater facilities in
Helotes Creek watershed.
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The integrated hydrologic model developed for Helotes Creek watershed incorporated
all available information and data for the study site. Nonetheless, during development
of the model, it became apparent that this information and data were insufficient to
develop a robust comprehensive model of the study domain. Although this
shortcoming limits the model when attempting to make detailed, high -resolution
predictions of flow and transport in the Helotes Creek watershed, the model is shown
to be useful and defensible when making comparative assessments in which the
foundational conceptualizations are the same for the cases being compared.

A Base Case model was constructed to repicate, to the degree possible, mass loading
from OSSFs currently present in Helotes Creek watershed. Mass loading for the Base
Case was calculated using the transport model predicated on flows generated using the
integrated hydrologic model. Mass loadings from eight alternative scenarios were then
calculated using the same modeling assembly to evaluate the anticipated impact that
various OSSF operational performances,a TPDES and four different TLAP facilities
within the Helotes Creek watershed would have on the quality of water recharged to
the Edwards Aquifer.

Two locations in the watershed were considered for the location of the TLAPs, one in
the lessdeveloped upgradient northern portion of the watershed and one in the more -
developed southern portion. The TPDES was placed in the southern portion of Helotes
Creek watershed. OSSFs in the model were removed from the area proximal to the
hypothetical wastewater disposal facilit ies. Mass loading from each TLAP system was
predicated on the size of the land available at each site, 32 acres at the northern location
and 13 acres at the southern location.Volumetric wastewater volumes discharged in the
one TPDES and the four TLAP scenarios varied from 0.05 to 0.86 million gallons per
day (MGD). Similarly, nitroge n loadings varied from 33.2 to 99.2 kg/d. Mass loadings
assigned to the TLAP and TPDES facilities are consistent with comparably-sized
facilities in Texas. Due to its greater acreage, mass loading disposal at the northern
TLAP location (32 acres) was greder than loading at the southern location (13 acres),
hence mass loading to recharge of the Edwards Aquifer was greater for scenarios that
represented facilities at the northern location.

The size and capacity of the hypothesized wastewater facilities in the TLAP and TPDES
scenarios were reasonable and consistent with possible residential development in the
study area. Capacity of the TPDES and TLAP facilities was sufficient for upwards of
4,800 homes covering almost 1,800 acres. Residential developmentsfahis size are
conceivable within the 15,640 acres of the Helotes Creek watershed. Accordingly, the
nitrogen mass load from the candidate wastewater disposal facilities represented in
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these genarios recharges the Edwards Aquifer at rates that are reasondle for this size
and capacity of wastewater disposal facility.

As expected, the mass load in water recharged to the Edwards Aquifer is dependent on
the mass load discharged to the environment, regardless of the wastewater disposal
facility type. Modeling of the Base Case and eight scenarios demonstrates that the
relative impacts of OSSFs, TLAPSubsurface Area Drip Dispersal Systens (SADDS),
TLAP Surface Spray/Irrigation systems(SS) and TPDES practices vary depending on
disposal type, mass loading, and location of the facilities. The scenarios with greatest
impact on cumulative mass load to recharge of the Edwards Aquifer were the large,
northern TLAP SSfacility and the TPDESfacility located in the southern portion of the
Helotes Creek watershed. Model simulation sillustrated that all scenarios, with the
exception of the modest-sized TLAP SADDS, resulted in higher cumulative mass
loading to the water recharged to the Edwards Aquifer relative to the Base Case
indicating that in cases of failure of OSSF systemsor increased development requiring a
TLAP or TPDES, increased impacts to the quality of recharge to the Edwards Aquifer
are to be expected.

Transport simulations support the argument that if either a TLAP or TPDES facility
were to be installed in the Helotes Creek watershed and that the cumulative amount of
wastewater disposed was substantially increased, the trophic state of Helotes Creek
would be further degraded and likely classified asmesotrophic or fully eutrophic.
Although eight scenarios were considered in the current project, evaluation of
additional scenarios could provide further insight into the impact from other possible
wastewater disposal facility types, locations, or number of units. Now that a
transport/flow model assemblyis developed and available, it would be informative to
apply the model to the Edwards Aquifer contributing and recharge zones outside of
Bexar County experiencing similar development pressures. Having the ability to
guantitatively calculate the impact of wastewater disposal facilities in terms of mass
loading on rivers and streams would greatly enhance the ability of the: 1) City of San
Antonio to measure the impact from protecting lands in the contributing and recharge
zonesas part of the EAPP; and 2) Texas Commis®n on Environmental Quality to
evaluate the impact of wastewater disposal into rivers and streams in the Edwards
Aquifer contributing and recharge zones as part of its permitting processes.
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1 Introduction

The Edwards Aquifer supplies water to over 2 million people and serves as the City of
San OUOOPOZUwxUPOEUAWUOUUET wOil whEUI UBw&BYIT OwlT |
human and environmental health and economic viability, the Edwards Aquifer
Protection Program (EAPP) was created to study, protect, and improve water quality in
the recharge andcontributing zones of the San Antonio segment of the Edwards
Aquifer. The EAPP was established in 2000 after voters approved the allocation of an
1/8 cent of the sales tax to purchase lands and conservation easements to protect
recharge to the Edwards Aquifer with the goal of stemming development in these
sensitive areas. Thisprogram became quite popular and was approved again in 2005,
2010, and 2015. As part of the programapproved in 2015, $10 million was designated to
fund research and collect data to help achieve the prol UE Oz U e AP 136 w
managed and administered by the City of San Antonio, and the San Antonio River
Authority (SARA) is the contracted administrator of the water quality projects
component funding this study.

Southwest Research hstitute (SwWRI) was granted funding to study the impacts of
different wastewater disposal methods on the Edwards Aquifer water quality within
Bexar County. This report provides a summary of the findings and work completed as
part of this EAPP-funded project.

1.1 Problem Statement and Scope

There are three main types of wastewater disposal facilities used in Texas(Figure 1-1):

1) On-Site Sewage Facilities (OSSFs), such as septic systems, 2) Texas Land Application
Permit (TLAP) facilities, which distribute treated effluent via subsurface drip disposal

or surface irrigation, and 3) Texas Pollutant Discharge Elimination Systems (TPDES),
which are facilities in which effluent from treatment plants is permitted to be disposed
into waterways. The goal of this project is to examine and compare impacts to the

quality of wa ter that is, or could hypothetically be, introduced to the Edwards Aquifer
from each type of wastewater disposal facility.

A requirement of the EAPP research and data acquisition program was that funded
projects must be located in Bexar, Texas. Helotes Geek watershed, which is wholly
contained in Bexar County, was selected as the study site for the SwRI project(Figure 1-
2). Currently, this region of Bexar County is a residential, suburban community and all
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wastewater disposal in the watershed is handled using OSSFs.Impact to the San
Antonio segment of the Edwards Aquifer from wastewater disposal in the Helotes

Creek watershed is examined for existing conditions as well as for eight hypothetical
scenarios These scenarios assess the impact of future development in the watershed as
well as that of hypothetical unpermitted facilities, current malfunctioning facilities, and
possible alternative wastewater disposal facilities such as TPDES and TLAP facilities

Figure 1-1 The three main types of wastewater disposal facilities in Texas :a) Texas Pollutant Discharge

Elimination System (TPDES), b) Texas Land Application Permit (TLAP), and c) On -Site Sewage Facilities
(OSSFs).
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Figure 1-2 Helotes Creek watershed and the Edwards Aquifer in northwest Bexar County .
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2 Study Area

2.1 Description of Helotes Creek watershed

The Helotes Creek watershed is located innorthwestern Bexar County within the
contributing and recharge zones of the San Antonio Segment of the Edwards Aquifer.
It forms part of the Leon Creek watershed of the greater Medina River watershed (HUC
12100301), which is, in turn, a part of the northern San Antonio River watershed. The
total area of the watershed is 15,680 acres (24.5 square miles). Thedwards Aquifer
contributing zone comprises 13,696 acres (21.4 square mile)r 87.2 %of the Helotes
Creek watershed (12.8% of the contributing zone of the San Antonio segment). The
Edwards Aquifer recharge zone covers 1,984 acres (3.1 square miles) or 12.8% of the
Helotes Creek watershed (0.26% of the recharge zone of the San Antonio segment)
(Figure 1-2). The elevation ranges from 300 to 549 feet above sea level.

The watershed consists of five subwatersheds: Los Reye<reek (5,888 acres$.2 square
miles)), Chimenea Creek (4,160 acres.5 square miles) Upper Helotes Creek (2,240
acres @B.5 squae miles)), Lower Helotes Creek (1,536 acresZ.4 square miles), and Lee
Creek (5,760 acres 2.9 square miles) (Figure 2-1).
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Figure 2-1 Subwatersheds within the Helotes Creek watershed .
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2.2 Physiography and Climate

The Helotes Creek watershed study area is located in the Edwards Plateau Ecoregion,
just north of the Texas Blackland Prairies Ecoregion which covers most of Bexar County
(Figure 2-2). The Balcones FaultZone serves as the divide between the north and south
ecoregions. The Edwards Plateau Ecoregion is characterized by hilly, limestone
dissected plateaus, karst topography, and juniper -oak savanna and mesquite-oak
savanna. South of Haby Crossing Fault, and just south of the Helotes Creek watershed,
the soils becomefiner grained and more clayey due to the presence of Cretaceous shale,
chalk, and marl parent materials.

The watershed falls within the Subtropical Subhumid Climate Zone ( Figure 2-3) as
defined by Larkin and Bomar (1983) The subtropical climate is attributed to the
transport of humid tropical air from the Gulf of Mexico, with air  moisture decreasing
from east to west as the humid tropical air contacts continental air masses coming from
the north. This zone is characterized by hot summers and dry winters.

Table 2-1 shows the 30year normals (1981-2010), both monthly and annual, for
precipitation and temperature (PRISM Climate Group, 2020) The study area receives
about 34 inches ofprecipitation a year with an average mean temperature of 67 °F.

Table 2-1 30-year climate averages in Helotes Creek watershed (PRISM Climate Group, 2020) .

o Min Mean Max Mean.DeW
Precipitation Point
Month . Temperature Temperature Temperature
(inches) . . . Temperature
(°F) (°F) (°F) 0
()
January 1.86 37.9 49.6 61.3 37.6
February 2.10 40.8 53.0 65.1 40.6
March 2.76 47.6 59.7 71.8 46.1
April 2.23 54.7 66.9 79.1 52.8
May 3.99 63.5 74.4 85.2 62.5
June 4.22 69.1 79.8 90.6 67.2
July 2.95 71.0 82.1 93.2 67.3
August 2.17 70.9 82.8 94.7 66.3
September 3.18 65.8 77.5 89.3 63.4
October 4.03 57.0 68.9 80.9 56.3
November 2.43 47.4 59.2 70.9 47.4
December 2.11 38.8 50.5 62.1 39.2
Annual 34.03 554 67 78.7 53.9
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Figure 2-3 Texas climate zones from Larkin and Bomar (1983).
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2.3 Hydrogeology

2.3.1 Hydrostratigraphy

Hydrostratigraphy of the study domain is dominated by the Edwards and Trinity
aquifers, although younger hydrostratigraphic units are present to the south and
outside of the area of focus.The Edwards and Trinity a quifer s are karst aquifers
consisting of lower Cretaceous limestone (Sharp, Green, & Schindel, 2019)The Trinity
Aquifer is divided into lower, middle, and upper units based on lithology and
hydraulic properties (Ashworth, 1983). The lower Trinity Aquifer includes the Sligo,
Hosston, and Hammett Shale formations. The middle Trinity Aquifer includes the Cow
Creek Limestone, Hensell Sand, andLower Glen Rose Limestone.The upper Trinity
Aquifer includes the Upper Glen Rose Limestone The Edwards Aquifer overlies the
Trinity Aquifer and comprises the Kainer, Person, andGeorgetown formations.

Lithologic descriptions, water-bearing function, and thicknesses of hydrostratigraphic
units (HSU) that comprise the Edwards and Trinity aquifers are provided in Table 2-2.
From top to bottom, Maclay and Small (1976)delineated eight different
hydrostratigraphic units (HSU) within the Georgetown (HSU 1), Person (HSU Il -IV),
and Kainer (HSU V-VIII) formations of the Edwards Aquifer. Hydrostratigraphic units
were defined based on lithologic characteristics (color, composition, texture) and
hydrologic function. Highly permeable intervals are variably distributed throughout
units 11, Ill, and VI, with the most permeable parts of these units in honeycombed rock
(Maclay, 1995 Lindgren et al., 2004). Groschen (1996)indicated that units IlI, VI, and
VII transmit most of the ground water within the San Antonio region, although, highly
permeable dissolution features are observed in all of the hydrostratigraphic units.
Interaction between lithologies and structure has beenobserved to influence
distribution of karst conduits (Hovorka et al., 1998). Ferrill and Morris (2003)and Ferrill
et al. (2019)describe that lithology and structure interactions include refraction of
normal faults controlled by failure angle differences between different mechanical
layers. In such cases, more competent beds contain steeper normal faults segments that
dilate during fault slip and subsequently localize groundwater flow and associated
dissolution.

The Georgetown Formation (HSU 1), which is included as the uppermost part of the
Edwards Aquifer, is classified as a confining layer (Maclay & Small, 1976). Within the
underlying Person Formation are the cyclic and marine member (HSU Il) and the
leached and collapsed member(HSU llI), which are both classified as aquifers, and the
underlying regional dense member (HSU 1V), which is considered a confining unit.
Within the underlying Kainer Formation, the grainstone (HSU V), Kirschberg evaporite
(HSU VI), dolomitic (HSU -VII), and basal nodular members (HSU VIII) are classified as
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aquifers, although the basal nodular member may be a confining unit at localities where
caves are absent.

Clark et al. (2016)subdivided the Trinity Aquifer into inf ormal hydrostratigraphic units
that crop out in northern Bexar and Comal counties (Table 2-2). The upper Trinity
Aquifer ¢ the Upper Glen Rose Limestonet is subdivided into six informal HSUs
(ordered from top to bottom) : cavernous, Camp Bullis, upper evaporite, fossiliferous
(upper and lower) , and lower evaporite. The middle Trinity Aquifer ¢ the Lower Glen
RoseLimestone ¢ is informally subdivided into six HSUs (ordered from top to bottom) :
Bulverde, Little Blanco, Twin Sisters, Doeppenschmidt, Rust, and Honey Creek HSUs.
The middle Trinity aquifer comprises the Hensell Sand, Cow Creek Limestone, and the
Hammett Shale of the Pearsall Formation. The Hammett Shale is designated as the
confining unit at the base of the model. The outcrop pattern of HSUs in the study area is
illustrated i n Figure 2-4, from the geologic framework model .

The cavernous, upper evaporite, the upper fossiliferous, and lower evaporite HSUs are
considered as aquifersin the Upper Glen Rose Formation, whereas the Camp Bullis and
lower fossiliferous HSUs are considered confining units. Within the Lower Glen Rose
Formation, the Little Blanco, Doeppenschmidt, and Honey Creek HSUs are considered
aquifers and the Bulverde, Twin Sisters, and Rust HSUs actas semiconfining layers. At
the base of the middle Trinity Aquifer , the Hensell Sand HSU is considered as either an
aquifer or a confining layer and the Cow Creek HSU is an aquifer. Lastly, the Hammett
Shale HSU in the upper part of the lower Trinity Aquifer is a confining layer.

2.3.2 Geologic framework and structural controls

The Cretaceous Edwards and Trinity aquifer strata underwent regional -scale normal
faulting during the Miocene epoch to form the Balcones Fault Zone (Hill & Vaughan,
1898; Weeks, 1945)The Balcones Fault Zone is the primary structural feature in the
Edwards-Trinity Aquifer system and comprises a series of downthrown blocks that
trend northeast to southwest within the study area. Its surface expression produces the
Balcones Escarpment, gohysiographic feature that separates the Edwards Plateau from
the Gulf Coastal Plains.

Geologic structures, namely faults and fractures, can act aseither barriers or conduits to
flow depending on the associated porosity, cementation, and other deformation
characteristics (e.g., clay smear) The permeability architecture of the aquifer system,
described by Ferrill et al. (2005 201Q 2019) is strongly controlled by geologic structures
in three ways: (i) faults juxtapose permeable and impermeable units, (ii) structural
thinning of aquifer strata, and (iii) faults create pathways, both laterally and vertically,
for groundwater movement. These controls dictate how geologic structure influences
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groundwater flow. This study primarily relied upon the fault mapp ing of Clark et al.
(2016) and implemented this structural control for the geologic framework and
groundwater model . Clark et al. (2016)built on previous fault mapping in the region by
Collins and Hovorka (Map No.18, 1997)and Collins (2000) among others. As described
in Section 2.3.3 the fault displacements incorporated in the model are internally
consistent with refined HSUs within the study domain.

Geologic structure strongly influence s the hydrogeology of the study area. This geologic
structure is dominated by normal faults of the Balcones Fault Zone, including the offset
and juxtaposition of hydrostratigraphic units associated with these faults ( Collins &
Hovorka, 1997; Ferrill et al., 2004, Ferrill & Morris, 2008 ; Clark et al., 2016 Ferrill et al.,
201%). The faults typically have dips of 60 degrees or greater, depending upon the
stratigraphic unit (Ferrill & Morris, 2008) . The Haby Crossing Fault is the largest fault in
the study domain in terms of displacement. Southwest of the study domain, the fault
has a maximum throw of about 178 m (584 ft) and juxtaposes virtually the entire
Edwards Aquifer stratigraphic section with rocks of the Glen Rose Formation (Ferrill et
al, 2005)

Within the Helotes Creek watershed, the large offset north of Haby Crossing Fault has
resulted in the removal of all Edwards units in the creek channel. The uppermost unit in
the Trinity Aquifer, the Cavernous unit, is the unit exposed throughout most of t he
downstream portion of the Helotes Creek watershed ( Figure 2-4). Remnants of the
Edwards units north of Haby Crossing Fault are restricted to upland areas as evidenced
by Edwards rocks only present as capping the Trinity units in the northern portion of
the watershed. The Edwards units are above the water table and essentially dewatered
with the possible exception of minor perching.

Multiple investig ations support the interpretation that the upper 120 -150 feet of the
Trinity Aquifer is hydraulically con nected with the lower Edwards Aquifer ( Veni, 1994
Gary et al., 2011; Green et al., 2011 his portion of the Trinity Aquifer is referred to as
Internal A (Veni, 1994) Hence, even though Edwards units are absent in Helotes Creek
watershed north of Haby Crossing Fault, the Trinity Aquifer Cavernous unit is in
hydraulic communication with the Edwards Aquifer.

The oddly shaped exposure of the Edwards units in the Helotes Creek watershed
immediately south of Haby Crossing Fault i s not natural (Figure 2-1). This exposure of
the Edwards Aquifer is due to the removal of the overlying Del Rio Clay as part of
mining operations at the Martin Marietta limestone quarry at this location. By virtue of
the fact that this feature is down grad ient and outside of the study area renders it non-
consequential to this evaluation.
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Groundwater flow within the central portion of the study domain and upgradient
(northwest) from Haby Crossing Fault is influenced by relay -ramp structures. Relay
ramps are geological structures that form as tilted panels of rock that transfer
displacement between two overlapping sub -parallel (en echelon) faults (Twiss &
Moores, 1992) Relay ramps themselves may provide lateral continuity and unbroken
fluid pathways with aquifers from aquifer recharge areas into the artesian zone and
within the artesian zones (Collins & Hovorka, 1997 ; Ferrill & Morris, 2001 ; Hunt, et al.,
2015) Within arelay ramp, subsidiary normal faults and extension fractures commonly
form that are oblique to the bounding faults and can influence groundwater movement
(Grimshaw & Woodruff Jr., 1986; Collins & Hovorka, 1997 ; Ferrill & Morris, 2001) . Fault
zones themsdves can also produce conduits or barriers to groundwater flow in the
Trinity and Edwards aquifers (e.g. Maclay, 1995 Ferrill, et al., 2008) Ferrillet al., 2019b).
This conduit versus barrier behavior is strongly influenced by lithology and mechanical
character of rock layers during deformation, and the related deformation mechanisms,
as well as the amount of displacement on the fault (e.g. Ferrill & Morris, 2008; Ferrill &
Morris, 2003; Ferrill et al., 2019b). In the present study, because of the sizeof the model
domain and lack of local control on fault zone permeability , specific permeability traits
are not attributed to the faults. Instead, faults in the model simply represent surfaces
across which hydrostratigraphic units are offset and juxtaposed with other units.

2.3.3 Interformational flow of the Edwards and Trinity aquifers

Informal subdivisions of HSUs, faults, and structural controls on groundwater
movement offer better constraint on potential interformational flow between the
Edwards and Trinity a quifers in the study area. The informal HSUs delineated by Clark
et al. (2016)highlight transmissive HSUs (i.e., upper Person and Kainer of the Edwards
Aquifer; cavernous, evaporite, and Honey Creek of the Trinity Aquif er) that are
susceptible to lateral communication of juxtaposed transmissive units.

The Haby Crossing Fault is conceptualized to be the primary structural feature that
allows interformational flow between the Edwards and Trinity aquife rs in the study
area (Figure 2-5and Figure 2-6). Throw of approximately 82 feet in the east and 492 feet
in the west on the Haby Crossing Fault in the study area is sufficient to juxtapose
permeable Edwards aquifer HSUs in the hanging wall of the fault against permeable
HSUs of the Trinity Aquifer on the footwall of the fault. Specifically , the fault
juxtaposes the cavernous HSU of the Trinity Aquifer on the upthrown side of the fault
with the water-bearing HSUs in the Person and Kainer formations of the Edwards
Aquifer on the downthrown side of the fault ( Figure 2-7and Figure 2-8). Past work has
shown that the Haby Crossing Fault and similar faults do not act as barriersto flow , but
instead allow hydraulic communication and interaquifer groundw ater flow paths
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acrossfault planes (Ferrill et al., 2005, Ferrill, et al., 2008 Johnsonet al., 2010Saribudak
& Hawkins, 2019). Previous studies suggest 66100% of faulted Trinity units are in
contact with the water -bearing HSUs in the Person and Kainer formations of the
Edwards Aquifer along the Haby Crossing Fault (Ferrill et al., 2005).

The exact nature of the hydraulic relationship and interformational flow between the
Edwards and Trinity aquifers at and downgradient from Haby Crossing Fault is
therefore not well constrained. Uncertainty arises due to the fact that water that
recharges the Cavernous unit north of Haby Crossing Fault may or may not pass
through additional Trinity Aquifer units before arriving at the Edwards Aquifer. This
flowp ath is complicated by the karstic nature of both the Edwards and Trinity aquifers
which introduces t he potential for both diffuse - and conduit -flow mechanisms. The
conceptualization embraced in this evaluation is that Haby Crossing Fault does not act
as abarrier to flow and that virtually all water that discharges from the Helotes Creek
watershed north of Haby Crossing Fault eventually recharges the Edwards Aquifer in
close proximity to the study area. Hence, this conceptual uncertainty has minimal
bearing on this evaluation due to the fact that all water discharged from the Helotes
Creek watershed is assumed to eventually recharge the Edwards Aquifer.
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Table 2-2 Hydrostratigraphic units in the study area.

Formal an . . . Relati
Group or .O al and Hydrostratigraphic Map - Hydrologic Iea ve
. informal . . Description . thickness Model HSU
Formation unit (HSU) abbreviation function
member (ft)
Taylor Marl, calcareous clay, blue in the
Group subsurface weathers greenish Confining --
(Pecan Gap) yellow
Confining,
Massive, chalky, locally marly, locally
Austin Ka mudstone, nodular wackestone, water
Group mudstone, nodular bioturbated bearing in
wackestone cavernous 150-160 Austin
zones
Upper Confining Brown, fla sandy shale and
Eagle Ford Units (UCU) \Wn, laggy, sandy sh -
Kef argillaceous limestone, iron Confining
Group
nodules
Buff to light gray, dense nodular
Bud dst d kest Icit .
. uda Kb 'T‘“ S or.1e an yvac es o.ne, C.a cite Confining 40-50 Buda
Limestone filled veins, bluish dendrites, iron
nodules, iron staining
Fossiliferous blue-green to yellow -
Del Rio Clay Kdr drown clay, packstone, iron Confining 40-50 Del Rio
nodules
Porosity < 5%; dense, shaly
G t K . -
eorge an I g limestone; mudstone and Confining 20-30 Georgetown
Formation . .
wackestone; isolated fossil molds
Cyclic and Hard, dense, recrystallized
marine, Il Kpcm limestone; mudstone; rudistid Aquifer 80-90
undivided biomicrite; some moldic porosity
Person Highest porosity within Person Upper
Formation Leached Formation (Maclay and Small, Person
and I Kplc 1976); recrystallized, leached Aquifer 70-90
collapsed limestone; burrowed mudstone
and wackestone; solution breccias
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Formal and Relative
. H [ hi M - H logi .
Group.or informal ydro;tratlgrap ' a.p. Description ydro .oglc thickness Model HSU
Formation unit (HSU) abbreviation function
member (ft)
. No water produced from this HSU
Regional (Maclay & Small, 1976);, limestone Lower
dense \Y y & ' ' Confining 20-24
shaly to wispy, dense; mudstone; Person
member
no open fractures
Porosity < 10%; chalky to hard
cemented miliolid grainstone with
Grainstone vV Kkg associated beds of mudstone and Aquifer 40-50
wackestone; locally honeycombed
in burrowed beds
Kirschber Limestone and leached evaporitic
. g Vi Kkke rocks with boxwork porosity; most Aquifer 40-50
evaporite L
. porous and permeable subdivision
Kainer ; - .
. Porosity 5 ¢ 20%; limestone, Kainer
Formation recrystallized from dolomite
Dolomitic Vil y . ' Aquifer 90-120
honeycombed in a few burrowed
beds; more cavernous in upper part
: Aquifer,
Limestone, hard, dense; clayey qu-l .er
confining
Basal mudstone to wackestone, nodular, .
VI . . . unit in areas 40-50
nodular wispy, stylolitic, mottled; isolated .
without
molds
caves
Limited lateral extent, is considered
water-bearing and often
hydrologically indistinguishable
Glen Rose Upper Glen from the Edwards Aquifer;
. Rose Cavernous Kgrc bedding planes, fractures, and Aquifer 0-120 Cavernous
Limestone . ; ;
Limestone caves, which allow meteoric water
to infiltrate the Edwards Aquifer
through juxtaposed units between
the Trinity and Edwards aquifers
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Group or
Formation

Formal and
informal
member

Hydrostratigraphic

unit (HSU)

Map
abbreviation

Description

Hydrologic
function

Relative
thickness

(ft)

Model HSU

Camp Bullis

Kgrcb

Generally confining, although
perched groundwater on less
soluble beds transmitted laterally
through caves and conduits

Confining

120-230

Camp Bullis

Upper evaporite

Kgrue

Water bearing but not laterally
continuous; diverts groundwater to
discharge at springs and seeps
(Clark, 2004;Clark et al., 2009)

Aquifer

88-210

Upper Fossiliferous

Kgruf

Lower Fossiliferous

Kgrf

Lower evaporite

Distinct from one another where
biostrome exists between them;
Kgrlf generally behaves as a
confining unit, upper has
numerous caves that enable
groundwater transport over large
distances.

Aquifer

0-40

Confining

80-150

Kgrle

Characteristically similar to Kgrue
in water bearing function and
contribution to spring discharge
and seeps

Aquifer

8-10

Evaporite

Lower Glen
Rose
Limestone

Bulverde

Kagrb

Little Blanco

Semi-confining unit; water
restricted to move laterally to
springs and seeps by shale bed at
top of unit

Semi
confining

3040

Twin Sisters

Interconnected porosity enables
water-bearing unit to transmit
water through caves and
underground streams

Aquifer

30-40

Semi-confining unit; water
restricted to move laterally to
springs and seeps along hillsides
by shale beds

Semk
confining

10-66

Kgrd

Characterized by bedding plane,

Aquifer

40-80

Lower Glen
Rose

Doeppenschmidt
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Group or
Formation

Formal and
informal
member

Hydrostratigraphic
unit (HSU)

Map
abbreviation

Description

Hydrologic
function

Relative
thickness

(ft)

Model HSU

fracture, and cave porosity

Rust

Kgrr

Semiconfining in areas without
faulting; near faults, characterized
by caves (often linked to cave
formation in the overlying
Doeppenschmidt) and conduit
porosity

Semk
confining

40-70

Honey Creek

Kgrhc

Transmissivity most characteristic
of the lower half of this HSU;
karstic features development
favored by preceding biogenic
porosity

Aquifer

4560

Honey
Creek

Pearsall
Formation
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Hensell
Sand

Hensell

Kheh

Water-bearing in the northwest
and grades into the lower member
of the Glen Rose Limestone to the
south becoming dolomitic and
confining

Aquifer and
confining

0-61

Hensell

Cow Creek
Limestone

Cow Creek

Kccce

Very fine to fine -grained carbonate
sand (grainstone) with localized
crossbedding; recharged by losing
streams where surface expression
exists, and interformational flow
with Hensell HSU; primary source
of water production from the
Middle Trinity Aquifer

Aquifer

40-72

Hammett
Shale

Hammett

Khah

Does not crop out in study area;
Upper: claystone, with siltstone
lenses, overlain by fossiliferous
dolomitic limestone

Lower: siltstone and dolomitic
limestone

Confining

50
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Figure 2-4 Outcrop geology and faults in the study area (modified from Clark et al.,
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2016).
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Kainer Kirschberg evaporite VI
Formation Dolomillc Vil
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Cavernous
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Upper Glen Rose Upper evaporite
Limestone Upper
Fossiliferous
Lower
Glen Rose Lower evaporite
Limestone Bulverde
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Lower Glen Rose Twin Sisters
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Honey Creek
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Figure 2-5 Cross section of HSUs within the Helotes Creek watershed. Vertical exaggeration = 5x.
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Figure 2-6 Cross section of transmissivity of HS Us within the Helotes Creek watershed.

Variations of gray and black represent low transmissivity, whereas shades of blue represent transmissive units of the Edwards Aquifer and shade of green
represent transmissive units of the Trinity Aquif  er. Vertical exaggeration = 5x.
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Figure 2-7 Juxtaposition of Edwards and Trinity hydrostratigraphic units along the Haby Crossing Fault from the
cross section in Figure 2-5. Fault displacement is approximately 200 feet.

SOUTHWESTRESEARCHNSTITUTE 30




1250+

Georgetown
Upper Person
Lower Person

— 1000 Kainer

Cavernous
Camp Bullis

N\

Evaporite

Lower Glen Rose

Elevation (feet above MSL

Kainer

Cavernous
Camp Bullis

Evaporite

Lower Glen Rose

Figure 2-8 Juxtaposition of Edwards and Trinity transmissive units along the Haby Crossing Fault from

section in Figure 2 -6. Fault displacement is approximately 200 feet.
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2.4 Development

The Helotes Creek watershed includes the City of Grey Forest as well aspart of the City
of Helotes (Figure 2-9). In the 1800sthe area was a farming community consisting
primarily of ranches, some of which in the northern portion of the watershed remain
intact. The opening of the John T. FlooreCounty Store in 1946 marked the start of
commercial and economic growth in the area (Helotes, 2020)

This region is considered the fastest growing in Bexar County. The population of
Helotes has grown from 1,535 in 1990 to 7341 in 2010 according to the US Decennial
Census. It currently is estimated to be home to 9567 residents. Grey Forest currently
has a population of about 500 residents(Grey Forest, 2020)

The Helotes City Master Plan (2009)encourages nodal type growth, or development in

select places rather than sprawling strip mall style development. While impervious

cover in the nodes may reach up to 70% the overall percent of impervious cover will

Ul OEPOwWOOPS www#l OUDI Pl E arfifdddedt® dearéabeXhe 0&rallOl OU wE
impact on the environment and watershed (Helotes Planning and Zoning Commission,

2009)

Data from Bexar County Appraisal District (BCAD) illustrates the increase in
development in the watershed. Figure 2-10shows yearly increase in residential
development according to date of house construction. The plot shows the cumulative
number of houses that has been built from 1840 to 2018. Exponential gowth in the
number of residences reflects the increase in population which has been accompanied
by commercial and economic development in the area.
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Figure 2-9 Map shows the extent of the City of Helotes and the City of Grey Forest with respect to the Helotes
Creek watershed.
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Figure 2-10 Total number of houses that have been built in the Helotes Creek watershe d by year.

2.5 Data Collection

Numerous datasets were acquired for this study. Full records of data summarized in
this section can be found in Appendix B.

2.5.1 Precipitation and Temperature

Daily precipitation and temperature datasets were acquired from PRISM Climate
Group, which provides modeled climate data for the conterminous United States
(PRISM Climate Group, 2020) The data are provided at a spatial resolution of 4 square
kilometers. While 7 of these 4km grid cells intersectthe watershed, the grid cell that
contained the watershed centroid was used as the variation among grid cells was
minimal . Data was acquired for the timeframe 01-01-2000 to 0930-2019. Data included
precipitation, minimum, mean, and maximum temperature, and dew point
temperature. These values were used as dailyinputs for the Precipitation -Runoff
Modeling System (PRMS) model. See Appendix B for data processing details.

2.5.2 Streamflow

Streamflow data were acquired from the USGS for Helotes Creek gage 08181400,
located at 29°34'42"N, 98°41'29" WFigure 2-11) (U.S. Geologic Survey, 2019) Discharge
is available for nearly 30 years, from 12-18-1991 to present. Measurements were
recorded every 15 minutes in units of cubic feet per second. Discharge values were
used for automated calibration of the standalone PRMS-1V model, manual and
automated calibration of the integrated GSFLOW Il model and as input to the mixing
cell model.
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Figure 2-12 shows a hydrograph for the years 1992to 2019. Time series of annual peak
flow at the gage for 1992 through 2019 are shown inFigure 2-13. The years with the
highest recorded peak discharge in descending order are 1998, 2002, 2007, 2015 and
2018. Figure 2-14 is a rating curve showing peak annual flow as compared to the
recurrence interval. Figure 2-15 shows daily average discharge at the gage with
monthly average precipitation depths from the 4 -km gridded precipitation dataset
obtained from the PRISM Climate Group.
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Figure 2-11 Map showing location of USGS gage 08181400 at Helotes Creek.
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Figure 2-12 Discharge data collected from USGS Helotes Creek gage for 1992-2019.
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Figure 2-13 Annual average peak discharge at Helotes Creek gage for 19922019.
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Figure 2-14 Reccurance interval created from the data colle cted at Helotes Creek gage.
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Figure 2-15 Average daily discharge as compared to the average monthly precipiation at Helotes Creek gage.
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2.5.3 Digital Elevation Model

SARA provided digital elevation model (DEM) grid data at 1-m resolution in the spatial
coordinate system of North American datum of 1983 (NAD 83) Universal Transverse
Mercator (UTM) Zone 14N. Fugro was contracted by Texas Natural Resources
Information System (TNRIS) to develop the DEMz fdom airbor ne LiDAR data collected
in 2017. The DEMs were provided as square mile sized tiles and stitched together using
mosaicking tools in ArcGIS. The tiles cover the expanse of the HelotesCreek watershed
but do not include the northwestern corner of the study area (Figure 2-16). The DEM
was used to delineate subwatersheds within the Helotes Creek watershed.
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Figure 2-16 DEM of Helotes Creek watershed study area cr eated from series of smaller rasters.
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2.5.4 Wells and Water Levels

Well and water lev el data were acquired from the Texas Water Development Board
(TWDB) databases Freshwater-well data, including water -level measurements and
associated well reports, and water chemistry information , were gathered from the
TWDB Groundwater database. A total of 173 freshwater wells within the model domain
and several additional wells just outside of the model domain were included in the
study . Data acquired from the TWDB Brackish Resources Aquifer Characterization
System (BRACS) databasencluded geophysical well logs, water levels, and, in some
cases geochemical data. There are 5 reported brackish water wells within the study
domain. In addition, the TWDB Submitted Driller Report , or SDR, database was queried
for information regarding active and plugged well s along with their associated reports,
where available. This effort yielded approximately 330 active and plugged well reports
from the SDR database within the model domain (Figure 2-17).

Regional potentiometric surface maps from Toll et al. (2018)were used to inform
conceptualizations in the study area with respect to the direction of regional
groundwater flow. Lack of sufficient well -water level measurements within and
around the Helotes Creek watershed prevented the creation of a more localized
potentiometric surface. Well- and water-level data provided by the Trinity Glen Rose
Groundwater Conservation District and Medina County Groundwater Conservation
District were too sparse tosufficiently augment the existing database tosupport
development of a localized potentiometric surface for the Helotes Creek watershed.
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Source of Well Data | | ower Helotes Creek Watershed

Figure 2-17 Sources of well and water level data in the study area .

BRACS \:| Upper Helotes Creek Watershed
TWDB GWDB Cl Los Reyes Creek Watershed
SDR - Active | Lee Creek Watershed

SDR - Plugged . Chimenea Creek Watershed
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2.5.5 Wastewater Treatment

2551 OSSFs

The Texas Commission on Environmental Quality (TCEQ) is the primary permitting
authority for OSSFs in the State of Texas, although itoften delegates OSSF permitting to
local entities, such as countygovernments. In Bexar County, the entity tasked with
OSS permitting is the Bexar County Public Works Department (BCPWD). OSSF data
were requested from the BCPWD within the first few months of the project and again in
September 2019. Consequently, the OSSF data used this study include all the OSSFs
permitted as of September 19, 2019. A total of 1,412 OSSk&re permitted in the
Helotes Creek watershed as of this date (Figure 2-18).

2.55.2 TPDES and TLAP

TPDES and TLAP permit data were acquired from the TCEQ via open records requests
and the online Central Registry Query (https://www15.tceq.texas.gov/crpub/index.cfm ).
Permit data were first collected for facilities in the contributing and recharge zones
within Bexar County. However, due to limited permit records in the county, the search
was expanded to include neighboring and nearby counties. Particular emphasis was
placed on Hays and Travis counties, due to extensive research in that area regarding
wastewater disposal practices (Herrington et al., 201Q. These data were collected to
inform hypothetical TPDES and TLAP solute -transport scenarios in the Helotes Creek
watershed.

2.5.6 Bexar County Appraisal District data

Parcel and property data within the Helotes Creek watershed were collected from the
Bexar County Appr aisal District (BCAD). The data were used to demonstrate the
growth and development that has occurred in the Helotes Creek watershed.
Furthermore, the BCAD data allowed for an estimate of the number of OSSFs in the
area,operating under the assumption that each property or household in the study area
would be serviced by an OSSF. These data would also account for norpermitted OSSFs
such as those installed prior to 1975 and those on properties with over 10 acres of land.
Figure 2-19 shows the property lines with properties colored according to the number

of houses built on the land parcel.
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https://www15.tceq.texas.gov/crpub/index.cfm

Edwards Aquifer Zones
o OSSFs - Artesian Zone ——— Streams

- Recharge Zone D Helotes Creek Watershed
- Contributing Zone

Figure 2-18 OSSFs that are permitted by the Bexar County Public Works Department in the Helotes Creek
watershed.
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Figure 2-19 BCAD showing the number of houses built on each parcel o fland in and around the watershed.
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