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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 disposal in the recharge and contributing zones of 

the Edwards Aquifer using an 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), and Texas Pollutant 

Discharge Elimination Systems (TPDES).  

 

A requirement of the EAPP research and data acquisition program was that funded 

projects must be located in Bexar County, Texas. Helotes Creek watershed, which is 

wholly contained in Bexar County, was selected as the study site for the SwRI project. 

Periphyton and sestonic sampling and analysis indicate that the current trophic state of 

the Helotes Creek watershed is mesotrophic and possibly slightly eutrophic which 

suggests that the stream and watershed have been marginally impacted by wastewater 

discharges. An objective of the SwRI 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 

quality of water from the watershed that recharges the Edwards Aquifer. 

 

An integrated hydrologic 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 hydrologic 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 scenarios and 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 replicate, 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 less-developed 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 facilities. 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, nitrogen 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 greater 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 developments of this 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 scenarios recharges the Edwards Aquifer at rates that are reasonable 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, TLAP Subsurface Area Drip Dispersal Systems (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 SS facility and the TPDES facility located in the southern portion of the 

Helotes Creek watershed. Model simulations illustrated 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 systems or 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 as 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 assembly 

is 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 quantitatively 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 zones as part of the EAPP; and 2) 

Texas Commission 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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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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Figure 2-1  Subwatersheds within the Helotes Creek watershed. 
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Figure 2-2  Ecoregions in Bexar County. 
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Figure 2-3  Texas climate zones from Larkin and Bomar (1983). 
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across fault planes (Ferrill et al., 2005; Ferrill, et al., 2008; Johnsonet al., 2010; Saribudak 

& Hawkins, 2019). Previous studies suggest 60-100% 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 

flowpath is complicated by the karstic nature of both the Edwards and Trinity aquifers 

which introduces the potential for both diffuse- and conduit-flow mechanisms. The 

conceptualization embraced in this evaluation is that Haby Crossing Fault does not act 

as a barrier 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. 

Group or 

Formation 

Formal and 

informal 

member 

Hydrostratigraphic 

unit (HSU) 

Map 

abbreviation 
Description 

Hydrologic 

function 

Relative 

thickness 

(ft) 

Model HSU 

Taylor 

Group 

(Pecan Gap) 

 
Upper Confining 

Units (UCU) 

Kpg 

Marl, calcareous clay, blue in the 

subsurface weathers greenish 

yellow 

Confining  -- 

Austin 

Group 
Ka 

Massive, chalky, locally marly, 

mudstone, nodular wackestone, 

mudstone, nodular bioturbated 

wackestone 

Confining, 

locally 

water 

bearing in 

cavernous 

zones 

150-160 Austin 

Eagle Ford 

Group 
Kef 

Brown, flaggy, sandy shale and 

argillaceous limestone, iron 

nodules 

Confining 

Buda 

Limestone 
Kb 

Buff to light gray, dense nodular 

mudstone and wackestone, calcite-

filled veins, bluish dendrites, iron 

nodules, iron staining 

Confining 40-50 Buda 

Del Rio Clay Kdr 

Fossiliferous blue-green to yellow-

drown clay, packstone, iron 

nodules 

Confining 40-50 Del Rio 

Georgetown 

Formation 
 I 

Kg 

 

Porosity < 5%; dense, shaly 

limestone; mudstone and 

wackestone; isolated fossil molds 

Confining 20-30 Georgetown 

Person 

Formation 

Cyclic and 

marine, 

undivided 

II Kpcm 

Hard, dense, recrystallized 

limestone; mudstone; rudistid 

biomicrite; some moldic porosity 

Aquifer 80-90 

Upper 

Person Leached 

and 

collapsed 

III Kplc 

Highest porosity within Person 

Formation (Maclay and Small, 

1976); recrystallized, leached 

limestone; burrowed mudstone 

and wackestone; solution breccias  

Aquifer 70-90 
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Group or 

Formation 

Formal and 

informal 

member 

Hydrostratigraphic 

unit (HSU) 

Map 

abbreviation 
Description 

Hydrologic 

function 

Relative 

thickness 

(ft) 

Model HSU 

Regional 

dense 

member 

IV Kprd 

No water produced from this HSU 

(Maclay & Small, 1976); limestone, 

shaly to wispy, dense; mudstone; 

no open fractures 

Confining 20-24 
Lower 

Person 

Kainer 

Formation 

Grainstone V Kkg 

Porosity < 10%; chalky to hard 

cemented miliolid grainstone with 

associated beds of mudstone and 

wackestone; locally honeycombed 

in burrowed beds 

Aquifer 40-50 

Kainer 

Kirschberg 

evaporite 
VI Kkke 

Limestone and leached evaporitic 

rocks with boxwork porosity; most 

porous and permeable subdivision 

Aquifer 40-50 

Dolomitic VII Kkd 

Porosity 5 – 20%; limestone, 

recrystallized from dolomite, 

honeycombed in a few burrowed 

beds; more cavernous in upper part 

Aquifer 90-120 

Basal 

nodular 
VIII Kkbn 

Limestone, hard, dense; clayey 

mudstone to wackestone, nodular, 

wispy, stylolitic, mottled; isolated 

molds 

Aquifer, 

confining 

unit in areas 

without 

caves 

40-50 

Glen Rose 

Limestone 

Upper Glen 

Rose 

Limestone 

Cavernous Kgrc 

Limited lateral extent, is considered 

water-bearing and often 

hydrologically indistinguishable 

from the Edwards Aquifer; 

bedding planes, fractures, and 

caves, which allow meteoric water 

to infiltrate the Edwards Aquifer 

through juxtaposed units between 

the Trinity and Edwards aquifers 

Aquifer 0-120 Cavernous 
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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 

Evaporite 

Upper Fossiliferous 

Kgrf 

Kgruf 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 

Lower Fossiliferous Kgrlf Confining 80-150 

Lower evaporite Kgrle 

Characteristically similar to Kgrue 

in water bearing function and 

contribution to spring discharge 

and seeps 

Aquifer 8-10 

Lower Glen 

Rose 

Limestone 

Bulverde Kgrb 

Semi-confining unit; water 

restricted to move laterally to 

springs and seeps by shale bed at 

top of unit 

Semi-

confining 
30-40 

Lower Glen 

Rose 

Little Blanco Kgrlb 

Interconnected porosity enables 

water-bearing unit to transmit 

water through caves and 

underground streams 

Aquifer 30-40 

Twin Sisters Kgrts 

Semi-confining unit; water 

restricted to move laterally to 

springs and seeps along hillsides 

by shale beds 

Semi-

confining 
10-66 

Doeppenschmidt Kgrd Characterized by bedding plane, Aquifer 40-80 
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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 

Semi-confining in areas without 

faulting; near faults, characterized 

by caves (often linked to cave 

formation in the overlying 

Doeppenschmidt) and conduit 

porosity 

Semi-

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 45-60 
Honey 

Creek 

Pearsall 

Formation 

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 Kcccc 

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., 2016). 
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Figure 2-5  Cross section of HSUs within the Helotes Creek watershed. Vertical exaggeration = 5×. 
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Figure 2-6  Cross section of transmissivity of HSUs 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 Aquifer. Vertical exaggeration = 5×. 
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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.  
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Figure 2-8  Juxtaposition of Edwards and Trinity transmissive units along the Haby Crossing Fault from the cross 

section in Figure 2-6. Fault displacement is approximately 200 feet. 
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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 2-12 shows a hydrograph for the years 1992 to 2019.  Time series of annual peak 

flow at the gage for 1992 through 2019 are shown in Figure 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. 

 

 
Figure 2-13  Annual average peak discharge at Helotes Creek gage for 1992-2019. 
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Figure 2-14  Reccurance interval created from the data collected at Helotes Creek gage. 

 

 
Figure 2-15  Average daily discharge as compared to the average monthly precipiation at Helotes Creek gage. 
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Figure 2-16  DEM of Helotes Creek watershed study area created from series of smaller rasters. 
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Figure 2-17  Sources of well and water level data in the study area. 


