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Introduction 
 
Vulcan Construction Materials, LLC, has proposed a major limestone aggregate quarry in 
central Comal County (Pape-Dawson Engineers, 2024) southwest of the intersection of 
highways SH-46 and FM 3009 (Texas Commission on Environmental Quality (TCEQ) 
Edwards Aquifer Permit#: 13001906) (Figure 1). The site encompasses 1,515 acres of which 
about 956 acres will be quarried. The site is entirely within the Edwards Aquifer Recharge 
Zone (TCEQ Recharge Zone Map). 

 
 Figure 1. Location map of proposed quarry showing hydrogeologic zones (Source: J. 
Finneran). 
 
Vulcan plans to extract rock from the Kainer (Edwards Group) and Upper Member of the 
Glen Rose (Trinity Group) Formations (Figure 2). These formations consist largely of 
limestone and are karstic in nature. A karst setting is characterized by voids in the rock 
such as caves, sinkholes, losing streams, and conduits through which water can infiltrate 
rapidly from the surface and flow through the rock and underlying aquifer. Eventually, much 
of this water will reach downgradient water-supply wells and springs. Thirty-seven sensitive 
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karst features have been documented on the proposed property (Pape-Dawson, 2024).  
Numerous sensitive features on surrounding properties have previously been documented. 
The presence of these features in high numbers indicates that water at the surface can 
easily enter these features, pass through a system of voids in the rock, then provide 
recharge to the water table of the underlying aquifer. Contaminants from the quarrying 
operation will be carried by this recharging water into the subsurface and the underlying 
aquifer to reach downgradient receptors such as water-supply wells and biota that live in 
and downstream of the springs. 
 

 
Figure 2. Geologic map of central Comal County showing water-supply wells (Source: J. 
Finneran). 
 
Hydrogeology 
 
The hydrogeology at the proposed quarry site is similar to the hydrogeology along strike to 
the northeast and southwest in Hays and Bexar counties, respectively. Significantly more 
studies have been conducted in these areas and the findings from these studies are 
applicable to the proposed quarry site. Some of these studies can be found in Clark et al. 
(2023a and 2023b), Hunt and Smith (2019), Gary et al. (2011), Johnson and Schindel 
(2006), Green et al. (2019), and Ferrill et al. (2003).  
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Figure 3 is a schematic cross section from Hays County showing the relationship between 
the various Edwards and Trinity hydrostratigraphic units (Hunt et al., 2017). Because of the 
similarity of the geology along strike, this figure provides a good representation of the 
hydrogeology beneath the proposed quarry site. Figure 4 is a hydrostratigraphic column for 
Hays and Travis Counties showing how the various geologic units relate to each other 
hydraulically. This column is similar to one by Clark et al. (2023) (Figure 5) which is 
representative of Comal and northern Bexar Counties. Even though some of the 
nomenclature is diderent many of the same hydraulic relationships are the same. One of 
the key concepts shown in these figures is that the lowermost Kainer/Basal Nodular-
Walnut (lower Edwards) is hydraulically connected to the uppermost Upper Glen Rose 
(Upper Trinity) (Wong et al. 2014; Smith et al., 2018; Smith and Hunt, 2019). These studies 
have identified the potential for groundwater to move vertically between the Kainer and the 
uppermost Upper Glen Rose. Studies conducted by the Edwards Aquifer Authority have 
identified flow of groundwater laterally and across faults from the Upper Glen Rose into the 
Kainer then into the Person Formation (upper Edwards) (Figure 6) in northern Bexar County 
(Johnson et al., 2010). 
 
Both hydrostratigraphic columns indicate that there are evaporite units in the lower section 
of the Upper Glen Rose. This is significant for groundwater flow because these units are 
generally very low in porosity and therefore limit vertical flow of groundwater. This generally 
sets a lower level for the overlying aquifer that consists of the Edwards and uppermost 
Upper Glen Rose. However, there is some potential for vertical flow along faults and 
fractures. Studies have generally shown that the amount of vertical flow between the 
Edwards/uppermost Upper Glen Rose and the Cow Creek (Middle Trinity) along these faults 
is minimal (Wong et al., 2014; Smith and Hunt, 2019). One exception to this is a Middle 
Trinity well (State Well Number 68-14-701) that demonstrates some hydraulic connectivity 
to Cibolo Creek (G. Veni, personal communication, April 5, 2024).  
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Figure 3. Schematic cross section of the Edwards and Trinity Aquifers. Cross section is 
based on field and well data from Hays County (Hunt et al., 2017). The portion of the cross 
section to the right, where the Edwards and Upper Glen Rose are exposed at the surface is 
representative of the proposed Vulcan quarry site. 
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Figure 4. Stratigraphic and hydrostratigraphic column (Hunt et al., 2017). 
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Figure 5. Explanation of hydrostratigraphic units (Clark, 2023). 
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Figure 6. Flow of groundwater laterally and across faults from the Upper Glen Rose (Upper 
Trinity) into the Kainer (lower Edwards) then into the Person Formation (upper Edwards) in 
northern Bexar County (Johnson et al., 2010). 
 
Surface Water Recharge 
 
The Vulcan WPAP for the proposed quarry states that 37 sensitive (recharge) features were 
found during the field investigation for the Geologic Assessment (Pape-Dawson Engineers, 
2024). Seven of the features, including three caves, require protection according to the 
TCEQ (2012) rating system.  This number of sensitive features appears anomalously low 
when compared to the surrounding area.  
 
Recharge features, unless very large, are likely to be covered or filled with soil and 
vegetation, yet water can easily infiltrate this cover and soil. The 158-acre Bigbee tract 
immediately north of the proposed quarry site and across Hwy 46, 38 sensitive features 
were found, and this site has 1/10 the acreage of the proposed quarry site (Frost 
GeoSciences, 2021). Another site immediately southwest of the proposed quarry site was 
investigated for inclusion in a conservation easement program based on its significant 
potential for recharge through numerous recharge features (G. Schindel, personal 
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communication, April 12, 2024; Schindel, 2021). As mentioned above, the hydrogeology of 
the proposed quarry site is similar to that along strike to the northeast and southwest. 
 
Water recharging the subsurface will pass through a series of voids that have been formed 
by dissolution of the limestone, dolomite, and evaporite lithologies. These solution voids 
are more concentrated along faults and fractures, but interconnected voids can also 
develop in the absence of faults and fractures. The hydrostratigraphic column in Figure 5 
shows that the uppermost hydrostratigraphic unit is called the Cavernous unit because of 
the large number of caves and smaller voids found in this region (Clark et al., 2023). Plans 
for the proposed quarrying operation indicate that the Cavernous unit will be significantly 
mined. A zone of high permeability was encountered in the Vulcan’s Blue Pine Holdings #1 
well between a depth of 63 and 143 ft. Circulation of drilling fluids and groundwater was 
lost into the formation over this interval (TWDB Submitted Drilling Reports). This zone of 
high permeability is correlative to the Cavernous zone and to major caves to the south such 
as Natural Bridge Caverns (Woodrud et al., 2017). It should be expected that as the quarry 
advances downward more voids (recharge features) will be encountered. With removal of 
surface material and the underlying bedrock, it is likely that the area will become more 
prone to infiltration of surface water and this infiltrating water will be heading directly 
toward the underlying aquifer. The proposed depth on the mining pits will put them in or 
near this permeable zone shown by the stratigraphic cross-section below (Figure 7) (J. M. 
Olivier, personal communication, April 4, 2024).  
 
 

 
Figure 7. Geologic cross section showing the correlation between the well on the Vulcan 
site and caves in the same geologic units (Source: J. M. Olivier). 
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Groundwater Flowpaths 
 
Once this infiltrating water reaches the water table of the aquifer, it will follow the hydraulic 
gradient. Some of this groundwater will be extracted by water-supply wells, much of it will 
discharge at the surface from springs, and some will remain in the aquifer following a 
flowpath into a deeper system many miles from where it first became recharge (Smith and 
Hunt, 2018). 
 
Figure 8 is a potentiometric surface map of the Edwards Aquifer with water-level data from 
2003 (Johnson et al., 2006). Even though no data were collected close to the proposed 
quarry site, the map suggests that flow from the site would move generally southeast then 
shift to the east then northeast toward Hueco and Comal Springs. A study following a 
2,000-gallon diesel fuel spill in January 2000 at the DynoNobel explosives plant near the 
CEMEX Balcones Quarry in New Braunfels, Texas, shows flowpaths of the diesel fuel to 
both Hueco and Comal Springs (G. Schindel, personal communication, April 12, 2024). The 
proposed Vulcan quarry site is located seven miles NW from the plant. Groundwater 
flowing from the site would flow generally southeast until it reaches these flowpaths and 
would ultimately discharge to Hueco and Comal Springs.  Some lesser components of the 
flow would bypass the springs and flow further downgradient towards San Marcos Springs. 
 

 
Figure 8. Potentiometric surface map showing approximate Edwards groundwater flow 
direction in south-central Comal County to be to the southeast (Johnson et al., 2006). 
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Water Quality 
 
Because of the very porous nature of the lithologies beneath the proposed quarry site, any 
contamination generated by the quarrying operation would have a very direct and rapid 
impact on the underlying aquifer. Various studies have shown the potential for 
contamination of aquifers from the use of ammonium nitrate/fuel oil (ANFO) as an 
explosive. Contamination with nitrate can occur from poor handling of ANFO prior to an 
explosion and from incomplete combustion of the ANFO. Studies have shown that the 
amount of ANFO that does not combust during an explosion could be as high as 28% (BME, 
2016 and Brochu, 2010). This leaves a considerable amount of nitrate available to be 
dissolved by water passing through the area of the blast. Once dissolved in the water, the 
nitrate is unlikely to break down into less hazardous components and will travel 
downgradient along the groundwater flowpaths.  
 
Assuming the proposed quarry becomes active, there will be a significant likelihood for 
groundwater to become contaminated with nitrate and other hazardous substances from 
the site. Nearby wells could experience nitrate levels above the EPA’s maximum 
concentration limit safe for human consumption of 10 mg/L (N). Wells and springs further 
downgradient of the quarry would likely see increases in nitrate concentrations but less so 
than wells immediately downgradient of the quarry. Some of this water with elevated 
nitrate could make its way to Hueco and Comal Springs. Several protected, aquatic, 
endangered species live in Comal Springs. 
 
Water Levels 
 
TCEQ requires that quarrying operations limit the downward expansion of a quarry to a 
level that is 25 ft above the highest expected water level (TCEQ, 2012). This level would 
either be set for water levels in December 2007, if available, or during a period equivalent 
to 90% of high rainfall. Because of limited water-level data on and near the site, it is didicult 
to determine what that level would be in the aquifer beneath diderent parts of the quarry 
site under varying rainfall conditions. To adequately evaluate water levels in the aquifer, the 
applicant should be required to do a thorough evaluation of data that are available and to 
collect data from onsite and nearby wells. A listing of wells and limited water-level data are 
included in Appendix A of this report (J. Doyle, personal communication, April 10, 2024). 
Because a water table is rarely a flat surface, a number of wells need to be measured 
within a short time period. These data then need to be compared to data collected during 
diderent wet and dry periods to determine appropriate water levels on all sides of the 
property. Water-level data from Hays (Hunt and Smith, 2019) and Bexar Counties (Johnson 
and Schindel, 2006), indicate that in the portions of the Edwards Aquifer at some distances 
from the major springs, hydraulic gradients can be as much as 100 ft per mile. Such a high 
gradient could be present beneath the quarry site, but it should be anticipated that there 
could be at least a 50-ft diderence in water levels from one side of the site to the other. This 
diderence in water levels would significantly impact the depth to which the quarry could be 
mined. 
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The WPAP (Pape-Dawson Engineers, 2024) for the site states that the mining areas will not 
be mined below an elevation of 1040 ft msl. According to the WPAP, this level of the quarry 
bottom will provide a 25-ft buder above the high water level of the aquifer. A review of 
available water-level data indicates that at times, the bottom of the quarry will be flooded 
by the underlying aquifer (Figure 9). Water-level data from five wells close to the perimeter 
of the quarry boundary were evaluated to estimate expected water levels beneath the 
quarry and proposed depths of the excavations (Appendix B) (J. Finneran, personal 
communication, April 16, 2024). The White #4 well (#520690) had a water level of 1022 ft-
msl on 12/5/07. At this water level plus the 25-ft buder, the bottom of the quarry would be 
out of compliance. Another well (Tucker, EAA #Wxxx-137) had a water level of 1048 ft on 
12/14/98. At this water level, the bottom of the quarry would be 8 ft below the water level in 
the aquifer. 
 

 
Figure 9. Schematic cross section with estimated topography after mining and water levels 
based on available data (J. Finneran, personal communication, April 16, 2024). 
 
Groundwater Availability 
 
Recent studies (Watson and Smith, 2023) have shown that intense growth in central Texas, 
particularly the Hill Country, has brought about significantly increased pumping from the 
Edwards and Trinity Aquifers. This increased pumping combined with the severe droughts 
that the region experiences frequently is causing numerous wells to go dry. Many springs 
either cease flowing during these periods, or the amount of flow is significantly reduced. 
Reduced spring flow leads to reduced flow in streams on which many people depend on. 
And these reduced flows also have negative impact on the ecology immediately in the 
spring area and downstream stretches. And, decreased groundwater availability increases 
the potential for contamination from various sources. 
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An analysis of the proposed quarries needs for water based on water use per ton of 
quarried material shows that approximately 383 acre-ft (125,000,000 gallons) of 
groundwater per year would be needed (M. Podenberger, personal communication, April 
13, 2024). Groundwater availability studies from the Edwards and Trinity Aquifers in Hays 
County have estimated that pumping 383 acre-ft of groundwater per year could cause 
sudicient water-level declines in adjacent wells such that during periods of drought those 
wells could cease to yield water. 
 
Conclusions 
 
A permit for the quarry should not be considered until the following issues are addressed: 
 

• Elevations of the aquifer should be determined prior to any excavation. The 
elevation of 1040 ft-msl for the bottom of the quarry, as stated in the WPAP, is likely 
to be out of compliance with the required buder of 25 ft. And it is also likely that 
water levels in the aquifer will be above the elevation of 1040 ft-msl during periods 
of high water levels. 

 
• The Geologic Assessment shows that 37 sensitive features were found. This number 

is anomalously low for the geology in this area. Further evaluation of recharge 
features is needed to determine areas that will require protective buders. In 
addition, a dye-trace study should be conducted to determine flowpaths of 
groundwater from the site and to determine which downgradient wells might be 
impacted by contaminants coming from the quarry. 
 

• The operation of a quarry will contribute contamination to the underlying aquifer. To 
determine background water-quality conditions, water-supply wells immediately 
downgradient of the quarry should be sampled and analyzed for nitrates and total 
petroleum hydrocarbons prior to issuing a permit for the quarry. 

 
A thorough evaluation of existing data and data collected by the studies stated above will 
show that the aquifer beneath this site is highly sensitive to contamination. Because of the 
sensitivity of the site and the magnitude of the quarry, a permit should not be granted. 
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Appendix A. Well Data 
 

 
Source: J. Doyle 
SDR: TWDB Submitted Drillers Reports 
GWDB: TWDB Groundwater Database 
EAA: Edwards Aquifer Authority 
TCEQ: Texas Commission on Environmental Quality 
WPAP: Pape-Dawson, 2024, Water Pollution Abatement Plan 
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Appendix B. Location Map and Well Records 
 
 

 
Source: J. Doyle 
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