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What is an aquifer?

• a consolidated or unconsolidated geologic unit 
(material, stratum, or formation) or set of 
connected units that yields water of suitable quality 
to wells or springs in economically usable amounts.
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What is a geologic formation?

• A mappable body of rock identified by lithic 
characteristics and stratigraphic position; a 
mappable body of igneous or metamorphic rock.
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geologic formation = aquifer
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WHY IS IT IMPORTANT TO UNDERSTAND 

INTER-FORMATIONAL FLOW?

• Improves ability to quantify total recharge to both 

aquifers.

• Aids in reducing uncertainty of water balance 

equations.

• Helps define lateral hydrogeologic properties of 

both aquifers.



Karst Conservation Initiative

Symposium - 2011



• Interconnection  of the Edwards and Trinity Aquifers, central Texas, U.S.A.
Marcus Gary

• Spatial and Temporal Recharge Variability Related to Groundwater 

Interconnection of the Edwards and Trinity Aquifers, Camp Bullis, Bexar and 

Comal Counties, Texas
Marcus Gary, George Veni, Beverly Shade, Robin Gary

• Potential for Vertical Flow Between the Edwards and Trinity Aquifer, Barton 

Springs Segment of the Edwards Aquifer
Brian A. Smith, Brian B. Hunt

• Could much of the Edwards Aquifer “Matrix Storage” Actually be Trinity Aquifer 

Contributions from the Blanco River?
Nico Hauwert

• Geophysical Correlation of Haby Crossing Fault (Medina Co.) and Mt. Bonnell

Fault (Travis Co.) and Their Implications on Trinity-Edwards Interconnection
Mustafa Saribudak

• Edwards Aquifer-Upper Glen Rose Aquifer Hydraulic Interaction
Ron T. Green, F. Paul Bertetti, M.O. Candelario

• Interaction between the Hill Country Portion of the Trinity  and Edwards Aquifers: 

Model Results
Ian C. Jones

• Using Tracer Testing Data for Resource Management Planning
Geary Schindel, Steve Johnson



DISCRETE RECHARGE THROUGH STREAMS



Edwards Aquifer – Upper Glen Rose Aquifer 

Hydraulic Interaction

R.T. Green1, F.P. Bertetti1, and M.O. Candelario2

1Geosciences and Engineering Division, Southwest Research Institute, San 
Antonio, Texas; 2Stimson Middle School, San Antonio Texas
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DISCRETE RECHARGE THROUGH STREAMS



Interaction Between the Hill Country 
Portion of the Trinity and Edwards 

Aquifers: Model Results

Ian C. Jones

Texas Water Development Board
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Acre-feet/year per linear mile of contact between the Trinity-

Edwards = 110,000 ac.ft./year from Trinity
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Conceptual Model of inputs and outputs of the Edwards Aquifer 



KARST RESEARCH AT CAMP BULLIS EVALUATES 

SPATIAL AND TEMPORAL DIFFUSE RECHARGE 
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TRINITY      EDWARDS INTER-FORMATIONAL FLOW

Dye tracer tests at Camp Bullis (Johnson et 

al., 2010; Zara, 2010) show rapid discrete 

flowpaths from Glen Rose limestone to 

Edwards wells.



More detailed tracer testing in the area show 

rapid flow rates across major faults..





On-going tracer tests 

along Cibolo Creek 

on Camp Bullis.

Bullis Hole

Jabba’s

Giant Sink





Does karst stop at the Trinity? 



Not Always!



Geological Society of America

Special Session- 2013



https://gsa.confex.com/gsa/2013SC/webprogram/Session32666.html https://gsa.confex.com/gsa/2013SC/webprogram/Session32667.html



Water-Budget Assessment of the Edwards Aquifer 
San Antonio Segment 

Nueces River
Surface Discharge

Leona River
Subsurface Discharge

Comal Springs
Spring Discharge

San Marcos Springs
Spring Discharge

Medina River
Sub and Surface Discharge
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Summary (from Ron Green’s presentation at GSA special session)

• Conventional conceptualizations of the hydraulic relationship 
between the Trinity and Edwards aquifers are under review

• This relationship does not appear to be spatially constant

• Water budget analysis is a useful indirect tool to assess subsurface 
hydraulic relationships

• Confirmatory assessments, such as water chemistry or alternative 
water-budget analysis, needed to reduce uncertainty to an 
acceptable level
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Pleasant Valley Spring
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Geologic Map

Slide courtesy of
Brian Hunt, BSEACD



0.01

0.1

1

10

100

1000

10/18/2012 12/7/2012 1/26/2013 3/17/2013 5/6/2013 6/25/2013 8/14/2013 10/3/2013

D
is

c
h
a
rg

e
 (

c
fs

)

Comparison of Flow:
Blanco River at Wimberley

Jacobs Well Spring
Pleasant Valley Spring

Blanco Jacobs PVS

Pleasant Valley 

Spring was 

completely 

undocumented 

one year ago.



Pleasant Valley Spring and Jacob’s Well 

Jacob’s WellPVS
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Multi-port monitor wells in Barton Springs Segment
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What is effect of 

pumping out of the 

top of the Upper 

Glen Rose on water 

in the Edwards?



PROPOSED WORK PLAN TO 

INVESTIGATE EDWARDS-TRINITY 

INTER-FORMATIONAL FLOW

1. Identify multiple study areas to focus investigations 

on observed conditions that may vary across the 

aquifers’ boundary.

2. Apply similar investigative techniques in each of the 

study areas.

3. Conduct long-term (4-5 years) data collection and 

analysis in each study area; publish detailed report 

on findings for each area.

4. Complete study by preparing integrated report of 

entire aquifer system.



Inter-formational Flow Study Areas



1. Perform geologic and hydrostratigraphic mapping of the Glen Rose 

Formation in focused areas;

2. Perform detailed gain/loss studies of major recharging streams;

3. Develop monitoring and data collection program for well transects along 

the Edwards - Trinity aquifer interface to evaluate potential lateral flow into 

the Edwards;

4. Perform analysis of stream flow/recharge data related to groundwater 

levels in both the Edwards and Trinity aquifers;

INVESTIGATIVE METHODS



5. Install and operate coupled monitoring wells to evaluate vertical flow 

from the Edwards to the Trinity aquifers; 

6. Assess and identify structural geology and geologic controls on 

karstification of the Edwards and Trinity aquifer. Evaluate the role 

karstification in interformational flow;

7. Perform tracer testing across the interface;

8. Evaluate geochemical data to determine unique natural markers for 

groundwater composition of each aquifer; and,

9. Utilize an integrated data management process to evaluate data.

INVESTIGATIVE METHODS cont.



Year Study Area Activities

Year 1 Expand monitor network in all study areas. In general, additional data 

loggers, synoptic measurements, and water quality sampling will be 

implemented initially to build a foundation of basic data for future 

investigations. The NSA, GBSA, and CSA will have the initial focus, as several 

related projects are already underway in these study areas.

Year 2 O/M monitor net; compile data and evaluate the effectiveness of the 

monitor data.

Year 3 O/M monitor net. Prepare CSA report

Year 4 O/M monitor net. Prepare GBSA and MSA reports

Year 5 Prepare NSA report; Prepare integrated report

PROJECT TIME TABLE



COLLABORATIVE EFFORT
working with neighboring agencies and entities

• Trinity Glen Rose Groundwater Conservation District

• Barton Springs Edwards Aquifer Conservation District

• Nueces River Authority

• The University of Texas at Austin

• Hays Trinity Groundwater District

• U.S. Geological Survey

• Camp Bullis – Joint Base San Antonio

• Texas Parks and Wildlife

• Natural Bridge Caverns

• Cibolo Nature Center

• Bandera County River Authority and Groundwater District

• Southwest Research Institute



COLLABORATIVE EFFORT
Formation of Edwards/Trinity Water Research Interest Group

• Organizations from previous slide; and,

• Medina County Groundwater Conservation District

• Uvalde County Underground Water Conservations District

• Kinney County Groundwater Conservation District

• Cow Creek Groundwater Conservation District

• GMA-10

• GMA-9

• Other stakeholder groups



Thank You

Trinity

Aquifer Edwards

Aquifer


