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Presentation Notes
Welcome



The statements contained in this 
presentation are my current views and 
opinions and are not intended to reflect 
the positions of, or information from, the 
Texas Water Development Board, nor is it 
an indication of any official policy position 
of the Board. 



Statutory Authority for TWDB in ASR Studies 

 TWDB shall participate in pilot projects 

 Pilot projects are eligible for grants from the 
water loan assistance fund 

 TWDB may authorize use of money from the 
research and planning fund for pilot projects 

 TWDB shall make other studies, investigations, 
and surveys of the aquifers in the state as it 
considers necessary 

Texas Water Code §11.153, 11.154, 11.155 
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Presentation Notes
Statutory authority for TWDB to participate in ASR studies is provided in Texas Water Code Sections 11.153 through 11.155.  The statute also requires that at the conclusion of a pilot project, the TCEQ and TWDB prepare a joint report evaluating the success of the project. The report is submitted to the governor, lieutenant governor, and speaker of the house of representatives.



Corpus Christi Aquifer Storage and Recovery Conservation District 
 
 
•  Created in 2005 by the 79th Texas Legislature  
       (enactment SB 1831, Section 1, Subtitle H, Title 6) 

 
•  Prepared a groundwater management plan (2008) 
 
•  District is committed to maintaining a sustainable, adequate, 
   reliable, cost-effective and high quality source of groundwater to  
   promote the vitality, economy, and environment of the district. 
 
•  Prepared a five-year plan for district operation and evaluation of 
   ASR (2009) 
 
 



Collect well data 
 
 Append data to relational database 
 
 Characterize geology within ASR District : 
                          
      sand and clay sequences 
      water chemistry 
      aquifer parameters 
      potential problems: 
 hydrocarbons 
 high gamma ray spikes 
 
Project focus is on the Evangeline Aquifer in the area of 
the Stevens Water Treatment Plant at the west end of 
the district 
 
Provide database, GIS datasets, raw well data, and 
summary report 
 
Project Completed: February 29, 2012 

Project Objectives 



Project Area 

Presenter
Presentation Notes
Project area in Southeast Texas. Project boundary based on Nueces and San Patricio counties and adjacent bays and Gulf of Mexico. Corpus Christi Aquifer Storage and Recovery Conservation District (CCASRCD) indicated with red polygon. O.N. Stevens Water Treatment Plant marked with black dot in western CCASRCD.



Project Area Well Control 

Total:  1,645 wells 

(1,017) 
  (628) 
 

Presenter
Presentation Notes
Distribution of wells used in this project within the project area (total 1,645). There are approximately 1,017 water wells and approximately 628 wells drilled for oil and gas production. Many of the water wells drilled in the CCASRCD (boundary in red) are used for environmental monitoring.



BRACS Database Table Relationships 



Location and Foreign Key Tables 

Presenter
Presentation Notes
All attributes are loaded into the database.  If a well record exists in another agency database table, those attributes can be loaded with code.Each tool in a geophysical well log is recorded with tool type, start and bottom depthsHyperlinks to these digital geophysical well logs facilitate log analysis.Over 5,200 digital geophysical well logs have been collected across Texas so far to support this and future projects.



Geophysical Log Header and Well Report Tables 



District Geology 

Used hydrostratigraphy of the 
Gulf Coast Aquifer developed for 
the TWDB groundwater 
availability model program  
(Young and others, 2010). 
 

Age 

(millions of years 
before present) 

Geologic 
Formation Hydrogeologic Unit 

Pleistocene 

( 1.8 - present) 

Beaumont 

Lissie 

Chicot 
Aquifer 
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oa

st
   

   
   

   
   

   
 A

qu
ife

r Pliocene 

(5.6 – 1.8) 
Willis 

Upper Goliad 

Evangeline 
Aquifer 

Miocene 

(23.8 – 5.6) 

Lower Goliad 

Upper Lagarto 

Middle Lagarto Burkeville 
Confining Unit 

Lower Lagarto 

Jasper 
Aquifer G

ul
f 

Oakville 

Oligocene 
(upper) Catahoula 

(lower) Catahoula Catahoula 
Confining Unit 
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Presentation Notes
Stratigraphic column showing relationship between geologic age, formation, and aquifer. The Gulf Coast Aquifer encompasses the Chicot, Evangeline, and Jasper aquifers. Modified from Young and others (2010).



Simplified lithology from geophysical well 
logs was interpreted from base of surface 
casing to several hundred feet below the 
Oakville Formation (base of Jasper 
Aquifer). 
 
This information was loaded into the 
database .  Water  well driller formation 
descriptions was also loaded. 
 
Elevated gamma ray “spikes” and potential 
hydrocarbon zones were noted in the 
database. 

Upper Goliad Sands (yellow; SP response) 
in the upper Evangeline Aquifer 



Geology Table 

Presenter
Presentation Notes
Geophysical well logs provide stratigraphic picks and are interpreted for a simplified lithologic description (green-colored field in table on left)The water well reports provide driller lithology (yellow-colored field in table on left; this log does not have a driller report)The water well driller lithology is converted to a simplified lithologic description.Stratigraphic picks are loaded from log interpretation; if a pick cannot be made it can be left blank.  In this example, the contact between the Dockum and Dewey Lake was not interpreted; the two units are grouped together in this study.



Net Sand Analysis Form 



Net Sand Analysis and Map Creation 

•  Geophysical well log net sand analysis used the same technical approach used by 
    Young and others (2010). 
 
•  The data was collected in much finer detail than Young and others (2010) … with  
    bed thicknesses of down to 10 feet.  
 
•  The formation top/bottom data from Young and others (2010) was used to group 
    the sands. 
 
•  Well net sand data can be queried (from MS Access) and viewed  (in GIS) in a  
    number of ways, depending on what questions you are trying to answer. 
 
•  We did not prepare an exhaustive collection of net sand maps across the study area  
    for the nine Gulf Coast Aquifer formations. 
 
•  We did prepare an example of how this data can be presented. 
 
•  Once ASR parameters are established on the ideal sand thickness, depth, bounding  
    clay unit thicknesses, and potential well field location then custom maps can be  
    prepared by a future contractor. 



Upper 
Goliad 
Formation 

Top 
Depth 

Bottom 
Depth 

Thickness 

560 585 25 
595 614 19 
640 659 19 
669 700 31 
704 710 6 
722 741 19 
803 812 9 
846 877 31 
950 982 32 
1005 1032 27 
1038 1049 11 
1053 1074 21 
1084 1135 51 
1145 1206 61 
1269 1289 20 
1313 1368 55 
1402 1452 50 
1484 1497 13 
1501 1508 7 
1576 1585 9 
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Well 4504 Sand Analysis 

All Sands Sands 20 ft or thicker Sands 50 ft or thicker 

Net Sand                                  601 ft 
Upper Goliad Thickness      1,134 ft 
 
Sand Percent                              53% 



Cross-Section Location 

O.N. Stevens 
Water Treatment 
Plant 

Presenter
Presentation Notes
Location of cross-sections A-A’ and B-B’, west end of CCASRCD (CCASRCD boundary in red). Black dot represents O.N. Stevens Water Treatment Plant. Red dots and numbers refer to wells used on cross-sections (black lines). 



Presenter
Presentation Notes
Dip section A – A’ in western CCASRCD. The numbers at the top of each section refer to the BRACS well id for each well. The top 3,000’ of section for each well is displayed on this cross-section. Gray color at the top of each log represents well casing, where lithology cannot be interpreted. Note the discontinuous nature of the sands from one well to another. Total cross-section length is approximately 8.25 miles. Vertical exaggeration x10. 



Presenter
Presentation Notes
Strike section B – B’ in western CCASRCD. The numbers at the top of each section refer to the BRACS well id for each well. The top 3,000’ of section for each well is displayed on this cross-section. Gray color at the top of each log represents well casing, where lithologic interpretation is not possible. Note the discontinuous nature of the sands from one well to another. Total cross-section length is approximately 8.9 miles. Vertical exaggeration x8.



Example:  Upper Goliad Fm. Net Sand Map 

Net Sand (feet) 

(integers refer to number of sands > 20 feet thick) 

Presenter
Presentation Notes
The GIS files used in this map were created using simple queries in MS Access, with files exported to ArcGIS for display. The data contained in the BRACS database can be queried a number of ways to produce custom displays in ArcGIS. This map represents one method of evaluating the Upper Goliad Formation. Three-hundred-and-twenty-eight well logs (small black dot) were used for net sand analysis in the project area. 81 well logs had the full Upper Goliad Formation represented; the colored dots refer to net sand thickness within this formation. 159 well logs indicate at least one sand unit in the Upper Goliad Formation greater than 20 feet in thickness; the integer next to the large dots indicates the number of sand units that met this condition. Wells with a large black dot represent incomplete Upper Goliad Formation recorded on the geophysical well log. The CCASRCD boundary is in red.



Chicot Aquifer Total Dissolved Solids 

Presenter
Presentation Notes
Total Dissolved Solids (TDS) content of wells completed in the Chicot Aquifer (291 analyses; 202 wells). The CCASRCD boundary is in red.



Chicot-Evangeline Aquifer Total Dissolved Solids 

Presenter
Presentation Notes
Total Dissolved Solids (TDS) content of wells completed in the Chicot and Evangeline aquifers (89 analyses; 54 wells). The CCASRCD boundary is in red.



Evangeline Aquifer Total Dissolved Solids 

Presenter
Presentation Notes
Total Dissolved Solids (TDS) content of wells completed in the Evangeline Aquifer (75 analyses; 31 wells). The CCASRCD boundary is in red.



Radioactivity within the Gulf Coast Aquifer 

Presenter
Presentation Notes
Water wells within the Gulf Coast Aquifer sampled for Alpha or Uranium are displayed with the solid square symbol and open diamond symbol, respectively. The green colored symbols represent samples less than the maximum constituent level (MCL) for the contaminant, and the red symbols represent samples greater than the MCL. The drinking water MCL for Alpha is 15 picocuries per liter and the MCL for Uranium is 30 micrograms per liter. These sample results were obtained from the TWDB Groundwater Database. Oil/Gas well locations (orange dots) within 10 miles of the CCASRCD district (boundary in red) were evaluated for elevated gamma ray log measurements within the Gulf Coast Aquifer. The gamma ray spikes occur throughout the Gulf Coast sediments, are usually less than ten feet thick, and range up to 300 API units. Gamma ray spikes are above the background level for shale in the formations, and indicate enrichment in radionuclides. Twenty-six of the 29 wells within the evaluation area had gamma ray spikes, and the remaining three logs did not fully penetrate the entire Gulf Coast sequence.



Presence of Hydrocarbons in the Gulf Coast Aquifer 

B: Beaumont Fm 
L: Lissie Fm 
W: Willis Fm 
 
UG: Upper Goliad Fm 
LG: Lower Goliad Fm 
UL: Upper Lagarto 
 
ML: Middle Lagarto 
 
LL: Lower Lagarto Fm 
OK: Oakville Fm 

Presenter
Presentation Notes
Oil/Gas well locations (black dots) showing the presence of hydrocarbons (oil/gas) within the Gulf Coast Aquifer. Oil and gas occurs within Gulf Coast sediments, and geophysical well logs reviewed for lithology indicated potential hydrocarbons. Only a fraction of the wells reviewed in this project area were evaluated using this approach. The letters adjacent to each well symbol show the formation containing the potential hydrocarbons (some wells show hydrocarbons in more than one formation). The letters are, from shallow to deep formations: Chicot Aquifer (B: Beaumont Fm; L: Lissie Fm; W: Willis Fm); Evangeline Aquifer (UG: Upper Goliad Fm; LG: Lower Goliad Fm; UL: Upper Lagarto); Burkeville Confining Unit (ML: Middle Lagarto); Jasper Aquifer (LL: Lower Lagarto Fm; OK: Oakville Fm); and below the Jasper Aquifer (X). The CCASRCD boundary is in red.



Concentration of Arsenic within the Gulf Coast Aquifer 

Arsenic MCL is 10.0 ug/L 

Presenter
Presentation Notes
Distribution of arsenic in the project area. Fifty-one wells were sampled and the most recent sample value per well is displayed on this map. Wells with no value are non-detect. The value next to each symbol represents sample results in micrograms per liter. The well symbols are based on the aquifer sampled by the well. The small dot represents an unknown aquifer; wells without a well depth or screen did not have an aquifer assigned. The CCASRCD boundary is in red.



Hydraulic Properties Information within the Gulf Coast Aquifer 

Presenter
Presentation Notes
Wells completed in the Gulf Coast Aquifer with some form of aquifer test information (total 242). These wells have a total of 254 test results. Wells with well yield (green dots; gallons per minute). A subset of these wells have transmissivity data (black dots), and a further subset of these wells have transmissivity data within the Evangeline Aquifer (red diamond). Some well records have additional information such as hydraulic conductivity and specific capacity. CCASRCD boundary is in red.



Geophysical Well Log Resistivity or SP  
used for 

 Interpreting Formation Water TDS 

Presenter
Presentation Notes
Example log is from BRACS well 2057, API 4240932342 in San Patricio County.  This log was interpreted using the Rwa Minimum and Alger Harrison TDS methods and compared with formation water TDS from drill stem tests in BRACS well 3819 (see next slide).The transition from brackish water to saline water occurs around depth 1100 feet below ground surface.  There is no freshwater at this well site according to log interpretation methods, although the shallowest DST (in adjacent well 3819) at 400 feet indicates water around 1000 mg/L TDS.  This log was oriented in the horizontal position to facilitate legibility of the labels.  The next slide in this presentation shows the TDS/Depth relationships between this well and 3819.
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Comparison of Well 3819 TDS and Well 2057 Interpreted TDS with Depth 

Well 2057 Rwa Minimum TDS Method

Well 2057 Modified Alger Harrison TDS
Method

Well 3819 Drill Stem Test TDS

Comparison of Oil Well DST Sample Data and  
Two Geophysical Well Log TDS Interpretation Methods 

Presenter
Presentation Notes
Comparison of the total dissolved solids content of well 3819 drill stem test data and the interpreted TDS using the Modified Alger Harrison and Rwa Minimum TDS Methods using a geophysical well log from well 2057 versus the depth below ground surface for each analysis. The depths selected for well 2057 are slightly different from well 3819 due to the slight difference in clean, thick sand depths between the two wells. The drill stem test data was obtained in 1949. The geophysical well log was performed in 1990 in a well 590 feet away from well 3819. Both methods used for interpreted TDS record higher TDS than the drill stem test data less than 800 feet. The Modified Alger Harrison TDS Method does not reflect the profound increase in TDS below 800 feet in depth, whereas the Rwa Minimum TDS Method captures this increase.
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 Rwa MinimumTDS Method using Eleven Wells at Multiple Depths 

Interpreted total dissolved solids (TDS) and deep resistivity from  
geophysical well logs using the Rwa Minimum TDS Method.  

Presenter
Presentation Notes
Graph of interpreted total dissolved solids (TDS) and deep resistivity from geophysical well logs using the Rwa Minimum TDS Method. Eleven wells were interpreted, with multiple depth horizons assessed in each well. 



Approximate Depth to the 10,000 mg/L TDS in Gulf Coast Sands 

The 3 ohm-meter value corresponds 
 approximately to 10,000 mg/L TDS 
 with a standard error of +/- 2,000.  

Presenter
Presentation Notes
Thirty-seven geophysical well logs were evaluated to determine the depth (feet below ground surface) where the deep resistivity of a sand layer is consistently 3 ohm-meters or less. The 3 ohm-meter value corresponds approximately to 10,000 mg/L TDS with a standard error of +/- 2,000. Three wells in the center of the figure have the less than symbol (<) preceding the depth value; this indicates that the geophysical well log data began at a depth where the sands were already less than the 3 ohm-meter, so the depths are only approximate. The CCASRCD boundary is in red.



B: Beaumont Fm 
L: Lissie Fm 
W: Willis Fm 
 
UG: Upper Goliad Fm 
LG: Lower Goliad Fm 
UL: Upper Lagarto 
 
ML: Middle Lagarto 
 
LL: Lower Lagarto Fm 
OK: Oakville Fm 
 
X:  Deeper than Gulf Coast Aq. 

Wells used to compare geophysical log resistivity and well TDS values 

Presenter
Presentation Notes
Wells used for defining the relationship between deep resistivity and total dissolved solids (TDS) content (93 samples). Each point represents a well with a geophysical well log located adjacent to a water well in the same formation for which TDS information is available. The red, pink, and purple symbol wells use elevated TDS samples from the U.S. Geological Survey Produced Water Database. The blue, yellow, and orange symbol wells are water wells or, in rare cases, oil wells with drill stem test information. The letters adjacent to each well symbol indicate the formation evaluated (more than one formation was evaluated in a few wells). The letters are, from shallow to deep formations: Chicot Aquifer (B: Beaumont Fm; L: Lissie Fm; W: Willis Fm); Evangeline Aquifer (UG: Upper Goliad Fm; LG: Lower Goliad Fm; UL: Upper Lagarto); Burkeville Confining Unit (ML: Middle Lagarto); Jasper Aquifer (LL: Lower Lagarto Fm; OK: Oakville Fm); and below the Jasper Aquifer (X). The CCASRCD boundary is in red.
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Presentation Notes
Comparison of Total Dissolved Solids (TDS) content of formation water and deep resistivity from geophysical well logs.   93 samples evaluated.  High TDS water (> 15,000 mg/L) from USGS Produced Water Database.  TDS < 15,000 from water well samples and one oil well DST sample set in the TWDB Groundwater Database.  See map previous slide for well locations and formations where TDS samples were obtained.



Summary:  Methodology 

  The project was structured to collect as much data as possible in the region, and  
     evaluate the entire Gulf Coast Aquifer sequence to offer the District flexibility  
     on site and target depth selection. 
 
  Additional well data can be loaded into the database to evaluated additional areas 
    in more detail, including test well drilling information. 
 
  All information collected was non-confidential.  Additional confidential data is  
    available in the project area if needed. 
 
  The variability of geophysical log quality, age, and completeness precluded  
    automated analysis of net sand using LAS files. 
  
  Techniques of geophysical well log resistivity analysis are under evaluation and  
    results have limited application.    
 



Summary:  Geology 

  The project area contains numerous sands within the entire Gulf Coast sequence  
    of  varying thicknesses, 
 
  Formation water quality ranges from brackish to saline based on resistivity data. 
 
  Extreme caution should be used if extrapolating the limited water quality data to  
    the District area. 
 
  Limited aquifer hydraulic property information must be extrapolated to the  
    District area.   
 
  Test well drilling and comprehensive evaluation of formation geology and water  
    quality will be essential.   
 
  Radioactivity, arsenic, hydrocarbons are known project area groundwater  
    contaminants that must be thoroughly evaluated during test drilling. 
 
 
 



TWDB:  (512) 463-7847 
 
http://www.twdb.texas.gov 

Questions? 

john.meyer@twdb.texas.gov 
 

mailto:john.meyer@twdb.texas.gov
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