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Appendix 1-C 

Determination of Available Groundwater  

Supplies and Quality 

___________________________________________________ 

This appendix was prepared for the ETRWPA 2006 Water Plan.  It has been 

reviewed for applicability to the 2011 Plan, and updated where necessary.   

1-C.1  Groundwater Availability Modeling 

The ETRWPG used the groundwater availability estimates from the previous 

round of planning because official managed available groundwater (MAG) values had 

not been determined by the GCDs in the GMAs.  In the previous plan, the ETRWPG used 

the Queen City/Sparta/Carrizo-Wilcox GAM to estimate regional groundwater 

availability in the ETRWPA for the Carrizo-Wilcox and Queen City/Sparta aquifers.  

Since the 2006 Plan was completed, the GCDs in both GMA 11 and 14 have been 

working on developing DFCs and MAGs.  A predictive groundwater availability model 

(GAM) for the Gulf Coast aquifer is being used to determine MAGs for the Gulf Coast 

aquifers.  A draft GAM has been completed for the Yegua-Jackson aquifer, but was not 

ready for use during the current planning period.  Therefore, the groundwater availability 

assessment for the Gulf Coast and Yegua-Jackson and other small aquifers were based on 

published information, historical water use data from these aquifers, available well and 

water level records, and the knowledge base of the consultant team.   

The GAMs are regional models that were developed as a tool to better understand 

long-term regional impacts from historical and proposed groundwater pumping.  The 

GAMs do not define, estimate, or prescribe groundwater availability or supply for the 

ETRWPA, but rather provide a tool to evaluate aquifer water level impacts under 

different pumping scenarios.   
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1-C.2  Groundwater Availability Assessment 

As stated above, the groundwater availability estimates for the 2011 Plan were 

adopted from the 2006 Plan.  For the 2006 Plan, the ETRWPG determined that it is in the 

best interest of the ETRWPA to maintain an acceptable level of aquifer sustainability 

during the 50-year planning window, as well as for future generations beyond the 50-year 

planning period.  Thus, for the Carrizo-Wilcox, Queen City, and Sparta aquifers (for 

which a GAM exists), the groundwater availability for the planning period was defined as 

the amount of groundwater that could be withdrawn from aquifers over the next 50 years 

that would not cause more than 50 feet of water level decline (or more than a 10% 

decrease in the saturated thickness in outcrop areas) in the aquifers as compared to water 

levels in 2000.  These criteria were used to guide the development of the groundwater 

availability assessment and to determine groundwater supply for each aquifer in each 

county.  The planning group acknowledges that additional water does occur in storage 

within the aquifers and that a portion of that water (above the estimated supply) could be 

pumped if there is not a groundwater conservation district in place to prevent such 

withdrawals.   

The steps involved in determining the water supply by county and aquifer using 

the Queen City/Sparta/Carrizo-Wilcox GAM[1] is summarized below.  Because the GAM 

does not “output” a value for groundwater availability or supply, the model was used to 

determine the impact of different pumping scenarios so that those impacts could be 

compared to the criteria set by the planning group.  In other words, an iterative approach 

was used to determine what groundwater demand in each county would result in no more 

than 50 feet of water level decline or 10% decline in saturated thickness in the outcrop 

areas.  Future pumping locations are not known with certainty.  Therefore, the total 

“estimated” supply was distributed equally across each county and implemented into the 

predictive GAM model (2000-2050).  The pumping was assumed to be constant starting 

in 2001, and was held at the projected level for 50 years.   

The drawdown across the model area was then assessed to determine if the 

drawdown criteria were met (i.e., if the average drawdown across the county was less 
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about 50 feet).  Depending on the drawdown results, projected supplies were adjusted and 

another simulation completed.   This approach was used until the average drawdown in 

each county met the criteria at the end of the 50-year simulation period.  The supply for 

the county and aquifer was then set equal to the total county pumping that was necessary 

to meet the drawdown criteria. 

Some of the groundwater in the ETRWPA is brackish (i.e., above 1000 mg/L of 

total dissolved solids [TDS]).  In order to be used for municipal supply, the brackish 

groundwater may require treatment.  The portion of groundwater that is brackish can be 

estimated by observing the overall water quality in each county on an aquifer-by-aquifer 

basis.  The groundwater quality information is discussed in more detail in the following 

sections. 

1-C.3  Groundwater Quality 

The TWDB well database was used to complete a detailed water quality 

assessment of the aquifers in the ETRWPA.  TWDB standard water quality constituent 

analytical results from wells within the ETRWPA were compared to primary and 

secondary drinking water maximum contaminant levels (MCLs) when the database 

contained sufficient data. In the case of fluoride, the lower secondary MCL of 2 

milligrams per liter (mg/L) was used for comparison purposes. The standard water 

quality constituents studied were: sulfate, chloride, pH, TDS, nitrate, and fluoride.  

TWDB infrequent water quality constituent analytical results were also compared to 

primary drinking water MCLs. Only constituents with primary drinking water MCLs and 

representative data records were selected for this effort. Only the most recent data for 

each well was used. The infrequent water quality constituents studied were: gross alpha, 

arsenic, barium, cadmium, chromium, copper, lead, and selenium. In the following 

discussions, gross alpha is reported in units of picocuries per liter (pCi/L), while the other 

infrequent constituents are reported in units of micrograms per liter (µg/L). Organic and 

other regulated infrequent constituent data was very sparse and were not considered to be 

representative.   
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1-C.3.1  Carrizo-Wilcox Water Quality.  Table 1-C.1 summarizes the results for 

the Carrizo-Wilcox aquifer and maps of Carrizo-Wilcox groundwater quality in the 

ETRWPA are included at the end of this Appendix in Figures 1-C.1 through 1-C.16. 

Table 1-C.1  Groundwater Quality Summary for Carrizo-Wilcox Aquifer 
in the ETRWPA 

MCL Class Constituent Limit(s) Units 
Total 

Results 
Results 

Over MCL  % Over Average Median 
primary Alpha 15 pCi/L 144 1 0.7% < 3 < 2 
primary Arsenic 10 µg/L 303 1 0.3% < 6 < 2 
primary Barium 2000 µg/L 236 0 0.0% < 140 30.05 
primary Cadmium 5 µg/L 286 0 0.0% < 4 < 2 
primary Chromium 100 µg/L 282 0 0.0% < 10 < 5 
primary Lead 15 µg/L 263 3 1.5% < 12 < 5 
primary Nitrate as N 10 mg/L 830 6 0.7% 1.7 0.22 
primary Selenium 50 µg/L 288 3 1.0% < 6 < 2 
secondary  Copper 1000 µg/L 297 0 0.0% < 20 4.77 
secondary Fluoride 2 mg/L 819 5 0.6% 0.33 0.2 
secondary Chloride 300 mg/L 909 5 0.6% 59 15 
secondary Iron 300 µg/L 811 192 23.7% 821 < 100 
secondary Manganese 50 µg/L 488 48 9.8% 35 < 20 
secondary pH 6.5 - 8.5 std. units 817 287 35.1% 7.9 8.2 
secondary Sulfate 300 mg/L 908 3 0.3% 32 16 
secondary TDS 1000 mg/L 909 5 0.6% 404 299 

 

Alpha.  Only one result for dissolved alpha particles exceeded the 15 pCi/L primary 

MCL in the Carrizo-Wilcox in the ETRWPA.  This result was 23 pCi/L and the sample 

was collected from a shallow well on the Carrizo outcrop in northern Sabine county. The 

alpha results are well distributed spatially in the outcrop and downdip sections of the 

Carrizo-Wilcox in the ETRWPA.   Alpha particles were only detected in 15% of the 

groundwater results in the ETRWPA. Typical reporting limits were 2, 3, and 4 pCi/L.  

Arsenic.  No arsenic results exceeded the 10 µg/L primary MCL in the Carrizo-Wilcox 

aquifer group in the ETRWPA.  The results were well distributed spatially throughout the 

Carrizo-Wilcox aquifer group in the ETRWPA.  One arsenic result was non-detect with a 

reporting limit that exceeded the current MCL. This result was not included on the figure 

for this aquifer group in the ETRWPA.  Arsenic was detected above the 10 µg/L primary 
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MCL in only one result from the Carrizo-Wilcox aquifer in the ETRWPA.  Arsenic was 

detected in less than 2% of all of the results in the ETRWPA. Typical reporting limits 

were 1, 2, 5, and 10 µ/L. 

Barium.  No barium results exceeded the 2,000 µg/L primary MCL in the Carrizo-

Wilcox aquifer group in the ETRWPA.  The results were well distributed spatially 

throughout the Carrizo-Wilcox aquifer group in the ETRWPA.  Barium was detected in 

most of the results, and the average for all of the detections is less than 140 µg/L, and the 

median is less than 2 µg/L.   

Cadmium.  No cadmium results exceeded the 5 µg/L primary MCL in the Carrizo-

Wilcox aquifer group in the ETRWPA.  The results were well distributed spatially 

throughout the Carrizo-Wilcox aquifer group in the ETRWPA.  Cadmium was only 

detected in 1% of the results in the ETRWPA. Typical reporting limits were 1, 2, and 5 

µ/L. There were several results in which cadmium was not detected with a reporting limit 

of 10 µg/L. These results were not considered useful since the reporting limit exceeded 

the MCL and were not included in the summary table or figure. 

Chromium.  Chromium was not detected in any of the results above the 100 µg/L 

primary MCL in the Carrizo-Wilcox aquifer in the ETRWPA.  The results were well 

distributed spatially throughout the Carrizo-Wilcox aquifer group in the ETRWPA.  

Chromium was detected in approximately 30% of the results, and the average for all of 

the results is <10 µg/L, and the median is <5 µg/L.  

Lead.  Lead was not detected in any of the results above the 15 µg/L primary MCL in the 

Carrizo-Wilcox aquifer in the ETRWPA.  Three lead results exceeded the 15 µg/L 

primary MCL in the Carrizo-Wilcox aquifer group in the ETRWPA.  The remaining 

results were well distributed spatially throughout the Carrizo-Wilcox aquifer group in the 

ETRWPA.  Lead was detected in approximately 12% of the results, and the average for 

all of the results is <12 µg/L, and the median is <5 µg/L. There were 95 lead results that 

were below reporting limits that exceeded the current MCL (reporting limits greater than 

15 µg/L). These results were not included on the figure or in the table for this aquifer 

group in the ETRWPA.   
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Nitrate as N.  Six nitrate results exceeded the 10 mg/L (as N) primary MCL in the 

Carrizo-Wilcox aquifer group in the ETRWPA.  Most of these were from samples 

collected from shallow wells on the Carrizo outcrop, but these were not concentrated in 

any particular area. The remaining results were well distributed spatially throughout the 

Carrizo-Wilcox aquifer group in the ETRWPA.  Nitrate (as N) was detected above the 

primary MCL of 10 mg/L in less than 1% of the results in the Carrizo-Wilcox aquifer in 

the ETRWPA.  The average for all of the results is 1.7 mg/L, and the median for all of the 

results is 0.22 mg/L.  

Selenium.  Three selenium results exceeded the 50 µg/L primary MCL in the Carrizo-

Wilcox aquifer group in the ETRWPA.  Two of these results were in Angelina County, 

and one was in Anderson County. All three were in the downdip section of the Carrizo. 

The results were well distributed spatially throughout the Carrizo-Wilcox aquifer group 

in the ETRWPA.  Selenium was detected above the 50 µg/L primary MCL in 1% of the 

results in the Carrizo-Wilcox aquifer in the ETRWPA.  Selenium was detected in only 

7% of the results, and the average for all of the results is <6 µg/L, and the median is 4.77 

µg/L.  

Copper.  Copper was not detected above the 1,000 µg/L secondary MCL or the 1,300 

µg/L primary MCL in the Carrizo-Wilcox aquifer in the ETRWPA.  The results 

considered were well distributed spatially throughout the Carrizo-Wilcox aquifer group in 

the ETRWPA.  The average for all of the results is <20 µg/L, and the median is 0.2 µg/L.  

Fluoride.  Five fluoride results exceeded the 2 mg/L secondary MCL in the Carrizo-

Wilcox aquifer group in the ETRWPA.  Three of these results were from deep wells in 

the Wilcox in western Rusk County, and there were several other wells in this area with 

elevated levels of fluoride (well above the average for the ETRWPA, in the 1.5 - 2 mg/L 

range). The other two results that exceeded the secondary MCL were in eastern Shelby 

County. No results exceeded the 4 mg/L primary MCL. The available results were well 

distributed spatially throughout the Carrizo-Wilcox aquifer group in the ETRWPA.  

Fluoride was detected above the secondary MCL of 2 mg/L in less than 1% of the results 

in the Carrizo-Wilcox aquifer in the ETRWPA.  None of the results exceeded the primary 
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MCL of 4 mg/L. The average for all of the results is 0.33 mg/L, and the median for all of 

the results is 0.2 mg/L.   

Chloride.  Only five chloride results exceeded the 300 mg/L secondary MCL in the 

Carrizo-Wilcox aquifer group in the ETRWPA, and no significant spatial trends appear to 

be associated with these results. A disproportionate number of results in Panola County 

are in the 100-300 mg/L range, but these are all below the 300 mg/L secondary MCL. 

The available results were well distributed spatially throughout the Carrizo-Wilcox 

aquifer group in the ETRWPA.  Chloride was detected in less than 1% of the results 

above the secondary MCL of 300 mg/L in the Carrizo-Wilcox aquifer in the ETRWPA.  

The average for all of the results is 59 mg/L, and the median for all of the results is 15 

mg/L.   

Iron.  About one-quarter of iron sample results in the Carrizo-Wilcox aquifer group 

exceeded the 300 µg/L secondary MCL in the ETRWPA.  The results that exceeded the 

MCL were evenly distributed spatially and represented samples collected from wells 

completed in both the Carrizo and Wilcox Formations.  Iron was detected above the 

secondary MCL of 300 µg/L in 23.7% of the results above in the Carrizo-Wilcox aquifer 

in the ETRWPA.  The average for all of the results is 821 µg/L, and the median for all of 

the results is <100 µg/L, indicating that the average is skewed upward due to the presence 

of a limited number of high values.  

Manganese.  Forty-eight manganese sample results in the Carrizo-Wilcox aquifer group 

exceeded the 50 µg/L secondary MCL in the ETRWPA.  The results that exceeded the 

MCL were evenly distributed spatially and represented samples collected from wells 

completed in both the Carrizo and Wilcox Formations.  Manganese was detected in 9.8% 

of the results above the secondary MCL of 50 µg/L in the Carrizo-Wilcox aquifer in the 

ETRWPA.  Manganese was detected in approximately half of the results, and the average 

for all of the results is 35 µg/L, and the median for all of the results is <20 µg/L.  

pH.  About one-third of pH results in the Carrizo-Wilcox aquifer group were outside of 

the 6.5 - 8.5 secondary MCL range in the ETRWPA.  Most of the out-of-range results 

were more alkaline than the upper pH MCL of 8.5. The results that were out of the MCL 
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range were evenly distributed spatially and represented samples collected from wells 

completed in both the Carrizo and Wilcox Formations.  The pH of water samples was 

outside the secondary MCL range of 6.5 to 8.5 in 35% of the results in the Carrizo-

Wilcox aquifer in the ETRWPA.  The range of all of the results was 3.6 to 10.7, and the 

average is 7.9 and the median is 8.2.  

Sulfate.  Only three sulfate results exceeded the 300 mg/L secondary MCL in the 

Carrizo-Wilcox aquifer group in the ETRWPA.  Two of these are from wells in the 

Wilcox in northwestern Nacogdoches County. However, several other results in the 

immediate area are well below the MCL. A disproportionate number of results in 

northwestern Cherokee County are in the 150-300 mg/L range, but these are all below the 

300 mg/L secondary MCL.  The available results were well distributed spatially 

throughout the Carrizo-Wilcox aquifer group in the ETRWPA.  Sulfate was detected in 

less than 1% of the results above the secondary MCL of 300 mg/L in the Carrizo-Wilcox 

aquifer in the ETRWPA.  The average for all of the results is 32 mg/L, and the median 

for all of the results is 16 mg/L.   

Total Dissolved Solids.  Only four TDS results exceeded the 1,000 mg/L secondary 

MCL in the Carrizo-Wilcox aquifer group in the ETRWPA.  TDS results tended to be 

higher in Panola, Rusk, Shelby, and eastern Anderson Counties, but these were for the 

most part below the secondary MCL. The available results were well distributed spatially 

throughout the Carrizo-Wilcox aquifer group in the ETRWPA.  The TDS concentration 

was above the secondary MCL of 1,000 mg/L in less than 1% of the results in the 

Carrizo-Wilcox aquifer in the ETRWPA.  The average for all of the results is  

404 mg/L, and the median for all of the results is 299 mg/L.   

1-C.3.2  Gulf Coast Water Quality.   Table 1-C.2 summarizes the results for the 

Gulf Coast aquifer and maps of Gulf Coast groundwater quality in the ETRWPA are 

included at the end of this Appendix in Figures 1-C.1 through 1-C.16. 
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Table 1-C.2 Groundwater Quality Summaries for Gulf Coast Aquifer in the 
ETRWPA 

MCL Class Constituent Limits  Units 
Total 

Results 

Results 
Over 
MCL % Over Average Median 

primary Alpha 15 pCi/L 82 1 1.2% 3 2 
primary Arsenic 10 µg/L 116 0 0.0% 4 2 
primary Barium 2000 µg/L 116 1 0.9% 177 109 
primary Cadmium 5 µg/L 97 0 0.0% < 2 < 1 
primary Chromium 100 µg/L 97 0 0.0% < 10 < 1 
primary Lead 15 µg/L 115 0 0.0% < 2 < 1 
primary Nitrate as N 10 mg/L 712 58 8.1% 3 0.0 
primary Selenium 50 µg/L 116 0 0.0% 4 4 
secondary Copper 1000 µg/L 116 0 0.0% 10 2.26 
secondary Fluoride 2 mg/L 511 5 1.0% 0 0.20 
secondary Chloride 300 mg/L 952 120 12.6% 154 32 
secondary Iron 300 µg/L 373 100 26.8% 520 100 
secondary Manganese 50 µg/L 142 51 35.9% 65 26 
secondary pH 6.5 - 8.5 std. units 393 93 23.7% 7.2 7.3 
secondary Sulfate 300 mg/L 947 9 1.0% 18 3 
secondary TDS 1000 mg/L 950 96 10.1% 450 224 

 

Alpha.  Only one result for alpha particles exceeded the 15 pCi/L primary MCL in the 

Gulf Coast in the ETRWPA.  This result was 29 pCi/L and the sample was collected from 

a 532-ft well in Beaumont completed in the Chicot Aquifer. The alpha results are well 

distributed spatially in the Gulf Coast Aquifer in the ETRWPA.  The average for all of 

the results is 3 pCi/L, and the median for all of the results is 2 pCi/L.  

Arsenic.  No arsenic results exceeded the 10 µg/L primary MCL in the Gulf Coast 

aquifer group in the ETRWPA.  The results were well distributed spatially throughout the 

Gulf Coast aquifer group in the ETRWPA.  The average for all of the results is 4 µg/L, 

and the median is 2 µg/L.  

Barium.  Barium was detected in only one of the results above the 2,000 µg/L primary 

MCL in the Gulf Coast aquifer group in the ETRWPA.  This result was from a sample 

collected from a well completed in the Chicot in Jefferson County. The results were well 

distributed spatially throughout the Gulf Coast aquifer group in the ETRWPA.  Barium 
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was detected in more than 95% of the results, and the average for all of the results is  

177 µg/L, and the median is 109 µg/L.   

Cadmium.  No cadmium results exceeded the 5 µg/L primary MCL in the Gulf Coast 

aquifer group in the ETRWPA.  The results were well distributed spatially throughout the 

Gulf Coast aquifer group in the ETRWPA.  There were 44 cadmium results were below 

reporting limits that exceeded the current MCL. These results were not included in the 

figure for this aquifer group in the ETRWPA.  Cadmium was not detected in any results 

in the Gulf Coast aquifer group in the ETRWPA.  The typical reporting limit was 1 mg/L. 

There were several results in which cadmium was not detected with a reporting limit of 

10 µg/L. These results were not considered useful since the reporting limit exceeded the 

MCL and were not included in the summary table or figure. 

Chromium.  No chromium results exceeded the 100 µg/L primary MCL in the Gulf 

Coast aquifer group in the ETRWPA.  The results were well distributed spatially 

throughout the Gulf Coast aquifer group in the ETRWPA.  Chromium was only detected 

in one of the results in the Gulf Coast aquifer group in the ETRWPA, and it was not 

above the 100 µg/L primary MCL. Typical reporting limits were 1 and 20 µg/L. 

Lead.  No lead results exceeded the 15 µg/L primary MCL in the Gulf Coast aquifer 

group in the ETRWPA.  The results were well distributed spatially throughout the Gulf 

Coast aquifer group in the ETRWPA.  There were 35 lead results that were below 

reporting limits that exceeded the current MCL (reporting limits greater than 15 µg/L). 

These results were not included the figure or table for this aquifer group in the ETRWPA.  

The average for all of the lead results is less than 2 µg/L, and the median for all of the 

results is less than 1 µg/L.  

Nitrate as N.  For 58 out of 712 samples, the analytical results exceeded the Gulf Coast 

aquifer in the ETRWPA primary MCL of 10 mg/L (as N). Most of the results that 

exceeded the MCL were from samples collected from shallow wells. The remaining 

results were well distributed spatially throughout the Gulf Coast aquifer group in the 

ETRWPA.  It should also be noted that the majority of these nitrate results are from 

samples collected before 1970. These represent the most recent results from these wells. 
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Relatively few samples have been collected in the Gulf Coast aquifer group in the 

ETRWPA since that time.  Nitrate (as N) was detected in 8.1% of the results above the 

primary MCL of 10 mg/L in the Gulf Coast aquifer group in the ETRWPA.  The average 

for all of the results is 3 mg/L, and the median for all of the results is 0.05 mg/L.  

Selenium.  Selenium was not detected above the 50 µg/L primary MCL in any of the 

results in the Gulf Coast aquifer group in the ETRWPA.  The results were well 

distributed spatially throughout the Gulf Coast aquifer group in the ETRWPA.  Selenium 

was detected in only three of the results, with typical reporting limits in the 2 – 6 µg/L 

range.  

Copper.  No copper results exceeded the 1,000 µg/L primary MCL in the Gulf Coast 

aquifer group in the ETRWPA.  The results considered were well distributed spatially 

throughout the Gulf Coast aquifer group in the ETRWPA.  Copper was detected in 27.5% 

of the results, and the average for all of the results is 10 µg/L, and the median is 2.26 

µg/L, indicating that the average is skewed upward due to the presence of a limited 

number of high values.  

Fluoride.  Five fluoride results exceeded the 2 mg/L secondary MCL in the Gulf Coast 

aquifer group in the ETRWPA.  Four of these were from samples collected from wells 

completed in the Evangeline, Jasper, and Gulf Coast in Hardin County. Sample results 

from three other wells completed in the Evangeline, Chicot, and Gulf Coast in this area 

had elevated levels of fluoride (well above the average for the ETRWPA, in the 1.5 - 2 

mg/L range). The remaining sample result that exceeded the MCL was collected from a 

well completed in the Chicot in Jefferson County. The available results were well 

distributed spatially throughout the Gulf Coast aquifer group in the ETRWPA.  Fluoride 

was detected in 1% of the results above the secondary MCL of 2 mg/L in the Gulf Coast 

aquifer group in the ETRWPA.  Of these, none were above the primary MCL of 4 mg/L. 

Fluoride was detected in nearly all of the results, and the average for all of the results is 

0.35 mg/L, and the median for all of the results is 0.2 mg/L.  

Chloride.  About 13% of chloride results exceeded the 300 mg/L secondary MCL in the 

Gulf-Coast aquifer group in the ETRWPA.  Most of these results were collected from 
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wells completed in the Chicot in Jefferson, Orange, and southern Hardin Counties. Six 

results from the Catahoula in northern Tyler and Jasper Counties exceeded the secondary 

MCL. The available results were well distributed spatially throughout the Gulf Coast 

aquifer group in the ETRWPA.  The average for all of the chloride results is 154 mg/L, 

and the median for all of the results is 32 mg/L, indicating that the average is skewed 

upward due to the presence of a limited number of relatively high values.  

Iron.  About one-quarter of iron sample results in the Gulf Coast aquifer group exceeded 

the 300 µg/L secondary MCL in the ETRWPA.  Several results from samples collected 

from wells completed in the Jasper Aquifer south of Woodville in Tyler County exceeded 

the MCL. Shallow wells completed in the Burkeville Aquiclude in central Polk County 

also produced samples (in 1947) that exceeded the current secondary MCL for iron. The 

Catahoula in northern Polk, Tyler, and Jasper Counties was as third source of sample 

results that exceeded the MCL. The remaining results that exceeded the MCL were 

evenly distributed spatially and represented samples collected from wells completed in 

several formations in the Gulf Coast aquifer group.  Iron was detected in 26.8% of the 

results above the secondary MCL of 300 µg/L in the Gulf Coast aquifer group in the 

ETRWPA.  Iron was detected in more than 80% of the results, and the average for all of 

the results is 520 µg/L, and the median for all of the results is only 100 µg/L, indicating 

that the average is skewed upward due to the presence of a limited number of high 

values.  

Manganese.  About one-third manganese sample results in the Gulf Coast aquifer group 

exceeded the 50 µg/L secondary MCL in the ETRWPA.  A significant percentage of 

results from Jasper aquifer wells in Polk, Tyler, Jasper, and Newton Counties exceeded 

the MCL. Several other results exceeding the MCL were from samples collected from the 

Chicot aquifer in Jefferson, Jasper, Newton, and Hardin Counties. A small percentage of 

results from wells completed in the Evangeline also exceeded the MCL for manganese.  

Manganese was detected in 35.9% of the results above the secondary MCL of 50 µg/L in 

the Gulf Coast aquifer group in the ETRWPA. Manganese was detected in approximately 

78% of the results, and the average for all of the results is 65 µg/L, and the median for all 
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of the results is only 26 µg/L, indicating that the average is skewed upward due to the 

presence of a limited number of high values.  

pH.  About one-quarter of results from the Gulf Coast aquifer group were outside of the 

6.5 - 8.5 secondary MCL range in the ETRWPA.  Most of the out-of-range results were 

more below the lower pH MCL of 6.5, and these were from samples collected from the 

Chicot, Jasper, and Evangeline aquifers in Polk, Tyler, Jasper, and Newton Counties. The 

results available were evenly distributed spatially in the Gulf Coast aquifer group in the 

ETRWPA.  The pH of water samples was outside the secondary MCL range of 6.5 to 8.5 

in 23.7% of the results in the Gulf Coast aquifer group in the ETRWPA.  The range of all 

of the results was 4.7 to 9.08, and the average is 7.2, and the median is 7.3.  

Sulfate.  Only 9 sulfate results exceeded the 300 mg/L secondary MCL in the Gulf-Coast 

aquifer group in the ETRWPA.  All of these results were collected from wells in 

Jefferson County. The available results were well distributed spatially throughout the 

Gulf Coast aquifer group in the ETRWPA.  Sulfate was detected in 1% of the results 

above the secondary MCL of 300 mg/L in the Gulf Coast aquifer group in the ETRWPA.  

The average for all of the results is 18 mg/L, and the median for all of the results is 3 

mg/L.  

Total Dissolved Solids.  About 10% of TDS results exceeded the 1,000 mg/L secondary 

MCL in the Gulf-Coast aquifer group in the ETRWPA.  Most of these results were 

collected from wells completed in the Chicot in Jefferson, Orange, and southern Hardin 

Counties. Six results from the Catahoula in northern Tyler and Jasper Counties exceeded 

the secondary MCL. The available results were well distributed spatially throughout the 

Gulf Coast aquifer group in the ETRWPA.  The TDS concentration was above the 

secondary MCL of 1,000 mg/L in 96 results in the Gulf Coast aquifer group in the 

ETRWPA.  The average for all of the results is 450 mg/L, and the median for all of the 

results is 224 mg/L.  

1-C.3.3  Queen City-Sparta Water Quality.  Table 1-C.3 summarizes the 

results for the Queen City/Sparta Aquifer. 
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Table 1-C.3 Groundwater Quality Summaries for Queen City/Sparta 
Aquifer in the ETRWPA 

MCL 
Class Constituent Limit(s)  Units 

Total 
Results 

Results 
Over 
MCL % Over Average Median 

primary 
Alpha 
Radiation 15 pCi/L 43 0 0.0% < 3 < 3 

primary Arsenic 10 µg/L 68 0 0.0% < 2 < 2 
primary Barium 2000 µg/L 68 0 0.0% 62 45.75 
primary Cadmium 5 µg/L 65 1 1.5% < 1 < 1 
primary Chromium 100 µg/L 65 0 0.0% 3 1.43 
primary Lead 15 µg/L 68 0 0.0% < 3 < 1 
primary Nitrate (as N) 10 mg/L 338 15 4.4% 2.0 0.19 
primary Selenium 50 µg/L 65 0 0.0% < 4 < 4 
secondary Copper 1000 µg/L 68 0 0.0% 8 2.8 
secondary Fluoride 2 mg/L 332 6 1.8% 0.3 0.1 
secondary Chloride 300 mg/L 568 11 1.9% 45 17 
secondary Iron 300 µg/L 287 97 33.8% 1375 125 
secondary Manganese 50 µg/L 86 13 15.1% 42 13 
secondary pH 6.5 - 8.5 std. units 328 143 43.6% 6.9 6.975 
secondary Sulfate 300 mg/L 537 13 2.4% 55 10 
secondary TDS 1000 mg/L 569 15 2.6% 261 130 

 

Alpha.  Dissolved alpha particles were not detected above the 15 pCi/L primary MCL in 

the Queen City-Sparta aquifer in the ETRWPA.  No alpha results were available for the 

Sparta in Sabine County Alpha particles were only detected in less than 20% of the 

groundwater results in the ETRWPA. 

Arsenic.  Arsenic was detected in only two results from the Queen City-Sparta aquifer in 

the ETRWPA, and neither was above the 10 µg/L primary MCL.  No arsenic results were 

available for the Sparta in Sabine County. 

Barium.  Barium was not detected in any of the results above the 2,000 µg/L primary 

MCL in the Queen City-Sparta aquifer in the ETRWPA.  No barium results were 

available for the Sparta in Sabine County. Barium was detected in all but one of the 

results, and the average of the results is 62 µg/L, and the median is 45.75 µg/L.  

Cadmium.  Cadmium was detected in only one of the results in the Queen City-Sparta 

aquifer in the ETRWPA, at a concentration of 19.8 µg/L, which is above the 5 µg/L 
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primary MCL. This result was from sample collected from a shallow well on the Queen 

City outcrop near Murchison in Henderson County. However, other shallow Queen City 

wells near Murchison have produced waters with no cadmium above detection limits. 

The available results in the Queen City-Sparta were generally well distributed, but no 

cadmium results were available for the Sparta in Sabine County. Typical reporting limits 

for cadmium were 1 – 2 µg/L. 

Chromium.  Chromium was not detected in any of the results above the 100 µg/L 

primary MCL in the Queen City-Sparta aquifer in the ETRWPA.  No chromium results 

were available for the Sparta in Sabine County. Chromium was detected in approximately 

one-third of the results. The average for all of the results is 3 µg/L, and the median is 1.43 

µg/L.  

Lead.  Lead was not detected in any of the results above the 15 µg/L primary MCL in the 

Queen City-Sparta aquifer in the ETRWPA.  No lead results were available for the Sparta 

in Sabine County.  Lead was detected in only seven of the results, all at concentrations of 

2 µg/L or less. Typical reporting limits were 1 and 5 µg/L. There were three lead results 

that were below reporting limits that exceeded the current MCL (reporting limits greater 

than 15 µg/L). These results were not included the figure or table for this aquifer group in 

the ETRWPA.  

Nitrate as N.  Fifteen nitrate results exceed the 10 mg/L (as N) primary MCL in the 

Queen City-Sparta aquifer group in the ETRWPA.  The majority of these were from 

samples collected from shallow wells on the Queen City outcrop in Anderson and 

Cherokee Counties. The available results in the Queen City-Sparta were well distributed.  

Nitrate (as N) was detected above the primary MCL of 10 mg/L in 4.4% of the results in 

the Queen City-Sparta aquifer in the ETRWPA.  The average for all of the results is  

2 mg/L, and the median for all of the results is 0.19 mg/L.  

Selenium.  Selenium was detected in only two samples in the Queen City-Sparta aquifer 

in the ETRWPA, and it was not detected above the 50 µg/L primary MCL. No selenium 

results were available for the Queen City-Sparta in Sabine County. 
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Copper.  No copper results exceeded the 1,000 µg/L secondary MCL or the 1,300 µg/L 

primary MCL in the Queen City-Sparta aquifer group in the ETRWPA.  The available 

results in the Queen City-Sparta were generally well distributed, but no cadmium results 

were available for the Sparta in Sabine County. The average for all of the results is  

8 µg/L, and the median is 2.8 µg/L.  

Fluoride.  Six fluoride results exceeded the 2 mg/L secondary MCL in the Queen City-

Sparta aquifer group in the ETRWPA.  Most of these were from samples collected from 

Sparta Sand wells in northern Angelina and southern Nacogdoches Counties. The 

available results in the Queen City-Sparta were well distributed.  Fluoride was detected 

above the secondary MCL of 2 mg/L in 1.8% of the results in the Queen City-Sparta 

aquifer in the ETRWPA.  None of the results exceeded the primary MCL of 4 mg/L. The 

average for all of the results is 0.3 mg/L, and the median for all of the results is 0.1 mg/L.  

Chloride.  Less than 2% of chloride results exceeded the 300 mg/L secondary MCL in 

the Queen City-Sparta aquifer group in the ETRWPA.  The Queen City wells in the 

ETRWPA portion of Henderson County generally had higher chloride results than other 

counties with Queen City or Sparta wells. The available results in the Queen City-Sparta 

were well distributed. The average for all of the results is 45 mg/L, and the median for all 

of the results is 17 mg/L.   

Iron.   One-third of iron results exceeded the 300 µg/L secondary MCL in the Queen 

City-Sparta aquifer group in the ETRWPA.  The iron results that exceeded the MCL were 

proportionally distributed between the Queen City and Sparta and among the counties 

that contain these formations in the ETRWPA.  Iron was detected above the secondary 

MCL of 300 µg/L in 33.8% of the results in the Queen City-Sparta aquifer in the 

ETRWPA.  Iron was detected in approximately 85% of the results, and the average for all 

of the results is 1375 µg/L, and the median for all of the results is 125 µg/L, indicating 

that the average is significantly skewed upward due to the presence of a limited number 

of very high values. 

Manganese.  About 15% of manganese results exceeded the 50 µg/L secondary MCL in 

the Queen City-Sparta aquifer group in the ETRWPA.  Most of these results were from 



IPP - 2011 Water Plan 
East Texas Region 

 

 Appendix 1-C-17 Chapter 1 Appendix C 

Queen City wells in northeastern ETRWPA.  However, there were several elevated 

manganese results from the Sparta in Houston County, two of which exceeded the MCL. 

The available results in the Queen City-Sparta in the ETRWPA were well distributed.  

Manganese was detected in 15.1% of the results above the secondary MCL. Manganese 

was detected approximately 75% of the results, and the average for all of the results is  

42 µg/L, and the median for all of the results is 13 µg/L. 

pH.  A large number of results from the Queen City-Sparta aquifer group were outside of 

the 6.5 - 8.5 secondary MCL range in the ETRWPA.  The majority of these out-of-range 

results were below the 6.5 lower pH MCL, and were from samples collected from Queen 

City and Sparta wells in northeastern ETRWPA.  The results that exceeded the upper  

8.5 pH MCL were mostly from samples collected from wells in the Sparta outcrop areas. 

The available results were well distributed throughout the Queen City-Sparta in the 

ETRWPA.  The pH of water samples was outside the secondary MCL range of 6.5 to 8.5 

in 43.6% of the results in the Queen City-Sparta aquifer in the ETRWPA.  The range of 

all of the results was 3.8 to 9. The average pH was 6.9, and the median pH was 6.975.  

Sulfate.  Sulfate was detected in 2.4% of the results above the secondary MCL of 

300 mg/L in the Queen City-Sparta aquifer in the ETRWPA.  The Queen City wells in 

the ETRWPA portion of Henderson County and downdip Sparta wells in central 

ETRWPA generally had higher TDS results than other areas. The available results in the 

Queen City-Sparta were well distributed. The average for all of the results is 55 mg/L, 

and the median for all of the results is 10 mg/L.   

Total Dissolved Solids.  The TDS concentration was above the secondary MCL of 1,000 

mg/L in 2.6% of the results in the Queen City-Sparta aquifer in the ETRWPA.  The 

Queen City wells in the ETRWPA portion of Henderson County and generally had higher 

TDS results than other counties with Queen City or Sparta wells. The available results in 

the Queen City-Sparta were well distributed. The average for all of the results is 261 

mg/L, and the median for all of the results is 130 mg/L.   
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1-C.3.4  Yegua-Jackson Water Quality. Table 1-C.4 summarizes the results for 

the Yegua-Jackson aquifer. 

Table 1-C. 4 Groundwater Quality Summaries for Yegua-Jackson Aquifer 
in the ETRWPA 

MCL 
Class Constituent Limit(s)  Units 

Total 
Results 

Results 
Over 
MCL % Over Average Median 

primary Alpha 
Radiation 

15 pCi/L 15 0 0.0% < 2 < 2 

primary Arsenic 10 µg/L 34 0 0.0% < 7 < 10 
primary Barium 2000 µg/L 16 0 0.0% 59 28.4 
primary Cadmium 5 µg/L 32 0 0.0% < 3 < 5 
primary Chromium 100 µg/L 34 0 0.0% 12 20 
primary Lead 15 µg/L 15 0 0.0% < 1 < 1 
primary Nitrate (as N) 10 mg/L 200 7 3.5% 1.5 0.09 
primary Selenium 50 µg/L 34 0 0.0% < 4 < 2 
secondary  Copper 1000 µg/L 30 0 0.0% 29 13.045 
secondary Fluoride 2 mg/L 166 3 1.8% 0.5 0.3 
secondary Chloride 300 mg/L 214 18 8.4% 125 65.5 
secondary Iron 300 µg/L 157 51 32.5% 1363 130 
secondary Manganese 50 µg/L 60 11 18.3% 49 20 
secondary pH 6.5 - 8.5  std. units 157 39 24.8% 7.81 8.04 
secondary Sulfate 300 mg/L 214 14 6.5% 113 47.9 
secondary TDS 1000 mg/L 214 38 17.8% 672 557 

 

Alpha.  No alpha particles results exceeded the 15 pCi/L primary MCL in the Yegua-

Jackson aquifer group in the ETRWPA.  The alpha results are not well distributed 

spatially in the Yegua-Jackson in the ETRWPA, most of the alpha results available are 

from samples collected in Angelina County. Dissolved alpha particles were not detected 

in the Yegua-Jackson aquifer in the ETRWPA.  All reporting limits were 2 µg/L. 

Arsenic.  No arsenic results exceeded the 10 µg/L primary MCL in the Yegua-Jackson 

aquifer group in the ETRWPA.  Most of the arsenic results available are from samples 

collected in Angelina County, although samples were also collected from the Yegua-

Jackson in Nacogdoches, Houston, Trinity, and Sabine Counties in the ETRWPA.  
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Arsenic was not detected in the Yegua-Jackson aquifer in the ETRWPA, and typical 

reporting limits were 2 and 10 µg/L.  

Barium.  No barium results exceeded the 2,000 µg/L primary MCL in the Yegua-

Jackson aquifer group in the ETRWPA.  Most of the barium results available are from 

samples collected in Angelina County, although samples were also collected from the 

Yegua-Jackson in Nacogdoches, Houston, Trinity, and Sabine Counties in the ETRWPA.  

Barium was detected in all but one of the results, and the average of the results is  

59 µg/L, and the median is 28.4 µg/L.   

Cadmium.  No cadmium results exceeded the 5 µg/L primary MCL in the Yegua-

Jackson aquifer group in the ETRWPA.  Most of the cadmium results available are from 

samples collected in Angelina County, although samples were also collected from the 

Yegua-Jackson in Nacogdoches, Houston, Trinity, Polk, and Sabine Counties in the 

ETRWPA.  Cadmium was not detected in any results in the Yegua-Jackson aquifer in the 

ETRWPA, and typical reporting limits were 1 and 5 µg/L.   

Chromium.  No chromium results exceeded the 100 µg/L primary MCL in the Yegua-

Jackson aquifer group in the ETRWPA.  Most of the chromium results available are from 

samples collected in Angelina County, although samples were also collected from the 

Yegua-Jackson in Nacogdoches, Houston, Jasper, Polk, Trinity, and Sabine Counties in 

the ETRWPA.  Chromium was detected in less than 25% of the results. The average for 

all of the results is 12 µg/L, and the median is 20 µg/L.  

Lead.  No lead results exceeded the 15 µg/L primary MCL in the Yegua-Jackson aquifer 

group in the ETRWPA.  Most of the lead results available are from samples collected in 

Angelina County, although samples were also collected from the Yegua-Jackson in 

Houston, Trinity, Polk, Jasper, and Sabine Counties in the ETRWPA.  Lead was detected 

in only two of the results, both at concentrations of less than 2 µg/L.  

Nitrate as N.  Seven nitrate results (out of 200) exceeded the 10 mg/L (as N) primary 

MCL in the Yegua-Jackson aquifer group in the ETRWPA.  Most of the results that 

exceed the MCL were from samples collected from shallow wells, but these were not 
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concentrated in any particular area. The remaining results were well distributed spatially 

throughout the Yegua-Jackson aquifer group in the ETRWPA.  Nitrate (as N) was 

detected above the primary MCL of 10 mg/L in 3.5% of the results in the Yegua-Jackson 

aquifer in the ETRWPA.  The average for all of the results is 1.5 mg/L, and the median 

for all of the results is 0.09 mg/L.  

Selenium.  No selenium results exceeded the 50 µg/L primary MCL in the Yegua-

Jackson aquifer group in the ETRWPA.  Most of the selenium results available are from 

samples collected in Angelina County, although samples were also collected from the 

Yegua-Jackson in Jasper, Nacogdoches, Houston, Polk, Trinity, and Sabine Counties in 

the ETRWPA.  Selenium was detected in only one sample in the Yegua-Jackson aquifer 

in the ETRWPA, and typical reporting limits were 2 – 20 µg/L.  

Copper.  Copper was not detected above the 1,000 µg/L secondary MCL or the  

1,300 µg/L primary MCL in the Yegua-Jackson aquifer in the ETRWPA.  Most of the 

copper results available are from samples collected in Angelina County, although 

samples were also collected from the Yegua-Jackson in Jasper, Nacogdoches, Houston, 

Polk, Trinity, and Sabine Counties in the ETRWPA.  The average for all of the results is 

29 µg/L, and the median is 13 µg/L.  

Fluoride.  Three fluoride results exceeded the 2 mg/L secondary MCL in the Yegua-

Jackson aquifer group in the ETRWPA.  All three were from wells completed in the 

Yegua Formation in Angelina County. One of the three results mentioned in Angelina 

County was 5 mg/L, which exceeds the 4 mg/L primary MCL. The available results were 

well distributed spatially throughout the Yegua-Jackson aquifer group in the ETRWPA.  

Fluoride was detected above the secondary MCL of 2 mg/L in 1.8% of the results in the 

Yegua-Jackson aquifer in the ETRWPA.  Only one result also exceeded the primary 

MCL of 4 mg/L. The average for all of the results is 0.5 mg/L, and the median for all of 

the results is 0.3 mg/L.  

Chloride.  Eighteen chloride results exceeded the 300 mg/L secondary MCL in the 

Yegua-Jackson aquifer group in the ETRWPA.  Most of these results were collected from 

wells completed in downdip sections of the Yegua Formation in Houston, Trinity, and 
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Polk Counties. Six Jackson Group wells in these counties also exceeded the secondary 

MCL. Chloride results are lower on the Yegua outcrop and in downdip sections in 

Angelina and Sabine Counties. The available chloride results were well distributed 

spatially throughout the Yegua-Jackson aquifer group in the ETRWPA.  Chloride was 

detected in 8.4% of the results above the secondary MCL of 300 mg/L in the Yegua-

Jackson aquifer in the ETRWPA.  The average for all of the results is 125 mg/L, and the 

median for all of the results is 65.5 mg/L.   

Iron.   About one-third of the available results in the Yegua-Jackson exceeded the  

300 µg/L secondary MCL for iron. No significant trends were observed in these results. 

The available results were well distributed spatially throughout the Yegua-Jackson 

aquifer group in the ETRWPA.  Iron was detected above the secondary MCL of 300 µg/L 

in 32.5% of the results in the Yegua-Jackson aquifer in the ETRWPA.  Iron was detected 

in approximately 90% of the results, and the average for all of the results is 1363 µg/L, 

and the median for all of the results is 130 µg/L, indicating that the average is 

significantly skewed upward due to the presence of a limited number of very high values. 

Manganese.  Eleven manganese results exceeded the 50 µg/L secondary MCL in the 

Yegua-Jackson aquifer group in the ETRWPA.  Five of these results were from samples 

collected from wells completed in the Yegua Formation near Lufkin in Angelina County. 

Other sample results exceeding the current MCL were collected in Houston, 

Nacogdoches, and Polk Counties. Most of the manganese results available are from 

samples collected in Angelina County, although samples were also collected from the 

Yegua-Jackson in Jasper, Nacogdoches, Houston, Polk, Trinity, and Sabine Counties in 

the ETRWPA.  Manganese was detected in 18.3% of the results above the secondary 

MCL of 50 µg/L in the Yegua-Jackson aquifer in the ETRWPA.  Manganese was 

detected approximately in half of the results, and the average for all of the results is  

49 µg/L, and the median for all of the results is 20 µg/L. 

pH.   About one-quarter of results from the Yegua-Jackson aquifer group were outside of 

the 6.5 - 8.5 secondary MCL range in the ETRWPA.  The majority of these out-of-range 

results exceeded the 8.5 upper pH MCL, and were from samples collected from wells in 
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downdip areas. The results that were below the lower 6.5 pH MCL were from samples 

collected from wells in outcrop areas. The available results were well distributed 

throughout the Yegua-Jackson in the ETRWPA.  The pH of water samples was outside 

the secondary MCL range of 6.5 to 8.5 in 24.8% of the results in the Yegua-Jackson 

aquifer in the ETRWPA.  The range of all of the results was 5.33 to 9. The average pH 

was 7.8, and the median pH was 8.0.  

Sulfate.  Sulfate was detected in 6.5% of the results above the secondary MCL of  

300 mg/L in the Yegua-Jackson aquifer in the ETRWPA.  Most of these were in the 

downdip area of the Yegua Formation throughout the ETRWPA.  The available results 

were well distributed throughout the Yegua-Jackson in the ETRWPA.  The average for 

all of the results is 113 mg/L, and the median for all of the results is 47.9 mg/L.   

Total Dissolved Solids.  The TDS concentration was above the secondary MCL of 1,000 

mg/L in 17.8% of the results in the Yegua-Jackson aquifer in the ETRWPA.  Most of 

these results were from samples collected from downdip Yegua Formation wells. The 

available results were well distributed throughout the Yegua-Jackson in the ETRWPA.  

The average for all of the results is 672 mg/L, and the median for all of the results is 557 

mg/L.   
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