IPP - 2011 Water Plan
East Texas Region

Appendix 1-C

Determination of Available Groundwater

Supplies and Quality

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

reviewed for applicability to the 2011 Plan, andlajed where necessary.
1-C.1 Groundwater Availability Modeling

The ETRWPG used the groundwater availability estsidrom the previous
round of planning because official managed avatlapoundwater (MAG) values had
not been determined by the GCDs in the GMAs. égdrevious plan, the ETRWPG used
the Queen City/Sparta/Carrizo-Wilcox GAM to estimatregional groundwater
availability in the ETRWPA for the Carrizo-Wilcoxnd Queen City/Sparta aquifers.
Since the 2006 Plan was completed, the GCDs in WA 11 and 14 have been
working on developing DFCs and MAGs. A predicty®undwater availability model
(GAM) for the Gulf Coast aquifer is being used ®tatmine MAGs for the Gulf Coast
aquifers. A draft GAM has been completed for tregia-Jackson aquifer, but was not
ready for use during the current planning peridtierefore, the groundwater availability
assessment for the Gulf Coast and Yegua-Jacksoataadsmall aquifers were based on
published information, historical water use datanfrthese aquifers, available well and
water level records, and the knowledge base ofdnsultant team.

The GAMs are regional models that were developealtas| to better understand
long-term regional impacts from historical and pysed groundwater pumping. The
GAMs do not define, estimate, or prescribe grourtdwavailability or supply for the
ETRWPA, but rather provide a tool to evaluate aguivater level impacts under

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

As stated above, the groundwater availability estes for the 2011 Plan were
adopted from the 2006 Plan. For the 2006 PlanET#RWPG determined that it is in the
best interest of the ETRWPA to maintain an accdptédvel of aquifer sustainability
during the 50-year planning window, as well asftdure generations beyond the 50-year
planning period. Thus, for the Carrizo-Wilcox, @ueCity, and Sparta aquifers (for
which a GAM exists), the groundwater availability the planning period was defined as
the amount of groundwater that could be withdrammf aquifers over the next 50 years
that would not cause more than 50 feet of wateell@ecline (or more than a 10%
decrease in the saturated thickness in outcro)ameahe aquifers as compared to water
levels in 2000. These criteria were used to gtiedevelopment of the groundwater
availability assessment and to determine groundwsipply for each aquifer in each
county. The planning group acknowledges that amfdht water does occur in storage
within the aquifers and that a portion of that wqdtdbove the estimated supply) could be
pumped if there is not a groundwater conservatimtrict in place to prevent such

withdrawals.

The steps involved in determining the water sugplycounty and aquifer using
the Queen City/Sparta/Carrizo-Wilcox GAMs summarized below. Because the GAM
does not “output” a value for groundwater avail@pibr supply, the model was used to
determine the impact of different pumping scenasosthat those impacts could be
compared to the criteria set by the planning grolmpother words, an iterative approach
was used to determine what groundwater demandcim @unty would result in no more
than 50 feet of water level decline or 10% declmeaturated thickness in the outcrop
areas. Future pumping locations are not known wéhainty. Therefore, the total
“estimated” supply was distributed equally acroashecounty and implemented into the
predictive GAM model (2000-2050). The pumping veasumed to be constant starting
in 2001, and was held at the projected level foyé&ars.

The drawdown across the model area was then adsessdetermine if the

drawdown criteria were met (i.e., if the averagawitown across the county was less
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about 50 feet). Depending on the drawdown respittgected supplies were adjusted and
another simulation completed. This approach wseslwntil the average drawdown in
each county met the criteria at the end of the &frgimulation period. The supply for
the county and aquifer was then set equal to ttaé tounty pumping that was necessary

to meet the drawdown criteria.

Some of the groundwater in the ETRWPA is brackigh,(above 1000 mg/L of
total dissolved solids [TDS]). In order to be uded municipal supply, the brackish
groundwater may require treatment. The portiogroindwater that is brackish can be
estimated by observing the overall water qualitgach county on an aquifer-by-aquifer
basis. The groundwater quality information is d&sed in more detail in the following

sections.
1-C.3 Groundwater Quality

The TWDB well database was used to complete a lddtavater quality
assessment of the aquifers in the ETRWPA. TWDBdsied water quality constituent
analytical results from wells within the ETRWPA wecompared to primary and
secondary drinking water maximum contaminant ley®&&CLs) when the database
contained sufficient data. In the case of fluoridee lower secondary MCL of 2
milligrams per liter (mg/L) was used for comparisparposes. The standard water

guality constituents studied were: sulfate, chleridH, TDS, nitrate, and fluoride.

TWDB infrequent water quality constituent analyticasults were also compared to
primary drinking water MCLs. Only constituents wghmary drinking water MCLs and
representative data records were selected forefifast. Only the most recent data for
each well was used. The infrequent water qualitystituents studied were: gross alpha,
arsenic, barium, cadmium, chromium, copper, lead] aelenium. In the following
discussions, gross alpha is reported in units@jquiries per liter (pCi/L), while the other
infrequent constituents are reported in units afrograms per liter (ug/L). Organic and
other regulated infrequent constituent data wag 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-Vdcgroundwater quality in the
ETRWPA are included at the end of this Appendifigures 1-C.1 through 1-C.16.

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

in the ETRWPA

Total Results

MCL Class| Constituent | Limit(s) Units Results |Over MCL | % Over | Average | Median
primary Alpha 15 pCi/L 144 1 0.7% <3 <2
primary Arsenic 10 pa/L 303 1 0.3% <6 <2
primary Barium 2000 ug/L 236 0 0.0% < 14( 30.0b
primary Cadmium 5 ug/L 286 0 0.0% <4 <2
primary Chromium 100 pg/L 282 0 0.0% <10 <5
primary Lead 15 pa/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 ug/L 288 3 1.0% <6 <2
secondary | Copper 1000 pg/L 297 0 0.0% <20p 4.7
secondary | Fluoride 2 mg/L 819 5 0.6% 0.33 0.2
secondary | Chloride 300 mg/L 909 5 0.69 59 15
secondary | Iron 300 pg/L 811 192 23.7% 821 <100
secondary | Manganese 50 pg/L 488 48 9.8% 35 <20
secondary | pH 6.5-8.5 std. unit 817 287 35.1% 79 8.2
secondary | Sulfate 300 mg/L 908 3 0.3% 32 16
secondary | TDS 1000 mg/L 9209 5 0.69 404 299

Alpha. Only one result for dissolved alpha particlesemded the 15 pCi/L primary
MCL in the Carrizo-Wilcox in the ETRWPA. This rdswas 23 pCi/L and the sample
was collected from a shallow well on the Carrizaécoap in northern Sabine county. The
alpha results are well distributed spatially in thecrop and downdip sections of the
Carrizo-Wilcox in the ETRWPA. Alpha particles weonly detected in 15% of the
groundwater results in the ETRWPA. Typical repaytiimits were 2, 3, and 4 pCi/L.

Arsenic. No arsenic results exceeded the 10 pg/L primaBLNh the Carrizo-Wilcox

aquifer group in the ETRWPA. The results were wétributed spatially throughout the
Carrizo-Wilcox aquifer group in the ETRWPA. Onaseamic result was non-detect with a
reporting limit that exceeded the current MCL. Thasult was not included on the figure

for this aquifer group in the ETRWPA. Arsenic watected above the 10 pg/L primary
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MCL in only one result from the Carrizo-Wilcox afgri in the ETRWPA. Arsenic was
detected in less than 2% of all of the resultshimn ETRWPA. Typical reporting limits
were 1, 2, 5, and 10 p/L.

Barium. No barium results exceeded the 2,000 pg/L prima@LMn the Carrizo-
Wilcox aquifer group in the ETRWPA. The resultsrevevell distributed spatially
throughout the Carrizo-Wilcox aquifer group in tB6RWPA. Barium was detected in
most of the results, and the average for all ofdiections is less than 140 pg/L, and the

median is less than 2 pg/L.

Cadmium. No cadmium results exceeded the 5 pg/L primary M@lthe Carrizo-

Wilcox aquifer group in the ETRWPA. The resultsravevell distributed spatially
throughout the Carrizo-Wilcox aquifer group in tBE8RWPA. Cadmium was only
detected in 1% of the results in the ETRWPA. Tybregorting limits were 1, 2, and 5
M/L. There were several results in which cadmiumns wat detected with a reporting limit
of 10 pg/L. These results were not considered lis#fige the reporting limit exceeded

the MCL and were not included in the summary tablégure.

Chromium. Chromium was not detected in any of the resultsvabthe 100 pg/L
primary MCL in the Carrizo-Wilcox aquifer in the RWPA. The results were well
distributed spatially throughout the Carrizo-Wilcaquifer group in the ETRWPA.
Chromium was detected in approximately 30% of #suits, and the average for all of

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

Lead. Lead was not detected in any of the results abowvd 5 pg/L primary MCL in the
Carrizo-Wilcox aquifer in the ETRWPA. Three leagsults exceeded the 15 pg/L
primary MCL in the Carrizo-Wilcox aquifer group e ETRWPA. The remaining
results were well distributed spatially throughthg Carrizo-Wilcox aquifer group in the
ETRWPA. Lead was detected in approximately 12%hefresults, and the average for
all of the results is <12 pg/L, and the median3spg/L. There were 95 lead results that
were below reporting limits that exceeded the eurMCL (reporting limits greater than
15 pg/L). These results were not included on tharé 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 Wpgry MCL in the
Carrizo-Wilcox aquifer group in the ETRWPA. Most these were from samples
collected from shallow wells on the Carrizo outcrbpt these were not concentrated in
any particular area. The remaining results werd distributed spatially throughout the
Carrizo-Wilcox aquifer group in the ETRWPA. Niteaas N) was detected above the
primary MCL of 10 mg/L in less than 1% of the résuh the Carrizo-Wilcox aquifer in
the ETRWPA. The average for all of the results.ismg/L, and the median for all of the
results is 0.22 mg/L.

Selenium. Three selenium results exceeded the 50 pg/L pyirhECL in the Carrizo-
Wilcox aquifer group in the ETRWPA. Two of thessults were in Angelina County,
and one was in Anderson County. All three werehim downdip section of the Carrizo.
The results were well distributed spatially throaghthe Carrizo-Wilcox aquifer group
in the ETRWPA. Selenium was detected above thpdQ primary MCL in 1% of the
results in the Carrizo-Wilcox aquifer in the ETRWP/&elenium was detected in only

7% of the results, and the average for all of #salits is <6 pg/L, and the median is 4.77
Ho/L.

Copper. Copper was not detected above the 1,000 pg/Lnsecy MCL or the 1,300
Mg/l primary MCL in the Carrizo-Wilcox aquifer inhé ETRWPA. The results
considered were well distributed spatially througiibhe Carrizo-Wilcox aquifer group in
the ETRWPA. The average for all of the results28 pg/L, and the median is 0.2 pg/L.

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

Wilcox aquifer group in the ETRWPA. Three of thessults were from deep wells in
the Wilcox in western Rusk County, and there weneesal other wells in this area with
elevated levels of fluoride (well above the averbmgehe ETRWPA, in the 1.5 - 2 mg/L
range). The other two results that exceeded thenslecy MCL were in eastern Shelby
County. No results exceeded the 4 mg/L primary MThe available results were well
distributed spatially throughout the Carrizo-Wilcaquifer group in the ETRWPA.

Fluoride was detected above the secondary MCLmf4. in less than 1% of the results

in the Carrizo-Wilcox aquifer in the ETRWPA. Noaokthe results exceeded the primary
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MCL of 4 mg/L. The average for all of the resuk9i33 mg/L, and the median for all of
the results is 0.2 mg/L.

Chloride. Only five chloride results exceeded the 300 mgécondary MCL in the
Carrizo-Wilcox aquifer group in the ETRWPA, andsignificant spatial trends appear to
be associated with these results. A disproportenaimber of results in Panola County
are in the 100-300 mg/L range, but these are ativbéhe 300 mg/L secondary MCL.
The available results were well distributed spbtighroughout the Carrizo-Wilcox
aquifer group in the ETRWPA. Chloride was detedtedess than 1% of the results
above the secondary MCL of 300 mg/L in the Carki¥ibcox aquifer in the ETRWPA.
The average for all of the results is 59 mg/L, #mel median for all of the results is 15

mg/L.

Iron. About one-quarter of iron sample results in theriZasWilcox aquifer group
exceeded the 300 pg/L secondary MCL in the ETRWHAe results that exceeded the
MCL were evenly distributed spatially and represdnsamples collected from wells
completed in both the Carrizo and Wilcox Formationson was detected above the
secondary MCL of 300 ug/L in 23.7% of the results\ae in the Carrizo-Wilcox aquifer

in the ETRWPA. The average for all of the residt821 pg/L, and the median for all of
the results is <100 pg/L, indicating that the agers skewed upward due to the presence

of a limited number of high values.

Manganese. Forty-eight manganese sample results in the Cawizoox aquifer group
exceeded the 50 pug/L secondary MCL in the ETRWHAe results that exceeded the
MCL were evenly distributed spatially and represdnsamples collected from wells
completed in both the Carrizo and Wilcox FormatioManganese was detected in 9.8%
of the results above the secondary MCL of 50 pg/the Carrizo-Wilcox aquifer in the
ETRWPA. Manganese was detected in approximatdfyohéhe results, and the average

for all of the results is 35 pg/L, and the mediandll of the results is <20 pg/L.

pH. About one-third of pH results in the Carrizo-Wilcaguifer group were outside of
the 6.5 - 8.5 secondary MCL range in the ETRWPAosMof the out-of-range results
were more alkaline than the upper pH MCL of 8.5e Tésults that were out of the MCL
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range were evenly distributed spatially and represk samples collected from wells
completed in both the Carrizo and Wilcox Formationghe pH of water samples was
outside the secondary MCL range of 6.5 to 8.5 if3& the results in the Carrizo-
Wilcox aquifer in the ETRWPA. The range of alltbe 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 mghorstary MCL in the
Carrizo-Wilcox aquifer group in the ETRWPA. Two tfese are from wells in the
Wilcox in northwestern Nacogdoches County. Howewsayeral other results in the
immediate area are well below the MCL. A disprojoate number of results in
northwestern Cherokee County are in the 150-30Q magige, but these are all below the
300 mg/L secondary MCL. The available results werell distributed spatially
throughout the Carrizo-Wilcox aquifer group in tB6RWPA. Sulfatevas detected in
less than 1% of the results above the secondary BfG300 mg/L in the Carrizo-Wilcox
aquifer in the ETRWPA. The average for all of thsults 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/tosdary
MCL in the Carrizo-Wilcox aquifer group in the ETRRX. TDS results tended to be
higher in Panola, Rusk, Shelby, and eastern Ande@munties, but these were for the
most part below the secondary MCL. The availabseilts were well distributed spatially
throughout the Carrizo-Wilcox aquifer group in tB@RWPA. The TDS concentration
was above the secondary MCL of 1,000 mg/L in ldentl1% of the results in the
Carrizo-Wilcox aquifer in the ETRWPA. The averafm all of the results is
404 mg/L, and the median for all of the result2899 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 groundwguality in the ETRWPA are
included at the end of this Appendix in Figures.1-@®rough 1-C.16.

Appendix 1-C-8 Chapter 1 Appendix C



IPP - 2011 Water Plan
East Texas Region

Table 1-C.2 Groundwater Quality Summaries for GulfCoast Aquifer in the

ETRWPA
Results
Total Over

MCL Class| Constituent | Limits | Units | Results| MCL | % Over | Average |Median
primary Alpha 15 pCi/L 82 1 1.2% 3 2
primary Arsenic 10 ug/L 116 0 0.0% 4 2
primary Barium 2000 pa/L 116 1 0.9% 177 109
primary Cadmium 5 pa/L 97 0 0.0% <2 <1
primary Chromium 100 pg/L 97 0 0.0% < 1( <
primary Lead 15 ug/L 115 0 0.0% <2 <1
primary Nitrate as N 10 mg/L 712 58 8.1% 3 0.0
primary Selenium 50 pug/L 116 0 0.0% 4 4
secondary | Copper 1000 pg/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 ug/L 373 100 26.8% 520 100
secondary | Manganese 5( ug/L 14p 5] 35.9% 65 26
secondary | pH 6.5 - 8.8td. unit§ 393 93 23.7% 7.2 7.3
secondary | Sulfate 300 mg/L 9471 9 1.0% 18 3
secondary | TDS 100( mg/L| 950 96 10.1P6 450 2P4

Alpha. Only one result for alpha particles exceeded theg@BL primary MCL in the

Gulf Coast in the ETRWPA. This result was 29 pGifid the sample was collected from
a 532-ft well in Beaumont completed in the Chicajufer. The alpha results are well
distributed spatially in the Gulf Coast Aquifer time ETRWPA. The average for all of
the results is 3 pCi/L, and the median for alllef tesults is 2 pCi/L.

Arsenic. No arsenic results exceeded the 10 pg/L primafgLMn the Gulf Coast
aquifer group in the ETRWPA. The results were wétributed spatially throughout the
Gulf Coast aquifer group in the ETRWPA. The aver&y all of the results is 4 pg/L,

and the median is 2 pg/L.

Barium. Barium was detected in only one of the resulevalihe 2,000 pug/L primary
MCL in the Gulf Coast aquifer group in the ETRWPAhiIs result was from a sample
collected from a well completed in the Chicot iffdeson County. The results were well
distributed spatially throughout the Gulf Coast iégugroup in the ETRWPA. Barium
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was detected in more than 95% of the results, hadaverage for all of the results is
177 pg/L, and the median is 109 pg/L.

Cadmium. No cadmium results exceeded the 5 pg/L primary M&lthe Gulf Coast
aquifer group in the ETRWPA. The results were wétributed spatially throughout the
Gulf Coast aquifer group in the ETRWPA. There wédecadmium results were below
reporting limits that exceeded the current MCL. Sédheesults were not included in the
figure for this aquifer group in the ETRWPA. Cadimi was not detected in any results
in the Gulf Coast aquifer group in the ETRWPA. Tiaical reporting limit was 1 mg/L.
There were several results in which cadmium wasdetécted with a reporting limit of
10 pg/L. These results were not considered usafakeghe reporting limit exceeded the

MCL and were not included in the summary tableiguirie.

Chromium. No chromium results exceeded the 100 pg/L prima@LMn the Gulf
Coast aquifer group in the ETRWPA. The results ewerell distributed spatially
throughout the Gulf Coast aquifer group in the ETRAY Chromium was only detected
in one of the results in the Gulf Coast aquiferugron the ETRWPA, and it was not
above the 100 pg/L primary MCL. Typical reportimgits were 1 and 20 pg/L.

Lead. No lead results exceeded the 15 pg/L primary MClthiea Gulf Coast aquifer
group in the ETRWPA. The results were well disitédl spatially throughout the Gulf
Coast aquifer group in the ETRWPA. There were &&dlresults that were below
reporting limits that exceeded the current MCL @rimg limits greater than 15 pg/L).
These results were not included the figure or tédoi¢his aquifer group in the ETRWPA.
The average for all of the lead results is less thaug/L, and the median for all of the

results is less than 1 pg/L.

Nitrate as N. For 58 out of 712 samples, the analytical resulteeded the Gulf Coast
aquifer in the ETRWPA primary MCL of 10 mg/L (as .NYlost of the results that
exceeded the MCL were from samples collected frévall@v wells. The remaining
results were well distributed spatially throughale Gulf Coast aquifer group in the
ETRWPA. It should also be noted that the majoatythese nitrate results are from

samples collected before 1970. These represemhdisé recent results from these wells.
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Relatively few samples have been collected in thdf Goast aquifer group in the
ETRWPA since that time. Nitrate (as N) was detddte8.1% of the results above the
primary MCL of 10 mg/L in the Gulf Coast aquiferogp in the ETRWPA. The average

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

Selenium. Selenium was not detected above the 50 pg/L prif@L in any of the

results in the Gulf Coast aquifer group in the ETIRAY The results were well
distributed spatially throughout the Gulf Coastigepugroup in the ETRWPA. Selenium
was detected in only three of the results, withdgbreporting limits in the 2 — 6 pg/L

range.

Copper. No copper results exceeded the 1,000 pg/L primaGLNh the Gulf Coast
aquifer group in the ETRWPA. The results considenere well distributed spatially
throughout the Gulf Coast aquifer group in the ETIRAY Copper was detected in 27.5%
of the results, and the average for all of the ltesa 10 pg/L, and the median is 2.26
Mg/L, indicating that the average is skewed upwdue to the presence of a limited
number of high values.

Fluoride. Five fluoride results exceeded the 2 mg/L secont®@L in the Gulf Coast
aquifer group in the ETRWPA. Four of these wemrfrsamples collected from wells
completed in the Evangeline, Jasper, and Gulf Cimabtardin County. Sample results
from three other wells completed in the Evangeli@kicot, and Gulf Coast in this area
had elevated levels of fluoride (well above therage for the ETRWPA, in the 1.5 - 2
mg/L range). The remaining sample result that edede¢he MCL was collected from a
well completed in the Chicot in Jefferson CountyheTavailable results were well
distributed spatially throughout the Gulf Coastiégugroup in the ETRWPA. Fluoride
was detected in 1% of the results above the secpmMdi@L of 2 mg/L in the Gulf Coast
aquifer group in the ETRWPA. Of these, none wérava the primary MCL of 4 mg/L.
Fluoride was detected in nearly all of the reswdty] the average for all of the results is

0.35 mg/L, and the median for all of the result8.Bmg/L.

Chloride. About 13% of chloride results exceeded the 300 nsgidondary MCL in the
Gulf-Coast aquifer group in the ETRWPA. Most oésk results were collected from
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wells completed in the Chicot in Jefferson, Orarge] southern Hardin Counties. Six
results from the Catahoula in northern Tyler argp&a Counties exceeded the secondary
MCL. The available results were well distributedasplly throughout the Gulf Coast
aquifer group in the ETRWPA. The average for althe chloride results is 154 mg/L,
and the median for all of the results is 32 mgfidi¢ating that the average is skewed

upward due to the presence of a limited numbeelatively high values.

Iron. About one-quarter of iron sample results in thef@dast aquifer group exceeded
the 300 pg/L secondary MCL in the ETRWPA. Seveesllts from samples collected
from wells completed in the Jasper Aquifer south\afodville in Tyler County exceeded
the MCL. Shallow wells completed in the Burkevilguiclude in central Polk County
also produced samples (in 1947) that exceededuttient secondary MCL for iron. The
Catahoula in northern Polk, Tyler, and Jasper Qesnwas as third source of sample
results that exceeded the MCL. The remaining restiat exceeded the MCL were
evenly distributed spatially and represented sasnptdlected from wells completed in
several formations in the Gulf Coast aquifer grodmpn was detected in 26.8% of the
results above the secondary MCL of 300 pg/L in @Gef Coast aquifer group in the
ETRWPA. Iron was detected in more than 80% ofrdseilts, and the average for all of
the results is 520 pg/L, and the median for allhef results is only 100 pg/L, indicating
that the average is skewed upward due to the meseha limited number of high

values.

Manganese. About one-third manganese sample results in thé Gadst aquifer group
exceeded the 50 pg/L secondary MCL in the ETRWPA significant percentage of
results from Jasper aquifer wells in Polk, Tylas@er, and Newton Counties exceeded
the MCL. Several other results exceeding the MCkewsom samples collected from the
Chicot aquifer in Jefferson, Jasper, Newton, anddidaCounties. A small percentage of
results from wells completed in the Evangeline agoeeded the MCL for manganese.
Manganese was detected in 35.9% of the resultseattv@vsecondary MCL of 50 pg/L in
the Gulf Coast aquifer group in the ETRWPA. Manganeas detected in approximately
78% of the results, and the average for all ofréseilts is 65 pg/L, and the median for all
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of the results is only 26 pg/L, indicating that tneerage is skewed upward due to the

presence of a limited number of high values.

pH. About one-quarter of results from the Gulf Coastifeg group were outside of the
6.5 - 8.5 secondary MCL range in the ETRWPA. Maifsthe out-of-range results were
more below the lower pH MCL of 6.5, and these wieoen samples collected from the
Chicot, Jasper, and Evangeline aquifers in PolkerTyasper, and Newton Counties. The
results available were evenly distributed spatiallghe Gulf Coast aquifer group in the
ETRWPA. The pH of water samples was outside tkersgary MCL range of 6.5 to 8.5
in 23.7% of the results in the Gulf Coast aquifexup in the ETRWPA. The range of all

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

Sulfate. Only 9 sulfate results exceeded the 300 mg/L seaymdCL in the Gulf-Coast
aquifer group in the ETRWPA. All of these resultere collected from wells in
Jefferson County. The available results were wadtributed spatially throughout the
Gulf Coast aquifer group in the ETRWPA. Sulfateswetected in 1% of the results
above the secondary MCL of 300 mg/L in the Gulf §auifer group in the ETRWPA.
The average for all of the results is 18 mg/L, #mel median for all of the results is 3
mg/L.

Total Dissolved Solids. About 10% of TDS results exceeded the 1,000 mgdosegary
MCL in the Gulf-Coast aquifer group in the ETRWPAMVost of these results were
collected from wells completed in the Chicot inféefon, Orange, and southern Hardin
Counties. Six results from the Catahoula in northEyler and Jasper Counties exceeded
the secondary MCL. The available results were wdisfiributed spatially throughout the
Gulf Coast aquifer group in the ETRWPA. The TDSha@ntration was above the
secondary MCL of 1,000 mg/L in 96 results in thelfGTioast aquifer group in the
ETRWPA. The average for all of the results is 45§/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 QueerCity/Sparta
Aquifer in the ETRWPA

Results

MCL Total Over

Class | Constituent |Limit(s) | Units | Results | MCL | % Over |Average| Median
primary gf{;gﬂon 15pCilL 43 0 00% <3 <3
primary | Arsenic 1pug/L 68 0 0.0% <2 <2
primary |Barium 200fg/L 68 0 0.0% 62  45.71
primary |Cadmium ng/L 65 1 1.5% <1 <1
primary | Chromium 100g/L 65 0 0.0% 3 1.43
primary |Lead 1pg/L 68 0 0.0% <3 <1
primary |Nitrate (as N Ieg/L 338 15 4.4% 2.0 0.19
primary |Selenium 50g/L 65 0 0.0% < 4 <4
secondaryCopper 100pg/L 68 0 0.0% 8 2.8
secondaryFluoride 2ang/L 337 6 1.8% 0.3 0.1
secondaryChloride 300ng/L 568 11 1.9% 45 17
secondarylron 30Qug/L 281 97 33.8¢ 1375 125
secondaryManganese 50g/L 86 13 15.19 42 13
secondarypH 6.5 - 8.%td. units 328 143 43.69 6.9 6.975
secondarySulfate 30(ng/L 537 13 2.4% 55 10
secondaryTDS 100(mg/L 569 15 2.6% 261 130

Alpha. Dissolved alpha particles were not detected abloeel5 pCi/L primary MCL in

the Queen City-Sparta aquifer in the ETRWPA. Nahalresults were available for the
Sparta in Sabine County Alpha particles were ordjedted in less than 20% of the
groundwater results in the ETRWPA.

Arsenic. Arsenic was detected in only two results from thee€h City-Sparta aquifer in
the ETRWPA, and neither was above the 10 pg/L pyrMCL. No arsenic results were
available for the Sparta in Sabine County.

Barium. Barium was not detected in any of the results alibee2,000 pug/L primary
MCL in the Queen City-Sparta aquifer in the ETRWPAo barium results were
available for the Sparta in Sabine County. Bariuas wletected in all but one of the

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

Cadmium. Cadmium was detected in only one of the resulthénQueen City-Sparta
aquifer in the ETRWPA, at a concentration of 19@L which is above the 5 ug/L
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primary MCL. This result was from sample collecfeaim a shallow well on the Queen
City outcrop near Murchison in Henderson Countywieer, other shallow Queen City
wells near Murchison have produced waters with adnmdum above detection limits.
The available results in the Queen City-Sparta vggneerally well distributed, but no
cadmium results were available for the Sparta inirfgaCounty. Typical reporting limits

for cadmium were 1 — 2 ug/L.

Chromium. Chromium was not detected in any of the resultsvabiie 100 pg/L
primary MCL in the Queen City-Sparta aquifer in 8RWPA. No chromium results
were available for the Sparta in Sabine Countyo@imm was detected in approximately

one-third of the results. The average for all @ tbsults is 3 pg/L, and the median is 1.43
Mg/L.

Lead. Lead was not detected in any of the results alo® 15 pg/L primary MCL in the
Queen City-Sparta aquifer in the ETRWPA. No leaglits were available for the Sparta
in Sabine County. Lead was detected in only s@fehe results, all at concentrations of
2 ug/L or less. Typical reporting limits were 1 ahgig/L. There were three lead results
that were below reporting limits that exceededdteent MCL (reporting limits greater
than 15 pg/L). These results were not includedithee or table for this aquifer group in
the ETRWPA.

Nitrate as N. Fifteen nitrate results exceed the 10 mg/L (as hthary MCL in the
Queen City-Sparta aquifer group in the ETRWPA. Thgority of these were from
samples collected from shallow wells on the Quedty Gutcrop in Anderson and
Cherokee Counties. The available results in theeQ@&ty-Sparta were well distributed.
Nitrate (as N) was detected above the primary MELG®mg/L in 4.4% of the results in
the Queen City-Sparta aquifer in the ETRWPA. Therage for all of the results is
2 mg/L, and the median for all of the results B530mg/L.

Selenium. Selenium was detected in only two samples in theeQLCity-Sparta aquifer
in the ETRWPA, and it was not detected above the@&Q primary MCL. No selenium

results were available for the Queen City-Spart@abine County.
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Copper. No copper results exceeded the 1,000 pg/L secorid@ty or the 1,300 pg/L
primary MCL in the Queen City-Sparta aquifer granphe ETRWPA. The available
results in the Queen City-Sparta were generally distributed, but no cadmium results
were available for the Sparta in Sabine County. @ierage for all of the results is

8 ng/L, and the median is 2.8 pg/L.

Fluoride. Six fluoride results exceeded the 2 mg/L second&@L in the Queen City-
Sparta aquifer group in the ETRWPA. Most of thesee from samples collected from
Sparta Sand wells in northern Angelina and southdatogdoches Counties. The
available results in the Queen City-Sparta werd distributed. Fluoride was detected
above the secondary MCL of 2 mg/L in 1.8% of thsutes in the Queen City-Sparta
aquifer in the ETRWPA. None of the results exceettie primary MCL of 4 mg/L. The

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

Chloride. Less than 2% of chloride results exceeded the 3@ mecondary MCL in
the Queen City-Sparta aquifer group in the ETRWPFhe Queen City wells in the
ETRWPA portion of HendersoBounty generally had higher chloride results thtreo
counties with Queen City or Sparta wells. The aldé results in the Queen City-Sparta
were well distributed. The average for all of tkeults 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 pgftosdary MCL in the Queen
City-Sparta aquifer group in the ETRWPA. The iresults that exceeded the MCL were
proportionally distributed between the Queen Cityg &parta and among the counties
that contain these formations in the ETRWPA. Ivaas detected above the secondary
MCL of 300 pg/L in 33.8% of the results in the Qune€ity-Sparta aquifer in the
ETRWPA. Iron was detected in approximately 85%hefresults, and the average for all
of the results is 1375 pg/L, and the median foroélthe results is 125 pg/L, indicating
that the average is significantly skewed upward tuine presence of a limited number

of very high values.

Manganese. About 15% of manganese results exceeded the AO0gegondary MCL in
the Queen City-Sparta aquifer group in the ETRWMost of these results were from
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Queen City wells in northeastern ETRWPA. Howewbere were several elevated
manganese results from the Sparta in Houston Cptwmbyof which exceeded the MCL.
The available results in the Queen City-Spartahen ETRWPA were well distributed.
Manganese was detected in 15.1% of the resultseatt@vsecondary MCL. Manganese
was detected approximately 75% of the results, thedaverage for all of the results is
42 ng/L, and the median for all of the results3gub/L.

pH. A large number of results from the Queen City+&paquifer group were outside of
the 6.5 - 8.5 secondary MCL range in the ETRWPAe Majority of these out-of-range
results were below the 6.5 lower pH MCL, and weoarf samples collected from Queen
City and Sparta wells in northeastern ETRWPA. Tésults that exceeded the upper
8.5 pH MCL were mostly from samples collected fraglls in the Sparta outcrop areas.
The available results were well distributed thromgththe Queen City-Sparta in the
ETRWPA. The pH of water samples was outside tkers#gary MCL range of 6.5 to 8.5
in 43.6% of the results in the Queen City-Spartaifaqin the ETRWPA. The range of
all of the results was 3.8 to 9. The average pH6&®8sand the median pH was 6.975.
Sulfate. Sulfate was detected in 2.4% of the results abinee secondary MCL of
300 mg/L in the Queen City-Sparta aquifer in theREMPA. The Queen City wells in
the ETRWPA portion of Henderson County and down@iparta wells in central
ETRWPA generally had higher TDS results than o#lteas. The available results in the
Queen City-Sparta were well distributed. The averfy all of the results is 55 mgl/L,
and the median for all of the results is 10 mg/L.

Total Dissolved Solids. The TDS concentration was above the secondary ®BCL000
mg/L in 2.6% of the results in the Queen City-Spaatuifer in the ETRWPA. The
Queen City wells in the ETRWPA portion of Hender&wunty and generally had higher
TDS results than other counties with Queen Cit$parta wells. The available results in
the Queen City-Sparta were well distributed. Therage for all of the results is 261
mg/L, and the median for all of the results is h3§y/L.
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1-C.3.4 Yegua-Jackson Water QualityTable 1-C.4 summarizes the results for

the Yegua-Jackson aquifer.

Table 1-C. 4 Groundwater Quality Summaries for Yega-Jackson Aquifer

in the ETRWPA

Results

MCL Total Over

Class | Constituent | Limit(s) | Units | Results | MCL |% Over |Average| Median
primary gf{;gﬁon 15pCill 15 0 00% <2 <2
primary |Arsenic 1pug/L 34 0 0.0% <7 <1(Q
primary |Barium 200fg/L 16 0 0.0% 59 28.4
primary |Cadmium g/l 32 0 0.0% <3 <5
primary |Chromium 100g/L 34 0 0.0% 12 20
primary |Lead 1pg/L 15 0 0.0% <1 <1
primary |Nitrate (as N 10mg/L 20( 7 3.5% 1.5 0.0¢
primary |Selenium 50g/L 34 0 0.0% <4 <2
secondaryCopper 100pg/L 3( 0 0.0% 29 13.04%
secondaryFluoride 2ang/L 166 3 1.8% 0.5 0.3
secondaryChloride 300ng/L 214 18 8.4% 125 65.5
secondarylron 300Qug/L 157 51 32.59 1363 130
secondaryManganese 50g/L 60 11 18.39 49 20
secondarypH 6.5 - 8.5std. units 157 39 24.8¢9 7.81 8.04
secondarySulfate 300ng/L 214 14 6.5% 113 47.9
secondaryTDS 1000mg/L 214 38 17.8¢ 672 557

Alpha. No alpha particles results exceeded the 15 pfifinary MCL in the Yegua-

Jackson aquifer group in the ETRWPA. The alphalltesare not well distributed
spatially in the Yegua-Jackson in the ETRWPA, nuadsthe alpha results available are
from samples collected in Angelina County. Dissdhadpha particles were not detected

in the Yegua-Jackson aquifer in the ETRWPA. Afiaeing limits were 2 pg/L.

Arsenic. No arsenic results exceeded the 10 pg/L primary.MCthe Yegua-Jackson
aquifer group in the ETRWPA. Most of the arsemsults available are from samples
collected in Angelina County, although samples wals® collected from the Yegua-
Jackson in Nacogdoches, Houston, Trinity, and Salfdounties in the ETRWPA.
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Arsenic was not detected in the Yegua-Jackson exquif the ETRWPA, and typical
reporting limits were 2 and 10 pg/L.

Barium. No barium results exceeded the 2,000 pg/L primd@L in the Yegua-
Jackson aquifer group in the ETRWPA. Most of tlagilom results available are from
samples collected in Angelina County, although dampvere also collected from the
Yegua-Jackson in Nacogdoches, Houston, Trinity, Saltine Counties in the ETRWPA.
Barium was detected in all but one of the resuts] the average of the results is
59 pug/L, and the median is 28.4 pg/L.

Cadmium. No cadmium results exceeded the 5 pg/L primaryLME the Yegua-
Jackson aquifer group in the ETRWPA. Most of tadmium results available are from
samples collected in Angelina County, although dempvere also collected from the
Yegua-Jackson in Nacogdoches, Houston, Trinityk,Pahd Sabine Counties in the
ETRWPA. Cadmium was not detected in any resulthénYegua-Jackson aquifer in the
ETRWPA, and typical reporting limits were 1 and @/l

Chromium. No chromium results exceeded the 100 pg/L prinMGL in the Yegua-

Jackson aquifer group in the ETRWPA. Most of theomium results available are from
samples collected in Angelina County, although dampvere also collected from the
Yegua-Jackson in Nacogdoches, Houston, Jasper, Pafiity, and Sabine Counties in
the ETRWPA. Chromium was detected in less than 85%e results. The average for

all of the results is 12 pg/L, and the median i180L.

Lead. No lead results exceeded the 15 pg/L primary M€the Yegua-Jackson aquifer
group in the ETRWPA. Most of the lead results kdée are from samples collected in
Angelina County, although samples were also catkdrom the Yegua-Jackson in
Houston, Trinity, Polk, Jasper, and Sabine Countidke ETRWPA. Lead was detected
in only two of the results, both at concentratioh&ess than 2 ug/L.

Nitrate as N. Seven nitrate results (out of 200) exceeded then@/L (as N) primary
MCL in the Yegua-Jackson aquifer group in the ETRAWPMost of the results that

exceed the MCL were from samples collected fromli@hawells, but these were not
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concentrated in any particular area. The remainasglts were well distributed spatially
throughout the Yegua-Jackson aquifer group in tA&R\WPA. Nitrate (as N) was
detected above the primary MCL of 10 mg/L in 3.5the results in the Yegua-Jackson
aquifer in the ETRWPA. The average for all of tesults 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 pg/L prinMGL in the Yegua-

Jackson aquifer group in the ETRWPA. Most of takesium results available are from
samples collected in Angelina County, although dampvere also collected from the
Yegua-Jackson in Jasper, Nacogdoches, Houston, Patkty, and Sabine Counties in
the ETRWPA. Selenium was detected in only one $ampthe Yegua-Jackson aquifer

in the ETRWPA, and typical reporting limits were-20 pg/L.

Copper. Copper was not detected above the 1,000 pg/Lnsecy MCL or the
1,300 pg/L primary MCL in the Yegua-Jackson aquifethe ETRWPA. Most of the
copper results available are from samples colledtedAngelina County, although
samples were also collected from the Yegua-Jacksdasper, Nacogdoches, Houston,
Polk, Trinity, and Sabine Counties in the ETRWPPMe average for all of the results is
29 pg/L, and the median is 13 pg/L.

Fluoride. Three fluoride results exceeded the 2 mg/L seagnMCL in the Yegua-
Jackson aquifer group in the ETRWPA. All three evétom wells completed in the
Yegua Formation in Angelina County. One of the ¢hresults mentioned in Angelina
County was 5 mg/L, which exceeds the 4 mg/L prinMGL. The available results were
well distributed spatially throughout the Yeguakim aquifer group in the ETRWPA.
Fluoride was detected above the secondary MCL A in 1.8% of the results in the
Yegua-Jackson aquifer in the ETRWPA. Only one lteslso exceeded the primary
MCL of 4 mg/L. The average for all of the resuks0.5 mg/L, and the median for all of
the results is 0.3 mg/L.

Chloride. Eighteen chloride results exceeded the 300 nsgitondary MCL in the
Yegua-Jackson aquifer group in the ETRWPA. Modhete results were collected from
wells completed in downdip sections of the Yeguantadion in Houston, Trinity, and
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Polk Counties. Six Jackson Group wells in thesenttes also exceeded the secondary
MCL. Chloride results are lower on the Yegua oytcend in downdip sections in
Angelina and Sabine Counties. The available chéonidsults were well distributed
spatially throughout the Yegua-Jackson aquifer grouthe ETRWPA. Chloride was
detected in 8.4% of the results above the secondli@i of 300 mg/L in the Yegua-
Jackson aquifer in the ETRWPA. The average foofalhe 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 thegda-Jackson exceeded the
300 ug/L secondary MCL for iron. No significantnigs were observed in these results.
The available results were well distributed spbtighroughout the Yegua-Jackson
aquifer group in the ETRWPA. Iron was detectedvalibhe secondary MCL of 300 pg/L
in 32.5% of the results in the Yegua-Jackson aquifthe ETRWPA. Iron was detected
in approximately 90% of the results, and the averfag all of the results is 1363 pgl/L,
and the median for all of the results is 130 ugfdicating that the average is

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

Manganese. Eleven manganese results exceeded the 50 pgdnday MCL in the
Yegua-Jackson aquifer group in the ETRWPA. Fivéheke results were from samples
collected from wells completed in the Yegua Foromaiear Lufkin in Angelina County.
Other sample results exceeding the current MCL weoflected in Houston,
Nacogdoches, and Polk Counties. Most of the marsgamesults available are from
samples collected in Angelina County, although dampvere also collected from the
Yegua-Jackson in Jasper, Nacogdoches, Houston, Pafiity, and Sabine Counties in
the ETRWPA. Manganese was detected in 18.3% ofdhelts above the secondary
MCL of 50 pg/L in the Yegua-Jackson aquifer in th@RWPA. Manganese was
detected approximately in half of the results, &mel average for all of the results is
49 ng/L, and the median for all of the resultsGg.2)/L.

pH. About one-quarter of results from the Yegua-3aokaquifer group were outside of
the 6.5 - 8.5 secondary MCL range in the ETRWPAe Mmajority of these out-of-range

results exceeded the 8.5 upper pH MCL, and wera Bamples collected from wells in
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downdip areas. The results that were below the @& pH MCL were from samples
collected from wells in outcrop areas. The avadabésults were well distributed
throughout the Yegua-Jackson in the ETRWPA. TheopMater samples was outside
the secondary MCL range of 6.5 to 8.5 in 24.8%ha&f tesults in the Yegua-Jackson
aquifer in the ETRWPA. The range of all of theuleswas 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 alkitveesecondary MCL of
300 mg/L in the Yegua-Jackson aquifer in the ETRWPMost of these were in the
downdip area of the Yegua Formation throughoutBR®WPA. The available results
were well distributed throughout the Yegua-Jacksothe ETRWPA. The average for
all of the results is 113 mg/L, and the medianaibof the results is 47.9 mg/L.

Total Dissolved Solids. The TDS concentration was above the secondary BICL000
mg/L in 17.8% of the results in the Yegua-Jacksquifar in the ETRWPA. Most of
these results were from samples collected from digwiYegua Formation wells. The
available results were well distributed throughthé Yegua-Jackson in the ETRWPA.
The average for all of the results is 672 mg/L, gredmedian for all of the results is 557

mg/L.

Appendix 1-C-22 Chapter 1 Appendix C



IPP - 2011 Water Plan
East Texas Reaion

| Carrizo-Wilcox (downdip)
Gulf Coast N
MCL= 20
15 pe/l [ Wilas

Water Quality in the Gulf Coast and Carrizo-Wilcox Aquifers
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