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Executive Summary

Understanding the spatial distribution of elevated groundwatetrate levels is a important issue
because of adverse health effecshighnitrate (>10 mg/Lnitrate-N, EPAvrimaryMaximumContaminant
Level, MCL

The objectiveof this studywereto quantifythe distribution of groundwatenitrate in majoraquifers and
one minor aquifer(Lipan)in Texas an@ssesdinkages toCommunity Water System®W{S}¥ and their
associategopulationsthat usethis water.The Lipan minor aquifer was included because it is known to
have elevatednitrate levels in groundwaterGroundwaternitrate data were compiledfrom the Texas
Water Development Boardiatabase fo33,167wellsbasedon themost recentsampledy wellfrom 1930
through 221 The spatial distribution of elevatetitrate concentrations was mappefr the state and
by aquiferusing indicator kriging based &wo thresholdconcentrations4 mg/L representing theipper
limit of backgrounchitrate levels and 10 mg/L, the primaMCL set by the US ERA health purposes
The current number of nenompliantPWSsnd associated populations weobtainedfrom EPAistings
based on 2018 rough2020 data Although dometsc wells are not regulated by EPApulationsserved
by domestic (rural)water wells that exceed these threshold levelgere estimated from the U.S.
Geological Survey water use d¢ed15 data)

Results show thaa total of2,631groundwatersamplesrom the TWDB databasexceeded thenitrate-

N MCLof 10mg/L, representing-8% ofthe most recennitrate analysesrom wellsthroughout the state
Nitrate rule violations byPWSawvere primarily from the Ogallala(51%)and Seymou(26%)aquiferswith
muchlower percentagegor the remainingaquifers The nediannitrate-N concentrationwas highest in
the SeymourAquifer 10.8mg/L) with the 95 percentile 0f33.9 mg/L, followed by the Lipan (median 7.7
mg/L), Ogallala (1.8 mg/L), and EdwaTadmity Plateau1.6 mg/L) aquifersA much larger percentage
(20%) of samples(6,554 samples)rom the TWDB databasexceeded thebackground level of 4ng/L
nitrate-N. Concentrations at the 95percentile generally exceeded 4 mg/L for all aquifers except the
CarrizeWilcox Aquifer. Of all samplesexceeding the4 mg/L background level28% were from the
Seymouraquifer, 20% from theOgallala,16% from theGulf Coast, and5% from theEdwardsTrinity
Plateauaquifers The Seymour aquifer had 84% of its groundwater samples exceed 4 Ting/lLipan
aquifer, though more sparsely sampled than the major aquifers, had 61¢ gfoundwater samples
exceed 4 mg/L.

Texas has thirgest number oactive PWSsof any state in the U.S4 653 systems2020). The majority
of the population has access RAWWS<28.7 million in 2020; 98% of the totalcensuspopulation of 29.1
million) with a much lower number of people relying on domestic or-Roiblic WaterSystems WS}
(0.4 million,1.4% of total population). Texas ranks numldein terms ofthe number ofPWSawith any
health-based violationg45PWS¥$and numbed in terms ofitrate-N violationsrelative to all of the states
in the Continental U.S. (CONYA total of35 PWS®xceeded thenitrate-N MCLin Texasmostly 84) in
major aquifers and only{ in minor aquifes based on 201& 2020 data The population impacted by
nitrate-N MCL exceedances froRWSgotaled ~32,116people (009% of the 2020 population) whereas
domesticwells (non-PWS}with nitrate-N >10 mg/Laccounted for~46,069people 0.16% of the 2020
censuspopulation). These percentages are much higher for theckground nitrateN level of 4mg/L
(PWSs0.99% of 202@opulation, noAPWSs0.4 %)

Three of the major aquifers accounted for the majority of the population impacted by primary MCL
violations in terms of population served BYSg), the Edward8alcones Fault Zone (BFE),007 people,
34%of total impacted populatioly Ogallala (6,817 peopl21%), and Trinity (6,6321%) aquifersSome
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of the PWSswith nitrate-N exceedances also hage-contaminantconcentrations above their MCsuch
asarsenic 23), fluoride (29) and radionuclides2}, primarily in the Ogallalaeand Seymour Aquifer©Of
these, five systems have reportedreatment for inorganics removalincluding reverse osmosis (2),
filtration (1), and innovative techniqueg&), yet violations persisPWSdhat exceednitrate-N MCLare
generally persistent, witB PWSsexceedinghe MCLfor ¥Q out of 12 quartersvithin a threeyear period
(2018¢ 2020).While the State has been making considerable progress towards briRyifg§ghat are
out of compliance with respect toitrate-N into compliance, there are still a number of neompliant
PWSsThe number ohitrate-N non-compliantPWSslecreased fron81in 2018 to21in 2020.There are
a variety of approaches for managinigrate-N contamination in smalPWSs



Introduction

Nitrate is the most pervasive contaminant in groundwater in Texas and in the U.S. (Burow et al., 2010).
Groundwatemitrate-N levels in drinking water are of great interest becao$@dverse health impacts,
including blue bay syndrome, canceasd thyroid disease (Ward et al., 2018he uppemitrate-N limit

of 10 mg/L (Maximum Contaminant Level) veatablished to minimize adverse health impacts related to
nitrate-Ntoxicity. Previousstudies show that 5.6 million Ameritsthave nitrateN concentrationsid mg/L

in their Community Water Systems based on 22014 data from the Safe Drinking Water Information
System (SDWIS) database (Schaider et al., 2019).

The EPA regulations only apply to public water syst@gS$sand not to private domegc-supply wells.
Previous studies show that the dominant sources of nitrate in groundwater include feréipppdication

and manureConditions resulting in elevated nitrate levels were found to be oxic conditions (low iron and
manganese and high dissetyoxygenand high nitrogen inputs (Burow et al., 2010). GIS overlay analyses
and logistic regression have been used to assess different sources and controls on nitrate contamination
atregional and national scales (Nolan et al., 1997; 2002; Squillade 2002).

Previous studies conducted by thimiversity of TexaBureau of Economic Geology evaluated linkages
between nitrogen loading and aquifer susceptibility parameters (Scanlon et al., 2004). Nitrogen loading
includedrainfall, atmospheric depositin, fertilizers {(norganic and organjcland usgproxies for sewage
and septic input, population density, and irrigation. Aquifer vulnerabilityrtidorate contamination
considered clay content, organic matter contepgrcent land surface slopandpercent well drained
soils. Multivariate logistic regressieshowed thatrainfall, percent agricultural land, low density
residential land, and soil organic matteere the most important variableS he inverse relationship
between precipitation and nitrate concentratiomas attributedto dilution in highrainfallareas and
possibly evapoconcentration in losginfall areas.Percent agricultural land magrovidea proxy for
agriculturalnitrogen loadng andlow-densityresidential land use maflect septic tank effluent.
Percent organic matter magpresent enitrification in some regionsThis study helped highlight major
controls onelevated groundwatenitrate concentrationsn Texas

The mostrecent study on groundwater nitrate conducted by the Bureau of Economic Geology examined
nitrate contamination in public water systems and in major and mawurifersin the state to assess
spatialdistribution of nitrate levels (Reedy et al., 2017). Basinfluencing groundwater nitrate
contamination were examined, including nitraléinputs, soil types, unconfined versaonfined aquifer
systems, and water table depthsumconfinedaquifers. Results showed that the highest nitrogen
loading did not neessarily correspond to groundwater nitrate contamination hotspots. Discrepancies
between nitrate loading and groundwater nitrate contamination suggested that soil texture, aquifer
status (confined vs unconfined), and water table depths are more imporéabfs controllingnitrate
contamination. High levels of groundwater nitrate, particularly in the Seymour, Lipan, and southern
Ogallala aquifers, were attributed primarily to natural sources and fertilizer inputs, coarse sails,
unconfined aquifers, and shew water tables.

A variety of approaches are available to treat groundwater nitrate contamination, including ion
exchange, reverse osmosis, and electrodialysis (EPA, 2021Xclemge resingork like tiny magnets
that adsorb nitratefrom waterin the treatment system. Reverse osmosisolves forcingitrate-
contaminatedraw water through a sempermeablemembrane thatdoes not allownitrate to pass
through.Hectrodialysignvolves use o direct electric current tdransportions through membranes,
where itholdsnitrate.



The objective of this study was to address the following questions:

1 What is thespatial variability in groundwatenitrate-N concentrations in major aquifers in Tefas
1 What is the potential population serdeby domestic wells and public water systems witinate-
N exceedancesf 4 and 10 mg/L?

Elevatednitrate-N levels represent a public health risk because groundwater is the primary source of
water in many regions in Texaghe prevalence of highitrate-N groundwater also represents an
economic challenge for small municig&VSghat are required to provide chemical treatment. Unique
aspects of this study include the long historical wajeslity databasefrom the TWDBwith good
geographical coveragevhich provides an opportunity to apply statistical and geospatial approaches to
nitrate-N distributions.



Methods

Terminology

¢ KS GSNXY aSysEnd ADNJI? tisaifBvNdttifferent meaning depending on the data source
used in this studyFor data derived frora Texas agency databasePWS refers to any water systerith
atleastl5residentialserviceconnectionsor a minimum of 25 people served on a yeaund basiswhich

is equivalent to CWS by EPA classificag@e next section)A Non-PWS generally refers to domestic
water systems located in rural settingdso withgenerallystableyearround populatiors.

TheUS Environmental Protection AgenEy@ Safe Drinking Water Information System (SDWIS) database
placesPWSsinto three categories, including Community Water System (LWS8n-Transient Non

Community Water System (NTNCWS), and TransiertOdommunity Water System (TNCWS). For this

study, the CWS categowas primarily used to prevent doubt®unting ofoverlappingpopulationswith
NonPWSsExamples of NTRIWSsnclude schools, hospitals, prisons, etc. Examples of TNCWS include
campgrounds, highway rest stops, rural gas stations, ®ie Safe Drinking Water Information System
(SDWISjatabase contains data regularly uploadsdthe various US state agencies responsible for water

guality in their state, includinghe Texas Commission on Environmental Qualif¢EQ Use of the

dzy' ljdzt €t AFASR GSNX) G @A 2t | ( Abasgkviolatighs forkdata derivg lidgniili NB F S|
SDWIS databaseless otherwise noted

The National Primary Drinking Water Regulations (NPDWR) are applied to public water systems to limit
the levels of contaminants in drinking water, thus preserving public heblithate rule violationsfall

under the inorganics portion of the Chemical Contaminants Ruleyhichthe MCL for nitrateN is 10

mg/L. This rule was enacted to prevent illness in infants. Nitrates are generally sourced from agricultural
fertilizers, leaks from septic tanks, sewage, andsi&no of natural deposit®dm addition to natural
geochemical processeNitrites have similar sources and impactsidgates, but have an MCL of 1 mg/L.

As most of the PWS systems awngpplied by aquifersinder oxidizing conditionsn Texas this study
focused on nitrateN. Most of the groundwater well samples in Texas include nittdevith <1% of the
samples includingitrite-N.

Data from theTexas Water Development Board (TWB®undwaterdatabasenvere used to characterize
statewidegroundwaternitrate-N concentrations to developstimates ofcountyrural populations atisk
of exposure tonitrate-N at threshold concentrationsf 4 mg/L and >10 mg/L. The threshold of 4 mg/L
was based on previous studies that suggested nithhievelsexceeding this level refleeinthropogenic
nitrate inputs in the High Plains aquifer (Gurdak and Qi, 2@0@)lysis of nitrate levels in groundwater in
Texas aquifermcludes all well use categories in the stdbata fromthe TCEQPWSdatabase were used
to characterizd®WS populations at risk of exposurenitrate-N concentrations 20 mg/Lbased on water
guality analyses of distribietn systemwater samplesData from the SDWIS database were yseaharily

to characterizeQWVSpopulations at risk of exposure tatrate-N >10 mg/L, thoughnon-PWSsare also
mentioned.

TWDBGroundwaterDataAnalysis

Dataon groundwatemitrate-N concentrationdor this study were obtained from the TWDB groundwater
database The TWDB databaseontains analysesf groundwatersampledat the well head prior to any
treatment processes anthe resultsare consideredrepresentative ofgroundwater conditionsat that
locationat the time of samplingThe original version of this report used data from grdwater samples
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collected betweenl929 and 2019 The current report uses data from groundwater samples collected
between1930and 2021 for the statewide maps only.

Major Aquifers
Sg Carrizo - Wilcox (subcrop) Trinity (subcrop)
“ Carrizo - Wilcox (outcrop) Trinity (outcrop)
% Edwards BFZ (subcrop) Ogallala
O Edwards BFZ (outcrop) Pecos Valley
Edwards - Trinity Plateau (subcrop) il Seymour
Edwards - Trinity Plateau (outcrop)
Gulf Coast Minor Aquifer

@8 Hueco- Mesilla Bolson £ Lpan 0 2550 100
e Miles

Figurel. TexadMajor Aquifers and the Lipan Aquifer (Mino€valuated in this study

The source aquifefor pumped waterwas identified for allgroundwaterwellsin the database Only
samples from wellthat werecompleted in a single aquifewhich represen88%of all nitrate-N samples
in the databasewere usedn this study The aquifers represented inighstudy include th&ine major
aquifers andhe Lipanminor aquifer(Figurel) identified and namedoy the TWDB.

Samples fron83,167groundwater wells in Texas are represented in this stuayluding25,422samples

with detectednitrate-N concentrations(Table14). The TWDB groundwater database samples analyzed

for nitrate-N were collected betweerl930and 2021 (Figure2). Analytical detection limits fonitrate-N

varied based on the laboratory and method used. Analytical results for samples with undetedteie
NO2YyOSYGNI GA2Y&RSENSEORSBS YISRRR aNBRFdzf G a I NB foldwdd NI O S NJ
by the method detection limitThe highest nowletect nitrateN concentration measured in the TWDB

dataset was 4.5 mg/L fro®11a I YLX Sa GF 1Sy Ay 582 A-dlectbanppsivéie Ay (K
not usedto constructthe probability maps or ther well data analyses presented in this study.

The maximum concentration was found to be 505 mg/L, and a total of 44 samples had concentrations
greater than 100 mg/L. These samples were not considered outliers as these concenfratiatisn 3

standad deviations of the mean of the lagtransformed data.The nondetect sampleshad a mean

detection limit of 024 mg/L and range from 001 mg/L to4.5 mg/L

10
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Figure2. Spatialdistribution ofnitrate-N concentrationsn Texas groundwateincludng samples
collected from1930¢ 2021 with detected concentrationf25422). The numbers of samplesd
percentages of all samplegthin the stated concentration ranges are shown in parenthesgnples
with non-detect concentations and amplesfrom wells that were not completeth singlenamed major
aquifer (or Lipan aquiferare not includedThe locations 085 publicwater systemsRFWS§kthat had any
nitrate-N MCL violation during the period 202820 are also shown.

b) 1000
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Figure3. Distributions of apumber ofgroundwaternitrate-N samples collecied by decadeand b)
percentiledistribution ofnitrate-N concentrationdor samples collected prido andon orafter the
median sample datel(Q/8/1975). (TWDB groundwater database,3®2021).
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The concentration distribution of the sample population collected prior to the median sample date
(10/8/1975) was compared to that of samples collectaul or after the median sample daté-jgure 3b.

The distribuions are nearly identical aboved.5 mg/L, while improved sampling technology (lower

detection limits) cause deviation between the two datasets below ~0.5 niglthis study is primarily

focused onnitrate-N concentration threshold values @&f mg/L and 10 mg/L, the slight difference in
distributions below & mg/L is inconsequential to the overall result$his indicates that there iitle

significant bias in the analytical precisiomitfate-N2 @S NJ 0 KS & YL SR GAYS LISNA 2F
can bereliably incorporatedo maximize spatial coverag&€he data used include only the most recent

analysis for each well.

TWDBData Analysis Groundwater Conditions ariRluralPopulations

Nitrate-N concentratiors from the TWDRyroundwaterdatabasewere evaluated by aquiferusing various
statistical analyseef the most recent analysis for a given well for samples collected 1@80through
2021. Statistical analysewclude simple determinations of the numbers of samples, numbers of non
detects, the meanminimum and maximum concentrations, and selected percentile concentrafidres.
Geostatistical Analyst extension in ArcMap7iWas usedo generate maps representative of tinitrate-

N spatialdistributionin the different aquifersindicator Krigindhasthe advantagethat no assumptions
are maderegardingnormality ofthe underlying (and unknown) distribution of the concentration data.

Indicator krigingdoes not result in a concentration map. Rathdre toutput is a map of thestimated
probability thatnitrate-N concentratiorsexceedngaselectedthreshold valueTwothresholdvalueswvere
usedfor the rural population analyse¥hethreshold of4 mg/Lrepresents thebackground level based on
literature estimateGurdak and Qi, 2006 higher threshadl value ofLOmg/Lwas used to identifareas
wherethe likelihood thatgroundwatermnitrate-N concentrations exceed thEP AprimaryMCL for drinking
water. Separatestate-wide mapswere generated for data ovethe period 1930to 2021 at threshold
nitrate-N concentratiors of 4 mg/L, andLO mg/L

Maps fa each aquifebased on the period930through2021focused on thébackground levig(>4 mg/L)
andthe EPA MCI>{0mg/L) includingall majoraquifersand the Lipan minor aquifeAs a general rule
of-thumb, it is desirable to have 100 or more data points &fdis considered the minimum required to
obtain a statistically stable amdeaningfulresultusingkrigingmethods Furtherconsideratiormust also
be given to the spatial distribution afatapoint locationswithin the modeledarea i.e., whether the data
are overly clustered in one area and sparse or absent in otfibere weranore thansufficientdatafor
all nine of the major aquiferand for the Lipaminor aquifer

The indicator krigingrocedure begins with binarytransformation of the concentratiodata aseither 0

(zero for alldata poinsless than or equal to the threshold valueldjone) for alldata poinsgreater than

the threshold valueA semivariogram is created that repsents the average variance between data
locations as a function of the separation distance between the data points. Thevaeogram may
includedirectional anisotropy components if the variance displays structure based on azihairtaction
within the data. A mathematical model is then fit to the sewairiogram points and this model is used to
predict values at locations between the data points. The resulting output is a grid map of predicted
probability (or likelihoodyalues thamitrate-N concentratons exceedhe threshold value. In this study a
uniform grid cell size of km x 1 knwas used to construct the aquifer and statéde probability maps.

The resulting maps depict thesstimatedspatial distribution of thgrobability or likelihoodbf exceeding
the threshold valuen an integer scale between 0% and 1Q0R6r this study weharacterizé predicted
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probability rangesisingsevendescriptivecategories, includingery low €10%), low 10-40%) moderate
(40-60%),high (60-90%), and verhigh £90%).

The maps should be interpreted in part with consideration given to the spatiaiibdison of the
underlying data aslata may beclustered in some areaand relatively sparse elsewher8ome artifacts
arepresent in the maps that arise primarityregionswith little or nodata and/orthe results oflirectional
anisotropy in the underlying semariogram structure.

All of the aquifer probability maps are reproducesiagewidth szegraphican AppendiX for the
NEIF RSNR&a .02y @dSyAaASyoOS
Safe Drinking Water Information Systemd & CEQublic Water Systeidata Analysis

Public Water Syste@onditions and Populations

Publicwater systems(PWS§¥in Texas are regulatednder the Safe Drinking Water Act wigtimacy
transferred from EPA to TCE@Qd must provide distribution system water sample analyses to monitor
system performance with regard to various potential contaminafitsoncern, includingitrate-N. There
was a total of 7,055 activeWSsn Texas servin28,747,517 people based osDWISlata downloaded in
April 15, 202X Figure 3% PWSservestableyearround populationsand accounted for 66% of tH&WSs
serving most of the PWS population (9728,/47,517 people). This study focuses dPWSsNonPWSs
(those with transient or nontransient populations) are not included to avoid double counting of
overlapping populations.The SDWIS database was used to characterize sSOMit8 nitrate-N
concentrations 20 m/L.

Texas PublicWater Systems
7,055 systems
28,747,517 people

Transient Non-Transient
Non-Community Non-Community
Water Systems Water Systems (NTNCWS)
(TNCWS) 882 systems (13%)
1,520 systems (22%) 504,000 people (2%)
286,000 people (1)

Community Water Systems
(CWS)
4,653 systems (66%)
28,748,000 people (37%)

Figured. Types, numbers, and total populations served by T&&Ssn the SDWIS database as of 15
April 2021 Percentages are relative to tttembinedtotal number ofPWSsand populationservedin
the datatase (https://www.epa.gov/groundwater-and-drinkingwater/safe-drinkingwater-information-
systemsdwisfederatreporting). The numbers of systems and corresponding populations semesd
summarized iMable 1.
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Tablela. Numbers of activpublic water systemi Texasnd the Uy population served category and
PWS type in the SDWIS databaseof 15 April 2021

Populatiors Served
Region system 501¢ 3,301¢ 10,001¢
Type ' '
P <500 1 3300 | 10,000 100,000 | 100,000 Al
CWS 2,050 1,539 700 323 41 4,653
NTNCWS 753 118 10 - 1 882
Texas
TNCWS 1,416 102 2 - - 1,520
All 4,219 1,759 712 323 42 7,055
CWS 26,113| 13,093 4,931 3,880 436 48,453
US NTNCWS 14,409 2,359 157 38 1 16,964
TNCWS 73,022 2,874 74 12 - 75,982
All 113,544 18,326 5,162 3,930 437 141,399

Tablelb. Total populations served by all actipgblic water system@ Texasand the Uy population
served category and PWS type in the SDWIS dataisast15 April 202INote that total populations for
system types other than CWS likely include populations from the CWS category at least in part.

Populatiors Served
) System
Region 501c¢ 3,301¢ 10,001¢
Type <500 >100,000 All
3,300 10,000 100,000
CWS 388,853| 2,340,246 4,001,194 8,156,665| 13,860,559| 28,747,517
Texas NTNCWS 94,743 151,816 53,897 - 203,375 503,831
X
TNCWS 191,449 89,633 7,896 - - 285,567
All 675,045| 2,581,695| 4,062,987 8,156,665| 14,063,934| 29,536,915
CWSs 4,399,897| 18,897,541 28,981,033 111,817,641 143,739,345 304,639,373
USs NTNCWS| 1,990,852 2,532,951 876,466 812,466 203,375 6,400,738
TNCWS 6,791,382 2,689,438 382,952 247,616 - 10,039,342
All 13,182,131| 24,119,930 30,240,451 112,877,723 143,942,720, 321,079,453

For this study, we summarized by aquifer tR&/Ssand associatedoopulations that had healtfhased
violations (as opposed tmonitoring,reporting, or public notice violations) related tuitrate-N, including
systems that were activen the date thathe SDWISlatabase was accessed for this studpril 15,2021).

The SDWIS databastacks system compliance on a quarterly bagikis studyprimarily summarizes
violations forthe 12-quarter periodfrom January 2018 through December 2020. This period was used to
capture recent information for systems that may alternate between compliant and-coompliant
conditions during successive quarters. Time seokhistorical violations famitrate-N and various other

water quality compliance rules and rule groups were consolidated at the annual level so that CWS
violations were counted only once during a given calendar year regardless of the number of \golation
that a system may have inced.

Because sample resultgith nitrate-N levelsbelow 10 mg/L are not routinely included in the SDWIS
database, data from the TCEQ PWS database were used to estimateribk @WVS populations for
nitrate-N concentrationsexceeding the background level of 4 mgfLthe distribution systems. These
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assessments are based on whether the CWS had at least one distribution water sam plieratighN >4
mg/L during the period fronrdanuary2018 through July 2020.

SDWIS Databag&efnitions

The EPA maintains a national datab§S®WISpf current active CWSwater quality compliance with
respectto the MCL status for all contaminants of concérhe database includes several system attributes
of interest to this study, including estates of the populations served by tH®WSghat are out of
compliance and identification of the sources of water for each system (surface water, groundwater,
groundwater under the direct influence of surface water, or water purchased from a wholesaler who
pumps and treats water)-ollowing areverbatim excerpts from the EPA website documentatitbrat
define attributes in the database that aod significance to this studfhttps://echo.epa.gov/tools/data
downloads/sdwadownloadsummary:

Public WatelSystem Type

GThe type of public watesystem(PWS). A public watslystem is a system for the provision to the public
of piped water for human consumption, which has at leassdrvice connections or regularly serves an
average of at least 25 individuals at least 60 days out of the year.

1 Community water systemA PWS that serves at least fifteen service connections used by year
round residents or regularly serves at least 25yeand residents (e.g., homes, apartments and
condominiums that are occupied yeaund as primary residences).

1 Non-community water system

0 Transient na-community water systemA norcommunity water system that does not
regularly serve at least 25 of tsame persons over six months per y@alypical example
is a campround or a highway rest stop that has its own water source, such as a drinking
water well.

o Nontransient norcommunity water systemA norcommunity PWS that regularly serves
at least 250f the same persons over six months per year. A typical example of a non
transient noncommunity water system is a school or an office building that has its own
water source, such as a drinking water véell.

Compliance Status

M1 d&Serious Violator

0 'Yes' indictes a public watesupplysystem with unresolved serious, multiple, and/or
continuing violations that is designated as a priority candidate for formal enforcement, as
directed by EPA's Drinking VatEnforcement Response Policy.

0 EPA designates systems ag@us violators so that the drinking water system and primacy
agency will act quickly to resolve the most significant noncompliance. Many public water
supplysystems with violations, however, are not serious violators. Operators and the
primacy agenciesra expected to correct the violations at nserious violators as well,
but without the more strict requirements and deadlines applicable to serious violators. If
the violations at a norserious violator are left uncorrected, that system may become a
seriaus violator. When a serious violator has received formal enforcement action or has
returned to compliance, it is no longer designated a serious violator. EPA updates its
serious violator list on a quarterly basis.

1 HealthBased Violations
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o Violations of maxhum contaminant levels (MCLSs) or maximum residual disinfectant levels
(MRDLs), which specify the highest concentrations of contaminants or disinfectants,
respectively, allowed in drinking water; or of treatment technique (TT) rules, which specify
requiredprocesses intended to reduce the amounts of contaminants in drinking water.
MCLs, MRDLs, and treatment technique rules are all hbakbkd drinking water
standardse

Compliance Points

1 ¢EPA uses a weighted point system that reflects the degree of noncompliance at each public water
system;generally more points mean more violations of a serious nature. The point system allows
primacy agencieg usually states; to rank public wateisupplysystems in order of severity of
noncompliance, so that those with more serious noncompliance can receive appropriate
responses, including formal enforcement action.

Table2. EPA guidelines for assigning violation point@altoPWSs
Points | Description
10

Acute contaminant maximum contaminant level (MCL) violation (total coliform or nitrate)

MCL or treatment technique violation for regulated contaminants other than total coliform or nit
Nitrate monitoring andeporting violation
Total coliform repeat monitoring violation

Monitoring and reporting violation not listed above
Public notice violation

Consumer Confidence Report violation

Additional point for each year a violation is unaddressed

=4 =4 -8 -8 —a_a_a -9

NonPublic WateSystems

Domesticand selfsuppliedsystemsare not regulated by the TCE® EPA These systemare generally
located in rural areas or amtherwisenot connected to aegulatedPWSand are referred to in this study
as non-PWSs Estimatesof the at-risk non-PWS populatioewere made by aquifeusing the kriging
probability maps discussed earlieoupledwith estimates of thenon-PWS county populatiorfsom the
United Sates Geologicalurvey(USGS015,https://water.usgs.gov/watusél. The USGS report provides
total populations and populations relying dtWSsThis study uses the difference between those two
populations to estimate the rural (neRWS) population in each county of Texas.

The spatial mean prolimlitiesof exceedindoth the 4 mg/L background levednd 10 mg/L nitrate-N MCL
threshold level were estimated for each unique aquifecounty intersectingarea based onthe GIS
probability maps. The spatigrobability of exceedanceneanvalues weremultiplied by the noRBPWS
population estimatesfor each county to obtain initial estimageof the atrisk populatiors. The initial

estimateswere finally adjustedto remove populations itthose county areasiot underain by the given
aquifers. The finatounty results were summedcrosseach aquifer.

This approactassumeghat the nonPWS populationare evenly distributedwithin each county The
county areas were not adjusted for areas servedPbySsTherefore, the atisk populations may be
conservativel overestimated in areas dominated by PWS systdansally multiple aquifers are present

at the same locations in some areakich could lead to doublaccounting of the populatiamin those
overlapping areasThe primary areas where this situation occurs that affect relatively larger populations
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are where the EdwardBalcones Fault Zon&FZ aquifer overlies the Trinity aquifer and where the
Ogallala and Pecogalleyaquifers overlie the EdwardErinity Platea aquifer.Similar gcondary areas
affecting smaller populations occur where minor aquifers either overlie each other or are overlain by a
major aquifer Reasoning that the shallowest aquifer in a given overlapping area is likely the primary water
source br nonPWS systems, this study assigimsse populations to the shallowest aquifer in a given
area.

Social Vulnerability Index

The US Centers for Disease Control (CDC) periodically publishes a national dataset characterizing what
they term the SociaVulnerability IndeXSoVI) The dataset ibased on datat the US Census Tract level

and is made available at that resolution and also at the US County |&hel.dataset containseveral
components. For this study we used the curr&ucialVulnerabilitylndex(i.e., SoVI) statistic which is

based ornthe US Census Bureau American Community Survey (ACS) for the2081&020 (Figure 5,

adapted for use in watequality analyses

Median Household Income (Inv)

Population Density

Theme 3 Vacant Homes

Mobile Homes

Demographics &
Housing

é\ Theme 1 Poverty Rate

1_3 Socioeconomic Unemployment Rate
© Status Per-capita Income (Inv)
GCJ No High School Diploma
= Limited English
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= Race Black

qh) & Language ac
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©
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Figure5. Components of theCenters for Diseaséontrol (CDC) Social Vulnerability Index (Saiépted
for use in this water quality analysis.

The CDC SoVI is designed for disaster managekivenmodified the CDC SoVI by excluding social
parameters not considered directly relevant to drinking water quality and including some additional
parameters. The CDC SoVI includes 15 parameters within four th&m&seconomonic status,

Household composith & disability; Minority status and language, and Housing type and transportation.
We omitted the Household composition & disability theme and vehicle transport from Housing Type and
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transportation. We included pecapita income and vacant homes (prory flepopulating systems) and
also subdivided the Minority class to include Hispanic, Black, and Asian grbepsodified SoVI
statistic is based on 14 US census variables that are grouped into three themes, including (1)
socioeconomic status, (2) racedalanguage, and (3) demographics and hougig. 5) Theme 1
variables shown with (Inv) indicate those d#tat were inverted or flipped about their median values
so that they correlate positively with increased social vulnerabiitpywded housing refs to occupied
housing units with more than one person per room. The analysis was based on the 202® fiveyear
US Census data published in 2022 by the American Community Sataey

Valuesof SoVI range from zero (0, least vulnerable) to one (1stnwailnerable) and represent the
normalized sums of the individual variablkes agivencounty. The SoVI values wesemmarizedt the
UScountylevelfor the CONUS andor Texadn this study.
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Results

Populations served Bublic Water Systems and nBablic Water Systems

The total population of Texas increasedabfactor ofabout 3 between 1960(9.6 million)and 201527.5
million)and furtherto the population 0f~29.1 million in 2@0 (Figure6). The percentage of the population
served byPWSdas varied between about 885% during that timeind wasestimated at26.2million in
2015(Table3). The population served by ng?WSgenerally fletuated between about @.to 2.7 million
people during that timeand wasestimated to be0.4 million in 2020 As a percentage of thiotal
population, the noAPWSpopulationranged from 10% to 22% between 1960 and 1980 and decreased to
2%in 2020

w
o

—e—Total
Public water systems
—e— Domestic/Self-supplied water system

N N
o o

Texas population (millions)
H
(62}

10
5
0 9—0—”"—._‘\0—0——0””—.\0\.
1960 1970 1980 1990 2000 2010 2020

Figure6. Historical evolution of Texas population relying on PUNES vs Domestic/Selfupplied
(non-PWS}P(USGHttps://water.usgs.gov/watuse/data)for 19902015.Valuesfor 2020 arebased on
the SDWISlatabase Values are summarized Trable3. (https://www.epa.gov/groundwater-and
drinkingwater/safe-drinkingwater-information-systemsdwisfederalreporting)

Table3. Historical evolution of the Texas population relyindP®S PWS9 and NorPWSsand the relative
percentages of the total population (USG8ps://water.usgs.gov/watuse/datdy.

Year Total PWS NonPWS PWS NonPWS
Population Population Population (%) (%)

1960 9,580,000 8,580,000 1,000,000 89.6 10.4
1965 10,591,000 9,450,000 1,141,000 89.2 10.8
1970 11,197,000 9,240,000 1,957,000 82.5 17.5
1975 12,236,000 9,560,000 2,676,000 78.1 21.9
1980 14,013,000 11,390,000 2,623,000 81.3 18.7
1985 16,361,330 15,403,760 957,570 94.1 5.9
1990 16,986,410 16,129,900 856,510 95.0 5.0
1995 18,723,940 17,550,400 1,173,540 93.7 6.3
2005 22,859,968 20,628,993 2,230,975 90.2 9.8
2010 25,145,561 22,704,975 2,440,586 90.3 9.7
2015 27,469,114 26,154,041 1,315,073 95.2 4.8
2020 29,536,915 28,747517 397,988 98.4 1.6

*PWSvalues basedn 2020 SDWIS database.
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TexasONS National Rankings for Rule Violations

The state of Texas shows large variability in the distribution of countiesRMIBshavingany health-

based violation relative to Social Vulnerability Index (SoVl), with many countieanyithealthbased
violations (2018&; 2020 SDWIS data), particulamythe High Plaind~gure J. However, counties in the

Rio Grande Valley and East Texas fall into the highest category of SoVI anebhsetikiolations.
Populations in Texas with higher SoVI generally increase with higher terciles of anybasaitkiolation
(Tableb). For example, 9,000peopleare classified within the lowest Solétcile and lowest tercile of
health-based violation whereas almos#6,000people fall into the category with the highest St&ftile

and highest tercile of healtbased violations. Within the top tercile of heaitfased violations, SoVI
populations peaked within the middle SoVI tercile. These results indicate that higher SoVI populations are
more at risk of healttbased violations.

Texas ranks variously among the fige states with regard to numbers ®WSghat had recent (2018
2020) healthbasedviolations(Table4). Texas ranks number 1 of all states in terms of numbd?WiSs
with any healthbased violation and ranks within the top 2 for many of the other heb#bked violations.
Onlyviolations of Suace Water Treatment Rule, Groundwater Rdad organicgulesrank lower in
Texagelative to other states. Texas ranking in terms of CWS populations served rangestir@rfdz
different healthbased violationsThe rankings reflect in part that Texaas both the largest number of
PWSof any state (4,653) and the second largest state population servédN8g~28.7 million) after
California.Accordingly, for total affected populations expressed as percentages of thegidgetotal
populations sergd by allPWSs Texas ranks variously between 6 and 24 among other continental US
(CONUS}tates with nitrate-N violations regulatedsepaately. For nitrate-N violations, Texas ranks
number lin terms of number oPWSsnumber2 in terms of population seed, andnumber 50n a per
capita basis
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Table4. Numbers of community water systems, affected populations, anecpeita affected populations

with health-based violations for the various water quality rules RMWSsn TexasAlso shown ardany
inorganiq which includes Arsenic, Nitrateand Inorganics combined rullations andany HB volation

which includell healthbased violations for abif the rules.This table is based on daftam the SDWIS
databasefor the periad from Jan 2018 through Dec 2020 and accessed on April 15, 2021. Highest ranked
states/areas are based on affect€¥VSpopulation percentages.

Rule / Texag Systems0 Tgxas Populations . H;?:fft
Nitrates 35 1 0.71 11,139 2 0.04 10 ID
Inorganics 37 1 0.80 46,659 3 0.16 8 NY
(Fluoride) 34 1 0.73 37,683 3 0.13 5 uT
Arsenic 71 2 1.53 110,363 2 0.38 10 NN
(any inorganic) 115 2 2.47 143,375 2 0.50 15 NY
Radionuclides 170 1 3.65 195,657 3 0.68 18 NY
DBPRs 242 1 5.20 940,425 3 3.27 20 RI
SWTR 34 5 0.73 236,454 8 0.82 8 WV
GWR 35 5 0.75 39,621 7 0.14 24 LA
RTCR 53 2 1.14 137,166 7 0.48 23 NN
Organics 3 3 0.06 5,089 6 0.02 6 PA
LCR 68 1 1.46 100,283 8 0.35 11 NJ
(any HB violation) 545 1 11.71 2,690,600 2 9.36 21 RI

DBHRR Disinfectant and Disinfection ByproduRtile SWI'R Surface WateTreatment RuleGWR
GroundwaterRule RTQR Revisedrotal ColiformRule NN: Navajo Natio(Arizona) Parentheses are
used to refer to contaminants that do not have a specifie ffluoride, any inorgar).
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Figure7. National countylevel map comparing terciles of CWS populatibagingany healthbased
violation (a) or nitrate rule (b) violatiorior the period 2018, 2020vs terciles of &I (Social
Vulnerability Index, 2018Y.he choropleth map is similar to that used by Fedinick et al92Green
tinted areas represent@/Itercilesfor counties having nbealth-basedviolation for anyCWS3n that
county. The 8Vlis a normalized score with values ranging from O (least vulnerable) to 1 (most
vulnerable)as described in the Methods Section of this rep¥idluesfor CONUS and Texaie

summarized inmable5a and 5b
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Table5a. Populationsand percentages of total CWS populati@ssociatedvith terciles ofUSand Texas
county levelSoVI(normalized) valueandterciles of CWS populationwith any healthbased violation in

the SDWIS database during the period 2@D20.Percentages of total values are relative to the US CWS
population 0f304,379,434nd to the Texas CWS populatior2&747,430Cell colors correspond to the
legend inFigure 5aValues reflect violating CWS populations in each category except, (@e@es) which
represents the total population in each category.

VI P il
Affected - CountySo : ercentilRange ;
Region| Population % CWS % CWS % CWS
Tercile 0 0 0
People Total People Total People Total
3
2 421,814 0.14
CONUS 1 63,527 | 0.02 68,072 0.02 45,404 0.01
0 27,415,585/ 9.01 85,627,754 28.13
3
Texas 2 41,595 0.14
1 9,121 0.03 9,857 0.03 6,750 0.02
0 2,977,497 | 10.36 | 6,672,524 | 23.21

Table 5bPopulations and percentages of total CWS populations associated with terciles of US and Texas
county level SoVI (normalized) values and terciles of CWS populationsitvatk ruleviolationsin the
SDWIS database during the period 22120.

VI P ile R
Affected - County So k ercentile Range -
Region| Population % CWa % CWS % CWS
Tercile 0 0 0
People Total People Total People Total
3
2 11,261 0.004
CONUS 1 2,160 0.001 2,185 0.001 867 0.000
0 31,009,978 10.188 | 92,187,657| 30.287
3
Texas 2 41,595 0.14
1 9,121 0.03 9,857 0.03 6,750 0.02
0 2,977,497 | 10.36 6,672,524 23.21

HistoricalTexasCommunity Water Systeliolations

Time series oPWSawith health-based violations in Texas shows that system violations of the DBP Rule
(DBPRyvere highestsince early 2000s, peaking in 2005 and 20Hi§ure8a). Total affected populations

are also dominted by DBPRiolationssince early 2000&~igure8b). The Lead and Copper Rule (LCR)
violations peaked in the early 1990s, in terms of number of systems and populations served. System
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violations of the Ground Water Rule (GWR) increased from ~ 2010 peak?0d9 and ranked"? after
DBPR violations (Figg).
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Figure8. Summary timeseries of Texas Community Water System (CWS) Headtbd violations for the
various EPA water quality rules based on #ig\WISlatabase including a) thennualnumber of

violations and b) théotal annualaffected populations(SDWIS databaskitps:// www.epa.gov/ground
water-and-drinkingwater/safe-drinkingwater-information-systemsdwisfederalreporting). Annual
dataare shown infable @ and Tableb, respectivelyDBPR: Disinfection Byproducts Rule, RTCR:
Revised Total Coliform Rule, SWTR: Sukiéater Treatment Rules, LCR: Lead and Copper Rule, GWR:
Groundwater Rule.

PWSawith nitrate-N violations varid in the early to midl990s and gradually increased peaking in 2012
(53)and then declined to a minimum &0in 2019 (Fig.94). In terms of affeted population, the period
from 1995¢ 2005had the highest numbesf people impacteavith an average of 34,81 8ecliningslightly
to a local miimum of 10,843 in 2019gFigure9b). Comparing the two graphs emphasizes that W Ss
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that are currently in violation with respect titrate-N are dominated by small systentsavinga median
system population of abo®00people
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Figure9. Timeseries othe primary inorganic constituent healthased violatias including arsenic,
nitrate, andnitrate-N violations for Texas Community Water Syss€RWS}¥based on th&&DWIS

database including annualnumber ofsystemviolations and bjotal annualaffected populations.
Annual data are shown in
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Table6aand Tablesb, respectively
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Table6ba. Time series of the numbers BIWSsn Texas with healtihased violations fothe different EPA
water quality standards shown Figure8a and Figure9a.

o o | O =

2| 2 |3 2 e
Year 8 L g é = £ . . . s

S 8|83 8|88/ 2| & | 2|8 | 5| =

Z < x o T S x (@) @) o | %) O]
1990 22 0 4 22 46 35 22 0 0 0 0
1991 6 1 9 14 22 45 13 228 0 0 0
1992 6 0 2 3 8 31 9 222 97 0 0
1993 1 2 7 74 31 208 152 26 0
1994 14 0 5 4 12 75 30 15 761 1 0
1995 34 1 5 37 57 75 33 18 315 1 0
1996 16 3 17 35 46 63 38 7 210 0 0
1997 41 2 5 7 21 68 33 5 167 1 0
1998 30 1 9 11 20 44 30 8 225 1 0
1999 37 2 8 31 45 39 38 6 121 0 0
2000 30 1 3 3 10 32 37 2 171 1 0
2001 33 2 6 4 12 23 47 1 119 0 0
2002 38 2 23 54 74 32 217 29 127 12 0
2003 33 2 52 51 68 28 262 84 104 21 0
2004 41 1 56 52 70 23 992 99 148 21 0
2005 31 7 36 45 52 31 1410 86 112 26 0
2006 26 82 32 44 52 24 1254 98 166 16 0
2007 37 89 36 43 58 31 1112 104 176 14 0
2008 41 92 45 38 49 31 1131 88 115 12 0
2009 50 103 45 46 59 29 938 90 128 8 15
2010 48 107 50 35 47 30 924 113 102 19 107
2011 45 101 42 36 49 23 863 62 90 14 207
2012 53 98 59 36 53 21 819 95 99 22 276
2013 48 89 61 40 57 22 798 79 123 19 320
2014 46 75 71 37 50 20 1170 97 102 13 299
2015 43 75 57 38 54 16 1529 118 110 20 349
2016 37 71 58 34 45 14 1460 29 140 20 357
2017 38 74 54 35 49 10 1340 26 125 13 337
2018 36 56 57 33 43 8 1232 24 167 23 363
2019 30 50 46 25 36 14 1137 18 143 16 499
2020 35 54 40 23 33 11 998 15 94 12 318
2021 35 51 42 22 24 3 112 22 20 36 17

DBPRDisinfectant andisinfection Byproducts Rule, RTCR: Revised Total Coliform Rule, SWTR: Surface
Water Treatment Rules (includes SW Treatment, Long Term 1, and Long Term 2 Rules), LCR: Lead and
Copper Rule, GWR: Groundwater Rule
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Table6b. Time series of the CWS populations in Texas with héalsied violations for the different EPA
water quality standards shown Figure8b and Figure 9b

© o 2
ey @ S

S =] =2 " o

@ x [&) o )

1) o =) [} c o
Year i 2 S S = 2 . . .

= 2 = o)) © = 0

© Q ) o Qo o O o

= 7] © = - (@) ;

k= ) TS| 3 S S =) m = O =

b < X o [T S (@] a o - w0 O]
1990 17,105 - 1,011 30,147 | 39,279 | 329,757 639,910 - - - -
1991 2,210 350 10,420 | 15,796 | 17,242 | 376,815 512,494 | 3,325,901 - - -
1992 7,056 - 586 1,685 2,138 231,929 135,362 766,022 | 3,013,969 - -
1993 126 5,300 549 1,087 1,087 610,083 798,849 | 1,016,290 | 6,481,002 | 397,853 -
1994 15,096 - 4,440 5,681 51,477 | 470,828 465,199 4,949 | 2,500,811 168 -
1995 35,337 | 5,300 1,005 9,400 16,314 | 1,962,058 | 312,823 7,363 | 3,224,805 324 -
1996 23,534 | 12,104 | 56,306 | 31,919 | 40,061 | 344,293 507,408 1,572 903,726 - -
1997 46,790 | 5,650 4,426 10,466 | 53,262 | 316,364 493,605 615 921,117 90 -
1998 35,281 350 32,969 | 4,259 | 47,208 | 290,281 472,939 847 862,181 645 -
1999 41,721 | 5650 | 45044 | 24,314 | 67,191 | 379,736 617,492 843 966,861 - -
2000 31,182 | 5,300 8,210 5,874 5,874 406,394 615,557 - 569,479 645 -
2001 36,371 | 5,650 13,326 | 6,467 6,467 118,428 735,046 - 839,137 - -

2002 35,315 5,650 58,447 65,230 66,989 246,992 4,508,976 235,049 | 1,031,453| 53,909 -

2003 33,782 5,650 187,563 | 40,534 41,912 176,299 8,136,193 442,106 406,503 186,898 -

2004 41,030 350 142,353 | 56,991 58,297 286,391 7,162,636 862,881 | 1,665,900 | 267,655 -

2005 22,619 9,551 54,505 77,789 78,230 253,840 6,191,837 | 2,595,571 | 656,409 163,134 -

2006 8,409 118,712 | 27,170 67,274 67,274 169,755 4,747,157 583,606 467,047 41,373 -

2007 27,581 | 205,243 | 37,581 | 182,799 | 183,648 | 190,352 4,347,362 | 1,449,488 | 595,872 55,329 -

2008 26,026 | 127,268 | 55,421 | 180,229 | 180,718 | 193,677 4,398,863 661,553 587,933 233,926 -

2009 29,687 | 143,285 | 54,936 | 166,538 | 167,027 | 644,397 3,717,758 764,710 | 1,553,313 | 388,849 24,277

2010 29,124 | 169,610 | 57,552 | 166,563 | 167,412 | 159,323 3,651,440 915,929 140,054 147,572 184,282

2011 38,368 | 283,774 | 59,293 | 166,907 | 300,808 | 165,733 3,189,411 731,229 57,050 149,103 442,583

2012 38,505 | 261,439 | 65,704 | 167,852 | 301,264 63,847 3,517,682 479,904 121,693 539,547 375,130

2013 35,771 | 250,061 | 46,603 | 177,699 | 318,705 | 114,658 7,654,769 360,292 164,073 361,128 371,267

2014 19,733 | 238,683 | 79,551 | 173,602 | 174,032 66,470 8,925,443 595,848 77,095 134,805 339,982

2015 28,443 | 132,017 | 58,171 41,180 48,771 91,433 10,966,708 | 3,175,946 | 289,067 136,961 | 1,814,346

2016 11,401 | 103,991 | 63,213 20,020 53,039 82,600 9,488,496 136,324 503,402 301,491 | 4,481,763

2017 32,632 | 234,094 | 42,339 33,801 47,149 53,991 8,559,092 96,315 968,948 67,711 1,053,311

2018 16,915 75,232 51,403 23,451 32,428 17,425 7,712,920 79,127 1,847,013 | 1,159,914 | 675,523

2019 10,843 66,067 51,991 23,004 32,410 102,471 6,626,154 40,217 1,415,660 | 296,214 857,000

2020 11,139 62,156 36,944 8,702 10,248 60,672 3,633,691 25,455 1,024,313 | 21,115 1,779,029

2021 21,548 90,108 49,502 7,583 9,137 6,968 303,370 24,143 24,954 780,970 7,134
DBPR: Disinfection Byproducts Rule, RTCR: Revised Total Coliform Rule, SWTR: Surface Water Treatment
Rules (includes SW Treatment, Long Té&rmand Long Term 2 Rules), LCR: Lead and Copper Rule, GWR:
Groundwater Rule.
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Current Texas Community Water System Violations

Currently there are85 CWS withitrate violations in Texas based in SDWIS data doweldadApril 15
2021 {Table7). Texas ranked number 1 of all states in the CONUS in ter®\&/88vith nitrate violations
and number2 in terms of population served based 8018¢ 2020 dataTable 8)Most violations ardor
systems that obtain their water fronthe Ogallad (18/35) or Seymour aquifer®/35). The range in
maximumnitrate-N concentrations for all violatinBWSgs 10to 26 mg/L The populations served by the
nitrate violatingPWSsanges fronb0to 11,007(Atascosa Rural WE®owever, the majority of th®WSs
with nitrate violations are very small (< 500 peopl&/ 25 systems, #5% of CWS} Four of the systems
are classified asmallin size (50% 3,300 people) with the remainintpree systems classified as medium
in size City of Keene, 6,310 people; Concho Rural Water Grape Creek, 4,569 people; Atascosa Rural WSC,
11,007 peoplg

Several9) of thenitrate-N violatingCWS®nly recorded one healtibased violation over the thregear
period (2018; 2020, 12 quarters); however, many of tB&Séad multiple healtHbased violations, with
up to39violations recorded in a single C\F3anklin Water System lII)

Many of these violatingWS#ad cecontaminants, in addition taitrate-N (Table 7)The most common
co-contaminant is arsenic, witB2/ 35 systems havingheasuredarsenic concentrations ranging frogi3

to 19.6>g/L. Fluoride concentrationexceeding the primary EPA MCL ohg/L were also found ir29 of

the CWSawith nitrate-N violations, ranging fron8.72 ¢ 25.6 mdL (from TCEQ entry point datajwo

PWSs had radionuclide rule violations in addition to nitrate violations (Country View MHP and Klondike
ISD), both drawing groumdhter from the Ogallala aquifer.

Texas rankedslin terms of CWS violations of the Nitrates Rule aidr2terms of population served
within the CONUS (Table 8Ye also considered related healtfased violations in Texas, including
Fluoride (under theénorganicsRulg (Table 9)ArsenicRule Table 10, any inorganic (including arsenic,
nitrates, and inorganics rulesjgble11), and Radionuclides RulBaple12). Texas ranked"2in terms of
CWS violations of the Arsenic Rule affti2terms of population served within the CONUS, both
following California ranked*i(Table 8). Texsaaranked 2 in terms of CWS violations of any inorganic
violation after California, including arsenic, nitrate, and inorganics rules and"disat@ms of
population served, after New York which had a high number related to asbestos violations. [$exas a
ranked F'in terms of CWS violations of radionuclides, aildrBterms of population served.

Treatment of Community Water System Violations

Data on treatment ofCWSdor varioushealth-basedviolations are limitedA total of 5 out of the 35
systems withmitrate violations between 2018 and 2020 list some type of treatment for inorganic removal,
including reverse osmosi2 g§ystems), filtrationX system), and innovative technolog¥ gystens) (Table

13). Additional details about treatment of speciff@VSdor nitrate, including those with corrosion control,
iron removal, taste/odor control, and particulate remoaik provided iriTable 13
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Table7. Numbersof reported healthbased (HB) violations and maximum concentrationgitfite-N,
arsenic,and fluoride, and number of radionuclides violations RAWSdn Texas havingitrate-N MCL
violation(s) during the perio0182020. Cocontaminant concentration data were collected from the
TCEQ PWS entry point dataset.

- No. of
Q Rule Max. Concentrations
@ Violations
n
c 4 - -
PWS ID PWS Name 8 Aquifer Name ) o ?—5', >
2 2ls | R £ E
2 > | g T z
g c 2 S 2 b
<1 3| @ S <
TX1520080 FRANKLIN WATER SYSTEMS 3 | 159 Ogallala 39 14.4 22
TX1530005 GRASSLAND WSC 55 Ogallala 37 9.93 | 9.93 16
TX1520247 COUNTRY VIEW MHP 54 Ogallala 35 | 10 11
TX0580013 WELCH WSC 315 Ogallala 27 153 | 9.93 18
TX0580025 KLONDIKE ISD 264 Ogallala 24 | 4 158 | 19.6 18
COUNTRY VILLAGE MOBILE HO
TX1650111 ESTATES 138 Ogallala 23 189 | 19.6 16
TX1100011 WHITHARRAL WSC 200 Ogallala 16 13.7 | 19.6 26
SOUTH MIDLAND COUNTY WAT|
TX1650077 SYSTEMS 165 Ogallala 15 19
TX0990001 CITY OF CHILLICOTHE 707 Seymour 14 17.2 | 18.9 13
WARREN ROAD SUBDIVISION EdwardsTrinity
TX1650084 WATER SUPPLY 195 Plateau 14 12
TX0680051 CANYON DAM MOBILE HOME P4 108 Trinity 13 8.76 | 9.93 20
GREENWOOD TERRACE MOBIL
TX1650048 HOME SUBDIVISIO 120 Ogallala 13 153 | 8.78 20
TX0390003 CITY OF BYERS 496 Seymour 12 153 | 8.78 18
TX1650057 TWIN OAKS MHP MIDLAND 234 Ogallala 11 153 | 8.76 16
TX1590002 MARTIN COUNTY FWSD 1 54 Ogallala 10 10.8 | 0.012 12
TX0780013 THALIA WSC 135 Seymour 9 9.86 | 8.76 15
TX1380011 CITY OF BENJAMIN 258 Seymour 7 9.93 | 9.93 20
TX0440002 CITY OF DODSON 109 Seymour 5 8.76 | 9.93 20
RRA TRUSCOTT GILLILAND WA
TX1380006 SYSTEM 176 Seymour 4 11 0.0029 17
WILDWOOD MOBILE HOME
TX1520046 VILLAGE 672 Ogallala 4 153 | 13.7 14
TX0860080 ROYAL OAKS APARTMENTS 57 Trinity 3 8.76 | 9.93 11
TX0960014 LAKEVIEW WSC 98 Seymour 3 8.3 9.85 13
TX1530003 CITY OF WILSON 489 Ogallala 3 139 | 18.9 11
TX0580011 CITY OF ACKERLY 245 Ogallala 2 196 | 11 11
TX1530002 CITY OF TAHOKA 2585 | Ogallala 2 10.8 | 17.8 14
TX1650024 PECAN GROVE MOBILE HOME | 336 Ogallala 2 10.8 | 10.8 11
TX0150040 ATASCOSA RURAL WSC %100 Edwards (BFZ) 1 10.6 | 18.9 11
RRA ESTELLINE TURKEY WATE
TX0960001 SYSTEM 250 Seymour 1 9.93 | 9.92 11
TX1100001 CITY OF ANTON 1126 | Ogallala 1 15.8 | 9.98 11
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TX1260008 | CITY OF KEENE 6310 | Trinity 1 178 | 153 10

TX1400010 | SPADE WSC 125 | Ogallala 1 153 | 878 11

TX1730003 | FLOMOT WATER ASSOCIATION| 50 | Seymour 1 872 | 872 14

TX1840018 | LAZYBEND ESTATES 171 | Trinity 1 9.85 | 9.85 11

Tx2260008 | SONCHO RURAL WATER GRAPY 5549 | Lipan 1 194 | 256 11
CREEK

TX2400025 | MIRANDO CITY WSC 460 | Gulf Coast 1 103 | 153 11

Table8. Numbers of systems, total populations, and state rankindPiSdaving any healtibased
violation under theNitrates Rulein the continental US for the period 202820.

Systems Population
State
Number | Rank| Total Rank
X 33 1 11,139 2
CA 31 2 8,291 3
OK 20 3 12,883 1
KS 15 4 6,932 6
AZ 10 5 3,521 9
NE 10 5 4,202 8
WA 8 7 4,570 7
CcoO 4 8 2,375 10
ID 4 8 7,686 4
MT 4 8 1,165 12
MN 3 11 369 16
PA 3 11 805 14
SD 3 11 243 17
WI 3 11 1,671 11
IA 2 15 682 15
IN 2 15 1,097 13
M 2 15 89 21
OR 2 15 172 19
uT 2 15 7,350 5
CT 1 20 36 27
DE 1 20 60 26
FL 1 20 70 23
IL 1 20 150 20
NH 1 20 80 22

Systems Population
State
Number | Rank Total Rank

NM 1 20 222 | 18
wv 1 20 65| 25
wy 1 20 70| 23
AR - 28 -| 28
GA - 28 -| 28
LA - 28 -| 28
MA - 28 -| 28
MD - 28 -| 28
ME - 28 -| 28
MO - 28 -| 28
MS - 28 -| 28
NC - 28 -| 28
ND - 28 -| 28
NJ - 28 -| 28
NN - 28 -| 28
NV - 28 -| 28
NY - 28 -| 28
OH - 28 -| 28

RI - 28 -| 28
SC - 28 -| 28
TN - 28 -| 28
VA - 28 -| 28
VT - 28 -| 28
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Table9. Numbers of systems, total populations, and state rankingF@'Sshaving any healtlibased
violation forFluorideunder thelnorganicsRulein the continental US for the period 2013)20.

Systems Population Systems Population
State Numb)(/ar Rank TotaFI) Rank State Numb{:‘r Rank Tota? Rank
TX 35 1 37,683 2 MA - 15 -| 15
CA 7 2 9,284 5 MD - 15 - 15
VA 6 3 696 8 ME - 15 - 15
AZ 4 4 629 9 MI - 15 - 15
MO 3 5 11,070 3 MN - 15 -| 15
NM 3 5 3,406 6 MS - 15 - 15
DE 1 7 9,800 4 NC - 15 - 15
ID 1 7 78| 12 ND - 15 - 15
MT 1 7 50| 14 NE - 15 - 15
NH 1 7 53| 13 NJ - 15 - 15
NY 1 7 100| 10 NN - 15 - 15
OK 1 7 2,000 7 NV - 15 - 15
uT 1 7 99,750 1 OH - 15 - 15
Wy 1 7 85| 11 OR - 15 - 15
AR - 15 - 15 PA - 15 - 15
CcoO - 15 - 15 RI - 15 -| 15
CT - 15 - 15 SC - 15 - 15
FL - 15 - 15 SD - 15 - 15
GA - 15 - 15 TN - 15 - 15
IA - 15 - 15 VT - 15 - 15
IL - 15 - 15 WA - 15 - 15
IN - 15 - 15 Wi - 15 - 15
KS - 15 - 15 WV - 15 - 15
LA - 15 - 15
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Tablel0. Numbers of systems, total populations, and state rankingiS$aving any healtibased
violation under theArsenic Rulén the continental US for the peridzD182020.

Systems Population
State
Number | Rank| Total Rank

CA 94 1 114,839 1

TX 71 2 110,363 2

AZ 42 3 71,216 3

NH 26 4 13,715| 8

NM 15 5 47,393 5
OR 15 5 8,886 10
IL 13 7 5,590 12
NV 13 7 4,440| 15
ID 9 9 3,035| 17
MN 9 9 1,850| 24

LA 8 11 17,835 7

OK 8 11 60,678 4
WA 8 11 1,004 29
NY 7 14 2,895 18
ME 6 15 3,801| 16
MI 6 15 1,338 27
MT 6 15 2,186 22
CcoO 5 18 1,560 25
IA 5 18 539| 30
IN 5 18 1,471 26
KS 5 18 2,131 23
NN 5 18 5,029 13

NE 4 23 24,091 6
PA 4 23 2,661 19
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Systems Population
State
Number | Rank Total Rank

CT 3 25 2,626 20
SD 3 25 1,106| 28
AR 2 27 2,501 21
FL 2 27 178| 33
GA 2 27 112 35
ND 2 27 4,475| 14
OH 2 27 108| 36
Wi 2 27 10,118 9
MA 1 33 40| 38
MD 1 33 164 | 34
MS 1 33 388| 31
NJ 1 33 270| 32
uT 1 33 90| 37
wy 1 33 6,225 11
DE - 39 -1 39
MO - 39 -1 39
NC - 39 -1 39
RI - 39 -1 39
SC - 39 -1 39
TN - 39 -1 39
VA - 39 -1 39
VT - 39 -1 39
wv - 39 -1 39




Table11l. Numbers of systems, total populations, and state rankingPMS<having anyhealth-based
violationunderany inorganic violation, (include®smbinedviolations of the Arsenic Rule, Nitrate Rule,
or Inorganics Rulgin the continental US for the period 202820.

Systems Population Systems Population
State State
Number| Rank Total Rank Number | Rank Total Rank
CA 127 1 132,092 3 VA 6 24 696| 35
TX 115 2 143,375 2 NN 5 26 5,029 21
AZ 55 3 75,068| 5 Wi 5 26 11,789 12
NH 29 4 14,019 11 AR - 28 20,526| 9
OK 27 5 73,464| 6 CT 4 28 2,662 29
KS 22 6 9,647 17 FL 4 28 2,863 28
NM 20 7 51,477 7 uT 4 28 107,190 4
NE 17 8 35,905| 8 MO 3 32 11,070 13
OR 17 8 9,058 18 Wy 3 32 6,380 19
WA 16 10 5,574 20 DE 2 34 9,860| 15
IL 15 11 9,740 16 GA 2 34 112 39
ID 13 12 10,756| 14 ND 2 34 4,475 23
NV 13 12 4,440| 24 OH 2 34 108| 40
MN 12 14 2,219 31 MA 1 38 40| 42
MT 11 15 3,401| 26 MD 1 38 164| 38
NY 11 15 1,103,345 1 MS 1 38 388| 36
PA 9 17 3,539 25 NJ 1 38 270 37
Cco 8 18 3,095 27 WV 1 38 65| 41
1A 8 18 1,487 32 NC - 43 -| 43
LA 8 18 17,835| 10 RI - 43 -| 43
Ml 8 18 1,427| 33 SC - 43 -| 43
IN 7 22 2,568 30 TN - 43 -| 43
ME 7 22 4,751 22 VT - 43 -| 43
SD 6 24 1,349 34
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Table12. Numbers of systems, total populations, and state rankingPMSshaving any healtibased
violation under theRadionuclidesRulein the continental US for the period 202820.

Systems Population Systems Population
State State
Number | Rank Total Rank Number| Rank Total Rank

X 170 1 195,657, 3 FL 10 25 3,781 34
CA 153 2 142,137, 4 ME 10 25 5,579| 28
AZ 61 3 79,877 6 NC 10 25 70,979| 8
CcoO 48 4 28,939| 13 VA 9 28 1,027 39
NH 43 5 16,617 17 LA 8 29 17,835| 16
OK 34 6 76,078 7 IN 7 30 2,568| 37
MN 33 7 69,558 9 NJ 6 31 22,764 15
KS 28 8 16,416| 18 VT 6 31 639| 40

IL 27 9 36,115 12 AR 5 33 24,176 14
NM 27 9 56,840 10 CT 5 33 2,730| 36
NE 21 11 36,653 11 NN 5 33 5,029| 31
Wi 21 11 202,282 2 uT 4 36 107,190 5
ID 17 13 11,129| 21 wy 4 36 6,425| 25
OR 17 13 9,058| 24 DE 3 38 10,116| 22
GA 16 15 15,570| 19 MA 3 38 215| 43
NV 16 15 5169| 30 SC 3 38 2,564| 38
NY 16 15 1,104,510 1 MD 2 41 253| 42
WA 16 15 5,574 29 ND 2 41 4,475 33
PA 15 19 6,206| 27 OH 2 41 108 | 45
SD 14 20 9,390| 23 MS 1 44 388| 41

1A 13 21 6,392| 26 RI 1 44 154 | 44
MO 12 22 15,161| 20 wv 1 44 65| 46
MT 12 22 4,501| 32 TN - 47 -| 47
MI 11 24 2,760| 35
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Tablel3. Numbers of water treatment plants for Texas CWS that incurred a hbakhd violation for
nitrates-N during 20182020 by treatment objective. Inorganicmmoval objective also lists the treatment
technology applied. Only six of the violating systems have active inorganics removal systems during this
period.

PWSID PWS Name Inorganics Removal |~ Corrosion | p e i Other
RO | Filt | Alum | Innov Control

TX0150040| ATASCOSA RURAL WSC 2 Iron Removal (1)
TX0230002| CITY OF QUITAQUE 1

TX0270021| SILVER CREEK VILLAGE WSC 1 2 Taste/Odor Control (1)
TX0270047| CASSIE WS 2

TX0270065| RIVER OAKS WS 1

TX0390003| CITY OF BYERS 2

TX0440001| WELLINGTON MUNICIPAL WS 1

TX0440002| CITY OF DODSON 1

TX0440018 RRA DODSON WS 2

TX0480011| EOLA WSC 1 1

TX0570082| D BAR B MOBILE HOME RANCH 2

TX0580011| CITYOF ACKERLY 1

TX0580013| WELCH WSC 1

TX0580025| KLONDIKE ISD 1 Particulate Removal (1
TX0680051| CANYON DAM MOBILE HOME PARK 1

TX0680163| HUBER GARDEN ESTATES 1

TX0780013| THALIAWSC 1

TX0860080| ROYAL OAKS APARTMENTS 1

TX0860136| BERNHARD TRAILER PARK 1

TX0960001| RRA ESTELLINE TURKEY WS 1

TX0960003| TURKEY MUNICIPAL WS 1

TX0960014| LAKEVIEW WSC 1 Particulate Removal (1
TX0990001| CITY OF CHILLICOTHE 2

TX1100001| CITY OF ANTON 1

TX1100011| WHITHARRAL WSC 1

RO: Reverse Osmosis, Filt: Filtration, Alum: Activated Alumina, Innov: Innovative, Corrosion control uses hexametaphosphate
inhibitor, Disinfection uses either gaseous chlorination or hypochlorination.
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Table 13 (continued)

PWSID PWS Name Inorganics Removal (e Disinfection Other
Control
RO | Filt | Alum | Innov
TX1260008| CITY OF KEENE 2
TX1350001| RRAGUTHRIE DUMONT WS 1
TX1380006| RRA TRUSCOTT GILLILAND WS 1
TX1380011| CITY OF BENJAMIN 1 1
TX1400010| SPADE WSC 1
TX1520046| WILDWOOD MOBILE HOME VILLAGE 1
TX1520080| FRANKLIN WSS 3 1
TX1520247| COUNTRY VIEW MHP 1
TX1520308| CHIPPER POINT APARTMENTS 1
TX1530002| CITY OF TAHOKA 1
TX1530003| CITY OF WILSON 1
TX1530005| GRASSLAND WSC 1
TX1590002| MARTIN COUNTY FWSD 1 1
TX1650024| PECAN GROVE MOBILE HOME PARK 1
TX1650048| GREENWOOD TERRACE MOBILE HOM 1
TX1650057| TWIN OAKS MHP MIDLAND 1 1
TX1650077| SOUTH MIDLAND COUNTY WSS 1
TX1650084| WARREN ROAD SUBDIVISION WS 1
TX1650111| COUNTRY VILLAGE MOBILE HOME ES 1 Particulates (1)
TX1730003| FLOMOT WATER ASSOCIATION 1
TX1770001| CITY OF ROSCOE 1 1 1
TX1840018| LAZY BEND ESTATES 1
TX2000002| CITY OF MILES 2
TX2260008| CONCHO RURAL WATER GRAPE CRE 1
TX2400025| MIRANDO CITY WSC 1
TX2440003| NORTHSIDE WSC 2
TX2440005| RRA HINDS WILDCAT WS 2

RO: Reverse Osmosis, Filt: Filtration, Alum: Activated Alumina, immovative, Corrosion control uses hexametaphosphate
inhibitor, Disinfection uses either gaseous chlorination or hypochlorination.
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General Results

A total of 33,167samples were analyzed foitrate-N in the statebetween 1930and July 2021 This
datasetincludes all rawvater samples from various sectors from the TWizl database, including those
from public water system®ata points overlying the major aquifers plus the Lipainor aquifer were
analyzed in this studyA total of 6,554 samples Z0% ofall groundwaternitrate-N data in this study
exceecedthe secondaryhresholdof 4 mg/Lwhile 2,631samples&%9 hadnitrate-N concentrations above

the primaryEPAMCL oftO mg/L (Table 4).
Table14. Summary ohitrate-N analyses in the TWDB database. Values represent the latest sample for

wells sampled betweefh930and2021

Total Nitrate-N >10
. otal i -
Aquifer A(?rlélsepr Number of | Detects Dgfc)er::ts Nitrate N >4%m3f/ - mut % of
Samples Samples Total Samples Total
CarrizeWilcox Major 3868 1619 2249 156 4.03 71 1.84
EdwardsBFZ Major 1465 1235 230 138 9.42 24 1.64
EdwardsTrinity
Plateau Major 5162 4482 680 1013| 19.62 176 3.41
Gulf Coast Major 6916 4641 2275 1030| 14.89 315 4.55
HueceMesilla Bolson | Major 547 479 68 45 8.23 7 1.28
Ogallala Major 6439 6224 215 1326 | 20.59 419 6.51
Pecos Valley Major 661 592 69 137| 20.73 59 8.93
Seymour Major 2199 2149 50 1840 | 83.67 1202 54.66
Trinity Major 5763 3860 1903 779 | 13,52 294 5.10
Lipan Minor 147 141 6 90| 61.22 64 43.54
Total 33167 | 25422 7745 6554 19.76 2631 7.93

The SeymoumandLipanaquifershadthe greatestipercentagsof samples exceeding tHEPAMCL $4.68%
and 43.5%0, respectively followed by thePecos Valley8.93%), and Ogallala(6.51% aquifers The
remaining aquifers had from @7% t00.53% of samples above the M@imilarly, he Seymour and Lipan
aquifers had by far the greatest percentagealudir samples exceeding the secondary nitridehreshold
of 4 mg/L, with 83.67% and 61.22%, respectivEhe Pecos Valley, Ogallala, and Edwairitsty Plateau
all had exceedance percentages of approximately 20%.

With the large number of samples available, two statewide maps were made representing the probability

of nitrate-N exceeding thel mg/L and10 mg/L nitrate-N threshold concentrationgFigure 11) The results

are generally consistent with the individual aquifer maps with the added benefit of gaining an overall

impression of thenitrate-N distribution in Texas groundwater.
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FigurelO. Distribution of groundwatenitrate-N concentrations in the individual major aquifgdus
Lipan)of Texas. The lines inside the shaded boxes represent theé&@entiles (medians), the shaded
boxes represent the 25to 75" percentile ranges, the upward and downward lines extending from the
boxes are terminated by horizontal lines at thé"lnhd 90" percentiles, and the points represent th&# 5
and 95" percentiles. Reference lines are shoatrthe 4 mg/Land 10 mg/L thresold values.

Based on the EPA databa88,CWS were not compliant with the MCL16fmg/L, 34 in major aquifers
(nitrate-N violationsTable16) andl in the Liparminor aquifer. Most noncompliant systems were
sourced from the Ogallala aquifet§ 51% of total).

Atotal of 32,116 peopleare served by35 PWSghat have been noftompliant with respect tahe
nitrate-N MCL £Omg/L)in at least one of the lasi2 quarters (Jar2018 ¢ Dec2020) representing @1%
of the 2020 Texas total populatiof8,747,430, Figure 12Table3). Most (91%,29,024 people Tablel6)
are associated witFPWSghat source their water fromhe Ogallala, Trinity, or Edwards BFZ, or Lipan
aquifers, while the Seymouupplies a further 2,237 people (7%). Furthermor287,518 people are
served byPWSsve consider atisk fornitrate-N >4 mg/L, representing nearly 1% of the Texas
population (Table 16).
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Figure 11. Statewide probability of groundwaterN a) >4 mg/L, b) >10 mg/L based onthe latest
concentration data by weffom the originalstudy (1930¢ 2021), including33,167samplesTWDB data.
The imagearea composite of data from all namedajor aquifers in Texas andeh_ipan aquifer.
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Tablel5. Summary ofCWSswith a nitraterule violation between 2012020 with persistence of nitrate
rule violations per quartemNo. of quarters refers to quarters that CWSs are noncompliant.

PWS 1D PWS Name seved| ‘Name | Quarters
TX1650077 | SOUTH MIDLAND COUNTY WS 165 Ogallala | 12
TX1530005| GRASSLAND WSC 55 Ogallala | 10
TX1650111| COUNTRY VILLAGHESTATES | 138 Ogallala | 10
TX1520080 | FRANKLIN WSS 3 159 Ogallala | 9
TX0580013| WELCH WSC 315 Ogallala | 9
TX1100011| WHITHARRAL WSC 200 Ogallala | 9
TX0680051| CANYON DAMH PARK 108 Trinity 9
TX1650048 | GREENWOOD TERRMEESUb. | 120 Ogallala | 9
TX1650057 | TWIN OAKS MHP MIDLAND | 234 Ogallala | 8
TX1590002 | MARTIN COUNTY FWSD 1 54 Ogallala | 7
TX0990001 | CITY OF CHILLICOTHE 707 Seymour | 6
TX1380011| CITY OF BENJAMIN 258 Seymour | 6
TX0580025 | KLONDIKE ISD 264 Ogallala | 4
TX0440002| CITY OF DODSON 109 Seymour | 4
TX1520046 | WILDWOOMH VILLAGE 672 Ogallala | 4
TX0860080 | ROYAL OAKS APARTMENTS | 57 Trinity 3
TX1650084 | WARREIRA.SUBDIVISION WS | 195 Emf;'ds 2
TX1380006 | RRA TRUSCOTT GILLILAND W| 176 Seymour | 2
TX0960014 | LAKEVIEW WSC 98 Seymour | 2
TX1530003| CITY OF WILSON 489 Ogallala | 2
TX0580011| CITY OF ACKERLY 245 Ogallala | 2
TX1530002| CITY OF TAHOKA 2585 | Ogallala | 2
TX1520247 | COUNTRY VIEW MHP 54 Ogallala | 1
TX0390003| CITY OF BYERS 496 Seymour | 1
TX0780013 | THALIAWSC 135 Seymour | 1
TX1650024 | PECAN GROVE MOBILE HOME 336 Ogallala | 1
TX0150040 | ATASCOSA RURAL WSC 11007 | Edwards | 1
TX0960001 | RRA ESTELLINE TURKEY WS | 250 Seymour | 1 .
TX1100001| CITY OF ANTON 1126 | Ogallala | 1 i:
TX1260008 | CITY OF KEENE 6310 | Trinity 1 .
TX1400010 | SPADE WSC 125 Ogallala | 1 .
TX1730003 | FLOMOT WATER ASSOCIATIO| 50 Seymour | 1 .:
TX1840018 | LAZY BEND ESTATES 171 Trinity 1
TX2260008| CONCHO RURAL WAGERPE | 5049 | Lipan 1
TX2400025 | MIRANDO CITY WSC 460 Gulf Coast | 1 .
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Tablel6. Numbers oPWSswvith N concentrations greater tha#t mg/Land greater than theprimaryMCL
(>10 mg/L). The populations shown are those associated @itlmmunity Water System®Y{WS¥ The
numbers ofnon-community watersystems are also shown.

TCEQ Database EPA Nortompliant
CWS Systems CWS Systems
Aquifer N >4 mg/L N >10 mg/L
Number of CWS Atisk )
NCWS CWS Population CWS Population
CarrizeWilcox 2 42,506 - -
Edwards BFZ 1 20,867 1 11,007
EdwardsTrinity Plateau 21 10 9,089 1 195
Gulf Coast 14 11 54,682 1 460
HuecceMesilla Bolson 3 6,109 - -
Ogallala 71 81 64,670 18 7,017
Pecos Valley 1 - - - -
Seymour 17 12 3,330 9 2,237
Trinity 8 22 70,107 4 6,631
Lipan (Minor) 4 4 16,158 1 4,569
Total 153 287,518 35 32,116
Percent of 2020 pop. 0.99 0.09

Based on the aquifer GIS analyses coupled with the USGS county water use population data for 2015, an
estimated total 0f46,069people, representing about D6% of the estimated 2020 Texas total population
(28,747,430), are served by neRWSswith nitrate-N concentrations above th&0 mg/L MCL threshold
(Tablel7). As with thePWSsthese are predominantly major aquifer nétWSg91%, 41,928people),

with generally smaller populations associated witle Lipan inor) aquifer system%,4,141people)

Thus, the Texas population served by either PWS ofWiSawvith nitrate-N concentrations above the

MCL is estimated at aboi7,985 people, representing abouir.25% of the 2020 Texas total population.

A total of 153 PWSdhad nitrate-N levels greater tha the secondary concentration threshotaf 4 mg/L,
more thanfour times greater than th&5PWS®xceedinglO mg/L. Most 97%) of the PWS violatiorfier
the secondary thresholfl49) are sourced from major aquifef§able 16)The population served by thes
secondary thresholtioncompliantPWSsds ~287,518people, ~1%of the estimated 2020 population. A
total of 137,163people outside of thdPWSdave water sources that exceed tBecondary thresholdf
4mg/L. Based on the TCEQ database and the rural supply analysis, a #22d|@81people (aboutl.46%
of the estimated 2020 Texas total population) have water wiitiate-N concentrations above the
secondanthresholdof 4 mg/L (this includes the MCL violat&n
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Figurel2. Locations oB5 communitywater systems that have healthasednon-compliance violations
for nitrate-N concentratiors in distributed water based on the EE®WISlatabase(12 quarters,Jan
2018¢ Dec2020) The violating systems are located primarily in the soutl@@gallalaSeymour, and
EdwardsTrinity Plateau aquifers.

Tablel7. Texas ppulations served by PW&ommunity water systemsnd norPWSswith nitrate-N
concentrations #mg/Land 0mg/LMCL The percent of the 2020S Censysopulationof Texass also

provided 29,536,916 people).

CWS Population NonPWS PWS & NO."PWS
Water Source Population Population

N >4mg/L| N>10 mgiL N >4 N >10 N >4 N >10

mg/L mg/L mg/L mg/L
All Major Aquifers 271,360 27347 131,060| 41,928 | 402,420| 69275
Lipan Aquifer (Minor) 16,158 4,569 6,103 4,141 | 22,261 | 8,710
Total 287,518 32,116 137,163| 46,069 | 424,681| 77,985

% of 2020 Population 0.99 011 0.47 0.16 1.46 0.27

43



Major AquiferdResults

There were sufficient data to perform indicator kriging witrate-N concentrationsfor all nine of the
major aquifersalong with the Lipan Aquifer (minan TexasThere were33,167 groundwatersamplesn
the aquifersand of the major aquifersamples, 77% (2822) had detectable concentrations while 33%
(7,74) had nondetectable concentrationgTable14). A total of 20% 6,554 of the aquifer samples
exceeckd nitrate-N concentration o# mg/Land8% @,631) samplessxceeddthe MCL oflOmg/L. All of
the studied aquifers had at leassevensamples with nitrate-N >4 mg/L Median detectednitrate-N
concentrations ranged fror@.09 mg/L in theCarrizeWilcoxaquifer to 10.84mg/L in the Seymoumaquifer
(Table18). Median detected concentiaA 2 y' a 2 égiLNdall bigt tke Ogallala Lipan,and Seymour
aquifers.

Tablel8. Distributions ofN concentrationsabove detection limitfor the major + Liparaquifer samples

in Texas. Values are based on the latest samples from the TWDB groundwater datadbaamplefrom
wells completed in multiple aquifergere excluded

Total Percentile (mg/L)
Aquifer Number | Mean
q of mg/L
Detects Min 5 10 25 50 75 90 95 Max
CarrizeWilcox 1,619 | 0.90 |0.001] 0.01| 0.01]0.02| 0.09 | 0.13 | 0.79 | 3.03 | 230.41
EdwardsBFZ 1235 | 1.74 | 0.002| 0.01] 0.02| 0.30| 1.30 | 1.96 | 3.80 | 5.27 | 26.20
EdwardsTrinity 4482 | 2.83 | 0.005| 0.09| 0.09| 068 | 1.63 | 3.21 | 587 | 8.13 | 255.26
Plateau
Gulf Coast 4641 | 222 | 0.002| 0.01|002|005| 012 | 1.36 | 497 | 9.26 | 224.54
HuecoMesilla Bolson | 479 1.52 | 0.002| 0.02| 006 | 0.23| 1.00 | 1.94 | 3.22 | 489 | 29.00
Ogallala 6224 | 3.33 | 0.002| 0.14| 0.41| 0.95| 1.81 | 3.39 | 7.46 | 11.88]| 361.43
Pecosvalley 502 | 3.55 | 0.002| 0.05| 0.09| 0.34| 1.06 | 2.98 | 8.58 | 13.10| 174.68
Seymour 2149 | 13.82 | 0.050| 0.34 | 1.99 | 6.33 | 10.84| 16.26 | 24.40| 33.88| 336.59
Trinity 3860 | 2.87 | 0.002| 0.01] 0.01| 0.09| 0.23 | 1.33 | 4.97 | 10.37| 505.00
Lipan 141 | 14.61|0.002| 0.09 | 0.09| 1.07 | 7.71 | 25.37| 37.25| 42.32| 85.26
Total 25422

The TCEQ database lists 7,065 ad®wSsn Texasincluding 4,657 community water systems and 1,533
non-community water systemsDuring the period JaR018¢ Dec 2018a total 0f292 community water
systems 4.1%) with distribution water derived at least in part from one of the aquiferthis studyhad
nitrate-N >4 mg/L. This include$53 communitywater systems with an associated population of about
287,518people [Tablel6).

Based on the EPA databa88,communitywater systems had nogompliant water samples withitrate-

N >10mg/Lin the studiedaquifers with a total associated population about32,116people Tablel6).
The most affected populations are located in the Southern High Plains area (Ogallala)athafer
community of Atascosgedwards BFZ aquifer), and Johnson County (Trinity aquifer).
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Tablel9. Estimatedhon-PWSpopulationsat risk ofgroundwaterN concentrations>4 mg/Land>10mg/L
US EPA MGh the Major AquifersThe populations shown aestimated from the GIS map mean county
by-county probability multiplied by the estimated ng?WS population.

Total Non At-Risk N >4 mg/L At-Risk N >10 mg/L
Aquifer PWS

Population | Population % of Total | Population % of Total
CarrizeWilcox 332,651 5,875 1.77 2,710 0.81
Edwards (BFZ) 178,918 3,763 2.10 847 0.47
EdwardsTrinity Plateau 152,877 19,239 12.58 3,172 2.07
Gulf Coast 447,168 35,896 8.03 12,503 2.80
HuecoMesilla Bolson 16,413 1,427 8.69 97 0.59
Ogallala 154,377 34,013 22.03 8,985 5.82
Pecos Valley 36,571 4,374 11.96 1,952 5.34
Seymour 19,349 2,461 12.72 1,594 8.24
Trinity 486,382 24,011 4.94 10,067 2.07
Lipan (Minor) 37,753 6,103 16.16 4,141 10.97
Total 1,862,459 137,163 7.36 46,069 247
% of 2020 Texas Populatior] 6.39 0.47 0.16

Table20. Percent of total aquifer area in eaginobability category for groundwater nitrati
concentrations to exceed 4 mg/L and 10 mg/L, as estimated by the GIS analysis.

Percent Aquifer Area

Category Probability| Carrizo- | Edwards BF] Edwards- | Gulf Coast Hueco- QOgallala | Pecos Valley Seymour Trinity Lipan

% N>4[N>10N>4[N>10(N>4|N>10[N>4|N>10|N>4|N>10|N>4[N>10[N>4|N>10[N>4|N>10(N>4|N>10|N>4[N>10
mg/L Img/L |mg/L [mg/L |mg/L |mg/L [mg/L [mg/L |mg/L [mg/L [mg/L |mg/L |mg/L [mg/L [mg/L |mg/L |mg/L [mg/L |mg/L |mg/L

Very Low <10 90 9| 78 96 42 89 56 80 61 9 44 82 20 57| 0] 4 7§ 88 17 56
Low 10-40 10] 4 18] 4 48 11 29 20] 37 1] 38 15| 51 40 2) 40 21 11 42| 16|
Moderate 40-60 0] 0] 3] 0] 5] 0j 9 0] 2 0o 11 3 21 3] 8| 28 3] 0 10 8|
High 60-90 0 Of 1] 0 4 0 6 0 Oj 0 8 1 9 0 62 22 1] 0 18| 12
_ of o o o o o o o o o o o o o 2 s o o 1 8
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CarrizeWilcox Aquifer

The CarrizWilcox aquifer covers 36,800 frin Texas extending from the international border with
Mexico in south central Texas to the Arkansas/Louisiana border in northeast (Feya®1, Figure 13
The aquifer underlies all grarts of 65 counties in Texals.is composed of the Wilcox Group and the
overlying Carrizo Formation of the Claiborne Group. The aqgsifgp to3,000 ft inthick locallyand the
total thickness of sands saturatedtivfresh water is about 670 ft.

There were 3,868 samples analyzed foN with 2,249 samples %8%) having non-detectable
concentrations.The probability olN exceedingd mg/L isvery lowover most (90%)f the aquifer area
with only 10% of theaquiferareaprimarilyin south and soutfcentral Texaslown-dip reachegenerally
having aow probability ofnitrate-N >4 mg/ L (Table 20) The highest probabilies are locatedin several
small hotspots along the northwest (tgip) boundaryProbabilities ohitrate-N concentrations exceeding
10 mg/Lare very low The median concentration of samples with detectable concentratioB98&mg/L
and the %'-95" percentile range i$.01¢3.03 mg/L. Only71 total samples exceeded the MCL wita
concentration ofLOmg/L, representing <1 % of the total number of samples taken.
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Figurel3. CarrizaWilcox aquifer probability distribution & >4 mg/L (left) and 20mg/L (right).

Based on the TCEQ PWS database, a to#P@¥Shadnitrate-N concentrations # mg/L,5 of which are
community water systemswith a population of42,506people. Based on the EPA PWS database, there
were no community water systemithat were non-compliant fornitrate-N with concentrations above 10
mg/L
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Edwards (Baones Fault Zone) Aquifer

TheEdwards BFZquifer covers 4,300 rhin Texas skirting the eastern and southern boundaries of the
Llano Uplift in south central Tex@sgurel, Figure 14 The aquifer underliggarts of 13 counties in Texas.
It composed of the Edwards Limestone and is highly permeable due to dissolution of the unit.

There werel,465samples analyzefor N during the study period witt230 samples 15%) havingion-
detectable concentrations. Most8%) of the aquifer area hasvery lowprobability ofnitrate-N>4 mg/L.
About 18% of the aredavinglow probabilitiesand only 4% havingnoderate to highprobabilitiesin the
northern portion of the aquiferNo portion of the aquifer has more than a 40% probability of nitfste
above the MCL of 10 mg/(Table 20) The median concentration of samples with detectable
concentrations isl.3 mg/L and the 8-95" percentile range is 01¢5.27 mg/L. A total of24 samples
(0.070) exceeded the MCL with a range of concentrations ft0rh to 26.4mg/L, mostly in the far down
dip regions in the north

===
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Figureld. Edwards (BFZ) aquifer prob#tyi distribution ofN >4 mg/L (left) and $0mg/L (right).

Table21. Edwards (BFZ) aquifeiVSswith violations fornitrate-N concentrations based on the US EPA
database.

System| Primary | Quarters Latest Population
PWS ID Name w/ Violation
Type | Source Violations otr-Yr Served
TX0150040 | ATASCOSA RURAL WSO CWS SW 1 1-2018 11,007

Based on the TCEQ PWS database, a to&Pd/Ssare impacted bynitrate-N concentrations # mgl/L,
including 5 community water systems an@l non-community water systems. The community water
systems are associated with an estimatexpulation 0f20,867people. Based on the BFPWS database,
thereis 1 community water system nenompliant fornitrate-N with concentrations above 10 mg/L with
a population of 11,007 peoplé€Table21).
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EdwardsTrinity Plateau Aquifer

The Edwarddrinity Plateau aquifer covers 35,4007 Texas including the sowtm area of the Llano

Uplift in south central Texas west to the Pecos River and south to the international border with Mexico
(Figurel, Figure 15%. The aquifer underlies all or parts of 40 counties in Texas. Most of the aquifer area
(32,400 mi, 92%) is unconfined. Two areas underlie other major aquifers including 12%0%ijrheneath

the Pecos Valley Alluvium aquifer and 1,14 (8P6) beneath the @allala aquifer.The aquifer is
composed of limestones and dolomites of the Edwards Group and sands in the underlying Trinity Group.
Saturated thickness averages 430 ft and is locally greater than 800 ft.

There wereb,162samples analyzed fod with 680samples 13%) havingion-detectable concentrations.
About 90% of the aquifer hasvary low to lowprobability of nitrateN >4 mg/L with a localized area of
moderate to very high probabilities (409400%) in the nortkcentral portion of the aquifer (Midladh
Glasscock, Upland, and Ector counties) that comprises 10% of the aquifer area. Probabilities efinitrate
concentrations >10 mg/L are generalrgry low throughout, and no portion of the aquifer has an
exceedance probability greater than 400bable 20) The median concentration of samples with
detectable concentrations .63 mg/L and the 8-95" percentile range i6.09¢8.13mg/L. A total 0f1l76
samples §.53%) exceeded the MCL with a range of concentrations ft6rh mg/L t0225.26mg/L that
arelocated primarily in the nortkcentral region of the aquifer.
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Figurel5. EdwardsTrinity Plateau aquifer probability distribution oitrate-N >4 mg/L (left) and 20

Table22. EdwardsTrinity PlateauaquiferPWSawith violations fomitrate-N concentrations based on

the US EPA database.

. Latest .
System Prima Quarters . . Population
PWS ID Name y YT w Violation P
Type Source Violations otr-vr Served
WARREN ROAD SUBDIVIS|
TX1650084 WATER SUPPLY CWS GW 2 3-2020 195
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Based on the TCEQ PWS database, a totd) BiVSsre impacted byiitrate-N concentrations # mg/L,
includingl1l non-community water systemand 10 communitywater systems with a population &f,089
people.Based on the EPA PWS databésere is 1 community water system naompliant for nitrateN
with concentrations above 10 mg/L with a population of 195 peopable2l).
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Gulf Coat Aquifer System

The Gulf Coast aquifer is a complex system that covers 40,500 fréxas extending in a 1420 mile

wide arc along the entire Texas Gulf Coast from the international border with Mexico to LoiSguna

1, Figurel6). The aquifer underlies all or parts of 56 counties in Texas. The Gulf Coast aquifer is composed
of three primary subunits, includinigom oldest to youngesthe Jasper, Evangeline, and Chiaquifers

which outcrop in the most inland areas toward the coast, respectively. Conditions in the aquifer range
from unconfined to semconfined to confined in different areas and depth¥esh water saturated
thickness averages about 1,000 ft.

There wee 1,465 samples analyzed faX during the study period witt230 samples 16%) havingon-
detectable concentrationditrate-N occurrene in the Gulf Coast aquifés generally located in the south
andup-dip along the northwest boundary of the aquifém.addition, alocalized area ainoderate to high
probabilities is located in Chambers Coutpout 56% of the aquifer area hasvery lowprobability of
nitrate-N >4 mg/L and a further29% witha low probability. Only about 5% of the aquiferarea has
probabilities that exceed0%.Probabilities of nitrateN concentrations of over 10 mg/L are generadyy

low, with 80% of the aquifer area having no to very low probabfiitgble 20) The median of samples

with detectable concentrations 8.5mgL and the5"-95" percentile range i9.01¢9.26 mg/L. A total of

71 (0.95%) samples exceeded the MCL of 10 mg/L with a range of concentrations from 10.1 to 224.5 mg/L.
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Figure16. Gulf Coast aquifer system probability distributionrofrate-N >4 mg/L (left) and 30 mg/L
(right).

Table23. Gulf CoashquiferPWSgawith violations forNitrate-N concentrations based on the US EPA
database.

. Latest .
System Prima Quarters . . Population
PWS ID Name 4 i w/ Violation P
Type Source Violations otr-Yr Served
TX2400025 MIRANDO CITY WSC CWS GW 1 1-2018 460
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Based on the TCEQ PWS database, a to28 BiNSsare impacted byiitrate-N concentrations # mg/L,
includingl4 non-community water systemand11community watersystemswith a population 064,682
people.Based on the EPA PWS database, there is 1 community water systesomphant for nitrateN
with concentrations above 10 mg/L with a population of 465 people (T2R)le
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HueceMesilla Bolson Aquifer

The HueceMesilla Bolson aquifer covers 1,400%m Texas adjacent to the international border with
Mexico in El Paso and Hudspeth countEgurel, Figurel?7). The aquifer is composed of basin fill
deposits derived from surrounding uplifted areas including the Franklin Mountains in two bolsons,
including the Hueco Bolson with a thickness up to 9,000 ft and the Mesilla Bolson with a thickness up to
2,000 ft.

There wereb47samples analyzed foiitrate-N during the study period witb8 samples 12%) havingion-
detectable concentrationsthe HuecaeMesdlla Bolson aquifeis poorly sampled in its southern reaches in
Hudspeth Countybut available samples indicate thaitrate-N concentrations tend tdoe verylow inthe
south. About 99% of the aquifer area hasry lowprobabilities of nitrate-N concentréions >10 mg/L.
About 61% of the area hagry lowto low probabilites of nitrate-N >4 mg/L, with an area of elevated
probabilities (>40%) that lay in the east/central portion of El Paso co(faple 20) The median
concentration of samples with detectable concentration4.80mg/L and the %-9" percentile range is
0.02¢4.89mg/L. A total of7 samples@.02%6) exceeded the MCL with a range of concerdre from10.1
mg/L t0 29.0mg/L.
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Figurel?. HueceMesilla Bolson aquifer probability distribution witrate-N >4 mg/L (left) and 20 mg/L
(right).

Based on the TCEQ PWS databasetah of 3 PWSsare impacted bynitrate-N concentrations # mg/L,
all community water systems with a total population of 6,109 peopkesed on the EPA PWS database,
there are no community water systems noompliant for nitrateN with concentrations above 10 mg/L.
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Ogallala Aquifer

The Ogallala aquifer covers 36,30 in Texas extending across most of the panhandle and southward

to Midland. The aquifer underlies all or parts of 49 counties in T@igarel, Figurel8). TheOgallala in

Texas is part of the High Plains Aquifer System, the largest in the United States. It consists primarily of
unconsolidated sediments ranging from clay to gravel and haschnbss up to about 800 ft. Thickness
varies by region and the thickness is much less-GEDft) in the southern areas. The Ogallala is in
hydraulic contact with the Pecos Valley aquifer to the southwest and also with the underlying Edwards
Trinity (HighPlains), Dockum, and Rita Blanca aquifers.

There were5,439samples analyzed fot during the study period witlenly 215samples %) havingon-
detectable concentrationdNitrate-N occurrence is widespread in the Ogallala aquifer and concentrations
are rotably higher in the southern areas. Abal4% of the area haaverylow probability ofnitrate-N >4

mg/L and a further38% hasa low probability. Aboutl9% of the total aquifer area hasoderateto high
probabilities generally located in the southemnegion of the aquiferAbout 4% of the aquifer area has
elevated (>40%)probabilities of nitrateN exceeding the MCL of 10 mg/L, located primarily in Martin,
Howard, Lynn, and Borden countidfie median concentration of samples with detectable concerutresti
is1.81mgL and the %-95" percentile range i9.14¢11.88mg/L. A total of419samples 1.26)exceeded

the MCL with a range of concentraisbetween10.1 mg/L and 361. 43mg/L
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Figurels. Ogallalaaqwfer probablllty dlstlbutlon of N >4 mg/L (left) and 20 ng/L (rlght)
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Table24. Ogallala aquifePWSswith MCL violations for nitraté\ concentrations based on the US EPA
database (Jan 20iBec 2020, 12 quarters). Persistence of violations is shown by number of quarters with
violations out of a total of 12 quarters (20£8020). All of the listed systenuse groundwater as their
primary source. Ggontaminants include: none, Arsenic (ARadionuclide$Se)and Fluoride (F).

PWS ID Name System| Primary Qu\;av;ters vli_oaliiscfn Population Cont;:r(;inants
Type | Source Violations|  Qtr-yr Served

TX1530002 CITY OF TAHOKA CWS SwW 2 3-2020 | 2585 none

TX110000] CITY OF ANTON CWS GW 1 3-2020 | 1126 none

TX1530003 CITY OF WILSON CWS GW 2 4-2020 | 489 none
PECAN GROVE

TX1650024 MOBILE HOME PAR CWS GW 1 1-2018 336 none

TX0580013 WELCH WSC CWS GW 9 4-2020 | 315 As

TX0580025 KLONDIKE ISD CWS GW 4 4-2018 | 264 As Ra, F
WILDWOOD MOBIL

TX1520046 HOME VILLAGE CWS GW 4 4-2019 250 none

TX0580011 CITY OF ACKERLY | CWS GW 2 2-2020 | 245 none
TWIN OAKS MHP

TX1650057 MIDLAND CWS GW 8 3-2020 234 none

TX1100011 WHITHARRAL WSC, CWS GW 9 4-2020 | 200 F
SOUTH MIDLAND

TX1650077 COUNTY WATER CwWSs GW 12 4-2020 165 As
SYSTEMS
FRANKLIN WATER

TX1520080 SYSTEMS 3 CWS GW 9 3-2020 159 none
COUNTRY VILLAGE

TX1650111 MOBILE HOME CWS GW 10 4-2020 138 none
ESTATES

TX140001q SPADE WSC CwWSs GW 1 4-2019 | 125 none
GREENWOOD

TX1650048 TERRACE MOBILE| CWS GW 9 4-2020 120 none
HOME SUBDIVISIO

TX1520247 COUNTRY VIEW M CWS GW 1 1-2018 | 55 As,Ra

TX1530005 GRASSLAND WSC | CWS GW 10 4-2020 | 55 As F
MARTIN COUNTY

TX1590002 FWSD 1 CWSs GW 7 4-2020 54 none

System Type: Community water systeriM§

Quarters: number of quarters with violations in the-quarter period from Ja2018to Dec2020.

Based on the TCEQ PWS database, a tol&l3dPWSare impacted byitrate-N concentrations #mg/L,
including71 non-community water systemand 81 community watersystems with d@otal population of
64,670people.Based on the EPA PWS database, therel@@mmunity water systems necompliant
for nitrate-N with concentrations above 10 mg/L with a total populatidi6@17people (Tabl4).
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Pecos Valley Aquifer

The Pecos Valley aquifer covers 6,800exrtending across parts of 12 counties in west Tékagurel,
Figurel9). The Pecos Valley consists of alluvial and aeolian deposits that lesdly up to 1,500 thick
with an average saturated thickness of about 250 ft.

There wereés61samples analyzed foiitrate-N during the study period witb9 samples 10%) havingion-
detectable concentrationsElevated nitrateN concentrations are widespreaamround several regional
hotspots.About 51% of the aquifer area has a low probability of nitfdte4 mg/L, and 9% of the aquifer
area hasa high probability. For nitratdN concentrations greater than the MCL of 10 mg/L, 57% of the
aquifer area haserylow probabilities and 40% of the area has low probabiljsnarilylocated around
regional hotspotsThe spatial pattern of probabilities displays artifacts of limited data defsisome
areas The median concentration of samples with detectable cotreg¢ions is1.06 mg/L and the 5'-95%"
percentile range i9.05¢13.1 mg/L. A total of59 samples Q.18%) exceeded the MCL with a range of
concentations from10.1 mg/L to 174.7mg/L.
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Figurel9. Pecos Valley aquifer probability distributionf®4 mg/L (left) and 20mg/L (right).

Based on the TCEQ PWS databasly, 1 water system is impacted by nitraeconcentrations >4 mg/L,
a nonrcommunity water systenBased on the EPA PWS databaserg¢are noPWSsmpacted bynitrate-
N concentrations 20 mg/L.
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Seymour Aquifer

The Seymour aquifer covers 3,400 amd is present as a series of isolated pods that extending across
parts of 23 counties in north central Tex@igurel, Figure 20. The aquifer consists of conglomerate,
gravel, sands, and silty sands ranging up to 360 ft thick. Most of the aquifer is affected by highMitrate
concentations.

There were2,199 samples analyzed famitrate-N with only 50 samples 2%) havingnon-detectable
concentrations.Nitrate-N probabilities are elevated throughout the aquifer. About 90% of the aquifer
area has greater thahigh to very higlprobabilities for nitrateN >4 mg/LFor nitrateN concentrations
above the MCL of 10 mg/L, 27% of the aquifer area has probabilities greater thaméd&{teto very
high). The highest probabilities tend to occur in the central portion of the aquif&miox and Haskell
counties(Table 20)The median concentration of samples with detectable concentratiot6.81 mg/L

and the 3'-95" percentile range i9.34¢33.8mg/L. A total 0f1202samples 3.626) exceeded the MCL
with a range of concentratits from 10.1 mg/L t0336.59mg/L.
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Figure20. Seymour aquifer probability distribution 6f>4 mg/L (left) and 20 mg/L (right).
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Table25. Seymouaquifer PWSswith violations fomitrate-N concentrations based on the US EPA

database.
. Latest .
System | Primary| Quarters e Population
PWS ID Name y YIS Violation P
Type Source | \siglations otr-vr Served
TX0990001 CITY OF CHILLICOTHE CWS SW 6 2-2020 707
TX0390003 CITY OF BYERS CWS SW 1 1-2018 496
TX1380011 CITY OF BENJAMIN CWS SW 6 3-2020 264
RRA ESTELLINE TURKEY WA
TX0960001 SYSTEM CWS SW 1 4-2018 200
RRA TRUSCOTT GILLILAND
TX1380006 WATER SYSTEM CWS GW 2 3-2018 176
TX0780013 THALIA WSC CWS SW 1 1-2018 125
TX0960014 LAKEVIEW WSC CWS GW 2 3-2020 110
TX0440002 CITY OF DODSON CWS GW 4 2-2020 109
TX1730003 FLOMOT WATER ASSOCIATI( CWS GW 1 3-2020 50

Based on the TCEQ PWS database, a to28 BiNSsare impacted by nitratdN concentrations >4 mg/L,
includingl7 non-community water systems arl community water systems with a total population of
3,330people. Based on the EPA PWS database, ther® esexmunity water systems necompliant for
nitrate-N with concentrations above 10 mg/L with a total populatior2 ¥37people (Table5).

57



Trinity Aquifer

The Trinity aquifer covers 32,100%and extends across parts of 60 counties from north central to south
central Texa#Figurel, Figue 23. The aquifer includes several units of tarly Cretaceoubrinity Group,
includingpermeable units irthe Antlers, Glen Rose, Paluxywin Mountainfravis Peak, Hensell, and
Hosston formationsTotal fresh water thickness ranges from 600 ft in tNorexas to about 1,900 ft in
Central Texas.

There weres,763 samples analyzed foM during the study period witi903samples 83%) havinghon-
detectable concentrations.Probabilities for elevated nitrattl concentrations are generally low
throughout theaquifer area. About 76% of the aquifer area has <10% probability of nitraté mg/L.
About 4% of the aquifer area hadevatedprobabilities (>40%) for nitrathl >4 mg/L.For nitrateN
concentrations greater than the MCL of 10 mg/L, 88% of the aquitsa hasa very lowprobability.
Elevatedprobabilities occur in relatively small areas on the western boundary of the aquifer, with the
highest probabilities located in Blanco couiffyable 20) Some of thespatial patterrs of probabilities
displayartifacts of limited data densitin the downdip confined area®sf both the far north and south
areas The median concentration of samples with detectable concentratiod23mg/L and the 5-95"
percentile range i9.01¢10.3mgL. A total 0f294 samges 0.89%) exceeded the MCL with a range of
concentratons from10.1 mg/L t0505.0mg/L.
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Figure2l. Trinity aquifer probability distribution afl >4 mg/L (left) and 20 mg/L (right).
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Table26. Trinity aquifer PWSawith violations fomitrate-N concentrations based on the US EPA

database.
. Latest .
System | Primary| Quarters e Population
PWS ID Name y Y Violation P
Type Source Violations otr-Yr Served
TX1260008 CITY OF KEENE CWS SW 1 2-2018 6310
TX1840018 LAZY BEND ESTATES CWS GW 1 1-2019 156
TX0680051 CANYON DAM MOBILE HOME CWS GW 9 4-2020 108
PARK
TX0860080 ROYAL OAKS APARTMENTS CWS GW 3 4-2020 57

Based on the TCEQ PWS database, a togd) pfiblic supplysystems are impacted hyitrate-N
concentrations # mg/L, includingd non-community water systemand 22 community water systems
with a population 0f70,107people.Based on the EPA PWS databalserd are4 communitywater
supply systems that are impacted bigrate-N concentrations # mg/Lwith a population 06,631
people(Table26).
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Lipan Aquifer (Minor)

Indicator krigingof nitrate-N concentrationswas performedfor the Lipan aquifer in weatentral Texas
Maps were not generated for theemainingten minor aquifersbecause they had either50 data points
very low percentages of samples exceeding the threshold vatwegery poor spatial coverage

The Lipan aquifer covers 1,994%amd extends across all or parts of 8 counties of the Edwards Plateau
region of westcentral Texas, surrounding San Angéloe stratigraphic components of the Lipan include
the San Angelo Sandstor(Pease River GroY@nd the Choza Formation, Bullwagon @voite, Vale
Formation, Standpipe Limestone, and Arroyo Formation of the Clear Fork.&oumdwater is found in
water-bearing alluvium comprised of saturated sediments from the Quaternary Leona formation. The
groundwater tends to be hard and ranges frémash to slightly saline.

There werel47 samples analyzed fanitrate-N, with only 6 499 having nordetectable concentrations.

The highest probabilities of elevated nitrale concentrations are located in Tom Green and Concho
counties, in the northeaster portion of the aquiferAbout 17% of the area haavery lowprobability of
nitrate-N >4 mg/L and a furthed2% has low to moderate probability. Aba@®% of the total aquifer area

has elevated to high probabilitp60%)of nitrate-N >4 mg/L. For nitrate-N concentrations greater than

the MCL of 10 mg/L, 56% of the aquifer rea has a very low probability, while 8% has a very high probability,
primarily located in Concho and Tom Green counfiesble 20) The median concentration of samples

with detedable concentrations i%.71mg/L and the 8-95" percentile range is 09¢42.32mg/L. Only64
samples@.19%) exceeded the MCL with a range of concentrations ft6rh mg/L t085.26mg/L.
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Figure22. Lipanaquifer probabilitydistribution of N >4 mg/L (left) and $0 mg/L (right).

Table27. Lipanaquifer PWS with violations for nitrafé concentrations based on the US EPA database.

Quarters Latest
w/ Violation

Violations Qtr-Yr

System Primary
Type Source

Population
Served

PWS ID Name

CONCHO RURAL WATER
TX2260008 GRAPE CREEK CWS SW 1 1-2019 4569

Based on the TCEQ PWS database, a to8P¥YSsre impacted bynitrate-N concentrations # mg/L,
including 4non-community water systemand4 communitywater systemswith atotal population of
16,158people.Based on the EPA PWS databaserdare noPWSmpacted bynitrate-N concentrations
>10 mg/L.

61



Summary

Most of the Texas population is served with water fré®"wSstotaling 28.7 million in 2020 (%% of
population of 29.1 million) whereas the number of people relying on domestic water supplies totaled 0.4
million in 2020 1.4% of population).

Quantifying the spatial distribution of groundwateitrate-N concentrations in aquifers in Texas is
important for managinggroundwater resources ithe state In this study alhine major aquifers of Texas,
along with the Lipaminor aquifer were evaluatedThis study evaluated the probability of groundwater
nitrate-N levels exceeding mg/Lthe and theEPA itrate-N MCL ofLOmg/L, using~33,000analyses from
1930through 2021 Results of thestudy indicate that7.93% (2,631) of samples exceed the MCL 1
mg/L

Of the PWSdhat were noncompliant with respect taitrate-N during 20182020, over half(18/35) are
located in the southern High Plains, reflecting the Ogallala Aqgidifierremaining noncompliaf\WSsre
located in the Seymour (9), Trinity (4), Lipdd, Gulf Coast (1), Edwards BFZ (1), BdardsTrinity
Plateau (1)The percentage adamples ezeeding4 mg/L wasabout2.5times higher tharthat for the
MCLof 10 mgl/L, totaling 19% ofall samples. A total 085 CWS exceeded the primary MCB4 systems
sourced by major aquifers. In contraki3 PWS exceeded the secondatiiresholdof 4 mg/L, with over
half sourced from the Ogallala aquifer (818.%3%)

Results suggest that an estimaté¥,985 people may have been exposed riidrate-N concentrations
exceeding theVICL ofLOmg/L,with 41% (-32,116people) from PWSystemsand the5%% 46,069 from
non-PWSsThe population impacted by the secondainyeshold concentration of 4 mgfis estimated to

be 424,681 1.46% of the estimated 2020 populatiaf TexasTCEQ is working witAWSgo bring them

into compliance with thaitrate-N regulations using either nontreatent or treatment options. Domestic
supply systems are not regulated and home owners need to assess their vulnerability, particularly in the
southern High Plaingitrate-N hotspot.
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Figure23. CarrizeWilcox aquifer probability distribution of nitratsl >4 mg/L.
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Figure24. CarrizeWilcox aquifer probability distribution of nitratll >10 mg/L.
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Figure25. Edwards (Balcones Fault Zone) aquifer probability distribution of nitdat&d mg/L.
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Figure26. Edwards (Balcones Fault Zone) aquifer probability distribution of nitdatd 0 mg/L.
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Figure27. EdwardsTrinity Plateau aquifer probability distribution of nitraté¢ >4 mg/L.
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Figure28. EdwardsTrinity Plateau aquifer probability distribution of nitraté >10 mg/L.

71



Probability (%) |
of N>4 mg/L
<10

710 - 40

[ 160-90

Figure29. Gulf Coast aquifer probability distribution of nitraké>4 mg/L.
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Figure30. Gulf Coast aquifer probability distribution of nitrak&>10 mg/L.
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Figure31. HueceMesilla Bolson aquifer probabilitiistribution of nitrateN >4 mg/L.
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