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Executive Summary

This report provides an update the 2022 report on groundwater nitrate distribution in major aquifers
and noncompliant systems based on 2@18020 data.The objectivs of this studywereto quantify the
distribution of groundwaternitrate in the minor aquifers of Texasand to analyzethe nature and
persistence of nitrat?N Maximum Gontamination Level (MCL)exceedancedor Community Water
SystemgqCWSsin TexasGroundwaternitrate datawere compiledfrom the Texas Water Development
Board database Drinking water data forall CWSswere compiled from Texas Commission on
Environmental Quality and EPA Safe Drinking Water Information System databases.

Where sufficient data were availablehe spatial distribubn of elevatednitrate concentrations was
mappedby aquiferusing indicator kriging based dwo thresholdconcentrations 4 mg/L representing
the upper limit of backgrounditrate-N levels and 10 mg/L, the primaWCL set by the US ERA health
purposes EPA data were uskin the analysis oMCLhistoricalviolation persistenceduring 2003¢ 2022
andcurrenty noncompliantCWSsluringJan 2022; Jun2023.

Results show that total of 747 groundwaterwells complegd inminor aquifersexceeded thenitrate-N
MCLof 10 mg/L based on the TWDB groundwater databasesTépresents9.1% ofthe most recent
nitrate analysedsrom minor aquiferwells throughout the state The exceedance rate for the collective
minor aquifer wells isimilar to thatof major aquifer wellg7.8%),thoughexcluding the Seymoumnajor
aquifer, which has an exceedance rate5f. 6 the exceedance rate for the remaining major aquifers is
4.4%(Malito et al., 2022)

The median nitrateN concentration was highest in the Lipan Aquifer (8.05 mg/L), followed by the Bone
Springg, Victorio Peak (median 4.33 mg/L), Blaine (3.78 mg/L), and the Rustler (3.66 mg/L) afudtak.

of 1,474 minor aquifer saples exceeded thbackground level of 4 mg/L nitradd, representing 18% of

all samplesConcentrations at the 95percentile exceeded 4 mg/L for all minor aquifers except the
Woodbine and Rita Blanca aquifers. Aquifers with the highest exceedance rates for the 4 mg/L background
level include the Lipan (61%), Bone Spiindictorio Peak (46%), Blaine (35%), Edwdnitsty (High

Plains) (35%), and Rustler (34%) aquifers.

We analyzec&nnual CWS data for 2008 2022 to characterize the nature and persistence of historical
MCL violations and compared system characteristics with those that are curcenthf compliancei.e.
during Jan 2022 Jun 2023There were 147 CWSs thaere historically out of compliance during at least
one year and 21 systems are no longer active. The 126 currently aotieempliantsystems collectively
serve ~255,000 peoplehough historicayl during any one year, about 40,000 people were affected by
MCL violations Of the currently active systems, 107 (85%) serve populat#300 people. The
persistence of violations is greatest among the 74 smallest syssemsngX§00 people,for which
violation periodsaverag 5.8years.

There are 5Gystems that are currently out of complian¢an 20022; Jun 2023)and they tend to be
smaller and have more persistent violations than the histogcalp of CWS3WVhile thecurrentaffected

population(45,000 people)s similarto the historical averag96% of the affected systems seni®, 300

people andviolation periodsaverage &8 years for the smallest systems serv#§0 people. Most of the
affected systems (88%) report groundwater as their primsoyrce,while the remainingreport only

surface water or a combination of surface water and groundwater.



Introduction

Nitrate contamination is widely distributeth groundwaterthroughout the U.S. (Burow et al., 2010).
Nitrate-N levels in drinking water arenportant becauseof their negativehealth impactssuch aslue
bay syndrome, cancerand thyroid disease (Ward et al., 2018he uppeitimit of nitrate-N of 10 mg/L
(Maximum Contaminant Level) wastablished toreduce negtive health impacts related tmitrate-N
toxicity. Results from a recent study indicate that Community Water Systems (CWSs) Saduinigjion
Americans have nitrateN concentrationsexceedingg mg/L based odata from the Safe Drinking Water
Information System (SDWIS) database204.0¢ 2014 (Schaider et al., 2019).

Public water system¢PWS$ are regulated by the EPMany studies show widespreagtoundwater
nitrate contamination across the U.S., especially in shallow or unconéiqaeiflersbeneath agricultural

land with high fertilizer application rates and wdtained soils (Pennino et al., 201Application of
random forest modeling to groundater nitrate violations shows that percent cropland, agricultural
drainage, irrigation to precipitation and nitrogen surplus and surplus precipitation were the dominant
drivers of nitrate contamination (Pennino et al., 2020\nalysis of trends imrinking water nitrate
violations shows thatthe proportion of nitrate violatingsystems only varied slightlyrom 0.28%to 0.42%

of all systems (1994 ¢ 2009) followed by a decrease to 0.32% by 2016 (Pennino et al., 2017). The number
of people served by eolating systems decreased from 1.5 million in 1997 to 0.20 million in 2014.
Occasionaspikes in people served were oftéinked to a single large system in violatidfebraska and
Delawareranked in the top in terms gfroportion of violating systems (2.7% and 2.4%, respectively),
while Ohio and Californieanked top in terms of meaannual number of people served olating
systems (27874 and 139149 people, respectivelyPennino et al., 2017)

The most recent study on groundwater niteatonducted by the Bureau of Economic Geology examined
nitrate contamination in public water systems and in magmuifersin the state to assesspatial
distribution of nitrate levelsNlalito et al., 2@2). Results fronthat analysis shoed that about 8%of the
mostrecent analyses from wells throughout the state exceeded the nithatdCL of 10 mg/based on
TWDB dataNitrate violations in CWSs were found primarily in the Ogallala (51%) and Seymour (26%)
aquifers with lower percentages in other aquifers. Analysis of CWSs throughout the US indicated that
Texas ranked number 1 in terms nitrelieviolations, primarily @) in major aquifers and 1 in a minor
aquifer based on 2018 2020 data.The population impacted by nitratd MCL exceedances frotVSs
totaled ~32,116 people (0.11% of the 2020 populationgkelas domestic wells with nitratl > 10 mg/L
accounted for ~4®69 people (0.16 % of the 2020 population).

A variety of approaches are availablerédurn CWSs to compliance with respect to nitratesludingnon-
treatment options (new well, connecting to nearby system) or treatment options, blendingxidrange,
reverse osmaosis, electrodialysand engineered biological treatme(MWWSDOH, 201&EPA, 2021)There
are advantages and disadvantages to the various treatment options. Different levels of pretreatment may
be required for various approaches. Raw water dquatnay also affect the performance of different
options, such as competing ionson exchange resins work like tiny magnets that adsorb nitrate from
water in the treatment system. Reverse osmosis involgashing nitrate-contaminated raw water
through a seni-permeable membrane thastopsnitrate from passinghrough. Electrodialysisystems
involve application o& direct electric current to transport ions through membranghijch retainnitrate.
Biological denitrification involves engineered systems ths# af bacteria to convert nitrate to nitrogen
gas under anoxic conditions.

This report has two broad objectives:

1) map spatial probabilities of nitrate contamination in the minor aquifers of Texas to supplement
similar maps of primarily maja@quifers in a previous repgrand



2) analyze the nature and persistence of nitrate contamination in community water systems

In the previous nitrate study in 202&e mapped the spatial probability of nitrate in groundwater
exceeding the MCL in the nine magmuifers of Texas and additionally one minor aquifer, the Lipan, which
has ubiquitous elevated concentrations of nitrgtdalito et al., 2022)Inthe currentreport, we extend

that mapping toinclude 17 of the remaining 21 minor aquifers in Texas thavéaufficient data for the
kriging methodology. Elevated groundwater nitrate-N levels represent a public health risk because
groundwater is the primary source of water in Texascounting for 55% of the 14.7 million adeet of
water used in the state i2020 Managinghigh nitrate-N groundwateris challenging fosmall municipal

QW Sshecause treatment is often the only option for mitigating noncompliance and most of these small
CWSs havkimited financial, managerial, and technicalpacity to manage viations

This report additionally characterizes the occurrence and persisteralémirate MCL violations in Texas
CWSs over the 2¢ear historical period 20082022 and compares those systems with the systems that
are currently in violation, i.esystems withrecentviolationsduringthe period Jan 2022 through Jun 2023.
This analysis is limited primarily to systems that are currently active and excludes some information
relating to a number of historically active CWSs that are now private or irastétems and are no longer
regulated.

Summary of Recent Public Water Supply System Changes in Texas

PublicWater Systemg(PWS)in Texas are regulatednder the Safe Drinking Water Act with primacy
transferred from EPA to TCEQd must provide distributioisystem water sample analyses to monitor
system performance with regard to various potential contaminants of concern, incladiage-N. This
report focuses on Community Water SysterGWSs) which serve generally stable community
populations, including both residential and commercial enterprises, generally within or related to a city,
town, or other community.

Texas PublWater System
7,133 systernr
30,638,000 peop

Transien Nor-Transien
Non-Community Nor-Community
Water Systenr Water Systems (NTNCV
(TNCW¥ 892 systems (13¢
1,589 systems (22 492,000 people (29
309,000 people (:

Community Water Syster
(CWs
4,655 systems (65
29,838,000 people (97¢

Figurel. Types, numbers, and total populations served by Texas PWSs in the SDWIS database as of 18
July 2023. Percentages are relative to the combined total number of PWSs and populations served in the
database lfttps://www.epa.gov/groundwater-and-drinkingwater/safe-drinkingwater-information-
systemsdwisfederatreporting). The numbers of currently active systems and their corresponding
populations served are compared with those from 2021 in the previous repdwiirel.

There vere 4,655 active CWSs in Texas serving 29,838,000 people based on SDWIS data downloaded on
July 18, 2023 (Figurel). Additionally, there wre 2,478PWSghat served norcommunities, including


https://www.epa.gov/ground-water-and-drinking-water/safe-drinking-water-information-system-sdwis-federal-reporting
https://www.epa.gov/ground-water-and-drinking-water/safe-drinking-water-information-system-sdwis-federal-reporting

those with nontransient populations (892 systems) and transient populations (1,586 systems). The non
community water systems are not included in this study to avoid double counting of overlapping
populations. The SDWIS database was used to characterizes @itVShitrate-N concentrations 20 m/L.

Tablela. Changes between April 2021 and July 2023 in the numbers of active public water supply systems
in Texas by population categoand PWS type based on the SDWIS database.

Numbers of Systems by System Size Category
Region System 501¢ 3,301¢ 10,001¢
Type 100 3,300 10,000 100,000 UL Al

CWS 2,050 1,539 700 323 41 4,653
Texas NTNCWS 753 118 10 - 1 882
Apr 2021 TNCWS 1,416 102 2 - - 1,520
All 4,219 1,759 712 323 42 7,055
CWS 1,997 1,542 731 343 42 4,655
Texas NTNCWS 754 125 12 - 1 892
Jul 2023 TNCWS 1,477 107 2 - - 1,586
All 4,228 1,774 745 343 43 7,133
Net CWS Change -2.6% +0.2% +4.4% +6.2% +2.1% +0.04%

Table 1b. Changes between April 2021 and July 2023 in the total populations served by all active public
water systems in Texas population category and PWS type based on the &iidiESe. Note that total
populations for system types other than CWS likely include populations from the CWS category in part.

Populatiors Servedby System Size Category
i System
Region 501¢ 3,301¢ 10,001¢
Type H{00 >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
Apr 2021 | 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
CWs 380,377 2,318,381| 4,152,165 8,748,278| 14,238,835/ 29,838,036
Texas | NTNCWS 96,078 155,654 62,154 - 177,673 491,559
Jul 2021 | TNCWS 201,573 99,336 7,896 - - 308,805
All 678,028 2,573,371| 4,222,215 8,748,278| 14,416,508 30,638,400
Net CWS Change -2.2% -0.9% +3.8% +7.3% +2.7% +3.8%

Compared to the previous report, the total number of CWSs remained virtually constant whitetdhe
population servedy all system typesicreasedby about 1.1 million people, representinghat relative

increase of 3.8%T@blel). While the total numbers of C\W$mained essentially constant, the total
number d systems serving populatisi§00 people decreased by 2.@#dthe numbers of larger systems
increased, particularly those serving 10,001 to 100,00 people which saimceease of 6.2%. The
corresponding changes in populat®servedollowed a similar tend, with a net decrease of 1.1% for
aeadsSya aSNBAYy3I Xozonn LIS2LXS yR ySi AyONBIlI asSa
100,000 people which saw a 7.3% increase.



Methods

Maximum Contamination LimiMCL concentrations are establishathder the National Primary Drinking
Water Regulations (NPDWRYministeredby the US Environmental Protection Agency (EPA). Two
inorganic nitrogen ion compounds are regulated, including nitrates{Nd nitrite (N@). Both exist as
unassociated chargeshions in water and MCLs are expressed as nitrogen equivalent concentrations, i.e.
10 mg/L nitrateN and 1.0 mg/L nitriteN.

Data Sources

Concentrations of nitrate and nitrite were obtained from three sources, including the Groundwater
Database (GWDB) nmained by the Texas Water Development Board (TWDB), the Public Water Supply
(PWS) database maintained by the Texas Commission on Environmental Quality (TCEQ), and the Safe
Drinking Water Information System (SDWIS) database maintained by the US EPA.

The TWDB database was queried on July 12, 2023. The database contains groundwater quality analyses
for a wide range of well uses, including public watgstemwells, domestic wells, irrigation wells, etc.

Water quality data begin in the early 1900s. Traadrepresent entirely raw water samples obtained
adjacentto or directly from the wellhead prior to any treatment, and are useful for characterizing ambient
groundwater conditions.

The SDWIS database was queried on July 18, 2023 and includes data @nwaibli system
administrative information, populations served, number of connections, physical facilities, and drinking
water rule violations through time. Water quality samples were obtained from the distribution network
at a point downstream of any assated treatment processes, usually termed an Entry Point (EP) sample
where the water enters the distribution network. Thus, this database does not contain any information
on raw, untreated source water.

The TCEQ database was provided on June 13, 2083jviest. The database contains data similar to the
SDWIS database, but additionally includes water sample analytical results for general water quality
parameters and concentrations of regulated contaminants that do not exceed their respective MCLs.
Water quality data begin in 2002. The data primarily represent EP water quality samples, though there
are additionally a limited number of raw water samples collected from locations upstream of any
treatment facilities. A subset of the TCEQ dataragplarlyprovided to the national SDWIS database.

SDWIS Database Definitions

TheSDWISlatabase includes several system attributes of interest to this study, including estimates of the
populations served biPublic Water System®\VSkthat 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). Following are
verbatim excerpts from the EPA website documentation that defieenenclature andttributes in the
database that are of significance to this stuéhitps://echo.epa.gov/tools/datadownloads/sdwa
downloadsummary:

Public Water System Type

G¢KS (&L 2s¥stern@yds). A publig Walis@shein is a system for the provision to the public
of piped water for human consumption, which has at iddieen service connections or regularly serves
an average of at least 25 individuals at least 60 days out of the year.
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1 Community water systemA PWS that serves at least fifteen service connections used by year
round residents or regularly serves ade25 yearound residents (e.g., homes, apartments and
condominiums that are occupied yeaund as primary residences).

1 Noncommunity water system

o Transient norcommunity water systerm A nonrcommunity water system that does not
regularly serve at lea&b of the same persons over six months per year. A typical example
is a campround or a highway rest stop that has its own water source, such as a drinking
water well.
o Nontransient noncommunity water systemA norcommunity PWS that regularly serves
at least 25 of the same persons over six months per year. A typical example of a non
transient noacommunity water system is a school or an office building that has its own
g1 GSN) 82dzNOST ddzOK & I RNAYl1AYy3d 61 GSNI 6S¢f f

Compliance Status

1 Health-Based Violatins
o0 Violations of maximum contaminant levels (MCLs) 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) rukéshspecify
required processes intended to reduce the amounts of contaminants in drinking water.
MCLs, MRDLs, and treatment technique rules are all hbakhd drinking water
aldl yRINR&adé

This study focuses drealth-based violations of the Nitrates Rudg Community Water System&\WS}k
Gollectively, CWSserveby far the largest populatio and those served arpotentially vulnerable to
repeated and/or persistent exposure to contaminants from a consistent drinking water source. Non
community water systemm serve either no#transient or transient populations that as a group are
generallymuch smaller tharCWSsind were not part of this analysis to avoid potential double counting
of overlapping populations.

Data Analysis AmbientNitrate Levelsn Minor Aquifers

Nitrate-N concentrations from the TWDB database were used to characterize ambient groundwater
conditionsin the minor aquifersn TexasAll of the wells in the TWDB database have individually been
associated with one or more producing aquifénly samples from wells that were completed in a single
aquifer, which represenmost of thewells in the datatase, were used in this study. The aquifers
represented in this study includi of the 22 minor aquifer®f Texas that have beearamedby the TWDB
(Figure2). We indude the Lipan aquéfr for completeness though was alsoanalyzed irthe previous
report (Malito et al., 2022)There were insufficient data for four of the remaining aquifers as discussed
below.

Samples fron8,220 groundwater wells in Texas are represented in this studgiuding 5,865 samples

with detected nitrateN concentrations (Table 14). The TWDB groundwater database samples analyzed

for nitrate-N were collected betweed930 and 2023Figure 2). Analyticaletection limits for nitrateN

varied based on the laboratory and method used. Analytical results for samples with undetectable nitrate

b O2y OSy NI (A2 yRS I NBG &8RS SISR NB/2dft Ga +F NBE OKIF NI OdG SN
by the method detedbn limit.



e ~
’ —
E - -
£ o il
;’ £
d T
7] o
g 2
; » 4 1 4 -
’ ',.' ) =
4 - 9 -
f =l W
’ Y]
| @
vy
L"L ey T . i
- ——
e y- 7/. 7‘%
7 : P
> )‘. £ , )
| - . r3.
2
3
g - rll} :
-,
il i : _wl
S = M »
7 . N
L )
[ Biaine (outcrop) Dockum (outcrop) [ Lipan (outcrop) [ RitaBlanca
N Blaine (subcrop) m Dockum (subcrop) m Lipan (subcrop) - Rustler (outcrop)
- Blossom (outcrop) - Edwards -Trinity (High Plains) m Marathon m Rustler (subcrop)
N\ Blossom (subcrop) _ Ellenburger - San Saba (outcrop) [l Marble Faiis Sparta (outcrop)
- Bone Spring - Victorio Peak ’ ] Ellenburger - San Saba (subcrop) - Nacatoch (outcrop) Sparta (subcrop)

- Brazos River Alluvium - Hickory (outcrop) Nacatoch (subcrop) - West Texas Bolsons
- Capitan Reef Complex I:] Hickory (subcrop) - Queen City (outcrop) - Woodbine (outcrop)
- Cross Timbers - Igneous m Queen City (subcrop) m Woodbine (subcrop)

Yegua Jackson

Figure2. Minor Aquifersof Texas

Nitrate-N concentratiors from the TWDBroundwaterdatabasewere evaluated by aquifer using various
statistical analysesf the most recent analysis for a given well for samples citefrom1930through
June2023. Statistical analyses include simple determinations of the numbers of samples, numbers of non
detects, the mean, minimum and maximum concentrations, and selected percentile concentrations. The
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Geostatistical Analyst extemsi in ArcMap 10.7 was used to generate maps representative dfitrate-
N spatial distribution in the different aquiferéndicator Krigindhas the advantage that no assumptions
are made regarding normality of the underlying (and unknown) distributich@toncentration data.

Indicator kriging does not result in a concentration map. Rather, the output is a map of the estimated
probability thatnitrate-N concentrations exceddgaselected threshold valugwothreshold values were
used for the analysesThe threshold of4 mg/L represents thebackground level based on literature
estimates (Gurdak and Qi, 2006\ higher threshold value @D mg/L was used to identify areas where

the likelihood that groundwatenitrate-N concentrations exceed the ERAmaryMCL for drinking water

Maps for the minoraquifers were based on the latest sample for a given well during the period 1930
through 203 focusing on the background (>4 mg/L) and the EPA MCL (>10 mg/L)As\elseneral rute
of-thumb, it is desirable to have 100 or more data points and 50 is considerdzhteeninimum required

to obtain a statistically stable and meaningful result using kriging methods. Further consideration must
also be given to the spaii distribution of data point locations within the modeled area, i.e., whether the
data are overly clustered in one area and sparse or absent in others.

The indicator kriging procedure begins with a binary transformation of the concentration data asCeither
(zero) for all data points less than or equal to the threshold value or 1 (one) for all data points greater than
the threshold value. A servariogram is created that represents the average variance between data
locations as a function of the separatiaiistance between the data points. The serariogram may
include directional anisotropy components if the variance displays structure based on azimuthal direction
within the data. A mathematical model is then fit to the semariogram points and this moties used to
predict values at locations between data points. The resulting output is a grid map of predicted probability
(or likelihood) values thatitrate-N concentrations exceed the threshold value. In this study a uniform
grid cell size of 1 km x 1 kiwas used to construct the aquifer probability maps.

The resulting maps depict the estimated spatial distribution of the probability or likelihood of exceeding
the threshold value on &cale between 0% and 100%or this study we characterized predicted
probability ranges usinfjve descriptive categories, including very low (<10%), low4(@®®), moderate
(40-60%),high (60-90%), and very high (>90%&nges

The maps should be interpreted in part with consideration given to the spatial distribution of the

underlying data aghey may be clustered in some areas and relatively sparse elsewhere. Some artifacts
are present in the maps that arise primarily in regions with little or no data and/or the results of directional
anisotropy in the underlying semmariogram structure.

All of the aquifer probability maps are reproduced aspage R K I NJ LKA Oa Ay ! LIISYRA
convenience.

Data Analysig Persistence

We examined water sample results for C38ring two periods, including 1) 20@32022, representing
the past 20 years to characterize the nature and persistence of nitrate violations and 2) Jan R022
2023 representing current conditions in relation to the-@Ganalysis.

To characterize persistence, we ranked CWSs based on the numberstiyeag the period 2062022
that a given system was in violation of the nitrate MCL concentration. Samples are normally collected and
analyzed on at least a quarterly basis, though sometimes more frequently. In a given year, a system was
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considered to b in violation if a single sample exceeded the MCL, regardless of the number of samples
that may actually have exceedélde MCL We examined two time periods. The first includes historical
violations for all CWSs having any violation during thgraieriod(2003¢ 2022 and the second includes

only systems with a current violation, defined as any violation during the period QR¢2Jun 2023.

Thus, the overall occurrence of annual nitrate violations for each CWS is represented on a scale of 0 to 20
for the 20year period and @ 21 for current violators. We next determined the number of consecutive
year violation periods for edn PWS system, i.e., the number of continuous years in violation separated
by nonviolating years. To characterize the mean persistence for €W1$ we divided the number of
violation years by the number of violation periods.
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Results

Minor AquiferAmbent Nitrate Levels

Based on the TWDB database, a total @8wells that were completed in minor aquifers were sampled

and analyzed for nitraté\ in the state between 1930 and July 2023. A total474samplesrepresenting

17.9% of all groundwater triate-N data in this studyexceeded the secondary threshold of 4 mg/L while

747 samples 9.1%) had nitrateN concentrations above the primary EPA MCL of 10 niiablé2).

Table2. Summary of nitraté\N analyses ithe minor aquifers of Texas. Values represent the latest samples

from the TWDB groundwater database for wells sampled between 1930 and Z023highlighted
aquifers did not have sufficient data for kriging methodologguirements

Total Nitrate-N > 4 Nitrate-N > 10
_ Number Number| Number mg/L mg/L

Aquifer of of of Non % of % of

Samples Detects| Detects | Samples Total Samples Total
Blaine 282 208 74 100 355 37 13.1
Blossom 76 49 27 6 7.9 2 2.6
Bone Spring/ictorio Peak 161 145 16 74 46.0 30 18.6
Brazos River Alluvium 216 167 49 27 125 12 5.6
Capitan Reef Complex 64 46 18 5 7.8 1 1.6
Cross Timbers 2,252| 1,588 664 530 23.5 336 14.9
Dockum 889 680 209 198 22.3 90 10.1
EdwardsTrinity (High Plains) 71 60 11 25 35.2 6 8.5
EllenburgetSan Saba 376 317 59 64 17.0 24 6.4
Hickory 476 390 86 110 23.1 42 8.8
Igneous 206 182 24 13 6.3 5 2.4
Lipan 147 64 3 20 61.2 64 435
Marathon 44 40 4 4 9.1 2 4.5
Marble Falls 47 36 11 7 14.9 3 6.4
Nacatoch 204 113 91 9 4.4 7 3.4
Queen City 651 456 195 80 12.3 27 4.1
Rita Blanca 34 30 4 1 2.9 - -
Rustler 53 39 14 18 34.0 6 11.3
Sparta 362 254 108 21 5.8 6 1.7
West Texas Bolson 260 246 14 26 10.0 9 3.5
Woodbine 685 410 275 15 2.2 4 0.6
Yegualackson 664 409 255 51 7.7 34 5.1
Total 8220| 5929 2,211 1,474 17.9 747 9.1
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The maximumitrate-N concentrationin the TWDB database for all minor aquifaras596 mg/L. There
were 38 sampleswith nitrate-N concentrations>100 mg/Land 31of thesewere in the Cross Timbers
aquifer.These amples were not considered outliersthe concentrationdie within 3 standard deviations
of the mean of the log transformed dataThenon-detect samplesiad a meandetection limit of 028
mg/L and rang from 0.2 mg/L to2.3mg/L

Most of the samples used in this study (92%) were collected during or after the 10i§0seBa). The
concentration distribution of the sample population collected prior to the median sample date
(11/13/1978) was compared to that of samples collectmd orafter the median sample datgigure3b).

The distributions are nearly similar above ~0.4 mg/L, while improved sampling technology (lower
detection limits) cause deviation between the two dataseétow ~0.4 mg/L. At higher concentrations,

the newer samples tend to have slightly lower values above about 2 mg/L and the older samples may
result in slightly exaggerated exceedances at theglL and 10 mg/L values. Te slight difference in
distributions below 06 mg/Lis inconsequential to the overall resulisd is primarily related to lowering

of detection limit concentrations as analytical technology improved over.time

a) 3,000 1000
K 2422
2'21500 ) 100 — Older Half
E L
& 2,000 1,54? o Q 10 Newer Half
5 1,500 : g 1
5 830 845 £
21,000 Z 01
E o0 |167272 256 349 150
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0 0.001
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Figure3. Distributions of apumber ofgroundwaternitrate-N samples collecied by decadeand b)
percentiledistribution ofnitrate-N concentrationsor samples collected prido andon orafter the
median sample datel(l/ 13/1978). (TWDB groundwater database,3®2023).

The numbers of samples per minor aquifer @enerally quitesmallrelative to the major aquifershile
the percentagesf samples with nitrateN >10 mg/lare generally much highefAquifers with the largest
percentages of samples exceeding the MCL incthdelipan (43.5%)he Bone Spring; Victorio Peak
(18.6%),and the Cross Timberquifers(14.9%), followed by theBlaine (13.1%), Rustler(11.3%), and
Dockum (10.1%gquifers(Table2). The remainingninoraquifers had from %% t08.8% of samples above
the MCLand the average for all minor aquifer samples ®&84 This is similar to but slightly larger than
the exceedance rate of major aquifer samples (7.8%, Malito et al., 2B2@uding the Seymour aquifer
which has an exceedance of 54.%& major aquifers have a collective mean MCL exceedahdel%
less than half that of theollectiveminor aqufers.

The aquifers mapped include of the 22minor aquifers in Texaditrate-N datawere insufficientto

meet kriging requirements for four minor aquifers, including the Marathon, Marble Falls, Rita Blanca, and
Rustler aquifers, which variously had betne34 and 53 well locationsampled Three minor aquifers,
including the Blossom, Capitan Reef Complex, and Edwainity (High Plains) aquifers, were mapped
though they had marginal data with 64 to 76 well locatisasnpled The remaining minor aquiferhad
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sufficient data, includindourteen that had from 147 to 889 well locations and one aquifer, the Cross
Timbers, had 2,252 well locations.

Nitrate-N (mg/L)
= >10

4-10
. 2.4
° <2

Figured. Spatialdistribution of nitrate-N concentrations irthe minor aquifers of Texas. Values represent
the latestsamplefor each locatiorcollected from1930¢ 2023. Samples from wedlcompletedin more
than one aquifer are not included

The distributions of the 929 samples with detected nitratél concentratbns indicate that the median
concentrations range from 023ng/L (Nacatoch to 8.05mg/L Lipar) among the minor aquifer€lrable

3). At their respective90" percentile concentratiog, 7 of the minor aquifers exceed the nitratd MCL

and 14 minor aquifers exceed the MCL at th@5" percentileconcentrationsAll but ore minor aquifer,

the Rita Blanca, had maximum nitraleconcentrations that exceed the MCL.
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Table3. Distributions ofnitrate-N concentrations above detection limits for th@nor aquifer samples in
Texas. Values are based on thtest samples from the TWDB groundwater database and samples from
wells completed in multiple aquifers were excluded.

Total Percentile (mg/L)
Aquifer Number Mean .

of Detects| (ML) | Min | 5 | 10 [ 25 | 50 | 75 | 90 | 95 | Max
Blaine 208 6.0| 0.01| 029|068 1.76 | 3.78| 7.70| 13.60| 18.91| 37.27
Blossom 49 1.4 0.01|0.01|0.02|0.09| 056| 1.50| 4.11| 5.88| 11.30
Sic(’:rt‘grf’)pgggk 145| 7.8|009|043| 062|141 433| 9.04| 2241 34.23| 51.96
Brazos River Alluvium 167 26| 001|003|005|018|056| 1.71| 6.71| 11.29| 74.77
Capitan Reef Complex 46 15| 0.02|0.04|0.09|0.25|0.77| 1.65| 3.80| 4.71| 12.20
Cross Timbers 1,588| 11.8| 0.00| 0.04| 0.09| 0.27 | 1.25| 7.45| 26.14| 57.50 | 596.37
Dockum 680 48| 001|005|011| 052| 1.41| 5.09| 12.40| 19.29| 110.69
EdwardsTrinity (High Plains) 60 441001|036|055|1.09|294| 6.25| 9.51|12.33| 16.00
EllenburgetSan Saba 317 40| 001|006|019| 068| 1.49| 294| 8.46| 12.89| 159.26
Hickory 390 45| 001|009]|018| 052| 1.78| 4.52| 10.53| 17.03| 159.26
Igneous 182 1.8 0.01|0.15|0.24| 049| 096| 1.96| 3.20| 4.96| 28.10
Lipan 64| 14.9|.002|0.09|0.12| 1.66| 8.05| 21.11 | 37.67| 42.57| 85.26
Marathon 40 1.8 0.02| 0.04| 0.10| 0.35| 0.62| 2.15| 3.46| 4.94| 1450
Marble Falls 36 58| 001]010| 013|041 | 1.19| 294| 7.07|19.91| 9590
Nacatoch 113 3.2(001|001]0.01|0.04(032| 1.17| 3.13| 12.70| 125.75
Queen City 456 2.7|.002| 0.02| 0.05| 0.20| 0.68| 2.46| 6.58| 10.90| 72.29
Rita Blanca 30 1.1]0.03|0.15| 0.26 | 0.43| 0.65| 157 | 272| 2.81| 4.07
Rustler 39 5.6 | .005| 0.12| 0.22| 0.60 | 3.66 | 7.09| 15.43| 17.73| 27.11
Sparta 254 22| 001]002|0.04|010|043| 1.19| 3.39| 6.56| 224.77
West Texas Bolson 246 23[002]011]030|0.96| 1.54| 229| 4.24| 6.89| 2214
Woodbine 410 1.2|.002| 0.03| 0.05| 0.18| 0.50| 0.90| 1.71| 2.39| 66.41
Yegualackson 409 3.0| 0.00| 0.02| 0.04| 0.09| 0.34| 1.11| 6.41| 16.08| 109.79
Total 5959 5.9|.002| 0.04| 0.09| 0.29| 1.07| 3.84| 12.65| 24.69| 596.4
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Blaine

The Blaine aquifer covers 5,700%mind extends across parts of 17 counties over an area varying from 20
to 60 miles wide and extending southward from the eastern Texas Panhandle r&ggome6). The
aquifer includes stratigraphic components of the Permian age Blaine Formation. The saturated thickness
averages 137 ft ranging up to 300 ft. Water quality is generally poor with concentrations generally
between 3,000 and 10,000 mg/L TDS and sulfate cdrat@ns are notably high.

There were 282 samples analyzed for nitrate during the study period with 208 samples (74%) having
detectable nitrate concentrations. Most of the samples are located in the northern half of the aquifer so
the kriging results arekewed toward that region. About 65% of the area has moderate to very high
probability of nitrateN >4 mg/L(Table4). About 99% of the area has very low to low probability of nitrate
N>10 mg/L. The median concentration of samples with detectable concentrationsigB.&nd the %-

95" percentile ranges 0.3,18.9mg/L. There were 37 samples (13%) that exceeded therii@jing from

10.4 mg/L to 37.3 mg/L with a median of 14ng/L.
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Figure5. Blaineaquifer probability distribution of N >4 mg/L (left) and >10 mg/L (right).

Table4. Blaineaquifer are@ at risk ofexceedng4 or 10 mg/L nitrateN.

Exceedance Percent of aquifer area at risk of.exceedance .
Concentration VeryLow Low Moderate High Very High
(<10%) | (10%40%)| (40%60%)| (609%€90%)| >90%
Nitrate-N >4 mg/L 0.5 34.5 60.5 31.9 2.6
Nitrate-N >10 mg/L| 37.4 61.2 1.3 0.0 0.0

17




Blossom

The Blossom aquifer occupies 28 imia narrow band across parts of three counties in northeast Texas
(Figure6). The aquifer is comprised of alternating sand and clay sequences of the CretaceoosBloss
Sand Formation. The freshwater saturated thickness averages about 25 ft. Water quality is generally fair
in the outcrop areas with TDS concentrations generally €ln@@'L. Locally, the water is high in sodium,
bicarbonate, iron, and fluoride.

There wee 76 samples analyzed for nitrate during the study period with 49 samples (64%) having
detectable nitrate concentrations. This is a marginal number of samples for kriging purposes, though in
this case the area is relatively small. All of the area (10@&Yyéry low to low probability of nitratll >4

mg/L and >10 mg/(Table5). The median concentration of samples with detectable concentrations is 0.6
mg/L and the 8-95" percentile range is 0.@5.9 mg/L. There were only 2 samples (3%) that exceeded
the MCL, at 0.3 mg/L and 11.3 mg/L.

Probability (%) = Probability (%)
of N >4 mg/L i ]| of N >10 mg/L
. <10 | . <10
[10-40 : . [ 10 - 40
[140-60 & [J140-60
160 - 90 160 - 90
. >90 . >90

Figure6. Blossoraquifer probability distribution of N >4 mg/L (left) and >10 mg/L (right).

Table5. Blossom aquifer areas at risk of exceeding 4 or 10 mg/L niitate

Percent of aquifer area at risk of exceedance

Low Moderate Very High

(<10%) | (10%40%)| (40%€60%)| (60%90%)

19.3 0.0
7.8 0.3

Exceedance
Concentration

Nitrate-N >4 mg/L
Nitrate-N >10 mg/
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Bone Spring Victorio Peak

The Bone SpringVictorio aquiferis located entirely in northern Hudspeth County atalers 710 ndi
(Figure 7). The aquifer consists dfermian limestones. Water quality is generally fair to poor with
concentrations generally between 1,000 and 10,000 mg/L TDS.

There werel61 samples analyzed for nitrate during the study period wi#b samples 90%) having
detectable nitrate concentration Most of the sampled wells are located in a small area of intensive
irrigation around the town of Dell City near the New Mexico border. The southern area of the aquifer is
sparsely sampled and the western area has no samples. Some samples lie outsideiftieboundary

to the southwest. About 20% of the aquifer has a moderate to high probability of nidaté mg/L(Table

6), centered on the most densely sampled agricultural region. Only about 3% of the aquifer has a
moderate to high probability of nitratél >10 mg/LThe median concentration of samples with detectable
concentrations ist.3 mg/L and the 8-95" percentile range is 043¢34.2mg/L. There were B8 samples

(19%) that exceeded the M@anging from 10.4 mg/L to 52.0 mg/L with a median of 28d¥L.
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Figure7. Bone Spring Victorio Pealaquifer probability distribution of N >4 mg/L (lefthd >10 mg/L
(right).

Table6. Bone Spring Victorio Peak aquifer areas at risk of exceeding 4 or 10 mg/L nittate

Percent of aquifer area at risk of exceedance
Moderate High Very High
(40%60%)| (60%€90%)| >90%
14.8 4.6 0.0
1.8 0.6 0.0

Exceedance
Concentration

Nitrate-N >4 mg/L
Nitrate-N >10 mg/
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Brazos River Alluvium

TheBrazos River Alluviumquifer occupies 1,060 mi2 across 13 countiesastern Texas. The aquifer
consists of Quaternary floodplain deposits of sand, gravel, silt and clay alongrail@=firetch of the
BrazosRver and is generally less than about 7 miles wiBiggure8). The aquiferis generally thin,
averaging about 50 ft and ranging up to about 150 ft thMlater quality is generallgood with TDS
concentrations<1,000mg/L but locally rangimas high a80,000 mg/L.

There were216 samples analyzed for nitrate during the study period witiv samples 17%) having
detectable nitrate concentrationsviost of the sampled wells are located in approximately the northern
50% of the aquifearea. About 14% of the aquifer has a moderate to high probability of nitdatd mg/L
(Table7), located almost entirely in the northern most two counties. Throughbetaquifer, there is a
very low to low probability nitrateN >10 mg/LThe median concentration of samples with detectable
concentrations i€.6 mg/L and the 8-95" percentile range is 03¢11.3mg/L. There werel2 samples
(6%) that exceeded the MGhanging from 10.4 mg/L to 74.8 mg/L with a median of 1#d/L. These
samples are located in close proximity to samples with very low nitkapeimarily in the northern most
area discussed above with three additional samples located at the extreme latergin® of the aquifer

in the central reach.

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

[110-40

[140-60

7160 - 90
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Figure8. Brazos River Alluviuaguifer probability distribution of N >4 mg/L (left) and >10 mg/L (right).

Table7. Brazos River Alluvium aquifer areasigk of exceeding 4 or 10 mg/L nitrale

Percent of aquifer area at risk of exceedance
Moderate High Very High
(40%€60%)| (609%90%)| >90%
11.7
0.1

Exceedance
Concentration

Nitrate-N >4 mg/L
Nitrate-N >10mg/L
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Capitan Reef Complex

The Capitan Reef Complequifer occupies 1,850 rhiacross 6 countied west Texas and also extends

into southeast New Mexicd={gure9). The aquifer consists of Permian limestones and dolomites of the
Capitan Limestone, Goat Seep Dolomite, and several formations of the Artesia Group that formed in an
arcuate band surrounding the Delaware Baslihe aquiferanges ugo 2,400 ft thick Water quality is
generallymoderate to poomwith TDSconcentrationsof 1,000mg/L to >5,000 mg/L.

There wereonly 64samples analyzed for nitrate during the study period wihsamples 72%) having
detectable nitrate concentrationslhe sampled wells are located primarily in several clusters across the
region. All but 2% of the aquifer has a very low to low probability of nithated mg/L and 95% of the
aquifer has a very low probabilityf aitrate-N >10 mg/L(Table8). The median concentration of samples
with detectable concentrations 8.8 mg/L and the 8-95" percentile range is 04¢4.7 mg/L. Thee was

only onesample 2%) that exceeded the MGt 12.2mg/L.
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Figure9. Capitan Reef Complexjuifer probability distribution of N >4 mg/L (left) and >10 mg/L (right).

Table8. Capitan RegEomplex aquifer areas at risk of exceeding 4 or 10 mg/L niMate

Percent of aquifer area at risk of exceedance
Exceedance - :
Concentration Low Moderate High Very High
(<10%) | (109%£40%)| (40%60%)| (60%€90%)| >90%
Nitrate-N >4 mg/L 33.9 1.9 0.0 0.0
Nitrate-N >10 mg/ 5.1 0.0 0.0 0.0
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Cross Timbers

The Cross Timbers aquifeccupiesl7,800mi? parts of 30 counties frommorth-centralto central Texas
(Figurel0). The aquifer consists of limestone, shale, and sandstone units BfileezoicStrawn, Canyon,
Cisco, and Wichita groups. Water quality is generally fair to poor WidBconcentrations generally
between 1,000 and 10,000 mg/L.

There were 2,28 samples analyzed fonitrate with 1,588 samples 711%) having detectable
concentrations an@®64 samples 29%) with nondetectable concentrations. Abo#3% of the area has
no to verylow probability ofnitrate-N >4 mg/L and a furtheB5% has moderat& highprobability (Table

9). Only aboutl% of the total aquifer area has highoability of nitrate-N >2 mg/L. The spatial pattern
of probabilities displays artifacteflectinglimited data density in some regions while most of the samples
tend to be located inclusters throughout the aquifer. The median concentration of samplef wit
detectable concentrations is.5mg/L and the 8-9" percentile range is 04¢57.5mg/L.

A total 0f336samples 15%) exceeded the MCL with concentratisasgingfrom 10.01mg/L to596mg/L

and amedianof 25.1mg/L. Samples in this aquifer have some of the highest exceedances in the state,
though the kriged probability maps to not reflect many of the exceedance locations because they are
surrounded by many more wells that do not exceed the threshold, thus iogye¢he overall probability

in that area. This indicates that much of the nitrate contamination in this aquifer represents point sources.
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FigurelO. Cross Timbemquifer probability distribution of N >4 mg/L (left) and >h@/L (right).

Table9. Cross Timbers aquifer areas at risk of exceeding 4 or 10 mg/L iitrate

Exceedance Percent of aquifer area at risk of‘exceedance ‘
Concentration Very Low, Low Moderate High Very High
(<10%) | (10%40%)| (40%€60%)| (609%90%)| >90%
Nitrate-N >4 mg/L 19.1 44.4 23.3 12.5 0.7
Nitrate-N >10 mg/L 33.1 47.4 13.7 5.6 0.1
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Dockum

The Dockum aquifer occupies 25,306 extending across parts of 46 counties from the Oklahoma border

in the northwestern Panhandle south to the general area of Midland, TdXgare11). The aquifer
includes stratigraphic components of the Late Triassic Dockum Group, which includes the Santa Rosa,
Tecovas, Trujillo, and Copper Canyon formations. Water quality is generally poor with fresh water present
primarily in the outcrop areas in the north and soe#st marginal to the High Plains escarpment. The
Dockum underlies the Ogallala, Pecos Valley, Edwiidiy Plateau, and Edwardsinity (High Plains
aquifers.

There were889 samples analyzed faritrate during the study period witl680 samples 76%) haing
detectable concentrations. Abot3% of the area hagery low to lowprobability ofnitrate-N >4 mg/L
(Table10). Only abou0.5% of the total aquifer area hasghto very highprobabilities ofitrate-N >10

mg/L. The spatial pattern of probabilities displays artifacts of limited data density, particularly in the
confinedregions of the central ared he median concentration of samples with detectable concentrations
is1.4mg/L and the 5-95" percentile range is 05¢19.3ug/L.A total of90 samples 10%) exceeded the
MCL with a range of concentrations frorf.1mg/L to110mg/L with amedianof 17.5 mg/L. These tend

to be located in the outcrop areas along the southeast margin of the aquifer.
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Figurell. Dockumaquifer probability distribution of N >4 mg/L (left) and >10 mg/L (rigfte aquifer
extends into Oklahoma @New Mexico. The formal aquifer region in Texas is reflected by the darker
shade of blue in the map insets. Other regions that are not part of the formal aquifer are shown by
lighter shade.

Tablel0. Dockumaquifer areas at risk of exceeding 4 or 10 mg/L nitfdte

Percent of aquifer area at risk of exceedance
Moderate High Very High
(40%€60%)| (609%90%)| >90%
24.1 1.6 1.3
3.8 0.4 0.1

Exceedance
Concentration

Nitrate-N >4 mg/L
Nitrate-N >10 mg/
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EdwardsTrinity (High Plains)

The Edwardgrinity aquiferoccupie,000 mf in parts of 13 counties in the Southern High Plains of Texas
(Figurel2). The aquifer underliethe Ogallala aquifer andverliesthe DockumFormation The aquifer is
composed of aCretaceoudimestones and sandstones of the Comanche Peak, Edwards, and Antlers
formations of the Trinity GroupHreshwatersaturated thickness averages about 125 ft. Water quality is
generally more saline than the overlying Ogallala aquifer, with TDS generally ranging from 1,000 up to
3,000 mg/L.

There were 71 samples analyzed for nitrate during the study period with 60 san{@#86) having
detectable concentrations.#out 76% of the area has very low low probability ofnitrate >4 mg/L and
21% has moderate probabilitgTable 11). Only 3.4% of the total aquifer area hamoderateto high
probabilities ofnitrate-N >10mg/L.The kriging results display artifactlimited dataacross most of the
centralareas of the aquiferThe median concentration of samples with detectable concentratier2.9
mg/L and the ¥-9" percentile range i9.36¢12.3mg/L. Therewere 6samples §%) that exceed th&0
mg/L MCLmostly located along the southern margin of the aquifenging from 10.8 mg/L to 16 mg/L
with a median of 13.5 mg/L
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Figurel2. EdwardsTrinity (High Plaingquifer probability distribution of N >4 mg/L (left) and >10 mg/L
(right).

Tablell EdwardsTrinity (High Plaingquifer areas at risk of exceeding 4 or 10 mg/L nitfdte

Percent of aquifer area at risk of exceedance

Low Moderate High Very High
(<10%) | (109%40%)| (40%60%)| (609%€90%)| >90%
714 21.2 2.6 0.0
29.6 2.8 0.5 0.0

Exceedance
Concentration

Nitrate-N >4 mg/L
Nitrate-N >10 mg/
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Ellenburgerg San Saba

The EllenburgeBan Saba aquifer occupies 5,406 aaross parts of 16 counties surrounding the Llano
Uplift in central Texag-{gurel3). The aquifer is composed of a limestones and dolomites, including the
Tanyard, Gorman, and Honeycut formations of the Ellenburger Group and the San Saba limestone of the
Wilberns Formation. Total thickness locallpgas up to 2,700 ft thick. The confined areas of the aquifer

dip away from the uplift to depths of 3,000 ft and the aquifer is compartmentalized by regional block
faulting.

There were376 samples analyzed faritrate during the study period wittf817 samples 84%) having
detectable concentrations. About4% of the area hakw to very lowprobability ofnnitrate-N >4 ug/L
and 23% has moderate probabilitgTable 12). About 3% of the total aquifer area has higb very
probabilities ofnitrate-N >4 pg/L. The kriging results display artifaotdimited data in large areas of the
aquifer, particularly dow-dip, and the higler probability areas ar@rimarily located irvery small areas
around the offending wed| potentially due to the fault compartmentalization. The median concentration
of samples with detectable concentrationsli® mg/L and the 8-95" percentile range is 06¢12.9mg/L.
Therewere 24samples §%) that exceed thd0 mg/L MClL.ranging from 10.3 mg/L to 159 m¥lith a
median of 16.9ng/L.

)
of N>10 mg/L ||
| <10

Figurel3. Ellenburger, San Sabaquifer probabilitydistribution of N >4 mg/L (left) and >10 mg/L
(right).

Tablel2. Ellenburger; San Saba aquifer areas at risk of exceeding 4 or 10 mg/L FANrate

Percent of aquifer area at risk of exceedance
Low Moderate High Very High
(10%€40%)| (40%60%)| (60%€90%)| >90%
2.0 22.7 0.8
16.1 0.1 0.0

Exceedance
Concentration

Nitrate-N >4 mg/L
Nitrate-N >10 mg/
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Hickory

The Hickory aquifer occupies 8,60F aross parts 0f9 counties surrounding the Llano Uplift in central
TexasKigureld) and is composed of parts of the Hickory Sandstone Member of the Riley Formation. Total
thickness anging up to 480 ft thick and water quality is generally good with TDS <1,000 mg/L. The primary
contaminants of concern are radium and associated radon and gross alpha radiation.

There were476 samples analyzed faritrate during the study period witlB90 samples §2%) having
detectable concentrations. The kriging results display artifacts resulting from limited data in large areas
of the aquifer and the high probability areas are confined to very small areas around the offending wells,
potentially due to &ult compartmentalization similao the EllenburgetSan Saba aquifer. Abo8®% of

the Hickory area hawery low to low probability of nitrate-N > 4 mg/L (Table 13). The median
concentration of samples with detectable concentrationg.Bmg/L and the 5-95" percentile range is
0.09¢17.0mg/L.

A total of42 samples $%) exceeded the MCL with concentratioasgingfrom 10.2mg/L to 159 mg/L

with a median ofL6.9mg/L. The kriged probability maps to not reflect the exceedance locations because
they are surrounded by wells that do not exceed the threshold, thus lowering the overall probability in
that area. This indicates that much of the nitrate contaminaiiothis aquiferikely representdocalized

point sources.

)
| of N >10 mg/L
@/ Il <10

Figurel4. Hickoryaquifer probability distribution of N >4 mg/L (left) and >10 mg/L (right).

Tablel3. Hickory aquifer areas at risk@fceeding 4 or 10 mg/L nitrafs.

Percent of aquifer area at risk of exceedance

Low Moderate High Very High
(<10%) | (109%40%)| (40%60%)| (609%€90%)| >90%
38.1 1.1 0.3
11.8 0.0 0.0

Exceedance
Concentration

Nitrate-N >4 mg/L
Nitrate-N >10 mg/
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Igneous

The Igneous aquifer occupies 6,100 mxktending cross parts of 6 counties in western Texas and is
primarily located in Presidio, Jeff Davis, and Brewster counties with smaller areas in Culberson, Reeves,
and Pecos countiesFigure 15). The aquifer is composed of a complex series of pyroclastic and
volcanoclastic sediments up to 6,000 ft thick. The Igneous aquifer locally ungertis®f another minor

aquifer, the West Texas Bolsons. Freshwater saturated thickness averages 1,800 ft and water quality is
generally good with TDS <1,000 mgiablel4

There were206 samples analyzed faritrate during the study period witi82 samples §8%) having
detectable concentrations. Abo@5% of the area haa very lowprobability ofnitrate-N >4 mg/L (Table

14). About 0.%4 of the total aquifer area hanoderateto very high probabilities afitrate-N >10 mg/L.

There are limited data particularly in the central region where probabilities are the highest. The median
concentration of samples with detectable concentrationd i@ mg/L and the $-95" percentile range is
0.15¢ 5.0mg/L. A total ofs samples Z%) exceeded the MCL with a range of concentrations ftar6

mg/L t028.1mg/L with a median of 13.5 mg/L
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Figurel5. Igneousaquifer probability distribution of N >4 mg/L (left) and >10 mg/L (right).

Tablel4. Igneousaquifer areas at risk of exceeding 4 or 10 myttate-N.

Percent of aquifer area at risk of exceedance

Low Moderate High Very High
(<10%) | (10%40%)| (40%€60%)| (609%90%)| >90%
0.9 3.4 0.2
0.1 0.2 0.1

Exceedance
Concentration

Nitrate-N >4 mg/L
Nitrate-N >10 mg/
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Lipan

The Lipan aquifer covers 1,994%amd extends across all or parts of 8 counties of the Edwards Plateau
region of westcentral TexasHigurel6). The stratigrapic components of the Lipan include tBan Angelo
Sandston€Pease River Groyipnd the Choza Formation, Bullwagon Dolomite, Vale Formation, Standpipe
Limestone, and Arroyo Formation of the Clear Fork GraBpmundwater is found in watdrearing
alluvium omprised of saturated sediments from the Quaternary Leona formation. The groundwater
tends to be hard and ranges from fresh to slightly saline.

There werel47 samples analyzed faritrate during the study period witi44 samples $8%) having
detectable caocentrations. There arevery limited datain the southernregion wherethe aquifer is
confined and no data in the unconfined distant west and northwest argbesut 62% of the area haa

very low to lowprobability of nitrate-N >4 mg/L ((Table15). About 26% of the total aquifer area has
moderateto very high probabilities ofitrate-N >10 mg/L. The median concentration of samples with
detectable concentrations i8.1 mg/L and the 5-95" percentile range i9.09¢ 42.6mg/L. A total of64
samples 44%) exceeded the MCL with a range of concentrations fin3 mg/L to 85.3 mg/L with a
medianof 28.3 mg/L

Probability (%) Probability (%)
of N >4 mg/L 725 of N >10 mg/L
<10 ( . <10
[110-40 ‘ [710-40
[ 140-60 g [ 140-60
[160-90 160 - 90
I >90 I >90

Figurel6. Lipanaquifer probability distribution of N >4 mg/L (left) and >10 mg/L (right).

Tablel5. Lipan aquifer areas at risk of exceeding 4 or 10 mg/L nil¥ate

Percent of aquifer area at risk of exceedance

Low Moderate High Very High
(<10%) | (10%40%)| (40%60%)| (609%90%)| >90%
41.7 9.4 18.4 10.2
22.9 8.3 11.0 6.3

Exceedance
Concentration

Nitrate-N >4 mg/L
Nitrate-N >10 mg/
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Nacatoch

The Nacatoch aquifeoccupies1,800 mf in a narrow band exteridg across parts of 15 counties in
northeast TexadHigurel?). The aquifer is composed Gfretaceousandsones with an averagsaturated
thicknessof 50 ft. Water qualitygenerallyranges from 350 mg/L to 3,000 mg/L TDS. The primary water
guality issue of concern in the aquifer is high alkalinity due to high concentrations of sodium bicarbonate.

There were204 samples analyzed fanitrate with 113 samples §5%) having detectable concentrations.
About 99% of the area hasery lowto low probability of nitrate-N >4 mg/L (Table16). The median
concentration of samples with detectable concentrations Brig/L and the 3-9" percentile range is
0.01¢12.7mg/L.

A total of 7 samples %) exceeded the MCL with concentratisasgingfrom 10.6mg/L to126mg/Land

a median o0f30.7 mg/L. The kriged probability maps reflect the exceedance locations as areas of low to
moderate exceedance probability. The wells in violation are surrounded by wells that do not exceed the
threshold, thus lowering the overall probability in those aedlhis indicates that the nitrate
contamination in this aquifer likely represents localized point sources.

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

[110-40 [7110-40
[]40-60 [140-60
[160-90 160 -90
I >90 I >90

Figurel?7. Nacatochaquifer probability distribution of N >4 mg/L (left) and >10 mg/L (right).

Tablel6. Nacatochaquifer areas at risk of exceeding 4 or 10 mg/L nitfdte
Percent of aquifer area at risk of exceedance

C?:\iii?;?ﬁ; Low Moderate Very High
(<10%) | (10%40%)| (40%€60%)| (60%90%)
Nitrate-N >4 mg/L 22.7 1.1
Nitrate-N >10 mg/ 20.6 0.0
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Queen City

The Queen City aquifer occupies 15,808 emtending across parts of 42 counties in the upper coastal
plain of Texas from Arkansas to South Tekigufel8). The aquifer is composed of Middle Eocene sands
and loosely cemented sandstones. The average fresh water saturated thickness is 140 ft and water quality
in generally good with TDS <1,000 mg/L.

There were651 samples analyzed for nitrate wihb6 samples 70%) having detectable concentrations.
About 99% of the area hasery lowto low probability of nitrate-N >4 mg/L (Table17). The median
concentration of samples with dectable concentrations is ®.mg/L and the 3-9" percentile range is
0.02;10.9mg/L.

A total of27 samples 4%) exceeded the MCL with concentratioasgingfrom 10.2mg/L to72.3mg/L

and a median o17.2mg/L. The kriged probability maps reflect theceedance locations as areas of low

to moderate exceedance probability. The wells in violation are surrounded by wells that do not exceed
the threshold, thus lowering the overall probability in those areas. This indicates that the nitrate
contamination inthis aquifer likely represents localized point sources.

Figurel8. Queen Cityquifer probability distribution of N >4 mg/L (left) and >10 mg/L (right).

Tablel7. Queen Cityaquifer areas at risk afxceeding 4 or 10 mg/L nitrads.
Percent of aquifer area at risk of exceedance

C%ﬁiii?g?%i Low Moderate Very High
(<10%) | (10%40%)| (40%€60%)| (60%90%)
Nitrate-N >4 mg/L 26.9 1.1
Nitrate-N >10 mg/ 4.8 0.0
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Sparta

The Sparta aquifer occupies 7,90F amd extends across parts of 25 counties in the upper coastal plain

of TexasKigurel9). The aquifer is represented by the Middle Eocene Sparta Formation of the Claiborne
Group. The freshwater saturated thickness is about 120 ft and water quality in the Sparta is generally good
with TDS <1,000 mg/L.

There were362 samples analyzed for néte with 254 samples 70%) having detectable concentrations.
About 87% of the area hasery lowto low probability of nitrate-N >4 mg/L (Table18). The median
concentation of samples with detectable concentrations i¢ tg/L and the 3-9" percentile range is
0.026.6mg/L.

A total of6 samples2%) exceeded the MCL with concentratisasgingfrom 11.2mg/L to225mg/Land

a median of 16.6 mg/L. The kriged probapitnaps reflect the exceedance locations as areas of low to
moderate exceedance probability. The wells in violation are surrounded by wells that do not exceed the
threshold, thus lowering the overall probability in those areas. This indicates that thatenitr
contamination in this aquifer likely represents localized point sources.

Probability (%) Probability (%)
of N >4 mg/L of N >10 mg/L
I <10 I <10
[110-40 [110-40
[ 140-60 [ 140-60
[160-90 [T60-90
I >90 I >90

Figurel9. Spartaaquifer probability distribution of N >4 mg/L (left) and >10 mg/L (right).

Tablel8. Spartaaquiferareas at risk of exceeding 4 or 10 mg/L nitrhlte

Percent of aquifer area at risk of exceedance
Exceedance -
Concentration Low Moderate Very High
(<10%) | (10%40%)| (40%€60%)| (60%90%)

10.6 2.2
4.1 0.0

Nitrate-N >4 mg/L
Nitrate-N >10 mg/
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West Texas Bolsons

The West Texas Bolsons aquifer occupies 1,26Gendss parts of 5 counties in west Texas along the
international border with MexicoRigure20). The aquifer is composed of Quaternary bd#irdeposits
ranging up to 3,000 ft thick. The average freshwater saturated thickness is 580 ft. Water quality is locally
<1,000 mg/L TDS but ranges up to 4,60§L TDS.

There were260samples analyzed for nitrate wid6 samples 95%) having detectable concentrations.
About 93% of the area hasery lowto low probability of nitrate-N >4 mg/L (Table19). The median
concentration of samples with detectable concentrationd.Emg/L and the 3-9" percentile range is
0.11¢6.9mg/L.

A total of9 samples 3%) exceeded the MCL with concentratisasgingfrom 10.6mg/L to22.1mg/Land

a median of 12.9 mg/L. The kriged probability maps reflect the exceedance locations as areas of moderate
to high exceedance probability. The wells in violation are not locagzatby to wells that do not exceed

the threshold. This indicates that the nitrate contamination in this aquifer may represent more than
localized point sources.
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Figure20. West Texas Bolsoasjuifer probability distribution oN >4 mg/L (left) and >10 mg/L (right).

Tablel9. West Texas Bolsomsjuifer areas at risk of exceeding 4 or 10 mg/L nitfdte

Percent of aquifer area at risk of exceedance
Exceedance - -
Concentration Low Moderate High Very High
(<10%) | (109%40%)| (40%60%)| (609%€90%)| >90%
Nitrate-N >4 mg/L 29.4 5.0 1.8 0.0
Nitrate-N >10 mg/ 9.2 2.5 2.1 0.1

32



Woodbine

The Woodbine aquifer occupies 7,300 aiross parts of 17 counties in north central TeXdagure21).

The aquifer is composed of interbedded Cretaceous sandstones, shales, and clays up thiék0Tie
average freshwater saturated thickness is 160 ft. Water quality generally decreases with increasing depth
from <1,000 mg/L TDS in the shallower portions down to about 1,500 ft and ranging up to 4,000 mg/L TDS
at greater depths.

There were685 sanples analyzed for nitrate with10samples §0%) having detectable concentrations.
About92% of the area hagery low probability ohitrate-N >4 mg/L (Table20). Themedian concentration
of samples with detectable concentrationi$ mg/L and the 8-9" percentile range i§.03¢2.4mg/L.

A total of4 samples 1%) exceeded the MCL with concentratisasgingfrom 12.7mg/L to66.4mg/Land

a median of 33.1 mg/L. The kriged probability maps reflect the exceedance locations as areas of moderate
to high exceedance probability. The wells in violation are surrounded by wells that do not exceed the
threshold, thus lowering the overall probdibi in those areas. This indicates that the nitrate
contamination in this aquifer likely represents localized point sources.

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

110 - 40 : 710 - 40
[ 140-60 ; [ 140-60
160 - 90 B 160 - 90
I >90 [l I >90

Figure21. Woodbineaquifer probability distribution of N >4 mg/L (left) and >10 mg/L (right).

Table20. Woodbineaquifer areas at risk of exceeding 4 or 10 mg/L nitfdte

Percent of aquifer area at risk of exceedance

Low Moderate High Very High
(<10%) | (109%40%)| (40%60%)| (609%€90%)| >90%
7.5 0.1 0.0
0.0 0.0 0.0

Exceedance
Concentration

Nitrate-N >4 mg/L
Nitrate-N >10 mg/
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Yegua; Jackson

The Yegudackson aquifer occupies 10,90F miparts of 34 counties across in the Texas Coastal Plain
(Figure22). The aquifer is composed of interbedded sands, silts, and clays of the Eocené&-dfeggtion

and Jackson Group. Freshwater saturated thickness averages 170 ft. Water quality is highly variable,
ranging from <1,000 mg/L TDS in the shallower regions up to 10,000 mg/L TDS at greater depths.

There were664 samples analyzed for nitrate wihD9 samples §2%) having detectable concentrations.
About 99% of the area hasery lowto low probability of nitrate-N >4 mg/L (Table21). The median
concentration ofsamples with detectable concentrationsdss mg/L and the 3-9" percentile range is
0.02¢16.1mg/L.

A total of34 samples %) exceeded the MCL with concentratioasgingfrom 10.2 mg/L to 110 mg/L
and a median of8.9mg/L. The kriged probability maps reflect the exceedance locaticlosalizedareas

of moderate to high exceedance probabilitythe far eastern regions of the aquifer near the Louisiana
border.

Probability (%) [ 5/ 17 Probability (%)
of N >10 mg/L alde of N >4 mg/L
B <10 B <10

[110-40 [7110-40
[140-60 [140-60
760 - 90 [ 60 - 90
N >20 I >20

Figure22. Yegua; Jacksoraquifer probability distribution of N >4 mg/L (left) and >10 mg/L (right).

Table2l. Yegua; Jacksoraquifer areas at risk of exceeding 4 or 10 mg/L nitidte

Percent of aquifer area at risk af@edance

Moderate High Very High

(40%€60%)| (609%€90%)| >90%
0.6
0.3

Exceedance
Concentration

Nitrate-N >4 mg/L
Nitrate-N >10 mg/
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Persistencef Nitrate Contamination
Historical NitrateN Violations in Community Water Systems

Over the 20year period 200 2022, there were 147 CWSs in Texas that had at least one ANrMEL
violation Figure23). Of these, there are 126 systems that are currently acfiable24), though not all
are currently out of compliancélmost half (61, 48%f the currenrtly active systems had violations during
only 1 to 3 years, while the remaining systems had more persistent violation occurmamggsg from4

to 20 yearsFigure24a).

Primary Water Source
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= Purchased GW (8)
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Figure23. Locations of CWSs with hlstorlcal Nltrates Rule violations during <2Q032 symbolized by
reported primary water source. Sources inclugeoundwater (GW) and surface water (SW) and
additionally water purchased water from another CWS system. There are many systems that indicate
surface water as their primary source (purchased or not) that also include one or more active groundwater
wells asa listed facility.
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There were 21 systems that changed from public water systems tepudtic water systems or became

inactive altogether at some time durir2g03¢ 2022(Table25). These systems are no longer regulated by

TCEQ andata onthe original populations served are how mostly absent from the databbissvever,

the original numbers of connections associated withst ofthese systemsanged from 1 to 42, with one

having 105 connections. y | £ f OFasSazx SI OK aeaidsSy Basédodthed aaATFTA
numbers of connections, these now private or inactive systéikedy served very small populations,
probablyno more than~100people each.
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Figure24. a) Years of Nitrate Rule violations for CWSs in Texas and b) time series of violating systems and
associated populations for currently active systems during 2000R22.

The total population servebly all 126 currently active CWSs with violations du2idg3¢ 2022is 255,053
persons, though some system populations likely increased or decreased during the patite2®). This
represents 0.85% of the 2023 total CWS population in Texas.

Table22. Persistence of Texas CWS Nitrate Rule violations during22®23

System Number of|  Total Years irViolation | Years/
Population Systems | Population| Average| Maximum | Period
1§00 74 14,107 8.0 20| 5.82
501¢ 3,300 33 50,792 4.4 16| 2.06
>3,300 13 83,123 2.7 11| 1.48
24¢ 39,648 126 255,053 6.3 20| 4.18

The sizes of these CWSs range from 24 to 39,648 persons, with a median of 326 persons. There are distinct
differences in both the mean frequency and persistence of violations by system size category, particularly
for the smallest systemd-igure25). Based on the last 20 years, the persistence of violations for the
smallest systemst§00 people) averages<3o 4x greater than that of larger systems. Theare 29 CWSs

with violations of the Nitrates Rule during more than 10 of the past 20 years. Of these, 25 (86%) were
CWSs that serve populationsX§00 people.

Most (64%) of the CWSs with violations during 2@®22 currently list groundwater as thgirimary

source, representing about 60,000 people served. The remaining systems (36%) indicate that surface
water is currently their primary source, though 27% also have active groundwater wells in their list of
system facilities (147,300 people) while @ not list any activeggroundwaterwells (47,800 people).
Where groundwater is listed as a source, the Ogallala and Seymour aquifers are the most prevalent major
aquifer sources, with a few occurrences of the Gulf Coast, Edwards, and EdwiargsPlatea aquifers.
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Several minor aquifers are also listed as sources for different violating systems, including the Blaine,
Dockum, Lipan, Woodbine, and Nacatoch aquifers.
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Figure25. Relationship between the mean total number of violation years vs the mean violation
period duration for three CWS population size groups.
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Current Nitrate Violations in Community Water Systems.

For this study, we defirtecurrent violations as those ogrring between Jan 2022 and Jun 2023. There
are 50 CWSs that are currently out of compliance with regards to Nitrate Rule MCL concentFagjores (
26).

Currently Violating Systems
Primary Water Source

B GW (41)
®  Purchased GW (3)
@ SW(0)

Purchased SW (1)
A SW+GW(1)
4 Purchased SW + GW (4)

Figure26. Locations of CWSs with current Nitrates Rule violations during Jarg 20222023 symbolized

by reported primary water source. Sources include groundwater (GW) and surface water (SW) and
additionally water purchased water from atfer CWS system. There are many systems that indicate
surface water as their primary source (purchased or not) that also include one or more active groundwater
wells as a listed facility.

This includes an additional five systems that were not includedhén20yr analysis as these had no
violations in 2022 but did report violations in 2023. The mean historical frequency and persistence by size
category of the currently violating systems is generally similar to that of the systems in-tlieaB@lysis,
though currently violating systems are more heavily weighted toward smaller size systems having more
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frequent and persistent violationg éble23, Figure27). The overall affected population of ~45,000 people
is similarto the annual mean affected population during the-20period (40,000).

Table23. Texas CWSs with current Nitrate Rule violations during-20Q3.

System Number of|  Total Years in Violation | Years/
Population Systems | Population| Average| Maximum | Period
HR00 39 7,881 10.7 21| 8.34
501¢ 3,300 8 13,152 6.6 16| 1.68
>3,300 3 23,727 6.3 11| 1.58
24¢ 10,978 50 44,760 9.3 21| 4.18
10
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Figure27. Years of Nitrate Rule violations during 2@0&)23 for CWSs in Texas with current violations.

Most (88%) of the CWSs with current violations list groundwater as their primary s@rigree26),
representing about 17,700 people served. The ranmg systems (12%) indicate that surface water is
currently their primary source though 8% have active groundwater wells in their list of system facilities
(serving 24,000 people), while 4% do not list any active wells (serving 3,100 people). Wheravateund

is listed as a source, the Ogallala and Seymour aquifers together account for most (30) systems while the
remaining systems variously obtain their water from one of ten other major and minor aquifers. The
surface water sources include the Rio GraRtieer, Sabine River, Brazos River, and reservoirs along the
Little Wichita River.

39



Table24. List of 129 currently active systems with any Nitrate Rule MCL violations during either the

historical period 2002022 or current pedd 20222023 by primary source, including groundwater
(GW), purchased groundwater (GWP), surface water (SW), and purchased surface water (SWP).

PWSID System Name PSr(i)anCrZ PoSp;I\z/a(teign Source Aquifer Surface Water Source
PrimaryGroundwater or Purchased Groundwater Sources Only
TX0090011 | Maple WSC GW 55 Edwards Trinity HP none
TX0200011 | City of Danbury GW 1,745 Gulf Coast none
TX0230002 | City of Quitaque GW 385 Permian Age none
TX0260014 | Deanville WSC GW 3,192 Queen City none
TX0270021 | Silver Village WSC GW 312 Hickory none
TX0270065 | River Water System GW 300 Precambrian Age none
TX0400001 | City of Morton GW 1,690 Ogallala none
TX0440001 | Wellington Water System GW 2,191 Seymour none
TX0440002 | City of Dodson GW 109 Seymour none
TX0440018 | Rra Water System GW 300 Blaine none
TX0480011 | Eola Eola WSC GW 165 Lipan none
TX0510001 | City of Paducah GW 1,186 Seymour none
TX0570082 | D Bar B Mobile Home Ranch GW 240 Alluvial none
TX0570094 | Cottonwood Ck MHP GW 225 Woodbine none
TX0580011 | City of Ackerly GW 245 QOgallala none
TX0580013 | Welch Welch WSC GW 315 Ogallala none
TX0580025 | Klondike ISD GW 264 Ogallala none
TX0680051 | Canyon Home Park GW 108 Edwards Trinity Plateau none
TX0680163 | Huber Garden Estates GW 200 Dockum none
TX0700020 | City ofBardwell GW 747 Woodbine none
TX0830001 | City of Seagraves GW 2,417 Ogallala none
TX0830011 | Loop Loop WSC GW 300 Ogallala none
TX0860080 | Royal Oaks Apartments GW 57 Trinity none
TX0860136 | Bernhard TrailePark GW 60 Hickory none
TX0860144 | Vineyard Ridge WS GW 195 EllenburgerSan Saba none
TX0950016 | Halfway Halfway WSC GW 110 Ogallala none
TX0950059 | Loma Alta WSC GW 72 Ogallala none
TX0950064 | Ebeling WSC GW 51 Ogallala none
TX0960002 | City of Memphis GW 2,290 Alluvial none
TX0960003 | Turkey Water System GW 421 Permian Age none
TX0960014 | Lakeview Lakeview WSC GW 98 Seymour none
TX1010826 | Pin Oak MHP GW 345 Gulf Coast (Chicot) none
TX1100001 | City of Anton GW 1,126 Ogallala none
TX1100011 | Whitharral WSC GW 200 Ogallala none
TX1350001 | RRA Water System GW 408 Permian Age none
TX1400002 | City of Earth GW 1,160 Ogallala none
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PWSID System Name ZT:E?;Z P(?‘:rl\(/aet}ign Source Aquifer Surface Water Source
TX1400010 | Spade WSC GW 125 Ogallala none
TX1480003 | Follett Water System GW 450 Ogallala none
TX1500033 | Lake Front Buchanan GW 69 Precambrian Age none
TX1520026 | Family Community Center MHP GW 86 Ogallala none
TX1520039 | Peaceful Lane Village GW 90 Ogallala none
TX1520046 | Wildwood Home Village GW 672 Ogallala none
TX1520080 | Franklin Water System GW 159 Ogallala none
TX1520094 | Town WaterSystem GW 360 Ogallala none
TX1520159 | North University Estates GW 600 Ogallala none
TX1520232 | West Roosevelt MHP GW 95 Ogallala none
TX1520292 | Heartland Heartland House GW 24 QOgallala none
TX1520308 | Chipper Point Apartments GW 29 Ogallala none
TX1530003 | City of Wilson GW 444 Ogallala none
TX1530005 | Grassland Grassland WSC GW 55 Ogallala none
TX1590002 | Martin County FWSD GW 54 Ogallala none
TX1650024 | Pecan Home Park GW 336 Ogallala none
TX1650048 | Greenwood H Subdivision GW 120 Ogallala none
TX1650057 | Twin MHP Midland GW 234 QOgallala none
TX1650066 | Spring Home Park GW 163 Edwards Trinity Plateau none
TX1650077 | South Midland County WS GW 165 QOgallala none
TX1650084 | Warren Road Subdivision WS GW 195 Edwards Trinity Plateau none
TX1650111 | Country Home Estates GW 138 Ogallala none
TX1650197 | Margies Margies MHP GW 60 Ogallala none
TX1660011 | North Milam WSC GW 1,713 CarrizeWilcox none
TX1730003 | Flomot Water Assoc GW 55 Seymour none
TX1770001 | City of Roscoe GW 1,271 Dockum none
TX1840018 | Lazy Bend Estates GW 171 Trinity none
TX1840077 | Rjr Rjr Water GW 387 Alluvial none
TX2230003 | City of Wellman GW 200 Ogallala none
TX2260022 | Browns Pool and Park GW 70 Lipan none
TX2260052 | Tom Green County FWSD GW 960 Alluvial none
TX2330013 | Tierra Del Lago GW 81 Edwards Trinity Plateau none
TX2400025 | Mirando City WSC GW 460 Gulf Coast none
TX2420001 | Shamrock Water System GW 1,946 Qgallala none
TX2420002 | Wheeler MWS GW 1,651 QOgallala none
TX2420006 | Fort WIlliott CISD Briscoe GW 155 Ogallala none
TX2440001 | City of Vernon GW 10,078 Seymour none
TX2490031 | SingingMleadows Subdivision GW 120 Trinity none
TX2540003 | Zavala County WCID GW 2,043 CarrizeWilcox none
TX0630014 | Patton Springs ISD GWP 130 Ogallala none
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PWSID System Name Zr(i)rﬂfég P?;'\‘/Tgn Source Aquifer Surface Water Source
TX1910005 | Country Estates MHP GWP 262 Ogallala none
TX2270255 | Austins Colony GWP 9,987 Alluvial none
TX2440003 | Northside Northside WSC GWP 200 Seymour none
TX2440005 | Rra Water System GWP 228 Seymour none
TX2440006 | RRA Box CWS GWP 144 Seymour none
TX2440008 | RRA Lockett WS GWP 843 Seymour none
TX2440009 | Oklaunion WSC GWP 95 Seymour none
Primary Surface Water or Purchased Surface Water Sources Only
TX1070190 | West Creek MUD SW 20,379 none Cedar Creek Reservoir
TX0290002 | City of Port Lavaca SWP 11,854 none Port Lavaca West Reservg
TX0300015 | Callahan County WSC SWP 3,747 none Lake Baird
TX0310027 | City Palm Valley SWP 1,310 none Lake Harlingen
TX0420034 | Coleman County SUD SWP 5,000 none LakeColeman
TX0760013 | DP & RWSC SWP 570 none Unknown
TX1040004 | City of Weinert SWP 157 none Millers Creek Reservoir
TX1470001 | City of Coolidge SWP 955 none Navarro Mills Lake
TX1690023 | Amon G Carter Lake WSC SWP 750 none Lake Amon G Carter
TX2430005 | City of Burkburnett SWP 10,978 none Wichita River
TX0310021 | Town of Combs SWpP 2,895 none Rio Grande River
TX0310145 | Carefree Valley Resort SWP 197 none Rio Grande River
Primary Surface Water or Purchased Surface Water SourcesAuwltitional Groundwater Sources
TX0270047 | Cassie Water System SW 106 Precambrian Age Lake Buchanan
TX1160003 | City of Commerce SW 8,240 Nacatoch Sabine River
TX1380009 | North Central Texas MWA SW 132 Seymour Millers Creek Reservoir
TX1590001 | City of Stanton SW 2,492 Ogallala Colorado River
TX0150040 | Atascosa Rural WSC SWP 13,905 Edwards BFZ Unknown
TX0280013 | Martindale WSC SWP 3,045 Alluvial San Marcos River
TX0370016 | Craft Turney WSC Main SWP 5,577 CarrizeWilcox Lake Jacksonville
TX0390003 | City of Byers SWP 496 Seymour Lake Kickapoo
TX0390016 | Charlie WSC SWP 100 Seymour Red River
TX0390019 | Dean Dale SUD SWP 3,747 Seymour Lake Kickapoo
TX0580001 | City of Lamesa SWP 9,442 Ogallala LakeAlan Henry
TX0680013 | Northgate MHP SWP 126 Dockum Odessa Reservoir North
TX0780013 | Thalia WSC SWP 135 Seymour Unknown
TX0910052 | Tanglewood on Texoma SWP 3,687 Antlers Lake Texoma
TX0960001 | RRA Estelline Turkey WS SWP 250 Seymour Greenbelt Reservoir
TX0990001 | City of Chillicothe SWP 707 Seymour Greenbelt Reservoir
TX1040002 | City of Rochester SWP 248 Seymour Millers Creek Reservoir
TX1040003 | City of Rule SWP 687 Seymour Millers Creek Reservoir
TX1040005 | City ofObrien SWP 102 Seymour Millers Creek Reservoir

42



PWSID System Name ZT:E?;Z P(?‘:rl\(/aet}ign Source Aquifer Surface Water Source
TX1050013 | Dripping Springs WSC SWP 8,037 Trinity Lake Travis
TX1160039 | North Hunt SUD SWP 4,509 Nacatoch Sabine River
TX1260008 | City of Keene SWP 6,310 Trinity Brazos River
TX1380006 | RRATruscott Gillland WS SWP 243 Seymour Greenbelt Reservoir
TX1380011 | City of Benjamin SWP 258 Seymour Brazos River
TX1530002 | City of Tahoka SWP 2,760 Ogallala Canadian River
TX2000002 | City of Miles SWP 920 Lipan Lake E V Spence
TX2170001 | City of Aspermont SWP 1,015 Seymour Millers Creek Reservoir
TX2170002 | Swenson WSC SWP 32 Seymour Millers Creek Reservoir
TX2230001 | City of Brownfield SWP 9,800 Ogallala Canadian River
TX2230002 | City of Meadow SWP 593 Ogallala Canadian River
TX2260008 | Concho Rural Water Grape Cred SWP 5,049 Lipan Lake E V Spence
TX2260057 | Concho Rural Water Pecan Cre§ SWP 1,275 Lipan Lake E V Spence
TX2270033 | Manville WSC SWP 39,648 Edwards BFZ Unknown
TX2430002 | City ofElectra SWP 2,715 Alluvial Lake lowa Park
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Table25. List of 21 historically active systems with any Nitrate Rule MCL violations durin@@PRdy

primary source, including groundwater (GW), purchased groundwater (@ijce water (SW), and
purchased surface water (SWP). These systems have converted-fuubbio systems or are no longer
active.

PWSID System Name z;nl]ig Cosnfg(catri]:) ns Source Aquifer|  Surface Water Source
Primary Groundwater oPurchased Groundwater Sources Only
TX0680069| Devilla MHP GW 14 Ogallala none
TX0680126| Williams Trailer Court GW 24 Ogallala none
TX0680148 Gardendale MHP GW 29 Ogallala none
TX0940089 River Ridgépartments GW 17 Edwards BFZ | none
TX1080238 Sol Y Mar GW 29 Gulf Coast none
TX1520009| Hidden Tree Ranch GW 30 Ogallala none
TX1520064| Fort Jackson Mobile Estates GW 12 Ogallala none
TX1520142| Country Squire HMP GW 13 Ogallala none
TX1520211] Texin Enterprises WS GW 12 Ogallala none
TX1520225| Red Rader RV Park GW 42 Ogallala none
TX1520257| J&G Rentals GW 16 Ogallala none
TX1650022| Sherwood Estates GW 1 Ogallala none
TX1650043| Peak Properties GW 11 Ogallala none
TX1700058| Rolling Hills Oaks Subdivision GW 39 Gulf Coast none
TX2080022| Colorado River MWD Snyder Well Field GW 1 Ogallala none
TX2320056| Newell MHP GW 22 ET Plateau none
TX2420003| Allison Volunteer WS GW 22 Ogallala none
TX2490052| Diamond Ridge GW 37 Unknown none
TX1650105| Water Tech GWP 2 Ogallala none
Primary Surface Water or Purchased Surface Water Sources Only

TX1500117| Rio Vista Resort SW 2 none Lake LBJColorado River
TX0130018| Blueberry Hills Waterworks SWP 105 none Lake Corpu€hsti
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Summary

Most of the Texas population is served with water fr@wWs, totaling 29.8 million in 203 (95.5% of
population of31.2 million). Quantifying the spatial distribution of groundwateitrate-N concentrations
in aquifers in Texas important for managinggroundwater resources ithe state In this studyl8 of the
22 minoraquifers of Texawere evaluatedor the probability of groundwatenitrate-N levels exceeding
4 mg/Lbackground leveand 10mg/L EPA nitrateN MCL.usingthe latest samples collected from 8,220
groundwater wells betweed930and2023.

Atotal of 747 groundwater wells completed in minor afgus exceeded the nitrat®l MCL of 10 mg/L

based on the TWDB groundwater database. This represents 9.1% of the most recent nitrate analyses from
minor aquiferwells throughout the stateThe exceedance rate for the collective minor aquifer wells is
similar to that of major aquifer wells{.8%),though excluding the Seymour major aquifevhich has an
exceedance rate of 54.7%, the exceedance rate for the remaining major aquifers is 4.4% (Malito et al.,
2022).

The median nitrateN concentration was highest in the Lipan Aquifer (8.05 mg/L), followed by the Bone
Springg, Victorio Peak (median 4.33 mg/L), Blaine (3.78 mg/L), and the Rustler (3.66 mg/L) afudtak.

of 1,474 minor aquifer samples exceeded tieeckground level of 4 mg/L nitradd, representing 18% of

all samplesConcentrations at the 95percentile exceeded 4 mg/L for all minor aquifers except the
Woodbine and Rita Blanca aquifers. Aquifers with the highest exceedance rates for the 4 mg/L background
level include the Lipan (61%), Bone Sprndictorio Peak (46%), Blaine (35%), Edwdnisty (High

Plains) (35%), and Rustler (34%) aquifEngexceedance rates for the 10 mg/L MCL lewrel>10% in six

minor aquifersincludng the Lipan (43.5%), Bone Sprigdictorio Peak (18.6%), Cross Timbers (14.9%),
Blaine (13.1%), Rustler (11.3%)d Dockum (10.1%) aquifers.

Annual CWS data for 20@3®022indicate there were 147 CWSs that were historically out of compliance
during at least one year and 21 systems are no longer active. The 126 currently active systems collectively
serve ~255,000 mmle, though historically during any one year, about 40,000 people were affected by
MCL violations. Of the currently active systems, 107 (85%) serve populai8oB80 people. The
persistence of violations is greatest among the 74 smallest sysi§08 peple)which have araverag

violation period of 5.§ears.

There are 50 systems that are currently out of compliai@n 2@2 ¢ Jun 2023andas a groupthey tend

to be smaller and have more persistent violations thiaa group of 126 historical systemsth violations
(2003¢ 2022).While the current affected population (45,000 people) is similar to the historical average,
96% of the affected systems sed® 300 people andiolation periods average 8.3 years for the smallest
systems serving§00 people Most of the affected systems (88%) report groundwater as their primary
source, while the remaining report only surface water or a combination of surface water and
groundwater.

While water qualityfor the majority of CWSs is compliant with respect to nigrlt levels, noncompliant
systems are generally based on groundwater and are mostly small systems. The lack of alternative water
supplies for many of these systems means that most will require treatment to reach compliance, which is
challenging for these satl CWSs.
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Figure28. Blaineaquifer probability distribution of N >4 giL.
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