FINAL

Estimation of Groundwater Pumping Volumes,
Locations, and Aquifers for West Texas

—— Original B Non-surveyed Municipal
1,200,000 [0 Irrigation I Power

%“ B Municipal Manufacturing
bt o .
L 1,000,000 [ Mining B Livestock
o
o
<
o 800,000
(o))
®
o
g 600,000
& 1
o}
®
= 400,000
o
c
=]
o
O 200,000

0

Prepared for

Texas Water Development Board
Contract Number 2048302456

February 28, 2022



Draft Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

This page is intentionally blank.



Final Report:

Estimation of Groundwater
Pumping VVolumes, Locations, and
Aquifers for West Texas

TWDB Contract Number
2048302456

Prepared By

Jordan Furnans, Ph.D., PE, PG
Michael Keester, PG

Micaela Pedrazas, EIT, GIT
Stephanie S. Wong, Ph.D.
Tucker Fullmer

LRE Water, LLC

Rohit Goswami, Ph.D., PE
Uvashree Janani Mohandass, EIT
WSP USA

Michael Thornhill, PG
Eric Seeger, PG
Thornhill Group, Inc.

Michelle Sutherland, PE
Michelle A. Sutherland, LLC



Draft Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

This page is intentionally blank.



Draft Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Geoscientist and Engineer Seals

The Texas Water Development Board contracted with LRE Water, LLC, a licensed professional
geoscientist firm (Texas License No. 50516) and licensed professional engineering firm (Texas

License No. 14368).

This draft report is released to the Texas Water Development Board for review by the following
licensed professional geoscientists and licensed professional engineers in the State of Texas:

Jordan Furnans, PhD, PE, PG << OF TE,P‘\
. . . P\ A \
Dr. Furnans was the Project Manager for this work, with ) ) h
A . ;* : R
responsibility for all project tasks. ixi " 4
4 JORDAN E. FURNANS 2
— b o 97316 o2
&
ez 2/28/2022 "(f%;:--f ,{ceus??.--;\\“,’:’
<" Signature Date W SSioNAL e
AU

Michael Keester, PG

Mr. Keester was primarily responsible for directing compilation of
available data, evaluation of the TWDB Water Use Survey
pumping data, and development of a plan to address anomalies in
the Water Use Survey data. He was the primary author of the draft
Task 1 and Task 2 reports which were the basis for the report

sections on these topics.

% /AzﬁT 2/28/2022

Signature Date
SN
QR TE
Rohit Goswami, PhD, PE ;"03__\,?7" } '--.ﬁ_’}p'l,’
. . . .. xS N x
Dr. Goswami led the WSP, Inc. team in completing the mining Ao O 3 *’l
assessment effort, and assisted in developing the municipal- % ROHIT R. GOSWAMI 7
surveyed assessments. h - 123986 -, 7
. (A58 &2
- " ‘Op'--':'.’_f;;s N_s_gﬁ?.&;\ &'
f\ | PR r--{-;/"“fll";%_ " ‘\&S'fONALE‘-t\__-:"-
| FH Qv T 2/28/2022 N
— [¥"_signature Date
g



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Table of Contents
I 10 (o) O] 01 (=] ST vi
TADIE OF FIGUIES ...ttt et et e e e b e et e e e s reebeeseesbeeteeneesreereanes Xii
TabIE OF TADIES ... et e e te e naeereenreas Ixiii
R 1 oo [0 Tod 1 o] o RSSO PRPROR PSRRI 1
2 Data COMPIALION .....oviiieiiciiee ettt b et b e 6
2.1 Groundwater PUMPING ......ooiiiiiieeie ettt sta et e et sne e sreenneenes 6
2.1.1  HISLOFICAI DALA ....eouveviiiiiieiiicieee e bbbt 6
2.1.2  Stakeholder OULIEACK .......ccviiiiii e e 7
2.1.3  Groundwater Availability MOGEIS.........ccccvereiiiiice e 9
2.1.4  Water USe SUIVEY Data.........ccuiiiiiiiiiiieiie et s 10
2.2 WEIIS ..ttt a e e ae e nnes 10
0 B o] (- To1 [ o LA o] ISR S TSSOSO 12
2.4 Land Use/Land Cover and Aerial IMagery ........ccccoiiiiiiniiiiieiee e 12
2.5 AQFICUIUIAI DALA .....ccveeeeciic ettt ra et ra e teaneenneas 14
3 Water Use SUIVEY EVAIUALION ..........ooiiiiiiiiieeeee e 15
3.1 WALEE USE SUNVEY ..ottt ettt sttt e e b e nnb e e e nn e e s nna s 17
3.2  Data Evaluation and Anomaly Detection Methodology ...........cccoeieiiiiiniiiinieicen, 23
3.2.1  Manual Review and Professional Judgement.............ccccoieieiininncnin s, 24
3.2.2  Year-to-Year Change ANalYSIS........ccccciiiiiiieieeiesee e ste e nae e 25
3.2.3  Statistical Analysis using a Standard Deviation Criterion............ccccevvevveresiennnnn, 27
3.2.4  Other Data EVAlUALIONS .........ciiiiiiiieeie e 29
3.3 CoUNtY EVAIUBLIONS......c.oiiiiiiecic ettt sre e re e nneas 39
T 00 Y e o | =TS 001U g | USSR 39
3.3.2  ALASCOSA COUNLY.....eiiiiiiiiiiiieeiee ettt ettt ettt e et e st e et e e sse e e nbeesaneenneesnneas 47
TR T = 7= 1010 (< - T o 1 ] 3OS 51
3.3.4  BEXAI COUNLY ....oiiiiiiiie ettt et e b e e et e e saneenneeanneas 61
TR T =] =T Tod o J O 11 [ ] 2SS 72
3.3.6  BreWSTEr COUNLY......oiiiiiiie ittt sr e e nneesnne s 78
3.3.7  BUIMNET COUNLY ..ttt ettt e b e e bn e e 84
3.3.8  CalUWEIT COUNLY....coiiiiiiiieie e nae e 90
3.3.9  COKE COUNLY....cuviieeie et et te ettt ettt este e teenaesseenaeanaesreenaeaneenneens 92



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —

3.3.10
3.3.11
3.3.12
3.3.13
3.3.14
3.3.15
3.3.16
3.3.17
3.3.18
3.3.19
3.3.20
3.3.21
3.3.22
3.3.23
3.3.24
3.3.25
3.3.26
3.3.27
3.3.28
3.3.29
3.3.30
3.3.31
3.3.32
3.3.33
3.3.34
3.3.35
3.3.36
3.3.37
3.3.38
3.3.39
3.3.40
3.341
3.3.42

TWDB Contract Number 2048302456

[OF0] 1= O 111 2SSOSR 102
CONCNO COUNLY.....eiiieie e ettt 114
(01 - T [ O 1 [0 TS OPR PR UPRTPPPR 120
[OF o701 (=] 1 0 U] ] | TSR UR 126
CUIDEISON COUNLY ...ttt et esna et eeneesreeeeenes 137
ECOI COUNLY ...ttt be e re e 145
EAWATTAS COUNLY....cviiiieiieeie ettt e et esaeaneennes 155
GHIIESPIE COUNLY ...ttt ettt b et sre e enes 161
GlaSSCOCK COUNLY......eiviiieeieciie sttt e e sreeeeenes 170
GUAAAIUPE COUNLY ..ot bbbt 176
HAYS COUNTY ...ttt ettt e e br e e snneeas 184
HOWAID COUNLY ...ttt st nneas 194
F o] IO TN o | USRS 200
JEff DAVIS COUNLY ...ttt sttt nne e 206
KeNdall COUNLY ....ovveiecie ettt sae e nne s 212
KEIT COUNLY ittt b ettt et et e e naneens 220
KIMBIE COUNLY ..ottt sae e e nnes 231
KINNEY COUNLY ...ttt ettt sbe e sbe e nneas 243
LOVING COUNTY ...ttt a e e e e e te st e sneenneanaennees 255
IMITIN COUNTY ...t ettt sbe e b neenneas 259
IMASON COUNLY ..ttt ettt e et e e e e be e e snee s 261
MCCUHOCN COUNLY ..t et 265
IMEAINA COUNLY .....evieiecie ettt e e e sae e e raesteantesneenneanaenneas 270
IMENAFT COUNLY ...ttt ettt sbe b enneas 280
V1o ] F=T o @01 ] 3 SRS 286
NOIAN COUNLY ...ttt et be e nbeaneenneas 296
PECOS COUNLY ... 302
REAGAN COUNLY ....vviiiiiie et e et e e be e e nes 315
REAI COUNLY ...ttt bbbt 322
REEVES COUNTY ..ottt sbb e et e e be e e rns 330
RUNNEIS COUNTY ...ttt 341
SChIBICNET COUNLY ...t reeane s 347
SEEITING COUNTY ... 355



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

3.3.43  SULEON COUNLY ....uiiieiiiieiiie ettt et nsb e nbb e e e nbb e e e bneesbnee s 361
3.3.44  TAYIOr COUNLY ..ottt bttt b e bt enes 367
3.3.45  TErrell COUNLY....ccveiiieie ettt e e e e enes 373
3.3.46  TOM GIEEN COUNLY ......oiiiiieiieitieetee ettt ettt e bt e e et e e see e e beesnneenee e 381
IO B A I - \VZ (S O 101 ] 2SR 392
3.3.48  UPLON COUNLY ...ttt ettt e bt b et e e sie e e beesnneennee e 405
3.3.49  UVAIAE COUNLY ...oveiieciie ettt ettt e e e eneenreeeeenes 413
3.3.50 VAl VErde COUNLY ...cueiuieiiieiieie ettt sttt e 425
3.3.51 WA COUNLY ..oveeieeiecie sttt e st e ae s e s raeaeeneenreeeennes 434
3.3.52  WINKIEE COUNLY ....veiiiiiieciieie ettt ettt 446
3.4 Counties with No Pumping in the Study Area and AQUITErS.........cccovrvririieineiiennen, 455
Addressing Water Use Survey Data ANOMALIES.........c.coviveiieieiiciecie e 459
4.1 IMUNICIPAT USE ...ttt bbbt 459
4.1.1  Surveyed MUNICIPAL ........coooiiiieie et 459
4.1.2  Non-Surveyed MUNICIPAl .......ccooiieiiie e 466
N 1 4 [o -4 o] o SRS 470
4.3 POWVET .t e bbbt r e ne e 482
N V1T oo SRS TRRP 488
45 IMANUFACTUNING ...cviiiieiieieieit ettt b et b et e e e 497
4.6 LIVESTOCK .. .iitiitiitieiieieie ettt bbbt n s 504
A O 11 T g g To 44 P SPUS 509
Updated Groundwater PUmMpPINg ESHIMALES ........ccccvveiieiiieciece e 510
5.1  Application of AnOMaly ANAIYSIS .......ccoiiiiiiiieiei e 510
5.1.1  Surveyed MUNICIPAL ......oiieiiiii e s 510
5.1.2  Non-Surveyed MUNICIPAL ........c.coiveieiieiieir e 511
T8 I T | g T T= LA o] o PSRRI 512
O.1L4  POWET ..ttt n et e e nr e e e rre e 514
T8 I T |V 10 o OSSPSR 514
516  ManUFACTUIING....c.eitititiitisi ittt 519
5.LT7  LIVESTOCK .ottt ettt 519
5.2 COUNLY REVISIONS ....coitiiiiiiie ittt sttt sttt sttt sttt ettt aesreesbeenaesneenne e 520
5.21  ANAreWS COUNLY ...oeeiieiieieciie ettt ettt sre s e sreesaeeneesreeneenes 520
5.2.2  AASCOSA COUNLY....coitiiiriiiieiieiie ittt 525



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —

5.2.3

5.24

5.25

5.2.6

5.2.7

5.2.8

5.2.9

5.2.10
5.2.11
5.2.12
5.2.13
5.2.14
5.2.15
5.2.16
5.2.17
5.2.18
5.2.19
5.2.20
5.2.21
5.2.22
5.2.23
5.2.24
5.2.25
5.2.26
5.2.27
5.2.28
5.2.29
5.2.30
5231
5.2.32
5.2.33
5.2.34
5.2.35

TWDB Contract Number 2048302456

BaNdera COUNLY .......ccviiieiecie ettt sae e nnes 528
BEXAT COUNLY ...ttt ettt et e b e nneenee e 534
BIANCO COUNLY......eeiiiie ettt te et e s neenaeaneennes 550
BreWSTEr COUNLY......oiiiiiiieiie ettt sb e e re e 557
BUINEE COUNLY ..ttt 561
CaldWETT COUNLY ...ttt 565
COKE COUNLY ...ttt ettt e s aa et e s e staeteeneesneebeeneenreeneeanes 566
COMAI COUNLY ..ttt sttt b et sre e e enes 572
[O70] 0ot oo O 101 1] 2RSS 579
CrANE COUNLY ..ottt ettt e et e e b e sb e et e e sabeesbeesnneenee e 585
O80T (=] 1 A0 ] SRS OS 590
CUIDEISON COUNLY ..ttt bttt nre et e 598
ECTON COUNTY ..ottt e e ees 603
EAWATTAS COUNLY ...ttt nneas 614
GHIESPIE COUNLY....ecuiiieiesieee ettt e st et e e reeeeenes 618
GlaSSCOCK COUNTY.... .ottt sttt 626
GUAAAIUPE COUNLY ..ottt re e enes 633
HAYS COUNTY ...ttt b ettt e et e e et e e naneens 638
HOWAIT COUNLY ..ottt ettt e e e anaennes 648
IFION COUNLY ...ttt bbbt sb e sre et e ne e b e nae e 652
JEff DAVIS COUNLY ....oviiiieiie ettt e te et neenne e 658
KeNdall COUNLY ...ttt 663
KEIT COUNLY ..ttt ettt e e e bn e e snne s 670
KIMBDIE COUNLY ..ottt nneas 676
KINNEY COUNLY .....eetieieeie sttt et e e e ae st e snaeneanaennes 680
LOVING COUNTY ...ttt ettt ettt sbeeae e nneas 686
IMAITIN COUNTY ...ttt 690
IMASON COUNLY ..ttt e e srb e e nbb e e e b e e breestnee s 692
MCCUHOCH COUNLY ... 696
IMEAINA COUNLY ..ottt ettt e e reeste st e s reesaeaneennes 701
IMENAID COUNLY ...ttt bbbt 709
MIAIANA COUNLY ...ttt e ene s 715
NOLAN COUNLY ...ttt bbbt 720



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

5.2.36  REAGAN COUNTY ....oiiiiiieiiiieiiie ettt sttt sb e e nsb e s bt e e nbn e e e bbeessnee s 737
5.2.37  REAI COUNLY ..ottt bttt b e sre e enes 741
5.2.38  REEVES COUNLY ....ueieiiiieiiiitesiiie e siee ettt sttt et e e nsb e st e e e nbn e e e bneesbnee s 147
5.2.39  RUNNEIS COUNLY ....veiiiiiiesiieie ettt sttt 753
5.2.40  SChIEICNEr COUNLY ..c.vicvieciieie ettt ae e e e enes 757
5.2.41  StErliNg COUNLY ....ooiiiiiieiieie ettt sre et enes 762
5.2.42  SUTEON COUNLY ....uiiieiiiieiiie ettt ettt e e nnb e e nbn e e e bneesnnee s 768
5.2.43  TAYIOr COUNLY ..ottt re et 772
5.2.44  Terrell COUNLY.....coiieiie ettt e nreeneenes 777
5.2.45  TOM GIEEN COUNLY .....ueiiiiieiieiteeeiee ettt ettt ettt et e b e be e sie e e sbeesnneenee e 781
5.2.46  TraViS COUNTY ....uiiieiieeieciesie e s e eeee s e te e ste e te e staesaeesaesreenaeaneessaeteaneesreesennes 788
S.2.47  UPLON COUNLY ..ttt ettt e bt e be e et e e sae e e beesnneennee e 796
5.2.48  UVAIAE COUNLY ...ovviieciiecieie ettt et e e s e e e neenes 803
5.2.49 VAl VErde COUNLY ....uoiieiieiieie ettt sttt 813
5.2.50  WAFA COUNLY ..ocvviiieieeiesieesie et te et te e sraesae e sraeaeaneesraeaeeneenreeneennes 817
5.2.51  WINKIEE COUNLY ....vviiiiiiesiieie et sttt 825

6 SUMMAry and CONCIUSIONS .......c.oiviriiiiriiiieie et 830
T RETEIEINCES ...t bbbt b ettt b ettt e e a e nae e 832
Appendix 1 — Geodatabase DeSCIIPLION. ..........cciiiiiiiieieierie e 838
Appendix 2 — Documentation of ArcGIS Pro Well File ToolboX .........cccccveviviieiveiciiciicen, 840
TooIboX INtrodUCTION & OVEIVIEW ........eeiieiiieiiieiieeie sttt ee et aesneenne e 840
ArCGIS Pro TOOIDOX MOGEIS ... 840
Model Grid Creation | STFUCIUFEU.........ccviie e eneas 840
Model Grid INtersect | SIFUCTUIEM .........coiiiiiieiiee s 841
Model Grid Intersect | UNSIIUCTUIEd............coveiieieiiece e 843
Wel File Generation | MF2005 .........ccooiiiiiiiiee s 844
Wel File GENEration | MG .........cvoiiiiiiiiiise e 845
Wel File GENEration | USG .......ccvoiiiieiece ettt ettt 846
ArcGIS Pro Toolbox Models - Adding Additional Attributes ..., 847
Adding Additional AQUITEIS........c.eiiiiic e 847
Adding Additional Years / Stress PEriods .........ccueveieierireniiisieeeiere e 849
FIOPY Scripting DOCUMENTALION. .......ccviiieiieiecie e sae e nreas 850
MOAFIOW 2005......cceeeeiiesieeie ettt te s e sb e e teeneesreenbeeneesseesseeneennens 851



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

IMOGTIOW B bbbt nb e bbbttt e e 851
MOAFIOW USG ... ettt b et sttt esbeenbe e nreas 852
Appendix 3 — Task 1 Draft Report Comments and RESPONSES...........ccevrvrereeierienerieenereeenes 853
General comments t0 De addreSSEA. .......ccuvieiiiiiiieieie e 853
Specific comments t0 D AAAIESSEM ..........couiiiiiiiiieieee e 855
Draft geodatabase and data deliverables COMMENLS: .........ccceoveiieieiiie i 863
General comments t0 De addreSSea.........ucvviiiiire i 863
Specific comments t0 be @dUrESSEA ........coviiiiie e s 863
Suggestions Tor the TasK L rePOIT: ......cvi i 864
Suggestions for draft geodatabase and data file deliverables: ............cccooeiiiiiiiiccciee, 865
o] o 00T 001 117 RS 865
Appendix 4 — Task 2 Draft Report Comments and RESPONSES.........ccecveruveiieieeieeriesieseesiesnens 866
General comments t0 De addreSSEA.........c.cviiiiiiiiieiee e 866
Specific comments t0 De adAreSSEA ........cveiveiiiiieii et 866
Draft geodatabase and data deliverables COMMENLS: ...........ccooiiiiiiiiicieen 868
Suggestions for the Task 2 FEPOI: .......c.ecveiieie e 868
GENEIAl SUGUESTIONS .....eivveieeie et sie ettt et e e te e esta e beeseesteeteeneesraeteeneenreeeennes 868
SPECITIC SUGUESTIONS ...ttt ettt r e b e b e eneesbe e e nnes 868
Appendix 5 — Task 3 Draft Report Comments and RESPONSES..........cocverererererenineseeeeenen 871
General comments t0 be addreSSEA. .......ccuviiiiiiiieieiee s 871
Specific comments t0 D AAAIESSEM ..........coeiiiiriiieieee e 873
Draft geodatabase and data deliverables COMMENLS ..........cccecvveiieieiiieie e 895
Suggestions Tor the Task 3 TEPOIT .......cvi i 895
Suggestions for draft geodatabase and data file deliverables: ............cccoovviiiicicceiiee, 898
o] o o]0 11T ST PR 898

Xi



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Table of Figures
Figure 1. Study area map illustrating the counties and aquifers included as part of this project.
County and aquifer geographic information system files from TWDB (2021).........c.ccccceevvevvnenee. 2

Figure 2. Study area map illustrating the conservation districts and aquifers included as part of
this project. County, conservation district, and aquifer geographic information system files from
TWDB (2021). Groundwater conservation districts are abbreviated as, “GCD”; underground
water conservation districts are abbreviated as, “UWCD”; and water conservation districts are
ADDEVIALEA 8S, “WWCD .. .ciiiiiciieiee ettt bt bbb ettt n e 3

Figure 3. Study area map illustrating the groundwater management areas and aquifers included
as part of this project. Numbers correspond to the identification numbers of the groundwater
management area. County, groundwater management area, and aquifer geographic information
system files from TWDB (2021). ....ccveiuieieiieiieeie e se e a e sreesae e sraesae e sreeaeeneenneans 4

Figure 4. Study area map illustrating the regional water planning areas and aquifers included as
part of this project. County, regional water planning area, and aquifer geographic information
system files from TWDB (2021). ....ocueeiiiiiiieiieeie sttt st sbe e nee e 5

Figure 5. Extents of groundwater flow models completed for the study area aquifers. The
Balcones Fault Zone is abbreviated as, “BFZ”; groundwater availability model is abbreviated as,
“GAM". '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 9

Figure 6. Modeled classification of land use in 2020 (Sohl and others, 2014)..........c..cccceen..... 13

Figure 7. Example of groundwater pumping data for Irion County from the TWDB Water Use
Survey database illustrating the total pumping designated to the Edwards-Trinity (Plateau)
Aquifer, Other aquifer, and UnNKNOWN @QUITET. ........c.coveiiiii e 16

Figure 8. Example of groundwater pumping data from the TWDB Water Use Survey database
showing acre-feet of groundwater pumped from the Trinity Hill County Aquifer for livestock use
1IN MEAINA COUNLY. ..ottt sttt sttt bt et e et e bt esbe et e sneenbeeneeaneenre e 23

Figure 9. Example application of the year-to-year change analysis: (a) raw survey data with

average pumping, range and applicable threshold indicated, (b) year-to-year change in pumping,

(c) year to year change as a fraction of the range, and (d) raw data with anomalous years flagged.
.................................................................................................................................... 26

Figure 10. Example application of the standard deviation criterion: (a) raw pumping data with
a computed 3 prior-year average, (b) yearly residual results compared against 1.5 standard
deviations of the residual dataset, (c) raw pumping data with anomalous years flagged. ............ 28

Figure 11. Travis County Edwards (Balcones Fault Zone) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and total
precipitation, in acre-feet per year, that occurred on potentially irrigated land (according to land
use data) within the county over the aQUITEN. ............cviiiiii e 30

Xii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 12. Travis County Edwards (Balcones Fault Zone) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data versus total
precipitation that occurred on potentially irrigated land (according to land use data) within the
county over the study area aquifers in acre-feet per year. Blue shaded area represents the 95
percent confidence interval based on the linear regreSSIoN. .........ccocvveieierineienisesee e, 31

Figure 13. Bandera County Trinity (Hill Country) Aquifer groundwater pumping for irrigation,
in acre-feet per year, correlated with potentially irrigated land area (according to land use data),
in acres per year, overlying the aquifer. Green shaded area represents the 95 percent confidence
interval based on the 1INEAr rEgreSSION. .........uiiiiiieiie e 33

Figure 14. Tom Green County Lipan Aquifer groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data and the total number of wells completed in the
aquifer as recorded in publicly available databases. ............cccevviieiieie i 36

Figure 15. Glasscock County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ............cccovevveieiienecniennn, 37

Figure 16. Ward County Pecos Valley Aquifer groundwater pumping in acre-feet per year as
reported in the TWDB Water USe SUIVEY data. ..........cccueiveiieiiieiieiecie e sve e 38

Figure 17.  Andrews County showing the extent of the Edwards-Trinity (Plateau) Aquifer and
PECOS VallEY AGQUITET. ...ttt b e e ra e te e e e s reenteeneenreas 40

Figure 18. Andrews County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. ..........ccccccevveveeieseeseciee e 41

Figure 19. Andrews County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous....................... 42

Figure 20. Andrews County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data aPPeArs ANOMAIOUS. ........c.oiiiiiiie ettt bbb e b e be e e e sbeesbeaneesreas 43

Figure 21. Andrews County Pecos Valley Aquifer groundwater pumping in acre-feet per year
as reported in the TWDB Water USe SUIVEY data. .........ccooueieeiiiieiieiesienieee e 44

Figure 22.  Andrews County Pecos Valley Aquifer apparent anomalies based on the year-to-
year change in groundwater pumping in acre-feet per year as reported in the TWDB Water Use
Survey data. Triangles mark years where the data appears anomalous. ............ccceeeveveiivereeinnnnn, 45

Figure 23.  Andrews County Pecos Valley Aquifer apparent anomalies based on the criterion of
1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where the data appears

Y10 4T 01U USSR 46

Xiii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 24.  Atascosa County showing the extent of the Edwards (Balcones Fault Zone) Aquifer
and Trinity (Hill Country) AQUITE. .....c.ooiiieece e 48

Figure 25.  Atascosa County Edwards (Balcones Fault Zone) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ............cccovevveieiienneinennn, 49

Figure 26. Atascosa County Edwards (Balcones Fault Zone) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ........ 49

Figure 27. Atascosa County Edwards (Balcones Fault Zone) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears aNOMAIOUS. ..........cvoiiiiiiii e 50

Figure 28. Bandera County showing the extent of the Edwards-Trinity (Plateau) Aquifer
and Trinity (Hill CouNtry) AQUITEL. .......ooiiiiieieee e 52

Figure 29. Bandera County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........ccccoocevvenenienennesienseeneeenns 53

Figure 30. Bandera County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous....................... 53

Figure 31. Bandera County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ..........ccviiuiiie ettt e et et e e sre e e s reesbaeeesseesreeseesseenteaneenreas 54

Figure 32. Bandera County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use SUrVeY data. .........ccccceevveieeieciieiieiecieseese e 55

Figure 33. Bandera County Trinity (Hill Country) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous. .................... 56

Figure 34. Bandera County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEAIS ANOMAIOUS. ......eitieieeiie ittt ettt e st e st e e be et e nbeesbeeseesbeeneesbeenbeaneenreas o7

Figure 35. Bandera County Trinity (Hill Country) Aquifer groundwater pumping for irrigation,
in acre-feet per year, as reported in the TWDB Water Use Survey data and potentially irrigated
land area (according to land use data), in acres per year, overlying the aquifer...........c....c.coc...... 58

Figure 36. Bandera County Trinity (Hill Country) Aquifer groundwater pumping for irrigation,
in acre-feet per year, correlated with potentially irrigated land area (according to land use data),

Xiv



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

in acres per year, overlying the aquifer. Green shaded area represents the 95 percent confidence

interval based on the lINEAr rEGIrESSION. .........ciuiiieie et 59
Figure 37. Bexar County showing the extent of the Edwards (Balcones Fault Zone) Aquifer
and Trinity (Hill Country) AQUITET. .......ooiiiecece e 62

Figure 38. Bexar County Edwards (Balcones Fault Zone) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ............cccovevveveiieincniennn, 63

Figure 39. Bexar County Edwards (Balcones Fault Zone) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous....................... 64

Figure 40. Bexar County Edwards (Balcones Fault Zone) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the

data apPEArs ANOMAIOUS. ........c.eiiiiieie ettt et e e st ae e sbeetesreesteeneesseenneeneenrens 65

Figure 41. Bexar County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet per
year as reported in the TWDB Water Use SUIVeY data. ..........ccocveieiieneniesieneee e 66

Figure 42. Bexar County Trinity (Hill Country) Aquifer apparent anomalies based on the year-
to-year change in groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.............c.ccccceveeeenenn. 67

Figure 43. Bexar County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEAIS ANOMAIOUS. ......eeviiie ettt e e e et et esbeestesseestaesbeaseesbaeseesssesseeneesseenteaneenrens 68

Figure 44. Bexar County Edwards (Balcones Fault Zone) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and potentially
irrigated land area (according to land use data), in acres per year, overlying the aquifer. ........... 69

Figure 45. Bexar County Edwards (Balcones Fault Zone) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land area (according to land
use data), in acres per year, overlying the aquifer. Green shaded area represents the 95 percent

confidence interval based on the liNEar regreSSioN. ........covviieiiiie i 70
Figure 46. Blanco County showing the extent of the Edwards-Trinity (Plateau) Aquifer and
Trinity (Hill COUNTIY) AQUITEE. ..o e 73

Figure 47. Blanco County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........cccocvvevveeiieiiiecieciie e 74

Figure 48. Blanco County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on the

year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous....................... 74

XV



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 49. Blanco County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEAIS ANOMAIOUS. ......eevieie ettt e e s et e e s beestesseesteesseaseesbeeseesssesseeneesssenteaneenrens 74

Figure 50. Blanco County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use SUrVeY data. ...........ccceevveieeiiiiieiecie e ceese e 75

Figure 51. Blanco County Trinity (Hill Country) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous....................... 76

Figure 52.  Blanco County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEATS ANOMAIOUS. ...ttt bbbttt b e b et et e bbbt et e et e e e e e e 77

Figure 53. Brewster County showing the extent of the Edwards-Trinity (Plateau) Aquifer..... 79

Figure 54. Brewster County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. ..........cccccevveveiieieennciee e 80

Figure 55. Brewster County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous....................... 81

Figure 56. Brewster County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ........c.oiieiiiie et se et e e sra e seesbeestesreesteeneeaseenseaneenrens 82

Figure 57.  Burnet County showing the extent of the Trinity (Hill Country) Aquifer within the
study area. 85

Figure 58.  Burnet County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet per
year as reported in the TWDB Water Use SUIVEY data. ........cccceevvriieiiieiie e 86

Figure 59. Burnet County Trinity (Hill Country) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous....................... 87

Figure 60. Burnet County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEAIS ANOMAIOUS. ......veveeieeiecieesie e e et ettt e e esae e e s teeteeseesteesaeaseesseeseeaseesseeneesseenseaneenrens 88

Figure 61. Caldwell County showing the extent of the Trinity (Hill County) Aquifer............. 90

XVi



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 62. Caldwell County Edwards (Balcones Fault Zone) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ............cccovevveieiienncinennn, 91

Figure 63. Coke County showing the extent of the Edwards-Trinity (Plateau) Aquifer and
Lipan Aquifer. 93

Figure 64. Coke County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use SUrVeY data. ..........ccceevveieeiieciieviece e seese e 94

Figure 65. Coke County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous....................... 95

Figure 66. Coke County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEAIS ANOMAIOUS. ...ttt bbbttt e b b e bbbt et et se e e e e 96

Figure 67. Coke County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and total
precipitation, in acre-feet per year, that occurred on potentially irrigated land (according to land
use data) within the county over the aQUITEN. ..........c.coveiiiii e, 97

Figure 68. Coke County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data versus total
precipitation that occurred on potentially irrigated land (according to land use data) within the
county over the study area aquifers in acre-feet per year. Blue shaded area represents the 95
percent confidence interval based on the linear regresSion. .........ccccveveiieiecie v ece e 98

Figure 69. Coke County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and potentially
irrigated land area (according to land use data), in acres per year, overlying the aquifer. ........... 99

Figure 70. Coke County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land area (according to land
use data), in acres per year, overlying the aquifer. Green shaded area represents the 95 percent
confidence interval based on the liNear regreSSioN. ........ccooviieiieieiie e 100

Figure 71. Comal County showing the extent of the Edwards (Balcones Fault Zone) Aquifer
and Trinity (Hill Country) AQUITET. .....coo it 103

Figure 72. Comal County Edwards (Balcones Fault Zone) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ..........ccccocvevveiiieeieeineenne. 105

Figure 73. Comal County Edwards (Balcones Fault Zone) Aquifer apparent anomalies based

on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 106

XVii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 74. Comal County Edwards (Balcones Fault Zone) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears aNOMEAIOUS. ...........cuciuiiiiiiere et sre et e esraesaeeneenrees 107

Figure 75. Comal County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet per
year as reported in the TWDB Water Use SUrvey data. ...........ccceeeeieiienicie i 108

Figure 76. Comal County Trinity (Hill Country) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 109

Figure 77. Comal County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEATS ANOMAIOUS. ...ttt bbbttt e bbbttt b et e e nn e e 110

Figure 78. Comal County Trinity (Hill Country) Aquifer groundwater pumping for irrigation,
in acre-feet per year, as reported in the TWDB Water Use Survey data and potentially irrigated
land area (according to land use data), in acres per year, of overlying the aquifer. ................... 111

Figure 79. Comal County Trinity (Hill Country) Aquifer groundwater pumping for irrigation,
in acre-feet per year, correlated with potentially irrigated land area (according to land use data),
in acres per year, overlying the aquifer. Green shaded area represents the 95 percent confidence
interval based on the lINEAr rEGIrESSION. ........civeii it 112

Figure 80. Concho County showing the extent of the Edwards-Trinity (Plateau) Aquifer and
(T o= AN o U T SR 115

Figure 81. Concho County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........ccccccveveevieieeviesiese e, 116

Figure 82. Concho County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 116

Figure 83. Concho County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data

APPEAIS ANOMAIOUS. ......viitie ettt sttt s e b e et e e st e st e e st e e be e be et e sreesbeeneeaneenae e 117

Figure 84. Concho County Lipan Aquifer groundwater pumping in acre-feet per year as
reported in the TWDB Water Use SUIVEY data. .........cccceeeriiiinieniesise e e 117

Figure 85. Concho County Lipan Aquifer apparent anomalies based on the year-to-year change

in groundwater pumping in acre-feet per year as reported in the TWDB Water Use Survey data.
Triangles mark years where the data appears anomalous. ..........cccccveeriierieie e 118

xviii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 86. Concho County Lipan Aquifer apparent anomalies based on the criterion of 1.5
standard deviations from the 3-year average of groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where the data appears
V0 10] = (o1 J PR URPRPRTP 118

Figure 87. Crane County showing the extent of the Pecos Valley Aquifer and Edwards-Trinity
(R P U= IO ) N0 UL ] SR 121

Figure 88. Crane County Pecos Valley Aquifer groundwater pumping in acre-feet per year as
reported in the TWDB Water Use SUIVEY data. ..........ccceevueiiiieiiieiiciece e 122

Figure 89. Crane County Pecos Valley Aquifer apparent anomalies based on the year-to-year
change in groundwater pumping in acre-feet per year as reported in the TWDB Water Use
Survey data. Triangles mark years where the data appears anomalous. ..........cccccoeeevvereiienenn 123

Figure 90. Crane County Pecos Valley Aquifer apparent anomalies based on the criterion of
1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where the data appears

L 0] 4T 01U RSP PSSR 124

Figure 91. Crockett County showing the extent of the Edwards-Trinity (Plateau) Aquifers...
........................................................................................................................... 127

Figure 92.  Crockett County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........c.ccocvevevveneeiiesiienesienennn 129

Figure 93. Crockett County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 130

Figure 94. Crockett County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ..........cciiiieie ettt et e et e te et e s reesteetesaeesreeneesneenreans 131

Figure 95. Crockett County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and total
precipitation, in acre-feet per year, that occurred on potentially irrigated land (according to land
use data) within the county over the aqUITEr. .........ccccveiiiii i 132

Figure 96. Crockett County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data versus total
precipitation that occurred on potentially irrigated land (according to land use data) within the
county over the study area aquifers in acre-feet per year. Blue shaded area represents the 95
percent confidence interval based on the linear regresSion. ..........ccccovvvevviieenenie e 133

XiX



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 97. Crockett County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and potentially
irrigated land area (according to land use data overlying the aquifer, in acres per year. ........... 134

Figure 98. Crockett County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land area (according to land
use data), in acres per year, overlying the aquifer. Green shaded area represents the 95 percent
confidence interval based on the [inear regreSSIoN. ... 135

Figure 99. Culberson County showing the extent of the Pecos Valley Aquifer and Edwards-
TriNIty (PlAtEAU) AGQUITEL ..ot 138

Figure 100. Culberson County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. .........cccccevvvveiverennennnn, 139

Figure 101. Culberson County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 140

Figure 102. Culberson County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears aNOMEAIOUS. ...........cuciuiiiiiieie et sre et e esreesaeeneenres 141

Figure 103. Culberson County Edwards-Trinity (Plateau) Aquifer groundwater pumping for

irrigation in acre-feet per year as reported in the TWDB Water Use Survey data and acres of

potentially irrigated land area in acres per year (according to land use data) overlying the aquifer.
........................................................................................................................... 141

Figure 104. Culberson County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land area (according to land
use data), in acres per year, overlying the aquifer. Green shaded area represents the 95 percent
confidence interval based on the linear regreSSioN. ..........ccviveiveieciee s, 142

Figure 105. Culberson County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and total
precipitation, in acre-feet per year, that occurred on potentially irrigated land (according to land
use data) within the county over the aqUITEr. .........cccoveiiiii i 143

Figure 106. Culberson County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data versus total
precipitation that occurred on potentially irrigated land (according to land use data) within the
county over the study area aquifers in acre-feet per year. Blue shaded area represents the 95
percent confidence interval based on the linear regresSion. ..........ccccoeveveieenenieneene e 144

Figure 107. Ector County showing the extent of the Pecos Valley Aquifer and Edwards-
TriNIty (Plateau) AQUITEE....c.oiiiiie ettt bt sneenbe e nreas 146

XX



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 108. Ector County Pecos Valley Aquifer groundwater pumping in acre-feet per year
as reported in the TWDB Water Use SUIVEY data. ...........cceeveieeriiiieiecie e 147

Figure 109. Ector County Pecos Valley Aquifer apparent anomalies based on the year-to-
year change in groundwater pumping in acre-feet per year as reported in the TWDB Water Use
Survey data. Triangles mark years where the data appears anomalous. ..........cccccoeeevvereneenenn, 148

Figure 110. Ector County Pecos Valley Aquifer apparent anomalies based on the criterion of
1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where the data appears

V0] 4T 01U RSP PSSR 149

Figure 111. Ector County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use SUrvey data. ..........ccccevvereiieeneniesieene e 150

Figure 112. Ector County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........c.ccocvvveviereniiesiienesinneenn 151

Figure 113. Ector County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 152

Figure 114. Ector County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ..........cciiiieie et e st e et e s te e e s reesreetesaeesreeneeaseenreans 153

Figure 115. Edwards County showing the extent of the Edwards-Trinity (Plateau) Aquifer. ...
........................................................................................................................... 156

Figure 116. Edwards County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ...........ccceevveeieeiieinennnn, 157

Figure 117. Edwards County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 158

Figure 118. Edwards County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the

data aPPEArS ANOMAIOUS. .......ccueiiiiieiiiie ettt sttt et e st e et e sae e b e eneesreenbe e 159

Figure 119. Gillespie County showing the extent of the Edwards-Trinity (Plateau) Aquifer
and Trinity (Hill Country) AQUITET. .....ooo it 162

Figure 120. Gillespie County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ..........ccccoevevveiiveeieeineenne, 163

XXi



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 121. Gillespie County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 164

Figure 122. Gillespie County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears aNOMAIOUS. ..........ccoiiiiiiiii e 165

Figure 123. Gillespie County Trinity (Hill Country) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. ..........ccocvevevivereeiieniienesinnennn 166

Figure 124. Gillespie County Trinity (Hill Country) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 167

Figure 125.  Gillespie County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data

APPEAIS ANOMAIOUS. ......viiveiieeie et te ettt e e st et e s e e s be et e eseesteesseasaesseeseesaeesreenseaseenseens 168

Figure 126. Glasscock County showing the extent of the Edwards-Trinity (Plateau) Aquifer
AN LIPAN AGQUITEE. ...ttt e st e et e sae e s teeneeeneenreens 171

Figure 127. Glasscock County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ...........cccceevveveieerieinenenn, 172

Figure 128. Glasscock County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 173

Figure 129. Glasscock County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears aNOMEAIOUS. .........coieiiiiiiiei et sbe e nneas 174

Figure 130. Guadalupe County showing the extent of the Edwards (Balcones Fault Zone)
Aquifer and Trinity (Hill Country) AQUITEI........ccuo i 177

Figure 131. Guadalupe County Edwards (Balcones Fault Zone) Aquifer groundwater
pumping in acre-feet per year as reported in the TWDB Water Use Survey data...................... 178

Figure 132. Guadalupe County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 179

Figure 133. Guadalupe County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of groundwater

XXii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

pumping in acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark
years where the data appears anomMalOUS. ...........cocveveiieiieii e 180

Figure 134. Guadalupe County Trinity (Hill Country) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........cccocveveevveiecviesiene e, 181

Figure 135. Guadalupe County Trinity (Hill Country) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 181

Figure 136. Guadalupe County Trinity (Hill Country) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data aPPEArs ANOMAIOUS. .......ccueiieiieieeie ettt et reeste et e sneesteeneesneesreeneeaseenseens 182

Figure 137. Hays County showing the extent of the Edwards (Balcones Fault Zone) Aquifer
and Trinity (Hill Country) AQUITEL. ..o e 185

Figure 138. Hays County Edwards (Balcones Fault Zone) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. .........cccccevvreeenverennennnn, 186

Figure 139. Hays County Edwards (Balcones Fault Zone) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 187

Figure 140. Hays County Edwards (Balcones Fault Zone) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears aNOMEAIOUS. ..........ccvciuiiiiiieie et re e te e e sreesreeneenrees 188

Figure 141. Hays County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........ccccocveveeveeieeiieiiene e, 189

Figure 142. Hays County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. ..........c.ccceveveiieiecieseese e 190

Figure 143. Hays County Trinity (Hill Country) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 191

Figure 144. Hays County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEAIS ANOMAIOUS. ...ttt sttt sttt b e e s e st e e st e sse e be e besreesbeeneeareenne e 192

Figure 145. Howard County showing the extent of the Edwards-Trinity (Plateau) Aquifer. ....
........................................................................................................................... 195

xxiii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 146. Howard County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ...........cccceevveeieerieinennnn, 196

Figure 147. Howard County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 197

Figure 148. Howard County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the

data aPPEArs ANOMAIOUS. .......ccueiieiieieeie ettt e st e sre et e areesteeseeeneesreeneeaseenseens 198

Figure 149. Irion County showing the extent of the Edwards-Trinity (Plateau) Aquifer..... 201

Figure 150. Irion County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........cccocveveevveiecviesieie e, 202

Figure 151. Irion County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 203

Figure 152. Irion County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data

APPEATS ANOMAIOUS. ...ttt bbbttt b bbbt bttt e en e 204

Figure 153.  Jeff Davis County showing the extent of the Edwards-Trinity (Plateau) Aquifer
aNd PeCOS Valley AGQUITEL. ...t 207

Figure 154.  Jeff Davis County Pecos Valley Aquifer groundwater pumping in acre-feet per
year as reported in the TWDB Water Use SUrvey data. ..........cooevvereniieneene e seeie e 208

Figure 155.  Jeff Davis County Pecos Valley Aquifer apparent anomalies based on the year-
to-year change in groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous..............ccccccevenane. 208

Figure 156. Jeff Davis County Pecos Valley Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEAIS ANOMAIOUS. ......veieieieeieciee sttt se et e et e e te et e e s e be et e areesteesaeaseesseestesneesreeneeaneenseens 208

Figure 157. Jeff Davis County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. .........cccccceevrveeiveriesnennnnn, 209

Figure 158. Jeff Davis County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 210

XXiv



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 159.  Jeff Davis County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears aNOMEAIOUS. .........cccuciuiiiiiieie et sre e te e e b e saeeneenrees 211

Figure 160. Kendall County showing the extent of the Edwards-Trinity (Plateau) Aquifer and
Trinity (Hill Country) AQUITET. .....coue et ere s 213

Figure 161. Kendall County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ...........cccceevveeiverieinnenenn, 214

Figure 162. Kendall County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 214

Figure 163. Kendall County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data aPPEArs ANOMAIOUS. .......ccuiiieiieieeie sttt et e e steeseesneesteeseeaneesreeneeaseenseens 215

Figure 164. Kendall County Trinity (Hill Country) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........c.ccocveveveereniieniienesneenennn 216

Figure 165. Kendall County Trinity (Hill Country) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 217

Figure 166. Kendall County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEAIS ANOMAIOUS. ......viiveeieeiectie e te ettt e et e e e st e et e st e s be e e e eseesteeseeesaesteestesaeesraensesseenseens 218

Figure 167. Kerr County showing the extent of the Edwards-Trinity (Plateau) and Trinity
(LT O oTU a1 1Y) I (o U T (=] £SO PS 221

Figure 168. Kerr County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. ...........ccecveververeeiesieeneariennnnn 222

Figure 169. Kerr County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 223

Figure 170. Kerr County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data

APPEAIS ANOMAIOUS. ......viitie ettt sttt s e b e et e e st e st e e st e e be e be et e sreesbeeneeaneenae e 224

XXV



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 171. Kerr County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and potentially
irrigated land area in acres per year (according to land use data) overlying the aquifer. ........... 225

Figure 172. Kerr County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land area (according to land
use data), in acres per year, overlying the aquifer. Green shaded area represents the 95 percent
confidence interval based on the linear regreSSIoN. ... 226

Figure 173. Kerr County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use SUrvey data. ..........ccccevvereiieeneniesieene e e 227

Figure 174. Kerr County Trinity (Hill Country) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 228

Figure 175. Kerr County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEAIS ANOMAIOUS. ......viiveiieeie et te ettt e e st et e s e e s be et e eseesteesseasaesseeseesaeesreenseaseenseens 229

Figure 176. Kimble County showing the extent of the Edwards-Trinity (Plateau) aquifer. 232

Figure 177. Kimble County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. .........cccccevvrieenvereeseennnn, 234

Figure 178. Kimble County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. We believe this pumping data should
be attributed to the Edwards-Trinity (Plateau) Aquifer in Kimble County. ..........cccccvevvevivennne. 235

Figure 179. Kimble County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 236

Figure 180. Kimble County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data aPPEArs ANOMAIOUS. .......ccueiiiiieiieiie ittt sttt et e et e b e sreenbeeneesreenae e 237

Figure 181. Kimble County Edwards-Trinity (Plateau) Aquifer groundwater pumping for

irrigation in acre-feet per year as reported in the TWDB Water Use Survey data and acres of

potentially irrigated land area in acres per year (according to land use data) overlying the aquifer.
........................................................................................................................... 238

Figure 182. Kimble County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land area (according to land
use data), in acres per year, overlying the aquifer. Green shaded area represents the 95 percent
confidence interval based on the liNear regreSSioN. ........cooviieiieie e 239

XXVi



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 183. Kimble County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and total
precipitation, in acre-feet per year, that occurred on potentially irrigated land (according to land
use data) within the county over the aqUITEr. ...........cooveiviii i 240

Figure 184. Kimble County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data versus total
precipitation that occurred on potentially irrigated land (according to land use data) within the
county over the study area aquifers in acre-feet per year. Blue shaded area represents the 95
percent confidence interval based on the linear regreSSioN. .........ccoceveeienenc s 241

Figure 185. Kimble County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data and the total number of wells
completed in the aquifer as recorded in publicly available databases. ............ccccccvevieieiriennenn, 242

Figure 186. Kinney County showing the extent of the Edwards-Trinity (Plateau) and
Edwards (BFZ) aQUITEIS. .........ciiiieiicce ettt et te e nae e sreeneenes 244

Figure 187. Kinney County Edwards (Balcones Fault Zone) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ...........cccceevveeieenieinnenenn, 245

Figure 188. Kinney County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 246

Figure 189. Kinney County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of groundwater
pumping in acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark
years where the data appears an0MAIOUS. ...........cooiiiiiiiiiiie e 247

Figure 190. Kinney County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. .........cccccevvrieeinereneennnn, 248

Figure 191. Kinney County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 249

Figure 192. Kinney County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ........c.eiieiieiecie ettt e e st a e e e te et e e reeste e tesneesreeneeaneenaeens 250

Figure 193. Kinney County Edwards (Balcones Fault Zone) Aquifer groundwater pumping

for irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and

potentially irrigated land area in acres per year (according to land use data) overlying the aquifer.
........................................................................................................................... 250

XXVii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 194. Kinney County Edwards (Balcones Fault Zone) Aquifer groundwater pumping
for irrigation, in acre-feet per year, correlated with potentially irrigated land area (according to
land use data), in acres per year, overlying the aquifer. Green shaded area represents the 95
percent confidence interval based on the linear regression. ..........c.cccccveveiieve e seese e 251

Figure 195. Kinney County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and potentially
irrigated land area, in acres per year, (according to land use data) overlying the aquifer. ......... 252

Figure 196. Kinney County Edwards-Trinity (Plateau) Aquifer pumping for irrigation, in
acre-feet per year, correlated with potentially irrigated land area overlying the aquifer (according
to land use data), in acres per year. Green shaded area represents the 95 percent confidence
interval based on the lINEAr rEgreSSION. .........viiiieiiieere e 253

Figure 197. Loving County showing the extent of the Pecos Valley Aquifer...................... 256

Figure 198. Loving County Pecos Valley Aquifer groundwater pumping in acre-feet per year
as reported in the TWDB Water Use SUIVEY data. ..........ccceevveieeiiiiieieeie e 257

Figure 199. Loving County Pecos Valley Aquifer apparent anomalies based on the year-to-
year change in groundwater pumping in acre-feet per year as reported in the TWDB Water Use
Survey data. Triangles mark years where the data appears anomalous. ...........ccccceeevvereiienenn, 257

Figure 200. Loving County Pecos Valley Aquifer apparent anomalies based on the criterion
of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet per year
as reported in the TWDB Water Use Survey data. Triangles mark years where the data appears
ANOMAIOUS. oottt et e e st e st e e s te e s e b e e s eeeseesEeeneeeseeabeeneeaneenreeneeaneenneens 258

Figure 201. Martin County showing the extent of the Edwards-Trinity (Plateau) Aquifer. 259

Figure 202. Martin County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........ccccocveveevveieciiesiese e, 260

Figure 203. Mason County showing the extent of the Edwards-Trinity (Plateau) Aquifer. 262

Figure 204. Mason County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. ..........ccccoeevveviiienieiiieciee s 263

Figure 205. Mason County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 263

Figure 206. Mason County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. .......cc.eiiiiieieiee et e et e e s e teesee s e e s te e teeneesreeneeaneenseens 264

XXViii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 207. McCulloch County showing the extent of the Edwards-Trinity (Plateau) Aquifer.
........................................................................................................................... 266

Figure 208. McCulloch County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ...........cccceevveeeieerieinennnnn, 267

Figure 209. McCulloch County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 268

Figure 210. McCulloch County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears aNOMAIOUS. ..........ccuoiiiiiiii e 269

Figure 211. Medina County showing the extent of the Edwards (Balcones Fault Zone)
Aquifer and Trinity (Hill Country) AQUITET. .......ccoiiiiiiiec e 271

Figure 212. Medina County Edwards (Balcones Fault Zone) Aquifer groundwater pumping
in acre-feet per year as reported in the TWDB Water Use Survey data. .........c.ccocovvvvnieiennenne, 272

Figure 213. Medina County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 273

Figure 214. Medina County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of groundwater
pumping in acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark
years where the data appears anomMalOUS. ...........coovevueiieiieii e 274

Figure 215. Medina County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. ..........ccccoevevevievecieieese e 275

Figure 216. Medina County Trinity (Hill Country) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous. ................... 276

Figure 217. Medina County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEAIS ANOMAIOUS. ......viitie ettt sttt s e b e et e e st e st e e st e e be e be et e sreesbeeneeaneenae e 277

Figure 218. Medina County Edwards (Balcones Fault Zone) Aquifer groundwater pumping
for irrigation in acre-feet per year as reported in the TWDB Water Use Survey data and acres of
potentially irrigated land area (according to land use data) overlying the aquifer. .................... 277

Figure 219. Medina County Edwards (Balcones Fault Zone) Aquifer groundwater pumping
or irrigation, in acre-feet per year, correlated with potentially irrigated land area (according to

XXiX



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

land use data), in acres per year, overlying the aquifer. Green shaded area represents the 95
percent confidence interval based on the linear regression. ..........cccccvveveieevieciecceese e 278

Figure 220. Menard County showing the extent of the Edwards-Trinity (Plateau) Aquifer.281

Figure 221. Menard County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. .........ccccccevveevenverennennnn, 282

Figure 222. Menard County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 283

Figure 223. Menard County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ..........ccviiieie ettt et e et e te e e s neesteetesseesraeneeareenreans 284

Figure 224. Menard County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. We expect this data should be
attributed to pumping from the Edwards-Trinity (Plateau) AQUITer...........cccocvviniiiniinicien, 284

Figure 225. Midland County showing the extent of the Edwards-Trinity (Plateau) Aquifer.....

Figure 226. Midland County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. .........ccccceevvrveiveriennennnn, 289

Figure 227. Midland County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 290

Figure 228. Midland County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the

data apPears ANOMAIOUS. ..........ccviiieieiie ettt e e et e be e e s e e ta et e saeesraensesneenreens 291

Figure 229. Midland County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data and the total number of wells
completed in the aquifer as recorded in publicly available databases. ..........c.ccocovvviiiiieiinnenn, 292

Figure 230. Midland County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and total
precipitation, in acre-feet per year, that occurred on potentially irrigated land (according to land
use data) within the county over the aQUITET. ..o s 293

Figure 231. Midland County Edwards-Trinity (Plateau) Aquifer groundwater pumping for

irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data versus total
precipitation that occurred on potentially irrigated land (according to land use data) within the

XXX



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

county over the study area aquifers in acre-feet per year. Blue shaded area represents the 95
percent confidence interval based on the linear regression. ..........cccccvveveiiese e sieese e 294

Figure 232. Nolan County showing the extent of the Edwards-Trinity (Plateau) Aquifer... 297

Figure 233. Nolan County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........c.ccocvvveviveneeriesieenesiennenn 298

Figure 234. Nolan County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 299

Figure 235. Nolan County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ..........ccviiieie ettt et e et e te e e s reesteetesaeesreeneesneenneens 300

Figure 236. Pecos County showing the extent of the Edwards-Trinity (Plateau) Aquifer and
PECOS VallEY AGQUITEL. ..ottt e et esreenreenes 303

Figure 237. Pecos County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........ccccecveveevverecviesiese e, 305

Figure 238. Pecos County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 306

Figure 239. Pecos County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. .........ccuiiiiiiiirieii e b ettt 307

Figure 240. Pecos County Pecos Valley Aquifer groundwater pumping in acre-feet per year
as reported in the TWDB Water USe SUIVEY data. ...........cooereririeieieiesie s 308

Figure 241. Pecos County Pecos Valley Aquifer apparent anomalies based on the year-to-
year change in groundwater pumping in acre-feet per year as reported in the TWDB Water Use
Survey data. Triangles mark years where the data appears anomalous. ..........c.ccccceevvereinennenn, 309

Figure 242. Pecos County Pecos Valley Aquifer apparent anomalies based on the criterion of
1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where the data appears

Y10 4T 01U RSP SS 310

Figure 243. Pecos County Pecos Valley Aquifer groundwater pumping in acre-feet per year
as reported in the TWDB Water Use Survey data and the total number of wells completed in the
aquifer and county as recorded in publicly available databases. ...........ccccoevviviiiiiiiiciicie, 311

XXXI



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 244. Pecos County Pecos Valley Aquifer groundwater pumping for irrigation, in acre-
feet per year, as reported in the TWDB Water Use Survey data and potentially irrigated land area
(according to land use data), in acres per year, overlying the aquifer. ...........ccocoovriviiieienenn 312

Figure 245. Pecos County Pecos Valley Aquifer groundwater pumping for irrigation, in acre-
feet per year, correlated with potentially irrigated land area (according to land use data), in acres
per year, overlying the aquifer. Green shaded area represents the 95 percent confidence interval
Dased 0N the [INEAI FEOIESSION. ......c.eiieieieteit ettt bbb 313

Figure 246. Reagan County showing the extent of the Edwards-Trinity (Plateau) Aquifer. 316

Figure 247. Reagan County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ...........ccceevveeieerieineenenn, 317

Figure 248. Reagan County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 318

Figure 249. Reagan County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data aPPeArs ANOMAIOUS. .......ccuiiieiieie ettt e s e s te et eaneesteeseesneesreeneeaneenneens 319

Figure 250. Reagan County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data and the total number of wells
completed in the aquifer as recorded in publicly available databases. ............ccccccevevieieiiiennenn, 320

Figure 251. Real County showing the extent of the Edwards-Trinity (Plateau) Aquifer and
Trinity (Hill Country) AQUITET. .....coue et ere s 323

Figure 252. Real County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. .........ccccccveveevieieciiesiese e, 324

Figure 253. Real County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 325

Figure 254. Real County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data

APPEAIS ANOMAIOUS. ......viitie ettt sttt s e b e et e e st e st e e st e e be e be et e sreesbeeneeaneenae e 326

Figure 255. Real County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. ..........ccccoeeveeiiiiiiie e 327

Figure 256. Real County Trinity (Hill Country) Aquifer apparent anomalies based on the

year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 328

XXXii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 257. Real County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEAIS ANOMAIOUS. ......viiviiieeieciee st ste sttt s et e e te et e e te e st e et e ereesteeseeasaesseeseesaeesreenseaseenseens 329

Figure 258. Reeves County showing the extent of the Pecos Valley and Edwards-Trinity
(R P LT 1O ) = Vo [UL =T USSR 331

Figure 259. Reeves County Pecos Valley Aquifer groundwater pumping in acre-feet per year
as reported in the TWDB Water Use SUIVEY data. ..........ccceeveiierieiieieeie e 333

Figure 260. Reeves County Pecos Valley Aquifer apparent anomalies based on the year-to-
year change in groundwater pumping in acre-feet per year as reported in the TWDB Water Use
Survey data. Triangles mark years where the data appears anomalous. .............cc.ccoovvveiieriennnn. 334

Figure 261. Reeves County Pecos Valley Aquifer apparent anomalies based on the criterion
of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet per year
as reported in the TWDB Water Use Survey data. Triangles mark years where the data appears
V0] 4T 01U USSR 335

Figure 262. Reeves County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. ..........cccceeererenenennnneinenenen, 336

Figure 263. Reeves County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 337

Figure 264. Reeves County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ..........ccviiieie ettt et e et e te et e s e e s teetesneesteeneesseenreans 338

Figure 265. Reeves County Pecos Valley Aquifer groundwater pumping for irrigation, in
acre-feet per year, as reported in the TWDB Water Use Survey data and potentially irrigated land
area (according to land use data), in acres per year, overlying the aquifer.............cccccceeervnnnenn. 338

Figure 266. Reeves County Pecos Valley Aquifer groundwater pumping for irrigation, in
acre-feet per year, correlated with potentially irrigated land area (according to land use data), in
acres per year, overlying the aquifer. Green shaded area represents the 95 percent confidence
interval based on the lINEAr rEGIreSSION. .........oiiiiiiie et 339

Figure 267. Runnels County showing the extent of the Lipan Aquifer.......c...cccccveevvvenenne. 342

Figure 268. Runnels County Lipan Aquifer groundwater pumping in acre-feet per year as
reported in the TWDB Water USe SUIVEY data. .........ccccvevueierieeieiieseee e 343

XXXiii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 269. Runnels County Lipan Aquifer apparent anomalies based on the year-to-year
change in groundwater pumping in acre-feet per year as reported in the TWDB Water Use
Survey data. Triangles mark years where the data appears anomalous. .............ccoccoovvvveiieiennenn. 344

Figure 270. Runnels County Lipan Aquifer apparent anomalies based on the criterion of 1.5
standard deviations from the 3-year average of groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where the data appears
ANOMAIOUS. oottt e et e te et et e st e e st e e s e s be e st e eseesEeeneeaseenbeeneeeneenbeeneeereenneens 345

Figure 271. Runnels County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. .........cc.ccoeervrvniniciennenn. 346

Figure 272. Schleicher County showing the extent of the Edwards-Trinity (Plateau) and
LIPAN AQUITETS. .ottt bbbttt b bbbttt e n s 348

Figure 273. Schleicher County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. .........cc.coeervrvrienieeiennenn 349

Figure 274. Schleicher County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 350

Figure 275. Schleicher County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears aNOMEAIOUS. ..........ccvciuiiiiiieie et re e te e e sreesreeneenrees 351

Figure 276. Schleicher County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and potentially
irrigated land area (according to land use data), in acres per year, overlying the aquifer. ......... 352

Figure 277. Schleicher County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land area (according to land
use data), in acres per year, overlying the aquifer. Green shaded area represents the 95 percent
confidence interval based on the liNear regreSSioN. ........ccooviieiieiiie e 353

Figure 278. Sterling County showing the extent of the Edwards-Trinity (Plateau) Aquifer and
LIPAN AGQUITEE. ettt sttt b e bt et e st e e be e bt e beebeeneenbeeneennes 356

Figure 279. Sterling County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ..........ccccevvveriieienennnnn, 357

Figure 280. Sterling County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 358

Figure 281. Sterling County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-

XXXV



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ..........ccviiieie ettt et e et e te e e s re e s teetesaeesreenseaneesreens 359

Figure 282. Sterling County Pecos Valley Aquifer groundwater pumping in acre-feet per
year as reported in the TWDB Water Use SUrvey data. ...........ccceveeieiieiecie s 360

Figure 283. Sutton County showing the extent of the Edwards-Trinity (Plateau) Aquifer.. 362

Figure 284. Sutton County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. ..........cccceeeverenenenennnicnienen, 363

Figure 285. Sutton County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 364

Figure 286. Sutton County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ..........coiiiieie ettt ettt et e et e te e e s reesteetesseesraensesneenreens 365

Figure 287.  Taylor County showing the extent of the Edwards-Trinity (Plateau) aquifer... 368

Figure 288. Taylor County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. ..........cccceeererenenenenneinennenen, 369

Figure 289. Taylor County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 370

Figure 290. Taylor County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ..........ccviiieieiie et e ettt et e et te et e s e e s teetesseesraenreaneenneans 371

Figure 291. Taylor County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. ..........ccccoeveveiieieciieseese e 372

Figure 292. Terrell County showing the extent of the Edwards-Trinity (Plateau) Aquifer. 374

Figure 293. Terrell County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. ...........ccooerereninenesnniennenen, 375

Figure 294. Terrell County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 376

Figure 295. Terrell County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-

XXXV



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ..........ccviiieie ettt et e et e te e e s re e s teetesaeesreenseaneesreens 377

Figure 296. Terrell County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and total
precipitation, in acre-feet per year, that occurred on potentially irrigated land (according to land
use data) within the county over the aqUITEr. ...........ccveiiiii i 378

Figure 297. Terrell County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data versus total
precipitation that occurred on potentially irrigated land (according to land use data) within the
county over the study area aquifers in acre-feet per year. Blue shaded area represents the 95
percent confidence interval based on the linear regreSSioN. ..o 379

Figure 298. Tom Green County showing the extent of the Edwards-Trinity (Plateau) Aquifer
AN LIPAN AGUITEL. <.ttt bbbt n e 382

Figure 299. Tom Green County Lipan Aquifer groundwater pumping in acre-feet per year as
reported in the TWDB Water Use SUIVEY data. .........ccoeieririniiiiiiieiee e 384

Figure 300. Tom Green County Lipan Aquifer apparent anomalies based on the year-to-year
change in groundwater pumping in acre-feet per year as reported in the TWDB Water Use
Survey data. Triangles mark years where the data appears anomalous. .............cccccevveieieennenn, 385

Figure 301.  Tom Green County Lipan Aquifer apparent anomalies based on the criterion of
1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where the data appears

V0 10] =1 (o1 J PRSPPI 386

Figure 302. Tom Green County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ...........ccceevvveieerieninennnn, 387

Figure 303. Tom Green County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 388

Figure 304. Tom Green County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears aNOMEAIOUS. .........couiiiiiiiiei ettt e e sbe e nreas 389

Figure 305. Tom Green County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and total
precipitation, in acre-feet per year, that occurred on potentially irrigated land (according to land
use data) within the county over the aQUITET. .........cooeiiiiie s 389

Figure 306. Tom Green County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data versus total

XXXVi



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

precipitation that occurred on potentially irrigated land (according to land use data) within the
county over the study area aquifers in acre-feet per year. Blue shaded area represents the 95
percent confidence interval based on the linear regreSSioN. .........ccocevveienenc i 390

Figure 307. Travis County showing the extent of the Edwards (Balcones Fault Zone) Aquifer
and Trinity (Hill Country) Aquifer within the Study area...........ccccooeveiiiiienieeee 393

Figure 308. Travis County Edwards (Balcones Fault Zone) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ..........c.coeervrvnienieeiiennenn. 395

Figure 309. Travis County Edwards (Balcones Fault Zone) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 396

Figure 310. Travis County Edwards (Balcones Fault Zone) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears aNOMEAIOUS. .........c.cucuiiiiiieie ettt re e te e e beesbeeneenrees 397

Figure 311.  Travis County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. ..........cccccoveveeiieieeieseese e 398

Figure 312. Travis County Trinity (Hill Country) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 399

Figure 313. Travis County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEATS ANOMAIOUS. ...ttt ettt e bbbttt e e e 400

Figure 314. Travis County Edwards (Balcones Fault Zone) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data and the total number of wells
completed in the aquifer as recorded in publicly available databases. ............cccccoeevevveieiiennenn, 401

Figure 315. Travis County Edwards (Balcones Fault Zone) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and total
precipitation, in acre-feet per year, that occurred on potentially irrigated land (according to land
use data) within the county over the aqUITEr. .........cccoveiiiii i 402

Figure 316. Travis County Edwards (Balcones Fault Zone) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data versus total
precipitation that occurred on potentially irrigated land (according to land use data) within the
county over the study area aquifers, in acre-feet per year. Blue shaded area represents the 95
percent confidence interval based on the linear regresSion. ..........cccovvevviienienie e 403

Figure 317. Upton County showing the extent of the Edwards-Trinity (Plateau) and Pecos
VALIBY QUUITEIS. .ottt ettt e bt e b e bt e be e st e beenbeeneenreas 406

XXXVii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 318. Upton County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. ..........cccccveveevveiecvieseese e, 407

Figure 319. Upton County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 408

Figure 320. Upton County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. .........ccuiiiiriiiiirieii ettt bbb 409

Figure 321. Upton County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and potentially
irrigated land area (according to land use data), in acres per year, overlying the aquifer. ......... 410

Figure 322. Upton County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land area (according to land
use data), in acres per year, overlying the aquifer. Green shaded area represents the 95 percent
confidence interval based on the linear regreSSioN. ........c.ccviveiveic e, 411

Figure 323. Uvalde County showing the extent of the Edwards-Trinity (Plateau), Edwards
(Balcones Fault Zone) and Trinity (Hill Country) aquUIfers. ........c.cccevveieiieie e 414

Figure 324. Uvalde County Edwards (Balcones Fault Zone) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ...........cccceevveveieerieinenenn, 416

Figure 325. Uvalde County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 417

Figure 326. Uvalde County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of groundwater
pumping in acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark
years where the data appears an0MalOUS. ...........cooiiiiiiiiiiiec e 418

Figure 327. Uvalde County Edwards-Trinity (Plateau) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. ..........ccccceeveeviiienieiieeiee s 419

Figure 328. Uvalde County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 419

Figure 329. Uvalde County Edwards-Trinity (Plateau) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where the
data apPears ANOMAIOUS. ........c.eiieiieiecie et e et e e e st a e e e s te et e enaesteeseesneesreeneeaneenseens 420

XXXViii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 330. Uvalde County Trinity (Hill Country) Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. ..........cccccveveiieiecieseese e 420

Figure 331. Uvalde County Trinity (Hill Country) Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as reported in the TWDB
Water Use Survey data. Triangles mark years where the data appears anomalous..................... 421

Figure 332. Uvalde County Trinity (Hill Country) Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data. Triangles mark years where the data
APPEATS ANOMAIOUS. ...ttt bbbttt e bbbttt b et n s 421

Figure 333. Uvalde County Edwards (Balcones Fault Zone) Aquifer groundwater pumping
for irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and
potentially irrigated land area (according to land use data), in acres per year, overlying the
AOUITE. ettt b bttt e e n e 422

Figure 334. Uvalde County Edwards (Balcones Fault Zone) Aquifer groundwater pumping
for irrigation, in acre-feet per year, correlated with potentially irrigated land area (according to
land use data), in acres per year, overlying the aquifer. Green shaded area represents the 95
percent confidence interval based on the linear regreSSion. ..o 423

Figure 335.  Val Verde County showing the extent of the Edwards-Trinity (Plateau) Aquifer..
........................................................................................................................... 426

Figure 336.  Val Verde County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. .........cccccevvriveivereseennnn, 427

Figure 337.  Val Verde County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data appears anomalous. ...... 428

Figure 338.  Val Verde County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears aNOMEAIOUS. .........cccueiuiiieiiee e te e et e e e e e s naesaeeneenreas 429

Figure 339. Val Verde County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data and the total number of wells
completed in the aquifer as recorded in publicly available databases. ..........c.ccooovvviiiiieiinnenn, 430

Figure 340.  Val Verde County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey data and potentially
irrigated land area (according to land use data), in acres per year, overlying the aquifer. ......... 431

Figure 341. Val Verde County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land area (according to land

XXXIX



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

use data), in acres per year, overlying the aquifer. Green shaded area represents the 95 percent
confidence interval based on the linear regreSSioN. ..........ccvcveieeiecie s, 432

Figure 342.  Ward County showing the extent of the Pecos Valley Aquifer. ..........ccccccoe.... 435

Figure 343.  Ward County Pecos Valley Aquifer groundwater pumping in acre-feet per year
as reported in the TWDB Water USe SUIVEY data. ...........coovreririnieieiese e 437

Figure 344.  Ward County Pecos Valley Aquifer apparent anomalies based on the year-to-
year change in groundwater pumping in acre-feet per year as reported in the TWDB Water Use
Survey data. Triangles mark years where the data appears anomalous. .............cccccevvereieennenn, 438

Figure 345.  Ward County Pecos Valley Aquifer apparent anomalies based on the criterion of

1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet per year as

reported in the TWDB Water Use Survey data. Triangles mark years where the data appears

V0 10] =1 (o1 J PRSPPI 439

Figure 346.  Ward County Pecos Valley Aquifer groundwater pumping in acre-feet per year
as reported in the TWDB Water Use Survey data and the total number of wells completed in the
aquifer as recorded in publicly available databases. ............ccocviiiiiiiii 440

Figure 347.  Ward County Pecos Valley Aquifer groundwater pumping, in acre-feet per year,
as reported in the TWDB Water Use Survey data and total precipitation, in acre-feet per year,
that occurred on potentially irrigated land (according to land use data) within the county over the
2T 18 L1 =] RSP PSSS 441

Figure 348.  Ward County Pecos Valley Aquifer groundwater pumping for irrigation, in acre-
feet per year, as reported in the TWDB Water Use Survey data versus total precipitation that
occurred on potentially irrigated land (according to land use data) within the county over the
study area aquifers in acre-feet per year. Blue shaded area represents the 95 percent confidence
interval based on the lINEAr rEGIrESSION. .........civeii it 442

Figure 349.  Ward County Pecos Valley Aquifer groundwater pumping for irrigation, in acre-
feet per year, as reported in the TWDB Water Use Survey data and potentially irrigated land area
(according to land use data), in acres per year, overlying the aquifer. ...........ccccovveviiiiiienenn 443

Figure 350.  Ward County Pecos Valley Aquifer groundwater pumping for irrigation, in acre-
feet per year, correlated with potentially irrigated land area (according to land use data), in acres
per year, overlying the aquifer. Green shaded area represents the 95 percent confidence interval
Dased 0N the 1INEAI FEGIESSION. .....c.uieiiieiieie ettt sttt sbe e sr e e enes 444

Figure 351.  Winkler County showing the extent of the Edwards-Trinity (Plateau) Aquifer
and PeC0oS Valley AQUITEL. ....c.eoiiiiee et 447

Figure 352.  Winkler County Pecos Valley Aquifer groundwater pumping in acre-feet per
year as reported in the TWDB Water Use SUrvey data. ..........ccccevveieniniiniie e 448

x|



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 353.  Winkler County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data. ...........cccceevveeieerieinennnn, 448

Figure 354.  Winkler County Pecos Valley Aquifer apparent anomalies based on the year-to-
year change in groundwater pumping in acre-feet per year as reported in the TWDB Water Use
Survey data. Triangles mark years where the data appears anomalous. .............ccoccooviveiieriennenn. 449

Figure 355.  Winkler County Pecos Valley Aquifer apparent anomalies based on the criterion
of 1.5 standard deviations from the 3-year average of groundwater pumping in acre-feet per year
as reported in the TWDB Water Use Survey data. Triangles mark years where the data appears
L0 4T 01U RSP SST 450

Figure 356.  Winkler County Pecos Valley Aquifer groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data and the total number of wells completed in
the aquifer as recorded in publicly available databases. ...........cccccovevieiiieii i 451

Figure 357.  Winkler County Pecos Valley Aquifer groundwater pumping for irrigation, in
acre-feet per year, as reported in the TWDB Water Use Survey data and potentially irrigated land
area (according to land use data), in acres per year, overlying the aquifer.............c.ccoovverennnn. 452

Figure 358.  Winkler County Pecos Valley Aquifer groundwater pumping for irrigation, in
acre-feet per year, correlated with potentially irrigated land area (according to land use data), in
acres per year, overlying the aquifer. Green shaded area represents the 95 percent confidence
interval based on the lINEAr rEgreSSION. .........viiiiiiiieere e 453

Figure 359. Bastrop County showing the extent of the Trinity (Hill Country) Aquifer....... 455

Figure 360. Frio County showing the extent of the Edwards (Balcones Fault Zone) Aquifer...
........................................................................................................................... 456

Figure 361. Zavala County showing the extent of the Edwards (Balcones Fault Zone) Aquifer
........................................................................................................................... 457

Figure 362. Mitchell County showing the extent of the Edwards-Trinity (Plateau) Aquifer.....

Figure 363. Schematic diagram illustrating the plan for addressing anomalies in the surveyed
municipal pumping Water Use Survey data and for preparing a pumping dataset. ................... 460

Figure 364. Val Verde County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
surveyed municipal use as reported in the TWDB Water Use Survey data. Triangles mark years
identified as having anomMalous data. ..........ccooveiiiieiie s 461

Figure 365. Reported groundwater pumping for surveyed municipal use from the Edwards-
Trinity (Plateau) Aquifer in Val Verde County by reporting entity. .........cccocovevienieinnininnnns 462

Figure 366. Comparison of groundwater pumping reported in the Water Use Survey and
water production reported by EcoKai (2014) for the City of Del RiO. .......ccccoocvviiiieiiiiiienn, 463

xli



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 367. Comparison of surveyed municipal pumping reported in the Water Use Survey
and revised estimates reported by Weinberg and others (2018) for Val Verde County.............. 464

Figure 368. City of Del Rio and other nearby public water supply wells per TCEQ (2020)
=Yoo 0 LSS PS 465

Figure 369.  Val Verde County Edwards-Trinity (Plateau) Aquifer TWDB Water Use Survey
estimated non-surveyed municipal pumping and U.S. Geological Survey estimated self-supplied
AOMESTIC PUMIPING. ..ttt bbbttt b bbbt bttt en e 467

Figure 370. Location of domestic wells completed in the Edwards-Trinity (Plateau) Aquifer
in Val Verde County per TWDB Groundwater Database (TWDB, 2020b) and Submitted Drillers
Report Database (TWDB, 20208)..........cctiieieeieiieseesie e se e seesraeste e e sre e e e sreesaesnaesreenseanes 469

Figure 371. Schematic diagram illustrating the plan for addressing anomalies in the irrigation
pumping Water Use Survey data and for preparing a pumping dataset. ...........ccccocevvevervennenne. 470

Figure 372. Pecos County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation use as reported in the TWDB Water Use Survey data. Triangles mark years identified
aS NaVING aNOMAIOUS ALA. ......cveiiiiiiiiiii bbbt 475

Figure 373. Pecos County irrigated crop areas based on most frequently occurring crop in the
gridded crop data (USDA-NASS, 2008-2019). Non-crop areas Not SNOWN. ..........ccccevevverreennenn. 477

Figure 374. TWDB Crop area eStIMaLeS. ........cccvueiieiieiiiie s e sre e sre e 478

Figure 375. Estimated crop area associated with the Edwards-Trinity (Plateau) Aquifer in
e Tolo ST o 11 o Y2 SRR PR TP 478

Figure 376. Estimated irrigation water need based on evapotranspiration estimates, without
application of crop coefficients, for Edwards-Trinity (Plateau) Aquifer outcrop and subcrop areas
TN PECOS COUNLY. ...ttt bbb bbbt b et et b et b e bbbt et en e 479

Figure 377. Difference between the Pecos County Edwards-Trinity (Plateau) Aquifer
groundwater pumping, as reported in the TWDB Water Use Survey data, and the estimated
irrigation water need based on evapotranspiration estimates, without application of crop
coefficients, for Edwards-Trinity (Plateau) Aquifer outcrop and subcrop areas in Pecos County...
........................................................................................................................... 479

Figure 378. TWDB applied irrigation rates per year for the six highest estimated water use
CrOPS 1N PECOS COUNLY.....vviiieuieiiiesieeieeteesteestesee s e e ste et e staete s s e staeseesseesseaseeaseessaessesneesseensesseenseans 480

Figure 379. Estimated groundwater pumping for crop areas associated with the Edwards-
Trinity (Plateau) Aquifer inN PECOS COUNLY. .....c.civeieiieiiesie e sae e nneas 481

Figure 380. Methodology to estimate water use for power generation based on the type of
0 T=TT=T LA o o USRS 483

xlii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 381. Schematic diagram illustrating the plan to address anomalies in the power
pumping Water Use Survey data and for preparing a pumping dataset. ...........ccccocevveviervennenne. 483

Figure 382.  Ward County Pecos Valley Aquifer groundwater pumping for power use as
reported in the TWDB Water Use Survey data. Triangles mark years identified as having
ANOMAIOUS TALA. ... oottt sttt e e e st e st e e e e e seesteeneeeneesteeneeaneesreeneeareenseens 484

Figure 383. Location of the Luminant Power Plant in Ward County..........c.cccccccvevveivenenne. 485

Figure 384. Luminant Power Plant (a) Estimated groundwater pumping associated with gas
turbine power generation, (b) Estimated groundwater pumping associated with steam turbine
power generation, (c) Estimated combined groundwater pumping by both steam and gas turbines
(d), Reported groundwater pumping by the Water Use Survey, and (e) Revised groundwater
010001 o] [ 1T AT TP 487

Figure 385. Schematic diagram illustrating the plan to prepare a non-surveyed mining
PUMPING ESTIMATE. ...ttt bbbt e e b bbbttt ne e e 488

Figure 386. Reeves County Pecos Valley Aquifer groundwater pumping for mining use as
reported in the TWDB Water Use Survey data. Triangles mark years identified as having

ANOMAIOUS TALA. ...ttt bbbttt 490
Figure 387.  Active enhanced recovery wells in Reeves County in 1990. .........c..ccecvvvenenne. 493
Figure 388.  Active enhanced recovery wells in Reeves County in 2010. ..........cccccevvennne. 494
Figure 389.  Active enhanced recovery wells in Reeves County in 2018. .........ccccceevvienenne. 495

Figure 390. Revised estimates of non-surveyed mining use groundwater pumping from the
Pecos Valley Aquifer in Reeves County from 1984 through 2018. .........cccccooiiiiiiiininicie 496

Figure 391. Schematic diagram illustrating the plan to address anomalies in the surveyed
manufacturing pumping Water Use Survey data and for preparing a pumping dataset. ............ 498

Figure 392. TWDB Water Use Survey reported pumping from the Edwards (Balcones Fault
Zone) Aquifer and the Trinity (Hill Country) Aquifer associated with manufacturing use in
Comal County. Triangles mark years identified as having anomalous data...............c.ccccueene..n. 499

Figure 393. TWDB Water Use Survey reported pumping from the Edwards (Balcones Fault
Zone) Aquifer and the Trinity (Hill Country) Aquifer associated with mining use in Comal
(G010 011/ O P PO TRT PP 500

Figure 394. Total reported groundwater pumping from the Edwards (Balcones Fault Zone)

Aquifer and the Trinity (Hill Country) Aquifer in Comal County associated with mining and
MANUTACTUITNG USE. .. v stiee ettt ettt et e e eese e be e st e s re e teeneesneenteeneenreensennes 501

xliii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 395. Revised estimates of groundwater pumping from the Edwards (Balcones Fault
Zone) Aquifer and the Trinity (Hill Country) Aquifer in Comal County associated with
MANUTACTUITNG USE. ...ttt bbb bbbttt e e 503

Figure 396. Schematic diagram illustrating the plan to address anomalies in the estimated
Water Use Survey pumping data for livestock use and for preparing a pumping dataset. ......... 505

Figure 397. Bandera County Edwards-Trinity (Plateau) Aquifer and Trinity (Hill Country)
Aquifer groundwater pumping for livestock use as reported in the TWDB Water Use Survey
data. Triangles mark years identified as having anomalous data...............cccceevvereiieeiecreieenenn, 506

Figure 398. Estimated livestock counts for Bandera County from 1984 through 2018 as
derived from the Census of Agriculture data (USDA, 2019). .....cccocoveiieiiiiieieee e, 507

Figure 399. Estimated water demand for livestock in Bandera County from 1984 through
2008, e e R bt Re bt e Rt Rttt e et et reane 508

Figure 400. Revised eestimates of groundwater pumping for livestock use in Bandera County
from 1984 through 2018. ..ot sae e nres 508

Figure 401. Enhanced oil and gas recovery wells used in the Bureau of Economic Geology
(BEG) mining water use estimate. The Railroad Commission of Texas is abbreviated as, “RRC”.
..................................................................................................................................................... 515

Figure 402. Permitted coal mines locations adapted from (RRC, 2021d).......c..cccccvevvrennne. 517

Figure 403. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer in Andrews County from 1984 through 2018...........cccccoveiieiiiiiece e 520

Figure 404. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Andrews County from 1984 through 2018. ............cccoeivevveienen, 521

Figure 405. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer for non-surveyed municipal use in Andrews County from 1984 through 2018............ 522

Figure 406.  Andrews County map showing aquifers and wells used in assessing irrigation
Q18T 0= To - SRS SPR PP 523

Figure 407. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer in Atascosa County from 1984 through 2018.............cccccveneee. 525

Figure 408. Revised groundwater pumpage for irrigation from the Edwards (Balcones Fault
Zone) Aquifer within AtasCOSa COUNLY. .....ccueiieiieiecie et se e ee e ae et ae e e nae e 526

Figure 409. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Bandera County from 1984 through 2018. .........cccccceiiivieii e, 528

xliv



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 410. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Bandera County from 1984 through 2018. ............ccccoeiieiieenen, 529

Figure 411. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer for non-surveyed municipal use in Bandera County from 1984 through 2018. ..
........................................................................................................................... 530

Figure 412. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Bandera County from 1984 through
2008, e e R bt Re bt e Rt Rttt e et et reane 530

Figure 413. Revised groundwater pumpage for irrigation from the Trinity (Hill Country)
Aquifer within Bandera COUNLY..........c.oiiiieiieii et sae e eres 531

Figure 414. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within Bandera COUNLY..........coooiiieiieiieie et sae e nnees 532

Figure 415. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer in Bexar County from 1984 through 2018..............cccccevvvenneene. 534

Figure 416.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Bexar County from 1984 through 2018. ..........ccccoveviiieieeiece e, 535

Figure 417. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer for non-surveyed municipal use in Bexar County from 1984
TNPOUGN 2008, .o bbbt n s 537

Figure 418. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer for non-surveyed municipal use in Bexar County from 1984 through 2018. 537

Figure 419. Bexar County map showing aquifers and wells used in assessing irrigation
018401 07T [PPSR PR OPRPRT 538

Figure 420. Revised groundwater pumpage for irrigation from the Edwards (Balcones Fault
Zone) Aquifer Within BEXar COUNLY. ........ooiiiiiiieiieie e 539

Figure 421. Revised groundwater pumpage for irrigation from the Trinity (Hill Country)
Aquifer WIthin BeXar COUNTY..........cuiiiiiiieiiee ettt e e sbeeneenneas 540

Figure 422. Edwards (Balcones Fault Zone) Aquifer groundwater pumping for power use in
Bexar County as reported in the original TWDB Water Use Survey data. Triangles mark years

identified as having anomMalous data. ..........c.cccverueiieiieie e 541
Figure 423. Location of the Leon Creek Power Plant in Bexar County..........ccccceveevvvenenne 542
Figure 424. Location of the Mission Road Power Plant in Bexar County. ............cccccveuenne. 543
Figure 425. Location of the Tuttle Power Plant in Bexar County. ..........c.ccooevvvvninniciennenn 544

xlv



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 426. Leon Creek Power Plant (a) Estimated groundwater pumping associated with gas
turbine power generation, (b) Estimated groundwater pumping associated with steam turbine
power generation, (c) Estimated combined groundwater pumping by both steam and gas turbines
(d), Reported groundwater pumping by the Water Use Survey, and (e) Revised groundwater
010 0] o] 10 o TSSO TP PR PR PP 547

Figure 427. Mission Road Power Plant (a) Estimated groundwater pumping associated with
gas turbine power generation, (b) Estimated combined groundwater pumping by both steam and
gas turbines (c), Reported groundwater pumping by the Water Use Survey, and (d) Revised
GrOUNAWALET PUMPING. ..ttt sb et b bbb e e e s et st ettt e b e b e e e e e e e e n s 548

Figure 428. Tuttle Power Plant (a) Estimated groundwater pumping associated with gas
turbine power generation, (b) Estimated groundwater pumping associated with gas and steam
turbine power generation, (c) Reported groundwater pumping by the Water Use Survey......... 548

Figure 429.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Blanco County from 1984 through 2018. ...........cccccoeivieiieve e, 550

Figure 430. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Blanco County from 1984 through 2018. ..........cccooveveiieieeienen, 551

Figure 431.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer for non-surveyed municipal use in Bexar County from 1984 through 2018. 552

Figure 432. Blanco County map showing aquifers and wells used in assessing irrigation
Q18T 0= o -SSP 553

Figure 433. Revised groundwater pumpage for irrigation from the Trinity (Hill Country)
Aquifer Within BIanCo COUNLY..........ccoviiiiieiecie e sae e nnes 554

Figure 434. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within BIanC0 COUNLY..........coiiiiiieiieie e sre e nnes 555

Figure 435. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Brewster County from 1984 through 2018. ...........ccccoevievveienen, 557

Figure 436. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Brewster County from 1984 through
2008, et E e Rttt te et e Eeeteereene e e et et s 558

Figure 437. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within BreWSter COUNLY........ouoiiiiiiieieie ettt b e sae e sneas 559

Figure 438. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Burnet County from 1984 through 2018............cccccoeeiiiiiiciic e 561

Figure 439. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer for non-surveyed municipal use in Burnet County from 1984 through 2018.562

xlvi



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 440. Burnet County map showing aquifers and wells used in assessing irrigation
Q18T 0= To RPN 563

Figure 441. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer in Caldwell County from 1984 through 2018.............c.ccoeu...... 565

Figure 442. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Caldwell County from 1984 through 2018. ...........cccooviiieiiiiceee e, 565

Figure 443. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Coke County from 1984 through 2018............cccccvevveveiieieciennn, 566

Figure 444. Original and revised estimates of groundwater pumping from the Lipan Aquifer
in Coke County from 1984 through 2018. .........c.coviiiiii e 567

Figure 445. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) for non-surveyed municipal use in Coke County from 1984 through 2018.... 568

Figure 446. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within COKE COUNY..........cuiiiie ettt e ae e re b e snaesreeneennees 569

Figure 447. Revised groundwater pumpage for irrigation from the Lipan Aquifer within
(000 1 00110 | SRS 570

Figure 448. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer in Comal County from 1984 through 2018..............c.ccccevenneene. 572

Figure 449.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Comal County from 1984 through 2018............ccoeviiiieieeve e, 573

Figure 450. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer for non-surveyed municipal use in Comal County from 1984
TNPOUGN 2018, .o bbbt bbbt 574

Figure 451. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer for non-surveyed municipal use in Comal County from 1984 through 2018.574

Figure 452. Revised groundwater pumpage for irrigation from the Edwards (Balcones Fault
Zone) Aquifer Within Comal COUNLY. .......uoiiiiriiee e 576

Figure 453. Revised groundwater pumpage for irrigation from the Trinity (Hill Country)
Aquifer Within Comal COUNLY. .........ooiiiiieie e nreas 577

Figure 454. Original and revised estimates of groundwater pumping from the Lipan Aquifer
in Concho County from 1984 through 2018. ..........oooiiiiiie s 579

Figure 455. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Concho County from 1984 through 2018. ..........cccoooeviiiiiiiiiennn, 580

xlvii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 456. Original and revised estimates of groundwater pumping from Lipan Aquifer for
non-surveyed municipal use in Concho County from 1984 through 2018............cccccoevvevvennne. 581

Figure 457. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Concho County from 1984 through
40 TSP 581

Figure 458. Revised groundwater pumpage for irrigation from the Lipan Aquifer within
CONCNO COUNLY. .ttt bbbttt b bbbt bttt n s 582

Figure 459. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within CONCNO COUNLY.......coiiiiiiie s 583

Figure 460. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer in Crane County from 1984 through 2018. .........cccooiiiiiiiiiiieee e 585

Figure 461. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Crane County from 1984 through 2018. .........c.ccoovviiiiiiiiicieen, 586

Figure 462. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer for non-surveyed municipal use in Crane County from 1984 through 2018................. 587

Figure 463. Revised groundwater pumpage for irrigation from the Pecos Valley Aquifer
WILNIN CraN@ COUNTY. ...ttt bbbttt b ettt nes 588

Figure 464. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Crockett County from 1984 through 2018...........ccccoooviviiiieienen, 590

Figure 465. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Crockett County from 1984 through
2008, e e R bt Re bt e Rt Rttt e et et reane 591

Figure 466. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within Crockett COUNLY. ........coooiiiiiiece e ere s 592

Figure 467. Revised groundwater pumpage for irrigation from the Pecos Valley Aquifer
WIthIN CrOCKEIE COUNTY......eiuiiiiiiiie ettt te e re e te e b e s naesteeneenneas 593

Figure 468. Edwards-Trinity (Plateau) Aquifer groundwater pumping for power use within
Crockett County as reported in the TWDB Water Use Survey data. Triangles mark years
identified as having anomMalous data. ..........ccooveiiiieiie s 594

Figure 469. Location of the Rio Pecos Power Plant in Crockett County. .........cccccevvviieivenenne. 595

Figure 470. Rio Pecos Power Plant (a) Estimated groundwater pumping associated with gas
turbine power generation, (b) Estimated groundwater pumping associated with steam turbine
power generation, (c) Estimated combined groundwater pumping by both steam and gas turbines
and (d) Reported groundwater pumping by the Water Use SUIVEY.........cccccvvvevviiieneereseennnn, 597

xlviii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 471. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Culberson County from 1984 through 2018. ..........ccccccevvevveienen, 598

Figure 472. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer in Culberson County from 1984 through 2018.............ccceiiveiiiiieii e 599

Figure 473. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Culberson County from 1984
TNPOUGN 2008, .o bbbt n s 599

Figure 474. Revised groundwater pumpage for irrigation from the Pecos Valley Aquifer
WIthIN CUIDEISON COUNLY. ..o.viiiiiiiicie et 600

Figure 475. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within CUlDErSON COUNLY......c.iiiiiiiiiiir s 601

Figure 476. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer in Ector County from 1984 through 2018. ..........ccooiiiiiiiiiiiieee e 603

Figure 477. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Ector County from 1984 through 2018...........ccocviiiniiiciceen, 604

Figure 478. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Ector County from 1984 through 2018. .........ccccooiiiiiiiiieeee 605

Figure 479. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer for non-surveyed municipal use in Ector County from 1984 through 2018.................. 606

Figure 480. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Ector County from 1984 through
2008, et e Rt et Re bt e Rttt e e nerene 606

Figure 481. Ector County map showing aquifers and wells used in assessing irrigation
[O1UT ] 0= o - SRR PR PP 608

Figure 482. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within ECtOr COUNLY. .....c.oiiiiiee et sre e anes 609

Figure 483. Ector County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
power use in Ector County as reported in the original TWDB Water Use Survey data. Triangles
mark years identified as having anomalous data. ...........ccccooriiiiiiinii e 610

Figure 484. Location of the Ector Energy Power Plant in Ector County. .........ccccccevvenane. 611

Figure 485. Ector Energy Power Plant (a) Estimated groundwater pumping associated with
gas turbine power generation, and (b) Reported groundwater pumping by the Water Use Survey.
........................................................................................................................... 612

xlix



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 486. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Edwards County from 1984 through 2018. ...........ccoeveiieiieienen, 614

Figure 487. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Edwards County from 1984 through
40 TSP 615

Figure 488. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within EAWArds COUNLY. .......c.iiiiiiiiiiinieieie et 616

Figure 489. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Gillespie County from 1984 through 2018. ..........cccccoiiiiiiiiniinicee 618

Figure 490. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Gillespie County from 1984 through 2018. ...........cccoviviiiiiiennen. 619

Figure 491. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer for non-surveyed municipal use in Gillespie County from 1984 through 2018. .
........................................................................................................................... 620

Figure 492. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Gillespie County from 1984 through

40 TSRS 620
Figure 493. Gillespie County map showing aquifers and wells used in assessing irrigation
[O18 401 07T [P TR PR PR 622

Figure 494. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquiter Within GIlleSPie COUNTY........cviiiiiiiiiieieee s 623

Figure 495. Revised groundwater pumpage for irrigation from the Trinity (Hill Country)
Aquifer Within GIlleSPIe COUNTY........cviiiiiiiiieeeee e 624

Figure 496. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Glasscock County from 1984 through 2018. ..........ccccoovvieieiennen. 626

Figure 497. Original and revised estimates of groundwater pumping from the Lipan Aquifer
in Glasscock County from 1984 through 2018. ..........ccoiiiiiiiieee s 627

Figure 498. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Glasscock County from 1984

LT oT U | 10 S PRSUSSSRSSRI 627
Figure 499. Glasscock County map showing aquifers and wells used in assessing irrigation
[O18T ] 0= o S POTPTPPR TP PPPR 629

Figure 500. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within GlassCOCK COUNLY.........cuiiieiiie e nrees 630



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 501. Revised groundwater pumpage for irrigation from the Lipan Aquifer within
(€] = TS oloTod 1 O 010 [ 1] /5SS 631

Figure 502. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer in Guadalupe County from 1984 through 2018......................... 633

Figure 503.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Guadalupe County from 1984 through 2018. .........c.ccevveveiiieieccecieeen, 634

Figure 504. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer for non-surveyed municipal use in Guadalupe County from 1984
TNPOUGN 2008, .ottt e e 635

Figure 505. Revised groundwater pumpage for irrigation from the Edwards (Balcones Fault
Zone) Aquifer within Guadalupe COUNLY. .......ccooiiiiiiiii e 636

Figure 506. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer in Hays County from 1984 through 2018...............cccooviiiienene 638

Figure 507. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Hays County from 1984 through 2018. ... 639

Figure 508. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Hays County from 1984 through 2018. ..........cccooviiiiiiicicieen, 640

Figure 509. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer for non-surveyed municipal use in Hays County from 1984
TNFOUQGN 2018, ..ottt e et e a e re e te b e raenreenrenres 640

Figure 510.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer for non-surveyed municipal use in Hays County from 1984 through 2018... 641

Figure 511. Revised groundwater pumpage for irrigation from the Edwards (Balcones Fault
Zone) Aquifer Within Hays COUNLY. .......cooviiiiiieiecie ettt 642

Figure 512. Revised groundwater pumpage for irrigation from the Trinity (Hill Country)
Aquifer Within Hays COUNLY. .....ccviiiiiieccce et sae e nneas 643

Figure 513. Edwards (Balcones Fault Zone) Aquifer groundwater pumping for power use in
Hays County as reported in the TWDB Water Use Survey data. Triangles mark years identified
as having aNOMAIOUS AL, .......ccveiiiiiiie e b e nae e 644

Figure 514. Location of the Hays Energy Power Plant in Hays County. ..........ccccoccevvenenne. 645

Figure 515. Hays Energy Power Plant (a) Estimated groundwater pumping associated with
gas turbine power generation, (b) Reported groundwater pumping by the Water Use Survey, and
(c) Revised groundwater PUMPING. ......coieeieieerieeiesee e e sies e eeesseessesseesbesstesseesreesbessessseensesnes 646



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 516. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Howard County from 1984 through 2018............ccccoeieiieiveienen, 648

Figure 517. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Howard County from 1984 through
40 TSP 649

Figure 518. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer within Howard County. Graphic A and B show the same data with different vertical
scales, so that the revised pumpage amounts become Visible............cccooveiiiieiiccie s, 650

Figure 519. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Irion County from 1984 through 2018............cccccoveveiieiiececee, 652

Figure 520. Original and revised estimates of groundwater pumping from the Lipan Aquifer
in Irion County from 1984 through 2018..........cc.ciiiiieii i 653

Figure 521. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Irion County from 1984 through
40 TSRS 654

Figure 522. Revised groundwater pumpage for irrigation from the Lipan Aquifer within Irion
COUNEY. e et E e ne e 655

Figure 523. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquiter WIthin 110N COUNTY. ..o 656

Figure 524. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Jeff Davis County from 1984 through 2018. ..........c.coovvviieiennen. 658

Figure 525. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer in Jeff Davis County from 1984 through 2018............ccccooiiiiiiiiineisc e 659

Figure 526. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Jeff Davis County from 1984
TNFOUQGN 2018, ..ottt e et e a e re e te b e raenreenrenres 660

Figure 527. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within Jeff Davis COUNLY.........ccoiieiiiie et e e neennees 661

Figure 528. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Kendall County from 1984 through 2018...........cccoooviieviieie i, 663

Figure 529. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Kendall County from 1984 through 2018............ccccoevviieiveienen, 664

Figure 530. Original and revised estimates of groundwater pumping from the Edwards-
(Balcones Fault Zone) Aquifer in Kendall County from 1984 through 2018............cccccvvennenne. 664



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 531.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer for non-surveyed municipal use in Kendall County from 1984 through 2018. ...
........................................................................................................................... 665

Figure 532. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Kendall County from 1984 through
2008, e e e R bt Re bt e Rt Rt et re st e ne e 665

Figure 533. Revised groundwater pumpage for irrigation from the Trinity (Hill Country)
Aquifer within Kendall COUNLY. ........cvoiiiieiecce e 667

Figure 534. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer within Kendall COUNLY. ........ccvoiiiiiiiece e 668

Figure 535.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Kerr County from 1984 through 2018. ............ccooveviiiieiieie e, 670

Figure 536. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Kerr County from 1984 through 2018. ...........ccccooveveeveiieie e, 671

Figure 537.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer for non-surveyed municipal use in Kerr County from 1984 through 2018. .. 672

Figure 538. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Kerr County from 1984 through
40 TSRS 672

Figure 539. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
AQUITEr WIthIN KEIT COUNTY. ....ouiiiiiiiiieie e 673

Figure 540. Revised groundwater pumpage for irrigation from the Trinity (Hill Country)
AQUITEr WIthIN KEIT COUNTY. ....cuiiiiiiiiieie bbb 674

Figure 541. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Kimble County from 1984 through 2018. ...........ccccvviiiiiiicenen, 676

Figure 542. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Kimble County from 1984 through
2008, bbb bbbt bt e e et 677

Figure 543. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer WIthin KIMDBIE. .........ooi e nres 678

Figure 544. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer in Kinney County from 1984 through 2018. ...........c.cccceevenenne. 680

Figure 545. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Kinney County from 1984 through 2018.........c..ccccooveveiiieieciennn, 681



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 546. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer for non-surveyed municipal use in Kinney County from 1984
TNPOUGN 2008, .ottt 682

Figure 547. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Kinney County from 1984 through
40 TSRS 682

Figure 548. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within Kinney COUNLY. ........coiiiiiiieieeie et sae e nres 683

Figure 549. Revised groundwater pumpage for irrigation from the Edwards (Balcones Fault
Zone) Aquifer within KiNNEY COUNLY.........coviiiiieie ettt 684

Figure 550. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer in Loving County from 1984 through 2018. ............cooi e 686

Figure 551. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer for non-surveyed municipal use in Loving County from 1984 through 2018............... 687

Figure 552 Revised groundwater pumpage for irrigation from the Pecos Valley Aquifer
WIthIN LOVING COUNLY. ...eoiiiiiiciicie ettt ettt e ae et e ere e te e b e anaenaeeneenneas 688

Figure 553. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Martin County from 1984 through 2018..............ccccoeveiiieieecienen, 690

Figure 554. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Mason County from 1984 through 2018..............ccccoeveiieieciennen, 692

Figure 555.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Mason County from 1984 through 2018............cccccceiiieiieve e, 693

Figure 556. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Mason County from 1984 through
40 TSRS 693

Figure 557. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within Mason COUNLY. ..ottt b e sbe e sneas 694

Figure 558. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in McCulloch County from 1984 through 2018. ..........cccoioeiiiienen, 696

Figure 559. McCulloch County map showing aquifers and wells used in assessing irrigation
[S18T ] 0T T TP P PR PPPRPPRR 698

Figure 560. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer within MCCUIOCh COUNLY. .....coouiiiiiieie e 699

liv



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 561. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer in Medina County from 1984 through 2018............c.ccccevennenne. 701

Figure 562.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Medina County from 1984 through 2018. ..........ccccoeiieiieie i, 702

Figure 563. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer for non-surveyed municipal use in Medina County from 1984
TNPOUGN 2008, .o bbbt n s 703

Figure 564. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer for non-surveyed municipal use in Medina County from 1984 through 2018.....
........................................................................................................................... 703

Figure 565. Medina County map showing aquifers and wells used in assessing irrigation
Q18T 0= o RPN 705

Figure 566. Revised groundwater pumpage for irrigation from the Edwards (Balcones Fault
Zone) Aquifer within Medina COUNLY. .......ccoiiiiieiicic e 706

Figure 567. Revised groundwater pumpage for irrigation from the Trinity (Hill Country)
Aquifer Within Medina COUNLY. ........ccoiiiiiieceece e e e nreas 707

Figure 568. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Menard County from 1984 through 2018. ..........cccccoveveiiievienennen, 709

Figure 569.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Menard County from 1984 through 2018. ..........cccccceeveiieve i, 710

Figure 570. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Menard County from 1984 through

2008, e e e e e e e et e e a e e e e et e abaeeanaeeenneeeanreeean 711
Figure 571. Menard County map showing aquifers and wells used in assessing irrigation
pumpage. 712

Figure 572. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within Menard COUNTY..........cuoiiiiiiiei et sneas 713

Figure 573. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Midland County from 1984 through 2018...........ccccoiiiiieniiiennn, 715

Figure 574. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Midland County from 1984 through
2008, bbbt bbbt e e r e 716

Figure 575. Midland County map showing aquifers and wells used in assessing irrigation
[O1UT ] 0= o = OSSP PP 717



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 576. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer within Midland COUNLY..........c.coiiiiiieie e snes 718

Figure 577. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Nolan County from 1984 through 2018...........c.ccccoooeeveiieie e, 720

Figure 578. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Nolan County from 1984 through
40 TSRS 721

Figure 579. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquiter Within NOIAN COUNLY .....oouviiiiiiee s 722

Figure 580. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer in Pecos County from 1984 through 2018...........ccccoiiiiiiiiiiiee e 724

Figure 581. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Pecos County from 1984 through 2018. ...........ccccovniiiiicicnienen, 725

Figure 582. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer for non-surveyed municipal use in Pecos County from 1984 through 2018................. 726

Figure 583. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Pecos County from 1984 through
2008, e e e R bt Re bt e Rt Rt et re st e ne e 727

Figure 584. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within PECOS COUNLY......cucuiiieiiecie sttt ettt sre e re e snaesaeeneenneas 728

Figure 585. Revised groundwater pumpage for irrigation from the Pecos Valley Aquifer
WIthIN PECOS COUNLY. ....viiiiiiiiciiecie ettt ettt te et e s te e teeneesse e teenbeanaesneeneenneas 730

Figure 586. Comparison of irrigation estimates from the Edwards-Trinity (Plateau) Aquifer
as a percentage of total irrigation estimates from Pecos County. .........cccccovevveveicieieereseennnn, 731

Figure 587. Edwards-Trinity (Plateau) Aquifer groundwater pumping for power use in Pecos
County as reported in the original TWDB Water Use Survey data. Triangles mark years
identified as having anoMalous data. ...........cooveiiiiiiie e 732

Figure 588. Location of the Fort Stockton Power Plant in Pecos County...........cccccccvennne. 733

Figure 589. Fort Stockton Power Plant (a) Estimated groundwater pumping associated with
gas turbine power generation, (b) Estimated groundwater pumping associated with gas and steam
turbine power generation, (c) Reported groundwater pumping by the Water Use Survey......... 734

Figure 590. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Reagan County from 1984 through 2018. ...........ccccceveiiiiiienen, 737

Ivi



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 591. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Reagan County from 1984 through
40 TSRS 738

Figure 592. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within Reagan COUNLY. .....cuiiiiiiieiiiisisieeee et 739

Figure 593. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Real County from 1984 through 2018. ...........cccoviieiiiiinnieir e, 741

Figure 594. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Real County from 1984 through 2018. .........cccccoooviiiiiiiiccee, 742

Figure 595. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Real County from 1984 through
2008, e e R bt Re bt e Rt Rttt e et et reane 743

Figure 596. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within Real COUNLY. ..........cuiiiee e sae e nne s 744

Figure 597. Revised groundwater pumpage for irrigation from the Trinity (Hill Country)
Aquifer Within Real COUNLY..........cuiiiiece e sae e nres 745

Figure 598. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer in Reeves County from 1984 through 2018. ............ccooiieiiiie i 747

Figure 599. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Reeves County from 1984 through 2018.............ccccoveveiieiicienen, 748

Figure 600. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer for non-surveyed municipal use in Reeves County from 1984 through 2018............... 749

Figure 601. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Reeves County from 1984 through
40 TSRS 749

Figure 602. Revised groundwater pumpage for irrigation from the Pecos Valley Aquifer
WILhIN REEVES COUNLY. ....outiiiiiitieitiiie sttt sttt sttt ettt esbe e teenbesbeenbeeneenreas 750

Figure 603. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within REEVES COUNLY .......cuiiiiiiiiesiierie ettt b e sbe e nneas 751

Figure 604. Original and revised estimates of groundwater pumping from the Lipan Aquifer
in Runnels County from 1984 through 2018. ..........ooiiiiiiiiie s 753

Figure 605. Original and revised estimates of groundwater pumping from the Lipan Aquifer
for non-surveyed municipal use in Runnels County from 1984 through 2018............ccccceevenen. 754

Ivii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 606. Revised groundwater pumpage for irrigation from the Lipan Aquifer within
RUNNEIS COUNLY....cuiiitieie ettt ettt ettt e et e e b e st e et e s se e s beenteeneesteeteeneesreeneennes 755

Figure 607. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Schleicher County from 1984 through 2018...........cccccceevveiveienen, 757

Figure 608. Original and revised estimates of groundwater pumping from the Lipan Aquifer
in Schleicher County from 1984 through 2018............cccooieiiiii i 758

Figure 609. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Schleicher County from 1984
TNPOUGN 2008, .ottt e e 758

Figure 610. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer within SChleiCher COUNLY. .......cooiiiii 760

Figure 611. Original and revised estimates of groundwater pumping from the Lipan Aquifer
in Sterling County from 1984 through 2018.........ccocoiiiiiiii e 762

Figure 612. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Sterling County from 1984 through 2018............ccccooeiiiiiiieienen, 763

Figure 613. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within STErling COUNTY. .......coiiiiiie e 765

Figure 614. Revised groundwater pumpage for irrigation from the Lipan Aquifer within
SEEITING COUNLY. ...ttt bbbttt 766

Figure 615. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Sutton County from 1984 through 2018. ...........cccocvniiiiiiicnienen, 768

Figure 616. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Sutton County from 1984 through
2008, e e R bt Re bt e Rt Rttt e et et reane 769

Figure 617. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within SULEON COUNLY........cc.ciiiii et e e nneas 770

Figure 618. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Taylor County from 1984 through 2018..........c.cccceeiveveiieiecieenen, 772

Figure 619. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Taylor County from 1984 through 2018..........cccccveveiiieiieie e, 773

Figure 620. Original and revised estimates of groundwater pumping from the Edwards-

Trinity (Plateau) Aquifer for non-surveyed municipal use in Taylor County from 1984 through
20008, e —— et a et e a b e e e nraeeanaraearneen 774

Iviii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 621. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within Taylor COUNLY. ........ciiiiicececce e sre e sres 775

Figure 622. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Terrell County from 1984 through 2018.............cccccoeeveiiieiiecienen, 777

Figure 623. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Terrell County from 1984 through
40 TSRS 778

Figure 624. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquiter Within Terrell COUNLY. ..o 779

Figure 625. Original and revised estimates of groundwater pumping from the Lipan Aquifer
in Tom Green County from 1984 through 2018. .........c.ccoiiiiiiiiiicee e 781

Figure 626. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Tom Green County from 1984 through 2018. ...........cccceovvienennee. 782

Figure 627. Original and revised estimates of groundwater pumping from the Lipan Aquifer
for non-surveyed municipal use in Tom Green County from 1984 through 2018. .................... 783

Figure 628. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Tom Green County from 1984
TNFOUQGN 2018, ..ottt e et e a e re e te b e raenreenrenres 783

Figure 629. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within Tom Green COUNLY. .......ccociiiiieiiiiece et sae e nreas 784

Figure 630. Revised groundwater pumpage for irrigation from the Lipan Aquifer within Tom
LT LT O o1 1 TR PTRUPRTSPPRRS 785

Figure 631. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer in Travis County from 1984 through 2018.............cccoevvennenne. 788

Figure 632.  Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Travis County from 1984 through 2018. ............cccccoeiieviieve e, 789

Figure 633. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer for non-surveyed municipal use in Travis County from 1984
TNFOUQGN 2018, oottt b et bt ne e be e nreas 790

Figure 634. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer for non-surveyed municipal use in Travis County from 1984 through 2018. 790

Figure 635. Travis County map showing aquifers and wells used in assessing irrigation
[S18T ] 0T T TP PUPRPPPR 792

lix



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 636. Revised groundwater pumpage for irrigation from the Edwards (Balcones Fault
Zone) Aquifer Within Travis COUNLY. .....ccoviiiiieieece s 793

Figure 637. Revised groundwater pumpage for irrigation from the Trinity (Hill Country)
Aquifer Within TravisS COUNLY. .......cc.ciiiiiiiieie et e e sae e nreas 794

Figure 638. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer in Upton County from 1984 through 2018. ..........cccoeiiiiiiieeecece e 796

Figure 639. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Upton County from 1984 through 2018. .........ccccoeveeveiieiicenen, 797

Figure 640. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Upton County from 1984 through
40 TSRS 798

Figure 641. Upton County map showing aquifers and wells used in assessing irrigation
(010401 07T [P PPOT PR OPRPRT 799

Figure 642. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquiter WIthin UpLon COUNTY. .......ooiiiiieieiere et 800

Figure 643. Revised groundwater pumpage for irrigation from the Pecos Valley Aquifer
WILNIN UPLON COUNTY ...ttt bttt bbbt 801

Figure 644. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer in Uvalde County from 1984 through 2018............ccccecvviennne. 803

Figure 645. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer in Uvalde County from 1984 through 2018. ..........ccccoeiiiiiininiiicece 804

Figure 646. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Uvalde County from 1984 through 2018............cccocvviiiiiiicinnen, 805

Figure 647. Original and revised estimates of groundwater pumping from the Edwards
(Balcones Fault Zone) Aquifer for non-surveyed municipal use in Uvalde County from 1984
TNFOUQGN 2018, ..ottt e et e e e re e te e e reenteenrenres 806

Figure 648. Original and revised estimates of groundwater pumping from the Trinity (Hill
Country) Aquifer for non-surveyed municipal use in Uvalde County from 1984 through 2018. ....
........................................................................................................................... 806

Figure 649. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Uvalde County from 1984 through
701 OSSO 806

Figure 650. Uvalde County map showing aquifers and wells used in assessing irrigation
[O1UT ] 0= o = OSSP PP 808



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 651. Revised groundwater pumpage for irrigation from the Edwards (Balcones Fault
Zone) Aquifer within Uvalde COUNLY. ........cccooiiiieiecc e 809

Figure 652. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within Uvalde COUNLY..........coiviiiiiiciece s sae e nneas 810

Figure 653. Revised groundwater pumpage for irrigation from the Trinity (Hill Country)
Aquifer Within Uvalde COUNLY..........coiviiiiiicecie e nnes 811

Figure 654. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Val Verde County from 1984 through 2018...........ccccccevvevveienen, 813

Figure 655. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Val Verde County from 1984
TNPOUGN 2008, .ot n s 814

Figure 656. Revised groundwater pumpage for irrigation from the Edwards-Trinity (Plateau)
Aquifer Within Val VErde COUNLY.........coiiiiiiiiiiisieiee et 815

Figure 657. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer in Ward County from 1984 through 2018. ..ot 817

Figure 658. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer for non-surveyed municipal use in Ward County from 1984 through 2018. ................ 818

Figure 659. Revised groundwater pumpage for irrigation from the Pecos Valley Aquifer
WILNIN WA COUNTY. ...ttt bttt bbbt 819

Figure 660. Pecos Valley Aquifer groundwater pumping for power use in Ward County as
reported in the TWDB Water Use Survey data. Triangles mark years identified as having
ANOMAIOUS TALA. ... .eveeieiieiieteee ettt e bbb bt e b e b e e neane e e et e 820

Figure 661. Location of the Luminant Power Plant in Ward County...........cc.coovvvrieiennne. 821

Figure 662. Luminant Power Plant (a) Estimated groundwater pumping associated with gas
turbine power generation, (b) Estimated groundwater pumping associated with steam turbine
power generation, (c) Estimated combined groundwater pumping by both steam and gas turbines
(d), Reported groundwater pumping by the Water Use Survey, and (e) Revised groundwater
0101 4]0 1o SRR 823

Figure 663. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer in Winkler County from 1984 through 2018. ...........cccooeiiiiiiiieci e 825

Figure 664. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer in Winkler County from 1984 through 2018. ..........ccccoevviieieeiennnn, 826

Figure 665. Original and revised estimates of groundwater pumping from the Pecos Valley
Aquifer for non-surveyed municipal use in Winkler County from 1984 through 2018. ............ 827

Ixi



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Figure 666. Original and revised estimates of groundwater pumping from the Edwards-
Trinity (Plateau) Aquifer for non-surveyed municipal use in Winkler County from 1984 through
40 TSRS 827

Figure 667. Revised groundwater pumpage for irrigation from the Pecos Valley Aquifer
WILHIN WINKIET COUNLY. ..ottt 828

Figure GDB-1. Summary of modifications to the draft groundwater availability model file
geodatabase. Files in red identify datasets added to or modified in the draft geodatabase during
the first phase of the PrOJECL..........cov i e 838

Ixii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Table of Tables

Table 1.  Assigned well identification values for each database. ............ccccocvevevieiiciciiecnen, 10

Table 2.  Assigned TWDB use category for well uses identified in the Submitted Drillers
Report and TWDB Groundwater databases...........c.eiveiereereiiieneeieseeseesie e 11

Table 3.  Current TWDB Water Use Survey categories and summary description. ................. 18

Table 4.  Timeline of Water Use Survey milestones. Modified from Kluge (2014) and
BIllINGSIEY (2019). ... ettt b e n b e e neenre e 19

Table 5.  Summary of water use categories and the TWDB program area that is responsible for
PrOVIAING ESTIMALES. ... vieuteitieiteeie ettt sttt e e s beenbeese e s beebe e st e sbe e beeneesbeebeeneenreas 20

Table 6.  Timeline of Water Use Survey derivation methods for non-surveyed municipal
pumpage (BIlliNgsley, 2019).......coieiie e 20

Table 7. Timeline of Water Use Survey derivation methods for mining pumpage (Billingsley,
740 ) PP USRSPR 21

Table 8.  Timeline of Water Use Survey derivation methods for irrigation pumpage (TWDB,
2020€; TUIMNET, 2020). ...iiuiiieeiesiie ittt e e beebeeseesbeesbeebeesbeenbeeseenbeenbesbeenbeaneenreas 22

Table 9. Range in the absolute correlation value (r) and corresponding strength of the
COrrelation (EVANS, 1996).........oiiiiiiiiieiesie ettt ettt ne e be e nreas 32

Table 10.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for ANAreWs COUNTY. ........ocueririeiieriesiee e 46

Table 11.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for AtascoSa COUNLY.........cccveiieiiieiie i 50

Table 12.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Bandera COUNY. ..........ccceiiiiriiiienieniee e 60

Table 13.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for BeXar COUNLY.........cccoouiiieiiiieiieiese e 71

Table 14.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for BIanco COUNLY..........cc.coveiiiie i 77

Table 15.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Brewster COUNY..........cccevviieieerie i 83

Table 16.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Burnet COUNLY. .........ccoiveieiieiieie e 89

Ixiii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Table 17.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for COke COUNLY...........ccccviieiieiicie e 101

Table 18.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Comal COUNtY. .........ccccceiiiiiiieieece e, 113

Table 19.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Concho COUNLY..........cccccveiieiiiie i, 119

Table 20.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Crane COUNLY..........ccccueiieiieiiiiie e 125

Table 21.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Crockett COUNLY. .......c.cccveiveiiiiieie e, 136

Table 22.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Culberson COoUNLY..........c.cccvevuiiiieiieie s, 143

Table 23.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for ECtor COUNLY. .......cccccoviieiieii s 154

Table 24.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Edwards COUNtY. .........c.ccccveiiiiiiieeie e 160

Table 25.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Gillespie COUNtY..........ccevveiiiieie e, 169

Table 26.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Glasscock COUNtY..........c.cccvevviiieiieii s, 175

Table 27.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Guadalupe COUNLY. ..........cccveveiiieieeri s, 183

Table 28.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Hays COUNLY. .........ccoiiiieiieie e 193

Table 29.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Howard COounty. ..........ccccccveviiieieeie e 199

Table 30.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for IrioN COUNLY. ........cccveviiieiiere e 205

Table 31.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Jeff Davis COUNLY..........cccccverviievieeie e 211

Table 32.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Kendall County. ........ccccocevveiiiieiineie e 219

Ixiv



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Table 33.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Kerr COUNLY..........cccvovviieiiene s 230

Table 34.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Kimble County. .........ccccceiveiiiiciicie e, 238

Table 35.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Kinney COUNtY. ........cccccceiveiiiiieie e 254

Table 36.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for LOVING COUNLY........ccocviieiieie i 258

Table 37.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Mason COUNLY. .........cccecveiieiiiie e 264

Table 38.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for McCulloch County. ..........ccccccvcieiieii e, 269

Table 39.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Medina CouNtY..........ccccceiveieiiieie e, 279

Table 40.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Menard COUNLY..........cccccuevveiiiiieie e, 285

Table 41.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Midland County...........cccccccveviiieieciecee e, 295

Table 42.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Nolan CouNnty. .........ccccecvieiieii i 301

Table 43.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for PECOS COUNLY.........cceeveiieiierieiie et 314

Table 44.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Reagan COoUNLY. ........ccccccveiieiiiiieieere e, 321

Table 45.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Real COUNLY...........cccoviiiiieii i, 329

Table 46.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for REEVES COUNLY........ccccueiierreriiieeseee e e se e ae e 340

Table 47.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for RUNNEIS COUNLY. .......ccvcieiieiiiie e 346

Table 48.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Schleicher COUNtY. ........cccccveiviieiieeie s, 354

Ixv



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Table 49.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Sterling County. ........cccccevveiiiieie e, 360

Table 50.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Sutton COUNLY...........cccvcieiieii i, 366

Table 51.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Taylor COUNtY. .........cccccoveiieiiiie i, 372

Table 52.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Terrell COUNtY. .......ccocviiiiieiiiic e, 380

Table 53.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Tom Green COUNLY..........cccvevviieieeresiie e, 391

Table 54.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for TravisS COUNLY. ........ccccviieiieriiie e, 404

Table 55.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Upton COUNLY. .........ccceiiiiieieiic e 412

Table 56.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Uvalde CouNtY..........cccecveiieiiiieie e 424

Table 57.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Val Verde County..........c.cccevvvieiieieiiiese e, 433

Table 58.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Ward COUNtY. ..........cceiieiieii i 445

Table 59.  Years identified in the TWDB Water Use Survey data as containing anomalous
groundwater pumping amounts for Winkler COUNtY. ..........ccooiveiiiic i 454

Table 60.  Monthly empirical coefficients used in the Hargreaves-Samani equation for
calculating reference evapotranspiration within the study area............ccccceevevveveiieevecce e, 472

Table 61.  Middle Pecos Groundwater Conservation District crop water use allocations...... 481
Table 62.  Luminant Power Plant timeline. ... 486
Table 63: Estimates of Non-Surveyed Oil and Gas Groundwater Use for Reeves County........ 491

Table 64.  Summary of Standardization for WUS Names and Uses for Manufacturing in

COMAI COUNLY ...ttt bttt e bt et eebe et e e st e e bt e be et e sre e st e eneeereenne e 502
Table 65.  Median per-animal water use (Lovelace, 2009a)..........cccccervererieeriesiesieese e 504
Table 66.  Leon Creek Power Plant Operational Timeline. .........c.ccooeviiiiiinninienenceens 545

Ixvi



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Table 67.  Mission Road Power Plant Operational Timeline. .........cccccoeiiininininiccee, 545
Table 68.  Tuttle Power Plant Operational TIMeline. .........c.cccevveieiiieii i 546
Table 69.  Bexar County Power Plant Water Use ValUes............cccooeveiiniieninininieeee, 546
Table 70.  Rio Pecos Power Plant Operational TImeline..........ccccccevvveviiieiiese e 596
Table 71.  Ector Energy Power Plant Operational Timeline...........ccocoveiiininniiniccee, 611
Table 72.  Summary of revisions to groundwater pumping from the Edwards-Trinity (Plateau)

Aquifer for manufacturing use in Ector County from 1984 through 2018. ...........c.ccoovivviennenn. 613
Table 73.  Hays Energy Power Plant Operational Timeline. .........c.cccceovviveiiievecve s 646
Table 74.  Summary of revisions to groundwater pumping from the Edwards-Trinity (Plateau)

Aquifer for manufacturing use in Midland County from 1984 through 2018. ............cccccvevenee. 719
Table 75.  Fort Stockton Power Plant timeline. ..., 733

Table 76.  Summary of revisions to groundwater pumping from the Pecos Valley Aquifer and
Edwards-Trinity (Plateau) Aquifer for manufacturing use in Pecos County from 1984 through

2008, bR Rt Rt R £ b e b bbb bt R e ne et e et e 735
Table 77.  Summary of revisions to groundwater pumping from the Lipan Aquifer for
manufacturing use in Tom Green County from 1984 through 2018. .........c.cccoeviiievviieceeeee 786
Table 78.  Summary of revisions to groundwater pumping from the Edwards-Trinity (Plateau)
Aquifer for manufacturing use in Upton County from 1984 through 2018.............ccccoevveienen, 802
Table 79.  Luminant Power Plant Operational Timeline. ..........cccccooiviiininiiinecee, 822

Ixvii



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

1 Introduction

An important task of the Texas Water Development Board (TWDB) is the development of
numerical groundwater flow models of the major and minor aquifers in Texas. Within these
numerical flow models, groundwater production is often an important transient stress on the
modeled system and on the calibration of other model parameters. In fact, as shown by Kelley
and others (2014), the transient calibration of these numerical groundwater flow models can be
highly sensitive to the input pumping rates. Having the most accurate numerical models of the
major and minor aquifers is vital to help conservation districts during joint planning as the
districts must consider results from the models during development of desired future conditions
(Texas Water Code 36.108). Once districts adopt desired future conditions for their managed
aquifers, the TWDB then typically utilizes the applicable numerical model to quantify the
amount of modeled available groundwater. With the importance of accurate and well-calibrated
numerical models, having reasonably accurate estimates of pumping locations, amounts, and
timing is essential. It is also essential that these estimates are based on a consistent and
defensible process to estimate groundwater pumping. Only with reasonably accurate pumping
data can Texans be assured their groundwater availability models are appropriately determining
future groundwater availability.

This project involved developing estimates of the volume, location, and timing of groundwater
pumpage from the Pecos Valley Aquifer, Edwards-Trinity (Plateau) Aquifer, Trinity (Hill
Country) Aquifer, Lipan Aquifer, and Edwards (Balcones Fault Zone) Aquifer (located south of
the Colorado River). The study area for this project includes portions of 56 counties (Figure 1),
35 conservation districts (Figure 2), eight groundwater management areas (Figure 3), and five
regional water planning areas (Figure 4). One major source of the pumping information is the
TWDB Water Use Survey program. This program, initiated in 1955, strives to develop estimates
of surface water and groundwater use across the state. Methods used to achieve this objective
have evolved over time which can lead to inconsistencies in the resulting datasets. For
groundwater pumping, changes in the methodology for determining annual volume used or from
which aquifer the estimated use occurred have likely resulted in inconsistent pumping estimates
for this project study area and for other areas within Texas. Along with methodology changes,
other factors certainly contributed to inconsistencies and fluctuations in the pumping data. Such
other factors could include variability in weather patterns, precipitation, and economic drivers
(for example crop prices or oil prices). During this project we attempted to understand how such
factors may be incorporated in defined processes for estimating pumpage datasets.

The first goal of this project, which is documented in Section 3 of this report, was to develop an
automated process to evaluate the TWDB Water Use Survey data from at least 1984 through
2018 and identify missing data or inconsistencies. Following evaluation of the data, the next
phase of the project involved development of a plan to address the identified inconsistencies
using automated methods and through gathering of additional data from public sources. This plan
is included in Section 4 of this report. The final project phase involved preparation of a revised
pumpage dataset, and the development of a toolset to seamlessly allow incorporation of the
revised data into numerical groundwater flow models using MODFLOW well package. An
overall objective of the project was that the processes developed and applied for our study area
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could be replicated and applied to other study areas in support of other modeling projects
undertaken within the TWDB Groundwater Availability Modeling Program.

This report provides our complete set of project deliverables, including 1) our evaluation of the
Water Use Survey data from 1984 through 2018 for each county, aquifer, and use, 2) our
methodology for revising the Water Use Survey data, 3) a description of the revised data, and 4)
a description of the toolbox created for converting the revised pumpage data into a groundwater
model MODFLOW well package. All data, computer programs, and program documentation has
been provided to TWDB in electronic format on an external hard drive accompanying this report.
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2 Data Compilation

Reliable groundwater production data is important for modeling as pumping can be a significant
transient stress on an aquifer system. However, it is also frequently one of the greatest unknowns
when developing a groundwater availability model. Developing the estimates of pumping
amounts, locations, and timing for the conceptual model of the aquifer system often requires
significant effort.

One of the first steps in developing a pumping dataset is to compile existing data from various
sources. To compile the available data, we began by searching existing reports for summaries of
historical groundwater pumping. We also conducted stakeholder outreach to obtain information
from entities that may have data not previously known to TWDB and/or not included within
TWDB historical pumping datasets. The following provides a summary of the sources we
reviewed while compiling information related to groundwater production within the study area.

2.1 Groundwater Pumping

2.1.1 Historical Data

Through online searches, we compiled groundwater pumping data from various TWDB, U.S.
Geological Survey, and Groundwater Conservation District reports. The project team also carried
out a comprehensive literature review for every county within the study area to compile
historical groundwater pumping information. Our review of historical pumping data included
more than 140 sources for the 56-county study area to help inform our understanding of Water
Use Survey pumping estimates and for potentially updating the pumping data during subsequent
phases of the project. The TWDB reports (TWDB, 2020g) that we reviewed included:

e Groundwater Bulletins: a series of reports from 1950 to 1965 that often cover a county
and include information on groundwater resources, well records, water-level
measurements, and geology.

e Numbered Reports: a series of reports from 1965 to the present. Older reports often cover
a county and include information on groundwater resources while recent reports often
cover multiple counties and make use of TWDB Water Use Survey pumpage data.

e Historic Groundwater Reports: a series of reports from 1936 to 1961 attributed to the
historic Texas Board of Water Engineers. The reports often cover individual counties and
include information on groundwater resources, records of wells, well locations, driller’s
logs, and water analyses.

e Limited Printed Reports: a series of reports from 1976 to 1995 covering a variety of
topics, including groundwater conditions of aquifers in a specific county.

e Other Reports: a compilation of circulars (1962 to 1968), intensive surveys, limited
distribution reports, memorandum reports, and miscellaneous reports. The most useful
reports for the purpose of this study were the memorandum reports and miscellaneous
reports.

e Contracted Reports: a series of reports from 1984 to present covering various water-
related technical issues.
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e Technical Notes: a series of technical analyses that are each too short to be a formal
report but still warrant publication.

We also accessed the U.S. Geological Survey Publications Warehouse (USGS, 2020a) to
compile data from the following sources:

Water-Resource Investigations
Open-File Reports

Water Supply Papers

U.S. Geological Survey Bulletins
e U.S. Geological Survey Reports

We reviewed these sources and developed an annotated source list which is included within the
electronic deliverables accompanying this project report (See “4014TDB03 — Pumping Data
Research.xIxs™). From our review of these sources, we tabulated the reported pumping
information. In some cases, the reported pumping amounts did not reflect an annual volume but
rather a monthly or seasonal quantity. In those cases where a pumping estimate did not reflect
the annual pumping for a particular year, we used the reported values to estimate annual
groundwater production as the sum of individual months or the average of multiple years. For
reported pumping that only reflected amounts from specific wells or a locality within a county,
we recorded the detailed information for potential use during subsequent phases of this project.
These reports of groundwater pumping from specific locations will be useful for subsequent
verification of TWDB Water Use Survey countywide pumping amounts. In addition, the
historical pumping information will be useful in defining pumping locations and time-series
volumes within future groundwater models covering the study area.

We tabulated all the reported historical pumping values by county, aquifer, and use in a manner
similar to the Water Use Survey data format. For each reported value we also included the source
of the data for quality assurance purposes. In addition, we recorded any comments that may help
inform our understanding of the reported values. A table with the reported historical pumping is
included in the draft project geodatabase (which accompanies this report as the Task #1 project
deliverables).

2.1.2 Stakeholder Outreach

To help obtain additional information beneficial to the project, we conducted an extensive
outreach program to raise awareness of this project in the Texas water industry (specifically in
the groundwater community), and to gather other lesser-known pumping-related data. We
targeted select groups typically involved in groundwater availability modeling discussions,
including groundwater conservation districts and regional water planning groups whose
membership includes representatives from groundwater management areas, the Texas
Commission on Environmental Quality, Texas Parks and Wildlife Department, Texas
Department of Agriculture, water utilities, educational groups, agricultural interests,
environmental interests, private landowners, and industry.

In addition to the entities listed above, we also contacted the Texas Alliance of Groundwater
Districts. Lastly, to inform the statewide water community of this study and to seek all possible
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data sources, we reached out to the Texas Water Conservation Association, the state’s primary
professional water-industry organization working to promote sound water policy for Texas.

For our outreach effort, our team developed an education and outreach email explaining the
purpose of the project and requesting that stakeholders provide all historical pumping data that
they had not previously made public. The requested documents may include pumping records or
estimates, historical well screen/completion records, local water use surveys, or other
information the stakeholder deemed pertinent. On September 23, 2020, we sent the email
describing the project and requesting stakeholder participation to representatives of each of the
35 conservation districts and five regional water planning groups within the study area.

In addition to the conservation districts and regional water planning groups, we also attempted to
directly notify officials from 70 municipalities within the study. We selected the municipalities
based upon them being included as a major water user within the regional water planning areas.
We initially contacted officials from each municipality by telephone to obtain an updated water
system contact name and email address. We then emailed the project details and data request to
the provided contact for each municipality.

To help increase awareness of the project, we contacted the Executive Director of the Texas
Alliance of Groundwater Districts, Ms. Leah Martinsson, to request inclusion of information
regarding the project in newsletters or on their website. The Texas Alliance of Groundwater
Districts consists of conservation districts in Texas with the powers and duties to manage
groundwater defined in Chapter 36 of the Texas Water Code. Other associate members of Texas
Alliance of Groundwater Districts include organizations and/or consultants that work in areas
related to groundwater (TAGD, 2020).

Information regarding the research project was included in the weekly email to the Texas
Alliance of Groundwater Districts” members beginning October 2, 2020. Ms. Martinsson also
posted a copy of a memorandum discussing the project on the Texas Alliance of Groundwater
Districts” website (https://texasgroundwater.org/request-for-pumping-data/) beginning October 1,
2020. In terms of stakeholder outreach for this project, communicating with Texas Alliance of
Groundwater Districts and its membership was extremely critical to the success of this study.

We also contacted the Director of Communications, Outreach, and Membership for the Texas
Water Conservation Association, Ms. Adeline Fox. The Texas Water Conservation Association
IS an association of water professionals and organizations in the State of Texas whose
membership includes engineers, hydrogeologists, attorneys, government administrators, and
numerous other individuals involved in managing Texas’ water resources (TWCA, 2020).

We provided Ms. Fox a copy of a memorandum discussing the project and requested the
opportunity to inform attendees of the Texas Water Conservation Association Fall Conference
regarding the project. During the Texas Water Conservation Association groundwater committee
meeting on October 14, 2020, we briefly discussed the project to let the members know the work
we were doing in support of the TWDB and to request data that may be pertinent to the project.
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Output derived from each of these various outreach efforts largely consisted of local aquifer
knowledge and assumptions, provided predominantly by groundwater conservation district staff.
This information was incorporated into our data assessment methodologies and workplans.

2.1.3 Groundwater Availability Models

There are several groundwater models covering portions of the study area (see Figure 5). When
the authors created these models, the TWDB Water Use Survey dataset was a primary source for
estimating the amount of groundwater production during recent years. As such, we did not
extract the pumping as represented in the well files for these models, but will include a
comparison with of the pumping data in these files with the pumping dataset we develop in
subsequent project phases. However, we did utilize the geologic structure data incorporated
within these models to help ascertain in which aquifer water wells are likely completed.
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Figure 5. Extents of groundwater flow models completed for the study area aquifers.

The Balcones Fault Zone is abbreviated as, “BFZ”; groundwater availability
model is abbreviated as, “GAM”.
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2.1.4 Water Use Survey Data

We worked with TWDB staff to obtain Water Use Survey data for each of the counties and
aquifers in the study area. In addition to the data provided directly by TWDB staff, we also
downloaded (in comma separated format) the Water Use Survey data from the TWDB online
report system (TWDB, 2020c; TWDB, 2020a) for quality assurance purposes. We used the data
from the TWDB online reports to verify the data provided by TWDB staff. Much of the data
matched, although we did identify some minor differences in the data from the online reports
compared to the data provided by TWDB staff. Upon investigation, the differences in values
were due to the syntax of the database query used to extract the data from the database. Once the
query was updated, the data resulting from the query exactly matched that provided within the
online reports.

To create an automated method that would be functional for users downloading the Water Use
Survey data from the current online report system, we utilized the online reports for our analyses.
The data from the online system provides a reliable report of the groundwater pumping estimates
by county, aquifer, and use in the Water Use Survey data. Annual survey data are available from
1984 onward, though the methods for estimating the pumping for specific uses have changed
over time. Additional information regarding the Water Use Survey program is provided in the
Water Use Survey Evaluation section (Section 3).

2.2 Wells

Our primary source for well data were the publicly available statewide databases, namely:

e The TWDB Groundwater database (TWDB, 2020b)

e The Submitted Drillers Report database (TWDB, 2020f)

e The Texas Commission on Environmental Quality Public Water Supply well database
(TCEQ, 2020)

We compiled the wells from each of the databases into a single project data table. Each well was
assigned a unique well identification number based on their database source for quality assurance
purposes. Table 1 provides the assigned well identification values for each database.

Table 1. Assigned well identification values for each database.
Database Source Database Identification Example Well
Source Database Prefix and Modification Identification
State well number +
TWDB Groundwater T- 100,000,000 T106808515
. . Tracking number +
Submitted Drillers Report S- 100,000,000 5100535483
Texas Commission on Water Source
Environmental Quality G- G0070004B

Public Water Supply well Identification value

We filtered out and removed all wells from the project database completed in aquifers or
formations other than the study area aquifers. We also filtered out from the project database
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locations identified as a “Spring.” For wells found in more than one database, we removed the
duplicate wells based on matching both state well identification values and completion depths.
This removal of duplicate wells will help to avoid overestimating the number of wells completed
or in existence during a particular year. For wells from the Submitted Drillers Report database
that were not in one of the other databases, we used the completion information along with the

aquifer structure from the groundwater availability models to identify in which study area aquifer
the well was completed.

Within our project database, we assigned each well to a TWDB use category, describing the
intended purpose for the produced water. For wells identified within the Texas Commission on
Environmental Quality Public Water Supply well database, we assigned each to municipal water
use. Wells in the Submitted Drillers Report and TWDB Groundwater databases have a primary
or proposed use specified. In many cases these uses are not associated with groundwater
withdrawals. For example, wells identified as an “environmental soil boring” or an “injection
well” were not included in our project database. For other specified uses, we assigned a TWDB
use category based on our interpretation of the specified use. The assigned use categories are not
always consistent with the current TWDB Water Use Survey program classification
methodology. For example, program methods classify “commercial” wells as pumping for
municipal purposes, and golf courses using groundwater are classified as “irrigation” usage.
Table 2 provides the TWDB use category for the various specified uses found in the Submitted
Drillers Report and TWDB Groundwater well databases, as included in this report and revised
pumpage dataset.

Table 2. Assigned TWDB use category for well uses identified in the Submitted
Drillers Report and TWDB Groundwater databases.
Applied TWDB Use
Well Use from Database Use Category Identification
Domestic Domestic RD
Withdrawal of Water Domestic RD
Aguaculture Irrigation IRR
Irrigation Irrigation IRR
Stock Livestock LIV
Commercial Manufacturing MFG
Industrial Manufacturing MFG
Industrial (cooling) Steam-Electric/Power PWR
De-watering Mining MIN
Extraction Mining MIN
Fracking Supply Mining MIN
Mining Mining MIN
Rig Supply Mining MIN
Air Conditioning Municipal MUN
Bottling Municipal MUN
Fire Municipal MUN
Institution Municipal MUN
Medicinal Municipal MUN
Municipal Municipal MUN
Public Supply Municipal MUN
Recreation Municipal MUN
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Each well in the Submitted Drillers Report and TWDB Groundwater databases has a record of
the well’s completion date; however, the Texas Commission on Environmental Quality Public
Water Supply well database only contains each well’s drilled date. We extracted the year value
from these dates to estimate how many wells were completed and potentially pumping from a
specific aquifer each year. For wells without a reported completion date, we assumed the wells
were completed during pre-development years and assigned them a completion year of 1800 to
distinguish them from those wells with reported completion or drilled dates.

We assumed all wells were continuously active from the date they were completed. We did not
account for wells that had been taken out of operation after having been utilized for multiple
years. We did exclude from our analyses any wells what were listed as having been capped or
plugged immediately after drilling completion.

2.3 Precipitation

We obtained gridded precipitation data for the study area from the PRISM Climate Group
(PRISM, 2020). The gridded data provides daily precipitation estimates throughout the study
area. The PRISM Climate Group develops the gridded datasets using a variety of modeling
techniques that incorporate available site-specific measurements. For purposes of this project, we
limited our data collection to precipitation estimates to the study period from January 1, 1984
through present.

The gridded precipitation data from the PRISM Climate Group covers the conterminous United
States with a 2.5 arcminute (approximately 4 kilometers or 2.5 miles) resolution. To improve the
resolution within our study area, we performed geoprocessing in ArcGIS to clip each dataset to
the study area and resample the resulting raster dataset using bilinear interpolation to a 1,000-
foot resolution. During geoprocessing we also converted the raster values for precipitation from
millimeters to inches.

2.4 Land Use/Land Cover and Aerial Imagery

To evaluate apparent changes in land use we obtained land use data from Land Use Land Cover
Modeling projects conducted by the U.S. Geological Survey Earth Resources Observation and
Science Center (USGS, 2020b). The available datasets cover a period beginning in 1938 through
1992 (Sohl and others, 2016) with projections extending from 1992 through 2100 (Sohl and
others, 2014). The datasets are available in a raster format covering the conterminous United
States with a 250-meter (approximately 820 feet) resolution. The gridded datasets identify up to
16 different land uses within the study area. Of particular interest for this project are areas
identified as crop as these areas may be considered “potential irrigation areas” that may be
irrigated using groundwater. Figure 6 illustrates the 2020 land use in and near the study area.

Initially, we anticipated obtaining aerial imagery for the study area to conduct analyses of
potential irrigation areas. However, after investigating potential options for using remote sensing,
we determined that it would be most beneficial to utilize the imagery available through Google
Earth Engine. During subsequent phases of the project, we anticipate testing and potentially
utilizing a technique developed by Deines and others (2019) where they leveraged Google Earth
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Engine to map annual irrigation across the Ogallala Aquifer. Applying this methodology will
allow us to efficiently utilize a much larger aerial imagery dataset, potentially going back more
than forty years (Google, 2020), than would be possible through obtaining the imagery data
ourselves.
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Figure 6. Modeled classification of land use in 2020 (Sohl and others, 2014).
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2.5 Agricultural Data

To help us understand estimates of groundwater pumping associated with irrigation and livestock
use, we obtained data from the United States Department of Agriculture. For 1997 through 2017,
we obtained census data from the National Agricultural Statistics Service’s Quick Stats Database
(USDA, 2020a). For prior years of the study period, we obtained information from the Census of
Agriculture Historical Archive (USDA, 2020b). From these datasets we focused on the following
information for each county in the study area:

The number of irrigated acres

The inventory of cattle including calves
The inventory of sheep including lambs
The inventory of hogs

The inventory of chickens

Utilizing the Quick Stats Database, we were able to query data for each of the parameters in each
county of the study area. However, for data prior to 1997, we had to review digital copies of
tables of the data. Upon review of the tables we copied the relevant values for the parameters of
interest to our project database for potential use in evaluating irrigation and livestock use
estimates of groundwater pumping in subsequent phases. We did not use data from the Quick
Stats Database directly in performing the data analyses and evaluations documented within this
report.
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3 Water Use Survey Evaluation

The TWDB is legislatively directed to provide planning and financial assistance to develop and
manage Texas water resources. The Water Use Survey is administered annually to assist in long-
term water planning by providing accurate information about current water use in the state.
Water use data captured by the Water Use Survey is important in assessing conservation
initiatives, addressing limited water supplies and facilities in some areas, and supply-planning for
continued population growth. Data from the Water Use Survey are important for improving
water planning models. With the importance of accurate and well-calibrated numerical models,
having reasonably accurate estimates of pumping locations, amounts, and timing is essential. It is
also essential that these estimates are based on a consistent and defensible process to estimate
groundwater pumping. Only with reasonably accurate pumping data can Texans be assured their
groundwater availability models are appropriately determining future groundwater availability.

Within this section we detail our compilation and review of groundwater pumping data reported
within the TWDB Water User Survey database. We obtained data for each of the 56 counties
(Figure 1) included in our study area. The survey data obtained for each county identified from
which of the five study area aquifers the pumping occurred and to which of the seven usage
categories the pumping pertained.

For all our analyses, we limited our focus to data within the period from 1984 through 2018,
although we note that the Water Use Survey database does contain earlier data for selected
counties and use types. For many of the study area counties the Water Use Survey database
identifies some historical pumping as coming from an “Other Aquifer” or “Unknown” aquifer.
These aquifer designations reflect pumping that TWDB staff could not definitively assign to a
major or minor aquifer at the time of consideration. However, it is possible that with additional
analysis we may be able to assign some of the pumping associated with these designations to one
of the aquifers included in this study. It is also possible that the “Other Aquifer” designation
could refer to local stratigraphic units not included in defined major or minor Texas aquifers.
These Other Aquifers could include Quaternary alluvium deposits or various Paleozoic
stratigraphic units. For example, as shown on Figure 7, in Irion County there are two study area
aquifers underlying the county: the Edwards-Trinity (Plateau) Aquifer and the Lipan Aquifer.
However, the Water Use Survey database does not designate any pumping to the Lipan Aquifer.
It is possible that pumping within Irion County attributed to an “Other Aquifer” or an “Unknown
Aquifer” was actually produced from the Lipan Aquifer. It is also possible that production
occurred from the Dockum Aquifer subcrop, (not shown on Figure 1 and not included in Figure
7 as it is not part of this study), which also underlies the central and western portion of the Irion
County. It is also possible that the increase in pumpage from 2008 onward that is attributed to
“Other Aquifer” could also be due to a change in methodology used by TWDB for estimating
irrigation usage. Through efforts under subsequent project tasks, we will strive to determine the
true aquifer source for any pumping attributed to an “Other Aquifer” or an “Unknown Aquifer,”
as well as to assess impacts of estimation methodology changes on computed annual usage
totals. During completion of this project task, we did not attempt such attributions. Such efforts
will become part of our work to address identified anomalies and develop a robust pumping
dataset.
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In the following sections, we present our understanding of the Water Use Survey data as well as
our methods for processing and evaluating the data. Within Section 3.1 we detail the various
methods employed by TWDB staff to develop the Water Use Survey data. Section 3.2 contains a
detailed description of our methodology for evaluating the pumping data from the Water Use
Survey database, as well as our methods for identifying anomalies in the data. Within Section 3.3
we provide a detailed discussion of our evaluations for each of the 52 study area counties for
which the Water Use Survey dataset contains pertinent data for this project. Within Section 3.4
we provide a brief discussion of four counties in our study area for which the Water Use Survey
dataset does not contain data pertinent to this project.

As detailed in Section 3.3, we focused our county-by-county evaluations on detecting anomalies
in the TWDB Water Use Survey data. Detection of an anomaly does not imply that the reported
data are erroneous, only that the data warrants further scrutiny. Many of these identified
anomalies are likely to be explained by obvious external factors, such as a new well field coming
online or the record heat in 2011 causing pumping amounts to abruptly increase. However, for
this evaluation we do not address the likelihood or provide potential explanations for any
anomalies. We will address these in later phases of the project. Rather, the evaluations presented
in Section 3.3 identify the anomalies for which we will develop a plan for investigation during
the next phase of the project.
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Figure 7. Example of groundwater pumping data for Irion County from the TWDB
Water Use Survey database illustrating the total pumping designated to the
Edwards-Trinity (Plateau) Aquifer, Other aquifer, and Unknown aquifer.
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3.1 Water Use Survey

Development of estimates of water use in the state began in 1955 and has changed significantly
since then to aid in development of Regional and State Water Plans. Since 1984, the TWDB has
annually summarized survey data and estimated pumpage (TWDB, 2020c). Prior to 1984,
TWDB conducted annual surveys and summarized estimated pumpage in conjunction with State
Water Plans and reports to legislature. TWDB staff compile the information received from
approximately 7,000 annual surveys from public water systems and industrial facilities and
estimate water use for irrigation, livestock, mining, and rural domestic purposes to generate
historical water use estimates which the TWDB uses for water resources planning (TWDB,
2020c). Table 3 provides a short summary of the different water use categories included in the
Water Use Survey dataset. Table 4 provides a brief history of the Water Use Survey identifying
some important milestones within the program. Various TWDB program areas are responsible
for developing water use estimates in each water use category of the Water Use Survey. The
Conservation department develops the irrigation estimates. The non-surveyed livestock and non-
surveyed mining water use estimates (including fracking) are developed by the Projections and
Socioeconomic Analysis department. Each program area enters information in the Water Use
Survey Database. Table 5 summarizes which program area is responsible for providing estimates
for each water use category.

Currently, TWDB staff base water use estimates for municipal and industrial (power,
manufacturing, and mining) categories on annual surveys of public water suppliers and major
manufacturing, non-oil and gas mining, and power producing entities. Estimates for municipal
and industrial categories may be supplemented with estimates for non-surveyed entities through
special studies (such as for mining) or other approaches. Since September 1, 2001, the Texas
Water Code (Section 16.012(m)) and Texas Administrative Code (31 TAC §358.5) has required
any entity that receives the survey to complete it and return the information to the TWDB. For
other use types, TWDB staff develop non-surveyed estimates.

Mining includes water used in the exploration, development, and extraction of oil, gas, coal,
aggregates, and other materials. According to Ridgeway (2014), mining use includes water used
in secondary processes for oil and gas recovery. Ridgeway (2014) also indicated that historically
TWDB staff have derived livestock water-use estimates from the annual livestock population
estimates produced by the National Agricultural Statistics Service and the estimated water use
per animal by the Texas A&M AgriLife Extension and various research. Similarly, Ridgeway
(2014) stated that TWDB staff used annual crop acreage from the Farm Service Agency as well
as potential evapotranspiration rates to derive irrigation water-use estimates.

For non-surveyed municipal use estimates (previously referred to as “rural domestic”),
Billingsley (2019) indicates that TWDB staff use census population data. TWDB (2021)
indicated that historically they derived the used volume by multiplying the number of
connections reported in the municipal survey by a factor (such as 3.5) representing the average
number of people per connection. They then subtracted this estimated population (served by
surveyed-municipal sources) from the total number of people in the county per the census. They
assigned the remaining persons to county-other non-surveyed municipal. If the number of
persons from the connection analysis was greater than the county-wide census information, then
the number of persons applied to county-other was zero. However, for estimating non-surveyed
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municipal pumping for the modeling program, TWDB (2021) assumed pumping occurred in
every county. Using census block data for areas outside of cities, they assigned the average
gallons per capita use for Texas per year to derive a volume for each census block.

Table 3. Current TWDB Water Use Survey categories and summary description.
Water Use Category Summary Description
Surveyed Municipal Self-reported municipal water use by active community public water systems.
Non-Surveyed Municipal Estimated from non-system population and rural gallons per capita per day.
Mining Self-reported and estimated water use by various entities.
Manufacturing Self-reported water use for entities involved in manufacturing.
Power Self-reported water use by power generation operations.
Irrigation Estimated from crop histories, land use and water used per crop. Adjustments
for rainfall and other considerations were incorporated in estimations since
2001.
Livestock Estimated from annual livestock population and water used per animal.
Unknown Water used that was not included in any of the main water use categories.

Municipal entities include all active public water systems that are a community water system
type as defined by the Texas Commission on Environmental Quality (TWDB, 2020a). It includes
city-owned utilities, districts, water supply corporations, or private utilities supplying residential,
commercial (non-goods-producing businesses), and institutional (schools, governmental
operations) entities (TWDB, 2020a). Rural domestic water use consists of all other municipal
water use not included in the municipal annual surveys. Estimates of rural domestic are the
product of non-system population estimates within each county, not served by a surveyed water
system, and the average rural statewide gallons per capita per day water use for Water Supply
Corporations and Investor-Owned Utilities (Ridgeway, 2020). Data review indicated that the
non-surveyed municipal use, which includes rural domestic use, was not included in the Water
Use Survey data prior to 2000. Table 6 summarizes a timeline of the Water Use Survey
derivation methods for non-surveyed municipal pumpage.

Surveyed industrial entities are water users that annually use more than 10 million gallons of
water or use a significant volume of water for the industrial sector for a particular area of the
state. Within the industrial category, we can find three main categories: manufacturing, power,
and mining. Water used for manufacturing is the sum of water use for large manufacturing firms
reporting to the TWDB. This category includes cogeneration plants that generate power for
manufacturing or mining processes. Water use for power is a combination of reports and
calculations of consumed water based on self-reported consumptive use volume percent data.
Note that it includes all electric power generating plants regardless of volume pumped but only
those power generation plants that sell power on the open market (TWDB, 2020a).

Mining water use refers to water used in the mining of oil, gas, coal, sand, gravel, and other
materials. It is a combination of reported water use by various entities and additional estimates
based on prior years research (TWDB, 2020a). Table 7 summarizes a timeline of the Water Use
Survey estimates for mining (Billingsley, 2019). Estimated oil and gas water use for fracking
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activities have been based on water use volumes collected through the FracFocus database since

2012.
Table 4. Timeline of Water Use Survey milestones. Modified from Kluge (2014) and
Billingsley (2019).

Year Water Use Survey Milestone

1955 Surveying of total annual self-supplied groundwater volumes began (mostly specific study
areas).

1960 Surveying of monthly water pumping volumes began.

1971 Water Use Survey was expanded to include self-supplied and purchased groundwater, surface
water, saline water and treated effluent.

1974 - 1977  County-level summaries were estimated statewide.

1977 Water Use Survey data began being entered electronically.

1981 -1983 Irrigation values were calculated using linear regression, yet summaries were not developed.

1984 TWDB began developing annual summaries.

1985 Water Use Survey team created groundwater pumpage estimates by aquifer with cooperation of
TWDB staff geologists.

1994 Methodology for assigning non-surveyed estimates to aquifer changed where multiple aquifers
exist.

1997 Senate Bill 1 Regional Water Planning was instituted.

1999 Water Use Survey became mandatory; non-respondents cannot receive TWDB funding and are
ineligible to obtain permits, permit amendments or permit renewals from the Texas
Commission on Environmental Quality under Chapter 11 of the Texas Water Code.

2002 For survey of water use for year 2001, began to survey the volume of metered sales for water
use categories rather than percentages of total metered sales and the number of connections
inside and outside the city limits.

2003 TWDB began collecting survey data online in addition to paper surveys for survey year 2002.

2005 For survey year 2004, municipal short form surveys were mailed for mobile home communities
and municipal facilities, in addition to the traditional municipal surveys and separate industrial
surveys sent to large and small facilities. TWDB began to survey for monthly volumes of
metered sales and the number of connections by water use category, direct and indirect reuse
volumes, and volumes of saline water use.

2012 Senate Bill 181 (2011) added the collection of the amount of connections and water use
volumes for industrial, agricultural, commercial, and institutional sectors served by municipal
water utilities.

2019 TWDB developed a statewide public water system service area mapping application called the

Texas Water Service Boundary Viewer through a grant from the U.S. Geological Survey Water
Availability and Use Science Program.
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Table 5. Summary of water use categories and the TWDB program area that is
responsible for providing estimates.
Water Use Surveyed? Estimated by TWDB staff? + responsible program area
Category
Municipal: Yes
PWS
Municipal: non- Yes — by Water Supply & Infrastructure - Water Supply
system Planning division - Water Use and Planning Data department
(domestic) use
Irrigation Yes — by Water Science & Conservation -Conservation &
Innovative Water Technologies division - Conservation
department
Livestock Yes Yes — by Water Supply & Infrastructure - Water Supply
(fish hatcheries only) Planning division - Projections & Socioeconomic Analysis
department
Manufacturing Yes
Mining Yes Yes — by Water Supply & Infrastructure -Water Supply
(aggregate/surface mining Planning division - Projections & Socioeconomic Analysis
facilities) department (oil and gas only)
Steam-Electric Yes
Table 6. Timeline of Water Use Survey derivation methods for non-surveyed

municipal pumpage (Billingsley, 2019).

Year Non-surveyed Municipal Water Use Milestone

Historical - 2010  County-wide number of total connections reported by water systems compared to the county
population growth estimated by the Texas State Data Center. The growth in the number of
connections served by the water systems within a county determine the county’s non-system
population growth.

2010 - present The non-system population estimate began being estimated with the block-level census data
and the Statewide Water System Map delineating the boundaries of community water
systems.
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Table 7. Timeline of Water Use Survey derivation methods for mining pumpage
(Billingsley, 2019).

Year Mining Water Use Milestone
1984 - 2005 Survey of facilities, inclusion of water-use estimates from a mid-1990 Railroad
Commission report on water-flood activities, and other historical estimates.
2006 - 2008 Only volumes from surveyed facilities are included (sand and gravel/ aggregate facilities
and coal facilities)
2009 From the 2011 University of Texas Bureau of Economic Geology report (Nicot and others,

2011), used the average between the 2008 water use estimates and the projected 2010 water
use volumes. This included all categories of mining (fracking, coal, sand and gravel, water

flood, etc.).

2010 Projected water uses volumes from the University of Texas Bureau of Economic Geology
report (Nicot and others, 2011).

2011 A composite of surveyed water use volumes and non-surveyed water use estimates from a

2011 University of Texas Bureau of Economic Geology report (Nicot and others, 2011)
and a 2012 update report focusing on hydraulic fracturing use (Nicot and others, 2012).

2012 - present A combination of reported water use by various entities and hydraulic fracturing use
estimates from FracFocus database.

Texas ranks first in the nation for total number of farms, accounting for 127 million acres of
agricultural land which represents 74 percent of the state’s land and a $25 billion contribution to
the economy (USDA, 2019). However, the TWDB does not have the authority to require
agricultural producers to report actual irrigation water use volumes, and must thus aggregate
information from various sources to develop irrigation water use estimates (TWDB, 2020d).
Since 1985, the TWDB has annually estimated water use for irrigation. Every five years, the
National Resource Conservation Service helped develop county-level irrigation surveys. Until
2000, TWDB staff adjusted those county-level estimates based on data from the National
Agricultural Statistics Service (Turner, 2015). In 2003, the TWDB began collaborating with the
U.S. Department of Agriculture-Farm Service Agency for irrigated crop acreage data and the
Texas Commission on Environmental Quality for surface water irrigation diversions data to
determine a more accurate water use distribution between surface water and groundwater.
Additionally, TWDB staff began accounting for surface water delivery system losses not
previously considered. According to the TWDB, “the historical on-farm irrigation estimates
developed between 1985 and 2002 may not be comparable with estimates developed in and after
2003 in counties with surface-water irrigation” (Turner, 2015).

The historical irrigation water use estimates have practically been “developed from four different
sources of information and methodologies” creating a significant variation in annual irrigation
use for some counties. In particular, the derivation method for water used to irrigate crops
changed often between 1994 and 2007 (Turner, 2020). Table 8 presents a summarized timeline
of the irrigation water use derivation methods used in the Water Use Survey from 1958 to today.

TWDB staff derive livestock water use estimates from annual livestock population estimates
produced by the National Agricultural Statistics Service. Estimated water use per animal unit is
based on research conducted by the Texas A&M AgriLife Extension and other researchers
(Ridgeway, 2020).
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Table 8.

Year

TWDB Contract Number 2048302456

Timeline of Water Use Survey derivation methods for irrigation pumpage
(TWDB, 2020e; Turner, 2020).

Irrigation Water Use Milestone

1958 - 2000

TWDB staff developed annual estimates of agricultural irrigation water use for every county in
the state with assistance from the Natural Resources Conservation Service who developed
county-level irrigation surveys every five years. TWDB staff adjusted annual estimates using
data from the Texas National Agricultural Statistics Service (TASS) and compiled these
estimates from 1985 through 2000. Where there were gaps in the TASS county data, TWDB
staff referred to the most recent 5-year NRCS on-farm irrigation survey.

1994

Detailed irrigation surveys for 1994 were provided exclusively by the United States Department
of Agriculture - Natural Resources Conservation Service. Each local county office of Natural
Resources Conservation Service compiled information on the irrigated acreage of crops and the
average representative value of irrigation water applied to that crop during that specific year.

1995 -1999

The National Agricultural Statistics Service estimated irrigated acreages for major crop types
and Natural Resources Conservation Service provided estimates of irrigation water use by crop
type in each county. For crops not included in these data, TWDB relied on data from the most
recent Natural Resources Conservation Service detailed survey. The distribution of resulting
irrigation water use was divided into groundwater and surface water based on estimates from
the most recent detailed survey.

2000

Detailed irrigation surveys for 2000 were provided exclusively by the United States Department
of Agriculture - Natural Resources Conservation Service using a similar method to the one used
for development of the 1994 surveys.

2001 - 2002

The Natural Resources Conservation Service no longer provided irrigation data. TWDB
continued using the National Agricultural Statistics Service major crop acreage data along with
data from the 2000 Natural Resources Conservation Service on-farm irrigation survey.
Estimated irrigation water use was based on the historic data and adjusted, if necessary, for
rainfall conditions in 2001 and 2002.

2003 - 2009

The United States Department of Agriculture’s Farm Service Agency (FSA) provided data of
irrigated crop acreages for each county. The Texas Commission on Environmental Quality
provided annual reported surface water irrigation water use to distribute water use between
groundwater and surface water. TWDB staff began accounting for conveyance loss, wastewater
reuse, and included more non-traditional crop types. In some regions, TWDB staff estimated
irrigation application rates based on evapotranspiration data from weather stations maintained
by the Texas A&M AgriLife Extension Service. TWDB staff requested that Texas groundwater
conservation districts review and comment on annual draft irrigation estimates. To the extent
possible, TWDB uses the comments and proposed revisions in the final version of the annual
irrigation water use estimates.

2010 - Present

Expanding on the 2003-2009 methodology, staff began utilizing geographic information
systems to refine irrigation rates based on quantitative adjustment factors derived from gridded
climatological data. Remote sensing is also used to improve geographic allocation of reported
surface water diversions and irrigated acres. Annual irrigation estimates are compared to an
increasing number external sources of data as they become readily available including the
United States Department of Agriculture’s National Agricultural Statistics Service, Agricultural
Census, Farm and Ranch Irrigation Surveys, and the United States Geological Survey irrigation
water use reports. Comments and revisions of the irrigation estimates by qualified local
irrigation water experts and groundwater conservation districts are encouraged by TWDB staff.

According to Billingsley (2019), even though the survey response rate between 2011 and 2017
have oscillated from 78 to 84 percent, “the total volume of water use represented by returned
surveys is greater than 90%.” Understanding how the Water Use Survey data was derived for
each water use category is an essential step in assessing the identified data anomalies in
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subsequent project phases. While evaluating the identified inconsistencies in the dataset for
groundwater pumping for irrigation, reviewers may place higher confidence in pumping for
irrigation estimated in 1994 and 2000 when United States Department of Agriculture — Natural
Resources Conservation Service staff carried out detailed irrigation surveys to estimate
groundwater production.

3.2 Data Evaluation and Anomaly Detection Methodology

We began our evaluation of the Water Use Survey data by reviewing the reported volume of
groundwater produced from each of the study area aquifers for each defined use and county. We
organized and plotted the pumping data by county, aquifer, and use to show the annual pumping
for the 1984-2018 period. Figure 8 is an example of the plotted pumping data for Medina County
from the Trinity (Hill Country) Aquifer for livestock use.
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Figure 8. Example of groundwater pumping data from the TWDB Water Use Survey
database showing acre-feet of groundwater pumped from the Trinity Hill
County Aquifer for livestock use in Medina County.

Using the plots of annual pumping, we identified years in which the reported pumping volumes
appear anomalous and which may warrant further review. In addition, we conducted initial
evaluations, which will be expanded during subsequent project tasks, of the correlation of the
data with other datasets and trends in the pumping data (such as annual precipitation). Our
primary objective for this evaluation was to identify potential data anomalies for further review
and possible revision in subsequent project tasks.

We evaluated multiple methods for identifying anomalies in the Water Use Survey groundwater
pumping data. Upon review of the results from each method, we selected three methods which
were most useful for application to all of data across the study area. We applied each of the three
methods to improve our ability to identify all anomalous years of pumping data within the Water
Use Survey database. It is important to recognize that our analysis method does not imply that
identified anomalies are incorrect, rather only that the reported data is sufficiently different than
“expected” to warrant further investigation. The three methods we selected for detection of
anomalies are:
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e Manual review and professional judgement
e Year-to-year change analysis
e Statistical analysis using a standard deviation criterion

In general, each method identifies anomalies as abrupt changes in pumping amount, recognizing
that gradual changes are less likely to be indicative of potentially erroneous data. Note that any
non-reported pumpage values or pumpage reported as zero are automatically flagged as
anomalies in the statistical analysis and year-to-year change methods. Anomalies identified using
each of the methods are tabulated for each county, aquifer, and use.

Importantly, the methods utilized are only meant to identify anomalies in the data. They are not
meant to indicate any pumping values are incorrect. Through the application of these evaluation
methods, we strove to identify years for which additional investigation may be warranted.

3.2.1 Manual Review and Professional Judgement

As a first step in our data review, we manually scrutinized and visually identified years with
anomalous pumping amounts. During manual review, each reviewer visually observed data
trends to assess anomalies. During this review, we did not consider factors that could influence
the water usage in any given year. Individual reviewers applied professional judgement to
identify anomalies with multiple professionals from the project team reviewing each county
dataset for quality assurance.

As an example of the manual review process and results, in Figure 8 we observe abrupt changes
in 2005, 2010, and 2012. These three years of pumping data appear to be anomalous pumping
amounts based on the preceding year’s amount. In general, our project team flagged an annual
pumping volume for review if it represented an apparently significant deviation from visually
observable trends within the data time-series. For example, we flagged the year 2005 because it
suggested significantly larger pumping than the amounts from 1984 to 2004. However, we did
not flag 2006 because pumping in that year was similar to that from 2005 and 2007. Similarly,
we flagged 2010 because its pumping value was significantly larger than the previous five years,
but we flagged 2012 because it was significantly lower than the amounts in 2010 or 2011.

Due to the size of the datasets for each county, it was not difficult to perform manual review of
the groundwater pumping estimates from the Water Use Survey data. The manual review was
also beneficial for familiarizing our project team members with the data and information
available for each county in the study area. However, our manual review and professional
judgement was not necessarily consistent amongst the project team members. That is, reviewers
did not necessarily identify the same years of pumping as anomalous. As a quantitative quality
check on our manual review, we applied two analytical methods which evaluated the data based
on the annual changes and short-term data trends. However, these analytical methods were not
able to identify the first reported year as anomalous. For the first year of data only our manual
review was applicable.
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3.2.2 Year-to-Year Change Analysis

For reviewing the year-to-year change in pumping, we used a comparison of the range of annual
pumping values (from 1984 through 2018) to year-to-year differences in pumping for each
county, aquifer, and use dataset. By comparing the year-to-year differences against a specified
percentage of the data range, we were able to identify if an annual pumping amount was
anomalous. Our application of the method included the following process, which Figure 9
illustrates:

1. Compute the average Water Use Survey annual groundwater production per county,
aquifer, and use.

2. Compute the range of Water Use Survey annual groundwater production per county,
aquifer, and use (that is, the maximum minus the minimum for the period from 1984-
2018) (Figure 9-a).

3. Assign a threshold percentage per county, aquifer, and use

a. For arange greater than one-half the average, use a 15 percent range threshold
b. For arange less than or equal to one-half the average, use a 35 percent range
threshold

4. Compute the year-to-year difference in Water Use Survey annual groundwater production

per county, aquifer, and use (Figure 9-b).

Divide the year-to-year difference by the range per county, aquifer, and use (Figure 9-c).

6. If the resulting quotient exceeds the applicable range threshold, the data for the given
year and the one previous are flagged as anomalous (Figure 9-d)

o

This method allows for gradual change over time within the pumping dataset yet identifies
periods of rapid change as anomalous. By using the assigned threshold values, we were able to
apply a consistent evaluation method to all the data. However, we based the thresholds
themselves on our professional judgement upon data review. While we found our selected
thresholds were reasonably applicable across the study area, they may not be equally applicable
within other portions of Texas. Adjustment of the thresholds may be justified for specific areas
with relatively low pumping amounts to address potential sensitivity to relatively small changes
in pumping. In applying thresholds to any given area, some manual review and professional
judgement will be required in order to ensure that all anomalous data is identified. Thresholds of
15 percent and 35 percent should be used as an “initial” pass within the data analysis, followed
by a rapid manual review to identify if any obvious data anomalies were missed. If anomalies
were missed, the thresholds should be adjusted and the year-to-year change analysis re-applied.
For this project, we did not need to refine our thresholds from the 15 percent and 35 percent
values.
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Figure 9. Example application of the year-to-year change analysis: (a) raw survey data

with average pumping, range and applicable threshold indicated, (b) year-to-

year change in pumping, (c) year to year change as a fraction of the range,
and (d) raw data with anomalous years flagged.
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3.2.3 Statistical Analysis using a Standard Deviation criterion

As an additional quantitative analysis, we applied a simple standard deviation criterion to each
county, aquifer, and use dataset. The method we applied is a generalization of the Chauvenet
(1863) method which essentially states that a data value outside of a certain number of standard
deviations from the mean is anomalous. While Barnett and Lewis (1994) provide valid criticisms
for the simplicity of the method, it serves well for the purpose of our evaluation to identify
anomalies in the Water Use Survey data. Our application of the method included the following
process, which Figure 10 illustrates:

1. Compute the average of groundwater pumping for the three years prior to each annual
data point (Figure 10-a). For the first three years of data, we set the three-year average
equal to the average of the first three years.

2. Compute the difference (that is, residual) between the three-year average and the annual
groundwater pumping value for a given year (Figure 10-b).

3. Compute the average and standard deviation of the set of residuals computed during the
previous step.

4. Flag as anomalous any year where the residual from the previous three-year average
(calculated during Step #2) exceeds 1.5 standard deviations from the average of the set of
residuals (calculated during Step #3) (Figure 10-c)

Some benefits of the standard deviation method are that: 1) we could automate the method which
resulted in rapid detection of anomalies, and 2) the method is not subjective and will not result in
differing data interpretations when applied by individual reviewers. However, our application of
the method does require the selection of the standard deviation coefficient value used to identify
anomalies. After testing standard deviation coefficient values ranging from 1.0 to 2.0, we
selected the value of 1.5 for our evaluations as it appeared to provide a more consistent match
with anomalies identified during our manual review.

Another potential limitation of the method is the use of the average from the previous three-year
period for each year considered. As shown in Figure 10-c, applying the standard deviation
criterion identified pumping amounts in 2006 and 2013 as anomalies despite the pumping value
in 2006 being similar to that from 2005 and the value in 2013 being similar to 2012. These flags
occur because the three-year average includes significantly different values than the year under
consideration which affects the three-year average used for comparison. Nonetheless, this
potential limitation is also a strength of the method due to its incorporation of the apparent trend
in pumping leading up to the year under consideration.
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Figure 10.  Example application of the standard deviation criterion: (a) raw pumping
data with a computed 3 prior-year average, (b) yearly residual results
compared against 1.5 standard deviations of the residual dataset, (c) raw
pumping data with anomalous years flagged.
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3.2.4 Other Data Evaluations

In addition to the three primary evaluations discussed above, we also explored several other
methods of assessing the Water Use Survey data. The evaluations included:

e Comparison and correlation of groundwater pumpage with precipitation and land use

e Comparison of the apparent number of wells completed in an aquifer for a particular use
and the amount of pumping for that use

e Separation of non-surveyed municipal and surveyed municipal water use

While some of these evaluations are informative, they did not prove universally beneficial for
our analyses. Specifically, our comparisons did not yield consistent or highly-correlated
relationships between the subject datasets. Some comparisons were so poorly correlated that we
did not discuss the results or provide a graphic of the correlations within our county-by-county
anomaly analysis (See Section 3.3) Our final pumpage dataset, as detailed in Section 5, was
created without reliance on these other data evaluation methods, although it did include separate
investigations of surveyed and non-surveyed municipal usage. In Section 3.3, we identified some
counties for which the above listed evaluation methods provided beneficial insight. In our
description of the data for each county we include a brief discussion of any insight gained
through application of these other data evaluation methods. The following provides a summary
of these other data evaluation methods.

Precipitation and Land Use Data

We compared two parameters derived from modeling and remote sensing techniques to the
Water Use Survey groundwater production volumes for irrigation, namely, precipitation
occurring over the aquifer and potentially irrigated land area. We prepared these comparisons
because one would typically expect irrigation to decrease during relatively wet years and
increase during relatively dry years. We note that when comparing groundwater irrigation to land
use, we are not factoring in irrigation associated with surface water. As such, this approach may
be more applicable in West Texas where groundwater is more prominently used for irrigation
than Central to East Texas.

For the comparison, we calculated precipitation volumes over the aquifer using data collected as
described in Section 2.3. We then plotted the time-series precipitation volumes with the Water
Use Survey pumping data, and prepared a cross-plot and a linear regression model of the
precipitation volume versus irrigation pumping for each county and aquifer combination in the
study area.

Figure 11 is an example of the time-series precipitation volumes plotted with the Water Use
Survey data. As expected, we observe relatively higher groundwater pumping for irrigation
during dry years such as 2006, 2008, and 2011 (Figure 11). Figure 12 is an example of the time-
series precipitation and pumping data as a cross-plot with a linear regression model and 95
percent confidence interval for that regression.

The linear regression model on the cross-plot of irrigation pumping and precipitation (Figure 12)
shows a linear correlation coefficient (“r” value) of -0.41. Evans (1996) indicates that this “r”
value suggests a moderate negative correlation with precipitation falling on the aquifer in the
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county (see Table 9 for the strength of the correlation associated with a particular ““r’> value).
Since the ““r”” value is negative, the correlation is what we would expect with higher precipitation
being associated with lower irrigation pumping. When we observe a positive “r’” value in the
dataset, it may indicate that the irrigation pumping dataset warrants further review.
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Figure 11.  Travis County Edwards (Balcones Fault Zone) Aquifer groundwater
pumping for irrigation, in acre-feet per year, as reported in the TWDB
Water Use Survey data and total precipitation, in acre-feet per year, that

occurred on potentially irrigated land (according to land use data) within the
county over the aquifer.
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Figure 12.

Travis County Edwards (Balcones Fault Zone) Aquifer groundwater
pumping for irrigation, in acre-feet per year, as reported in the TWDB
Water Use Survey data versus total precipitation that occurred on potentially
irrigated land (according to land use data) within the county over the study
area aquifers in acre-feet per year. Blue shaded area represents the 95
percent confidence interval based on the linear regression.
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Table 9. Range in the absolute correlation value (r) and corresponding strength of the
correlation (Evans, 1996).

Magnitude of correlation value, r Strength of correlation
0.01-0.19 Very weak
0.20-0.39 Weak
0.40-0.59 Moderate
0.60-0.79 Strong
0.80-1.00 Very Strong

We performed a similar analysis by comparing the Water Use Survey irrigation pumping data
with the potentially irrigated land area derived from the U.S. Geological Survey Land Use Land
Cover Modeling Program (Sohl and others, 2014; Sohl and others, 2016). We prepared these
comparisons because one would typically expect irrigation to increase with an increase in
potentially irrigated land. For the comparison, we plotted the time-series Water Use Survey
irrigation pumping data with the acres of crop, hay, and pasture land (that is, potentially irrigated
land) derived from the land use datasets. We then prepared a cross-plot and a linear regression
model of the potentially irrigated land versus irrigation pumping for each county and aquifer
combination in the study area. Figure 13 is an example of the cross-plot and linear correlation
model of the Water Use Survey irrigation pumping data and the potentially irrigated land area. A
correlation value of 0.73 suggests a strong positive correlation of pumping for irrigation and
potentially irrigated land area in Bandera County. Since the “‘r’” value is positive, the correlation
is what we would expect with greater areas of potentially irrigated lands associated with higher
irrigation pumping. When we observe a negative “r’” value in the dataset, it may indicate that the
irrigation pumping dataset warrants further review.

For the purpose of this project phase, we analyzed any correlations classified as moderate to very
strong for both precipitation and potentially irrigated land area (see Table 9). The correlations
determined using this method do not establish causation of pumping for irrigation but rather
provide hints as to what to consider for determining causation during future phases of the project.
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Figure 13.  Bandera County Trinity (Hill Country) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land
area (according to land use data), in acres per year, overlying the aquifer.
Green shaded area represents the 95 percent confidence interval based on
the linear regression.
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Well Completions

In general, we expect an increase in the number of wells would correlate to an increase in
groundwater pumping. To review the trend in well completions and the Water Use Survey
groundwater pumpage data, we plotted the cumulative total number of wells completed each year
with the Water Use Survey pumping data for each county, aquifer, and use combination in the
study area. If the apparent trend in the number of wells in an aquifer for a particular use was
significantly dissimilar from the trend in pumping, then we noted the Water Use Survey data as
anomalous. We note that when comparing groundwater irrigation to well completions, we are not
factoring in irrigation associated with surface water. As such, this approach may be more
applicable in West Texas where groundwater is more prominently used for irrigation than
Central to East Texas.

Figure 14 is an example illustrating the number of well completions and the Water Use Survey
data for the Lipan Aquifer in Tom Green County. Upon review of the information shown on
Figure 14, we observe the addition of several irrigation and municipal wells since 2015 but
groundwater pumping for those uses did not appear to increase correspondingly. The addition of
wells without a corresponding increase in pumping suggests the Water Use Survey data is
anomalous and may warrant further review.

We included rural domestic wells on the plot with the total number of wells and total pumping
(Figure 14-f). For this report, we did not include them as part of the municipal wells despite rural
domestic pumping being included in the non-surveyed municipal use amounts. Rather, we only
included public supply wells with the municipal pumping as these wells typically produce at a
much higher rate than a domestic well and the trend of public supply wells is generally a better
indicator of an anomaly in the Water Use Survey Data for municipal use. In subsequent project
phases, we will evaluate the rural domestic amount of water use, utilizing information regarding
the wells completed for domestic use, separately from the surveyed municipal use.

During our analysis, we are cognizant of potential limitations with the comparison. For example,
since the comparison is strictly between well completions and pumping, it does not consider
transitions to alternative water supplies. In addition, we assume that all the wells completed in
the aquifer continued production in perpetuity following completion and that any well without a
completion date record, was completed and pumping prior to 1984. Despite these limitations, the
evaluation provided an additional means for identifying anomalous data.

Surveyed and Non-Surveyed Municipal Water Use

As discussed in Section 3.1, the TWDB Water Use Survey Program includes rural domestic
pumping estimates as part of the non-surveyed municipal data (Billingsley, 2019). While the
non-surveyed municipal use may contain some amounts for users that did not respond to the
Water Use Survey, it some cases it appears to primarily represent just the rural domestic use. To
illustrate the relative amounts of non-surveyed municipal use and surveyed municipal use, we
plotted the values separately beginning in survey year 2000.

Figure 15 illustrates a case where the non-surveyed municipal use represents all the municipal
use after 2000. As stated in Section 0, prior to 2000 non-surveyed municipal use was not
included in the Water Use Survey data; however, Figure 15 presents an example where we
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should focus future analysis of anomalies on the rural domestic use. Figure 16 is an example of
the opposite case where the non-surveyed municipal use is insignificant and would likely not
warrant significant investigation of any anomalies. As these examples illustrate, while the
difference between the non-surveyed and surveyed municipal use amounts can be significant, we
limited our evaluation of the difference to manual review and maintained the combined surveyed
and non-surveyed municipal use for the year-to-year change and standard deviation analyses.
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Figure 14.  Tom Green County Lipan Aquifer groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data and the total number
of wells completed in the aquifer as recorded in publicly available databases.
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Figure 15.  Glasscock County Edwards-Trinity (Plateau) Aquifer groundwater pumping
in acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 16.  Ward County Pecos Valley Aquifer groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data.
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3.3 County Evaluations

The following sections provide a brief discussion of the results of our evaluations of the TWDB
Water Use Survey data. We summarize the information for counties with no pumping in the
study area in Section 3.4.

3.3.1 Andrews County

A portion of the Edwards-Trinity (Plateau) Aquifer is present in the southern portion of Andrews
County (underlying about 11 percent of the county by area). The Pecos Valley Aquifer underlies
the western portion of the county, spanning approximately 18 percent of the county area. In total,
our project study area encompasses approximately 29 percent of Andrews County. Figure 17
illustrates the extent of the study area aquifers in Andrews County.

Groundwater pumping estimates from the Water Use Survey indicate that total pumping from the
Edwards-Trinity (Plateau) Aquifer reaches up to approximately 400 acre-feet per year (Figure
18). The only reported groundwater uses from this aquifer are for livestock, mining, and
municipal needs, with water usage for mining in 1985 through 1988 being approximately 20
times larger than for livestock and municipal purposes. There is not any surveyed municipal use
after 2000 for the Edwards-Trinity (Plateau) Aquifer in Andrews County and only a relatively
small amount of non-surveyed use. It is also notable that mining usage has not been reported
since 1988, and municipal usage has not been reported since 2005.

The year-to-year change analysis (Figure 19) and standard deviation analysis (Figure 20) flagged
many anomalies in the data for the Edward-Trinity (Plateau) Aquifer. However, due to the low
amounts of production, significant additional review may not be warranted. The primary
anomaly of interest for the Water Use Survey data for the Edwards-Trinity (Plateau) Aquifer
pumping data is the unreported values for mining and municipal use.

Groundwater pumping estimates from the Water Use Survey indicate that total pumping from the
Pecos Valley Aquifer is greater than that from the Edwards-Trinity (Plateau) Aquifer being up to
2,000 acre-feet per year (Figure 21). Like the Edwards-Trinity (Plateau) Aquifer, livestock,
mining, and municipal are the three reported uses of groundwater from the Pecos Valley Aquifer.
Data review indicates pumping for livestock use declined from approximately 50 acre-feet per
year in 2000 to about five acre-feet per year in 2001. There is also an abrupt increase in
municipal pumping from 1999 to 2000, of similar magnitude as the change in livestock use. In
2000, the first reported value for non-surveyed municipal use is more than 50 acre-feet and it
continues through 2018 as the largest component of the total municipal use from the Pecos
Valley Aquifer in Andrews County. A final observation is that the Pecos Valley Aquifer
pumping for mining use showed an abrupt decline in pumping from nearly 2,000 acre-feet in
1984 to an average of less than 100 acre-feet per year in subsequent years.

The year-to-year change analysis (Figure 22) and standard deviation analysis (Figure 23) flagged
many anomalies in the data for the Pecos Valley Aquifer. Table 10 details the years identified as
having anomalous pumping amounts for Andrews County for both the Edwards-Trinity (Plateau)
Aquifer and Pecos Valley Aquifer.
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Figure 17.  Andrews County showing the extent of the Edwards-Trinity (Plateau)
Aquifer and Pecos Valley Aquifer.
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Figure 18.

Andrews County Edwards-Trinity (Plateau) Aquifer groundwater pumping

in acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 19.  Andrews County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years

where the data appears anomalous.
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Figure 20.  Andrews County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 21.

Andrews County Pecos Valley Aquifer groundwater pumping in acre-feet

per year as reported in the TWDB Water Use Survey data.
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Figure 22.  Andrews County Pecos Valley Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 23.  Andrews County Pecos Valley Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater
pumping in acre-feet per year as reported in the TWDB Water Use Survey
data. Triangles mark years where the data appears anomalous.

Table 10. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Andrews County.

Aquifer Use Manual Review Year-to-Year Change Standard Deviation
Livestock None 1984-1986, 1988, 1989, 1984, 1987, 1988, 1992,
Edwards. 1992,2002, 2003, 2005 2004
Trinity Mining 1984, 1989-2018 1984, 198;3611587’ 1989- 1984, 1989-2018
(Plateau) Municios]  1985-1989, 2000, 2006~ 1984-1990, 2000, 2006~ 1985-1990, 2000, 2006-
P 2018 2018 2018
1984-1986, 1988, 1989,
Livestock 2008, 2009 1092, 2001, 2008, 2010,  -988, 2001, 2002, 2008,
2009, 2018
Pecos 2018
Valley Mining 1985, 2000-2018 1984, 1985, 2001-2018 1984-1987, 2001-2018
Municipal 1990-1992, 2000 1990-1992, 2000, 2011 +290-1992, 2000, 2001,

2011
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3.3.2 Atascosa County

Only a small portion of the subcrop area of the Trinity (Hill Country) and overlying Edwards
(Balcones Fault Zone) aquifers are present in the northwestern corner of Atascosa County (see
Figure 24). The Carrizo Sand is the principal aquifer in the county with three other aquifers not
included in this study (the Wilcox Group, Queen City Sand, and Sparta Sand) supplying smaller
amounts of groundwater (Alexander, Jr. and White, 1966). Groundwater pumping estimates from
the TWDB Water Use Survey database indicate that there is not any production from the Trinity
(Hill Country) Aquifer. However, as shown on Figure 25, total pumping from the Edwards
(Balcones Fault Zone) Aquifer is estimated to be up to approximately 2,000 acre-feet per year.

As shown in Figure 25, irrigation and municipal are the only two uses of Edwards (Balcones
Fault Zone) Aquifer groundwater identified in the Water Use Survey data. Irrigation use was first
reported in 1994 and then ranged from approximately 1,000 to 1,500 acre-feet between 1994
through 2002. In 2003 the estimated irrigation pumping declined by nearly 1,000 acre-feet and
subsequently rarely exceeded 500 acre-feet per year through 2018.

Pumping from the Edwards (Balcones Fault Zone) Aquifer for municipal use appears relatively
consistent from 1984 through 2010. During this period, reported municipal use ranged from
approximately 400 to 600 acre-feet per year. However, for two years during this period (2006
and 2007) and for 2011 through 2018, there was not any reported pumping. Municipal water use
in the county is almost entirely surveyed, there is only a relatively small amount of non-surveyed
municipal use from 2000 to 2005.

The year-to-year change analysis (Figure 26) and standard deviation analysis (Figure 27)
identified many of the same potential data anomalies as identified in our manual review. The
year-to-year change analysis identifies some years for review that our manual review and
standard deviation analysis did not flag (for example, 2012 irrigation pumping). Table 11
provides the years identified as having anomalous pumping amounts for Atascosa County.
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Figure 24.

Atascosa County showing the extent of the Edwards (Balcones Fault Zone)
Aquifer and Trinity (Hill Country) Aquifer.
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Figure 25.  Atascosa County Edwards (Balcones Fault Zone) Aquifer groundwater

pumping in acre-feet per year as reported in the TWDB Water Use Survey

data.
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Figure 26.  Atascosa County Edwards (Balcones Fault Zone) Aquifer apparent
anomalies based on the year-to-year change in groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
Triangles mark years where the data appears anomalous.
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Figure 27.  Atascosa County Edwards (Balcones Fault Zone) Aquifer apparent
anomalies based on the criterion of 1.5 standard deviations from the 3-year
average of groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data
appears anomalous.

Table 11. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Atascosa County.

Aquifer Use Manual Review Year-to-Year Change Standard Deviation
o 1984-1994, 1997-1999,
(Ei\ll\cl:?)r:ess Irrigation 1984-1993, 2003 2002-2004. 2012 1984-1994, 2003, 2004
1984, 1985, 1988, 1990,
;gr‘:!et) Municipal 2006, 2007, 2011-2018 1997, 2005, 2006, 2008, 2006, 200265309, 2011-

2011-2018
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3.3.3 Bandera County

The Edwards-Trinity (Plateau) Aquifer is present in the northwestern portion of Bandera County
and spans approximately 26 percent of the county area. The remaining 74 percent of the county
area consists of outcrop of the Trinity (Hill Country) Aquifer. Figure 28 illustrates the extent of
the study area aquifers in the county.

Groundwater pumping estimates from the Water Use Survey database indicate that maximum
total pumping from the Edwards-Trinity (Plateau) Aquifer was approximately 200 acre-feet per
year during the study period (Figure 29). As shown on Figure 29, municipal and livestock uses
are the only reported uses of groundwater from the Edwards-Trinity (Plateau) Aquifer within
Bandera County. Since 2000, when inclusion of the non-surveyed municipal use in the TWDB
Water Use Survey database began, surveyed municipal use for the Edwards-Trinity (Plateau)
Aquifer decreased and non-surveyed use constituted most of the municipal water use.

The year-to-year change analysis (Figure 30) and standard deviation analysis (Figure 31) flagged
anomalies in the pumpage data for the Edwards-Trinity (Plateau) Aquifer in Bandera County.
Specifically, the analyses flagged pumping data for livestock use in 2004 through 2006 as data
indicated a large increase with respect to prior year pumping. Municipal pumping also increased
notably after 2000, peaking in 2005 and then decreasing annually through 2018, with multiple
years flagged as anomalies over this period.

Groundwater pumping estimates from the Water Use Survey database indicate that the maximum
total pumping within Bandera County from the Trinity (Hill Country) Aquifer was
approximately 4,000 acre-feet per year in 2011 (Figure 32). As shown on Figure 32, irrigation,
livestock, manufacturing, mining, and municipal use are the primary uses of groundwater from
the Trinity (Hill Country) Aquifer within Bandera County, with the majority of water pumped
for municipal use. Since 2000, surveyed municipal use for the Trinity (Hill Country) Aquifer
decreased and non-surveyed use constituted most of the municipal water use.

The year-to-year change analysis (Figure 33) and standard deviation analysis (Figure 34) flagged
many anomalies in the Bandera County pumping data for the Trinity (Hill Country) Aquifer.
These analyses identified anomalies in irrigation use data in 2009, 2011, 2012, and 2018. The
automated analyses also flagged anomalies in both livestock and municipal use data, yet our
manual review did not identify many of these same potential data anomalies.

Potentially irrigated land in Bandera County over the Trinity (Hill Country) Aquifer correlates
linearly to groundwater pumpage from the Trinity (Hill Country) Aquifer for irrigation use.
Figure 35 indicates that as the area of potentially irrigated land over the Trinity (Hill Country)
Aquifer increased in the county, reported pumpage for irrigation also increased. Figure 36
indicates a linear correlation value (“r’”) of 0.73 between potentially irrigated land area over the
Trinity (Hill Country) Aquifer and groundwater pumpage for irrigation use. This strong positive
correlation reinforces the observation that pumpage from the Trinity (Hill Country) Aquifer for
irrigation in Bandera County has tended to increase as potentially irrigated land located over
Trinity (Hill Country) Aquifer has increased.

Table 12 provides the years identified as having anomalous pumping amounts for Bandera
County, from both the Edwards-Trinity (Plateau) Aquifer and the Trinity (Hill Country) Aquifer.
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Figure 28.  Bandera County showing the extent of the Edwards-Trinity (Plateau)

Aquifer and Trinity (Hill Country) Aquifer.
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Figure 29.  Bandera County Edwards-Trinity (Plateau) Aquifer groundwater pumping
in acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 30.  Bandera County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 31.  Bandera County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 32.  Bandera County Trinity (Hill Country) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 33.  Bandera County Trinity (Hill Country) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 34.

Bandera County Trinity (Hill Country) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 35.  Bandera County Trinity (Hill Country) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey
data and potentially irrigated land area (according to land use data), in acres
per year, overlying the aquifer.
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Figure 36.  Bandera County Trinity (Hill Country) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land
area (according to land use data), in acres per year, overlying the aquifer.
Green shaded area represents the 95 percent confidence interval based on
the linear regression.
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Table 12. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Bandera County.
Aquifer Use Manual Review Year-to-Year Change Standard Deviation
Edwards- Livestock 2004 2004, 2005, 2012 2004-2006, 2012, 2013
Trinity Municipal None 1994, 2000, 2001, 2006,  2000-2002, 2006, 2007-
(Plateau) P 2010 2009
Irrigation 2011, 2018 2000, 2003612311’ 2012, 2009, 2011, 2018
1988, 1994, 1996, 1999,
Trinity Livestock 2001 2001, 2004, 2005, 2010, 1999, 2001-2003
(Hill 2012
Country) 1984-1991, 1993, 1995,

Manufacturing

1992, 1995, 2001-2018

1984-1996, 2001-2018

2001-2018

Mining

2000-2018

1986, 1987, 2000-2018

1986, 2000-2018

Municipal

None

2000, 2006, 2007, 2013

2000, 2006, 2013-2015
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3.3.4 Bexar County

The Edwards (Balcones Fault Zone) Aquifer is present in the northwestern portion of Bexar
County and spans approximately 48 percent of the county area. The Trinity (Hill Country)
Aquifer is also in the northwestern portion of Bexar County and comprises about 61 percent of
the area, including some areas where the Edwards (Balcones Fault Zone) Aquifer and Trinity
(Hill Country) Aquifer overlap. Figure 37 illustrates the extent of the study area aquifers in
Bexar County.

Groundwater pumping estimates from the Water Use Survey database indicate that maximum
total pumping from the Edwards (Balcones Fault Zone) was just under 300,000 acre-feet per year
(Figure 38). As shown on Figure 38, Edwards (Balcones Fault Zone) Aquifer water uses within
Bexar County have included irrigation, livestock, manufacturing, mining, municipal, power, and
“unknown” with the majority of usage for municipal purposes. The TWDB Water Use Survey
database includes non-surveyed municipal water use from the Edwards (Balcones Fault Zone)
Aquifer in Bexar since 2000 but the amount is small in comparison to the surveyed municipal
water use.

The year-to-year change analysis (Figure 39) and standard deviation analysis (Figure 40) flagged
numerous anomalies in the Bexar County data for the Edwards (Balcones Fault Zone) Aquifer.
We identified data anomalies for all water use categories which were often associated with rapid
fluctuations in pumpage. Examination of individual entity pumping records during subsequent
project phases may reveal explanations for many of the industry-related anomalies (for
manufacturing, mining, and power use).

Groundwater pumping estimates from the Water Use Survey dataset indicate that maximum total
pumping within Bexar County from the Trinity (Hill Country) Aquifer was approximately
40,000 acre-feet per year (Figure 41), which occurred in 2016. As shown on Figure 41, the Water
Use Survey dataset records irrigation, municipal, livestock, mining, and manufacturing uses from
the Trinity (Hill Country) Aquifer. The TWDB Water Use Survey database includes non-
surveyed municipal water use from the Trinity (Hill Country) Aquifer in Bexar County since
2006 but the amount is small in comparison to the surveyed municipal water use.

The year-to-year change analysis (Figure 42) and standard deviation analysis (Figure 43) flagged
many anomalies in the Bexar County Water Use Survey data for the Trinity (Hill Country)
Aquifer. These anomalies included a large increase in municipal usage after 2014, as well as an
increase and decline in water usage for mining from 2009 onward.

Potentially irrigated land in Bexar County over the Edwards (Balcones Fault Zone) Aquifer
correlates linearly to groundwater pumpage from the Edwards (Balcones Fault Zone) Aquifer for
irrigation use. Figure 44 indicates that as the area of potentially irrigated land over the Edwards
(Balcones Fault Zone) Aquifer decreased in the county, so has the reported Edwards (Balcones
Fault Zone) Aquifer pumpage for irrigation. Figure 45 indicates a linear correlation value (*“r’)
of 0.60 between the potentially irrigated land area and groundwater pumpage for irrigation. This
strong positive correlation suggests that pumpage for irrigation in Bexar County from the
Edwards (Balcones Fault Zone) Aquifer matches the trend in potentially irrigated land overlying
the aquifer.
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Table 13 provides the years identified as having anomalous pumping amounts for Bexar County
from the Edwards (Balcones Fault Zone) Aquifer and the Trinity (Hill Country) Aquifer.

Atascosa

Study Area Aquifers A
Edwards (Balcones Fault Trinity (Hill Country) .
- Zone) Aquifer outcrop - Aquifer outcrop Miles
@ Edwards (Balcones Fault E Trinity (Hill Country) r — = Texas County
Zone) Aquifer subcrop Aquifer subcrop - — 4 Boundaries 0 7

Figure 37.  Bexar County showing the extent of the Edwards (Balcones Fault Zone)
Aquifer and Trinity (Hill Country) Aquifer.
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Figure 38.

Bexar County Edwards (Balcones Fault Zone) Aquifer groundwater

pumping in acre-feet per year as reported in the TWDB Water Use Survey

data.
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Figure 39.  Bexar County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 40.  Bexar County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water

Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 41.  Bexar County Trinity (Hill Country) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data.
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Figure 42.

Bexar County Trinity (Hill Country) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.

67




Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Irrigation 1.000 41 | 'l
500 - 'E
(@) g iiiiilii AL iALANEEETENEEENNUENTEE B
m Livestock 60 - || nn
T | ST TS (T
®) o S e A
Manufacturing 5,000 - ¥
2,500 - v
(©) (A L B A4 A B A A A A A AR A
Mining 6,[}00-
v
3,000 - v
(d) (ErAAAAA LA AL LA LA A
I Municipal 30.000 - g
15,000 - MIF
(e) 0 -
mmm Total 30,000 - i’i
15,000 l””””
(f) 0 -
<+ O 00 O N = O 00 © N =S O 0O O N = O o
All pumpage is reported in 0 W W D O DO OO OO = T T T
unit%ofgc?e-feetgeryear 22222222 g g g g g g g g g g
Year

Figure 43.  Bexar County Trinity (Hill Country) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 44.  Bexar County Edwards (Balcones Fault Zone) Aquifer groundwater
pumping for irrigation, in acre-feet per year, as reported in the TWDB
Water Use Survey data and potentially irrigated land area (according to land
use data), in acres per year, overlying the aquifer.
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Figure 45.  Bexar County Edwards (Balcones Fault Zone) Aquifer groundwater

pumping for irrigation, in acre-feet per year, correlated with potentially
irrigated land area (according to land use data), in acres per year, overlying
the aquifer. Green shaded area represents the 95 percent confidence interval
based on the linear regression.
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Table 13. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Bexar County.
Aquifer Use Manual Review Year-to-Year Change Standard Deviation
1989, 1991, 1993, 1995,
Irrigation 2000 1998-2000, 2003, 2007, -89 12%%01 12%%% 2000,
2009, 2010 ’
. 1984, 1985, 2005, 2008,
Livestock 2005, 2010-2011 2010, 2012 2005, 2006, 2010-2013
. 1987, 1992, 1993, 1995- 1993, 1996-1999, 20086,
Edwards _anufacturing 1993, 2006 1097, 1999, 2000, 2006 2007
(Balcones 1984, 1985, 1991, 1993, ]
Fault Mining 1984, 2008, 2016 1997-1999, 2008, 2009, 204 1993,1998, 2008
2011, 2016
Zone) 2016
. 1984, 1985, 1988, 1990,
Municipal None 2005, 2008, 2009 1991, 2002, 2005, 2006
1984, 1985, 1988, 1994,
Power 1998, 2000 1097-2001, 2010 1998, 2001
1984-1999, 2001, 2002,
Unknown 1984-1999, 2015 2015-2017 1984-1999, 2017, 2018
. 1984-2000, 2002, 2003,
Irrigation 1985-1999 2007-2014, 2017 1985-2000, 2009
1984, 1985, 1987, 1994,
Livestock 1984, 2004, 2010-2011 1996, 1998, 2004, 2005, 1984 20036%205' 2010-
Trinity 2008, 2010, 2012
(Hill 1984, 1985, 1988, 1990, 1984, 1990, 1998, 2000,
Country)  Manufacturing 1984, 2000-2018 1991, 1998-2000, 2005- 2001, 2005-2008, 2010-

2008, 2010-2018

2018

Mining

1984-1999

1984-2000, 2009, 2010,
2013-2016

1984-2000, 2014-2016

Municipal

2016

2015-2018

2015, 2016, 2018
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3.3.5 Blanco County

A small amount of the Edwards-Trinity (Plateau) Aquifer is present in the western portion of
Blanco County (about 3 percent of the county area). Approximately 80 percent of Blanco County
overlies the Trinity (Hill Country) Aquifer. Figure 46 illustrates the extent of the study area
aquifers in the county.

Groundwater pumping estimates from the Water Use Survey database indicate that maximum
total pumping from the Edwards-Trinity (Plateau) Aquifer within Blanco County was just over
three acre-feet per year (Figure 47). As shown on Figure 47, all Water Use Survey reported water
pumpage was for livestock use.

The year-to-year change analysis (Figure 48) and standard deviation analysis (Figure 49) flagged
many anomalies in the data for the Edwards-Trinity (Plateau) Aquifer. However, due to the low
amounts of production, additional review of these anomalies may not be warranted.

Groundwater pumping estimates from the Water Use Survey database indicate that maximum
total pumping from the Trinity (Hill Country) within Blanco County was approximately 2,000
acre-feet, which occurred in 2014 (Figure 50). As shown on Figure 50, the Water Use Survey
reports pumping for mining, livestock, municipal, and irrigation use. Non-surveyed municipal
water use constitutes most of the municipal water use from 2000 through 2003 and 2006 through
2008 but becomes small relative to the surveyed municipal water use after 2008.

The year-to-year change analysis (Figure 51) and standard deviation analysis (Figure 52) flagged
many anomalies in the Blanco County data for the Trinity (Hill Country) Aquifer. The abrupt
increase in irrigation pumping after 2011 indicates an anomaly in the dataset, as well as the
increase and decrease in municipal pumping after 2007. Fluctuations in pumpage for livestock
also yielded some data anomalies. Table 14 provides the years identified as having anomalous
pumping amounts for Blanco County for the Edwards-Trinity (Plateau) Aquifer and the Trinity
(Hill Country) Aquifer.
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Figure 46.  Blanco County showing the extent of the Edwards-Trinity (Plateau) Aquifer
and Trinity (Hill Country) Aquifer.
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Figure 47.  Blanco County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 48.  Blanco County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 49.  Blanco County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 50.

Blanco County Trinity (Hill Country) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 51.  Blanco County Trinity (Hill Country) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 52.  Blanco County Trinity (Hill Country) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.

Table 14. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Blanco County.

Aquifer Use Manual Review Year-to-Year Change Standard Deviation
Edwards-
Trinity  Livestock 1984-1999, 2010 2000, 2001, 2003, 2005, 2009-2011-2013
2007-2010
(Plateau)
Irrigation 2012-2018 2012, 2015, 2017 2012, 2013, 2015
- . 1992, 1994, 1996, 2001,
T(r||_|ni|l'iy Livestock None 2004, 2005, 2007-2010 2001, 2005, 2008-2012
Country) Mining 1984-1991, 2000-2018 1984-1990, 2000-2018 1984-1991, 2000-2018
Municipal 2004-2005 2006, 2008, 2010-2012, 2008, 2010, 2011, 2017,

2014, 2017 2018
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3.3.6  Brewster County

The outcrop area of the Edwards-Trinity (Plateau) Aquifer covers about 25 percent of Brewster
County, as is predominantly along the eastern portion of the county (see Figure 53). As shown on
Figure 54, the TWDB Water Use Survey indicates total pumping from the Edwards-Trinity
(Plateau) Aquifer in Brewster County to be up to approximately 1,600 acre-feet per year in the
late 1980’s, but is significantly less from 2000 onward. Most of the pumping is for livestock and
municipal use, yet mining use was also prevalent before 1989. Since 2000, when inclusion of
non-surveyed municipal use in the TWDB Water Use Survey database began, it represents most
of the total municipal use.

The year-to-year analysis (Figure 55) and standard deviation analysis (Figure 56) indicate that
pumping data for the Edwards-Trinity (Plateau) Aquifer for irrigation is missing from the years
2000-2018. Manufacturing data and mining data are absent from the database after 1988.
Furthermore, there is a sharp decrease in municipal and livestock use beginning in 2000. Overall,
the TWDB Water Use Survey data suggests total groundwater production from the aquifer is
relatively low (compared to aquifer production from other counties), but there are some years of
data that may warrant further investigation. Table 15 provides the years identified as having
anomalous pumping amounts for Edwards-Trinity (Plateau) Aquifer Brewster County.

78



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Jeff Davis

Terrell

Presidio

Brewster

Study Area Aquifers A

Edwards-Trinity (Plateau) Miles

Aquifer outcrop |_|_l—|

r — = Texas County
- — < Boundaries 0 19

Brewster County showing the extent of the Edwards-Trinity (Plateau)
Aquifer.

Figure 53.

79



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

I Irrigation 500 -
250 A
(a) 0IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
B |ivestock 400
200 A
(b) 0 -
6
Manufacturing 4 4
2_
(c) OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Mining 600 -
300 A
(d) 0IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Municipal
E Surveyed 200'
N Non-surveyed
100 A
(e) 0 -
mm Total 1,600 A
800 A
(M) 0-
All pumpage is reported in g % % g g g g 8 8 g g 8 8 e ¢ ITeR
units of acre-feet per year 222222228 8I88888 18
Year

Figure 54.  Brewster County Edwards-Trinity (Plateau) Aquifer groundwater pumping
in acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 55.

Brewster County Edwards-Trinity (Plateau) Aquifer apparent anomalies

based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 56.  Brewster County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Table 15. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Brewster County.
Aquifer Use Manual Review Year-to-Year Change Standard Deviation
o 1984, 1985, 1989, 1994,
Irrigation 2000-2018 2000-2018 1989, 2000-2018
. 1986, 1987, 1992, 1994, 1987, 1988, 1994, 2003,
E_(lj_\;\llglrtds Livestock 2003-2018 1096, 2002-2004 2004
(Plateaﬁ) Manufacturing 1985-2018 1985-2018 1984-2018
Mining 1986, 1989-2018 1986-2018 1986, 1989-2018
Municipal 1989, 2000 1986, 1989, 1990, 2000, 1989, 2000, 2001

2010, 2016
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3.3.7 Burnet County

The Trinity (Hill Country) Aquifer outcrop is present in the southern portion of Burnet County
and covers about three percent of the county area (see Figure 57). Estimated total pumping from
the Trinity (Hill Country) Aquifer was typically around 1,000 acre-feet per year and ranged up to
a little more than 2,000 acre-feet per year (Figure 58).

Groundwater pumping values from the TWDB Water Use Survey data indicate a small amount
of pumping within Burnet County from both the Edwards (Balcones Fault Zone) Aquifer and the
Edwards-Trinity (Plateau) Aquifer. However, the TWDB delineation of these aquifers does not
show them as present within the county. We have flagged these data for further review and
verification within subsequent phases of this project.

As shown in Figure 58, the TWDB Water Use Survey reports irrigation, livestock,
manufacturing, mining, and municipal use of groundwater from the Trinity (Hill Country)
Aquifer. Pumping for irrigation typically ranges from 50 to 200 acre-feet per year. In the years
2010 through 2012, pumping for irrigation abruptly increased to over 400 acre-feet per year,
followed by an abrupt decrease and then relatively consistent levels from 2013 through 2018. As
seen on the year-to-year (Figure 59) and standard deviation (Figure 60) anomaly detection plots,
this variation in reported production is anomalous and warrants further scrutiny.

Pumping for livestock typically ranged from 100 to 300 acre-feet per year. In 2008 and 2009,
livestock pumping decreased to less than 50 acre-feet per year. In 2018, pumping for livestock
increased to 700 acre-feet per year. Groundwater use for manufacturing ranged from 1 to 15
acre-feet per year from 1984-2011, in increased to between 50 and 60 acre-feet per year through
2018. Pumping for mining typically averaged approximately 13 acre-feet per year from 1984
through 1997. From 1998 to 2011 mining water usage was reportedly low, yet from 2012
through 2018 was significantly higher than in all previous years. Compared to the other uses,
pumping for municipal use was relatively consistent from 1984 through 2018, typically ranging
from 500 to 1,000 acre-feet per year. Since 2000, when inclusion of non-surveyed municipal use
in the TWDB Water Use Survey database began, it represents most of the total reported
municipal use. The main anomaly identified for Burnet County is the assignment of pumping to
aquifers that the TWDB does not define as present in the county. Table 16 provides the years
identified as having anomalous pumping amounts from the Trinity (Hill Country) Aquifer for
Burnet County based on our manual review, year-to-year change (Figure 59), and standard
deviation (Figure 60) analyses. In addition, we will review the assignment of municipal use
pumping to the Edwards-Trinity (Plateau) Aquifer in 2004, and the assignment of municipal
and/or mining pumping to the Edwards (Balcones Fault Zone) Aquifer in 2000 through 2015.
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Figure 57.  Burnet County showing the extent of the Trinity (Hill Country) Aquifer
within the study area.
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Figure 58.  Burnet County Trinity (Hill Country) Aquifer groundwater pumping in

acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 59.

Burnet County Trinity (Hill Country) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 60.  Burnet County Trinity (Hill Country) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Years identified in the TWDB Water Use Survey data as containing

Table 16.
anomalous groundwater pumping amounts for Burnet County.
Aquifer Use Manual Review Year-to-Year Change Standard Deviation
1984-1986, 1989, 1994-
Irrigation 2010-2012 1999, 2010-2013, 2016, 1994'129099’ 220010’ 2012-
2017 15, 2017
Trinity . i 2001, 2005, 2008, 2010,
(Hill Livestock 2008-2009, 2018 2012, 2018 2008, 2018
Country)  Manufacturing 2012 2012, 2014, 2017 2012-2014, 2017, 2018
Mining 2012, 2013, 2016 2010-2014, 2016 2010-2013, 2016, 2017
. 1984-1986, 1997, 2000,
Municipal 1985 2014, 2015 1985, 1986, 2015
Edwards
(Balcones ;
Fault All Not present in county
Zone)
Edwards-
Trinity All Not present in county
(Plateau)
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3.3.8 Caldwell County

Only a small portion of the subcrop area of the Trinity (Hill Country) Aquifer is present in the
western corner of Caldwell County (see Figure 61). However, TWDB Water Use Survey data
indicates pumping of about 10 acre-feet per year is occurring from the Edwards (Balcones Fault
Zone) Aquifer (Figure 62). While the formations comprising the aquifer certainly extend beyond
the defined aquifer footprint, the assignment of pumping to the aquifer is in itself anomalous and
warrants further review.
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Figure 61.  Caldwell County showing the extent of the Trinity (Hill County) Aquifer.

90



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

mmm Livestock 10 A l l l l l
5 -
(a) 0 LI L L L L L L LI L L
m Total 10 - l l l l l
5 -
(b) O I 1 I I 1 I 1 1

All pumpage is reported in
units of acre-feet per year

1984
1986 -
1988 -
1990 A
1992 -

Figure 62.  Caldwell County Edwards (Balcones Fault Zone) Aquifer groundwater
pumping in acre-feet per year as reported in the TWDB Water Use Survey
data.
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3.3.9 Coke County

The Edwards-Trinity (Plateau) Aquifer is present in the northern and southern portions of Coke
County covering about 31 percent of the county area. Portions of the Lipan Aquifer are also
present within southern and southwestern Coke County. Figure 63 illustrates the extent of the
study area aquifers in Coke County.

With respect to the Edwards-Trinity (Plateau) Aquifer within Coke County, groundwater
pumping estimates from the Water Use Survey database indicate that maximum total pumping
was approximately 200 acre-feet per year (Figure 64). As shown on Figure 64, the TWDB Water
Use Survey database reports pumping from the aquifer in the county for manufacturing,
livestock, irrigation, and municipal use, with roughly equal volumes used for irrigation,
livestock, and municipal after 2004. There is not any surveyed municipal use from 2000 through
2010, 2016, or 2017 and only a relatively small amount of non-surveyed use from 2011 through
2015.

The year-to-year change analysis (Figure 65) and standard deviation analysis (Figure 66) flagged
many anomalies in the Coke County data for the Edwards-Trinity (Plateau) Aquifer. In addition
to pumping from the Edwards-Trinity (Plateau) Aquifer in Coke County, the TWDB Water Use
Survey database also reports pumping from an “Other” aquifer for municipal use. Due to the
small footprint of the Lipan Aquifer in the county, we do not expect much pumping from the
Lipan Aquifer within Coke County but will investigate if pumping should be included for the
aquifer in subsequent project phases.

We expect groundwater pumping for irrigation in Coke County to correlate negatively to
precipitation such that there is less groundwater pumped for irrigation during wet years and more
groundwater pumped for irrigation during dry years. Figure 67 indicates that as precipitation
increased in the county after 2000, the reported pumpage for irrigation from the Edwards-Trinity
(Plateau) Aquifer tended to decrease. Similarly, for years with lower rainfall, irrigation pumpage
totals were larger. Figure 68 indicates a correlation value (“r’”) of -0.51 between precipitation
and groundwater pumpage for irrigation from the Edwards-Trinity (Plateau) Aquifer in Coke
County. This moderate negative correlation suggests that the reported pumpage for irrigation in
Coke County after 2000 inversely follows the trend in precipitation.

We expect a positive linear correlation between the land potentially used for irrigation overlying
the Edwards-Trinity (Plateau) Aquifer in Coke County and groundwater pumpage for irrigation
use from the aquifer. However, although the acres of potentially irrigated land overlying the
aquifer appear to be increasing in the county, the reported pumping from the aquifer for
irrigation has reportedly decreased (see Figure 69). Figure 70 indicates a linear correlation value
(““r”) of -0.58 between the potentially irrigated land area overlying the aquifer within the county
and reported groundwater pumpage for irrigation. This moderate negative correlation suggests
that pumpage from the aquifer for irrigation in the county inversely follows trends in land use.
This inverse trend could indicate that the irrigation pumpage data is in error or be due to another
factor, such as, irrigators growing crops with lower water demands per acre or using irrigation
methods are more efficient. Nonetheless, further research into the relationship between land use
and irrigation pumpage in the county could provide insight into the validity of reported irrigation
pumpage from the Edwards-Trinity (Plateau) Aquifer in Coke County.
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Table 17 provides the years identified as having anomalous pumping amounts for Coke County
based on our manual review, year-to-year change (Figure 65), and standard deviation (Figure 66)
analyses within Coke County for the Edwards-Trinity (Plateau) Aquifer.
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Figure 63.  Coke County showing the extent of the Edwards-Trinity (Plateau) Aquifer
and Lipan Aquifer.
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Figure 64.

acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 65.  Coke County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 66.  Coke County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 67. Coke County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey
data and total precipitation, in acre-feet per year, that occurred on

potentially irrigated land (according to land use data) within the county over
the aquifer.
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Figure 68.  Coke County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey
data versus total precipitation that occurred on potentially irrigated land
(according to land use data) within the county over the study area aquifers in
acre-feet per year. Blue shaded area represents the 95 percent confidence
interval based on the linear regression.
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Figure 69.  Coke County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey

data and potentially irrigated land area (according to land use data), in acres
per year, overlying the aquifer.
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Figure 70.  Coke County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land
area (according to land use data), in acres per year, overlying the aquifer.
Green shaded area represents the 95 percent confidence interval based on
the linear regression.
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Table 17. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Coke County.

Aquifer Use Manual Review Year-to-Year Change Standard Deviation
1984-2000, 2002-2004,
Irigation  1984-1999, 2003, 2009 2006, 2007, 2009, 2010, 1984-2000, 2003
Edwards. 2012, 2015
Trinity Livestock 2005 2005, 2008, 2013 2005, 2006, 2008, 2013,
(Platea)  ~Manufacturing 1995-1996 1984-1994, 1997-2018 __1984-1995, 1997-2018

1988, 2000, 2011, 2013,

Municipal 2000, 2011, 2018 2016, 2018

1988, 2011, 2016, 2018
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3.3.10 Comal County

The Edwards (Balcones Fault Zone) Aquifer is present in the central portion of Comal County
and covers about 37 percent of the county area. Approximately 98 percent of Comal County
contains the Trinity (Hill Country) Aquifer. Figure 71 illustrates the extent of the study area
aquifers in the county.

Groundwater pumping estimates from the Water Use Survey dataset indicate that the maximum
total pumping from the Edwards (Balcones Fault Zone) within Comal County was approximately
20,000 acre-feet, which occurred in 1996 and 1999. (Figure 72). As shown on Figure 72,
irrigation, municipal, mining, livestock, and manufacturing are the recorded uses of groundwater
from the Edwards (Balcones Fault Zone) Aquifer within Comal County. There is non-surveyed
municipal use reported after 2000 but it represents a small portion of the total municipal use.
Water usage for manufacturing, mining, and municipal use were often 10 to 20 times larger than
usage for irrigation, and 100 to 200 times larger than reported livestock use.

The year-to-year change analysis (Figure 73) and standard deviation analysis (Figure 74) flagged
numerous anomalies in the Comal County data for the Edwards (Balcones Fault Zone) Aquifer.
Year-to-year fluctuations in pumpage flagged many of the anomalies. However, the irrigation,
livestock, and manufacturing datasets each contained periods of low and nearly constant
pumpage bracketed by higher and variable pumpage which could indicate that pumpage was
consistently under-reported during the years of low reporting. Other explanations are also
possible and the anomalies warrant further investigation.

Groundwater pumping estimates from the Water Use Survey dataset indicate that the maximum
total pumping from the Trinity (Hill Country) Aquifer in Comal County was been approximately
9,000 acre-feet, which occurred in 2018 (Figure 75). As shown in Figure 75, the Water Use
Survey data includes pumping from the Trinity (Hill Country) Aquifer in Comal County for
mining, manufacturing, livestock, municipal, and irrigation use. Since 2000, the TWDB Water
Use Survey database includes non-surveyed municipal use but it represents a small amount
compared to the surveyed use. Manual review of Figure 75 indicates sporadic large changes in
year-to-year pumping for municipal and irrigation use. Reported Water Use Survey data are
insufficient for manufacturing and mining use to assess data trends and fluctuations. Water for
livestock use decreased from 1998 through 2004 and then stabilized at relatively low pumping
levels through 2018.

The year-to-year change analysis (Figure 76) and standard deviation analysis (Figure 77) flagged
numerous anomalies in the Comal County data for the Trinity (Hill Country) Aquifer. However,
due to the low amounts of production, significant additional review may not be warranted for the
irrigation and livestock uses. The primary anomaly of interest for the Water Use Survey Trinity
(Hill Country) Aquifer pumping data are the large changes in mining and manufacturing
pumping, as well as the missing data within these datasets.
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Figure 71.  Comal County showing the extent of the Edwards (Balcones Fault Zone)
Aquifer and Trinity (Hill Country) Aquifer.
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With respect to the Trinity (Hill Country) Aquifer and its footprint area, land used for potential
irrigation in Comal county negatively correlates to groundwater pumpage from the Trinity (Hill
Country) Aquifer for irrigation use. Figure 78 indicates that although the acres of potentially
irrigated land overlying the Trinity (Hill Country) Aquifer in the county have decreased since
1992, the reported pumpage for irrigation use has increased. Figure 79 indicates a linear
correlation value of -0.49 between potentially irrigated land area and groundwater pumpage for
irrigation. The observed moderate negative correlation inversely follows trends in land use. This
inverse trend could indicate that the irrigation pumpage data is in error or be due to another
factor, such as, irrigators growing crops with lower water demands per acre or using irrigation
methods are more efficient. Nonetheless, further research into the relationship between land use
and irrigation pumpage in the county could provide insight into the validity of reported irrigation
pumpage from the Trinity (Hill Country) Aquifer in Comal County.

Table 18 provides the years identified as having anomalous pumping data for Comal County for
the Edwards (Balcones Fault Zone) Aquifer and Trinity (Hill Country) Aquifer.
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Figure 72.  Comal County Edwards (Balcones Fault Zone) Aquifer groundwater

pumping in acre-feet per year as reported in the TWDB Water Use Survey
data.
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Figure 73.

Comal County Edwards (Balcones Fault Zone) Aquifer apparent anomalies

based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 74.  Comal County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 75.  Comal County Trinity (Hill Country) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data.
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Figure 76.

Comal County Trinity (Hill Country) Aquifer apparent anomalies based on

the year-to-year change in groundwater pumping in acre-feet per year as

reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 77.  Comal County Trinity (Hill Country) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.

110



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

T 300 @
o - 18,000 &
- Q
) L
3 E
- 17,400
L | ’ @©
o 150 ©
= o
S 2
= - 16,800 ‘©
S =)
Q_ 0 1 1 1 1 1 1 T T T T T T 1 1 1 1 1 1 T T T T T T 1 1 1 1 1 T T T T T T E
o (2] = w w (=] (3] =t w o«
3 8 8 8 8 8 § 8 S 5 38 8 S8 2 5 5 =5 =
2 2 2 2 2 2 2 2 § & &8 &8 &8 & &8 & & «
Year

Figure 78.  Comal County Trinity (Hill Country) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey
data and potentially irrigated land area (according to land use data), in acres
per year, of overlying the aquifer.
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Figure 79.  Comal County Trinity (Hill Country) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land
area (according to land use data), in acres per year, overlying the aquifer.
Green shaded area represents the 95 percent confidence interval based on
the linear regression.
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Table 18. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Comal County.
Aquifer Use Manual Review Year-to-Year Change Standard Deviation
o 1984-1986, 1989, 1993, 1985, 1993, 1994, 20086,
Irrigation 1985, 1993-2005, 2008 2006-2012 2008
. 1984, 1985, 2000, 2001, 1984, 2000, 2003, 2004,
(EB(;YZZT:S Livestock 1985-1998, 2001-2002 2003, 2005, 2008, 2010 2006
. 1991, 1996, 1997, 1999, 1991, 1992, 1996, 2000,
;g;;ét) Manufacturing 1991, 2000 2000, 2010 2001
Minin 1984-1986, 1989- 1987, 1989, 1991, 1992, 1987, 1992, 1993, 1998,
9 19901998, 2010 1998-2002, 2010 2000, 2010
Municipal 1992, 2011 1992, 2005, 2008, 2011 1992, 1993, 2011, 2012
. 1985-1993, 2006-2012,  1985-1993, 2006, 2008,
Irrigation 2006, 2010 2016 2009
Trinity Livestock None 1996, 2003, 2005 1988, 2001, 2003, 2005
(Hill Manufacturing 2012, 2014, 2015 1984-2009, 2012-2016  1984-2009, 2012, 2014
Country) Mining 1984-2015, 2018 1984-2018 1984-2015
Municipal 2004 2000, 2004, 2006, 2008, 404 5006, 2008-2010

2010, 2011, 2017
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3.3.11 Concho County

The Edwards-Trinity (Plateau) Aquifer is present in the southern portion of Concho County, and
covers approximately 37 percent of the county area. The Lipan Aquifer underlies the western
portion of Concho County and spans about 20 percent of the county area. Figure 80 illustrates
the extent of the study area aquifers in Concho County.

With regard to the Edwards-Trinity (Plateau) Aquifer within Concho County, groundwater
pumping estimates from the Water Use Survey dataset indicate that maximum total pumping was
approximately 600 acre-feet, which occurred in 1984 (Figure 81). As shown on Figure 81, the
Water Use Survey dataset reports pumpage for livestock and municipal uses only. Manual
review of the pumping data suggests that 1984, 2001, and 2017 are anomalous data-years with
respect to livestock use, and both 1984 and 2018 are anomalous years with respect to municipal
use.

The year-to-year change analysis (Figure 82) and standard deviation analysis (Figure 83) flagged
numerous anomalies in the data for the Edwards-Trinity (Plateau) Aquifer in Concho County.
Flagged anomalies included years of missing data and years where reported pumping differed
sufficiently with respect to that from nearby years within the dataset.

For the Lipan Aquifer within Concho County, groundwater pumping estimates from the Water
Use Survey dataset indicate that the maximum total pumping was approximately 6,000 acre-feet,
which occurred in 1993 and 2008 (Figure 84). As shown on Figure 84, the Water Use Survey
database only included pumpage for irrigation and municipal uses for the aquifer within the
county. Manual review of pumpage data suggests numerous anomalies within the irrigation
dataset. Within the municipal dataset, the 2018 value appears anomalous, yet the reported
pumpage is small compared to the irrigation usage. Municipal use data is not available prior to
2006. The year-to-year change analysis (Figure 85) and standard deviation analysis (Figure 86)
flagged many anomalies in the data for the Lipan Aquifer within Concho County.

Table 19 provides the years identified as having anomalous pumping amounts for Concho
County for the Edwards-Trinity (Plateau) Aquifer and Lipan Aquifer.
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Figure 80.  Concho County showing the extent of the Edwards-Trinity (Plateau) Aquifer
and Lipan Aquifer.

115



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

mmm Ljvestock 400 +
200 -
(@) 0-
Municipal 180
mm Surveyed 120 -
B Non-surveyed 60 -
(b) 0 -
= Total 500 A
250 -
() 0 -
All pumpage is reported in =+ © @ O N % © 0 2 N I © © g Q 3 ‘cg g_.‘)
units of acre-feet per year g % % 8 8 g g g 8 8 8 8 8 o o o o o
- — T T T v+ ++— +«— O &N &N AN AN AN N AN NN
Year

Figure 81.  Concho County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 82.  Concho County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 83.  Concho County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 84.  Concho County Lipan Aquifer groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data.
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Figure 85.  Concho County Lipan Aquifer apparent anomalies based on the year-to-year
change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data
appears anomalous.
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Figure 86.  Concho County Lipan Aquifer apparent anomalies based on the criterion of
1.5 standard deviations from the 3-year average of groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
Triangles mark years where the data appears anomalous.
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Table 19. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Concho County.
Aquifer Use Manual Review Year-to-Year Change Standard Deviation
. 1984, 1985, 1992, 1994,
Eg\r/\i/r?{g/s- Livestock 1984 2004-2008, 2017 1984, 2004
- 1984, 1985, 1987, 2000- 1984, 1986, 2001-2005,
(Plateau) Municipal 1984, 2000-2005, 2018 2005, 2018 2018
\rrication 1993 1990, 1993-2000, 2002, 1993, 1997, 2006, 2008,
Lipan g 2003, 2006-2012, 2018 2009
Municipal 2018 1984-2005, 2018 1984-2005, 2018
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3.3.12 Crane County

The Pecos Valley Aquifer is present in almost all (about 95 percent) of Crane County (see Figure
87). Within relatively small portions of the county the Edwards-Trinity (Plateau) Aquifer is also
present, however there is not any reported pumping from this aquifer in the TWDB Water Use
Survey database. Groundwater pumping estimates from the TWDB Water Use Survey indicates
total pumping from the Pecos Valley Aquifer was more than 4,000 acre-feet per year in 1984, but
is generally less than 2,000 acre-feet per year from 2000 onward (see Figure 88). The largest
quantities of water pumped within Crane County from the Pecos Valley Aquifer were for mining
use prior to 2000. After this time, municipal is the largest water use category.

Pumping for irrigation use typically ranged from 10 to 100 acre-feet per year from 1984 through
1996. An abrupt increase in irrigation pumping occurred in 1997 and continued for three years.
After this period, the TWDB Water Use Survey database does not contain irrigation pumping
data the Pecos Valley Aquifer within Crane County.

Pumping for livestock use ranged from approximately 50 to 150 acre-feet per year from 1984
through 2018. There is an abrupt drop in pumping from 2009 to 2010 with the previous three
years showing an increasing trend. We also observe an anomaly in manufacturing pumping in
1988 with a reported total volume of about 400 acre-feet per year which is higher than the
approximately 150 acre-feet per year reported in years 2000 through 2018. Pumping for mining
use averaged approximately 1,500 acre-feet per year from 1984 to 1999, with no reported
pumping for mining use after 1999. Pumping for municipal use averages about 1,250 acre-feet
per year from 1984 through 2018. Since 2000, when inclusion of non-surveyed municipal use in
the TWDB Water Use Survey database began, it represents most of the total reported municipal
use.

The year-to-year change analysis shown on Figure 89 suggests several data anomalies for
livestock and municipal use than we determined from the manual review or the standard
deviation analysis (Figure 90). For the municipal pumping estimates, the year-to-year change
analysis flagged what appear to be relatively minor changes (for example, 1998 to 1999).
Similarly, the standard deviation evaluation flagged the year 1992 (for municipal use), which
was not indicated from our manual review.

Table 20 provides the years identified as having anomalous pumping amounts for Crane County
based on our manual review, year-to-year change (Figure 89), and standard deviation (Figure 90)
analyses.

120



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Winkler

Crockett
Study Area Aquifers A
- Pecos Vall ife Edwards-Trinity (Plateau) Edwards-Trinity (Plateau) .
ey Aquter Aquifer outcrop @ Aquifer subcrop Miles

r — = Texas County
- — 4 Boundaries

Figure 87.  Crane County showing the extent of the Pecos Valley Aquifer and Edwards-
Trinity (Plateau) Aquifer.
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Figure 88.  Crane County Pecos Valley Aquifer groundwater pumping in acre-feet per

year as reported in the TWDB Water Use Survey data.
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Figure 89.  Crane County Pecos Valley Aquifer apparent anomalies based on the year-
to-year change in groundwater pumping in acre-feet per year as reported in
the TWDB Water Use Survey data. Triangles mark years where the data
appears anomalous.
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Figure 90.  Crane County Pecos Valley Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater
pumping in acre-feet per year as reported in the TWDB Water Use Survey
data. Triangles mark years where the data appears anomalous.
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Table 20. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Crane County.

Aquifer Use Manual Review Year-to-Year Change Standard Deviation
L 1989, 1997, 2000-2008,
Irrigation 1997-1999, 2000-2018 2010-2018 1997, 1998, 2000-2018
1984, 1985, 1987, 1992,
Livestock 2010 194, 1996-1998, 2001 o0 1997, 2303, 2004,
2004, 2008-2010
Pecos Manufacturing 1984-1999 1984'2002653,05’ 2009, 1984-1999
Valley
1984, 1985, 1987, 1991,
Mining 2000-2018 1992, 1997-2002, 2004- 1984 1991, 2000-2002,
2004-2017
2017
1987-1989, 1992, 1993,
Municipal 2016 1998, 1999, 2007, 2008, 1992, 2011, 2016, 2017

2011, 2012, 2015, 2016
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3.3.13 Crockett County

The Edwards-Trinity (Plateau) Aquifer is present across the entirety of Crockett County. The
Pecos Valley Aquifer is present in the narrow strip of land along a portion of the border between
Pecos County and Crockett County. The footprint of the Pecos Valley Aquifer within Crockett
County is negligibly small and groundwater use from this aquifer is not reported within Crockett
County. Figure 91 illustrates the extent of the study area aquifers in Crockett County.

Groundwater pumping estimates from the Water Use Survey dataset indicate that the maximum
total pumping from the Edwards-Trinity (Plateau) Aquifer in Crockett County was
approximately 3,000 acre-feet per year, which occurred in 1984, 1985, and 1998 (Figure 92). As
shown on Figure 92, reported uses of water within Crockett County from the Edwards-Trinity
(Plateau) Aquifer include irrigation, livestock, manufacturing, mining, municipal, and power.
Municipal water usage is the largest use category followed by livestock and irrigation. Reported
usage for power in 2005 through 2007 is extremely small and may not be accurate. Manual
review of Figure 92 indicates anomalies for irrigation use in 1998 and 1999 as well as for the
period after 2012 where irrigation data is negligible or not in the Water Use Survey dataset. We
also note the large decrease in mining use from 1991 onward as a data anomaly.

The year-to-year change analysis (Figure 93) and standard deviation analysis (Figure 94) flagged
many anomalies in the data for the Edwards-Trinity (Plateau) Aquifer in Crockett County.
Identified anomalies include the large changes in year-to-year irrigation reported for 1997 and
1998 and then for 1999 and 2000, as well as similar abrupt changes in mining usage. We also
identified anomalies within the municipal use dataset, yet the identified year-to-year pumping
changes did not identify as anomalous through the manual review. The primary potential
anomaly of interest for the Water Use Survey Edwards-Trinity (Plateau) Aquifer pumping data
are the irrigation use spikes.

We expect groundwater pumping for irrigation in Crockett County to correlate negatively to
precipitation such that there is less groundwater pumped for irrigation during wet years and more
groundwater pumped for irrigation during dry years. Figure 95 indicates that as precipitation
increases over the Edwards-Trinity (Plateau) Aquifer in the county, the reported pumpage for
irrigation from the Edwards-Trinity (Plateau) Aquifer decreases. Figure 96 indicates a correlation
value (“‘r’”) of -0.57 between precipitation over the Edwards-Trinity (Plateau) Aquifer in
Crockett County and groundwater pumpage for irrigation from the aquifer within Crockett
County. This moderate negative correlation suggests that the reported pumpage from the aquifer
for irrigation in Crockett County inversely follows the trend in precipitation over the aquifer.
However, based on Figure 96, we believe the correlation will become stronger if it turns out the
high-irrigation usage years identified in 1998 and 1999 were incorrectly estimated and that actual
pumpage during those years was more consistent with pumpage from the rest of the data time
series. We plan to revise Figure 96 and recalculate the correlation coefficient after researching
Crockett County irrigation data in subsequent project tasks.
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Figure 91.  Crockett County showing the extent of the Edwards-Trinity (Plateau)
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Land used for potential irrigation in Crockett County negatively correlates to groundwater
pumpage from the Edwards-Trinity (Plateau) Aquifer for irrigation use. Figure 97 indicates that
although the area of potentially irrigated land overlying the aquifer has increased by almost
50,000 acres since 1992 in Crockett County, the reported pumpage for irrigation use has
decreased. Figure 98 indicates a linear correlation value (“r’”) of -0.50 between potentially
irrigated land area and groundwater pumpage for irrigation. One interpretation of Figure 98 is
that pumpage data for irrigation in Crockett County is incorrect. Other potential explanations
include changing of irrigated crops to less water-demanding species, improved irrigation water
delivery mechanisms, and other factors. We plan to revise Figure 98 after we have researched
Crockett County irrigation data, land use, and farming practices in subsequent project tasks

Table 21 provides the years identified as having anomalous pumping amounts from the Edwards-
Trinity (Plateau) Aquifer within Crockett County.
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Figure 92.  Crockett County Edwards-Trinity (Plateau) Aquifer groundwater pumping
in acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 93.  Crockett County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 94.  Crockett County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water

Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 95.  Crockett County Edwards-Trinity (Plateau) Aquifer groundwater pumping
for irrigation, in acre-feet per year, as reported in the TWDB Water Use
Survey data and total precipitation, in acre-feet per year, that occurred on

potentially irrigated land (according to land use data) within the county over
the aquifer.
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Figure 96.  Crockett County Edwards-Trinity (Plateau) Aquifer groundwater pumping
for irrigation, in acre-feet per year, as reported in the TWDB Water Use
Survey data versus total precipitation that occurred on potentially irrigated
land (according to land use data) within the county over the study area
aquifers in acre-feet per year. Blue shaded area represents the 95 percent
confidence interval based on the linear regression.
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Figure 97.  Crockett County Edwards-Trinity (Plateau) Aquifer groundwater pumping

for irrigation, in acre-feet per year, as reported in the TWDB Water Use
Survey data and potentially irrigated land area (according to land use data
overlying the aquifer, in acres per year.
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Figure 98.  Crockett County Edwards-Trinity (Plateau) Aquifer groundwater pumping

for irrigation, in acre-feet per year, correlated with potentially irrigated land
area (according to land use data), in acres per year, overlying the aquifer.
Green shaded area represents the 95 percent confidence interval based on
the linear regression.
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Table 21. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Crockett County.
Aquifer Use Manual Review Year-to-Year Change Standard Deviation
Irrigation 1998-1999, 2013-2018 984 1985’63398’ 2000, 1998-2001, 2009
Livestock None 1984-1986, 1992, 1995, 1992, 1993, 1995, 2003,
1999, 2003, 2005 2005, 2006
. 1984-1986, 1988, 1991, 1984, 1985, 1988, 1997,
E_(lj_\r/\l/ra]llrg/s Manufacturing 2000-2018 1993, 1997, 2000 2000
(Plateau) Mining 1986, 1992 1986, 1987, 1989, 1992 1984'198261292' 1993,
1984, 1985, 1987-1990,
Municipal None 1993, 1994, 1997-1999,  +987, 1983611394* 2001,
2001, 2011-2013, 2015
Power None 1984-2018 1984-2005, 2008-2018
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3.3.14 Culberson County

The Edwards-Trinity (Plateau) Aquifer underlies about 10 percent of Culberson County, and is
located within the southeastern portion along the borders with Reeves and Jeff Davis counties
(see Figure 99). Within relatively small portion of the county the Pecos Valley Aquifer is also
present, however there is not any reported pumping from this aquifer in the TWDB Water Use
Survey database. Groundwater pumping estimates from the Water Use Survey indicate total
pumping from the Edwards-Trinity (Plateau) Aquifer is up to approximately 1,000 acre-feet per
year (Figure 100). Pumping from the Edwards-Trinity (Plateau) Aquifer in Culberson County is
primarily for irrigation use; however, there is not any reported pumping for irrigation from 1984
through 1999. From 2000 through 2018, pumping for irrigation averaged about 600 acre-feet per
year with a reportedly high volume of approximately 1,000 acre-feet in 2012.

Reported pumping for livestock and municipal use is relatively small compared to irrigation.
Pumping from the Edwards-Trinity (Plateau) Aquifer for livestock use averaged about 25 acre-
feet per year. Reported pumping for municipal use ranges from less than 1 to more than six acre-
feet per year. For 1994, the TWDB Water Use Survey database does not contain pumping data
and for 2000 through 2005 reported pumping is minimal. There is not any surveyed municipal
use after 2000 from the Edwards-Trinity (Plateau) Aquifer, when inclusion of the non-surveyed
municipal use in the TWDB Water Use Survey database began.

The year-to-year (Figure 101) and standard deviation (Figure 102) analyses flagged several
anomalies in the data. However, due the relatively low pumping amounts for municipal and
livestock use (compared to pumping amounts reported for other counties), significant effort for
further investigation may not be warranted. Table 22 provides the years identified as having
anomalous pumping amounts for Culberson County based on our manual review, year-to-year
change (Figure 101), and standard deviation (Figure 102) analyses.

Potentially irrigated land in Culberson County correlates linearly to groundwater pumpage from
the Edwards-Trinity (Plateau) Aquifer for irrigation use. Figure 103 indicates that as the area of
potentially irrigated land increased in the county, the reported pumpage for irrigation also
increased. Figure 104 indicates a linear correlation value (“r’”) of 0.83 between potentially
irrigated land area and groundwater pumpage for irrigation use. This very strong positive
correlation suggests that pumpage for irrigation in Culberson County matches the trend in
potentially irrigated land.

We expect groundwater pumping for irrigation in Culberson County to correlate negatively to
precipitation such that there is less groundwater pumped for irrigation during wet years and more
groundwater pumped for irrigation during dry years. However, Figure 105 indicates that as
precipitation increased in the county, the reported pumpage for irrigation from the Edwards-
Trinity (Plateau) Aquifer in Culberson County increased as well. Figure 106 indicates positive
correlation value (*“r’”) of 0.73 between precipitation and groundwater pumpage for irrigation
from the Edwards-Trinity (Plateau) Aquifer in Culberson County. This strong positive
correlation suggests that the reported pumpage for irrigation in Culberson County follows the
trend in precipitation and is anomalous.
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Figure 99.  Culberson County showing the extent of the Pecos Valley Aquifer and
Edwards-Trinity (Plateau) Aquifer.
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Figure 100. Culberson County Edwards-Trinity (Plateau) Aquifer groundwater pumping
in acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 101. Culberson County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 102. Culberson County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 103. Culberson County Edwards-Trinity (Plateau) Aquifer groundwater pumping
for irrigation in acre-feet per year as reported in the TWDB Water Use
Survey data and acres of potentially irrigated land area in acres per year
(according to land use data) overlying the aquifer.
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Figure 104. Culberson County Edwards-Trinity (Plateau) Aquifer groundwater pumping
for irrigation, in acre-feet per year, correlated with potentially irrigated land
area (according to land use data), in acres per year, overlying the aquifer.
Green shaded area represents the 95 percent confidence interval based on
the linear regression.
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Table 22. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Culberson County.

Aquifer Use Manual Review Year-to-Year Change Standard Deviation
. 1994-2000, 2008, 2012,  1994-2000, 2008, 2009,
Irrigation 1984-1999 2013, 2015, 2016 2012, 2013
. 1986, 1987, 1992, 1995 1987, 1988, 1992, 1993,
E?‘;‘I’r"’]‘lrtds Livestock 2002 1998, 2002-2004 1998, 2002, 2004, 2005
@l ateaﬁ) 1984-1987, 1989, 1990,
. 1993-1995, 1997-2000, 1994, 2000, 2001, 2006,
Municipal 1994, 20002005, 2018 5000 132015, 2007
2018
o
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Figure 105. Culberson County Edwards-Trinity (Plateau) Aquifer groundwater pumping
for irrigation, in acre-feet per year, as reported in the TWDB Water Use
Survey data and total precipitation, in acre-feet per year, that occurred on

potentially irrigated land (according to land use data) within the county over
the aquifer.
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Figure 106. Culberson County Edwards-Trinity (Plateau) Aquifer groundwater pumping

for irrigation, in acre-feet per year, as reported in the TWDB Water Use
Survey data versus total precipitation that occurred on potentially irrigated
land (according to land use data) within the county over the study area
aquifers in acre-feet per year. Blue shaded area represents the 95 percent
confidence interval based on the linear regression.
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3.3.15 Ector County

The Edwards-Trinity (Plateau) Aquifer is present across most of Ector County (Figure 107). The
Pecos Valley Aquifer covers the southwestern portion of the county. Together, these two study
area aquifers cover all but the northwestern tip of the county. Despite the widespread presence of
these aquifers within the county, compared to that from adjacent and other nearby counties.

According to the TWDB Water Use Survey, recent pumping from the Pecos Valley Aquifer is
nearly non-existent. Historically, consistent pumping from the Pecos Valley Aquifer was
primarily for livestock use, though there are periods where irrigation pumping and municipal
pumping are dominant (Figure 108).

There are a few anomalies in the reported data for the Pecos Valley Aquifer in Ector County. We
observe large gaps in the reported data from the Water Use Survey for irrigation, livestock,
manufacturing, mining, and municipal use. There is an abrupt increase in the reported pumping
volumes for both mining and municipal use in the year 2000 (Figure 108). There is not any
surveyed municipal use after 2000 from the Pecos Valley Aquifer, when inclusion of the non-
surveyed municipal use in the TWDB Water Use Survey database began. However, there is a
relatively large amount of non-surveyed use from 2000 through 2005 compared to the total
reported municipal use prior to 2000. Beginning in 2006, there is not any municipal use from the
Pecos Valley Aquifer in Ector County reported. In addition, there are several anomalies noted on
the year-to-year and standard deviation plots (Figure 109 and Figure 110, respectively).

The Water Use Survey data has pumping beginning in 2007 for municipal and manufacturing use
assigned to the Trinity (Hill Country) Aquifer in Ector County (Figure 111). However, the
assignment appears to be anomalous as the TWDB delineation of the footprint of the Trinity
(Hill Country) Aquifer does not extend to Ector County. The pumping assigned to this aquifer is
more likely coming from the Edwards-Trinity (Plateau) Aquifer and we will further investigate
the source in subsequent project phases. Total reported volumes from the Edwards-Trinity
(Plateau) Aquifer are near 12,000 acre-feet per year from 1984 through 1993, and show declines
from 1994 to 2018 (Figure 112).

We noted several anomalies in the reported Water Use Survey data for the Edwards-Trinity
(Plateau) Aquifer in Ector County. Reported pumping for irrigation use from 1993 to 1994
declined from high a volume (more than 4,000 acre-feet) to a low volume (less than 1,000 acre-
feet). Pumping for livestock varied over the study period, with two apparent cycles of declining
pumpage followed by a return to previously average pumping levels (Figure 113). There are
some low pumping volumes in the reported manufacturing use category and a decline in the
reported volumes from 2004 to 2005. For the mining category, there is an abrupt increase in the
reported volume from year 1996 to 1997, followed by nearly non-existent reported pumping after
the year 1999. Since 2000, surveyed municipal use for the Edwards-Trinity (Plateau) Aquifer in
Ector County decreased and non-surveyed use constituted most of the municipal water use. The
only anomalies identified within the datasets for the remaining use categories, power and
unknown, are large gaps in the reported data.

Table 23 provides the years identified as having anomalous pumping amounts for Ector County
based on our manual review, year-to-year change (Figure 109 and Figure 113), and standard
deviation (Figure 110 and Figure 114) analyses.
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Figure 107. Ector County showing the extent of the Pecos Valley Aquifer and Edwards-
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Figure 108. Ector County Pecos Valley Aquifer groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data.
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Figure 109.

Ector County Pecos Valley Aquifer apparent anomalies based on the year-to-

year change in groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data
appears anomalous.
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Figure 110. Ector County Pecos Valley Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater
pumping in acre-feet per year as reported in the TWDB Water Use Survey
data. Triangles mark years where the data appears anomalous.
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Figure 111. Ector County Trinity (Hill Country) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data.
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Figure 112. Ector County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 113. Ector County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 114. Ector County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Table 23. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Ector County.
Aquifer Use Manual Review Year-to-Year Change Standard Deviation
Irrigation 1984-1993, 2000-2018 1984-1994, 1997-2017 1984-1994, 2000-2017
1986, 1987, 1992, 1994,
Livestock 2004-2018 1097, 1998, 2001, 2004- 1992, 1994, 1995, 2001,
2017 2004-2017
Pecos Manufacturing 19841986, 1998, 2000~ 1984-1990, 1992, 1993,  1984-1987, 1990, 1998,
Valley 9 2018 1995, 1998-2017 2000-2017
- 1984-1986, 1997-2000, 1984, 1986, 1997-2000,
Mining 1985-1999 2002, 2016 2016, 2017
N 2000, 2001, 2006-2009, 2000, 2001, 2006-2009,
Municipal 2000, 2006-2018 2011-2017 2011-2017
\rrigation 1994 1989, 1993, 1994, 2006, 1989, 1994, 1995, 2008,
g 2008 2009
1986, 1987, 1992, 1994,
Livestock 2005 1997, 1998, 2001, 2005, 1992, 2005, 2006, 2014
2014, 2017
) 1986, 2004-2006, 2013- 1986, 1987, 2000, 2001,
Edwards- Manufacturing 2018 2004-2007, 2013 2000, 2004, 2005, 2007
Trinity - 1989, 1990, 1992, 1995, 1990, 1997, 1998, 2000,
(Plateau) Mining 1997-2000 1997, 2000, 2017 2001, 2017, 2018
1986, 1990, 1992, 1996,
Municipal 1997, 2006 1997, 2000, 2006, 2007, 1997, 1995612?0’ 2011,
2009, 2010, 2015, 2017
Power 1984-2016 1984-2018 1984-2015
1984-2000, 2002-2005,  1984-2000, 2002, 2003,
Unknown 2002-2003 2008, 2012-2018 2013-2018
Trinity
(Hil All Not present in county
Country)
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3.3.16 Edwards County

The Edwards-Trinity (Plateau) Aquifer is present across the entirety of Edwards County (see
Figure 115). Groundwater pumping estimates from the Water Use Survey indicates total
pumping from the Edwards-Trinity (Plateau) Aquifer in Edwards County is up to approximately
1,000 acre-feet per year (Figure 116). Pumping from the Edwards-Trinity (Plateau) in Edwards
County is primarily for irrigation, livestock, and municipal use.

As shown on Figure 116, there is not any reported data for irrigation pumping from 1984 through
1992. From 1993 through 2018, the irrigation pumping volume varies from less than 100 acre-
feet per year up to nearly 400 acre-feet per year without any reported irrigation pumping in 2009.
Pumping for livestock use averages about 300 acre-feet per year. From 2001 through 2004,
pumping for livestock abruptly declined to less than 200 acre-feet per year.

Pumping for municipal use averages approximately 300 acre-feet per year during the study
period. Since 2000, when inclusion of the non-surveyed municipal use in the TWDB Water Use
Survey database began, non-surveyed municipal use accounted for a relatively small amount of
the total municipal water use. Manual review of the municipal pumping estimates does not
suggest any anomalies in the data. However, review of the year-to-year change (Figure 117) and
the standard deviation analysis (Figure 118) indicates sixteen and four anomalies, respectively.

Table 24 provides the years identified as having anomalous pumping amounts for Edwards

County based on our manual review, year-to-year change (Figure 117), and standard deviation
(Figure 118) analyses.
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Figure 115. Edwards County showing the extent of the Edwards-Trinity (Plateau)
Aquifer.
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Figure 116. Edwards County Edwards-Trinity (Plateau) Aquifer groundwater pumping
in acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 117. Edwards County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 118. Edwards County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Table 24. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Edwards County.

Aquifer Use Manual Review Year-to-Year Change Standard Deviation
1984-1993, 2002-2004,
Irrigation 2007, 2011 2007, 2009, 2011, 2012, 1984'19922612307'2009'
2014-2017

1986, 1996, 1999, 2001,

Edwards- Livestock 2001-2005 2005-2008, 2013 2001, 2002, 2005
Trinity Manufacturing None 1987-2018 1987-2018
(Plateau) Mining None 1986-1991, 2000-2018 1987-1991, 2000-2018
1984, 1985, 1989, 1991,
- 1995-1997, 2000, 2002,
Municipal None 2003, 2005, 2007, 2008, 1989, 1990, 2003, 2011

2010-2013
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3.3.17 Gillespie County

The Edwards-Trinity (Plateau) Aquifer and Trinity (Hill Country) Aquifer cover nearly 90
percent of Gillespie County except for the northwest corner (see Figure 119). Groundwater
pumping estimates from the TWDB Water Use Survey indicate that total pumping from the
Edwards-Trinity (Plateau) Aquifer is up to approximately 1,200 acre-feet per year (Figure 120)
and up to nearly 4,000 acre-feet per year from the Trinity (Hill Country) Aquifer (Figure 123).

There is a relatively small amount of reported pumping from the Edwards-Trinity (Plateau)
Aquifer prior to the year 2000 (Figure 120). After 2000, usage increased for livestock and
irrigation, with municipal usage commencing in 2006, mostly due to non-surveyed municipal
usage. Estimated total production in 2010 and 2011 was much higher than previous years
suggesting these data are anomalous. For municipal use, the abrupt increase in 2006 suggests an
anomaly. Review of the year-to-year change analysis shown of Figure 121 and the standard
deviation analysis illustrated on Figure 122 indicate other anomalous years in the pumping data
for the Edwards-Trinity (Plateau) Aquifer in Gillespie County.

Groundwater pumping estimates from the TWDB Water Use Survey indicate that Gillespie
County total pumping from the Trinity (Hill Country) Aquifer is up to nearly 4,000 acre-feet per
year (Figure 123). In 1994, estimated pumping abruptly increased and in 2007 there was a low
volume of reported pumping. We also noted an anomaly in pumpage for livestock in the year
1996 with an abnormally high volume of 800 acre-feet. From 1999 to 2000 pumping for
municipal use declined from greater than 1,250 acre-feet to less than 500 acre-feet. Since 2000,
when inclusion of the non-surveyed municipal use in the TWDB Water Use Survey database
began, non-surveyed municipal use accounts for most of the municipal water use from the
Trinity (Hill Country) Aquifer in Gillespie County.

Table 25 provides the years identified as having anomalous pumping amounts for Gillespie

County based on our manual review, year-to-year change (Figure 121 and Figure 124), and
standard deviation (Figure 122 and Figure 125) analyses.
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Figure 119. Gillespie County showing the extent of the Edwards-Trinity (Plateau)
Aquifer and Trinity (Hill Country) Aquifer.
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Figure 120.

in acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 121. Gillespie County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 122. Gillespie County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 123.  Gillespie County Trinity (Hill Country) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 124. Gi

llespie County Trinity (Hill Country) Aquifer apparent anomalies based

on the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 125. Gillespie County Trinity (Hill Country) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Table 25. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Gillespie County.
Aquifer Use Manual Review Year-to-Year Change Standard Deviation
o 1984-2000, 2007, 2008,
Irrigation 1984-1999, 2007, 2011 2010-2012 1984-2000, 2007, 2011
Edwards- . 1984-2000, 2005, 2010, 1984-2000, 2010, 2012,
Trinity Livestock 1984-1999, 2010-2011 2012, 2017 2013
(Plateau) . 1984-2011, 2014, 2015,
Mining 1984-2012, 2014 2017, 2018 1984-2011, 2014
Municipal 2006 2006, 2007 2006, 2007
. 1994, 1997, 1999, 2000, 1994, 1995, 1999, 2007,
Irrigation 1994, 1999, 2007 2007, 2008, 2010-2012 2011
Trinity . 1986, 1996, 1997, 2000, 1986, 1987, 1996, 2000,
(Hill Livestock 1996, 2000 2010, 2012 2001
Country) . 1984-1987, 1989-2000, 1984-1987, 1989-2000,
Manufacturing 1984-2016 2002-2017 2002-2017
Municipal 2000 1989, 1998, 2000 2000, 2001
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3.3.18 Glasscock County

The Edwards-Trinity (Plateau) Aquifer is present over approximately 93 percent of Glasscock
County. The Lipan Aquifer also within a portion of the northeast corner of the county covering
only about two percent of the county area. The TWDB Water Use Survey dataset did not contain
records of any pumping from the Lipan Aquifer within Glasscock County. We will investigate
this lack of pumping data during subsequent project tasks. Figure 126 illustrates the extent of the
study area aquifers in the county.

Groundwater pumping estimates from the Water Use Survey dataset indicate that maximum total
pumping from the Edwards-Trinity (Plateau) in Glasscock County was approximately 60,000
acre-feet, which occurred in 1995 (Figure 127). As shown on Figure 127, reported water uses
include irrigation, livestock, manufacturing, mining, and municipal uses, with irrigation usage
making up the vast majority of total pumping for the county. Since 2000, when inclusion of the
non-surveyed municipal use in the TWDB Water Use Survey database began, non-surveyed
municipal use accounts for all the reported municipal water use though the total reported
municipal use remains relatively constant. We will investigate the impact of the change in
methodology for reporting municipal use during subsequent project phases. Manual review of
the data in Figure 127 suggests numerous anomalies within the irrigation data due to numerous
fluctuations in reported pumping.

The year-to-year change analysis (Figure 128) and standard deviation analysis (Figure 129)
flagged many anomalies in the data for the Edwards-Trinity (Plateau) Aquifer. Identified
anomalies include 20 years of irrigation data with the anomalies identified largely through the
year-to-year analysis rather than through the standard deviation analysis. Table 26 provides the
years identified as having anomalous pumping amounts from the Edwards-Trinity (Plateau)
Aquifer within Glasscock County.
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Figure 126. Glasscock County showing the extent of the Edwards-Trinity (Plateau)

Aquifer and Lipan Aquifer.
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Figure 127. Glasscock County Edwards-Trinity (Plateau) Aquifer groundwater pumping
in acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 128.

Glasscock County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 129. Glasscock County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Table 26.

Aquifer

Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Glasscock County.

Use

Manual Review

Year-to-Year Change

Standard Deviation

Edwards-
Trinity
(Plateau)

Irrigation

1999

1984-1988, 1991-1996,
1998-2001, 2003, 2007,
2010, 2012, 2015, 2016

1994, 1995, 1999, 2015

Livestock

None

1984-1987, 1992, 1996,
2007, 2008, 2012

1984, 1986, 1992, 2007

Manufacturing

2014

1987-1999, 2014, 2015,
2017, 2018

1987-1996, 1998, 1999,
2014, 2015, 2018

Mining

2012, 2014

2001-2012, 2014

2001-2012, 2014, 2015

Municipal

None

1989, 1991, 1995, 2000,
2004-2008, 2011, 2014

1989, 1991, 1995, 2000,
2004, 2007
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3.3.19 Guadalupe County

Only a small portion of the subcrop area of the Trinity (Hill Country) Aquifer and overlying
Edwards (Balcones Fault Zone) Aquifer are present in the western corner of Guadalupe County
(see Figure 130). Of all the water-bearing units underlying Guadalupe County, the Wilcox Group
and the Carrizo Sand (that is, the Carrizo-Wilcox Aquifer) together constitute the most favorable
aquifer for large-scale groundwater development (Shafer, 1966). Therefore, we do not expect
large pumpage values from wells located in Guadalupe County that are completed in the study
aquifers.

As shown in Figure 131, municipal is the main use of Edwards (Balcones Fault Zone) Aquifer
groundwater identified in the Water Use Survey data. Reported pumping from the Edwards
(Balcones Fault Zone) Aquifer for irrigation and livestock began in the year 2000 and indicates a
steady moderate use of groundwater with an abrupt increase in 2011 for irrigation, reaching 100
acre-feet. Pumpage for livestock remained below 20 acre-feet.

Reported pumping from the Edwards (Balcones Fault Zone) Aquifer for municipal use occurs
between 2002 and 2018. During this period, reported pumping from the aquifer for municipal use
generally ranges between 1,000 and 1,500 acre-feet per year. However, for two years during this
period (2007 and 2010), we observe abrupt decreases in usage. In addition, there was not any
reported municipal usage in 2004.

Figure 132 presents the year-to-year change analysis for the Edwards (Balcones Fault Zone)
Aquifer in Guadalupe County that shows several anomalies in the data. The standard deviation
analysis (Figure 133) also identified as anomalous the abrupt increase in pumpage from the
Edwards (Balcones Fault Zone) Aquifer for irrigation in 2011, for livestock in 2005 and for
manufacturing in 2005. Figure 133 also identifies the abrupt decreases in pumpage for livestock
in 2012, and for municipal use in 2007.

Pumping from the Trinity (Hill Country) Aquifer is reported only for non-surveyed municipal
use and appears steady between 2006 and 2018. The pumpage is also small compared to
municipal pumpage from the Edwards (Balcones Fault Zone) Aquifer. Being near the subcrop
boundary of the aquifer, the reported production from the Trinity (Hill Country) Aquifer is an
anomaly and the pumping may be occurring from the overlying Edwards (Balcones Fault Zone)
Aquifer subcrop or another overlying aquifer.

Table 27 provides the years identified as having anomalous pumping amounts for Guadalupe
County based on our manual review, year-to-year change (Figure 132 and Figure 135), and
standard deviation (Figure 133 and Figure 136) analyses.
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Figure 130. Guadalupe County showing the extent of the Edwards (Balcones Fault Zone)
Aquifer and Trinity (Hill Country) Aquifer.
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Figure 131. Guadalupe County Edwards (Balcones Fault Zone) Aquifer groundwater
pumping in acre-feet per year as reported in the TWDB Water Use Survey

data.
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Figure 132.

Guadalupe County Edwards (Balcones Fault Zone) Aquifer apparent

anomalies based on the year-to-year change in groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
Triangles mark years where the data appears anomalous.
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Figure 133. Guadalupe County Edwards (Balcones Fault Zone) Aquifer apparent
anomalies based on the criterion of 1.5 standard deviations from the 3-year
average of groundwater pumping in acre-feet per year as reported in the
TWDB Water Use Survey data. Triangles mark years where the data
appears anomalous.
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Figure 134. Guadalupe County Trinity (Hill Country) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 135. Guadalupe County Trinity (Hill Country) Aquifer apparent anomalies based
on the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 136. Guadalupe County Trinity (Hill Country) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Table 27. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Guadalupe County.

Aquifer Use Manual Review Year-to-Year Change Standard Deviation

1993, 2000, 2006, 2007,

2009, 2011-2013 1993, 2011

Irrigation 2011

1993, 2000, 2001, 2005,

(I;c;\l/\é?)rr(]jess Livestock 2005, 2008, 2012 2008, 2012, 2018 1993, 2005, 2012
Fault Manufacturing 1984-2013 2000-2014, 2017 2000-2013

1993, 2000-2002, 2004,

Zone) Municipa] | 1984-2001, 2004, 2007, 2007, 2008, 2010, 2011, 1993, 2000, 2001, 2004,
P 2010 2017, 2009-2012, 2014, 2005, 2007, 2010, 2018
2016-2018
Trinity
(Hill Municipal 2006 2009-2012, 2014, 2016- 2010, 2018
Country)
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3.3.20 Hays County

The Edwards (Balcones Fault Zone) Aquifer is present in the central portion of Hays County and
covers about 32 percent of the county area. Approximately 94 percent of Hays County overlies
the Trinity (Hill Country) Aquifer. Figure 137 illustrates the extent of the study area aquifers in
Hays County.

Groundwater pumping estimates from the Water Use Survey dataset indicate that the maximum
total pumping from the Edwards (Balcones Fault Zone) Aquifer in Hays County was over 12,000
acre-feet per year, which occurred in 10 of the 16 years prior to 2000 (Figure 138). As shown on
Figure 138, reported pumpage is for the irrigation, livestock, manufacturing, mining, municipal,
power, and unknown water use categories, with the majority of pumping for municipal use.
Since 2000, when inclusion of the non-surveyed municipal use in the TWDB Water Use Survey
database began, non-surveyed municipal use accounts for a relatively small portion of the total
municipal water use from the Edwards (Balcones Fault Zone) Aquifer in Hays County. Manual
review of Figure 138 suggests anomalies in irrigation (2007), livestock (1985 through 1998), and
power (2013 and 2014).

The year-to-year change analysis (Figure 139) and standard deviation analysis (Figure 140)
flagged many anomalies in the data for the Edwards (Balcones Fault Zone) Aquifer within Hays
County. These included anomalies identified through the manual review, as well as numerous
years for which the TWDB Water Use Survey database does not contain pumpage data for
certain water use categories.

Groundwater pumping estimates from the Water Use Survey dataset indicate that the maximum
total pumping from the Edwards-Trinity (Plateau) Aquifer in Hays County of approximately five
acre-feet occurred in multiple years (Figure 141). We believe this pumping was improperly
assigned to the Edwards-Trinity (Plateau) Aquifer in Hays County, as the TWDB defined aquifer
footprint does not extend into Hays County. Through research conducted within subsequent
tasks, we expect to re-assign this pumping to its proper aquifer and/or county.

Groundwater pumping estimates from the Water Use Survey dataset indicate that the maximum
total pumping from the Trinity (Hill Country) Aquifer within Hays County was approximately
6,000 acre-feet, which occurred in 2011 (Figure 142). As shown on Figure 142, reported
pumpage is for irrigation, livestock, manufacturing, mining, and municipal use, with the majority
of pumping supporting municipal use. Since its inclusion beginning in 2000, non-surveyed
municipal use constituted a significant portion of the total municipal water use from the Trinity
(Hill Country) Aquifer in Hays County. Manual review of Figure 142 suggests that irrigation
anomalies occurred from 1989 through 2004 and in 2007, livestock use in 1984 was anomalous,
and the reduction in municipal usage from 2013 through 2014 is anomalous.

The year-to-year change analysis (Figure 143) and standard deviation analysis (Figure 144)
flagged several anomalies in the data for the Trinity (Hill Country) Aquifer. Identified anomalies
included the unreported values for irrigation, mining, and manufacturing use, as well as five
years of municipal usage. Table 28 provides the years identified as having anomalous pumping
amounts for Hays County from the Edwards (Balcones Fault Zone) Aquifer and Trinity (Hill
Country) Aquifer.
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Figure 137. Hays County showing the extent of the Edwards (Balcones Fault Zone)
Aquifer and Trinity (Hill Country) Aquifer.
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Figure 138. Hays County Edwards (Balcones Fault Zone) Aquifer groundwater pumping
in acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 139. Hays County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 140. Hays County Edwards (Balcones Fault Zone) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 141. Hays County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 142. Hays County Trinity (Hill Country) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data.
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Figure 143. Hays County Trinity (Hill Country) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 144. Hays County Trinity (Hill Country) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Table 28. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Hays County.
Aquifer Use Manual Review Year-to-Year Change Standard Deviation
o 1989-1999, 2007, 2008,
Irrigation 2007 9011.2013, 2015 1989-1999, 2007
. 1984, 1985, 2000, 2001, 1984, 2000, 2001, 2010,
Edwards  1Vestock 1985-1999 2005, 2010 2011
(Balcones _Manufacturing 1990 1988-1990 1988-1991
Fault Mining 1986, 1988-1999 1986-2004, 2012, 2013 1986, 1987, 1989-2000
Zone) Municipal None 1998, 2002612305’ 2008, 2000, 2001
Power 2013-2014 1984-2018 1984-2013, 2015-2018
Unknown 2010 1984-2011, 2014 1984-2010
. 1989-1999, 2007, 2008,
Irrigation 1989-2002, 2007 2011-2013, 2015 1989-1999, 2007
Trinit Livestock 1984 1984, 1985 1984-1987
(Hmy Manufacturing 2006-2007 1984-2001, 2006, 2008 1984-2000, 2006-2009
Country) Mining 184-1990,2000-2018 %04 1992 1994, 20001984 190, 2000-2018
. 2000, 2006, 2010, 2011, 2006, 2010, 2011, 2014,
Municipal 2000, 2014 2014 2015
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3.3.21 Howard County

The Edwards-Trinity (Plateau) Aquifer is present in the southern portion of Howard County,
covering approximately nine percent of the county area. Figure 145 illustrates the extent of the
aquifer in the Howard County.

Groundwater pumping estimates from the Water Use Survey dataset indicate that the maximum
total pumping from the Edwards-Trinity (Plateau) Aquifer in Howard County was approximately
8,000 acre-feet per year, which occurred in 2005 and 2006 (Figure 146). As shown on Figure
146, the Water Use Survey dataset includes pumpage data for each year of the study period for
livestock and manufacturing use. However, the dataset does not include pumpage for irrigation,
mining, and municipal usage for all years of the study period. Manual review of Figure 146
indicates anomalies in irrigation and municipal pumping datasets, including two years of
municipal pumping (2005 and 2006) which greatly exceeded all other report years of municipal
pumping from the county and aquifer.

The year-to-year change analysis (Figure 147) and standard deviation analysis (Figure 148)
flagged numerous anomalies in the data for the Edwards-Trinity (Plateau) Aquifer within
Howard County. Identified anomalies included many years of data for irrigation, livestock, and
manufacturing uses, as well as many years of missing data for mining uses. Each analysis
identified the 2005 and 2006 municipal pumping values as anomalous and worthy of further
investigation. Table 29 provides the years identified as having anomalous pumping amounts
from the Edwards-Trinity (Plateau) Aquifer within Howard County.
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Figure 145. Howard County showing the extent of the Edwards-Trinity (Plateau)
Aquifer.
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Figure 146.

Howard County Edwards-Trinity (Plateau) Aquifer groundwater pumping

in acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 147. Howard County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 148.

Howard County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Table 29.

Aquifer

Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Howard County.

Year-to-Year Change

Standard Deviation

Edwards-
Trinity
(Plateau)

2000, 2001, 2007, 2009,
2011-2013, 2015, 2018

2000, 2007, 2011, 2013

Use Manual Review
Irrigation 1984-1999
Livestock None

1984-1986, 1992, 1994,
1996-1998, 2003, 2007,
2008, 2010, 2012, 2017

1992, 1997, 2003, 2007

Manufacturing 1998, 2011

1989, 1990, 1994, 1995,
1997-1999, 2002, 2003,
2005, 2006, 2010, 2011

1998, 2010-2012

Mining 1998, 2000-2018

1988, 2000-2018

1988, 1989, 2000-2018

Municipal 2005-2006

2005, 2007

2005-2008
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3.3.22 Irion County

The Edwards-Trinity (Plateau) Aquifer is present over most of Irion County, covering about 86
percent of the county area. The remaining 14 percent of the county overlies portions of the Lipan
Aquifer. Figure 149 illustrates the extent of the study area aquifers in Irion County.

The TWDB Water Use Survey dataset did not contain records of any pumping from the Lipan
Aquifer within Irion County. However, the TWDB Water Use Survey database does report
pumping from an “Other” aquifer for municipal use. We suspect this “Other” aquifer is occurring
from the Lipan Aquifer in the county, will investigate if pumping should be included for the
aquifer in subsequent project phases.

Groundwater pumping estimates from the Water Use Survey dataset indicate that the total
pumping from the Edwards-Trinity (Plateau) Aquifer in Irion County exceeded 1,000 acre-feet
per year from 1990 through 1993 and then again in 2000. (Figure 150). As shown on Figure 150,
reported pumpage is for irrigation, livestock, manufacturing, mining, and municipal use, with
irrigation pumpage often exceeding pumpage for all other uses. Since 2000, when inclusion of
the non-surveyed municipal use in the TWDB Water Use Survey database began, non-surveyed
municipal use accounted for a significant portion of the total municipal water use from the
Edwards-Trinity (Plateau) Aquifer in Irion County. Manual review of Figure 150 suggest various
anomalies in irrigation use and manufacturing use, with generally steady temporal trends evident
within the livestock and municipal use datasets.

The year-to-year change analysis (Figure 151) and standard deviation analysis (Figure 152)
flagged several anomalies in the data for the Edwards-Trinity (Plateau) Aquifer for Irion County.
One such identified anomaly was from the irrigation dataset, where data is missing for the period
from 1994 through 1999. Available irrigation data from before and after this period suggest that
up to 800 acre-feet per year of pumpage for irrigation may have occurred during that period.
Table 30 provides the years identified as having anomalous pumping amounts for Irion County
from the Edwards-Trinity (Plateau) Aquifer.
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Figure 149. Irion County showing the extent of the Edwards-Trinity (Plateau) Aquifer.
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Figure 150. Irion County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.

202



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

Irrigation

(@)

B  Livestock

(b)

Manufacturing

()

Mining

(d)

s Municipal

(e)

I Total

(f)

All pumpage is reported in
units of acre-feet per year

v

v
vV
VVV

120 A

v
LI S B I B B B B B B |

1984
1986
1988
1990
1992
1994
1996
1998

£ 2002

2004
2006
2008
2010

2012
2014
2016
2018

Figure 151.

Irion County Edwards-Trinity (Plateau) Aquifer apparent anomalies based

on the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 152. Irion County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Years identified in the TWDB Water Use Survey data as containing

anomalous groundwater pumping amounts for Irion County.

Year-to-Year Change

Standard Deviation

1990, 1993-2001, 2003,
2004, 2006-2012

1994-2000

1984-1987, 1996-1998,
2003, 2008, 2012, 2017

1987, 1988, 2003

1984-2004, 2008, 2010,
2011, 2013-2015

1984-2003, 2014

1995, 2000-2018

1995, 2000-2018

Table 30.
Aquifer Use Manual Review
Irrigation 1994-1999
Livestock None
Edwards-
Trinity Manufacturing 1984-2003
(Plateau) Mining 1995-1999
Municipal None

1984-1986, 1989-1991,
1998, 2002, 2003, 2007,
2012, 2013, 2015, 2018

1999, 2002, 2012, 2015
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3.3.23 Jeff Davis County

The Edwards-Trinity (Plateau) Aquifer underlies about 25 percent of Jeff Davis County (see
Figure 153). Only a small portion of the Pecos Valley aquifer is present in the northeastern
portion of the county with little pumping from the aquifer (

Figure 154). Municipal use is the only reported pumpage of groundwater from the Pecos Valley
Aquifer in Jeff Davis County and there are few anomalies (Figure 155 and Figure 156).

Pumping from the Edwards-Trinity (Plateau) in Jeff Davis County is primarily for municipal use
at approximately 200-300 acre-feet per year (Figure 157). The remaining reported groundwater
use is for irrigation and livestock (both up to 125 acre-feet per year). We observed a few
anomalies in the Water Use Survey data for the Edwards-Trinity (Plateau) Aquifer in Jeff Davis
County (Figure 158 and Figure 159). For example, on Figure 159 where livestock pumping
abruptly decreased from about 75 acre-feet in 2003 to less than 25 acre-feet in 2004. Similarly,
we noted an anomaly with the municipal use in 2010 when the reported pumping abruptly
increased to nearly 600 acre-feet from a previously reported 100 acre-feet in 2009.

Table 31 provides the years identified as having anomalous pumping amounts for Jeff Davis
County based on our manual review, year-to-year change (Figure 155 and Figure 158), and
standard deviation (Figure 156 and Figure 159) analyses.
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Figure 154. Jeff Davis County Pecos Valley Aquifer groundwater pumping in acre-feet
per year as reported in the TWDB Water Use Survey data.
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Figure 155. Jeff Davis County Pecos Valley Aquifer apparent anomalies based on the
year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 156. Jeff Davis County Pecos Valley Aquifer apparent anomalies based on the
criterion of 1.5 standard deviations from the 3-year average of groundwater
pumping in acre-feet per year as reported in the TWDB Water Use Survey
data. Triangles mark years where the data appears anomalous.
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Figure 157.  Jeff Davis County Edwards-Trinity (Plateau) Aquifer groundwater pumping
in acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 158. Jeff Davis County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 159. Jeff Davis County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.

Table 31. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Jeff Davis County.

Aquifer Use Manual Review Year-to-Year Change Standard Deviation
o 1984-1999, 2002-2004,  1984-1999, 2002-2004,
Irrigation 1984-1999 2007, 2010, 2012, 2013 2010
Edwards- Livestock 2004 1986, 1987, 1989, 1998, 1989, 1990, 1998, 1999,
Trinity 2000, 2003, 2004 2004, 2005
(Plateau) 1993, 1994, 1996-2008,
Municipal ~ 1984-2005, 2007, 2010  2010-2012, 1988, 1990- 1992‘7‘611391‘3;59%5205'
1992, 1997, 2000 ’ '
Pecos - 1988, 1990-1992, 1997,
Valley Municipal 2000 2000 1988, 1992
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3.3.24 Kendall County

The Edwards-Trinity (Plateau) Aquifer is present in the northern portion of Kendall County
covering about 14 percent of the county area. The Trinity (Hill Country) Aquifer is present the
remaining 86 percent of Kendall County. Figure 160 illustrates the extent of the study area
aquifers in the county, showing that all of Kendall County is included within the study area.

Groundwater pumping estimates from the TWDB Water Use Survey dataset indicate that the
maximum total pumping from the Edwards-Trinity (Plateau) Aquifer in Kendall County was
approximately 80 acre-feet per year (Figure 161). As shown on Figure 161, livestock and
municipal uses are the only reported uses of groundwater from the Edwards-Trinity (Plateau)
Aquifer within Kendall County. Manual review of Figure 161 suggests that reported livestock
usage in 2008 and 2009 may be anomalous, as is the change in municipal usage that occurred
between 2005 and 2006. Since 2006, non-surveyed municipal use accounts for almost all
municipal water use from the Edwards-Trinity (Plateau) Aquifer in Kendall County. It is also
notable that the TWDB Water Use Survey database does not contain reported pumpage values
for Kendall County for years prior to 2000. We consider this to be anomalous and worthy of
further scrutiny under subsequent project tasks.

The year-to-year change analysis (Figure 162) and standard deviation analysis (Figure 163)
flagged many anomalies in the data for the Edwards-Trinity (Plateau) Aquifer in Kendall
County.

Groundwater pumping estimates from the Water Use Survey dataset indicate that the maximum
total pumping from the Trinity (Hill Country) Aquifer was approximately 5,000 acre-feet per
year (Figure 164) in Kendall County. As shown on Figure 164, irrigation, livestock,
manufacturing, mining, and municipal uses are the reported uses of groundwater from the Trinity
(Hill Country) Aquifer, with the majority of pumpage being for municipal uses. Since 2000,
when inclusion of the non-surveyed municipal use in the TWDB Water Use Survey database
began, it accounts for a significant portion of the municipal water use from the Trinity (Hill
Country) in Kendall County.

The year-to-year change analysis (Figure 165) and standard deviation analysis (Figure 166)
flagged many anomalies in the data for the Trinity (Hill Country) Aquifer in Kendall County.
Within the irrigation dataset, our analyses indicate several anomalies including multiple periods
of abrupt year-to-year changes in reported pumping. Similar changes are evident within the
livestock and municipal datasets. Anomalies identified for manufacturing and mining use are
primarily due to these datasets missing or having zero pumpage reporting in many years. Table
32 provides the years identified as having anomalous pumping amounts for Kendall County from
the Edwards-Trinity (Plateau) Aquifer and from the Trinity (Hill Country) Aquifer.
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Figure 160. Kendall County showing the extent of the Edwards-Trinity (Plateau) Aquifer
and Trinity (Hill Country) Aquifer.
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Figure 161. Kendall County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 162. Kendall County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the year-to-year change in groundwater pumping in acre-feet per
year as reported in the TWDB Water Use Survey data. Triangles mark years
where the data appears anomalous.
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Figure 163. Kendall County Edwards-Trinity (Plateau) Aquifer apparent anomalies
based on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 164. Kendall County Trinity (Hill Country) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 165. Kendall County Trinity (Hill Country) Aquifer apparent anomalies based on
the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where

the data appears anomalous.
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Figure 166.

Kendall County Trinity (Hill Country) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Table 32. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Kendall County.
Aquifer Use Manual Review Year-to-Year Change Standard Deviation
Edwards- . 1984-1999, 2008, 2009 2000, 2001, 2005, 2008,
Trinity Livestock 2010, 2012 2008, 2009, 2011
(Plateau) Municipal 2000, 2006 2006-2008 2006
1984, 1985, 1988, 1993,
Imigation 1993, 2000, 2003-2008 2000, 2001, 2003, 2009~ 1993658036123023612204’
2012, 2014 ’ '
1986, 1992, 1996, 1999,
iy Livestock None 2001, 2005, 2010, 2012, 1992 2001, 2002, 2005,
Trinity 2013 2006, 2012
(Hill
1984, 1985, 1987, 1992,
Country)  pranufacturing 1995, 1998-2011 1993, 1995, 1996, 1098, 1907, 1992,1993, 1995,
1099 1998-2000
Mining 1984-1990, 200-2018 1984-1990, 2000-2018  1984-1991, 2000-2018
Municipal 2010 1997, 2001, 2005-2007, 1997 2005, 2007, 2010

2010, 2016
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3.3.25 Kerr County

The Edwards-Trinity (Plateau) Aquifer is present in the western portion of Kerr County and
covers about 75 percent of the county area. The eastern portion of Kerr County, consisting of
about 25 percent of the county area, is underlain by the Trinity (Hill Country) Aquifer. Figure
167 illustrates the extent of the study area aquifers in Kerr County.

Groundwater pumping estimates from the Water Use Survey dataset indicate that maximum total
pumping from the Edwards-Trinity (Plateau) Aquifer occurred in 2007 and was approximately
1,800 acre-feet (Figure 168). As shown on Figure 168, reported pumpage is for irrigation,
livestock, manufacturing, mining, and municipal use categories, with most pumpage after 1999
being for municipal use. Since 2000, when inclusion of the non-surveyed municipal use in the
TWDB Water Use Survey database began, non-surveyed municipal use accounts for most of the
total municipal water use from the Edwards-Trinity (Plateau) Aquifer in Kerr County. Prior to
1999, pumpage for municipal and livestock uses was about equal. Manual review of

Figure 168 suggests anomalies in municipal pumping for 2007 and prior to 2000, as well as for
the period from 2001 to 2005 for livestock usage. Irrigation usage for 2015 and 2016 are also
anomalous, and the Water Use Survey dataset does not include irrigation data for the period from
1984 through 2009.

The year-to-year change analysis (Figure 169) and standard deviation analysis (Figure 170)
flagged many anomalies in the data for the Edwards-Trinity (Plateau) Aquifer, including the
2007 high pumpage for municipal use. Results from both analyses largely corroborated annual
values flagged during the manual review process.

Potentially irrigated land overlying the Edwards-Trinity (Plateau) Aquifer in Kerr County
correlates linearly to groundwater pumpage from the Edwards-Trinity (Plateau) Aquifer for
irrigation use. Figure 171 indicates that as the area of potentially irrigated land over the aquifer
increases in the county, so has the reported pumpage for irrigation. Figure 172 indicates a linear
correlation value (*“r’”) of 0.72 between potentially irrigated land area overlying the aquifer and
groundwater pumpage for irrigation. This strong positive correlation suggests that pumpage for
irrigation in Kerr County matches the trend in potentially irrigated land. We note, however, that
the water usage database does not contain irrigation pumpage for Kerr County from the
Edwards-Trinity (Plateau) Aquifer for years prior to 2010. We will re-evaluate this correlation
after researching Kerr County irrigation pumpage during subsequent project tasks.

Groundwater pumping estimates from the Water Use Survey dataset indicate that the maximum
total pumping from the Trinity (Hill Country) Aquifer within Kerr County was approximately
5,000 acre-feet, which occurred in 2014 (Figure 173). As shown on Figure 173, reported
pumpage is for irrigation, livestock, manufacturing, mining, and municipal use categories, with
the majority of pumping for municipal use. Since 2000, non-surveyed municipal use accounted
for a relatively small amount of the total municipal water use from the Trinity (Hill Country)
Aquifer in Kerr County. Manual review of Figure 173 suggests numerous anomalies within the
irrigation data, anomalies for livestock (1984 and 2005), and anomalies in mining usage
(including many years of missing data). While there are year-to-year variations in municipal
usage, manual review of that data does not indicate anomalous years.
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Figure 167. Kerr County showing the extent of the Edwards-Trinity (Plateau) and
Trinity (Hill Country) aquifers.
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The year-to-year change analysis (Figure 174) and standard deviation analysis (Figure 175)
flagged many anomalies in the data for the Trinity (Hill Country) Aquifer, including those

identified through manual review. Each method also resulted in numerous flagged years of
municipal pumpage, which were not identified through manual review.

Table 33 provides the years identified as having anomalous pumping amounts for Kerr County
from the Edwards-Trinity (Plateau) Aquifer and from the Trinity (Hill Country) Aquifer.

Irrigation 80 -
40 -

(a) OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
mmm |jvestock 400 A
200 A
(b) 0-
Manufacturing 20 -
10 A

(c) OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Mining 5.0 -
2.5 1

(d) OAOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Municipal

I Surveyed .
= Non-surveyed 1’200
600 -
(e) 0
= Total 1,600 A
800 A
(M) 0-

< © 0 O N ¥ © 0w 9O N ¥ © © O N ¥ © @©

All pumpage is reported in W W O O O o009 9 9 9 9O - - T T T

units of acre-feet per year 22222222 8 8 8 3 3 8 8 3 3 g

Year

Figure 168.

Kerr County Edwards-Trinity (Plateau) Aquifer groundwater pumping in
acre-feet per year as reported in the TWDB Water Use Survey data.
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Figure 1609.

Kerr County Edwards-Trinity (Plateau) Aquifer apparent anomalies based

on the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where

the data appears anomalous.
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Figure 170. Kerr County Edwards-Trinity (Plateau) Aquifer apparent anomalies based
on the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Figure 171.

Kerr County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, as reported in the TWDB Water Use Survey

data and potentially irrigated land area in acres per year (according to land
use data) overlying the aquifer.
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Figure 172. Kerr County Edwards-Trinity (Plateau) Aquifer groundwater pumping for
irrigation, in acre-feet per year, correlated with potentially irrigated land
area (according to land use data), in acres per year, overlying the aquifer.
Green shaded area represents the 95 percent confidence interval based on
the linear regression.

226



Final Report: Estimation of Groundwater Pumping Volumes, Locations, and Aquifers for West Texas —
TWDB Contract Number 2048302456

I Irrigation 1.200
600 111
(a) 0 |.|.|||||”|”|.|||||||'|”|”|"|||||'| |.|.|.|||||||
mmm |jvestock 300 -
150 A
(b) 0-
Manufacturing 16 -
8 -
(c) OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Mining 160
80 -
(d) OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Municipal
I Surveyed 4,000 -
N Non-surveyed
2,000 -
(e) 0 -
mmm  Total 5,000 A
2,500 -
(f) 0
= W 00 O N =% O 0 O NN % © W O N = O W
All pumpage is reported in W 0 O O O o O OO0 0 Q0 O 9O T T T = =
unit%ofgc?e-feetgeryear 22222222 8 8 8 8 8 8 8 8 8 g
Year

Figure 173. Kerr County Trinity (Hill Country) Aquifer groundwater pumping in acre-
feet per year as reported in the TWDB Water Use Survey data.
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Figure 174.

Kerr County Trinity (Hill Country) Aquifer apparent anomalies based on

the year-to-year change in groundwater pumping in acre-feet per year as
reported in the TWDB Water Use Survey data. Triangles mark years where
the data appears anomalous.
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Figure 175. Kerr County Trinity (Hill Country) Aquifer apparent anomalies based on
the criterion of 1.5 standard deviations from the 3-year average of
groundwater pumping in acre-feet per year as reported in the TWDB Water
Use Survey data. Triangles mark years where the data appears anomalous.
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Table 33. Years identified in the TWDB Water Use Survey data as containing
anomalous groundwater pumping amounts for Kerr County.
Aquifer Use Manual Review Year-to-Year Change Standard Deviation
Irrigation 1984-2009, 2015, 2016 198;6%2026531(2)65213_ 1984-2009, 2016
. 1984, 1985, 1992, 2001, 1984, 1986, 2001, 2002,
Edwards- _ -1VeSIOcK 1984, 2001-2005 2005, 2010, 2012 2005
Thnity =y onufacturing 19001991, 2012.2013- 1954 1993 2012.2018  1984-1991, 2012-2018
(Plateau) 2018
Mining 1984-1990, 2000-2018 1984'12%9111’_3823'2009' 1984-1991, 2000-2018
Municipal 1984-1999, 2007 2000, 2006-2008, 2012 2000, 2006, 2007, 2014
o 1984, 1985, 1993, 2000,
Irrigation 1999-2009, 2015, 2016 "»y13 5015 5017 2018 2013-2017
. 1984, 1985, 1992, 2001, 1984, 1986, 1987, 2001,
-~ Livestock 1984, 2001 2005, 2012 2002
(Hi”y Manufacturing 2009-2009 1984-2018 1984-2008, 2010-2018
Country) Mining 1986, 1991, 2000-2011 12%%3'12908171’ 12909112’ 220001% 1986, 1991, 2000-2011
1986, 1987, 1989, 1992,
Municipal None 1996, 1997, 2004-2011, 987, 2004, 2008, 2011,

2013, 2016

2012, 2016
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3.3.26 Kimble County

The Edwards-Trinity (Plateau) Aquifer underlies nearly the entire area of Kimble County (see
Figure 176). The aquifer is the most extensive source of fresh groundwater in the county
(Alexander Jr. and Pattman, 1969). As shown on Figure 177, reported total groundwater
pumping from the Edwards-Trinity (Plateau) Aquifer in Kimble County between 1984 and 2018
reached a maximum of approximately 1,000 acre-feet in 1986. In addition, the TWDB Water
Use Survey indicates pumping of up to about 5 acre-feet from the Trinity (Hill Country) Aquifer
(see Figure 178); however, the TWDB footprint for the Trinity (Hill Country) Aquifer does not
extend to Kimble County and we expect the pumping is likely from the Edwards-Trinity
(Plateau) Aquifer.

With respect to groundwater pumpage within Kimble County from the Edwards-Trinity (Plateau)
Aquifer, irrigation, livestock, and municipal are the main uses, with less pumpage for
manufacturing and mining uses. From 1984 to approximately 1989, irrigation use exceeded all
other uses. After 1989, the greatest annual pumpage occurred for livestock use. Since 2000,
when inclusion of the non-surveyed municipal use in the TWDB Water Use Survey database
began, non-surveyed municipal use accounted all the municipal water use from the Edwards-
Trinity (Plateau) Aquifer in Kimble County.

As illustrated on Figure 177, pumping from the Edwards-Trinity (Plateau) Aquifer for irrigation
and mining indicates steady pumping rates up until 1999 where the volumes drop to negligible
amounts. Pumpage for mining is not reported after 1999 while pumping for irrigation abruptly
decreases in 2000 and then remains at less than 200 acre-feet per year. Pumping for livestock and
municipal use appears steady ranging from about 200 to 400 acre-feet per year for livestock and
about 200 acre-feet per year for municipal. Pumpage for livestock shows a gradual decrease after
1999 whereas municipal pumpage shows a gradual decrease after 2012. Groundwater pumpage
for manufacturing shows an abrupt decrease in 1989 and 1993, after which pumpage for
manufacturing is not reported within the database.

Review of the year-to-year change (Figure 179) and standard deviation (Figure 180) analyses
identifies an abrupt decrease in pumpage from the Edwards-Trinity (Plateau) for irrigation in
1989 and in 2000, for manufacturing in 1989, for mining in 2000 and an anomalous decreasing
trend in municipal pumpage after 2014. We also observe an abrupt increase in pumpage for the
years 2010 and 2011 for livestock use. Table 34 provides the years identified as having
anomalous pumping amounts for Kimble County based on our manual review, year-to-year
change (Figure 179), and standard deviation (Figure 180) analyses.

Intuitively, we would expect a linear correlation between the land overlying the Edwards-Trinity
(Plateau) Aquifer in Kimble County that is potentially used for irrigation and groundwater
pumpage from the Edwards-Trinity (Plateau) Aquifer used for irrigation. However, although the
acres of potentially irrigated land overlying the aquifer appear to be increasing in the county, the
reported pumping for irrigation has reportedly decreased (see Figure 181). Figure 182 indicates a
linear correlation value (“r’”) of -0.85 between the potentially irrigated land area and reported
groundwater pumpage for irrigation. This very strong negative correlation suggests that pumpage
for irrigation in Kimble County is anomalous. We note, however, that the water usage database
contains relatively low values irrigation pumpage for Kimble County from the Edwards-T