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Innovative Water
Technologies (IWT)

» Aquifer storage and recovery (ASR) +
aquifer recharge (AR)
* Desalination
* Reuse

IWT goal:

“To research, develop, and disseminate
information to advance and promote the
development and use of alternative water
supplies in Texas.”




Introduction

What is ASR?

Water savings account =

TWC § 11.155
1t Mandate

TREATED

TWC § 11.155

AU o Texas Water Code § 27.151

“...a project involving the injection of water
into a geologic formation for the purpose of
subsequent recovery and beneficial use by the
project operator.”

2 A

* ASR uses the same well to inject and retrieve

RecHARGECYCLE [l cLay
Il RECOVERY CYCLE SAND ZONE ZONE

e Other forms of managed aquifer recharge AR
(AR) might use infiltration basins

infiltration
pond

* AR maybe implemented for multiple uses
such as subsidence mitigation, improving
groundwater levels, or improving water
quality 5



Introduction

ASR & AR in Texas

; | || Aquifer Storage & Recovery (ASR)

TWC § 11.155

1t Mandate

TWC § 11.155 . | Aquifer Recharge (AR)
2nd Mandate B3 Facility status in Texas
Project status ] Prejact nformalion s rom the 2021 Regional Wler Plans,
, personal i and research.

* Operational — . ‘ Locations are approximations.

e 8 operational A pioiig A

’ Authorized

O 4 ASR Regional Water Planning Area — *O ‘ t Y ,BA‘ T T

o 4 AR [ | Texas counties T - ‘ | ‘C‘ 7‘* lﬁJS T.-Z/,Af
‘, ﬂi T --H |
* 5intesting (piloting) : .
e 4 authorized S g

e Scales vary greatly
o Kerrville ~ 3,000 Acre-foot HERY
stored (march 2022) Nl—.‘\'

o San Antonio ~ 186,000 Sauy
Acre-foot stored (october 2022) ,t P L

T | L . Vi T I P T |
50 100 200 300 Kil Texas Water
fometers Development Board 2023-11-08
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Introduction

ASR & AR in Texas

Planned future Aquifer Storage & Recovery (ASR)
and Aquifer Recharge (AR) well fields and basins

This map does not represent all ASR & AR projects in Texas.
Project information is from the 2021 Regional Water Plans and outreach.
Locations are approximations and may not reflect the final facility site.

TWC § 11.155
1t Mandate

TWC § 11.155
2" Mandate

z

* 13 of 16 regional
water planning
groups are planning
on ASR

37 ASR well fields,
4 AR surface
infiltration facilities

* 193,000 AFY in ol velenosips

A AR, rainwater harvesting Regional Water Planning Area

% of -
2 O 7 O ) 3 o OT hew : fk'f’s:::swater ASR or AR strategy catagory
[ ]

ASR, surface water - Recommended L k N
S u p p Iy (0 ASR, groundwater ﬂ Alternative 150 00im
@  ASR, reclaimed water 5 Both
©  otin 2022 state Water Plan 7 Neither
o Alternative water strategy Texas Water

mmnt Board 2023-11-08



Introduction

ASR legislative 15t mandate

Texas Water Code § 11.155 ASR mandate:
Statewide survey of aquifer suitability for ASR or AR

projects in Texas
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Introduction

Intro to the survey

TWC § 11.155
1t Mandate

e TWDB contracted with HDR

. Literature Review
 Must include: [ - i. ' J
. Hydrogeological -
* hydrogeological Saroier Bxcesy Yater Water Supply
L. | cereent Screening Needs Screening
characteristics, , creem_nlg[
* availability of excess water Final Suitability
Rating
sources, and 4
| N
* the current and future Public Data Display- Draft and
Story Map and Web Map Final Report

water supply needs

* Resulted in final suitability ratings

* Completed and published December 2020

Texas Water

Development Board

www.twdb.texas.gov  €) www.facebook.com/twdboard Y @twdb



Introduction

Survey Benefits and Uses

TWC § 11.155

1t Mandate

* Free and public e Start conversations
Wi © Data accessibility * Explore the data
e Data versatility * Identify areas that could
e Dovetails with the water warrant a feasibility analysis
planning process * Arrive at your own conclusions

Access data:
Project web page: Story map:

Texas Water
Development Board

www.twdb.texas.gov  €) www.facebook.com/twdboard Y @twdb



Introduction

ASR legislative 2" mandate

TWC § 11.155
1t Mandate

TWC § 11.155
2" Mandate

Texas Water Code § 11.155 ASR mandate:

Conduct studies - work with appropriate
interested persons to conduct studies of ASR
and AR projects and report the results to the

regional water planning groups and interested
persons

Texas Water
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Introduction

ASR studies: prioritization
criteria and info

TWC § 11.155
1t Mandate

TWC § 11.155

2 Mandate (Based on most current available information)
Criteria Supporting information
1) Sponsor interest and e Statewide Suitability
activity Survey final rating for both
2) Project planning status ASR & AR
3) Data availability and quality ® Source water type
4) Staff skillset * Strategy goal
5) Online decade * Proposed study type

Texas Water
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Completed and current studies
Texas Water
I Miandate Development Board

o ASR and AR Projects
2nd Mandate ASR = aquifer storage and recovery

AR = aquifer recharge
See Texas Water Code § 11.155

Completed =

‘ R387 - Aquifer Characterization of the Carrizo-Wilcox

$ Regional Water Planing Areas

I—:I Texas Counties

' R389 - Longevity Assessment for City of Bandera Water Wells

rrent \
cu 0 55 110 220 Miles
I35 Corridor } il , | —bf I L
Suitability Overview for the Lower Valley in El Paso County 0 75 150 300 Kilometers

This map does not represent all ASR & AR studies in Texas. DeveIoT eéglsltw Bﬂotaerfd 01312024 13
Project locations are approximations and may not reflect the final facility site. P



Completed Studies

Texas Water

www.twdb.texas.gov ) www.facebook.com/twdboard Y @twdb Development Board



Guadalupe-Blanco River Authority
(GBRA)
Mid-basin Water Supply Project

Plans to inject treated surface water from the
Guadalupe River into the Carrizo-Wilcox
Aquifer when availability from the river
exceeds customer demand and there is

available capacity at the new water treatment

facility.

Texas Water
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ASR study: aquifer characterization

TWC § 11.155 Published
15t Mandate

> GBRAASR study area

Texas coun ties

s The GBRA needed to better

2nd Mandate Interstate highways _ Bastrop
U n d e rSta n d t h e Sto ra ge > :::i:w::: . Carrizo Groundwater Sup;y Project
parameters an do pti ons of e e e i

TWDB Report 385

the aquifers in the vicinity
of its Mid-Basin Water
Supply Project

IWT studied the hydrogeological
characteristics of the aquifer system:

e Stratigraphy

TTTT]
N

e Lithology

Section of river
permitted for diversion

* Groundwater salinity Y pewitt

Projection: Albers
Datum: North American 1983

16



Results: groundwater salinity

Carrizo Sand Wilcox Group

$29°30'0"N
1

Q |
A
A i i
97°45'0"W 97°45'0"W A 97°300"W A T o 50 km
1 1 A 1 AN =<
Salinity class Calculated TDS Measured TDS
Reklaw Clay, [ Fresn & P T Reklaw Clay,
you ngeSt - Fresh and slightly saline A Fresh and slightly saline Slightly saline you ngeSt
- * - [ siighty satine Slightly saline ®  Moderately saline ] ]
Carrizo Aq u Ife r :l Slightly and moderately saline Slightly and moderately saline @  Very saline Carrizo Aq u Ife r
WI | COX Aq u ifer - Moderately saline 4 Moderately saline ©  Brine W”COX Aq u Ife r
- Moderately and very saline 4 Moderately and very saline === Study area
M |dway CIay, 4\»—/ :zivers . A Very saline Wilcox Group outcrop M |dway C|ay’
nterstate highways I d 2000-ft depth
Oldest ﬂ ighway ®  Ignore NCs lepth contour Oldest
Texas counties




Introduction

TWC § 11.155
1t Mandate

TWC § 11.155
2" Mandate

* The aquifer characterization %

. . o c ‘P@{;
identified: Sl
— most suitable unit and zone in

Guadalupe

the study area for an ASR
project

— potential water quality
implications on well design

 The GBRA hired a contactor
for final site selection, well 3 e

. . ~N~~— Major rivers
construction and design
" Us highways
State highways
é: Carrizo Sand outcrop

Urban areas

Study results

Bastrop

Caldwell

The approximate area where the
Carrizo Sand is less than 2,000 feet deep
and has more than 300 feet of net sand.

Carrizo Sand salinity class

Fresh

Fresh and slightly saline
Slightly saline

Slightly and moderately saline
Moderately saline

Moderately and very saline
Very saline

Brine

| Carrizo Groundwater Supply ProjectL
183}

L4
--------

18



TWC § 11.155
1t Mandate

Aquifer Storage and
Recovery Report: Carrizo-
Wilcox Aquifer
Characterization for Eastern
Gonzales and parts of
Caldwell and Guadalupe

o Counties, Texas

b Report 387
¥ Published in March 2022

Aquifer Storage and Recovery Report:
Carrizo-Wilcox Aquifer Characterization
for Eastern Gonzales and Parts of
Caldwell and Guadalupe Counties, Texas

Andrea Croskrey, P.G., James Golab, Ph.D., P.G., Daniel Collazo

Texas Water

www.twdb.texas.gov  €) www.facebook.com/twdboard Y @twdb

Development Board



City of Bandera Surface Water
Acquisition Treatment and ASR

Plans to inject treated surface water
from the Medina River into the lower
Trinity aquifer to be recovered when
water supply demand is high using
existing water supply wells

Texas Water
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ASR Report: Longevity Assessment for the City of

Bandera Water Wells

WSS« The City of Bandera wanted to understand the longevity
of their existing wells:

—— * Trinity Aquifer is the main supply source

* Wells already reaching max drawdown
* Little redundancy in case of failure

%  City of Bandera well
.‘,‘:;‘ Study area
G Study lower Trintiy aquifer active limit
Urban areas
\ TxDOT roadways
~"s=~= Medina River
ﬂ Texas counties

* |WT created a model to assess the longevity of
the City of Bandera’s lower Trinity aquifer wells.

21



Introduction

Prediction scenarios

TWC § 11.155

The model was used to forecast future
conditions based on three scenarios:
2nd Mandate

No change Projected use Max supply use
scenario scenario scenario

No increase in Pumping will Pumping will
pumping increase to increase to
produce all

match the
projected groundwater
demands in the listed as available

2022 State Water LOTHE Ci'ty i
Plan Bandera in the
2022 State Water

Plan

Texas Water
Development Board

www.twdb.texas.gov 0www.facebook.com/twdboard YW @twdb



Water level elevation (feet above mean sea level)

Predictive model results

Mulberry Street Well Predictive Results

——— QObserved historic water levels

Modeled historic water levels

Pump level elevation (760 feet)y e (S1) No change scenario predicted water levels
Bottom of well casing elevation (520 feet) — - - (82) Projected demands scenario predicted water levels
Base of Trinity Aquifer elevation (430 feet) - = = (83) Max planned supply scenario predicted water levels
1050
’ Historic Period 1 | | | |
1000 ' Model Time Scale
950
900
850
B0 |t A SN A S1
Current pump level o A e
- M. —————r
EA T e . s e e
- \S2
700 . E
! X
650 Minimum operat.lonal stat'lc water level ll '\
(analytical solution) l .
600 1 s
\ » V.
550 ' S3 S
Lower Trinity aquifer top (bottom of the casing) N N
500 \\‘~-___________':.—'?_"_ ———————— —
openhole | | | [ | | | | | { { o | | | | [ [~
450
400

1975 1980 1985 1990 1995 2000 2005 2010 2015 @)20 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085 23
Simulation time (year)



Introduction

Study results

~ f b N S ey
* The City of Bandera lower Trinity ‘ [t e ]
aquifer wells: B 0909090 bbbk -
* Currently meet the city’s needs @@i """ B 2
but are reaching pumping limits (et |
* Pumps can be lowered to meet e
some increased demand but = -¥------- -
vulnerable to single well failures i gjfm
* The City of Bandera e T IO

Upper Trinity Group El Hammett Shale

* Has an estimated groundwater supply thatis £
almost twice the current use, but cannotbe HE
pumped with their current wells

Middle Trinity Group [:] Lower Trinity Group

* Has 30% projected population growth by 2070

* In the most likely scenario, there are less than 29 years to implement new
water management strategies to meet increasing demands

24



Introduction

TWC § 11.155
1t Mandate

TWC § 11.155
2" Mandate

Aquifer Storage and
Recovery Report: Longevity
Assessment for the City of

Bandera Water Wells

Report 389
=] Published in February 2023
ey

TexasWater 8
Development Board -

www.twdb.texas.gov  €) www.facebook.com/twdboard Y @twdb

Aquifer Storage and Recovery Report:
Longevity Assessment for the

City of Bandera Water Wells

Azzah AlKurdi, Shirley C. Wade, Ph.D,, PG, James Golab, Ph.D., PG., Andrea Croskrey, P.G.

Report 389 ‘Texas Water Development Board
February 2023 www.twdb.texas.gov

Texas Water
Development Board




Current Studies
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ASR study: high-level suitability analysis

TWC § 11.155
1t Mandate

TWC § 11.155
2" Mandate

Lower Valley Water District
ASR project:

Plans to inject reclaimed water
into the Hueco-Bolson aquifer

Goal: Provide a refined
suitability analysis for ASR/AR
and determine what additional
data needs to be collected

1L LY.

Study
Area

@ Study area cities
v/ Texas cities

/™ Major rivers

&P LVWD service area
] Texas counties

N O 10 20 Miles

0 10 20 Kilometers

New Mexico

El Paso
Hudspeth

27




ASR study: high-level suitability analysis

TWC § 11.155
1t Mandate

TWC § 11.155
2" Mandate

Description: Report will include an
analysis of the hydrogeological
characteristics of the Hueco
Formation and excess water and
supply needs analysis from the
statewide survey and data from
the LVWD.

Report expected: Summer 2024

N

A

New Mexico

Mexico

0 15 30 Miles

e

0 20 40 Kilometers

| :'l:l:l LA}

(]
O
L]

Hudspeth

Data collection

LVWD aquifer ,> Seismic depth countours
determination points ‘¢ (Davis and Leggat, 1967)
LVWD stratigraphy points ;% Major rivers

Available measured TDS * LVWD service area

“\y Interstate highways

ﬂ Texas counties

28



TWC § 11.155

Edwards and Trinity AS

TWC § 11.155

1t Mandate

2" Mandate

Draft in progress

Highlights ASR
and AR projects
along the IH-35
corridor

e Discusses the

driving factors,
challenges, and
opportunities

|-35 Corrid

R and AR in the
or

ASR & AR in the
IH-35 corridor, Texas

AR, Operational
AR, Piloting

AR, Authorized
AR, Stopped
ASR, Operational
ASR, Piloting
ASR, Authorized
ASR, Planning
ASR, Stopped

Lk e N S

I-35 corridor counties

Interstate Highways

Edwards and/or Trinity aquifers
Urban Areas

Texas counties

Project information is from the
2021 Regional Water Plans, authorizations,
personal communications, and other research.
Locations are approximations.

DRAFT £

\

Texas Water

{ Development Board 2023-11-01
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Let us know if you would like to know more!

Texas Water

Development Board
Azzah AlKurdi
P.0. Box 13231, 1700 N. Congress Ave. Engineering Specialist
el s gon (512) 475-1874
Phone (512) 463-7847, Fax (512) 475-2053 Azzah.alkurdi@twdb.texas.gov

Texas Water

Development Board
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Water Planning

77!’aj+andlei(l\') ‘
il
- Llano
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How much
will it cost?
(strategies
and projects
costs tool)

What can we
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Texans?
(population
projections)

do to get
more water?
(strategies)

Do we have

enough

< water?
~ (shortage or

~ surplus)

How much
water
required?
(water
demands)

How much
water do we
have?
(water

supply)

Texas Water
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Public Data Display

Tabs with more information on each screening, conclusions, and links

Statewide Survey of ASR and AR Suitability

Introduction

Statewide Survey of ASR and AR Suitability

for Texas' Major and Minor Aquifers




ASR Projects

Survey Results

PROJECTID 2389

NAME Explore and develop new

Ellenburger Aguifer well *
LOCATION

Teble_OBid 16

WmsProject 2389

SPONSOR J

NAME_1 CITY OF KERRVILLE -
INCREASED WATER
TREATMENT AND ASR
CAPACITY

CapitalCos  15,393,000.00

OnlineDece 2020

ProjectSpo  KERRVILLE

ProiectCom INJECTION WELL: WATER

Zoom to

Final ASR suitability rating simple

Enid
o
Stillwater Suisal
o
lowa
Cheyenne i
ArapahoOtsa Oklahoma
Sty
e OKLAHOMA
Delawae Alicen
e Naton
.1 Kiow a Comanche
Apache FiSill ©
Lawion Chickasan

Otsa

hut:
Nr.

Excess_Water_Score_Category high

Excess Water_Score 0.77
Needs_Score_Category low
Needs_Score 0.17

RCID 4847
Final_ASR_Rating_Category moderately
suitable
Final_ASR_Rating 0.53
ASR_Hydro_Score_Category  medium
Highest_ASR_Hydro_Score 0.64

Zoomto

va

DRE ORIENTAL

e N9 »[] Texas State House Districts

=
QUACHITA MOUNTAILN

e P = I
Roge Layer List A X

OSpringdale
) :
SFayetteville [] Texas County Bounderies
Wi »[] Priority Grouncwater Mansgement Aress
?F°" S . [ MejorRiver Basins
s |
- . »[] TexasState Senate Districts
= ]
[ e

v ASR Project Points

{4 Final ASR Suitability Rating (simple)

Final_ASR_Reting

. most suitable

[y mocerately suitable
°Shreve less suiteble
no excess water identified

. no need identified

Dy neither excess water nor nesd

no major/minor aquifer

»[] Final ASR Suitability Reting (full date)

»[] Finel AR Suitebility Reting (simple)

Final_ASR_Rating
. most suitable

- moderately suitable

less suiteble

no excess water identifed
. no need identified
. neither excess water nor nesd

no major/minor equifer

33



City of Kerrville Increased Water
Treatment and ASR Capacity

Hydrogeological Score

vid ASR Project Points

~f% Final Hydro ASR Score

final_hydro_ASR_score_GRID: medium Highest_ASR_Hydro_Score

Iy =07 high

- 0.5-0.7, medium

RCID 4847
ASR_Hydro_Score_Category medium
Highest ASR_Hydro_Score 0.64

Highest_Scoring_Aquifer_ID TRNT
Aquifer_|Ds_Present TRNT_HCKR
Shape__Area 2,499,999,992 32
Shape__Length 200,000.00

0-0.5, low

-1, no major/minor aquifer

Texas Water
Development Board

www.twdb.texas.gov 0www.facebook.com/twdboard



City of Kerrville Increased Water
Treatment and ASR Capacity

Excess Water Score

e
er.r‘o*_‘.i’ &

(o]
v Excess Score Sum Normalized wee
=
N/A, no excess water identified
Excess Score Sum GRID: High
- 1 T TV, Low, <0.34
RCID 4,847 b o SAN e
SW -score 0.45 SN rhy | Medium, 0.34 - 0.67
5 R N o LM =
RW_score 0.68 - . High, =0.67
GW _score .00
<~ J Y — 113 »| | Need Score Sum Normalized
— — b VT
Excess_score_sum_normalized 0.77 -

2 3 b > ici
Normalized_score_category  High (5 L] Municipal WUG
used_for_AR_reting Yes .
used_for_ASR_rating Yes
Zoom to

Texas Water
Development Board

www.twdb.texas.gov 0www.facebook.com/twdboard YW @twdb



City of Kerrville Increased Water
Treatment and ASR Capacity

Water Needs Score

Needs Grid - Normalized Needs Score Sum: :
No : ] jo—
RCID 4,847 »[ ] Need scores used for ASR final suitebility rating
Manu_Score i
Max_Muni_Score 0.00 1 — . : e .
gpie i ! »| | Need scores used for AR final suitability rating
oE_score e
- !
Need_sum 0.00 ;I‘\\ y
5 l 1 \\ ) Ve Dok 2
zed 0.00 1 ! Sae - . +f% ASR Project Points
No 1 e | ' c ,%‘( RI¥ '
(] \\ o OO ey
No ! >~ ‘ °
~,
WUG, no need 1 S
1 So -
H \"““"“i R ] - v Need Score Sum Normalized
Zoom to ess | 1 .
e --m—-‘

| no WUG identified, -1

rm———

Ny WUG, but no need identified, 0

Needs Grid - Mormalized Needs Score Sum:

| Yes

RCID 5,049 RN 0
Manu_Score B Medium,0.34-0.67

| Max_Muni_Score 0.75 |
SE_score . H'g'n, >0.67
Meed_sum 0.75

| Meed_Sum_Normalized 0.68 | V Municipal WUG
used_for_AR_rating Yes
used_for_ASR_rating Yeg &
Need_Score_Category High —

Zoom to e 36




Results: stratigraphy

Carrizo Sand Wilcox Group

"W,

7

|'|
10 km

Fr

7

Reklaw Cla Reklaw Cla

¥, Depth to Top 1

A youngest 0 foet youngest
Carrizo Aquifer . it i Interstate highways  _ Carrizo Aquifer
Carrizo Sand outcrop ~ ~~_— Rivers
Wilcox Aquifer A\ 2000-foot depth contour [ Texas counties Wilcox Aquifer
Mldway CIay, “\_~ 200-foot depth contours Mldway Clay,
oldest .2000 Rt oldest




Results: thickness

Carrizo Sand

Wilcox Group

/1

i
l/‘(/
/l
|
|
1
|
i
1
|
i
3
gl
|
&
|
i |
4 ‘I) s T sl r'd !
] 0 5 10km -~ I
o |
. i
~\ 3
~,
~
97°45'0"W 97°30'0"W \
: : G
Reklaw Clay, Thickness Reklaw Clay,
ﬁ youngest 1500 youngest
Carrizo Aquifer 1200 === Studyarea /7 Wilrsials highways Carrizo Aquifer
" zii Carrizo Sand outcrop ~n~~ Rivers
Wilcox Aquifer 100-foot thickness contours ﬂ Texas counties Wilcox Aquifer
= 600
. Extent, Carrizo Sand top .
Midway Clay, 300 <2000 feet deep Midway Clay,
oldest 5 oldest




Results: lithology

Carrizo Sand

Wilcox Group

|
|
|
|
1
|
L
|
|
|

0 5 10 mi ~. \
[ S R e \\ \
0 5 10 km ~.
)
~ t_
97 3(:0"\”0 7' A:o"w o7 G:O'W l
N N\
Reklaw Clay, Net Sand Thickness | Reklaw Clay,
ﬁ youngest 1000 youngest
900 /]
Carrizo Aq uifer I 382 mmm Study area = ===+ Yoakum Canyon extent | Carrizo Aqu ifer
. . 600 Wilcox Group outcrop “\_~ 100-foot thickness contours . .
Wilcox Aquifer 500 7 Wilcox Aquifer
400 -~ Interstate highways 7\ 500-foot thickness contours /
Mldway Clay, Zgg s~ Rivers ®  Lithology well control 7 T\ M |dway C|ay’
oldest 100 ﬂ Texas counties i L b i oldest
0 0 100 km j




Well construction

* Water quality (injected and ' Q
native) has implicationsonwell AT
design, construction, and R SR

operations

— Interbedded clays may lead to
lower water quality

— More saline environments will
require more water loss to
establish a buffer

— The units contain many stacked
salinity zones so potential g ane
drawup of more saline water
may be a concern

=
- initial interface

From Essink (2001)

Texas Water
Development Board

www.twdb.texas.gov  €) www.facebook.com/twdboard Y @twdb



Well construction

* Chemical compatibility
— Corrosive of encrusting groundwater conditions

— Langelier Saturation Index (LSI) —shows whether water will be
encrusting (positive) or corrosive (negative)

e Carrizo Groundwater Supply Project (Phase I) wells 1-3 have
an LS| from -2.30 to -2.55 (corrosive) so plan casing
material accordingly

Ky Veg2+ * [Ca?t] - - -[HCO3]
LSI=pH+log< a " Yca’ YHco; 3 )
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Statewide Suitability Survey final rating for ASR

Final ASR Rating
-5, no aquifer

-4, neither excess water
1 nor need

[ -3, no need identified

-2, no excess water
identified

0 - 0.5, less suitable

0.5 - 0.7, moderately
= suitable

I > 0.7, most suitable

,-~7"" Study area outline
~"~~— Major rivers

| Texas counties

o0
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Bandera Well Longevity Model

Williamson

Mason Llano é/j Burnet "

Gillespie Blanco

//’m

Edwards

The model is based on: e

* the Hill County Groundwater
Availability Model (GAM), and

* the surfaces generated by the
Hill Country Trinity Brackish
Resources Aquifer

Characterization System & sy
{:P Study lower Trintiy aquifer active limit
( B RACS) St U dy s < [ Study model extent
I 2= Groundwater availability model lower Trinity aquifer extent

(Jones and others, 2011)

- Brackish groundwater map lower Trinity aquifer extent
(Robinson and others, 2022)

" Interstate highways
] Texas counties
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Predictive Model Results

The Mulberry Street Well
Scenario 1: No change

1050

The most optimistic scenario

1000

950

900

850

800 lower the pump 36+ feet

Current pump level

2 16 years (model time scale):

750

1
J-Y
700 : ., \, -
" . . ' N, Sustainable
650 Minimum operational static water level l| . .

l production

(analytical solution)

600

Water level elevation (feet above mean sea level)

550 - .
Lower Trinity aquifer top (bottom of the casing) N e

500 __________________________ —

Open hole
450

400
1975 1980 1985 1990 1995 2000 2005 2010 2015 @20 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085

Simulation time (year)

The City of Bandera will need to modify their existing wells
and may not need to implement new water supply strategies +




Predictive Model Results

The Mulberry Street Well
Scenario 2: Projected demands

1050

The most likely scenario

1000

950

900

o0 the city’s growing demands

J Pumping will increase to meet

go N\ e

Current pump level

750

|
00 /Y| 2 years (model time scale):
: .
- , _ | \, lower the pump 49+ feet
Minimum operational static water level | .
|
|

650 : -
(analytical solution)

600

] £ 29 years (model time scale):
550 : \-.\ reaches operational limit

Lower Trinity aquifer top (bottom of the casing) N

Water level elevation (feet above mean sea level)

500 L3S R SN S " S A TR AP —

Open hole
450

400 ~ —
1975 1980 1985 1990 1995 2000 2005 2010 2015@20 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085

Simulation time (year)

The City of Bandera has less than 29 years left on the existing
wells and will need to implement new water supply strategies 4




Water level elevation (feet above mean sea level)

1050

1000

950

900

850

800

750

700

Predictive Model Results

The Mulberry Street Well
Scenario 3: Maximum planned supply

Worst-case scenario

) Increase pumping to existing supply (91%)

Current pump level

':) 1 year(model time scale):

Minimum operational static water level

650 : : operational limit
(analytical solution)
———————————— ‘———-‘—————————————
600 i i
\
550 ) 5 year(model time scale): unusable
Lower Trinity aquifer top (bottom of the casing)
500 “‘-‘——————__'_.___._._—_”_T '''''''' o
openhole | | | [ { [ | | | | [ ( ( | | | | "°I7°7°-°
450
>
400

1975 1980 1985 1990 1995 2000 2005 2010 2015 @20 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085

Simulation time (year)

The City of Bandera does not have the existing supply
accounted for in the 2022 State Water Plan
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Statewide Suitability Survey final rating for ASR

Bandera

=3 Final ASR Suitability Score

w1 Study area
. -4.0, neither excess -2.0, no excess water
ty of Bamd ’ ’
® Cf y ot Bamdera I water or needs ] identified - . o
1 Rivers identified " 10-0.5, less suitable , m
Bandera county -3.0, no need
[ 0.5-0.7, moderately 0 5 10 km
identified (] suitable

I >0.7, most suitable
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