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Today’s outline

* Introduction to concepts

e Study methods and results
e Discussion of relevant topics
* Conclusions and final questions



Introduction — what is ASR?

Aquifer Storage and Recovery (ASR)

TREATED
— TR

 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.”

* ASR uses the same well to inject and retrieve

e Other forms of managed aquifer recharge (AR,
ASTR...) might use basins or different wells for
injection and recovery

Reciarcecycle [l clay STORAGE BUFFER NATIVE
I RECOVERYCYCLE [f] sanD ZONE ZONE GROUNDWATER
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What is needed for an ASR project?

Small dams to capture intermittent
flow to recharge aquifer. Water

recovered downstream from Temporary Needs
storage s . .
for bank filtration * Municipal
Rainwater harvested .
B //, from roof catchments * Industrial
’ o  Agricultural
f > Y2 i
=/ '\ %, ’ Leakage from e Environmental
=\ et/ r : : & ) PiDES and sewers E ter*
) o P = S ST TP (| EXcess water

Abstraction from sandstone
aquifer for urban supply

e Surface Water
e Reclaimed Water
e Groundwater

Aquifer Storage and
Recovery (ASR) in
imestone aquifer

Recharge from |
irMgation canals
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N R4/ * Storage
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From Dillon et al. (2019) e
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Introduction — mandate

Texas Water Code § 11.155 - Two ASR related mandates for the TWDB

1. Statewide survey of aquifer suitability for ASR or AR projects in
Texas
Webpage

https://www.twdb.texas.gov/innovativewater/asr/projects/Statewide/index.asp

StoryMap

https://twdb-wsc.maps.arcgis.com/apps/MapSeries/index.html?appid=75313de26daf4994bcb590fdb8846b80

Aquifer Storage and Recovery Report:
Carrizo-Wilcox Aquifer Characterization
for Eastern Gonzales ai

2. Conduct studies - work with appropriate interested persons to
conduct studies of ASR and AR projects in the state water plan or
identified by others and report the results of these studies to the
regional water planning groups and interested persons

Texas Water
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Introduction — study selec

2017 State Water Plan
Recommended ASR
projects

. Sponsor interest

. Staff skill and availability

1
2
3. Source type

4. Data availability
5. Planning status
6. Online decade

Operational

¢ AR, surface water

¢ AR, reclaimed water

¢ AR, rainwater harvesting

% ASR, surface water ID[Operational ASR & AR

* ASR, groundwater 23|El Paso Water Utilities

2017 State Water Plan 33|San Antonio Water System

recommended projects 43|Edwards Aquifer Authority projects

A AR, surface water 45|Ruby Ranch Water Supply Corporation

A AR, reclaimed water 46 A”tifmh _Cave_ -
47|Residential rainwater harvesting

@® ASR, surface water 48|City of Kernille

© ASR, groundwater

@® ASR, reclaimed water

© ASR, various

Known project not in 2017 State

Water Plan
® ASR ‘23
2144
- 20

ID(ASR & AR projects

Brazos River Authority

Canadian River Municipal Authority

City of Austin E

1
2

3

4|Bandera County
5|City of Bryan
6
7
8
9

City of Buda and others, middle Trinity Aquifer
City of Buda and others, saline Edwards Aquifer]

City of College Station
City of Kemville, expansion
10|City of Lubbock

i Cfty ginew Sraiwis Regional Water Planning
12|City of Uvalde Areas

13|City of Victoria

A - Panhandle
14|City of Waco B - Region B
16|Colorado River Municipal Water District ~Reg

C - Region C

18|Kerr County

D - North East Texas
E - Far West Texas

19|Lavaca Navidad River Authority
20|Lower Valley Water District

21|El Paso Water Utilities, expansion F - Region F

22|Guadalupe-Blanco River Authority (Mid-basin) G - Brazos G

24|City of Corpus Christi

44|Tarrant Regional Water District

49|Bell County

16 @

There may be facilities or projects unknown by TWDB.
Locations are approximate.

tion process

Aquifer Storage & Recovery
(ASR)

A and
° Aquifer Recharge (AR)
in Texas
5
0
LTS
-
F
%\

H - Region H
| - East Texas

J - Plateau
K - Lower Colorado
L - South Central Texas
M - Rio Grande

N - Coastal Bend 0 100 Mi
O - Llano Estacado 0 A0k
P - Lavaca
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Introduction — GBRA Mid-Basin Water Supply Project

* Phase | — development of groundwater supply from the Carrizo
Groundwater Supply Project and associated infrastructure
* Phase Il — ASR well field and other infrastructure

— Water source: treated surface water from Guadalupe River
— Storage target: Carrizo-Wilcox Aquifer
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Mid-Basin Water Supply Project Schedule

Carrizo Groundwater Supply Project (CGSP)

‘ TX130 Project (CGSP Expansion)
|1 |

HCP Coordination

Pilot ASR Program

Mid-Basin Phase Il Mid-Basin Phase Il (ASR)
(ASR) Design Construction

I
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
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MBWSP Study Update

" Project Demands (Geographic Customer Areas)

= ASR Siting & Sizing

= ASR Piloting Plan

= River Diversion & Siting

" |ntegration of Lower Basin Water Rights

= Raw & Treated Water Transmission — Routing and Sizing
= Off-Channel Storage and/or Wetlands

= Water Treatment Plant Siting & Sizing

= State & Federal Permitting

Deliverables Timin

Feasibility Report; Recommendation; Piloting Plan Apr 2022 — Dec 2023
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GBRAASR study area

o
ﬂ Texas counties
~"~— Rivers
Interstate highways
" US highways
" State highways
Urban areas
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Projection: Albers
Datum: North American 1983

Introduction — study area

* Existing infrastructure
e 2,000-foot depth limit

30-meter digital elevation model surface

<+— 2000-foot depth limit




Questions on the study scope?

RECORDING NOTICE: This online webinar is being recorded
and enables attendees to participate through a personal
device's microphone. Attendees may elect not to participate
through use of a microphone by remaining muted and
using the chat feature. The election of an attendee to use a
microphone constitutes consent for recording.

| Texas Water
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Introduction — aquifer characterization

e Stratigraphy
* Lithology
* Groundwater salinity

Texas Water
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Stratigraphy — why?

* GBRA is planning on implementing ASR in the Carrizo-Wilcox
Aquifer

* Determining the depths to the top and bottom of the Carrizo Sand
and Wilcox Group will be critical when planning the construction of
an ASR well in the study area

* Understanding subsurface architecture will aid in site selection for a
viable project

Texas Water
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Stratigraphy — how?

e Collect data:

— Geophysical well logs from the BRACS database
— Picks from previous studies

— Added Q-logs from the RRC

— Added logs from the GBRA CGSP wells

* Additional logs increased the data density from previous studies
* |Interpret stratigraphic depths from the well logs in IHS Kingdom
* |Interpolate stratigraphic surfaces in ArcGIS

Texas Water
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Stratigraphy — results
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Depth to the top of the Carrizo Sand
Limited to less than 2000 feet
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. == Study area Interstate highways

Carrizo Sand outcrop ~N~ Rivers
™\, 2000-foot depth contour G Texas counties
“\_~ 200-foot depth contours

2000 feet

Top of the Carrizo Sand

Depth increases to the SE, towards the
Gulf of Mexico
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* Reaches a depth of 2,000 feet about 15
miles from the outcrop

4,547 feet deep at the farthest downdip
corner of the study area

Reklaw Clay,
* youngest
Carrizo Aquifer
Wilcox Aquifer
Midway Clay,
oldest




Stratigraphy — results

P e Top of the Carrizo Sand
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. * Depth increases to the SE, towards the
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Reworked Sands
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Stratigraphy — results
5 Bottom of the Carrizo Sand (top of the

Wilcox Group)

* Depth increases to the SE, towards the
Gulf of Mexico

* Reaches a depth of 2,000 feet about 12
miles from the outcrop

* The depth ranges from 0 at the outcrop

to 5,517 feet
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izl Carrizo Sand outcrop
o Interstate highways
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Stratigraphy — results
Bottom of the Carrizo Sand (top of the

Spontaneous Potential Resistivity

N o T . Wilcox Group)
High-resistivity sands vZ7777777773 * Depth increases to the SE, towards the
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/ ottom of Carrizo Sand to 5,517 feet
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Stratigraphy — results

-

Carrizo Sand thickness
* Map limited to less than 2,000 feet
deep:
* Max thickness is 904 feet
* Pinches out as the dip of the
formation reaches the 2,000 ft
depth limit to the SE
* Thickness of the entire formation
increases to the SE, towards the Gulf of
Mexico
* Ranges from 0 to 1,173 feet thick
* Thicker where the formation overlies
the Yoakum Canyon

Thickness of the Carrizo Sand
Limited to less than 2000 feet

1500
1200 mm-mm Study area Interstate highways
900 Carrizo Sand outcrop ~r—~ Rivers

100-foot thickness contours ﬂ Texas counties

& 600

Extent, Carrizo Sand top
- 300 <2000 feet deep

-0
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. 2000 feet

Limited to less than 2000 feet

mmomm Study area Extent, Wilcox Group top
<2000 feet deep

“E. Wilcox Group outcrop
o Interstate highways
“\_~ 200-foot depth contours

o Rivers
7\, 2000-foot depth contour

E Texas counties

Bottom of the Wilcox Group (Top of the

Midway)

* Depth increases to the SE, towards the
Gulf

* The bottom of the Wilcox ranges from
121 to 8,167 feet below the ground
surface

* The map is limited to where the top of
the Wilcox is less than 2,000 feet deep

Reklaw Clay,
youngest
Carrizo Aquifer

Wilcox Aquifer
Al ™

o)
Midway Clay,
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Stratigraphy — results

P s e Bottom of the Wilcox Group (Top of the
'H+ | ’ Midway)

S (’_’7 * Depth increases to the SE, towards the

00€

—

Coastal Plain Sa 7 G u If
’T Bokm>ofWilcox Group

* The bottom of the Wilcox ranges from
121 to 8,167 feet below the ground

0ot

surface
* The map is limited to where the top of
the Wilcox is less than 2,000 feet deep

Marine Shale

Reklaw Clay,
youngest

Carrizo Aquifer

Wilcox Aquifer

Midway Clay,
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Stratigraphy — results
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Thickness of the Wilcox Group -
Limited to less than 2000 feet deep
1500
1200 mmcmm Study area " Interstate highways v >
900 . Wilcox Group outerop ~n~ Rivers
300-foot thickness contours i
600 ﬂ Texas counties
77\, 2000-foot depth limit contour
300

Wilcox Group thickness
* Thickness of the entire formation
increases to the SE, towards the Gulf

* Ranges from 121 to 2,990 feet thick
* Thinnest within the Yoakum Canyon
* When limited to less than 2,000 feet

deep, the maximum thickness is 1,528
feet



Questions on the stratigraphy?

RECORDING NOTICE: This online webinar is being recorded
and enables attendees to participate through a personal
device's microphone. Attendees may elect not to participate
through use of a microphone by remaining muted and
using the chat feature. The election of an attendee to use a
microphone constitutes consent for recording.
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Lithology — why?
* The dominant lithologic characteristics of

strata have a direct effect on the

recharge, storage, and recoverability of
water

| Y ground
A water . clay paticles

e “Clean” (little to no clay) sand layers {
<

produce groundwater more economically
/

[ [ II
moderate porosity, high porosity,
and are better suited for ASR projects poderate poros Jghporonty

* Porosity and permeability of the strata
can be inferred from the lithologic
characteristics

Texas Water
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Lithology — how?

* The Carrizo Sand and Wilcox Group in the study [ Top of Carrizo Sand =411 *-'-*i‘_:__%:: ===
area consist primarily of interbedded sands and —— _ ——
clays ,,; EEE E’f;’_ SEs = ESEESSS

* Net sands is the total thickness of sand layers S —===— === === "‘1_;'
within a given interval dEac=SNNNNREEEEE, Es

. , i = HEEE~=IEN ESE:

* Net sands may be calculated from driller’s logs EEER-SSEE=SESET =
or geophysical logs Top of Wilcox Group S5 8

* Lithology was evaluated using a four-tier method =it =S

B e N s e =Rt SRR
Sand ~100% sand SSEERSaiSs . = SEESSEscE e
Sand with clay ~75% sand and ~25% clay b 3 - ESERs =5 __ ' S
Clay with sand ~25% sand and 75% clay e e e SEEESS
Clay ~100% clay S5=-= SRR ot -5 ;ji e

Texas Water
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Lithology — results

e Carrizo Sand

— Predominantly quartz sand with some
interbedded clays and shales

— Contains distinct thick, permeable sand units
that may be over 500 feet thick

— Deposited in a marine environment
— 100 logs were used for interpretation

— Between the surface and 2,000 feet below
ground level there are up to 623 feet of net
sands

— Thickest net sands overlie the Yoakum Canyon

— Net sand thickness of the Carrizo Sand
. 565 Limited to less than 2000 feet below ground surface
| - 800

== Study area == === = Yoakum Canyon exte

700
600 Carrizo Sand outctop “\_~ 100-foot thickness co
- 500
- 400 Interstate highways #\_, 500-foot thickness co

N 288 ~A~ Rivers e Lithology well control
100 r'__] Texas counties

0

nt
ntours
ntours




Lithology — results

Wilcox Group

— Very heterogenous: clay, silt, sand, gravel,
and lignite

— Deposited in a range of depositional
environments from fluvial to marine

— 206 logs were used to interpret net sands

— Between the surface and 2,000 feet below
ground level there are 0-920 feet of net
sands

— The thickest sands located immediately
downdip of the of the Wilcox Group outcrop

—_ Contains the Clay_ﬁ“ed Yoa kum Ca nyon .900 Lirited to less than 2000 feet below ground surface

388 wm=-mm Study area == === Yoakum Canyon exte|

- 600 Wilcox Group outcrop “\_~ 100-foot thickn

ess co
- 500 )
- 400 Interstate highways "\ 500-foot thickness co

| 300~~~ Rivers e Lithology well control
200
100 [] Texascoun ties

-0

nt
ntours
ntours




Lithology — results

* Yoakum Canyon
— Located within the Wilcox Group

— Can be followed for 67 miles from outcrop
through the subsurface

— Cut into the Wilcox Group during deposition and
refilled

— Primarily shale with some isolated sand beds near
top of unit

* Carrizo Sand that overlies the Yoakum canyon
is distinct from the surrounding strata
— Generally thicker with more overall net sands

— Individual sand units are thinner and vertically
isolated r o

Net sand thickness of the Carrizo Sand —
— Permeability is generally lower (lower resistivity)

1000
900
- 800
- 700 ,
- 600 " Interstate highways “\_~ 100-foot thickness contours

- 600
400~ Rivers 7\, 500-foot thickness contours

300 : :
““ Carrizo Sand outcto e Lithology well control
I 10 p

100 ﬂ Texas counties
0

Entire formation thickness

==-mm Study area == === Yoakum Canyon extent




Lithology — results

Typical Carrizo Sand in the study

Carrizo Sand overlying the

area Yoakum Canyon
Sponta(me"onscs)ltPsc))tential (Oﬁﬁlsjcm%,) Spo ntane_-o_us Potential Resistivizty
0 20 (millivolts) (ohms - m*/m)
-+ : : R ! N
0 Qverscale 200 . 1 1
T OVITITIITISS. p &
w . S
; = Top of Carrizo Sand L
T Clean Sand / ?Top of Carrizo Sand
\ é \ Q -Clean Sand
5 (e
7 ( 4
) > Clean Sand
1 ; [§
@ Clean Sand g S E
S
i g f Clean Sand
2 s 7
S
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Questions on the lithology?

RECORDING NOTICE: This online webinar is being recorded
and enables attendees to participate through a personal
device's microphone. Attendees may elect not to participate
through use of a microphone by remaining muted and
using the chat feature. The election of an attendee to use a
microphone constitutes consent for recording.
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Groundwater salinity — why?

* Water quality of the native groundwater is an important
hydrogeological characteristic for ASR

e Salinity is an important water quality parameter and has
implications for an ASR project:

— designing a well
— planning operations and establishing a buffer volume
— water treatment requirements

Texas Water
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Groundwater salinity — how?

* Collected total dissolved solids (TDS) values from available
measured water quality data

— Most measured water quality samples come from water wells
 Measured water quality is not available in downdip area of the
aquifer, so TDS was calculated from geophysical well logs

— Values were calculated using the relationships between TDS, specific
conductance, and formation resistivity

 Salinity class maps were created using both measured and
calculated TDS values

Texas Water
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Groundwater salinity — results

97°45'0"W
1

T
29°45'0"N

A

Salinity class

|:] Fresh
- Fresh and slightly saline
[ siightly satine

|:| Slightly and moderately saline

- Moderately saline

Measured TDS

[ Fresh

©  Slightly saline

e Moderately saline

Carrizo Sand salinity classes

Limited to less than 2000 feet

Calculated TDS

A Fresh
A Fresh and slightly saline
Slightly saline

® » » > D P

Slightly and moderately saline
Moderately saline

Moderately and very saline
Very saline

Ignored

———— Study area

#ik. Carrizo Sand outcrop
™\, 2000-foot depth contour
’ " Interstate highways
~N~= Rivers

ﬂ Texas counties

Carrizo Sand
e 20 wells with 80 measured water quality
samples
» 7 fresh samples, 72 slightly saline samples,
and 1 moderately saline sample
* 123 well logs for TDS calculations
* 164 salinity class intervals were assigned:
" 63 fresh
56 slightly saline
" 35 moderately saline
= 8very saline
= 2 brine
* Analysis was limited to 2,000 feet below ground
surface



Groundwater salinity — results

] J

>

$29°30'0"N

[ | Slightly saline
Slightly and moderately saline

D Moderately saline
E Moderately and very saline

N\~ Rivers

® » » > [ >

Interstate highways

ﬂ Texas counties

Fresh, slightly, and moderately saline
Slightly saline

Slightly and moderately saline
Moderately saline

Moderately and very saline

Ignored

° Moderately saline
o Very saline
o Brine
== Study area
Wilcox Group outcrop

™\, 2000-ft depth contour

.
ot
Sy P—
0 50 mi
A 97°30'0"W 0 50 km
, A 1 I N L
Wilcox Group salinity classes
Limited to less than 2000 feet
Salinity class Calculated TDS Measured TDS
- Fresh and slightly saline A Fresh ° Fresh
{ Fresh, slightly, and moderately saline A Fresh and slightly saline C Slightly saline

Wilcox Group
* 50 wells with 90 measured water quality samples
= 37 fresh samples, 51 slightly saline samples,
and 2 moderately saline samples
» 168 well logs for TDS calculations
e 227 salinity class intervals were assigned:
= 12 fresh
= 82 slightly saline
= 72 moderately saline
= 57 very saline
= 4 brine
* Wilcox can reach over 8,000 feet deep with a
thickness of over 3,000 feet
* Analysis was limited to 2,000 feet below ground
surface



Questions on the groundwater salinity?

RECORDING NOTICE: This online webinar is being recorded
and enables attendees to participate through a personal
device's microphone. Attendees may elect not to participate
through use of a microphone by remaining muted and
using the chat feature. The election of an attendee to use a
microphone constitutes consent for recording.

| Texas Water
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Bastrop

Discussion — site selection T \‘
considerations

Carrizo Sand is the better candidate
for ASR based on stratigraphy,
lithology, and water quality

The middle third of the study area,
Carrizo Sand contains 2300ft of net
sand <2,000ft below the ground
surface

Wells deeper than 2,500 ft would
require costly multi-stage pumping 2007 e

Slightly saline

]
Gonzales |

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

Interstate highways

The SAWS ASR project screens 7 st —E )

State highways Moderatsly salios 4] I T R S

~250ft of the Carrizo Sand oo

Urban areas

Brine



Bastrop

Discussion — site selection [Cares Sy ]
f:éj.; : \‘

considerations

e Zone of higher salinity near the City
of Gonzales

* This higher salinity zone is close to
the Guadalupe River, which is the
source of injected water for the
project a

e Site section will need to take all
these considerations into account The approxinale rsawhere e o

and has more than 300 feet of net sand.

along with current and future i

]
Gonzales |

x DeWitt
. . G Texas counties Fresh
regional infrastructure P st
Interstate highways Slightly saline
/ US highways Slightly and moderately saline
State highways Moderately saline 4 (IJ lllllllll ? . 1|Om
:Efiii',i_;,» Garfizo Sand suterop Moderately and very saline T (l) é 1|0 km

Very saline
Urban areas i

Brine



Discussion — well construction

e Water quality (injected and native) e
has implications on well design, ‘
AAANAAARAA R AAAAAAARL AAAAARAAAANR AR A AR
construction, and operations R R RGeS R RRARRRIRRKS
— Interbedded clays may lead to lower o fresh EA

r

water quality

— More saline environments will
require more water loss to establish

a buffer
— The units contain many stacked
. . r
salinity zones so potential drawup of : =
more saline water may be a concern From Essink (2001)
Texas Water
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Discussion — 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 LSI
from -2.30 to -2.55 (corrosive) so plan casing material accordingly

Ka *Yca2+ [Ca”*] "YHCOZ * [HC0§]>

LSI = pH + log( K
Sp

Texas Water
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Discussion — limitations

* Aquifer characteristics are only one component of site selection and
future work may include
— Engaging potential stakeholders;
— Evaluating existing and planned infrastructure;
— Estimating total project costs;
— Investigating environmental impacts; and
— Calculating economic viability.

* Collection of well-field scale data on water quality and hydrogeology is
recommended to evaluate a final site location for an ASR field and
associated system.
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Discussion — regulation and permitting

* Implementation of ASR projects is
regulated by the Texas Commission on
Environmental Quality (TCEQ)
Underground Injection Control
Program

* ASR wells permitted as Class V
injection wells

* Full regulatory requirements are in
30 Texas Administrative Code § 331

@ Edwards Aquifer Authority I‘:? Gonzales County UWCD Pecan Valley GCD
* Fayette County GCD * Guadalupe County GCD * Plum Creek CD
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Questions on the discussion section?

RECORDING NOTICE: This online webinar is being recorded
and enables attendees to participate through a personal
device's microphone. Attendees may elect not to participate
through use of a microphone by remaining muted and
using the chat feature. The election of an attendee to use a
microphone constitutes consent for recording.
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Conclusions

* Publicly available aquifer characteristics of the Carrizo-
Wilcox Aquifer for site selection

568 sg. mi. study area, data from 662 wells
* Variability in sand and water quality distribution

* Most favorable hydrogeological characteristics found in a
9 x 25 mi. swath of Carrizo Sand

* Water quality should be considered in well design
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Contact info

vy

R. Brian Perkins, P.E.

Deputy Executive Manager of Engineering
bperkins@gbra.org

(830) 560-3983

Andrea Croskrey, P.G.
Geoscientist, ASR Discipline Lead
andrea.croskrey@twdb.texas.gov
(512) 463-2865

GUADALUPE-BLANCO RIVER AUTHORITY
933 E. Court St.

Seguin, TX 78155
https://www.gbra.org/

TEXAS WATER DEVELOPMENT BOARD
1700 North Congress Avenue

P.O. Box 13231

Austin, Texas 78711-3231
https://www.twdb.texas.gov/
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