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Introduction
TWDB

ASR & AR ,‘
S TSR
Mission Statement: ~

“To lead the state’s efforts in ensuring a secure water future
for Texas and its citizens”

50-year State Water Plan
updated every 5 years
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Texas Water Code § 11.155

Statewide survey of aquifer suitability for Aquifer Storage and Recovery
(ASR) or Aquifer Recharge (AR) projects in Texas
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no excess water identified
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 Conduct ASR studies

Introduction

Texas Water Code

 Share results

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

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

Report 387 “Texas Water Development Board
March 2022 www.twdb.exas.gov

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

S TEXAS WATER

EVELOPMENT BOARD
‘§ 05/13/2025

ASR and AR Studies

ASR = aquifer storage and recovery
AR = aquifer recharge
See Texas Water Code § 11.155

Completed

‘ R387 - Carrizo-Wilcox Aquifer characterization

- R389 - City of Bandera well longevity assessment

R391 - El Paso County Lower Valley ASR and AR assessment

Current
‘ Gulf Coast Aquifer characterization

I-35 Edwards-Trinity ASR and AR study

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

# Regional Water Planing Areas

|_|_—, Texas Counties
N
55 110 220 Miles
1 1 1 | 1 | 1 |

75 150 300 Kilometers
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TWDB

LVWD

* Groundwater savings account

Texas Water Code
“...a project involving the injection of

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

* Why ASR?

— Drought and emergency supply
— Seasonal storage

— Reduce subsidence

— Benefits over surface reservoirs

ReCHARGE cYCLE  [l] cLAy
[l RECOVERY CYCLE SAND

wem AQuifer Storage and Recovery (ASR)

TREATED

STORAGE
ZONE

BUFFER
ZONE

NATIVE
GROUNDWATER
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Introduction

= o What is required for an ASR project?

ASR & AR

WD Small dams to capture intermittent
flow to reggt:’rge aquifer. \'Natef W Need
recover ownstream from Tempora ater Needs
wells and boreholes ohorags porde >
for bank filtration * Municipal
Rainwater harvested .
from roof catchments * |ndustrial
| e Agricultural
- I p g
| T e % ks Leakage from
N : . S S P 2 pipes and sewers | 1 Excess water*
' ‘ : ‘Ab_ ' 4 e Surface Water
\\ Aquifer Storage and ifer for rc:gl 7 :
K S Recovery (ASR) n aquifer for urban supply | * Reclaimed Water
= ~ m 1 (R IA
X ol s i Recharge from |  Groundwater
\ -—-\\ ,,,,, - - imatm canals
— \ : e e T A it 2 Wba&lﬂs . . . *
|2 B s [ S, £ _:,- g Hydrogeologic characteristics
/ _ i * Storage
R — —4 * Recharge
(L [ Pumping from deeplll nad® Ll iR e &y  Recoverability
e —— “ boreholes dries \ . :
\ \ I shallow wells = — = AL
——— | *Compatible water quality

—
T —

—

From Dillon et al. (2019)
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e Aquifer Recharge (AR)

LVWD

* Groundwater investment account

Extraction Well

Spreading Basin
Texas Water Code e —
“... a project involving the intentional Water | Q}‘j{%_qufﬁfiitraﬁon?tlf
: Table | S50 “Forig ;20 0O
recharge of an aquifer by means of an V|05 SR
injection well...or other means of I Region N
. e . » Aquifer | = o0
infiltration. l '
o ?
Why AR . RECHARGE BASIN Y OSEEONE RECHARGE WELLS
— Reduce water level declines \ ______ v / ] =
— Supplement groundwater quantity
Vadosc Zonc
. PUL e 2B
— Improve water quality - <=
— Improve spring flows and groundwater-surface water I E—»
interactions =—»
Aquitard -
— Mitigate subsidence il A +—E
—E 13
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ASR & AR
LVWD

8 operational projects

o ASR
= El Paso
= Kerrville
= San Antonio
= Ruby Ranch
= Buda
o AR
= Dell City
= Onion Creek
= Edwards Aquifer Authority

* 5 pilot testing ASR projects
3 authorized ASR projects

14

Existing ASR and AR in Texas

Y Operational
A\ Piloting

¢ Authorized

Regional Water
Planning Area

Texas counties

El Paso Water

Utilities, [ ———

reuse recharge

Dell City
flood dams -

Cityof

J

EAA recharge
EAA recharge enhancement dam,
enhancement dam, San Geronimo

* Lower Verde

EAA recharge EAA recharge enhancement

enhancemen t
dam, Seco Sink dam, Parker Creek

Driftwood
Conserva tion
District
¢ j¢ BS/EACD Middle
Trinity Aquifer,
Ruby Ranch City of Buda
Water Supply

Corporation

* Onion Creek
recharge \/
| structures

’O‘A

/ Authorized - TCEQ authorization but not built
Piloting - built and testing
Operational - built and full TCEQ authorization

S TEXAS WATER

VELOPMENT BOARD
§ 2025:02-12



“we  Future ASR and AR in Texas

ASR & AR
LVWD

Planned future Aquifer Storage & Recovery (ASR)

State Water Plan (2022) projects
and Aquifer Recharge (AR) well fields and basins

T A ST, * 13 of 16 regional water planning
groups plan implementing ASR or AR

e 27 ASR projects, 3 AR surface
infiltration facilities

e 193,000 acre-feet per year by 2070
* 3% of total new supply

Challenges

e Available source water
e Suitable geology

Project type, water source type
A AR, rainwater harvesting Regional Water Planning Area

- e ABR.OF BRETALEQY: Coba oy 7 * Economics
0 100 200 Mi
@®  ASR, surface water 5 Recommended l:, —— PN R 3(‘)0kr:|
ASR, groundwater Alternative I 1 1 d 1
@®  ASR, reclaimed water d?Both ) g d PUb IC perceptlon an eXpectatlonS
i O
o Not in 2?22 State Water Plan @ Neither \ DEV!l.e’sﬂ Ew"AlTﬂlEnnB 1 5
0 Alternative water strategy - 20250212
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Lower Valley Water District

Prepared by: Ed Long, PE
Chief Operation and Technical Officer
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i District history / boundary
« Approved by the 69" Legislation on g "‘ 12
June 14, 1985, as a Governmental AT A e e

Agency as El Paso County Lower Valley
Water District Authority

» Approved by the 71st Legislation on
June 14, 1989, as a Municipal Utility
District

« Approved by the 74" Legislation on May
23, 1995, as Lower Valley Water District
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TWDB

s+« Board of Directors and Executive Staff

LVWD

* Rosalinda Vigil — President (2022 - 2026)

« David Carrasco — Vice-President (2024 - 2028)

* Henry Trujillo - Secretary / Treasurer (2022 — 2026)
« David Estrada — Director (2024 — 2028)
- Rod Chavez — Director (2024 -2028) Sereia GriEe

!ecreLry —

Cindy Medina

Ed Long, PE Jose Hernandez, CPA Sabrina L. Ontiveros
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LVWD

Water Connections
 \Water connections 21,134

Water Storage Tanks (6) and Pump Stations (4)
« Eastlake Ground Storage Tank (2 MG)
o Pump Station (3 pumps @ 2000 gpm)
« Mitchell Ground Storage Tank No.1 (2 MG)
« Mitchell Ground Storage Tank No.2 (2 MG)
« Sand Hills Tank No.1 (350,000 GAL)
o Pump Station (2 pumps @ 400 gpm)
« Sand Hills Tank No.2 (350,000 GAL)
o Pump Station (2 pumps @ 400 gpm)
« Fordham Elevated Storage Tank (200,000 GAL)
o Pump Station (2 pumps @ 300 gpm)

sl

Water infrastructure

LV“WD
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TWDB

LVWD

Sewer Connections
« Sewer Connections 18,357

Wastewater Treatment Facilities (2)
« Cuadrilla Decentralized Wastewater Treatment
Facility
o 5,000 gpd
« Mesa del Norte Wastewater Treatment Facility
(Permitting Phase)
o Phasel - 300,000 gpd

Lift Stations (20)
« 7 Lift Stations in Socorro, Texas
« 3 Lift Stations in Clint, Texas
o 1 Lift Station in construction
« 4 Lift Stations in San Elizario, Texas
« 5 Lift Station in County of El Paso, Texas

- .
r A e b'h
Aﬁs l . '
’

Sanitary sewer infrastructure

L

T e M PN .( p RSN 234 S

,s }'W)f e S \ 2 ~’9 W \..‘ ; .‘.
‘L BN Sy S B o

) z , ..'\,,.-..,. y
.é&‘}?%“\‘)‘&hh'f.. T \\\«"' “\"' Pe

A “'v l‘\" ‘ ‘*\-

TS wIVEN =

' . g ’ v
s " — \.).«.,;.\' s Jy
f 7'_ 2 2 > “F M
) 1 \ .;, y\-ﬁ “ i e
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Solid waste department

LVWD

Solid Waster Customers
 Solid Waste Customers 20,305

Heavy Duty Trucks
« 7 -Front Loader Garbage Trucks
17 - Side Loader Garbage Trucks
2 - Grapple Trucks
2 - Delivery Trucks
2 - Roll-Off Trucks
2 - Septic Pumper Trucks

Commercial Containers
« 2371 - Containers (2, 3, 4, 6 and 8 yard)

Roll-Off Containers
« 34 - Containers (20, 30 and 40 yard)

Residential Containers
« 24,540 - Polycarts
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w Assessment
Objective

Objective

 The LVWD ASR/AR project was selected to continue fulfilling
Texas Water Code § 11.155

* LVWD currently receives its water supply from El Paso Water
and is interested in securing an alternative water sources

* This study’s primary goal was to provide LVWD with a
geological analysis that would support further development of
an ASR or AR project

24



w Assessment

Objective
LVWD need
Water quality

* Planning the construction of a wastewater

New Mexico

treatment facility

Hudspeth

* Plant will discharge Type | wastewater and
Is permitted for up to 900,000 gallons per
day

* Type | treated wastewater is not potable,
however, it is suitable for human contact

Mexico

RWPA

 LVWD is interested in options to help s Sty arsaites
recharge the Hueco Boslon aquifer -

&P LVWD service area
] Texas counties

* Project would benefit LVWD customers and U
agricultural users A e

0 5 10 Kilometers

NS [EXAS WATER *
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W Assessment
Objective

Geological framework

Water quality

 The Hueco Bolson
* Trends north-south, grades into
Tularosa Basin
« Approximately 200 mi long and over 25
mi wide

« Complex tectonic and depositional
history

nnnnnnnnnnnnnnnn
A 4
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W Assessment

Objective
Geology
Water quality

Geological framework

* Tectonic History

o Precambrian-Early Jurassic — Early
deformation created areas of structural
weakness. Several cycles of compressional
and extensional tectonics reactivated faults

o Late Cretaceous-Eocene — Laramide uplift
reactivated many of the faults within the
Chihuahua basin

o Late Eocene — extensional tectonics created
the Rio Grande Rift, the origin of the Hueco
and Tularosa basins

28

T 1A T
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Mexico “~____
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A Firtres VN .
012345 Kilomet - \ g :
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Structural Geology

Faults
QF LVWD service area
—— Transverse (right-lateral)

¥ Major rivers
-~ Transverse (left-lateral)
NxJ Interstate highways

ﬂ Texas coun ties

—— Unspecified fault




Thousand years 1

W Assessment ago (kya)
Objective

Geological framework

5
Water quality -

20

 Paleozoic and Mesozoic bedrock 30

o Primarily marine carbonates and shales

o Contains a series of large-scale sequences delineated
by uniformities

o Permian Hueco Limestone - marine limestone,
dolomitic limestone, and shale

o Cretaceous Campgrande Formation - thick evaporite
overlain by interbedded limestone, sandstone,
conglomerates, and shale

* Ilgneous intrusions

o Late Eocene—Oligocene extensional tectonics
o Fine-grained andesite and other mineralologies

Million years 1.0
ago (mya)

2.0

29

— Holocene
Rio Grande Alluvium, eolian
deposits , and unconsolidated
alluvial fan deposits

Late

Pleistocene

Miser gravel

Middle

Unconsolidated surficial deposits

Camp Rice Formation

Early

i e

Fort Hancock Formation

Hueco basin-fill deposits




W Assessment
Objective

Geological framework

Water quality

 Hueco basin-fill deposits

o Primary focus of this study
o Unconsolidated to poorly consolidated siliciclastic

Thousand years
ago (kya)

200 —

sediments deposited in fluvial, alluvial, and lacustrine

environments
o Miocene—Pleistocene Fort Hancock Formation -

iInterbedded sand, silt, and mud deposited in alluvial wionyex 10

and lacustrine environment

o Pliocene—Pleistocene Camp Rice Formation - sand
and gravel deposits deposited in a braided river
environment

30

100 —
150 =

1 =

5— Holocene

10

20 —

30 —

Late

Pleistocene

— <2
500 5

ago (mya)

10.0

20.0
30.0
>99.6

Pliocene

3.0

5.0

Rio Grande Alluvium, eolian
deposits , and unconsolidated
alluvial fan deposits

Unconsolidated surficial deposits

Miser gravel

Miocene S
gocene



Thousand years 1

W Assessment ago (kya)
Objective " 5-f Holocene oy -
GB m 69 io Grande Alluvium, eolian
GEOIOgV ) O O I Ca ra WO r deposits , and unconsolidated
Water quality 10 alluvial fan deposits

20

* Unconsolidated surficial deposits 0
=

o Unconfined units found at or near the surface that ar

v
2
wv
0
o
@
o
s
v
=
E
>
wv
o
(]
-
©
po]
©
wv
=
o
v
=
S0

extensively pumped for groundwater
o Six Middle—Late Pleistocene gravel beds consisting of :
reworked younger sediment , vier grov
o Eolian deposits are common in the eastern portions of
the StUdy area Million years 1.0 — > Camp Rice Formation %_
ago (mya) u‘«j ﬁ‘
o Rio Grande Alluvium — sand and clay beds deposited 20— 1z
by the modern Rio Grande. Primary aquifer used by ] e == g
agricultural water producers in the area. 50 ForttncockFormaten %
’ Miocene
ggg —1 oligocene

>99.6

31




W Assessment

Objective

Geological framework

Water quality

Eolian sand
deposits

that dominate the

Alluvium

subsurface commonly

Young sand

deposits (undivided) p i n Ch —O u t O r g rad e i n to

Young fluvial
deposits

Landslide deposits d iffe re nt fa Ci e S

Quaternary alluvial
deposits

Hueco basin fill ¢ Western portion Of the

deposits

Igneous intrusions StUdy area iS dominated

Finlay Formation

by the Rio Grande

Campagrande
Formation

Hueco Limestone AI I U Vi U m

Magdalena

s * Eastern portions are

Mississippian rocks

(undivided) Covered by eOIian

. O ' Fusselman Dolomite
b oY - Oom Montoya Dolomite .
e o = sediment
| L1 %0 R 55

(I) ? ~'|5 El Paso Formation
A 11Tl
0 1 2 3 4 5 Kilometers

\;n\\\‘\ Eolian silt deposits ¢ The heterogenOUS beds

Mexico

Bliss Sandstone

[ p€g  Granite basement




W Assessment

Objective
Geology
Water quality

33

Data avallability

Geophysical well logs and drillers
logs were used to define the tops of
stratigraphic units

Most wells in the area are shallow
wells used for irrigation and were not
used

39 geophysical logs were used for
interpretation, but only 7 were within
the mapped area

Additional data subsurface data was
needed to create stratigraphic
surfaces

New Mexico

Mexico

N (3 10 Miles

0
| 1 1 1 |
‘5 U
0 5 10 Kilometers

El Paso
Hudspeth

Data collection

LVWD aquifer
determination points

e}
® LVWD stratigraphy points
@ Available measured TDS
Ay Interstate highways

ﬂ Texas counties

» Seismic depth countours
‘' (Davis and Leggat, 1967)

Channel feature (Gates and
Stanley, 1976)

;"% Major rivers
&P LVWD service area




W Assessment

o Additional datasets

Water quality

« Davis and Leggat (1967):

Seismic interpretation of the top

of the carbonate bedrock
« (Gates and Stanley (1971):

Airborne geophysical survey
identifying channel feature in

the basin fill deposits

* Hadi (1991): Regional structural

study

® | VWD stratigraphy points
@ Deep wells
"\ Interstate highways

» Seismic depth countours (Davis and

*’ Leggat, 1967)
'\I Channel feature (Gates and Stanley,
1976)

LVWD service area
Mapped area

ﬂ Texas counties

N O 5 10 Miles

|
| |
A 0 5 10 Kilometers

W New Mexico
\ .
Y }J :l 0':-::,'
L | vV e, ]
' J‘ I....'."l L} 8 E
' | ' '
1 . ¢z
1l 000 0%", L) = I
1 }‘ DT LTI 2 s W
' ‘,‘“ 0900004, L] i
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W Assessment
Objective

Top of Paleozoic and Mesozoic

Geology

Water quality

35

carbonate bedrock

Mapped unit contains Permian Hueco Group and several
Mesozoic-age units

Few wells in the area penetrate to this depth (6 logs used
for interpretation, only 4 in study area)

Carbonate units are low resistivity due to high salinity

Subtle variations in the resistivity and spontaneous
potential logs may indicate marly units

Few porous beds — fracture porosity

Due to the lack of well data, seismic depth contours were
used to fill in areas where there was no well data

kya 1—

5 — Holocene
Rio Grande alluvium, eolian
deposits, and unconsolidated
alluvial fan deposits 2
10 o=
2
7]
°
20 — K]
---------------------- E
30 — =
[0} w
E Balluco gravel E
©
...................... A
100 — a
o
150 @ Ramey gravel g
9 =)
200 QS |——---mmmmmmmmmmmeeeman
(%}
K Gills gravel
(= e e
Madden gravel
[
500 — e B e e P EL L L
° Miser gravel
=
£
mya 1.0 — > Camp Rice Formation 2
8 3
&
2.0 — £
Pliocene : ‘§
3.0 — g
Fort Hancock Formation =
100
' Miocene
§88 —] Oligocene
>99.6

=)




W Assessment

e 1Op Of Paleozoic and Mesozoic

Geology

Water quality ca rbonate bed rOCk

* Top of the unit
challenging to identify
due to suppressed
resistivity signature

* Higher resistivity bed at
contact (reworked ?)

« Stable caliper compared
to upsection units

B Clay

Limestone
I Limestone and shale
B Carbonate mud

36

Example Mesozoic section

5 — Holocene
Rio Grande alluvium, eolian
deposits, and unconsolidated
10 alluvial fan deposits ]
w
1}
<%
7]
°
20 — K]
---------------------- (v]
€
% Balluco gravel k-]
)
- -
©
...................... A
100 — a
ol Ramey gravel S
c c
9 =)
200 O P——g-==mmmmmmmmmmmmm————a-
(%]
K Gills gravel
(= e e
Madden gravel
500 — = [romrnrrrmansemnnrmncnn
° Miser gravel
=
w
=
. . m
mya 1.0 — - Camp Rice Formation g_
s (]
o o
&
2.0 — £
\/\/\/\/\/\ E
Pliocene S
3.0 — g
Fort Hancock Formation e
5.0
10.0 — .
Miocene

Oligocene




T Top of Paleozoic and Mesozoic carbonate

Geology

Water quality | . bed rOCk

Clint Fault

Mexico

Mexico

N O 1 2 3 4 5Mies

012 3 4 5Kilometers

0 1 2 3 4 5Mies

e

0 1 2 3 4 5 Kilometers

&
. 4500 Carbonate bedrock top depth _ 5500 Carbonate bedrock top elevation

gggg Feet below ground surface 4500 Feet relative to mean sea level

3000 @ Study well control Interstate highways 3500
N @ Study well control ,a"- Major rivers

2500 g
2000 ) 500-foot contours 4"t Major rivers 2500

500-foot contours LVWD service area
1500 . Seismic depth &P LVWD service area 1500 "\ Crs
1000+, countours (Davis and . 500 N\, Interstate highways  [] Texas counties
500 Leggat, 1967) ] Texas counties
0

37
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W Assessment
Objective

<oy JOP Of Hueco basin-fill deposits

Water quality

38

Camp Rice and Fort Hancock formations mapped as
one unit due to lack of well control

39 geophysical well logs used in study, but only 6
within study area

Airborne geophysical study identified channel feature
— Camp Rice Formation

Sand beds are laterally discontinuous throughout the
study area

Resistivity is variable across study area due to the
complex hydrogeology and laterally discontinuous
sand beds

kya 1—

Holocene

10

20 —

30 —

100 =
150 —
200 =

500 =

mya 1.0

3.0

5.0
10.0

20.0
30.0
>99.6

Rio Grande alluvium, eolian
deposits, and unconsolidated
alluvial fan deposits

% Balluco gravel
—
@ Ramey gravel
c
]
v
O —— - - - - - -
L
Q .
K Gills gravel
(= e e
" Madden gravel
E Miser gravel
> Camp Rice Formation
©
w
— \/\/\/\/\/-\
Fort Hancock Formation
Miocene

Unconsolidated surficial deposits

Hueco basin-fill deposits




W Assessment i
Objective . . . 5— Holocene _ . .
Geology . TO p Of H u eCO baSI n -fl I I d e pOS I tS dR;poGsits,:nd lLIJnconsla.lidlated
Water quality 10 alluvial fan deposits
« Lithology of the basin-fill ol L
deposits and the overlying 30—
_ . . . 2z Balluco gravel
surficial units similar 5 ’
100 —
« Generally lower resistivity than 5o o Ramey gravel
SUI'fICIa| UnItS, but hlghly 200= é ““““G-'II-----I- -------
. Q 1ls grave
variable Bl I =
3 Miser gravel
« Top of unit the base of the T T
Miser Gravel — very high 200 5 i g 0 R i
I’eSIStIVIty I ; X B : H e n-; '.ﬁ n h mya 1.0 — % Camp Rice Formation
2.0 —
Gravel b
Pliocene
Sa n d z:z i Fort Hancock Formation
. 1884 Miocene
Sand Wlth Clay 588: Oligocene
. >99.6
Clay with sand
- B Clay

Unconsolidated surficial deposits

Hueco basin-fill deposits
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Objective
Geology
Water quality

N

A

Mexico

0 1 2 3 4 5Mies

v

0 1 2 3 4 5 Kilometers

Top of Hueco basin-fill deposits

 Sam Rellipe

IOV

g

0 1 2 3 4 5Kilometers

\
Y
%

I
ﬁl \
\

2 3 4 5NMiles

40

4500
4000
3500
3000
2500
2000

1000
500
0

1500

Pliocene-Pleistocene basin fill top depth
Feet below ground surface

@ Study well control ;¢ Texas major rivers

") 100-foot contours {F LVWD service area
f\/f Interstate highways ﬂ Texas counties

= Clint Fault (Ewing, 1991)

Pliocene-Pleistocene basin fill top elevation
Feet relative to mean sea level

@ Study well control ¥ Texas major rivers
"\_J 100-foot contours EF LVWD service area
N Interstate highways ﬂ Texas counties

—— Channel feature (Gates and Stanley, 1976)

N @ o Grande




kya 1—

W Assessment

Thickness of Hueco basin-fill | e |

GEOIOgV . deposits, and unconsolidated
Water quality d e p O S I tS 10 alluvial fan deposits

20 —

* Ranges from 249 to 50
3,865feet | |7

Late

» The thickest portion oo | 3 I
of the unit is in the o] | [
center of the study ="

a re a 1.0 — Camp Rice Formation
e  Variations in 20

thickness caused by S0

N012345Miles 5.0

Negwe gt B the paleogeography L

0 12 3 4 5Kiometers -
goﬂo— Oligocene

4000 Pliocene-Pleistocene basin fill thickness : - L
3500 Feet between Quaternary units and bedrock | u rl n g e p O S I I O n >99.6
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W Assessment
Objective

| | [ ] ] olocene
Rio Grande alluvium, eolian
GEOIOgV u I C I a e p O S I S deposits, and unconsolidated

Water quality

« Contains Pleistocene to modern the Rio
Grande Alluvium, gravel beds and
eolian deposits

* Rio Grande Alluvium similar in
geophysical logs to underlying basin-fill
deposits

* Pleistocene gravel beds are continuous
across study area

* Eolian deposits have highly variable
resistivity signatures

nsolidated surficial deposits

Uncol

Hueco basin-fill deposits
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W Assessment

Objective
Geology
Water quality

* Rio Grande Alluvium
primarily sand with
high resistivity
signature

* Gravel beds
identifiable by
significant SP
signature and very
high resistivity that
commonly overscales
on logs

Surficial deposits

Gravel
Sand
Sand and clay

B Clay

Unconsolidated surficial deposits

kya 1—
5— Holocene
Rio Grande alluvium, eolian
deposits, and unconsolidated
10 alluvial fan deposits
R—— B . ol el i
30 —
% Balluco gravel
—
EEEE B - - - - - E- -
100 —
150 @ Ramey gravel
g
—0 'S} PPE——
ﬁ Gills gravel
— s e .
Madden gravel
) 5 - - - . - - - -
° Miser gravel
=
mya 1.0 — > Camp Rice Formation
T
w
2.0 —
Pliocenc \/\/\/\/\/\
3.0
Fort Hancock Formation
100
' Miocene
§88 —] Oligocene
>99.6

Hueco basin-fill deposits



W Assessment
Objective

Holocene

Geology Thickness of Surficial deposits bl

Water quality

alluvial fan deposits

» Up to 567 feet thick
« Most of the Rio Grand oz cmos :
Alluvium is less than o | S
200 feet thick s g
» Thickest portion of the 1 |*| |
— %?I Miser gravel

surficial deposits Mg
contain all 5 gravel

beds and eolian e
deposits -

Camp Rice Formation

— \/\/\/\/\/\

N O 1 2 3 4 5Mies ﬁb‘ > 3 » ° EOIian depOSitS and .l Fort Hancock Formation
A opramres A /“'MV: ) gravel beds pinCh Out 18 Miocene

Early

Hueco basin-fill deposits

4000 Surficial units thickness 20.0 = oli
‘ . gocene
3500 Feet bet rf its and basin-fill deposit t th t t d th 200
o eel between surtace units an asin-fl eposits 7‘ O e e a S OWa r e >996
2500 @ Study well control ,¥"s Texas major rivers . H M t . —_—
2000 . ¢
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w Assessment
Objective

e Methods

« What? Native groundwater salinity or total dissolved solids (TDS) in milligrams per liter
= fresh water (0 to 999)

(1,000 to 2,999)
= moderately saline water (3,000 to 9,999)
= very saline water (10,000 to 34,999)
= brine (>35,000)

 Why? Salinity is an important water quality parameter and has implications for an ASR
project:
= designing a well or infiltration basin

= planning operations and establishing a buffer volume
= water treatment requirements

EVELOPMENT BOARD

~
\\_\;\\IE AS WATER
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w Assessment

Objective
Method
Water quality

 How?
— TDS collected values from available

measured water quality data

* Most measured water quality samples come from
water wells

500

400

300

200

\—_—-————‘

100

N

S.P. Resistivity
— TDS calculated from geophysical well logs —

» Values calculated using the relationships between
TDS and formation resistivity
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w Assessment

Objective
Geology
Water quality

* |n general, the Hueco Bolson
IS characterized by a thin
freshwater zone underlain by
slightly saline groundwater

 Hueco Basin Fill deposits
available measurements: 11
wells — insufficient data

* No pattern of salinity levels
and location can be
identified

VELOPMENT BO

<
NS TR

Results - measured water quality
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SWN Year Well depth (ft)
0:0’: 4922847 1994 190
0’ 4940503 1956 420
) <, 4940112 1987 510

X 4923902 1974 560

X 4923903 1985 590

X 4924429 1996 620
4924420 1994 630
"" 4922946 1987 790
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% 4932505 1972 1305
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w Assessment
Objective

e RESUlts - measured water quality

SWN 4922623 (depth: 400 ft) - XK A K I A I AR & LVWD service area
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w Assessment
Objective

e RESUlts - measured water quality

SWN 4922623 (depth: 400 ft)

1980 1990 2000 2010 2020

Year

WERH VSN NN HINSNNENSORNRNANN S
\\Q““-a Ll\ %x\x -_§;~ 5\:%\;“-‘- %\%Z‘x 1\% Hueco
% DEENRSNNE %\ﬁ ’R 2. \\h\\ﬁ .
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NEN ISR Nelo AN W -
SRENF ASNNS \\X {ENSAESEASNNNNSNY
NSSE W“"X * NSSNRANRNAR
SEEENIaNZNERNEES. ININTENEERERSNIAR
Carbonate
bedrock

__drill year:
1980

B Clay

Clay with sand
. ] Sand with clay

- Limestone
and shale
Limestone

SWN 4931919 (depth: 500 ft)

1980 1990 2000 2010 2020

Year

= TEXAS WATER

DEVELOPMENT BOARD

PWS _ drill year: 1990

Mexico

2.5 5 Miles

MO
| L1 1 |
‘E T 17717
0 25 5 Kilometers
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w Assessment

Objective
Geology
Water quality

* Geophysical well logs:

— provide additional TDS data
— ldentify multi-TDS zones over depth

* Alger-Harrison method using resistivity
values was determined to provide the most

accurate results

4100

3600

3100

well depth: 2944 ft
07/11/1959
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600
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= Carbonate bedrock = Hueco basin fill @ Surficial deposits
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Objective

eolo
it Results - calculated TDS
0 .90 0.0 0.0 A Multi salinity zones wells
: fs 929.90.9.9.9.9.0.9. 01 y
 With these additional samples some 2000000 e00%% © Measured water quality
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52



< Introduction gy Assessment @ Discussion Conclusion

ASR/AR
suitability

Infrastructure
Permitting
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@ Discussion

ASR/AR
suitability

e Screening categories

Three Screening Values:

. Hydrogeological Parameters

. Excess Water

A Water Supply Needs

The Final Suitability Rating
combines all three screening values:

Less Suitable

—~
S e

MENT BOARD
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@ Discussion

ASR/AR
suitability
Infrastructure
Permitting

Hydrogeological suitability

* Medium (0.5-0.7) to high (> 0.7) suitability
score for ASR projects

« Same score for all parameters except for
water quality (TDS) and available draw up

— Water quality:

(@]

Shallow fresh saline interface due to
excessive use

Not contamination — irrigation return flows
not considered

Most-saline wells are in high suitability cells

Lumped aquifers and large grid size — Site
specific study is required

— Draw up

(@]

Expected near streams and under
agricultural lands

s Texas major rivers
&£F LVWD service area
] Texas counties

Hydrogeological rating
for ASR

o] -1, not applicable
¢ 005, low
@7 0.5-0.7, medium
& > 07, high
N 5 10 Miles

0
A I T I B
T T 17
0 5 10 Kilometers

no major/minor
aquifer

no majorﬁ'h';por
aquifer \

A

no major/minor
aquifer

Mexico

no major/minor
aquifer

Rio Grandeh~s
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@ Discussion

ASR/AR
suitability
Infrastructure
Permitting

* High (0.81 — 0.82) suitability score
for AR projects

« Same score for all parameters
except for depth to water table
and vertical hydraulic conductivity
— Water table depth

« directly related to surface elevation

* Rio Grande flood plain more than 300
feet lower in elevation than eastern
portion of study area

— Vertical hydraulic conductivity

« Challenging to make generalizations
due to complex stratigraphy

PMENT BOARD

Hydrogeological suitability

s Major rivers
&9 LVWD service area
] Texas counties

Hydrogeological rating
for AR

-1, not applicable
0-0.7, low
0.7-0.8, medium

& 0.8-1.0, high
N O 5 10 Miles

A I S B
T T 1]
0 5 10 Kilometers

\
~ no major/minor
' HMBL HMBL HMBL aquifer
!
1
i
i
,'FI
NMBL HMBL HMBL no major/minor
‘dil“ aquifer
\
L
NS -
~
i
no major/minor | no major/minor
aquifer aquifer V
A
Y
no major/minor
aquifer
Mexico

-

Rio Grande P
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@ Discussion

ASR/AR
suitability
Infrastructure
Permitting

* Medium (0.34-0.67) to high
(>0.67) suitability for ASR and
AR

* No potential excess surface
water

 Potential excess Hueco-Mesilla
Bolsons Aquifer groundwater
minimal

 Potential excess reclaimed
water — most feasible for a
project

o
NS [EAS WATER

DEVELOPMENT B OARD
N~

Excess water supply suitability

Reclaimed water
source

&P LVWD service area
£ Excess groundwater
7] Texas counties

Normalized excess water
sum score

H:_,’j M/A, no excess water
r'__'|:| Low, <0.34
@7 Medium, 0.34-0.67

& High, >0.67
N 5 10 Miles

0
A I T R |
T T 1]
0 5 10 Kilemeters

1 HORIZON REGIONAL MUD CITY F
2 ANTHONY SEWAGE TREATMEN
3 HASKELL STREET PLANT

4 EL PASO WATER UTILITIES NOR'
5 & 6 ROBERTO R BUSTAMANTE
T EL PASO WCID 4

8 TORNILLO WASTEWATER TREATMENT PLANT
9 EL PASO WATER UTILITIES LABORATORY SERVICES
10 CANUTILLO MIDDLE SCHOOL WWTP
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@ Discussion
ASR/AR

Water needs suitability

* High (>0.67) suitability for ASR
and AR

e Survey considered municipal,
steam electric and
manufacturing needs A LVWD service aree

"] Texas counties

* All needs in study area related | Normaiized need sum

score
tO mun|C|pa| needs "7 -1, no WUG identified

* 0, WUG but no need

identified

17 <0.34, low

#" 0.34-0.67, medium

& >0.67, high

N O 5 10 Miles
A L1 l L
T T 1]
0 5 10 Kilometers
S [EXAS WATER y
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@ Discussion
ASR/AR

Water needs suitability

S eSS ee Lee
. . N Maior rivers PRI A ‘.""
* [rrigation needs e O IR SXHXLIXKRN
i PRIRRRR LRSS SRS o
Not idered in th D S e Area (A IR ITTIRS
— ot considaereda In the survey <7 Hueco Bolson aquifer o % g‘:’:‘:’:‘:‘: b:‘:’:‘:’:‘:‘:‘:‘:‘:‘:'&
' i OB HX KX HHAXASHHHHHHIHIHKHARKKL
— Available on county level in the |7 texas counties e KRN
. X Kool 2o oK KX X A AR A XA
State Water Plan Agriculture H IR o AR SR,
: S I000000 83 )%0 P00 002020202070 %0 . 919,
— Estimated based on Alfalfa e SRS E D
L 2 AR X X X KIS 55505 e
- , Corn B OO s s e e ledeleledel i de%
agricultural lands comparison S S 0220000120220 %0 %0 %0 %0 %0 %%t L%
¥ Cotion R s 000 %0 20302020 %0702 1202
— Used 2022 Cropland Data Double crop winter wheat 1 agese tel0%e %0 etete20 %030 % olede!
Ry 0300000000204 & 020
from USDA - R %02 00 %0562
allowfidle croplan e LS
20202020 % tole%e
« Result: LVWD has 68% of EI | c== ORI
. Other hay/non alfalfa : *’:‘:‘t‘:‘:‘:ﬁ'ﬂﬁ:
Paso County agricultural alf pocans Mexico N0 oKX RIS
: 4 Teteleteledelets % %0% %
lands — 68% of the county’s Sorghurm N O 25  5Mies== N SRt
T Triicale S R
irrigation needs & Wirter wheat 0 25 SKiometers  Rio Grande Yo
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@ Discussion

ASR/AR
suitability
Infrastructure
Permitting

':F LVWD service area

ﬂ Texas counties
Final ASR score
-5, no agquifer

* -4 neither excess water nor
need

-3, no need identified
-2, no excess water identified
0-0.5, less suitable

0.5-0.7, moderately suitable
= (.7, most smtablel
ﬂ

5 10 Miles
I |

0
|
|||
0

11] Kilometers

Mexico

Final suitability rating

ﬂ? LVWD service area
ﬂ Texas counties

Final AR score
-6, -5, no outcrop or no aguifer

* -4, neither excess water nor
need

-3, no need identified

-2, no excess water identified

005, less suitable

0.5-0.7, moderately suitable
' = 0.7, most suitable

5 10 Miles

N 0

A | I L 1 |
[T T 1
0 1[:1 Kilometers

’:-
\'\;\\\ DEVELO v zunumn
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ASR/AS suitability
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@ Discussion

Well construction

Infrastructure
Permitting
. Water-table Artesian
* Design of a well must ndsurtace ! well
. > RIS : Potentiometric - -
consider several factors 22, SRS I Sndire: i 11
including: =] el it I BLAC NN
— Goal of the project g B el creen ; :
: o | CONFINING — CLAY. —E=
— Depth and thickness of the 2 unr f- N E
aquifer > -
_ _ & i%’fj'F'\éERD LIMESTONE I:.
— Lithology and mineralogy of the e e N N W e
target aquifer BRI

WV = water level in water well

— Geochemistry of both the
source and native groundwater

From the Indiana Geological and Water Survey

= TEXAS WATER 62
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@ Discussion
ASR/AR suitability

Well construction

Permitting

» Langelier Saturation Index (LSI)
— calculated using measured pH, Tf, Cf, Alkalinity, and TDS

— shows whether water will be encrusting (positive) or corrosive
(negative)
— corrosive water will cause well casings and screens to deteriorate

— accumulation of mineral deposits can negatively impact well
performance

Kq - Yca2+ - [Ca2+] "YHCO3 * [HCOBT])

LSI=pH+log< K
SPp

NS [EXAS WATER >
X



@ Discussion
ASR/AR suitability

Well construction

Permitting

* Hueco basin-fill groundwater is
highly variable and has LSI values
ranging from -1.12 to 0.72

* No definitive pattern of LS| seen

* Most saline wells in the study area
have the highest incrusting values

 Additional teSting Langelier Saturation Index
will be needed to ® 1015
develop an ASR  © 05-0%
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@ Discussion

Basin construction

Infrastructure
Permitting

» Design of an infiltration e x /TJZTZZE:
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. Discussion
ASR/AR suitability

pirasrucure Reclaimed wate

« El Paso Water (EPW) completed an Pl PIOW
. . (JL-49-05-613) (JL-49-05-614)

ASR plIOt prOJeCt frOm 1981_1 983 Pilot injection Pilot injection observation
using advanced treated wastewater { o —

* Project fully operational in 1985 0- F:L a0 | 0 /T_ & 1:_

* Wells had problems with corrosion and T ko 1 .6
screen plugging — 6-month 7| [ I <
rehabilitation cycle | b g ) | —

ﬁ 400 4 L. ':I:I:l:l:l:l}::' - s :LL’. 400 - :ll:

* Transitioned to surface infiltration S| T .
basins (AR) oo || T8 g L -

 Recently working on a surface 1 | b ll L sl
infiltration system called an “enhanced = =- i S it
arroyo” to allow additional reclaimed e T oo
water recharge
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. Discussion
ASR/AR suitability

pirasrucure Reclaimed water
ASR Permitting

* All ASR injection and recovery wells in Texas must be
authorized by TCEQ UIC

« Currently there is no established regulatory path for
authorizing an ASR system using reclaimed water

* Could be considered on a case-by-case basis and would
require coordination with several TCEQ programs

« SB 2885 — directs TCEQ to consider the use of reclaimed
water for Class V injection wells as part of an ASR project
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. Discussion
ASR/AR suitability

pirasrucure Reclaimed water
AR Permitting

« TCEQ can permit disposal of municipal treated wastewater
adjacent to waters in the state through a Texas Land
Application Permit (TLAP)

* AR could be permitted process as an “Alternative reclaimed
water system” under 30 Texas Administrative Code § 210.41

 ATLAP could be used in conjunction with several types of AR
structures such as drip dispersal systems and basins

* Depending on the type of infiltration structure, different
requirements may be needed
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. Conclusion

Key takeaways

 The LVWD is interested in diversifying
their water supply and currently
planning to build a new WWTP

* Due to declining water levels in the
Hueco Bolson aquifer, the district is
interested in ASR or AR to recharge
the aquifer

 ASR and AR projects can be used to
provide drought resilience and
maximize efficiency of water
infrastructure

New Mexico

o Study area cities

7/ Texas cities N Y
SAN (ELIZAR IO
*W

r*t Major rivers @ @ CLINT

&7 LVWD service area
] Texas counties

El Paso
Hudspeth

EEEEEEEEEEEEEEEE
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. Conclusion
Key takeaways

 The Hueco basin-fill deposits are relatively shallow and
contain sand beds suitable for ASR or AR, making them an
ideal target for a project

» The Surficial deposits, while containing large sand and gravel
beds are unconfined and extensively pumped for agriculture,
making AR possible, but not ideal

 Based on both the engineering complexities of using
reclaimed water and complex geochemistry of the area, an AR

project using infiltration basins is likely the best option for
the district
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. Conclusion
Next steps for LVWD

CHIBVAWIBITS also interested in potentially drilling preduction
| wells_: ReeeniiWerked with UTEPR on preliminary study

[f’@ﬂ test wells In the area near the proposed,
Weistewalter plant: InclyeliaeReEeiilet:| resistivity,
uks_;ptotentlal fluid? concluctlwty, and pump tests

Potentlal geophysms couldibe performediseismiciv

surveys, passive seismic; airborne electromagnetic
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Contact information

Lower Valley

WATERA

DISTRICT

P
= TEXAS WATER
DEVELOPMENT BOARD
N
P.O. Box 13231, 1700 N. Congress Ave.
Austin, TX 78711-3231,
www.twdb.texas.gov
Phone (512) 463-7847,
Fax (512) 475-2053

[ |
m
<
m
-
=)
S
>
=

P

ENT BOAR

J.E. Long PE

Chief Operations and Technical Officer
Lower Valley Water District

(915) 791-4499

elong@lvwd.org

James Golab IWT webpage

Manager-Innovative Water Technologies E L
(512) 457-1540 F -
James.Golab@twdb.texas.gov E® - _

Azzah AlKurdi
Engineering Specialist

(512) 457-1874
Azzah.alkurdi@twdb.texas.gov
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