Study Results: Delineating Areas Designated or
Used for Class Il Well Wastewater Injectate

Texas Water
Development Board

TAGD Winter Business Meeting
February 08, 2022

.Sharp Rohit R. Goswami
, P.G. Ph.D., P.E.
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Background: Texas needs Water

Other surface water
Agricultural conservation
Municipal conservation
New major reservoir
Indirect reuse
Groundwater wells & other
Other direct reuse

Aquifer storage & recovery
Seawater desalination
Drought management
Groundwater desalination
Other strategies
Conjunctive use

Direct potable reuse

Industrial conservation
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HB 30: Requirements

— TWDB-BRACS l|dentifies and designates Brackish
Groundwater Production Zones (BGPZs)

— BRACS = Brackish Resources Aquifer Characterization System

— Determine the amount of brackish groundwater
production from BGPZs over:

— a 30-yeaqr period,
— a 50-year period; and

— without causing significant impact to water availability or
water quality

— Make recommendations regarding reasonable
monitoring

— to observe the effects of brackish groundwater production
within the BGPZs
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Statutory Requirements for BGPZ Designation

Must have brackish water  In areas of the state with moderate to high availability and

productivity
Must have hydrogeologic  Sufficient to prevent significant impacts to freshwater
barriers availability or quality
Cannot be within these Edwards Aquifer within the Edwards Aquifer Authority, Barton
boundaries Springs-Edwards Aquifer Conservation District, Harris-

Galveston Subsidence District, Fort Bend Subsidence District,
and Dockum Aquifer

Cannot be already in use Brackish water already serving as a significant source of water
supply for municipal, domestic or agricultural

Permitted under Title 2 of Texas Water Code, Chapter 27
[Class Il Underground Injection Control (UIC) Wells used for
saltwater disposal (SWD)]
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Statutory Requirements & Criteria for BGPZ

Class Il
Injection
Wells
Study Aquifers
Pecos Valley
Gulf Coast
Carrizo -
Wilcox
Edwards -
Trinity
Plateau

[ Edwards

Yegua
Jackson

Class Il wells are
potentially
injecting
wastewater
Into the
brackish
portions of
Texas Aquifers

Sparta
Queen City

Nacatoch

I Biossom

{7~/ Woodbine
|| Dockum
|| Rustler

Capitan Reef
Complex

Ellenburger -
San Saba

[”777 Hickory

VLLLA

Cross
Timbers

Trinity
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Aquifer BGPZ Example
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Exis ting agricultural well
Exis ting domesticwell

Exis ting municipal well

‘

’,O/ Claszs |l injection well

1000 TD'S [mgiL]

10000 TOD'S [mgiL]

3 mile excluded ares for fres hwater
line:

3 mile sccluded area for state
boundary

- Fmile =xcluded ares for existing welks

| - 15-mile excluded area for class |l
injection well

Area recommended for des ignation as

o :+2+:] brackish groundwater production zone
‘ Macatoch Aquifer
' 1 Macatoch Aquifer study area
* Cities and towns
Texas counties
[ 19
4 o 20 40 mi
® | M - |
| T T T I T I
T i a 20 80 km
‘1
ah T .

Previous BRACS studies
applied 15-mile buffer to
all class Il wells injecting
into aquifer study areas.

Stakeholders pushed back
on the 15-mile buffer
designation

- too conservative

- scientifically
defensible?
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Aquifer Assessment

Texas Injection Wells
Study Aquifers

Pecos Valley

Gulf Coast

- Carrizo - Wilcox

Edwards - Trinity
Plateau

B edwaras

Yegua Jackson
Sparta
Queen City

- Nacatoch
- Blossom
EZ j;j Woodbine

U/ / /| Dockum

|/~ /| Rustler

CL Ll

\ Capitan Reef Complex

Ellenburger - San
Saba

@ Hickory

Cross Timbers

Trinity
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Aquifer Assessment Maps
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Wells Potentially Injecting Into Blossom
Wells Injecting Above Blossom

Wells Injecting Below Blossam

Wells With Anomalous Data

- Blossom {outcrop)
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| | BRACS Study Area
Major Rivers
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Wells Injecting Above Blossom
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Aquifer Assessment Maps

® Wells Potentially Injecting Into Carrizo-Wilcox (UGP)

| BRACS Study Area
® Wells Injecting Abave Carrizo-Wilcox (UCP)

- Carrizo-Wilcox (UCP) (outcrop)

o . ) Major Rivers -
® Wells Injecting Below Carrizo-Wilcox (UCP) Counties “\.] Carrizo-Wilcox (UCP) (subcrop)
@ Wells With Anomalous Data
Gillespie )
Blanco Travis
Hays
Kerr
Kendall
Bandera
Bexar
Medina
Atascosa
Frio
Galiad
Live Oak Bee
La Salle McMullen

Milam

Lavaca

Victoria

Refugio

Brazos |
Burleson
Washington
Austin
Colorado
Official BRACS
Aquifer Study
Boundary | Area
® | Wells Potentially Injecting Into Carrizo-Wilcox (UCP) 141 188
® Wells Injecting Above Carrizo-Wilcox (UCP) 46 54
e Wells Injecting Below Carrizo-Wilcox (UCP) 1,429 1,472
¢ Wells With Anomalous Data 27 27
Total 1,643 1,741
N
Jackson A
F,_../ s Miles
odat 5 Texas Water

Development Board



Aquifer Assessment
Master Table - default aquifer parameters

— Kx (ft/day) Ky (ft/day) Kz (ft/day) Effective Porosity Transmissivity (ft*/day)
S0 sl i brysse Min Max | Mean| Median | Min Max | Mean | Median | Min Max | Mean | Median | Min | Max | Mean | Median| Min Max Mean | Median
1 Nacatoch Layer 2 - Nacatoch 25 9.5 5 6 2:5 10 5 6 0.3 1 0.5 0.6 01]01)| 0.1 0.1 125 4,150 1,400 2,100
Liyerd: Sha"c’T::i::mp Northern | n0s | 100 | 15 2 003 | 100 | 15 2 |1.0604 92 1 02 [0.01|0.01| 001 0.01 | 2.324 | 34000 | 1,313 | 752
Layer 4 - Paluxy Formation 0.01 9.1 1.5 1.2 0.01 S.1 1.5 1.2 0.006 9.1 1.1 1.2 0.01)10.01| 0.01 0.01 0.03 802 82 18
- g Layer 5 - Glen Rose Formation 0.2 9.1 1.3 1.3 0.2 9.1 1.3 1.3 0.2 9.1 1 1 0.01]0.01| 0.01 0.01 388 194 142 27
2 Trinity {(northern section)
Layer 6 - Hensell Member 0.02 9 3 3 0.02 9 3 3 0.2 9 0.9 0.9 0.01(0.01| 0.01 0.01 1 206 168 a6
Layer 7 - Pearsall/Cow
0.01 9 1 14 0.01 9 1 14 0.009 9 0.6 0.6 0.01|0.01| 0.01 0.01 03 610 99 14
Creek/Hammett members
Layer 8 - Hosston Member 0.6 9.1 3.2 3.2 0.6 9.1 3.2 3.2 4.0E-06| 9.1 0.5 0.5 0.01(0.01| 0.01 0.01 18 4,276 509 194
3 Blossom B 2.7 70 | 44 | 37 _ - = _ _ N = = N o 85.0 | 550.0 | 290.0 | 205.0
Layer 3 -Carrizo 1.0E-04 13 1.0 0.5 1.0E-04| 13 1.0 0.5 1.0E-04| 13 1.0 0.5 0.01]0.01| 0.01 0.01 0.03 8,536 920 270
a Carrizo-Wilcox (southern Layer 4 - Upper Wilcox 1 1 1 1 1 1 1 1 1 1 1 1 _ _ _ " 11 1,085 303 210
section) Layer 5- Middle Wilcox 0.1 83 10 3 a1 83 10 3 0.1 83 10 3 0.01]0.01| 0.01 0.01 77 59,088 6,285 1,902
Layer 6- Lower Wilcox 03 3 18 3 Q.3 3 1.8 3 0.3 3 1.8 3 0.01]0.01| 0.01 0.01 6 3,615 786 116
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Potential Mapping Techniques

Current EPA procedure is to
calculate

, : *Zone of Endangering Influence”
1. Analytical solutions (Preferred method):

— Stable

— Eaqsy-to-use

— Simplifying assumptions but exact solutions
— EPA (1994), Bear & Jacobs (1965)

— Applicable on a regional scale

Contour
Showing Zero
Pressure

A/Buildup

Area of Review

Injectio
n Well @

Pilan View

2. Numerical solutions:
— Accommodate complex systems
— Intensive data requirements
— potentially unstable, require advanced users
— Modflow 6
— Applicable on a small/local scale

Cross-sectional View

Injectio
n Well

Head/Pressure
Buildup

'
N

Pre-injection
Head/Pressure
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Proposed Methods:

Two-tiered — Analytical Solutions

— Tier 1 Analysis (no flow direction)
— EPA (1994)
— Bear and Jacobs (1965)

— Compute maximum migration extent

1/2

r(t) = (T%)

— Tier 2 Analysis (flow direction
available)

— Both gradient and direction of flow
— Bear and Jacobs (1965)

2mq*h

tp = 50 t

WS . b
Q

Injection Well

Potential
Injectate
Migration without
gradient

Potential
té/ Injectate
X ,.' Migration extent
/] with gradient

-~ -

Injection Well

Tier 2
Ambient Flow Directio :
Potential
Extent of
/ Injectate
A Migration
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Limitation of Analytical Solutions

— Analytical solutions
solve on a well-well .
basis P =
/ ....... o
— Underestimates 1 /)/
Injectate migration B — //
when compared to
numerical solution

-4000 -2000 0 2000 4000 6000 8000 10000 12000
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Final Workflow

RRC INPUT ——
Datasets Output/Input OUTPUT .
: Tables
' P d
Download qucegse Output/Input
UIC Tool njection Table Tool
well data
Database
5 table Processed _
. . ata Injection Injectate
roiesslmg rates and Mapping
©0 Aquifer Tool
[ location
I table
Download Processed
O&G Full Injection
Wellbore Statistics
Database || table BRA,CS
Aquifer
\\_/////’— boundaries,

Injection

surfaces &
TX DEM

Transport Model
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FME Tools & M ESERVER

Texas Water Development Board

Welcome to the Texas Water Development Board Toolbox
Please click on the link belew to open the workflow page.

Well
Intersection

L3 Well Intersection Workflow

This workflow is to determine:

Well Injection Workflow

This workflow process the Texas Railroad Commission (RRC) Database Files and generate the “gClass2_Injwell" table.
1. Injection wells located within relevant XY study area boundaries.

Here are the links to download the input files for this workflow: 2. Determine which wells have screens intersecting the aquifer of interest.

Underground Injection Control (UIC) database 3. Generate SSPA input tables, including only wells that have screens intersecting the aquifer of interest

Click on the link below and download the uif700a.txt.gz file wsp.com if you are a h
https://mft.rre.texas.gov/link/445cel ae-233d-4590-92a2-e71f5008f3al

0Oil & Gas Full Wellbore database
Click on the link below and download the dbf900.txt.gz file Aquifer Name
ef1955f-cf26-4bd4-8030-1253eb772cf9

hitps://mft.rre.texas.gov/link/

Upload gClass2_InjWell Table

Please Upload the (*.csv)

Please Upload the Upload Injection Statistics

uif700a.txt.gz file Table (*.xlsx) - o
- [ et

Upload Project Study Boundary

in GAM Projection (*.zip)
.

Email results to

wWsp Texas Water
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Injectate Mapping Tool

— TWDB Injectate Mapping Too AL

%
Pond Cresk |

0 - National
) NONE Wikllife Refuge

@ ESRI - Topography

| — ey

= e
(U ESRI - World Imagery { | - &
O OSM - Black & White g | A
© 0SM - Mapnik A ey
! Wa, Ashdown
| @ wells ' B i Bay,, oy
' M Tier1_30y_20210727_214405_Juan.Acevedo S ek :
Run Options . e
NorthernTrinity_InjectateMappinglnput_07212021_excludeEOR.csv S
Analysis Time Horizon S Hooks
O Tier 1 30 years Rod Rivey | Lone Star Army
O Tier 2 )50 years & Army Depot "t ™" Texa
Default Aquifer Parameters AquiferCurrent.csv Vl Edit Mode | Download | Upload ‘ ® ik @
Aquifer HydraulicConduct'lvityPorosityGradientFI,ow i : Bow'e
direction
Nacatoch 5.5 0.1 0.002 45
Trinity (northern section) 197 0.1 0.002 90 2 Allsata
Blossom 3.65 0.1 0.002 90 MEVSrTon -
Carrizo (southern section) 0.46 0.1 0002 90 o . G341t |
Wilcox (southern section) 233 0.1 0.002 90 _f_ 3 Queen:City
Gulf Coast (north of the LRGV) 29.96 0.1 0.002 90 T Atlanta
Rustler 0813984 01 0002 9 o
Gulf Coast (LRGV) 18 03 0002 90 i Sy, Leafiet | ESRI
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Tool Testing: Nacatoch Aquifer

Class |l Injection Wels - ECR
Class Il Injection Wels - SWD

L[] Exis ting agricultural well
Exis ting domesticwell

[ ] Exis ting municipal well

——— 1000 TDS [mgiL]

—— 10000 TD'S [mg/L]

- Injectate Mapping {Tier Z - 50y) SWD

3 mile excluded ares for fres hwater
line

3 mile excluded ares for state
boundary

- Zmile excluded area for existing wells

m Area recommended for des ignation as
bradk sh groundwater production zone

‘ Macatoch Aguifer
= -

1 Macatoch Aquifer study ares

— Original designation (2019)
— 525 Class Il wells

— 84 SWD wells
— 441 EOR wells

— Updated Method (2021 Study)

— 435 Class Il wells
— 60 SWD wells
— 375 EOR wells

— Largest injectate radius
— 6 miles
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Next Steps

BRACS team to apply tools and analyze outputs of injectate
mapping tool and complete QA/QC

1. Apply tools and procedures for Class Il injection wells to aquifers
ready for zone evaluation.

2. Provide list of Class Il injection wells injecting to formation of
interest to RRC for review and feedback.

3. Conduct the whole aquifer zone evaluation for all other statute
requirements

4. Select buffer distances for Class Il injection wells

— Injection mapping tool provides model for injectate migration but
not buffer distance.

BRACS is developing guidance and will seek stakeholder feedback.
Please contact us to be added to the stakeholder list.
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add’éd to the stakeholder Ilst ?‘P”;,;
— Juan P. Acevedo Juan Acevedo@twdb texas gov #r 4
— Or visit the study. ;yvebsﬂe: R ;;;

P s <
¢L ‘\ e % .

www.twdb.texas.goV/i nnovatwewater/bra@_f»broieas/ lnjection/i n@%x a§1o
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8 Caverns of Sonora, TX


http://www.twdb.texas.gov/innovativewater/bracs/projects/Injection/index.asp

