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* Going Forward



Permian Basin Stratigraph

Cross Section of the Permian Basin

o Unconventional Conventional Unconventional
Delaware Central Basin Midland
Platform Easin

|
L |
=

rrrrr

0 10 30 30 40Em "
&bl pine
-H'!‘”‘"“'-‘ eS0T ie]

Modified from W. Texas Geol. Soc.
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Gardendale Current Status

Deep disposal injection is the primary causal factor.

— Two SWD wells with very proximal deep injection into a deep fault or near
basement; good injection activity and seismicity correlation.

— Other areas are harder to identify individual contributing SWDs

Marked decrease in seismicity since deep SWD permits
suspended in December 2021.

M 5.2 Range Hill event was very proximal to a deep disposal well
that recently increased injection activity.

No deep disposal in SRA since December 17, 2022.
Operator group formed after the M 5.2 Range Hill event.
Shallow curtailment ended in August 2023.

New shallow SWD permits may be issued per guidelines.



o Texas Seismological Network Ear X +

w = ®
< > C ﬂ 8 beg.utexas.edu/texnet-cisr/texnet/earthquake-catalog

2% Date Calculator @& RRC Inside ‘& RRC Public GIS Vie...

© Microsoft Office Ho... @ OBIEE @ Rules

TeXNet‘%— Earthquake Catalog

e w 0O &
B Forms [ TLO o TexMet Catalog

Imported From IE USGS Catalog Imported P Google Maps  EJp In Office Telework T... o FY 2023 -TP Budget BB PBI O&G Dashboards

Show Table Station List Download Data Area of Interest...

Guadalups.
_|_ Mountains
! Mational FamC S

Filters

Reeves
fut

Start to measure by clicking in the map to
A — N.T O Oruh

place your first point
295 Events Matched  Show Table

Guada[‘upe",
Mountainz .
Mational Park-

[J Require Focal Mechanism

Magnitude Range

[J Lock Magnitude

a
Select time period...

since 2017-01-01 = =

Winkler
= ‘ 4.
T
¥ 2
= ]

1/1/20017 c}

<
)

Earl

Ionah

O
®)
L3
™ ::a 7

Latest Date

4541 ft
12/31/2017 i

o) ) B
o A e @
o)

LTANO ESTACADO =
| oS,
- / ' Ikl_'
[1 Focal Mechanisms 1

[(STAKED PLAIN)
3 TexNet Catalog

| i

o O'u‘\'-'ﬂrd i

Earthquake

o 0<=Magnitude <=1.5

Hudspeth
Hilberson

@

® 1.5 <Magnitude <= 2.0 :
() 2.0 < Magnitude <= 25 7 / O
O 25 <Magnitude <=30 . A ; /s

3.0 « Megnitude == 3.5

Powered by Esri
(O 35 <Msgniude <= 4.0 =
> o 12/31/2016 O 2
O 4.0 = Magnitude <= 5.5 12/31/2017 ;
2017 2018
' i T e i

9/1/2023 4 b
2019 2020 2021

2022 2023



o Texas Seismological Network Ear X +

< > C 0

2% Date Calculator @& RRC Inside

‘_b RRC Public GIS Vie...

8 beg.utexas.edu/texnet-cisr/texnet/earthquake-catalog

© Microsoft Office Ho...

TeXNet‘%— Earthquake Catalog

@ OBIEE @ FRules 8= Forms

B TLO o TexNet Catalog

Imported From IE

Show Table

USGS Catalog

Station List

v — *

w O &

@ FY2023-TPBudget QB PBI O&G Dashboards

g

Imported ? Google Maps a In Office Telework T...

Download Data Area of Interest...

Filters

659 Events Matched  Show Table

[J Require Focal Mechanism

Magnitude Range

0 2 6
*—

[J Lock Magnitude
me period..

Since 2017-01-01 -

Select i

Earliest Date

1/1/2014 c}

Late
12/31/2018 o}

Date

[1 Focal Mechanisms
3 TexNet Catalog

Earthquake
o 0<=Magnitude <=1.5
® 15<Magnitude <= 2.0
() 20<Msgnitude «<=25
O 25 <Magnitude <=30
O 3.0 < Magnitude 2= 3.5

Q 3.5 < Magnitude <= 4.0

O 4.0 = Magnitude <= 5.5

‘ ‘ Mamnitiida = 5 5

Guadalups

Contact Us Important Links Important Information

L —— ~RTAR— — —— == o 339
Weugiain GO TEXAS s :
jountains =] - - -
=t W q«?_. a Start to measure by clicking in the map to
- b place your first point
A — =
Guadaiil-pe F 5
Mountains . 0l
Mational Park- /’: Ve
I Kermit
=
r 40l
i -
£ o,
- %
= %
;S
a O Winkler *
= = -
. o (02 o% 5 %
- te
2 %] 0,
e % O O i . ‘“.;.Z I'v10|1'_ah‘
) Fi] = “?_L
| . Q ® : =
¥ €Y '8 2
= ;, @ 2 -
E 4541 ft 2 . m
‘::._ 5 B O% ﬁ.l'.-f.;ﬂ.u'\n"!}‘ ESTACADO =
g & - (STAKED PLAIN)
ora’sE -o_:
4 Ill-l .
i .ﬁw.
6616 ft i s
; = °—’h§):63 : _Q._mi
:: -4
.
28
315 /
I D .
= e
=]
A O Treco
/ Qi
&
cri, HERE, Garmin, USG5, NGA, EPA, USDA, NPS Powered by Esri
" ™
1/1/2018 s v
> - 12/31/2016 | | | | | | | 9/1/2023 4 P
12/31/2018
= 2017 2018 2019 2020

2021 2022 2023



o Texas Seismological Network Ear X

c O

<% Date Calculator

+
6

@® RRC Inside

‘_b RRC Public GIS Vie...

TeXNet‘%— Earthquake

8 beg.utexas.edu/texnet-cisr/texnet/earthquake-catalog

© Microsoft Office Ho...

Catalog

@ OBIEE

@ Rules

B Forms

B TLO o TexNet Catalog

Imported From IE

USGS Catalog

w O &

@ FY2023-TPBudget QB PBI O&G Dashboards

g

Imported ? Google Maps a In Office Telework T...

Filters

896 Events Matched Show Table

[J Require Focal Mechanism

Magnitude Range

0 2 6 9
*—

[J Lock Magnitude
me period..

Since 2017-01-01

Select i

Earliest Date

1/1/2019

Latest Date <

12/31/2019

[1 Focal Mechanisms

3 TexNet Catalog

Earthquake
o 0<=Magnitude <=1.5
&

() 20<Msgnitude «<=25

1.5 < Magnitude <= 2.0

O 25 <Magnitude <=30
O 3.0 = Magnitude == 3.5
Q 3.5 < Magnitude <= 4.0

O 4.0 = Magnitude <= 5.5

F i, TP I

Guadalups

_|_ . Mountains

Guadaiilpe F
Mountains "3
Mational Park- /’:

Por

a
43¢

N
g A

1. Uejunci FEREL

Hudspeth' V.5 51
Ulberson

i

cri, HERE, Garmin, USGS, NGA,

1/1/2019
12/31/2019

>

i

u
T=
=
i
o

12/31/2016

2017

Show Table Station List Download Data Area of Interest... Contact Us Important Links Important Information
e - T \ il T —— o= —— 339
TEXAS & e TEXAS fo4 i
o > ¢ SR
2\ a Start to measure by clicking in the map to
= place your first point
iVear RE
Eermit
4070
%
%
o] 5
— Winkler ‘1;7
= T
“‘\5
L7 IMonah
Y z
o = (o}
i = -
s O 2 o E
Lo =
1 C’ & o 2 -
4541 ft - Q . m
% = LTANO ESTACADO ©
(STAKED PLAIN)
=
-
=
2 O
)/ ® .
/’ PECO
4 O il
Powered by Esri
" ™
A ot
i i ; ; | | | 9/1/2022 4 b
2018 2019 2020 2021 2022 2023



o Texas Seismological Network Ear X +

w = ®
< > C ﬂ 8 beg.utexas.edu/texnet-cisr/texnet/earthquake-catalog

2% Date Calculator @& RRC Inside ‘& RRC Public GIS Vie...

© Microsoft Office Ho... @ OBIEE @ Rules 8= Forms

TeXNet"%‘ Earthquake Catalog

e ow 0O a

B TLO P TexhetCatalog Imported From IE USGS Catalog

Imported P Google Maps  EJp In Office Telework T... o FY 2023 -TP Budget BB PBI O&G Dashboards

Show Table Station List Download Data

Area of Interest... Contact Us Important Links Important Information
; ~ " T g uadaiind \ ; ; it
Filters !

r— = TS
_|_ Iountains g i =
' Mational B8 .

@ & @ Start to measure by clicking in the map to
— place your first point

March 26, 2020 ' _
I\I?Fh=:cl|:irdeF::aJI\Aechanisrﬂ ey M 49 Mentone Earthquake Kermit

1194 Events Matched  Show Table Boadalipd®
Mountains
Mational Park-

-
o 3 30
0 2 6 9 e @ 21 &
. . b3 \ '('g/
= N
[J Lock Magnitude FE
fime period Oc._ . Winkler p,

Since 2017-01-01 - o ©

¥ v’z %}. IWornah

4 2 g =
Earliest Date ] Al i O é L'L_
1/1/2020] ol Z . g

E 20 =
= o
Cratis < 5 O N LTANO ESTAGADO 5
12/31/2020 n 5 il [STAKED PLAIN)
olAs e
/ W
[ Focal Mechanisms o (@) 9 .
% = rd
- ;
P TexMet Catalog = =3
=
Earthquake = E z
o O=<=M tude <= 1.3 E E
= Magnitude <= 1. = . ] /
5 I _.\3 il : P o
® 15 <Magnitude <= 2.0 / : Q

0

= O k- !
" B ¢ < :
() 2.0 <Magnitude <= 2.5 s = @ @ Treco
; y ol
QO 25 <Mgnitude <= 3.0 ;i ; / @ O]
O 3.0 = Magnitude == 3.5

_ O
| ¢ (= o ] Or‘."a'a
cri, HERE, Germin, USGS, NGA, EPA, USDA, NPS Powered by Esri
(O 35<Megnitude <= 4.0 - -
1/1/2020 L v
O 40 < Megnitude <= 5.5 > BN 12/31/2016 | | | | | | | 9/1/2023 4 P
2017 2018 2019 2020 2021

' i T e i

2022 2023



o Texas Seismological Network Ear X

c O

<% Date Calculator

+
6

8 beg.utexas.edu/texnet-cisr/texnet/earthquake-catalog

@ RRC Inside ‘_b RRC Public GIS Vie...

© Microsoft Office Ho...

TeXNet‘%— Earthquake Catalog

@ OBIEE

@ Rules

B Forms

B TLO o TexNet Catalog

Imported From IE

Show Table

USGS Catalog

Station List

Imported

Download Data

? Google Maps

a In Cffice Telework T...

Area of Interest...

w O &

@ FY2023-TPBudget QB PBI O&G Dashboards

g

Guadalups

_|_ . Mountains

Filters

2003 Events Matched  Show Table S e
Mountainz 3
Mational Park- /’I

Por

[J Require Focal Mechanism

Magnitude Range

0 2 6 9
*—

[J Lock Magnitude
me period..

Since 2017-01-01

Select i

Earliest Date

1/1/2021]

Latest Date <

12/31/2021

1. Uejunci FEREL

ol a"BIET;

" ¢ B
[1 Focal Mechanisms ba1o 1

3 TexNet Catalog

Earthquake
o 0<=Magnitude <=1.5
&

() 20<Msgnitude «<=25

Hudspeth' V.5 51
Ulberson

i

1.5 < Magnitude <= 2.0 O
O 25 <Magnitude <=30
O 3.0 = Magnitude == 3.5
Q 3.5 < Magnitude <= 4.0
O 4.0 = Magnitude <= 5.5

F i, TP I

cri, HERE, Garmin, USGS, NGA,

>

1/1/2021
12/31/2021

1

o
=
&
%]
[w]
B

12/31/2016

Contact Us Important Links Important Information

2017

= & | o . —— m v ynryn T W — -t e 339
TEXAS @’ e ° TEXAS a7as i
o ¥ @ Start to measure by clicking in the map to
8 = O place your first point
07
g PVEr
Kermit
4070
@ .
<,
@ e
= Winkler ‘1;7
== T
\“‘r‘d
L+ IMonah
= ES
i £
= =
= E}
o O L -
4541 ft ) o
5 LTANC ESTACADO =
o [(STAKED PLAIN)
E
ﬂ Fecos, -
=
¥ i A
. © e O = v e
2 [ . L= PPI’G\ . S
© -5
’ = 2
-
= 2
= [e) o = o
' i T g) O 7= - PECE
/ 0 % @ O o6
o P . O =
Powered by Esri
™ "
b o
i i [ ; 7 | | 9/1/2022 4 b
2018 2019 2020 2021 2022 2023



o Texas Seismological Network Ear X +

w = X
< > C ﬂ 8 beg.utexas.edu/texnet-cisr/texnet/earthquake-catalog
= Date Calculater @& RRC Inside ‘& RRC Public GIS Vie...

2w 0O a
© Microsoft Office Ho... @ OBIEE @ Rules Be= Forms [ TLO o TexMet Catalog Imported From IE USGS Catalog Imported ? Google Maps a In Office Telework T...

@ FY2023-TPBudget QB PBI O&G Dashboards

Show Table Station List Download Data Area of Interest... Contact Us
R e e & ; e Gam> = - T 339
F Guadalups TEXAS e S TEXAS L
Filters + i Nﬁ?ounr;ﬁg:rg.' ; = df = O & = Start to measure by clicking in the map to
P 7 e ‘ -y o i place your first point
A = NT O M OUINT A LS &, z =
2031 Events Matched Show Table %‘éﬁﬂi.ﬁﬁj' ETs5t 2 0 2 = O =3 02
Matianal Fark . . - e =
[ Require Focal Mechanism .. o @ ; | pert
Magnitude Range ¥,
5 s - November 16, 2022
O
0 2 6 9 r o = = y
A = e P i M 5.4 Coalson Earthquake
= = f

[J Lock Magnitude 3 .-;. A = . : - =
Select time period.. 0.;-_ ¥ B s 3 . : Winkler %
Since 2017-01-01 - 5 : RO Sl - = R In 2022 there were 10 A
Earliest Date 4 : A L
1/1/2022 | & .

earthquakes in the Coalson

= area with M 2 4.0 )
- o o | T tsrarepiEaie

[STAKED PLAIN)
[1 Focal Mechanisms

%

3 TexNet Catalog

= ®) 5
Earthquake 5

g "?"-’télfex-l % - Ward .
=
-
il § i
T =
o 0<=Magnitude <=1.5 == o
E= 3] ’ =
® 1.5 < Magnitude <= 2.0 : = Q0 = =
O 20 <Megnitude <= 2.5 s =
O 25 <Magnitude <=30
O 3.0 = Magnitude == 3.5

—;':_ co
Esri, HERE, Garmin, USGS, NGA, EPA, USDA, NPS
(O 35 <Magnituds <= 40

~0 %o M
1/1/2022
O 4.0 = Msgnitude <= 5.5 D |

3 31— o 12/31/2016 |
£l 2017
F i, TP I

Powered by Esri

9/1/2023 q4 b
2018 2019 2020 2021 2022 2023



o Texas Seismological Network Ear X +

< > C ﬂ 8 beg.utexas.edu/texnet-cisr/texnet/earthquake-catalog

e ¥ O &

s+ Date Calculator @ RRCInside Y RRC Public GIS Vie.. €3 Microsoft Office Ho... @ OBIEE @ Rules B= Forms [Da TLO  TexNet Catalog Imported From IE USGS Catalog Imported P Google Maps  EJp In Office Telework T... o FY 2023 -TP Budget BB PBI O&G Dashboards

eXNe 4%— Earthquake Cata|og Show Table Station List Download Data Area of Interest... Contact Us Important Links Important Information

< L S e 2 % ; 5, i . T R 339
Filt b St TEXAS = o s @ C = Mexas oorem— =g
lountains =
1nters + Natianal Pe = ﬂ«?_. = = = @) Start to measure by clicking in the map to
0 N 1 % place your first point
1556 Events Matched  Show Table

Guada[‘upe",
Mountainz .
Mational Park-

g

[ |
| 9
O

| bl

[J Require Focal Mechanism

| )
0

Eermit
z
Magnitude Range ¥,
m = O
- 0) = i W02
0o 2 6 9 ”. L . B
. ™ >3
* - \ =
7 S— = %,
[J Lock Magnitude = =
e e 9 - Winkler
me period.. L;- T 1:7.g
Since 2017-01-01 - T = o“\p
y "”_z_ T‘}.Z IManah
Earliest Date 4 Al = C':’:.
1/1/2023 o Z =
207 -
4541 =
Latest Date < ; o) LTANC ESTACADO 5
12/31/2023 o] (STAKED PLAIN)
oA BIE G O
: i
[ Focal Mechanisms 6161 ) - Qd .
; - 2 i\ o) = ' JO
[ TexNet Catalog = . '@
4 og =
ol 4 = = s
Earthquaks g % = Z o e
3
0 0 <=Magnitude <= 1.5 55 _ y
I : H = -
® 1.5<Msagnitude ==2.0 4 . é‘ % OO0 = rsa\| i
() 2.0 <Magnitude <= 2.5 i _ 7 @b T . = = Treco
g : / ) & O Q o1
O 25 <Magnitude <=30 S : /
i = J ’ m & i . = =
O s0<Mseniudz <-35 <ri, HERE, Garmin, USGS, NGA, EPA, USDA, NPS Powered by Esri
Q 3.5 < Magnitude <= 4.0
e 12/31/2016 C o 9/1/2022
O 4.0 = Magnitude <= 5.5 12/21/2023

2017 2018 2019 2020 2021 2022 2023
F i, TP I



o Texas Seismological Network Ear X +

< > C 0

8 beg.utexas.edu/texnet-cisr/texnet/earthquake-catalog

~ Date Calculater @ RRCInside Y RRC Public GIS Vie.. €3 Microsoft Office Ho... @ OBIEE @ Rules

TeXNet‘%— Earthquake Catalog

Filters

= w O a
B Forms [em TIO  J TexNet Catalog Imported From IE USGS Catalog Imported P Google Maps  EJp In Office Telework T... o FY 2023 -TP Budget BB PBI O&G Dashboards

Show Table Station List

Download Data Area of Interest... Contact Us

Guadalu

_|_ IMountains

Matic nal PEk

3 iy - X Start to measure b.y clicking in the map to
: 1 8 \ 2 i i place your first point
2034 Events Matched  Show Table %‘;ﬁﬂ;,ﬁ‘:- ! = O i =
: -
Matianal Park- ThiEs ) ) ‘
L = = i Kermit
[J Require Focal Mechanism \ L = S
Magnitude Range ¥, :
F‘.—- ‘ O = =
0 2 6 9 i’. @ " (,c [
i : ; l".;
H = N
[J Lock Magnitude z
I ol - Winkler
ime period.. = L= (3
5 o &)
Since 2017-01-01 - 7 e
5 \ Tf‘. IMonah
j 2 0 B} © .
Earliest Date J Al O. @) ﬁj O & C':-;_ —
1/1/2017 ] 2 %' . ' o =
2 O [ ) @ 20 "
& . m
; < 3_ ';1" O \ \ ﬁLLANO ESTACADO 5
2 . N - (STAKED PLAIN)
12/31/2023 al E ~20 m||eS L » ' : ;
oA’ sy
[1 Focal Mechanisms ks 06‘0:{-

v
LGP

3 TexNet Catalog

Western Limit of

- Current Oil & Gas
® 15 <Mognitude <= 2.0 ; ' O ACt'V'ty
() 20<Msgnitude «<=25 :

- e &
O 25 <Magnitude <=30 o

—;'E co
& 0 =
O 3.0 < Magnitude 2= 3.5 3

Powered by Esri
Q 3.5 < Magnitude <= 4.0

Earthquake

o 0<=Magnitude <=1.5

Hudspett
Clilbearson

Ezcri, HERE, Germin, USGS, NGA, EPA, USDA, NPS

1/1/2017 O
O 4.0 = Magnitude <= 5.5

12/31/2016 |

N 2017 2018 2019
‘ ‘ Marnitiida = 5§

9/1/2023
2020 2021 2022 2023



Operator-Led Response Plan

RRC Goal: No M = 3.5 earthquakes 18 months after
Implementation

Industry OLRP Goal: Decreasing rate of M = 3.5
earthquakes 18 months after implementation

Shallow SWDs: Rate curtailment based on distance from
seismicity

Deep SWDs: Significant rate curtailment; two largest
operators moving away from deep injection altogether.
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Northern Culberson-Reeves Current Status

Deep injection is the primary causal factor.
Cannot rule out shallow injection as a local causal factor.
Significant reductions in deep injection volume.

Very large area with several significant clusters, and possibly
different causal factors.

Far-field affects from deep injection into the northern
Delaware Basin.

Need regional structure and hydrogeological information.
Shallow disposal formations are pressure constrained.
Concern for shallow disposal formation containment.




The Whole Delaware Basin

* Meet regularly with New Mexico Oil Conservation Division
staff to discuss shared interests and concerns.

* Obtained New Mexico data on SWD well and injection
data.

— Historically, New Mexico has a regulatory bias in favor of deep
injection over shallow injection to protect the correlative rights
of shallow oil and gas producers.

— Growth in Delaware Basin activity spurred Texas operators to
seek deep disposal, but no longer due to recent seismicity.
» Conducting preliminary work with Fault Slip Potential
(FSP) modeling to history-match deep injection and
seismicity activity, but there are significant limitations.




NCR SRA Deep Disposal Wells
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Deep Injection & Seismicity Analysis: NCR and Southern New Mexico

Deep Injection Volume in Northern Culberson-Reeves SRA and
Southern New Mexico & Number of Seismic Events
Wells Reporting Current Month TX: 100%, Current Month NM: 47%
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Forward — The Biqg Picture

* Proposition: The seismicity problem is a produced water problem.

— Water production demands disposition
— Alternatives to disposal by injection are needed, especially for deep disposal

* Posture: Adjusting from reactive to proactive

— Establish a Seismicity Team in UIC
— February 2023 Notice to Operators regarding permitting, monitoring, and reporting

— Provide data to support research at the University of Texas Bureau of Economic Geology
and the Center for Injection and Seismicity Research (CISR)

— Protective measures to ensure integrity of shallow disposal and related pressure issues
— Add a seismologist to support Dr. Aaron Velasco, State Seismologist

Potential:
— Policy, rule, and practice frameworks to support a proactive posture
— RRC is considering pilot projects to new produced water recycling options.



Forward — SWD Permittinc

« Update Guidelines for Permitting Saltwater Disposal Wells in
Seismically Active Areas of the Permian Basin
— Can we decouple deep and shallow permitting review?

— Do we have a valid basis for distinguishing deep from shallow
earthquakes?

— Can we time-limit cataloged events, instead of the full historical
catalog?

— Do we have high-quality, location-specific knowledge of faulting?
* Require Pressure Data

— Initial bottomhole
— Periodic bottomhole



Questions?

Paul Dubois, P.E.

Assistant Director for Technical Permitting, Oil & Gas Division
Railroad Commission of Texas

512-463-6778

paul.dubois@rrc.texas.gov



https://www.rrc.texas.gov/
mailto:paul.dubois@rrc.texas.gov
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