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Basin overview, deformation, seismicity, open questions



2009 - 2015 1973 - 2008
391 M > 3/year 24 M > 3/vear




2009 - 2015 Fall AGU presentations on induced seismicity
391 M = 3/year
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Permian Basin: giant oil tield of west Texas

* Producing for nearly 100 years

e Shale drilling boom since 2009;
accelerating since 2017

e Recoverable reserves farin

excess of past produced
volumes (=500 BBOE (has been
called “permanent resource”)

e 20% of all active drill rigs
globglly are curre ntly in the G aﬁ:;f
Permian Basin




Many productive intervals (“stacked pay”

Development Scheme and Multi-Zone Well Pads

* 5 horizontal laterals per
zone on each 960-acre unit

* 5 target pay zones

* 25 horizontal long laterals
with potential upside from
additional stacked pay
zones
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Decades of potentially induced seismicity

N Chave l - . Bailey Lam Hale Floyd Motley Lottle lv‘ ':n.'r-:ﬂ
Roosevelt
Permian Basin Hockley LUBBOCK U g TL T Y A
Dagger Cochran! ° S IR IR TR e
Draw JROSWELL
field e Garza. - Kent & . Cogdell
wmn : oilfield

Northwest Shelf Terry /(Snyder,TX)

Otero

Borden @\ Fisher ' jsnes

% 3 * ; Andrews ‘
Howare AB'LENE

= Central® Martin @ Mitchell| * Nelan

L
P h o Taytal Earthquakes from U.S.
32°N s . e ADEAND 3 Geological Survey

Culberson Loving s " LG Coke- . Runnels (N EIC)/ TeXNet

vb'.V'."“» er ODESSA Socernrl . o
Qe 28 Sheb Yoo Green Seismological Network,
. X T pd p
\ oé,e iﬁ!’%.'aBaS'ﬂm . % Doser et al. (1991, BSSA;
$ ‘Po’é .‘u ey Upton Reagan 1A AN A'?iﬁ%?\ 1 991 , WTGS, ,I 992,

PAGEOPH) and Gan &

\ 52 A "% Platform . Ozona | Frohlich (2013, PNAS)
L( ¥ FORTSTOCKTON Arch O
[\

Chihuahua ﬁ)

JeffDavis ~ ™
-

Focal mechanisms from
$ 8 : Crockett T fmsiel Saint Louis University
- recos

—— Quaternary normal faults b (Herrmann et a|., 2011 )

Torre .
200N Seismicity: & e Val Verde Basin
. M, 1.0-1.9 @ Since 2017 Bro e, Val Verde Edwatds
- Real

® M,20-29 @ 2005-2016
@® v, 3039 1970-2004

@ .20+

mney 1
=7 Uvalde

106° W 104° W 102° W 100° W



Evar=——*=
)

- - Gaden Cay ' |
N o 2 ]gF
+ & Dodge Cay Wickels Mot P
' ° > ey
- Nt d
Cap) ore
= TexNet Earthquake Catalog e
: Spngledd %
- Jopn o
e g o fon bt UM = b = Lol d nebd \ o
Ute Ugomiee . \ o NI
|« [t R ¢ e o » M n
| Famngon ,’ 3 Wrae ~ 3
"'(4:-:. PLATEAV -
= . 3 2 ot
Teew Z - - - Weekly Earthquakes in Pecos - Fort Stockton Area
A A0t Juise
. 2
- .
v -
- f L b=
rvaty Santat s X o) Py e B OMatnma E
G - ex
: - i
KLAHOM
@ o
Amantio Povon whem 1
] 5 " - -
<)Alluqmt e ) z -~ § 3 H o
Lagens - . ~
Yy '."'.'f- - - ; A1l n n
NEW MEx iy - & - F
y Mocha 8N O 0 < s ouaPuira § g
3 el - e bl
o RN ¥
e Py . H
"ww -~~~ ] {
= = =
& - 2 4 1
Boriiwhn fvate -
~1 Labock 2@
1ACRAMEASO 0
S C ot WONN TAIN T Fow el [h
Rewars st ate [ F3 ed o
el
wl: Lot s ~ r T Y 1
eta <
A - . 2017.0 0175 20180 185
s
s : -
7 n' . L
. - Mierns o ) !
- "t :’l: =8 @ - J‘H 2 Iarhon e
: L Couces b b 4 - o
Joun . Port s - Fimw
= -
Abdiand
o - -
® 4 ’ = © .
8 - ESTACADO . :.'. 3
| .- o 4 Tt -
ED PLAIN) San Argedo () { 5
| o 28 qeman o gUaasay
S
1 SRR A _SSE— J - = fonh v oo
1 . < una-l e 1:.-- e
O0Mes N TEX AL Killeen f;-n
L O . -~ UIBIANA el R
\ F S Bowanns rPLATEAD - 2 M*,.d"
- ' - lmm,v ‘.‘“ - 4 A
- ™ B o oo "
M == \ o, ® S digon fowe P Fpaniat
 pctaa \ ¢ 2 - I Toe Labe Cliekes Latayette Gttt
\ P aWostands e sumon P ®
\ 0 New Qyteans
| - p D
\ - - Houston '
\ F T @
3\ ol - X &
\ f .
NORA \ ot 4 L -4 San AMonio v
‘:‘m w { “\ Al - o
. pont [ B ~
. & r’ml . \ a
armasdio . 'Y e '.u' \ =
- CHIKUAIVA — \ Wtons
\ - o
Cltwahua \ .
o HERRANIAL DEL BUNRO ®
\
~ 13
el
v
A Corpan
RS AHUILA g i
v )
v
Cdad - g Lareds ~ B
Oteegon : -
o

Moo Latedo &
~

" -
- Hidadgo | . o
4 St Pand Maodova \ - GEOLOGY
c

» - \



Earthquakes in the Permian Basin £ 25 | T , Legend

M>1.8; station: 2 degree; event: 150 km 3 A Seismic station
2017/10/16 - 2019/02/05 ) .
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PhaseNet: deep-learning picker
Zhu and Beroza, GJI, 2019
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Seismicity

Initial Results
e Depths are shallow (< 5 km)
. Depth range matches depths
of both horiozontal wells and

disposal wells

', « Some of the events are frac
related

-l’:; e Not sure about %

o Efforts underway to improve
seismic network




Normal faulting to
strike slip faulting
stress state.

Delaware

Focal mechanism
guality still poor.

Seismicity hints
N AR DN\ | atstructures on a
" Fauite (g st 1950 | = | large scale.

Green & Jones, 1997; Crone &

Wheeler, 2000; Ruppel et al.,
2005)

Shmax Orientation quality:

A, (faulting regime):
0 0.5 1.0

radial NF NF SS/NF




Se ntinel 1A/1B Cove rage 2 Horizontal and Vertical Surface Deformation
over the Delaware Basin L ™ N
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Normal slip of several centimeters on
optimally oriented normal faults might
account for the deformation

Descending Orbit



Seismicity Is too feeble to explain deformation — largest to date Mw 3.4
Open guestion If most earthquakes are caused by fracking, production or disposal

Saltwater disposal growing problem with shallow zones rapidly filling to capacity

Delaware Basin Central Basin Midland Basin Eastern Shelf
Platform
Guadalupe Peak
5,000 ft 1 _ Pecos River
-1 km
0ft- -0 km
-1 km
-5,000 ft -
- -2 km
-10,000 ft = -3 km
- -4 km
-15,000 ft - _g Gray/Black Shale
Sandstone Red Shale, .5 km
Sandstone,
Halite Alluvium




Questions
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