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Background

Benefits Concern
* Longterm CO, storage * Induced earthquakes
» Enhanced oil recovery (EOR)  Potential caprock deformation
» Enhanced Coalbed Methane (ECBM) » Risk of CO, leakage
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Regional Carbon Sequestration Partnership

/BSCSP- Big Sky Carbon Sequestration Partnership \

MGSC- Midwest Geological Sequestration Consortium

Seven regional sequestration partnership
97 percent of coal-fired CO, emissions ’

97 percent of industrial CO, emissions
96 percent of the total land mass
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MRC SP- Midwest Regional Carbon Sequestration Partnership

PCOR- The Plains CO, Reduction Partnership

SECARB- Southeast Regional Carbon Sequestration Partnership

SWP- Southwest Partnership on Carbon Sequestration

kWESTCARB- West Coast Regional Carbon Sequestration Partnershipj

MRCSP

INTERNATIONAL EXPOSITION AND 87TH
ANNUAL MEETING

SE HOUSTON-TEXAS
24-29 SEPTEMBER 2017

A




Ite details: Farnsworth, Texas
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Background seismicity
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Background seismicity
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Background seismicity
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Long period events
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Previous observations

LPLD at a hydraulic fracturing site in Texas Low frequency tremor in Shikoku, Japan
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Previous observations

LPLD at a hydraulic fracturing site in Texas
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Deformation mechanism

Shear slip (Das and Zoback, 2011) Tensile opening (Hu et al. 2017)
« Stimulation of sub-optimal faults « Jerky opening

 High clay content  Resonance of fluid filled cracks
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Improved seismic coverage
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Workflow

Step2:

-Automatic detectionand location of LPLD events

Stepl:

-Manual scanning of filtered waveformdata

-Cross checking of auto-detected events

/ -Classification of events intosubgroups
Step3:

-Examining the regional earthquake catalogs

-Developing a catalogof LPLD events

-Data check from nearby seismic network

-Removal of commonly recorded events

Step4:

-Spectralanalyses of uniquely recorded LPLD events

-Quality check of individual LPLD events
(Frequencyand time domain)

Step5:

-Checkfor causality

-Spatial correlation between LPLD and CO, plume

-Temporal correlation with the pumping data
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Event distribution

N
Ao |
o I
° Patrytort ﬁéﬁ’k‘.:i’&?"“"’"
(9] (]
(@]
% A
05 & - o
L
& o A®® £
&F e o ©) :
\
= A o ° N
s A o
1}1 ar n Muni Alrport . . .. .\... CRU
P e ®
Ospearman . © (o) :.':‘.
\..\
(@] N
"] (0]
(0] [ )
O ) LPLD;quaIityl
oe
) @ LPLD_quality2
© O LPLD_quality3
Y¢ Injection well (13-10A)
#* Nearby injection wells |repNaTIONAL EXPOSITION AND 87TH
! A\ Old_FARN1 ANNUAL MEETING
- A\ Broadband stations [OUSTON-TEXAS
Content may not reflect National Geagrap hic's.current:map policyl Sources Natiofal Geographic, Esn, Demee.r 1.875 3.75 7.5 11.25 15 4-29 SEPTEMBER 20] 7
= e e Miles




Cross check with nearby seismic station
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Long period events of liocal origin
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Waveform characteristics
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Seismogram

Spectral analyses
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e
Key Points

 Distant seismic events (> 90 miles) from Oklahoma are dominantly recorded as normal (short period) earthquakes

» LPLD eventsobserved in this study have highly emergent phase arrivals that persist for 30-70 seconds

 Spectral characteristics of the low frequency events are partly similar to LPLD events observed in Barnett Shale in
Texasand in Eagle Ford Shale in NE Mexico

* Local source of deformations (some combination of slow shear slip and resonance of fluid filled cracks) are perhaps
responsible for the generation of long period events observed in this study

 Further examinations (temporaland spatial) of the pumping data and reservoir models (pore pressure and the extent of
CO, plume migration) would be important to understand the more definite cause of LPLD events
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Disclaimer

This project was funded by the Department of Energy, National Energy Technology Laboratory, an agency of the
United States Government, through a support contract with AECOM. Neither the United States Government nor
any agency thereof, nor any of their employees, nor AECOM, nor any of their employees, makes any warranty,
expressed or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness

of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency thereof.
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