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What Causes a Fault to Slip?

Changes in stress

* Shear stress
* Pore pressure change
* Some faults are easier to ‘move’ than others

not likely to slip more likely to slip

?i Higher coefficient of friction
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Three Principal Stress Directions
Vertical - Sv

Maximum Horizontal - SH
Minimum Horizontal - Sh




What can Cause Stress to Change?

Lake
Dominant cause Aquifer
Natural tectonics Injection Well

Production Well

Unique circumstances

Aquifer level changes
Dam/reservoir impoundment Faults
Mining

Waste water disposal wells

O&G injection/extraction

Hydraulic fracturing




Most Cited Example of Salt Water Disposal Seismicity
The Exception — Not the Rule
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WASTE WATER
DISPOSAL WELL
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Fault orientated to
potentially slip with
small change in pressure




Oklahoma Seismicity
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Produced Formation Water Relationship

Cherokee Perry
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Hydraulic Fracture Induced Seismic Events

(@)

60-

Alberta, Canada

= Candidate

500 .’i 1985-2009

2010-2015

ing and Se
Western Canada Sedimentary Basin

Gail M. Atkinson, David W. Eaton, Hadi Ghofrani, Dan w-llur

by
Barns Cheadle. Ryan Schulz Robert Shcherbakor, Kristy Tia
. Rebecca

= Candidate HF wells
disposal

O M 23 (Disposal)
© M=23(HF)

© M 23 (HF and/or disposal) |4
O M2 3 (Tectonic) -

M 2 3 (HF and/or disposal) |3
@ M >3 (Tactonic) .
in the

M. Harrington, Vn|mnl4n.'m—m:lndninn‘lc 18° 116° _1140 _1120
Wellbore Fault
Hydraulic Hydraulic
Fractures Fracture
intersecting
fault
\ Hydraulic
pathways that
can lead to
Natural
stress and
Fractures
pressure
changes

Ohio / Pennsylvania

| N N 2 | e e |
| 200m , P
‘ oty o \
CCL1 » R |

41.01°
41°
3H
1 -10 0 10 H
Days after 3/1/]4 5H GH
- - - —_— -
-80. 54° -80.53° —80 52°

After Skoumal 2015




Pennsylvania — Ohio Unconventional Development

Salt Water Disposal

*  Flow back water

Black Hand Member (*Big Injun”) |-

* Shallow and deep disposal zones

* Smaller volumes and lower rates than
Oklahoma

* Afew deeper wells have been linked to

induced seismicity

“Big Lime"

Hydraulic Fracturing

* \Very rare - Instances limited to one area
* Utica stimulation
* No events associated with Marcellus
stimulation

* |solation from deep seated faults?
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Regulatory Responses in Higher Risk Areas

Salt Water Disposal

* Volume/rate restrictions
* Revised permitting conditions
* Enhanced monitoring requirements

*  Traffic light systems

Hydraulic Fracturing

* Enhanced monitoring requirements

*  Traffic light system

A S
Volume/ Rate Restrictions

Pawnee EQ HypoDD
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Research Consortia b pURIAL or

Industry’s Response  [::.... e

&ENVIRONMENTAL SCIENCES | Stanford Center for Induced and Triggered Seismici

About  Research  Pubiications  People  News  Ouireach  Presentafions
HOME ABOUT PEDPLE~ EVENTS RESEARCH MEMBERSHIP RESOURCES CONTACTUS

Ariicles

Bureau Media Coverage

* |nstallation of proprietary arrays

//.7/ --: . .' , HOME

* Limiting volumes / shutting in wells Mooy~ = S5l TexNet Research and the Center fo Integrated Seismiity Research

Consortium ik Introduction

The Center for Iniegrated Seismicity Research (CISR) at The University of Texas at Ausiin (UT) is a mullidiscipinary, rans-college research
center managed by the Bureau of Economic Geology (BEG). The overall goals of CISR are to conduct fundamental and applied research to
. General Information About the Ml etter undersiand naturaty occurting and potentially induced seismicity 2nd the associated risks. The research is designed to understand the
o P ro p r I eta ry Re s e a rc h AsouTyS subsurface processes that may influence seismicity, quantfy and reduce risk o the citizens and infrasiructure of Texas, and improve
3, * Govemance o slandards of practice to miligaie seismicity thal may stem from industrial aciivity. Effective sirategies will be developed for communicating

+ Opportunities i Sk with stakeholders and responding to public concems regarding sefsmicily. CISR is funded by the Stale of Texas through the TexNet Seismic
Monitoring Project and aiso by an industrial associate pariners.

microsetsmic methy
partners and gov

by the University of
researchers at both universiies, the Microseismic Industry Consorum benefits from access fo specialists

* Supporting University consortia

ina variety of related disciplines. Our research vision encompasses data acquisiion, processing and
interpretation within 3 muidiscipinary research environment As the project evolves. specific research
goals and objectives have been developed i close consultation with Induslry spansors. Key aspects of
our research vision incluce the following

. .
[ ] W k t h R I t Creating improved aigorithens for data processi
O r I n g W I e u a O rs Dm;&ng case nmgnes using existing and ne’?’y acquired microseismic data
Improving geomechanical charactercation of fracture processes.
Smulatng frachure processes by numencal metods
Understanding the stress field and how It evohves
Investigating temporal changes in resenvolr conditions, including seismic anisotropy

* States First Collaboration - Seismicity Primer
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Summary Plots
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Thank You!



