Monitoring and Mitigating Hydraulic Fracturing
Induced Seismicity: Some Practical Considerations
based on Canadian Experiences
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Induced/Triggered/Anomalous Seismicity
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No damage and rare (several cases/70 felt events
from 3,000,000 fracs)

COULOMB FAILURE LAW,
NORMAL FAULTING:

Teritical = W (On - Pp) +S
W =0.6 - 1.0 (Byerlee's Law)



Western Canada Sedimentary Basin

NRCan Reported Earthquakes NEBC/NWAB

160
WZID‘ 1:5‘ 11‘0‘ 140 4
. e — = o Ler o 0 |
R =
&“W.H R $
. - o —— Suxacgaph satom .
\ e IE—— . = 100 4
.4} W1\ 1, Fort st. John | 0' ' - e Lo =
b |‘ ‘ Vi Clll‘ster ',' : = |
\v\_j'/ VN | 2 & o
b= 7 Ny o o B =
o : 55 f. EX > BD 4
+ f ° : >, L o 8
g/ eren P E 4
| - 3
- 541 o Brazeau
o ; i{";r 20 4
8 -~ . Ler
.o S D edmonn
A : 0 . . : : :
. . +— RMHSZ 1985 1220 1995 2000 2005 2010 2014
¢ ] . o Study Area
) o
A L sz Year
A R L,
%fﬁ w9 L\ pleey
A
50 . G_?‘ “bﬁ f
N I
> .;a;f | g A Lso
A o
A g, 8 i
> pn

' | R

g Devonian/ Mississipplan
Shale Fairway

| / Mountain Thrust Belt

Baranova et al., 1999

« Developing: Barnett, Fayetteville, Haynesville, Woodford,
S Marcellus, and Horn River
Seurce:  Rdvances Rescurces. \ y + Evaluating: Barnett/Woodford, Utica, and Gothic
.‘.’-‘.’:?’2‘3."3;..“" p2/ g = * New Shale Plays - Growth in Medium to Long Term
Kot Pubiishing 2008




CUMULATIVE YOIDAGE (m3)

Early Examples of Induced Seismicity
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Horn River Basin NE BC Canada

BC QOil and Gas Commission Report
August 2012
38 events up to M, 3.8

Correlations of Event Times to Horn River Pad Operations
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ecent Canadian Examples
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Tectonic Setting: Montney
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Montney Trend
SN \ BCOGC Report Dec 2014

% ° Montneytrend | Aug 1/13 to Oct 10/14 293 events
HO T Magnitudes 1 to 4.4 M,

% T 38 Waste injection events

Disposal '
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CAPP Guidelines/Industry Protocols
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Geomechanical conditions
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Alter well design
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ecent Canadian Examples

Feb 2013 - Feb 2014 March 2014 — March 2015
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Duvernay Shale: Seismicity with time
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Alberta Energy Regulator: Duvernay
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Impact of Operation Changes

nange rate?
nange volume?
Kip stages?

nut down?
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AER Subsurface order 2015-007: M>2 .. “must implement its induced seismicity planin a
manner that eliminates or reduces further seismic events caused by or resulting from
hydraulic fracturing operations.”



Changing Injection Parameters
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Microseismic Fault Activation Example
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Energy Release Rate Tren
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nduced Seismicity Application:

-ault Activation
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Key Questions

Definition of ‘best practices’

How can we better characterize (hazard)?

Reliability of traffic light systems?

Cumulative effect of repeated fracturing?

What is the effectiveness of various mitigation options?

Does S50 oil reduce hazard??



