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Risk Management Approach to Induced
Seismicity
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Process to modify risk. Can involve avoiding
the risk, taking or increasing the risk in order to
pursue an opportunity; removing the risk
source, changing the likelihood; changing the
conseguences, sharing the risk with another
party or parties, and retaining the risk by
Informed decision



How Is Induced seismicity different, as
related to Impact?

Hydraulic fracturing IS; ~1Km near the well bore, no lag
e Short term issues, commonly managed with TLP
 Geospatially ephemeral

Disposal IS; ~50Km from well bore, ~3 year lag

 Long term issues, commonly managed with TLP reacting to
cumulative effects.

Relationship to critical infrastructure
e Ground motion, PSHA, Shake Maps

Intensity of magnitude of induced seismic events
e LargestIS 4.7 Mw from HF
o Largest IS 5.8 Mw from Disposal
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Risk Treatment

Suspend Operations

Modify Operations

Normal Operations

L JOL _
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Reactive Risk Treatment

Risk treatments that allow for non-damaging
Induced seismic events to occur with a
threshold based zone of enforcement

React to these with a mitigation strategy which
allows for the reduction of risk.
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Typical Traffic Light Protocol

\ 4

Ground Motion Reaction Plan

Fluid Injection

Mitigation <
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Examples of Traffic Light Protocols

California lllinois  Ohio Alberta British
Columbia

6

5

Magnitude
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Subsurface Order #2, Traffic Light
Protocol for Induced Seismicity

AER Traffic Light System -
) Issued February 19, 2015

S 40ML »  Applies to hydraulic fracturing
L operations in Duvernay Zone in
P e Fox Creek area
< 2.0M, )
) Requires an assessment of

Induced seismicity, a plan to
respond to induced seismicity,
and seismic monitoring

» Uses a Traffic Light Protocol for
response to seismic events

ce Order (SO!
1750
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AER’s Subsurface Order No. 2

Operators are
required to...

AGS
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AER Acceptance
Decision

Resume

Revise Plan

Report to AER and
provide resumption
of operation plan.
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- : response plan to

reduce further
seismicity

. mE

Report to AER, initiate

S<20M > Noacionrequied



BCOGC’s Regulation

Surrounding Injection and

I N d ucC ed Sel SMm | C | ty 1. During fracturing operations on this well, the operator shall immediately lz’:'::!:ltfh::l? ;Eizce)t:ll:i?g
report to the Commission Emergency Contact 1-800-663-3456 any seismic NRCan events)
event
a. recorded by the operator or any source available to the operator :
- bei itude 4.0 d within a 3 km radius of th
Reportlng Of any event of 40 ML fl:i":ar:;gp?dalgor:ltu e 4.0 or greater and within a 3 km radius of the ;g |
. . L . ot 20 w Count
or g rea'[el‘ Wlth in 3km near b. felt on surface within a 3km radius of the drilling pad. lz : I I L
= = 2. Inthe event that a pad well is identified, either by the operator or the SN S S
frac kl n g o) p erations Commission, as being responsible for the seismic event described in FILI S E
. . section 1(a) above, the operator, subject to section 3 below, will suspend
S us p en d fraCt urin g 0] p er at| ons fracturing operations on this well immediately. Graham WDW maghnitude
O p erat | ons CO nt | nue | f 3. Fracturing operations at this well, suspended under section 2 above, may Aug 2012?:';::: '21014( 48
c 2 o continue if:
P I an d eve I 0 ped to red uce seismi Clty a) the operator presents to the Commission a plan for mitigation 20 HEGa0 ovanks)
H H H ffi . aimed at reducing the seismicity or eliminating well operations 15
CommISSIOn IS Sat|Sf|ed Wlth the related to the induced seismicity, 10
p| an b) the Commission is satisfied with this plan, and & I I I = e
Operator .m plements plan ¢) the operator implements this plan. Dg’"ﬁ’ R a2 b ad ok 5 b
| OO It
Disposal Injection
Meter to Kilometers of well
« (Can occur within metres or kilometres « Occurs within 300 metres to Tkm of injection point -
3 monthsto 1 year of the event of injection point - (injection point (injection point travels)
Controlled by injeCtion rate and remalns). o « Usually f)c(urswithin minutes to 24hrs of injection
- In NEBC Disposal IS hqs chrreq \f\r]th!n + Stops with end of fracing
pressure ?a?::st:ss:gnliﬁfuzfiml:;?::} initiation + Confined to re-activation zones
Reduce rates/Suspend . Fiequenicpuf avents contsibed . Nuttng.geredfrom distant injection points
d I . . injection rate (pressure) ~ Mostly in'tatget zone
Hy raulic F rac t urin g - Some evidence of breakout into adjacent MILTIGﬁTION :
300m to 1 km of well i slalliiss
Hrs to days of InJeCtlon - Injection rate reduction I;;z;%ana
Stops at the end of fracking » Pressure limit 120% original Fm pressure . Bypassing stages
+ Suspend operations + Exit re-activation zone
B); p;;':llss stagf(es/Lower pump i
rate/fiowbac
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https://www.bcogc.ca/public-zone/seismicity/induced-seismicity

BCOGC’s Ground Motion Regulations

Ground motion
monitors must be...

Operators are
required to...
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DECC'’s Traffic Light Protocol

—
=

Traffic light e
monitoring system

03 1
.'\p'lElle’ sarthguake; savers aconodms impact, Arme &ss of ia - "'-Japanus 2011 Tahnhu
Controls are in place so that operators will have to assess

the location of faults before fracking, monitor seismic activity

in real time and stop if even minor earth tremors occur.

Gregt aafhcpmake; massve Dss of fife

Stinng earthquaks; folllon's of damage, kas of ife A Earthquake / Tsunami to 9.0

Muoderate earthguakes; property damags i
i - Avarage tornmado
10,000 \  Large lightning bolt

100,000
Feit noticeably indoors; vibrations [ke passing trucks

™~ Moderate lightning bolt
1'm'm K’Qﬂg
Detectad only by sensilive aquipment
Humber of earthquakes per year worldwide)

Maost induced events from
Paint atl which injection is stopped |*.‘4:'|i|‘g and shake gas

Light garthquake; sorme propary damage

Minar earhoguaks; lelt by humans

It a magnitude greater than M 0.5 * (0LS on the Richter scale)
is detected operations will stop and the pressure of tha fluid
will be reduced. This level should limit further earthquakes,
known as ‘induced seismicity’, which may happen after the
pumping is completed.

M / Magnitude
- R B th om o~ B W

8o
B in

& s s Micro-sarthquakes recorded during fracking
subject fo review and may change. ‘

[
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-
W
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Injection proceeds Injection proceeds with
as planned caution, poseibly at reduced Injection is

rates. Monitoring is intensified
suspended

immediately

40.0 ¥ R 40.0-0.54 0.5




Proactive Risk Treatment

Risk treatments prevent risky activity through
avoidance.

This includes implementation of operational
changes, guantifying susceptibility of areas,
and/or moratorium

AGS
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What options are there for managing
the risk for induced seismicity?

Avoidance/Quantification
» Geological susceptibility- effective stress, structures

» Infrastructure-measured ground motion, distance activity, PSHA,
Shake Maps

Moratorium
« Activity driven- disposal, conventional extraction, HF

» Depth driven- prevent all operations near formations that are
known to cause IS

e Location driven- near susceptible areas, such as faults, zone
where induced seismicity is more likely

AGS



What Set Backs are Currently Done for
Induced Seismicity/Oil and Gas Activity?

Joe Pool Dam
e 4000 ft exclusion zone set around the dam
» Possible restriction of disposal wells within 3 to 5 miles

Post Oklahoma 5.6 M event

* 0-5 miles managed shut-in of wells currently authorized to
Inject, within a 7 days

* 5-10 miles managed shut-in of authorized injection wells,
within 10 days

* With ongoing seismicity Oklahoma regulator instigated 40%
reduction in disposal volumes.

Moratoriums in jurisdictions.

AGS



Seismic Susceptibility

Are there other
underlying geological
factors which we can
correlate to induced
seismicity?

EXPLANATION
TM_§

o M5 |
©ma

500 KILOMETERS |

amar
[ 500 MILES

AGS
After USGS


https://earthquake.usgs.gov/hazards/induced/

Geological Predictors Overall Picture
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» Faults/Reef Edges

 Formations of Interest, including

influence of temp and pressure

(present/not present)

 Dolomite occurrence
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Geospatial Association

Geological features may be

used to infer areas with faults

L3
_________________

WB

7777777777777777777777777777777777777

that could be prone to
reactivation; seismic events
near Fox Creek and central A e
Alberta follow a trend along an  [Fees = & S
ancient fossil reef (Schultz et : )
al., 2016)

...........................................

Beaverhill Lake Group

[Ordovician|

Basement


https://dx.doi.org/10.1002/2015GL067514
https://dx.doi.org/10.1002/2015GL067514

Susceptibility Modeling

Well Association
Training Data

Structure and

Seismogenic /Aseismic
State at Input
Feature Values

Input Geological
Features

2D
w

Basinal water sample
enriched in Lithium

Machine Learning
Feature Classifier

Inferred Fault
Locations and
Proxies for
Hydraulic
Communication

Feature 2Values

Feature 1 Values

|

Vector of Input Feature Values

Geological
Susceptibility

Natural Earthquake Rate

Estimate of Seismogenic
Activation Potential
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Induced Seismicity Susceptibility

ABE_Earthquakes
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So What? How Does GS Help?

2. Quantify Hazard 3. Assess Risk

1. Identify & Understand Hazard

Steps in Probabilistic Seismic Hazard Analysis ISNON DSI000W 1350000000 LSOO IS0 135000000

(2) Recurrence

Log # Quakes > M

=1
Ml

7800000.0H 7875000.0M

Magaitude M
((3) Ground Motion | (4) Probability of Exceedance Vi

3
.\‘qﬂ:nne!.dgznd p J E 2| §
p R ] - I

%558 E £ 1

0559 g g |
45810 < e &
458811 ﬁ ] : e §
»5812 L - § i N 3

2 - Figure 4.7 Spatial distiibution of the predicted PoF (a) Low M [3...4]; (b) High M [5...6]
Ground Motion Parameter |

Allows jurisdictions to make science-informed decisions regarding policy

& regulation.

« E.g., Building codes with respect to background seismic hazard.

AGS
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So What? How Does GS Help?

1. Identify & Understand Hazard 2. Quantify Hazard 3. Assess Risk

1w W AW saw_,__ 11 LI Steps in Probabilistic Seismic Hazard Analysis o nwssow oo DEOON TSO00N _ 1350s00N
(1) Sources (2) Recurrence ! 5 N

7875000.0M

=
N
E 5
é :
0
3 LN
N [
| (4) Probability of Exceedance l
= g g
*5513 =2
nSsie E \d -E ’% ¥
<8515 g =
] ess: essio 5516 = = =
vssiz | § g
e -1 =
2 . ] ry E Figure 4.7 Spatial distribution of the predicted PoF (a) Low M [3...4]; (b) High M [5...6]

Allows jurisdictions to make science-informed decisions regarding policy
& regulation.

« E.g., Building codes with respect to background seismic hazard.

Well defined means to quantify natural seismic hazard, but not induced...
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The Problem: Ny = 10%10~°M

EQ Location Models EQ Rate Models

a2 O Cmpy,,! | |
= ) Do b 0.90+0.03
1 backgroun d 107 ¢ R MC ]30-
A L ‘—| ! .'!:::“ j\fr ] 080
1 RN )
. 5 | R R-0.990
| o 107 F il '?:;.'";.. E
= ] M p=, Yo
LS9 P' i 3
()
BLATED L
, o 10’
b Lo b Ay 5 S \‘-'I""‘ 100 3 @ E
P P s i 0 1 5
Figure 18 Active zones of induced seismicity in 2015

1. Natural EQs always come from the

2. Natural EQs are a Poisson
same place/area

process in time.
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Current Work-Around

> No one knows how to reconcile

this problem.

» Just ignore non-stationarity,
assume it holds on small time

scales of ~ 1 year.

» Philosophy of recent USGS PSHA
IS updates.

AGS

A Intensity based on the average of horizontal spectral response acceleration for 1.0-second period and peak ground accaleration,
with1-p t probability of in 1 year
1102 100°

Based on results from the 2014
National Seismic Hazard Model

Based on results from this study

Modified Merealli Intensity (MMI)

1 v v Vi Vi Viil+
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Current Work-Around

A i acceleration for 1.0-second period and peak ground acceleration,
th t probability of in 1 year
I3 I ar or z

T T 1

Mmin= 4 [A=0.2%)

B
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e
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[ Mmin= 3.5 (A=0.04%3) (o) Mmin= 4 (A=0.04%)
I HHS Induced .
Ssmicty Warad
S Clees D
A= 004%
» Similar approach used by AGS for ey
Fox Creek. 2o
= 1051 530
o
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TG iR ae d0W LEd 00 ted dikE  LEA

Figure 32 PGA hazard maps for 0.2% and 0.04% annual rate of exceedance, determined based on 2015
AG S induced seismicity model, for Mmin = 3.5 and Mmin = 4.0.




GS in an IS Hazard Framework

Upcoming work casts GS into an IS NM = V(t) . 6(77') . 10210_bM

hazard framework.

/

e Ge OIO ical

| IS\septll:ulj

Seismology

Hydrology

Geology controls where IS occurs,

operators control when it occurs.

IS Foundation

Quantify hazard moving forward.
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Induced Seismicity Near Critical
Infrastructure

Area of restricted oil and gas development

Resources under

&) application

5

i B well

At

: ° Site-specific mitigation
:4 A strategy, traffic light, etc.
S to restrict potentially
"»‘5* damaging ground motion
from any susceptible play
Beris
S bl
Radius of monitoring and reporting Radius of TLP w/ modifications
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Concept of an Adaptive

Fluid Injection

-

AGS

raffic Light Protocol

Ground
Motion
Prediction
Equation

Building inventory

vulnerability
estimates

Real-Time
Performance
Assessment

Mitigation

Synthetic
Seismic
Catalogue

|

PSHA
Calculator

v

Risk
Calculator

Reaction
Plan

!

Scenario
Calculator

<€




Predictive Risk Treatment

Risk treatments that predict where there is risk
and forecast it in order to mitigate It.

This Is a combination of a reactive and
proactive treatment, which allows for activity in
high risk areas and reacts to change in risk in
order to avoid any damaging induced
seismicity

AGS 30
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Send your questions or comments to:
Todd Shipman, Manager
Alberta Geological Survey
(780) 644 5563

Todd.Shipman@aer.ca



mailto:Todd.Shipman@aer.ca
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