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Introduction

Recently, BC Oil and Gas Commission (BCOGC) released
areport titled Investigation of Observed Seismicity in the
Horn River Basin (BC Oil and Gas Commission, 2012).
The report noted that during the study period from April
2009 to December 2011, along with the routine microseis-
micity created by hydraulic fracturing (fraccing), 250 low
magnitude seismic eventsweretriggered by fluid injection
while fraccing. It was additionally noted that over 8000
high-volume hydraulic fracturing completions were con-
ducted since 2007 with no associated seismicity. None of
these events caused any injury, property damage or was
foundto poseany risk to public saf ety or theenvironment.

As aresult of the study, BCOGC recommended augment-
ing the existing Canadian National Seismograph Net-
work’s(CNSN) coveragein northeastern British Columbia
to better track the effects of completions/fluid injection and
induced seismicity. Enhancements to the seismograph net-
work would increasethe understanding of induced seismic-
ity and its relationship to oil and gas operations, such as
fraccing and injection of disposal fluids. Natural gaspolicy
makers and regulators, the natural gas industry, communi-
ties and First Nations have a common interest in learning
more about this issue to support the responsible devel op-
ment of BC's natural gas resources. The improvement to
this seismograph array network would increase the
understanding of the relationship between multistage
fraccing and induced seismicity.

In mid-2012, a consortium headed by Geoscience BC,
along with the Canadian Association of Petroleum Produc-
ers (CAPP), BCOGC and Natural Resources Canada
(NRCan), initiated aproject to add six seismograph stations
to complement the two pre-existing CNSN stations in
northeastern BC. The state-of-the-art stations were in-
stalled by late March 2013 and fully integrated into the
CNSN by August 2013.
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Background

The BCOGC report was commissioned in response to pub-
lic and regulatory concerns with respect to induced seis-
micity associated with hydrofracturing operations in the
Horn River Basin. The study looked at seismic events oc-
curring in the Horn River Basin between April 2009 and
December 2011, during which time 38 low-level seismic
events were recorded by the CNSN’s two stations near
Hudson’s Hope and Fort Nelson (Figure 1). These events
ranged in magnitude between 2.2 and 3.8 on the Richter
scale. Thelargest event wasrecorded on May 19, 2011, and
wasfelt onthesurface, although no damageor injurieswere
reported. The last seven events occurred during the period
between December 8 and December 13, 2011. Prior to
April 2009, the seismograph network had not detected any
seismicity in the Horn River Basin. The seismograph sta-
tions can only detect events as low as approximately
2.4 Richter; hence it was not possible to demonstrate
whether smaller level events occurred during this time pe-
riod. Seismiceventsintherangeof 0.5-2.0 Richter arevery
common and are termed micro-earthquakes whereas those
between 2.0-3.9 Richter are called minor earthquakes.
Those events within the lower end of the range (i.e.,
2.0 Richter) are rarely felt whereas those within the upper
range (i.e., 3.9 Richter) are often felt, but rarely cause
damage.

The CNSN had several technical limitationswhen used for
the study of induced seismicity (BC Oil and Gas Commis-
sion, 2012). The first shortcoming was due to the limited
station coverage, which resulted in a 5-10 km uncertainty
of the epicentre’ slocation while carrying an evenlarger un-
certainty of thefocal depth. Secondly, although the instru-
ment’s minimum magnitude detection is approximately
2.4 Richter, calibration with an oil and gas industry—
operated seismic array found that it had failed to detect 15
events of >2.4 Richter during a two-month period. There-
fore, itislikely that eventsinthe2.0-3.0 Richter rangehave
been historically under-reported.

Using CNSN'’s data, along with help from industry,

NRCan, the University of BC and the Alberta Geological
Survey (AGS), BCOGC noted thelow-level seismic events
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Figure 1. Location of Canadian National Seismic Network (CNSN) seismograph stations and anomalous induced
seismic events recorded between February 2000 and November 2011, northeastern British Columbia.

were centred on the Etsho and Tattoo areas of northeastern
BC (Figure 1). Additional densearray dataprovided by op-
erators conducting completion operations captured an ad-
ditional 212 anomalous seismic events(>2.0 Richter) inthe
greater Etsho area. The BCOGC's study concluded that
these events were synchronous with fraccing operations
and occurred at approximately the same depths as the frac
stages. Furthermore, it was surmised that the anomal ousin-
duced seismicity recorded over the period between April
2009 and December 2011 wastheresult of fault movement
due to fluid injection during hydraulic fracturing.

Inaddition, BCOGC stated that during the study period, the
low level seismic eventsdid not incur any property damage
or injuries, nor did these events pose any risk to public
safety or the environment.

Based on the study, BCOGC made seven recommendations

in their report, namely

e improve accuracy of CNSN with respect to induced
seismicity in northeastern BC;

e perform geotechnical assessments to identify pre-
existing faulting;

e establish proceduresand requirementsfor identification
of induced seismicity;

124

e place ground motion sensors in selected northeastern
BC communities;

e BCOGC to study use of mobile dense arrays,

e require submission of microseismic reports; and

e study therelationship between fraccing and seismicity.

In response to BCOGC'sfirst recommendation, aresearch
consortium was created between Geoscience BC, CAPP,
BCOGC and NRCan to help improve the accuracy of the
CNSN. A memorandum of understanding (MOU) was
signed between the partnersin July 2012 with amandateto
collect, interpret and make public, the data collected from
theinstallation of six new seismograph stationsto comple-
ment the pre-existing CNSN network. The project has
$1 million in funding from 50/50 equity partners
Geoscience BC and CAPP (through Science Community
Environmental Knowledge Funding) with in-kind support
from BCOGC and NRCan. The project has a mandate to
monitor induced seismic activity for atotal of five years
(until June2017) with aninterimreview scheduled for June
2014 to assess the project’s performance.

Theproject ismanaged by joint steering and technical com-
mitteeslargely comprising representativesfrom each of the
partners. There are four membersfrom each of the partners
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in the steering committee, and itsroleisto oversee general
project direction and execution with respect to the MOU
and to provide financial guidance to the technical commit-
tee. A communication plan has been drafted by the steering
committee to aid in regular stakeholder communication
along with missivesthat may be necessary in responseto an
anomalous induced seismic event. At present, all events
registered by the network are published on the Earthquakes
Canada (NRCan) website (http://www.earthquakescanada.
nrcan.gc.calindex-eng.php).

Thetechnical committee’'s mandate isto oversee operation
and maintenance of the seismographs and review and ad-
vise on al technical aspects relating to the project. The
technical committee comprises seven individuals: three
from industry, one academia and three from government
agencies (NRCan, BCOGC and AGS). During the initial
installation and testing stages, both committeesare meeting
on aquarterly basis.

Summary of Activities

In early January 2013, the final locations of the stations
were approved by the technical committee. Their place-
ment allowsfor strategic coverage of theLiard, Horn River
and Cordova basins along with the Montney gas play.

The lead technical partner, NRCan, recommended the use
of the Nanometrics-made Trillium 120PH broadband seis-
mometer, as it is a state-of-the-art unit. The recommenda-
tion was based on technical criteria such as

e continuous data transmittal with minimal power con-
sumption (6 W or less, anecessary requisite given they
are solar powered);

e ability for placement in any kind of terrain, such asin
soil and/or gravel or directly on bedrock;

e hightilt tolerance (i.e., tolerant of the angle the holeis
drilled at);

e tolerance of very cold temperatures,

o excellent reliability, with a solid worldwide reputation;
and

o compatibility with CNSN.

Given the outlined points, adecision was made by the part-
nersto sole source the instruments and their installation to
Nanometrics Inc.

Installation of the seismometers began in February 2013
and was completed by mid-March 2013. At four of the six
locations, the seismographs were mounted on screw-piled,
5 by 5 m pads, set to adepth of approximately 10 m. These
sites typically used pre-existing well pads. The other two
seismographs were mounted directly on bedrock. All sta-
tionswent ‘live’ by the end of March (Figure 2) and were
fully incorporated into the CNSN by mid-August 2013.
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Figure 2. Installed seismograph near Fort Nelson, northeastern
British Columbia.

Datacollected by the stationsare sent viasatellite (acentral
site VSAT System) to NRCan's Pacific Geoscience Centre
in Sidney, BC, where the data are processed by an Apollo
server (a seismic-specific software package), which con-
verts it to CNSN-compatible format. The data stream is
then redirected to both the AGS and the Geol ogical Survey
of Canadawhereit is processed with datafrom the CNSN.
Routine analysis of seismic eventsisnot doneinreal time,
unlessthe seismic event is>4.0 Richter. Inthis case, analy-
seswould bereportedinreal time. Thereistypically aone-
to two-day delay between when the data arrives and when
the interpretation of the seismic event is posted. The inter-
preted seismic events are posted on the Earthquakes
Canada webpage.

Since the stations came online in late March, events have
been recorded in three general areas: Altares and Graham,
Fort St. John and Septimus, and Beg (Figure 3).

Between March 31 and November 8, 2013, the areaaround
Altares and Graham experienced 23 low magnitude events
(<2.5 Richter) whereas the area around Fort St. John and
Septimus recorded six events; one event measured on May
27 was interpreted as a 4.2 Richter event, and was felt on
surface in Fort St. John (11 km north of the epicentre). No
damage or injuries were reported. There were two subse-
guent aftershocks of 2.8 and 2.5 Richter on May 28 and
June 2, respectively. Subsequent work by NRCan has put
the focal depth of the original event at approximately 3 km
below surface. The Beg areahasnoted 10 events, all within
a5 km radius suggesting good epicentre resolution.

Additional Work

The network is continuously being reviewed by the techni-
cal partnersto ensurethat the best accuracy and precisionis
achieved. Theinitial five months of operation have demon-
strated epicentre accuracy that appearsto beinthe2—15km
range. Epicentre resolution, although inconsistent, has
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Figure 3. Location of anomalous seismic events captured by the CNSN network from February 2000 to November 2011
and by the enhanced network from March 31 to November 8, 2013, northeastern British Columbia.

been steadily improving with additional calibration to in-
dustry, high density, microseismicarrays, andisnow gener-
ally estimated to be within 5 km. Epicentre resolution also
seemsto vary spatially acrosstheregion. Minimum magni-
tude resolution has been estimated to be 1.5-2.0 M (local
magnitude). Further technical work is necessary to opti-
mize and calibratethe systemfor it to reach its expected po-
tential. A technical plan is currently being devised to
further improve magnitude and epicentre resolution.

The data collected by the network is currently being used
by BCOGC, not only for monitoring induced seismicity,
but also for the devel opment of protocols necessary for re-
sponsible hydrofracturing operations.

It isexpected that NRCan and BCOGC in conjunction with
the University of BC, among others, will publish studies
based on data collected from the consortium’s seismic
network.

At the end of thefive-year project, several outcomes could
ensue;

e termination of the project,

e additional funding for more monitoring,

e transferal of the stations to the CNSN or
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e decommissioning of the network.

Conclusion

The consortium’s regional seismograph network was in-
stalled mid-March and has been fully integrated into the
CNSN asof August 2013. Epicentre and magnitude resolu-
tion have been improved greatly since installation of the
network. Thetechnical committee will continueto look for
ways to optimize the network.

The network has noted low magnitude events concentrated
inthe Beg, Altaresand Graham, and Fort St. John and Sep-
timusareas. Thedatacollected by the network isbeing used
by BCOGC to develop the needed protocol sfor responsible
fraccing and fluid disposal operations. It is expected the
collected data will initiate future academic studies into
fraccing and fluid disposal induced seismicity.
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