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•  Initiated in 2012 with both internal and external 
funding sources 

•  A coordinated effort involving both public and 
private sectors to address critical knowledge gaps 
in induced seismicity related to unconventional 
shale gas development 

•  Improved earthquake monitoring for major shale 
gas production areas 

•  Detailed studies of background seismicity to 
establish pre-development reference lines  

•  Focused case studies to examine pre-/post-
development variations 
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Montney 
700 

On-going 

Locations of 
Induced Seismicity 
Studies in Canada 

Starting summer 2015 
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Seismic stations before 2012 Seismic stations now and future 

NRCan has a complete open data policy.  
All waveform data are publicly available,  

can be requested directly from  
CNSN data center or IRIS DMC. 
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Seismic stations before 2012 

Seismic stations now 
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Seismic stations before 2012 Seismic stations now 
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•  A major shale gas production 
area in British Columbia 

•  Hydraulic fracturing started in 
as early as late-2006 

•  Most HF operations in the 
Etsho area 

•  Peak shale gas production in 
2010 and 2011 

 
•  Historically, this area had few 

earthquakes. 



��Farahbod et al. (2014, 2015) 

Apparent lack of 
seismicity is an artifact 

Local seismicity increased 
after HF started 

Largest events occurred 
when HF is at peak 
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Pre-HF Background Seismicity (2002-2003)  

•  4 years before HF   

•  24 earthquakes located 

•  ML between 1.8 and 2.9, most 
are smaller than 2.5 
(detection threshold of CNSN) 

•  Most occurred in the southern 
HRB, none was in the shale 
gas production area (Etsho) 

Farahbod et al. (2014) 
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Events when HF was conducted Events when no HF was conducted 

HF days: 84.9%  Seismicity: 90.8% Non-HF days: 15.1%  Seismicity: 9.2% 
Farahbod et al. (2014) 
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COMPLETION / WORKOVER 
REPORT 

OGC, 300-398 Harbour Rd 
Victoria, BC V9A OB7 

Phone: (250) 419-4400 
Facsimile: (250) 419-4403  Date Received 

BC COMMISSION 

A signed form and a complete report must be submitted in duplicate under the authority of the Oil and Gas Activities Act, Drilling and Production 
Regulation, s.36, within thirty days of the end of each completion or workover operation, to the Victoria address noted above. Attach the 
matching Notice of Operations. An incomplete report will not be accepted and will be returned to the sender. 

REPORT INFORMATION 

X Completion Workover Cased Well Abandonment  Other 
Well Name: Apache La Jolie c-86-F / 94-0-12  Well Permit No.: 25816 
Bottom-hole Location: (if different from surface location) U.W.I.: 200/c-086-F/094-0-12/02 

J)E-0  
Start Date: (YYYY-MM-DD) 2011-09-05 Finish Date: (YYYY-MM-DD) 2011-10-22 

Last report shows Oct. 8 however we continued to move fluids 
and tear down tank until Oct. 22, 2011 

Intervals Worked (mKB): 4,413 — 4,425 mKB Geological Formation: 
Lower Besa River Shale 

Reason for Work: Initial Completion 
Each of the following must be provided with this report: 

D  Chronological summary of work done 
o Detailed completion / workover reports 
o Downhole schematic diagram 
o If a cased well abandonment, a summary of surface abandonment steps (cut casing 1m below ground level, place top 3m 

cement plug, weld on cap, and for abandoned wells on crown land weld on grave marker signpost) is to be included in order 
for the location to be a candidate for an Application for Certificate of Restoration. 

Completion Type: Li  Open Hole Single  ❑ Dual  ri  Multi  n Commingled  Gas lift  
Completion Activity:  ❑ Open Hole 

Squeeze 
Perforate Fracture  • Acidize  • Bridge Plug 

• Cement • Remedial • Other: 

t 70/140 sand, 
315 t. Max pressure 

attach a full 

with 
St. Gonain HSP Bauxite & 120 t 30/60 
MPa. 

Stimulation Type:  Fracture • Acid Squeeze • Acid Wash 
Stimulation Volume: 6,035 m3  
Average rate 14 m3/min, 110 
CarboHSP Bauxite. Total sand 

(For multiple stimulations, please 

Stimulation Pressure: 
44 t 40/80 CarboHydroProp 

96.8 MPa 

list for each stimulation 

Avg. pressure 80 MPa 
(ISP), 41 t 30/50 

average pressure of 80 

done.) 

Flow Summary (for each formation): Final flow rate up casing prior to shutting in and preparing to run production tubing 

Flow Rate: 279 103m3/day  Flow Pressure: 14,067 kPa  Flow Date: (YYYY-MM-DD) Sept 26 - 29, 2011 
Any radioactive material (i.e. 
on site, attach sketch of location 

frac sand)?  11 No  • Yes  If yes, attach documentation explaining the method of disposal or, if buried 
indicate death of burial and volume of material. showing burial location and 

Results of work done: 
Well capable of production after performing aforementioned work and is currently being tied in. 
Status of well as a result of work done (completed, oil, gas, abandoned, suspended, etc):  Completed 

CONTACT INFORMATION 
Name: Kean Zemlak Position: Snr Staff Completion Engineer 

Technical Lead HPHT / Sour 
Signature: • 

Permit Holder: Apache Canada Ltd. Date: (YYYY-MM-DD)  
J

11-11-22 

Phone: (403) 607-4729 Fax: (403) 770-8950 Email: kean.zemlak@apachecorp.com  

The personal information requested on this form is collected under the authority of and used for the purpose of administering the Oil and Gas Activities Act. Under certain circumstances, some information may be released subject to the 
provisions of the Freedom of Information and Protection of Privacy Act. If you have any questions about the collection, use or disclosure of this information, contact the Commission's Record Management Officer. 

oac-24cornaletionvvorkoverreport Rev. Jun 2, 2010 

w
w
w
.fracdatabase.com
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~20K m3/month ~20K m3/month 

~150K m3/month ~150K m3/month 

Farahbod et al. (2015) 



���Farahbod et al. (2015) 
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Small-scale HF in NB in Aug/Sep 2014  Small-scale HF in NT in Feb/Mar 2014  

Lamontagne et al. (2015) Kao et al. (2015, in prep.) 

 
The New “World Record” of HF-induced Earthquakes: 
 
ML 4.4 Northern Montney Earthquake, BC, August 4, 2014 
ML 4.4 Crooked Lake Earthquake, AB, January 23, 2015 
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•  NRCan’s Induced Seismicity Research now covers major shale gas 
basins in Canada, including BC, AB, QC, NB and NT. 

•  To confidently recognize any variation in regional/local seismicity that 
are possibly related to shale gas development, it is critical to establish 
a good reference for the pre-HF era. 

•  Taking the HRB as a whole, injected volume appears to be a more 
important factor than the injection pressure. 

•  The initial effect of an increased injected volume is an increase in 
earthquake frequency but not magnitude.  

•  Relatively large seismic moment release (>1014 N m) occurred only 
when the monthly injected volume exceeded ~150,000 m3, but  
large monthly injected volume != large monthly seismic moment. 

•  Variable time lags, from days to up to 4 months, are observed 
between intense HF and the occurrence of a significant local 
earthquake.  
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BC Oil and Gas Commission 
Alberta Energy Regulator 
Northwest Territories Geoscience Office 
New Brunswick Department of Energy and Mines 
Ministère des Ressources Naturelles du Québec 
Geoscience BC 
Energy Institute of New Brunswick  
Canadian Association of Petroleum Producers 
University of Calgary,  University of Alberta 
University of Western Ontario,  McGill University 


