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Natural gas

 Gas mix of hydrocarbons – mostly methane CH4

 Biogenic gas (biogas) vs. thermogenic gas (natural 
pyrolysis of kerogen)

 Conventional gas (discrete accumulation) associated 
with oil or non-associated with oil

 Unconventional gas (diffuse accumulation) : shale 
gas (trapped micro-fractures), rock formation 
both the source and the reservoir of gas
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Conventional vs. non conventional

 Multiple-stage hydrofracking combined with horizontal drilling
 Hydrofracking fluids (water-sand-chemicals) injected with high pressure
 Rock fractures maintained opened to allow shale gas degassing to the surface
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From https://www.croftsystems.net/oil-gas-blog/conventional-vs.-unconventional



 Shale gas extraction framework 
BC vs. Canada vs. international
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5From Crain’s Petrophysical Handbook: A history of oil and gas in Canada, 2002.



Northeastern BC shale gas formations and oil & gas well mapping

6From Wisen, J., Chesnaux, R. et al. (2020)



Conventional vs. unconventional gas in NEBC
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Conventional wells

Unconventional 
wells

From Wisen, J., Chesnaux, R. et al. (2020)



 Environmental issues
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Issue 1: Wellbore leakage and fugitive emissions
 What are the risks of contamination of surface water and groundwater if gas 

and fracking fluids may come up to the surface along wellbores? 

 What are the risks of contamination of the atmosphere in terms of GHG 
emissions?
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From Yuan et al., 2013



Leakage pathways and measurement
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Wellhead views
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From https://premiertech.ca/product/surface-casing-vent-tests/

From https://www.flickr.com/photos/94811399@N07/35756929774



Issue 2: Injected water (quantity impacts) and 
produced water (quality impacts)

 How much freshwater is consumed in NEBC for fracking? 

 How much waste water (natural brines + fracking fluids) is produced in NEBC 
and what will be the future disposal needs?

12From Estrada and Bhamidimarri, 2016



 Issue 1. Portrait of wellbore leakage 
in Northeastern BC

13

Wisen, J., Chesnaux, R., Werring, J., Wendling G. et al. 2020. A portrait of 
wellbore leakage in Northeastern British-Columbia, Proceedings of the 
National Academy of Sciences (PNAS) 117(2): 913-922.



History of regulations

 1960’s Start of unconventional gas production in NEBC  
(3 types of well: active, suspended and abandoned wells)

 1995: Operators must test wellbore leakage upon abandonment of the well


 2010: Oil and gas Activities Act: 
 1-Separation of fracking operations and aquifers
 2-Leakage declaration obligatory when detected  
 3-Leakage must be reported in a publicly accessible database

 Implementation of a database managed by the « British 
Columbia Oil and Gas Commission » (BC OGC) 
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BC OGC database

First study on wellbore leakage: Wisen, J., Chesnaux, R. et al. 
2020. A portrait of wellbore leakage in Northeastern British-
Columbia, Proceedings of the National Academy of Sciences (PNAS)

2 database interpreted (wells drilled  from 1960 to 2016):

-BC OGC 2017 - Integrated Resource Information System (IRIS): 25,119 existing 
wells

-BC OGC 2017 – Wellbore Leakage Database:  21,525 tested wells from 1995 
because 3,594 wells were installed before 1995)
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Results – Wellbore leakage
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 Over 21,525 tested wells, 2,322 have leakage (11 %)

 These numbers are underestimated (Analogy to the Covid19: the more you test, the more you detect).

 Issue of the abandoned wells that are not monitored for leakage and for which casings and 
cement may deteriorate over time and that may test positive eventually. 

From Wisen, J., Chesnaux, R. et al. (2020)



Results – Causes of leakage
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 Sample of 29 active wells
1-Corrosion of  
casings – casing 
failures

2-Defective seal

From Wisen, J., Chesnaux, R. et al. (2020)



Quantity of gas leaking (2,134 wells)
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From Wisen, J., 
Chesnaux, R. et 
al. (2020)



Gas leakage compared to car emissions 

 1 well average leakage rate = 5.9 m3/day = 1.4 tons of 
CH4 per year and per well = 35 tons of CO2 per year and 
per well

 1 car = 4 .7 tons of CO2 per year

 1 well = 8 cars

 2,134 leaking wells = 75,000 tons of CO2 emission per 
year 

 = a city of 20,000 inhabitants in terms of GHG emissions

 Other possible risks: H2S emissions and explosion risks
19



 Issue 2. Impacts on water (quantity and quality)
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Wisen, J., Chesnaux, R., Wendling, G. and Werring, J. 2019. Water 
footprint from hydraulic fracturing in Northeastern British-Columbia, 
Environmental Earth Sciences 78, Article 689.



Water circulation: injected water vs. produced water 
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Disposed

From Wisen, J., Chesnaux, R. et al. (2019)

Produced water = 
wastewater (brines + 
fracking fluids)

Injected water = 
freshwater used for 
fracking (surface 
water and 
groundwater)

40% of produced 
water is recirculated 
(reinjected)



Quantity of freshwater used for fracking
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Average of 30,000 m3/well (12 Olympic pools per well) = 
a total consumption of 750 million cubic meters for 25,000 wells. 

Equivalent to:
10 times the annual water consumption of a city of 700,000 inhabitants

= 300,000 Olympic pools (2,500 m3/pool)

From Wisen, J., 
Chesnaux, R. et 
al. (2020)



Quality of produced water

23From Wisen, J., Chesnaux, R. et al. (2019)



 Other issues: Fracking and induced earthquakes

Wisen, J., Chesnaux, R., Wendling, G., Werring, J. et al. 2019. Assessing the potential of cross-
contamination from oil and gas hydraulic fracturing: A case study in northeastern British 
Columbia, Canada, Journal of Environmental Management 246: 275-282.
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Fracking vs. induced seismicity

25From Wisen, J., Chesnaux, R. et al. (2019)



Conclusion/recommandations/discussions
 1st study realised on the BC OGC database –
11% of wells with leakage (but underestimation)

 Future needs: 1-More efforts needed on the 
monitoring of fugitive gas emissions (increase testing 
rates) and 2-Case of abandoned wells that should be 
monitored on a long term perspective (chemical and 
mechanical degradation of cement and casing)

 Future research: Field monitoring (gas emissions and 
water quality), GHG emissions update for both active 
and abandoned wells, potential effects of seismicity on 
well integrity 26
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