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Outline 
• What is hydraulic fracturing? 
• Public Health Issues in brief: 

– Water contamination 
– Air quality 
– Traffic and Noise 
– Psycho-social issues 
– Seismic Issues 

• Summary 

What is Shale Gas? 
 

Natural gas (essentially 
methane) that is trapped 
in fine-grained, sedimentary 
(shale) rock and has low 
permeability 
 
“Unconventional” implies it 
is difficult to extract and 
requires different drilling 
procedures 





Conventional versus Unconventional 



Multistage hydraulic fracturing 
 
Involves the use of more than one stage of 
fracturing in the wellbore.  
 
Horizontal drilling and high-pressure 
hydraulic fracturing at multiple intervals 
along the horizontal portion of the well.   
 
Relatively new technology that has opened 
up resources that were previously 
inaccessible 



https://www.neb-
one.gc.ca/nrg/sttstc/ntrlgs/rprt/archive/prmrndrstndngshlgs2009/prmrnd
rstndngshlgs2009-eng.html#f1 



Shale gas and HF across Canada 
• Majority of shale gas activity in BC & Alberta  

– Montney shale is particularly productive but there are 
>15 potential shale gas deposits in Alberta  

• Saskatchewan- some exploration of Bakken shale play 

• Ontario- no current activity for the few shale deposits 

• Quebec- moratorium on shale gas due to social and 
environmental risks (2011) 

• Nova Scotia 
– Moratorium on on-shore high volume hydraulic fracturing 

• New Brunswick- will reconsider current ban in 2016 

• Territories - Some exploration on Yukon and NWT 

 
 





General public perception 





Water makes 
up the majority 
of what is 
pumped down 
the well 

http://www.cwn-rce.ca/assets/resources/pdf/ 





Potential sources of Water 
Contamination 





Evidence of drinking water 
contamination? 

Clearly documented drinking water contamination is rare 
 

– Pennsylvania – drinking water wells had methane concentrations 6x higher in 
homes < 1km from shale gas wells compared to farther away (Jackson et al. 
2013)  

 

– Texas, Barnett Shale formation, chemicals exceeded the EPA Drinking Water 
Maximum Contaminant Limit for private water wells located within 3 km of 
active natural gas wells. (Fontenot et al. 2013) 

Contamination not associated with fracturing process itself 
Leaks and spills more likely sources 

– Well integrity can decline over time and leak into surrounding water 
sources (Rahm et al. 2015) 

– Spill in January 2012 in Red Deer Alberta of of 500 barrels of flowback and 
production fluid, affected 4.5 hectares of surface area (Rivard et al. 2014). 

Major problem- lack of baseline monitoring 
 
 
 
 
 



Waste water disposal 

Recycling/re-use of wastewater  
- Problem of contaminants 

including radioactive materials 
- Surface spill leaks from storage 
Deep well injection 
– Wells extend far below aquifers 
– Steel casings and cement is used 

to keep wells from leaking 
– BUT risk of aquifer contamination 

if the well lacks integrity- leaks 

 



Summary of water issues 

• Water use 
• Potential contamination of drinking water 

– Surface spills, well integrity and disposal of waste 
water 

– Vertical propagation of fractures from the shale gas 
formations is rare  

• Raises issues of water stewardship, 
conservation and governance 
– Particularly for remote communities 

• Lack of research and monitoring (including 
base-line status)  



Potential sources of Water 
Contamination 



Air emissions during shale gas production 
Emissions Source 

Nitrogen Oxides and Sulphur Oxides (NOx, SOx) Diesel engines, natural gas compressors, fluid evaporation, 
flaring 
  

Ozone  (O3) By-product, created by mix of NOx and VOC at ground level 

Volatile Organic Compounds (VOCs): Benzene, 
Toluene, Ethylbenzene and Xylene (BTEX) 

Flowback during well completion, dehydration, condensate, 
evaporation processes, fugitive emissions, venting and flaring, 
spills 

Crystalline Silica (respirable fraction) Large amounts used as proppant in fracturing fluids, exposure 
during loading and unloading can be considerable 

Diesel  exhaust (includes particulate matter 
(PM) Carbon monoxide (CO) 
Hydrocarbons (HC), NOx and VOCs)  

Large number of heavy vehicles travelling to and from drilling 
sites, diesel engines use, including generators, during drilling 
and production, compressors 

Hydrogen Sulphide (H2S) Released during flaring and venting, well blow outs, line 
releases, and fugitive emissions from equipment and 
compressors. A component of sour gas. 

Particulate Matter (PM) Site preparation, fracturing process, road building, traffic, 
venting and flaring, engine exhaust from equipment on site 

Methane, ethane, propane and butane (light 
VOCs)  

Fugitive emissions during drilling and production, engine 
exhaust from production equipment and pneumatic pumps on 
site, leakage from well integrity problems (i.e. from poorly 
constructed wells). Routine venting and flaring, engine exhaust 
from equipment on site and improperly decommissioned sites 

Carbon Dioxide (CO2) Venting and flaring  

Radioactive materials (Radon) Present naturally in varying concentrations in the earth. Can be 
brought to the surface through flowback fluids and produced 
water brine.28 Airborne exposure is via radon gas 



Evidence of air quality impacts? 
• Proximity and stage of 

production are important 
determinants of exposure 

• Outdoor air to indoor air: little 
research being done 
– Excess silica exposure for 

workers (NIOSH)- effects on 
residents unknown 

• Residents situated closer to 
well sites (within 1 km) 
reported a greater prevalence 
of symptoms than those 
situated farther away. 
(Rabinowitz  et al 2015; McKenzie et al. 
2012), 



 
Orphaned and Abandoned Wells 
 • Over 550,000 oil and gas wells have 
been drilled in Canada 

• Potential for leakage  
– Eg Methane (climate change issues) 

• Inter-well communication 
–  Also known as “frack hits” 
– Wells in densely drilled areas connect 

with others, active or dormant, deep 
underground 

– Although rare, can lead to leaks and 
blow outs 

• Eg Drayton Valley, Edmonton 2011 

 



Community Concerns – Truck traffic 
With more truck traffic there is 
an increase in automobile 
accidents, excess noise and air 
pollution (especially diesel 
emissions and particulate 
matter)  

A multistage well requires about 1000 
truck round trips to deliver equipment, 
chemicals, sand and water. 
Increased truck traffic increases the 
frequency of collisions and need for 
road maintenance. 
 
 



Community Issues 
• Positive side:  Economic opportunities for local economy and job 

creation, improved road network. 
– Direct and indirect employment opportunities 
 

• Negative:  stress on roadways, law enforcement, schools and 
housing, hospitals and clinics 
– In Pennsylvania counties with the highest density of UNGDP well  (>15 wells 

per square mile) had greater increase in disorderly conduct, drunk driving and 
public intoxications arrests than counties with no wells.  The rural Pennsylvania 
counties with UNGDP had a 61% greater increase in STI rates than counties 
without UNGDP. 

 

• First Nations: complex issues around land.  
– Habitat destruction can affect cultural practices and identity, impacting health 

and resilience. (see Shale gas development and community response: 
perspectives from Treaty 8 territory, British Columbia Garvie 2014)  

 

• Anxiety is fostered by the perception of a lack of transparency 
about risks from industry and government authorities.  

• Rise of lawsuits in both Canada and the US 
 

 



Evidence of community impacts  
on health? 

• Few epidemiological studies  
– Cross-sectional survey in the Marcellus shale formation, in Pennsylvania: 

(Rabinowitz et al. 2015) 
– The odds of reporting of skin conditions and upper respiratory symptoms were 

significantly higher for residents  <1 km from gas wells. 

• Studies on fetal growth effects have mixed results 
– Pennsylvania retrospective study of infants whose mothers resided in 

areas with more shale gas wells when pregnant, had lower birth weight 
and a higher incidence of small-for-gestational age, but not of preterm 
birth. (Stacy et al. 2015)  

– A similar study of infants showed a higher incidence of pre-term birth 
but not lower birth weight whereas another found no associations with 
fetal growth (but an increase in congenital heart defects) 

• Need most robust study designs and better exposure 
measures 

 

 



Seismic risks 
• The process of hydraulic fracturing intentionally 

creates tiny cracks deep in the earth 
• This action can cause changes in pressure 

underground 
– Slips can occur on dormant or unknown faults 

 







Ellsworth et al. 2013 



What causes induced earthquakes? 

• "If we look at tens of thousands of wells that have been stimulated 
with hydraulic fracking in Western Canada, less than half a percent 
(0.4) are associated with induced earthquake activity," said David 
Eaton, a University of Calgary geophysicist. 
 

• Why earthquakes happen in some regions rather than others is not 
clear and is currently being studied 
 

• “"Waste-water disposal, at least in the U.S., has been the primary 
cause of earthquakes," said (Arthur) McGarr (USGS). "In Canada, 
it's not clear that things work the same way. That's still a debated 
question.”” 

 



July 2002-03 
Near Fort 
Nelson 



• The number of local earthquakes per month during HF days increased from 
24 in 2002-3 to 131 in 2011 (Farahbod 2015) 

• Average magnitude increased from 2.9 to 3.6 
• Rate during non-HF days increased more than 3 times as well. The dramatic 

variation in earthquake occurrence rate seems to suggest a link to local HF 
operations.  

 
 
 



Horn River Basin research suggests 
that the frequency and magnitude of 
earthquakes in including 
 
Injected volume and the specific 
geology are key variables 
 
Earthquakes can months after 
fracturing occurs 
 
 
 



Shale gas and deep well injection in the US 

Injection wells are a common disposal option 
Uses more pressure than fracturing itself 

– Injection rate and total volume of injection may be factors 

Texas research 
8x more quakes 

• 2007-2013 
Injection volumes 

• Increased 18% 
• 2007-2013 
 

 
 



Oklahoma- dramatic seismic increases 

Earthquake “swarms” 
-Many little earthquakes in clusters 
-20 earthquakes of magnitude 4-4.8 have 
struck since 2009,  largest magnitude 5.6 
 
“The more small earthquakes we have, it 
just simply increases the odds we’re going 
to have a more damaging event,”  USGS 
geoscientist explained in 2015, 
 

 



1.4 Million from state emergency fund 
channeled to investigate 



Texas 
 
 

Previously almost no seismic activity, but there were 38 
earthquakes since 2014, with 4 magnitude >3 

• 13 earthquakes in one week in Jan 2015 
 

Heavily populated 
with many “urban 
drilling” operations 
 
Once earthquakes are 
felt, officials deploy 
fire and rescue to 
canvas region for 
damage (Texas Railroad 
commissioner, January 2015) 



Are we considering 
implications of how 
and where 
underground 
changes can impact 
surfaces? 



Overall summary of determinants of  
public health impacts 

 Proximity to communities  
 Important for air quality, seismic impacts, leaks 

and spills to groundwater 

 Geology 
 e.g. impacts the amount of water used 

 Stage of production 
  e.g. air toxics  

 Intensity of production- more wells 
more problems 

 
 



Public Health and Shale Gas Production? 

• Should Public Health have a larger role in 
regulating or intervening in HF? 
• New well applications 
• Inter-Ministry communication? 

• How close should drilling be to communities 
• Set-backs from operations/pipelines 
• Need more research to evaluate impacts 

• If there are impacts/damages, who pays the 
damage? 
• Eg earthquake damages 

 

 



Research Gaps 
• Lack of good quality health impact studies that link 

measured exposures to adverse health outcomes.  
• Baseline exposure measurements need to be conducted 

prior to drilling and production activity 
– Across all exposures 
– Including seismic analyses 

• Need Canadian specific research! 
 

 



http://www.nbc
hf-cnbfh.ca 



BC Oil and Gas Commission website 





Thank You/Merci  
Questions? 

Are you responding to community level queries on 
this topic? 

Comments to share? 
We would like to connect 

www.ncceh.ca | www.ccnse.ca 
 

Funded by the Public Health Agency of Canada 
iStock Photo credits from left to right: Alison Trotta-Marshall, Robert Churchill, pierredesvarre, amazonfilm 

 
 

http://www.ncceh.ca/
http://www.ccnse.ca/


Many USA resources as well… 
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Seismic research in Ohio 
Hydraulic fracturing activities in 
2011 linked with 100s of small 
tremors 

– Very few earthquake 
recorded in this region 
previously 

More recently, 77 earthquakes 
(1-3) recorded in Poland 
Country between March 4-12 
2014 

 
Comments from Ohio government officials: THIS IS A PART OF OHIO WHERE 
WE HAVE OLD INFRASTRUCTURE, WATER SYSTEMS AND SEWERS AND 
LOTS OF OLD BRICK BUILDINGS. IT IS REALLY NOT SET UP FOR 
DEALING WITH SEISMICITY, EVEN SMALL SEISMICITY." 
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