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Outline of Presentation  
 Brief Overview: Public Understanding  
◦ What is Natural Gas? 
◦ Where is it found? 
◦ Conventional vs Unconventional 
◦ Shale gas and Hydraulic Fracturing 

 Potential Sources of Contamination 
 Principles of  Toxicology:  
◦ Understanding Risks to Human Health 

 Knowledge Gaps  
 

 



World: Energy Consumption  

Source: Energy Information Administration, Annual Energy Outlook 2013, http://www.eia.gov/forecasts/aeo/er/pdf/appa.pdf and 
http://www.eia.gov/forecasts/aeo/er/pdf/tbla17.pdf  
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Presentation Notes
Global growth
Energy supply struggles to keep pace, conventional oil and gas reserves are maturing, becoming less productive and are requiring increased levels of activity and technological intervention to maintain output to meet demands.  Reflective of Canada consumption by fuel type. 

http://www.eia.gov/forecasts/aeo/er/pdf/appa.pdf
http://www.eia.gov/forecasts/aeo/er/pdf/tbla17.pdf


Natural Gas 
 Fossil Fuel 
 Clean, Safe Energy 
 Hydrocarbon (HC) 
◦ Primarily Methane 
◦ Other HC: 
 Ethane, Propane, 

Butane 
 Impurities:   
 Water, Oil, Sulphur, 

CO2, and others. 
 

 
 CO2- Horn River 
 Well Completions/Leakages  
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Presentation Notes
Fossil fuel naturally developed as a result of decay of organic material deposited as sediment and trapped in pores of various sedimentary rock which make up the earth.



Natural Gas: Geological 
Formations 

Gas Hydrates 

Unconventional Ocean deep lake 
sediments 

Presenter
Presentation Notes
Sedimentary rock: Sandstone primarily compacted sand, low permeability sandstone



Conventional and 
Unconventional Natural Gas 

CCA (2014) Environmental Impacts of  Shale Gas Extraction in Canada. Ottawa Ontario (ON): The Expert  Panel on Harnessing Science and Technology to 
Understand the Environmental Impacts of Shale Gas Extraction, Council of Canadian Academies.  
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Presentation Notes
Scale, higher density, new technology, infrastructure cost technology new gas producing regions in Canada
Briefly describe differences between SGD and conventional oil and gas development:
Superficially looks similar and many activities are the same
But:
large number of wells/pads and extensive supporting infrastructure
pad is bigger to accommodate more wells and more equipment
fracturing has been used before but for SGD entails much higher pressures
many more truck trips: this is an issue in some rural areas
activity occurs 24/7 for many weeks as wells are hydraulically fractured in succession 
Fracturing process itself:
Storage and use of chemicals
chemicals and proppants used for hydraulic fracturing
Wastewater produced






Shale Gas Infrastructure:  
Northeastern British Columbia 

CCA (2014) Environmental Impacts of  Shale Gas Extraction in Canada. Ottawa Ontario (ON): The Expert  Panel on Harnessing Science and Technology to 
Understand the Environmental Impacts of Shale Gas Extraction, Council of Canadian Academies.  
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Shale Gas 
 
 Biogenic 

(shallow 
depths) 

 Thermogenic 
◦ Primary Shale 

Gas 
 Sweet 
 Dry  
 Wet 

 
 

Horn River Basin 

Montney 
Colorado 

Utica 

Horton Bluff 

Frederick Brook 
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Presentation Notes
Shale: mudstone to shale, most common sedimentary rock, impervious, pore size 1,000 times smaller than sandstone. 



Shale Gas Development 
 Seismic Exploration 
◦ Geological 

Characterization 
 Site Preparation 
◦ Land Clearing (Pad) 

 Drilling 
◦ Borehole 

 Well Completion 
◦ Casing installment 
◦ Cementing 

 Production 
◦ Hydraulic Fracturing 

 Re-Stimulation 
◦ Re-fracturing (40 years) 

 Abandonment 
◦ Cement Plug 
◦ Restoration of site. 

 



Hydraulic Fracturing:  Public 
Concern  

Multistage 
Sequential Perforation 

 
High Pressure 
Fluid Injection 
 
Fluid Design 
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Presentation Notes
HF dependent on local geology, nature of shale
Design of HF specified fluid volume, ratio of additives, injection rate, pressure, to achieve fractures. Sequential Perforation is done in stages- Multistage fracturing – duration can take 20 minutes to 4 hours



Drilling Rig in Rural Area 

CCA (2014) Environmental Impacts of  Shale Gas Extraction in Canada. Ottawa Ontario (ON): The Expert  Panel on 
Harnessing Science and Technology to Understand the Environmental Impacts of Shale Gas Extraction, Council of 
Canadian Academies.  

 



from:www.fractracker.org 



Well Pad: Completion and 
Restoration  

CCA (2014) Environmental Impacts of  Shale Gas Extraction in Canada. Ottawa Ontario (ON): The Expert  Panel on Harnessing Science and 
Technology to Understand the Environmental Impacts of Shale Gas Extraction, Council of Canadian Academies.  



Potential Sources of Contamination: 
Pathways of Development 

Diesel Trucks (>1000) 
Accidental Spills 
Flow Back Water 
Waste Water (storage, disposal) 
Below Surface 



Potential Sources of 
Contamination: 
 

Well Integrity 

GHG 
Ground 
Water 



Fracturing Fluid Composition 

2000m3 –Fracturing Stage 
- 20 backyard pools 
15,000 to 20,000m3  Water/well 
- 200 backyard pools 

20,000m3 Total Fracturing Fluid 
 1 million kg proppant 
 80m3 acid, 900kg Friction reducer, 
700kg disinfectant, 0.2m corrosion inhibitor 

CCA (2014) Environmental Impacts of  Shale Gas Extraction in Canada. Ottawa Ontario 
(ON): The Expert  Panel on Harnessing Science and Technology to Understand the 
Environmental Impacts of Shale Gas Extraction, Council of Canadian Academies 

Water 
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Each Fracturing stage utilized 1,000 to 2,000m3 of water, total volume per well is averaged at 15,000 to 20,000m3



Slickwater 

Purpose: 
Reduce Friction  
Lower Viscosity 
Suspend Sand 
Disinfection 

Water  
Sand 



Flow Back Water 
 Fracturing fluid 
 Dissolved solids (TDS)  
 Naturally Occurring Radioactive 

Materials 
 (NORMS) 
 Trace metals 
 
 



Air Emissions 
Substance Source Impact 
NOx, SOx, VOCs Diesel engines, 

natural gas 
compressors, fluid 
evaporation  

Ozone precursors 
(smog) 

BTEX (VOC) Venting, fugitive 
emissions, flaring, fluid 
evaporation  

Air Quality 

Particulates (PM 2.5 
µM) 

Diesel engines, flaring Air Quality 

Methane Venting, fugitive 
emissions 

GHG emissions 

CO2 Diesel aggregates, 
flaring, fugitive 
emissions 

GHG emissions 

NO,          NO2-red/brown haze   SO2, SO3-volcanoes  
N2O-laughing gas   
Forest fires  Acid rain 



Canadian Air Quality Management System 
October 2011 

 Improving air quality in Canada 
 Establish Canadian Ambient Air Quality 

Standards (CAAQS)  
 Address emissions from mobile sources.  
◦ reduce emissions with technologies, vehicle 

maintenance, and to reduce emissions from 
in-use diesel vehicles and engines, by 
greening fleets 

 Base-level Industrial Emissions 
Requirements (BLIERs) 
◦ Emissions requirements proposed for new 

and existing major industrial sectors  



Canadian Ambient Air Quality Standards (CAAQS) 
Fine Particulate Matter (PM2.5) and Ozone (June 2000) 



Summary:  Chemicals of 
Concern 
 Hydro-fracturing Chemicals 
 Air Pollutants 
 Hydrocarbons and Gases present in Shale 
 Natural constituents of Flow Back Water 
 Mixtures of Chemicals 
 Chemical Reactions between chemicals: 
◦ New Chemicals of concern. 

 
 
◦ Frequency and Intensity of development 
◦ Ambient environmental conditions 
◦ Geology 
 
 



Reasons given by those not in favor of 
UGD 
(Goldstein et al, Env Hlth Persp  120:483-486, 2012) 
Washington, PA public meeting with Natural Gas Subcommittee of 
the Secretary of Energy Advisory Board, N=59 

Reason Percent (%) 
Environmental Concerns 76.3 
Negative Effects on Water 66.1 
Negative Effects on Air 42.4 
Chemicals in Water 30.5 
General Health Concerns 61.0 
Health Problem in Family member attributed to drilling 20.3 
Personal legal rights have been infringed upon by 
companies 11.9 
Concerns about safety of drilling operations 33.9 
Concerns about lack of regulation of industry 42.4 
Bias, conflict of interest, or lack of expertise in desired 
subject area by members of the committee 18.6 
Export of domestic natural gas resources 10.2 
Depreciation in property values 3.4 



Human Health:  
Shale Gas Development  

Geographical 
 
Political 
Regulatory 
  
Framework 

Gender, 
G ti  

Social 
Support 
Culture 



What are Potential Health Risks? 
 

 Direct 
◦ Physical   

 Indirect 
◦ Well-being 
◦ Cultural 
◦ Social 
◦ Psychological 
◦ Economic 
◦ Equity  
 

Nature 
Magnitude, Frequency  
and Intensity of 
Development  



Improved Understanding of Potential Health 
Risks 



Release of Chemical to 
Environment 

Exposure and Uptake by Receptor  

Receptor Response 

Air Water Soil Sediment 

Environmental Levels 

Chemical Agent 

Distribution, Transport and Transformation  



Chemical and Physical 
Properties 

Oxygen 
 

Ozone 
 
 



Human Exposure Pathways 



Evidence of Exposure 

Presenter
Presentation Notes
CDCs environmental health laboratory- assess peoples exposure to environmental chemicals- biomonitoring sample of blood and urine- concentration in people provide the best exposure evidence to inform public health officials Exposure in population groups age, sex, ethnicity



What is a toxic agent? 
 Paracelsus (1493-1541) 
 “ All substances are poisons; there is 

none which is not a poison.  The right 
dose differentiates a poison and a 
remedy” 
 

 The dose makes the poison. 



Lead: Dose Related Health Effects 



Children with Elevated Blood 
Lead 



Duration and Frequency of 
Exposure 



Water drinking contest blamed  
in death of California woman 
   Sunday, January 14, 2007 
   CBC News 



What are the Knowledge 
Gaps? 
 Baseline information  
 Chemical Mixtures 
◦ Additive Risks 

 Unanticipated Chemical Constituents 
 Fate and Transport 
 Magnitude, Frequency and Durations 

of Exposure 
 Dose Response Assessments 



Significance of Human Health 
Impacts 

 Population density and proximity 
 Demographic Characteristics 
 Baseline Health Status 
 Ambient Environmental Conditions 
 Geology 
 Legal/Regulatory Framework 
 Frequency and Intensity of 

Development 



Challenges to Risk 
Assessment 

• Limited evidence, limited access to it, and 
uncertainty about it 

• Evolving research and conflicting 
literature 

• Rapidly evolving technology but minimal 
independent assessments of performance 
to reduce impacts 

• Regional variation 
• Some impacts may take decades to 

become evident 
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