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EXECUTIVE SUMMARY
In response to concerns expressed by residents of northeastern British Columbia (NE BC), the
British Columbia Ministry of Health (MoH) commissioned a human health risk assessment
(HHRA) project focusing on the potential impacts of oil and gas activity on human health. The
MoH has contracted a team led by Intrinsik Environmental Sciences (Intrinsik) to complete
Phase 2 of the HHRA of oil and gas activities in NE BC (the “HHRA project”). In addition to
Intrinsik itself, the companies that make up the study team include: RWDI Air, Matrix Solutions
and Skystone Engineering. The Phase 2 HHRA project will focus on Local Health Areas 59, 60
and 81 (the Region), and is intended to investigate the potential impact of oil and gas activities
on human health.
This report represents the Screening Level Risk Assessment (SLRA) task for the Phase 2
HHRA. The intention of this SLRA is to identify the potential oil and gas related emission
sources in the region that present the greatest potential risk to human health, and to provide a
means of prioritizing scenarios for a quantitative assessment in the detailed HHRA. In order to
do so, a comprehensive qualitative analysis of a spectrum of potential emissions sources to air
and water was completed, with the aim of identifying emission sources that pose the greatest
potential risk to people in NE BC. This screening exercise was conducted through the use of
matrices, statistics and professional judgment. Particular consideration was given to potential
adverse health impacts, likelihood of occurrence, scale of potential impacts, and magnitude of
potential exposures in order to identify the emission sources and scenarios presenting the
greatest potential risk.
The emission scenarios that have been selected by the study team for further analysis in the
detailed (quantitative) HHRA include continuous emissions from gas processing plants, and
continuous emissions from oil and gas production facilities (including batteries, storage tanks,
compressors, dehydrators, etc.). The assessment of these emission sources will be focused on
a study area of approximately 175 kilometres (north/south) by 150 kilometres (east/west). This
area, centred on Fort St. John, and also including Dawson Creek, Pouce Coupe, Hudson’s
Hope and Taylor, the Blueberry and Doig River First Nations, and the northern boundary of
Tumbler Ridge, represents the most densely populated area in the region under study, as well
as the area with the highest density of continuous emission sources.
Based on the selected emission sources and study area, a proposed framework for the detailed,
quantitative HHRA has been developed. As part of this framework, conceptual models relating
the selected emission scenarios to groups of individuals who may be present in the NE BC
region have been constructed.
The SLRA identified a series of potential emission scenarios related to oil and gas activity in the
region that could present risks to human health. Risk-based matrices were developed in order to
qualitatively evaluate and rank the potential risks associated with the different air emission and
water release scenarios in the study area. Each of the identified scenarios were assessed
according to its potential exposure and health hazard, and relative numerical rankings or
‘scores’ were assigned to each scenario to qualitatively describe potential human health risk.
The exposure scores were based on a combination of the likelihood of an emission/release
event occurring, the duration and areal extent associated with that event, and the overall
magnitude of the event’s exposure. On the hazard side, the score was based entirely on the
potential health impact associated with a particular event. To the greatest extent possible,
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numerical risks were based on actual data, predominantly as these relate to the likelihood of
events occurring. However, when such data were unavailable, the scoring system relied on a
combination of past experience, information retrieved from oil and gas related HHRAs and
exposure studies, and professional judgment. The risk matrices provided the relative ‘score’ of
the potential health risks on the basis of varying types of oil and gas activity. However, whether
or not an exposure scenario ultimately will be included in the HHRA depends not only on the
significance of the risk (i.e., its relative numerical ranking in the matrix), but also on the
availability and adequacy of environmental data that allows for the health risks to be
quantitatively assessed on a regional scale.
Based on the findings of the risk matrix for the air emissions, two scenarios emerged as the top
priorities for further evaluation in the quantitative HHRA: (1) ongoing emissions associated with
gas processing plants; and, (2) ongoing emissions from production facilities. The estimated risks
for all the other emission scenarios considered in the risk matrix were orders of magnitude less
than the two ongoing emission scenarios.
The SLRA completed for water emission sources determined that the two scenarios with the
highest numerical rankings included: (1) in-ground fluid pits and flare systems; and, (2) pipeline
ruptures. The scenarios relating to historical and current fluid management practices are
associated with a relatively lower consequence to human health, however, the potential
likelihood of occurrence is higher due to the number of historical and active wells. The potential
health risks associated with these site-specific issues can only be assessed on a case-by-case
basis using measured, site-specific data. There are a number of data gaps in publicly available
information regarding groundwater and surface water resources in NE BC that may impact the
ability to complete site-specific assessments. As a result, these scenarios could not be carried
forward into the quantitative HHRA, which is intended to have a regional focus (as opposed to a
local or site-specific focus).
The pipeline rupture scenario is associated with a relatively lower likelihood of occurrence, but a
higher potential consequence to human health in the event of a release. However, these types
of release events can be mitigated through emergency planning and response practices,
communication, and site-specific activities (such as evacuation or closure of drinking water
intakes) to reduce the potential for human exposure. As a result, such scenarios will be
excluded from quantitative analysis in the quantitative HHRA.
A process for further evaluation of oil and gas sites on a site-specific basis that could be used to
assess potential water-related human health risks has been described within this SLRA. This
process takes into consideration an existing site classification system from the BC OGC.
The justification for the detailed (quantitative) HHRA has been provided by this SLRA. Based on
the selected emission scenarios, a proposed approach to the quantitative HHRA has been
formulated, following an approach consistent with those established by reputable organizations
such as Health Canada, the United States Environmental Protection Agency and the World
Health Organization. The quantitative HHRA will focus on a list of representative chemicals that
are known to be associated with the identified emission sources and have the potential to, at
high enough concentrations, cause a number of the health effects identified previously in the
Literature Review. A number of potential exposure pathways have been identified, and
conceptual models have been constructed. Overall, although the quantitative HHRA will not
quantitatively assess every possible emission scenario described herein, it will still provide a
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comprehensive and quantitative assessment of the potential health risks posed to both
aboriginal and non-aboriginal communities as a result of oil and gas activity in NE BC.

Prepared for: BC MoH
Project 10710

Page iv
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

TABLE OF CONTENTS
Page
EXECUTIVE SUMMARY ........................................................................................................... II
1.0
INTRODUCTION ....................................................................................................... 1
2.0
WORK COMPLETED TO DATE ................................................................................ 2
2.1
Summary of Phase 1 Human Health Risk Assessment............................................... 2
2.2
Summary of Phase 2 Direction Document .................................................................. 3
2.3
Review of Nature and Extent of Oil and Gas Activity in Northeastern British
Columbia .................................................................................................................... 3
2.4
Summary of Literature Review .................................................................................... 4
3.0
OVERVIEW OF SCREENING LEVEL RISK ASSESSMENT PROCESS ................... 5
4.0
SCREENING LEVEL RISK ASSESSMENT – AIR EMISSION SCENARIOS.............. 7
4.1
Introduction................................................................................................................. 7
4.2
Screening Level Risk Estimates for Air ......................................................................10
4.2.1 Factor Rankings.....................................................................................................10
4.2.2 Screening-Level Risk Assessment – Results for Air ...............................................15
4.2.3 Flaring and Incineration .........................................................................................23
4.2.4 Fugitive Leaks .......................................................................................................27
4.2.5 Emissions from Well-Site Activities ........................................................................28
4.2.6 Uncontrolled Releases ...........................................................................................28
4.2.7 Discussion of SLRA Results for Air ........................................................................30
5.0
EVALUATION OF POTENTIAL EMISSION SOURCES TO WATER ........................31
5.1
Relevant Oil and Gas Activities ..................................................................................32
5.2
Conceptual Model for Human Exposure to Oil and Gas Releases from Water ...........32
5.2.1 Data Availability .....................................................................................................33
5.2.2 Surface Water Pathways .......................................................................................45
5.2.3 Groundwater Pathways..........................................................................................45
5.2.4 Water-Related Risk and Oil and Gas Activities ......................................................50
5.2.5 GIS Analysis ..........................................................................................................61
5.2.6 Data Gaps/Uncertainty...........................................................................................62
5.3
Screening Level Risk Assessment – Water Scenarios ...............................................64
5.3.1 Historical Production, Gathering and Processing Facilities: ‘Legacy’ Sites .............71
5.3.2 Operating Oil and Gas Facilities ............................................................................73
5.3.3 Well Drilling, Completions, and Stimulation ............................................................74
5.3.4 Handling and Transportation of Products and Waste .............................................75
5.4
Discussion of SLRA for Water ...................................................................................76
5.4.1 Limitations of the SLRA for Drinking Water Sources ..............................................77
5.4.2 Possible Future Work.............................................................................................78
Task 6 – Conduct a Site-Specific HHRA ............................................................................80
6.0
DEVELOPMENT OF ASSESSMENT APPROACH FOR QUANTITATIVE HHRA .....81
6.1
Overview of HHRA Process .......................................................................................81
6.2
Air Quality Study Area Selection ................................................................................82
6.3
Exposure Scenarios...................................................................................................85
6.3.1 Sweet and Sour Gas Plant Emissions....................................................................86
6.3.2 Production Facilities ...............................................................................................99
6.3.3 Other Facilities and Compressor Station Emissions .............................................103
6.4
Discussion of Emission Sources in the Study Area ..................................................106
Prepared for: BC MoH
Project 10710

Page v
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

6.5
Dispersion Conditions ..............................................................................................106
6.6
Identification of “Receptors” for the Quantitative HHRA ...........................................109
6.6.1 Locations where People Might Be Exposed .........................................................110
6.7
Identification of Chemicals of Potential Concern ......................................................112
6.7.1 Selected Chemicals of Potential Concern for Evaluation in the HHRA .................114
6.7.2 Chemicals Excluded from the Quantitative HHRA................................................118
6.8
Identification of Exposure Pathways of Interest........................................................123
7.0
SUMMARY .............................................................................................................129
8.0
NEXT STEPS..........................................................................................................131
8.1
Quantitative Human Health Risk Assessment ..........................................................131
8.2
Review of British Columbia Statutory and Policy Frameworks .................................132
8.3
Project Recommendations .......................................................................................133
9.0
REFERENCES .......................................................................................................134

LIST OF TABLES
Table 4-1
Table 4-2
Table 4-3
Table 4-4
Table 4-5
Table 4-6
Table 4-7
Table 4-8
Table 4-9
Table 4-10
Table 4-11
Table 5-1
Table 5-2
Table 5-3
Table 5-4
Table 5-5
Table 5-6
Table 5-7
Table 5-8
Table 5-9
Table 6-1

Screening Level Risk Assessment for Air Emission Scenarios ...........................11
Probability of Event Occurrence .........................................................................13
Duration of Release Event .................................................................................14
Scale of Impact ..................................................................................................14
Magnitude of Exposure ......................................................................................14
Hazard ...............................................................................................................15
Decision Matrix for Air Emission Scenarios ........................................................17
Summary of Routine Flaring Permits Issued for Sour Gas Wells and Flared
Volumes for the Period January 1, 2003 to April 16, 20131 ................................24
Summary of Routine Flaring Permits Issued and Approved Flare Volumes for
Sweet Gas Wells for the Period January 1, 2003 to April 16, 20131 ...................25
Summary of Minor and Levels 1, 2 and 3 Incidents by Activity During 2010
(BC OGC 2010a,b) ............................................................................................29
Summary of Levels 1, 2 and 3 Incidents by Activity During 2011 (BC OGC
2011) .................................................................................................................29
Summary of Data Sources for Water-Related Risks...........................................33
Summary of Oil and Gas Activities in NE BC .....................................................35
Summary of Oil and Gas Hydraulic Fracturing Wells in NE BC ..........................36
Summary of Unconventional Gas Targets ..........................................................46
Summary of Common Hydraulic Fracturing Chemicals Used in Canada and the
United States (BC OGC 2013h; GWPC and IOGCC 2013; All Consulting 2012) 53
Potential for Interaction between Oil and Gas Activities and Potable Water
Wells ..................................................................................................................61
Potential for Interaction between Oil and Gas Activities and Surface Water
Features ............................................................................................................62
Scale, Magnitude, and Likelihood Ranking Factors Used...................................64
Screening Level Risk Assessment for Groundwater/Surface Water Emission
Scenarios ...........................................................................................................67
Summary of Year 2011 NPRI Reported Air Emissions for CACs, Listed by Oil
and Gas Facility Type (tonnes per year) ..........................................................101

Prepared for: BC MoH
Project 10710

Page vi
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

Table 6-2

Table 6-3

Table 6-4
Table 6-5
Table 8-1

Total NPRI Air Emissions From Point Sources for Oil and Gas Activities in the
Study Area for 2011, and Province-wide Area and Natural sources for 2005
(tonnes/year)....................................................................................................104
Summary of Selected Chemicals of Potential Concern for Evaluation in the
Phase 2 Human Health Risk Assessment of Oil and Gas Activity in
Northeastern British Columbia .........................................................................115
Summary of Potential Water Soluble Radionuclides that May be Present in
Technologically Enhanced Radioactive Materials.............................................120
Summary of Potential Exposure Pathways.......................................................124
Summary of Scenarios from the SLRA to be Evaluated in the Regulatory
Review .............................................................................................................132

LIST OF FIGURES
Figure 4-1
Figure 4-2
Figure 4-3
Figure 4-4
Figure 4-5

Figure 4-6

Figure 5-1
Figure 5-2
Figure 5-3
Figure 5-4
Figure 5-5
Figure 5-6
Figure 5-7
Figure 5-8
Figure 5-9
Figure 6-1
Figure 6-2
Figure 6-3
Figure 6-4
Figure 6-5
Figure 6-6
Figure 6-7
Figure 6-8
Figure 6-9

Relative Annual Atmospheric Emission Duration Frequencies for a Range of
Release Scenarios .............................................................................................. 9
Relative Ranking of Air Emission Scenarios (Linear Risk Scale) Based on
Calculated Numerical Risk from Air Matrix .........................................................20
Relative Ranking of Air Emission Scenarios (Log Scale) Based on Calculated
Numerical Risk from Air Matrix ...........................................................................21
Risk Matrix Showing Exposure and Hazard Values for Each of the Release
Scenarios Evaluated ..........................................................................................22
Number of Temporary Flaring Events and Cumulative Distribution of Flaring
(red line) Based on H2S Concentration Over the Period January 1, 2003 to April
16, 2013.............................................................................................................25
Number of Temporary Sweet and Sour Gas Flaring Events and Cumulative
Distribution of Flaring Based on Approved Flared Volume Over the Period
January 1, 2003 to April 16, 2013 ......................................................................26
Oil and Gas Pools in Northeast BC ....................................................................40
Oil and Gas Facilities in Northeast BC ...............................................................41
Oil and Gas Wells in Northeast BC ....................................................................42
Permitted Water Systems in Northeast BC.........................................................43
Water Wells in Northeast BC .............................................................................44
Schematic SW-NE Conceptual Geological/Hydrogeological Cross Section........47
Number of Wells Drilled per Year in BC .............................................................52
Relative Ranking of Individual Water Emission Scenarios (Log Scale)...............69
Risk Matrix Showing Consequence and Likelihood Values for Each of the
Release Scenarios Evaluated ............................................................................70
Human Health Risk Assessment Paradigm ........................................................82
Modelling Domain Selected Showing an Example of an NTS 1:50,000 ‘Map
Sheet’ ................................................................................................................83
Emission Density of NOx (as NO2) from Sweet and Sour Gas Plants in NE BC..88
Emission Density of SO2 from Sweet and Sour Gas Plants in NE BC ................90
Emission Density of VOCs from Sweet and Sour Gas Plants in NE BC .............92
Emission Density of CO from Sweet and Sour Gas Plants in NE BC .................94
Emission Density of PM10 from Sweet and Sour Gas Plants in NE BC ...............96
Emission Density of PM2.5 from Sweet and Sour Gas Plants in NE BC ..............98
Map Showing Sweet and Sour Gas Plants (red triangles) and Batteries (green
circles) in NE BC ..............................................................................................100

Prepared for: BC MoH
Project 10710

Page vii
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

Figure 6-10
Figure 6-11
Figure 6-12
Figure 6-13
Figure 6-14
Figure 6-15
Figure 6-16
Figure 6-17
Figure 6-18

Map Showing Other Facilities, Including Compressor Stations in NE BC (blue
triangles) ..........................................................................................................105
Terrain Elevation Contours at Fort St. John Airport ..........................................107
Hourly Wind Speed and Direction Frequency Distribution Observed at Fort St.
John Airport (1992 to 1996) .............................................................................107
Terrain Elevation Contours at Fort Nelson Airport ............................................108
Hourly Wind Speed and Direction Frequency Distribution Observed at Fort
Nelson Airport (1992 to 1996) ..........................................................................108
Conceptual Model of Potential Exposure Pathways for the Assessment of the
Aboriginal Group, Selected Continuous Air Emission Sources .........................126
Conceptual Model of Potential Exposure Pathways for the Assessment of the
Community Group, Selected Continuous Air Emission Sources .......................127
Conceptual Model of Potential Exposure Pathways for the Assessment of the
Agricultural Group, Selected Continuous Air Emission Sources .......................128
Conceptual Model of Potential Exposure Pathways for the Assessment of the
Visitors, Selected Continuous Air Emission Sources ........................................128

Prepared for: BC MoH
Project 10710

Page viii
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

1.0

INTRODUCTION

In response to concerns expressed by residents of northeastern British Columbia (NE BC), the
British Columbia Ministry of Health (MoH) commissioned a human health risk assessment
(HHRA) focusing on the potential impacts of oil and gas activity on human health. The HHRA
scope of work was segregated into three phases by the MoH:
•

Phase 1 HHRA. Identification of Health Concerns Relating to Oil and Gas Development
in Northeastern BC. Completed in March 2012 by the Fraser Basin Council.

•

Phase 2 HHRA. Human Health Risk Assessment of Northeastern British Columbia Oil
and Gas Activity. Timeline: Ongoing.

•

Phase 3 HHRA. Communication of overall results. Timeline: To Be Determined.

The Phase 2 HHRA will focus on Local Health Areas 59, 60 and 81 (the Region), and is
intended to investigate the potential impact of oil and gas activities on human health.
The MoH has contracted a team led by Intrinsik Environmental Sciences (Intrinsik) to complete
Phase 2 of the HHRA of oil and gas activities in NE BC. In addition to Intrinsik itself, the
companies that make up the study team include: RWDI Air, Matrix Solutions and Skystone
Engineering. The team also includes a three member Advisory Panel to provide an independent
perspective on the design and approach of the Phase 2 HHRA project, and the eventual
interpretation of the results.
This report presents the Screening Level Risk Assessment (SLRA) task for the Phase 2 HHRA
project. The objectives of the SLRA are to:
•

Summarize the nature of oil and gas activity in NE BC;

•

Develop a conceptual model focusing on issues surrounding oil and gas activity in
NE BC, based on the information in the Phase 2 Direction Document and the Literature
Review;

•

Identify oil and gas related scenarios for further evaluation within a screening matrix,
giving consideration to both routine operational and accidental scenarios;

•

Complete a qualitative screening exercise involving the use of qualitative definitions;

•

Assess and determine the strengths and limitations regarding the availability and quality
of data associated with the screening-list of scenarios; and

•

Assign qualitative rankings to prioritize emission scenarios to carry forward for detailed
(quantitative) HHRA in the next step of the Phase 2 HHRA project.

This SLRA is one of a series of reports generated as part of the Phase 2 HHRA project. It is not
intended to:
•

Represent a comprehensive assessment of work completed to date;

•

Include the study of epidemiology, or explore potential cause-effect relationships
between exposure and health effects or diseases in the region;
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•

Evaluate social determinants of health in the region (health care, addictions, mental
health, etc.);

•

Quantitatively evaluate chemical exposures or potential health risks. This will be
completed as part of quantitative HHRA component of the Phase 2 HHRA project;

•

Include detailed discussions of regulations or industry practices. This type of review will
be completed as part of the regulatory review component of the Phase 2 HHRA project;
and

•

Put forth recommendations above and beyond directing the scope of work for the
detailed quantitative HHRA component of the Phase 2 HHRA project.

This SLRA is the product of Intrinsik, First Response Emergency Services/Skystone
Engineering, RWDI AIR and Matrix Solutions working together, applying their respective
knowledge and experience. Combined, members of the study team have in excess of 150 years
of experience assessing the potential health risks associated with various types of oil and gas
activity. Whenever possible, the results of the SLRA were based on quantitative data. Due to
the nature of the SLRA, there were times when such data may have been lacking, in which case
the study team had to rely on their professional judgment.
This report has been organized into the following sections:
•
•
•
•
•
•
•
2.0

Work completed to date – a brief description of the work that has been completed to
date by the study team
Overview of the human health risk assessment process
Screening level risk assessment – air emission sources
Screening level risk assessment – water emission sources
Proposed approach to the quantitative HHRA
Summary
Next steps
WORK COMPLETED TO DATE

The information presented within this SLRA is the outcome of several information collection
steps that have been completed by the study team. Some of the key findings associated with
this work are presented in Sections 2.1 to 2.4.
2.1

Summary of Phase 1 Human Health Risk Assessment

The Fraser Basin Council (FBC 2012) completed Phase 1 of the HHRA project, which included
a public engagement process to identify issues of concern surrounding human health and
potential changes in land, air, drinking water and food quality and preparation of a report
outlining their findings. Area residents, including First Nations residents, were included in the
Phase 1 work. Public engagement activities were carried out from mid-January to early March
2012 in order to provide the public, governments, organizations, and other stakeholders with the
opportunity to voice their concerns regarding current and future oil and gas development in
NE BC.
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2.2

Summary of Phase 2 Direction Document

This document represented a revised work plan for the Phase 2 HHRA project, with additional
depth on some topics. The information covered in this document included:
•
•
•
•
•
•
2.3

Review of Phase 1 report by Fraser Basin Council (2012)
Discussion of perceived health concerns from the Phase 1 report in relation to the
Phase 2 HHRA project
Discussion of oil and gas activity in NE BC
Existing health status and available health data
Existing environmental data for the region
Potential chemicals and exposure pathways of interest
Review of Nature and Extent of Oil and Gas Activity in Northeastern British
Columbia

Although some information was provided in the Phase 2 Direction Document, additional
information has been compiled with respect to the types of oil and gas activities that are the
most relevant to the region, to help provide focus to the SLRA.
Oil and gas production has been an important and prevalent source of economic development
in western Canada since the early part of the 20th century. Traditional products of the oil and
gas industry have included oil, natural gas, natural gas liquids and sulphur extracted from the
large geological feature referred to as the Western Canadian Sedimentary Basin (WCSB).
Technological advances in well drilling, completions and stimulation have allowed the
exploitation of less traditional reservoir types, including shales and ‘tight’ (geological formations
having naturally low primary permeability) clastic formations.
NE BC contains the western edge of the WCSB, and as such, has seen considerable oil and
gas activity. Much of BC’s production has been conventional gas, with approximately 25% of
Canada’s gas production coming from this region (Center for Energy 2013). Gas production in
BC continues to increase over time and in 2011, 40.5 MM m³ was produced (BC OGC 2013a).
Traditional gas reserves have been developed in predominantly clastic formations of
Cretaceous and Triassic age, as well as the Devonian-aged carbonates (Mossop and Shetsen
1994).
In 2008 through 2010, significant increases in BC’s gas reserves were booked, or recorded as
assets by oil and gas companies. These increases are primarily ‘unconventional’ reserves
contained within Devonian-aged shales in the Horn River Basin and the Triassic Montney tight
gas trend (BC OGC 2013a). The primary drivers for these new reserves have been the
widespread drilling of horizontal wells in these shales, combined with multi-stage hydraulic
fracturing as a production stimulation method. Together, production from these two plays
accounted for about 40% of BC’s 2011 gas production (BC OGC 2013a).
Significant oil production is also sourced in NE BC; however, this production peaked in 1998 at
over 2.5 MM m³, and has declined steadily to slightly more than 1.1 MM m³ in 2011. Oil reserves
have also declined since 2001.
Both sweet and sour oil and gas resources in conventional and unconventional forms are
present in NE BC, and thus are of potential relevance to the Phase 2 HHRA project.
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2.4

Summary of Literature Review

A screening level literature review was completed in spring 2013 by the study team (Intrinsik
2013b), consisting of a comprehensive search of reports that involved the assessment of
potential health effects associated with oil and gas development. This search and review was
designed to be consistent with the Cochrane Handbook for Systematic Reviews of Interventions
(Cochrane 2008), and included a critical review of the available scientific peer-reviewed
literature as well as ‘grey’ literature (reports published by government, academia, non-profit
organizations or industry). A comprehensive list of search terms was developed by Intrinsik and
sent to a professional medical librarian. The abstracts collected during this search were critically
reviewed. Only documents that met pre-defined inclusion criteria were selected for further
review. The inclusion criteria were as follows:
•
•
•

Published in English
Published 1990 to present
Human health study – community or occupational studies

The original draft document included a total of 27 peer-reviewed articles and 11 documents from
the grey literature, all of which met the study criteria. Additional documents were suggested by
the Advisory Panel based on their review of the draft, and were subsequently incorporated into
the final report.
The general conclusions of the literature review were as follows:
•

In the studies that evaluated cancer morbidity and mortality, the types of cancer most
frequently reported included bladder, kidney, acute myelogenous leukemia, other
leukemias and melanoma. Some variation was observed in results in relation to the
types of effects observed. There is an apparent need for additional studies with casecontrol or cohort study designs to evaluate the potential association between cancer
incidence and oil and gas activity.

•

There is an overall lack of published research regarding respiratory health effects and oil
and gas activities. Although there is a wealth of information regarding hydrogen sulphide
(H2S), sulphur dioxide (SO2) and exposure to petroleum hydrocarbons from downstream
oil and gas activities (i.e., refineries), there is limited information with respect to other
chemicals, and emissions from upstream oil and gas facilities and respiratory health.

Other health outcomes of interest reported within the key studies included autoimmune
diseases, reproductive, cardiovascular and neurological effects. Those studies that were
identified in the literature review that evaluated autoimmune diseases and cardiovascular effects
were sometimes of low quality.
The diseases of concern in relation to upstream oil and gas activity that should be considered in
the Phase 2 HHRA project, in order of priority, were identified as:
•
•
•

Respiratory diseases and cancers
Reproductive, neurological and acute (short-term, mild, transient) effects
Autoimmune disease and cardiovascular effects
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The majority of the studies evaluated as part of this review lacked information regarding
exposure pathways of interest, exposure concentrations, or chemicals of potential concern
(COPC). As such, the results of the literature review did not provide any recommendations
regarding chemicals or exposure pathways of concern in relation to oil and gas activity and
human health.
The findings of the review did not provide any information regarding specific types of oil and gas
activities or scenarios that should be considered further in the SLRA. Therefore, this information
will stem from the key findings of the SLRA. However, in addition to identifying the potential
diseases of concern, the Literature Review findings are potentially helpful in the identification of
COPC for assessment in the detailed quantitative HHRA.
3.0

OVERVIEW OF SCREENING LEVEL RISK ASSESSMENT PROCESS

Public health relates to the prevention of disease, the promotion of health, and the advancement
of a prolonged and improved quality of life, achieved through organized efforts and the making
of informed choices by society, organizations both public and private, communities and by
individuals.
In general, public health considerations include and address both:
•

Low-level exposures that may cause chronic health issues and that may progress to
adverse health outcomes and possibly death; as well as,

•

High-level exposures that may result in immediate and direct health effects, possibly
resulting in permanent injury or death.

The evaluation of the type of public health risks addressed in an HHRA requires the
identification of all possible chemical emissions or releases and the possible pathways of
exposure, considering all time scales and aerial extents. As such, a risk assessment, by
definition, must consider both the frequency and duration of chemical emissions and must
consider the potential consequences to people who may be exposed to these emissions. Risk
assessment processes consider a range of possible events and release scenarios and are
intended to provide a picture of likelihood that a specific event or range of events will occur and
will result in a defined level of harm. In general, risk can be expressed as:
RISK = LIKELIHOOD × CONSEQUENCE
Likelihood information considers the duration, and how often, specific emissions occur, whereas
consequence information considers the level of harm that may result due to exposure to these
emissions.
In HHRA, risk is often expressed as the interaction between exposure and the health hazards of
concern:
RISK = EXPOSURE × HAZARD
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Where, exposure is equivalent to likelihood and considers the duration, magnitude and
frequency of chemical emissions while hazard considers the inherent toxicity of chemical
emissions.
Risks assessments are generally conducted for a variety of reasons and objectives that include:
•

Ranking and prioritizing decisions regarding man-made and naturally occurring events
that have the potential to result in adverse outcomes to people, the environment and
infrastructure

•

Reviewing the extent of development activities

•

Assisting decision-makers in the development of management strategies related to
these hazards and risks

•

Predicting potential health effects within communities or regions.

Public health risk assessment is undertaken with the objective of assessing, minimizing and
remediating low-level exposures occurring over long time periods and over areas where people
reside, work and recreate.
For the purpose of assessing risk, assessments may be conducted qualitatively or quantitatively
and at various levels of complexity. Qualitative methods provide an initial indication of the level
of concern that may be attributed to particular scenarios and the relative numerical ranking of a
number of scenarios. In contrast, quantitative methods provide a reliable and more consistent
method of assessing the nature and extent of a specific hazard.
In an HHRA, in order for a health risk to be possible, there must be an opportunity for a source
of chemical exposure, a pathway of exposure and an eventual receptor of that exposure (i.e.,
those people potentially at risk) to overlap. The intent of the SLRA, therefore, is to identify those
sources of exposure (e.g., the emission sources in the region), pathways of exposure, and endreceptors that pose the greatest potential environmental risk to public health in NE BC.
This SLRA for the Phase 2 HHRA project has two main components: (1) the SLRA of potential
emission sources to air (Section 4.0); and (2) the SLRA of potential emission sources to water
(Section 5.0). The intention of this SLRA is to identify potential oil and gas related emission
sources in the region that present the greatest potential risk to human health. This assessment
does not represent a comprehensive or quantitative HHRA, but is intended to provide
information to aid in the selection of key emission scenarios to be carried forward into a
detailed, quantitative HHRA. For both air and water, matrices have been used to evaluate the
potential and likelihood for human exposure, as well as potential hazards. These matrices have
been completed using a combination of information from governmental reports, the scientific
literature, and professional judgment. Using these matrices, qualitative numerical rankings have
been assigned to aid in the selection of key emission scenarios for further evaluation in the
detailed quantitative HHRA. The proposed general approach to the detailed HHRA is presented
in Section 6.0, based on the findings of the SLRAs in Section 4.0 and 5.0.
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4.0

SCREENING LEVEL RISK ASSESSMENT – AIR EMISSION SCENARIOS

4.1

Introduction

Local Health Areas 59, 60 and 81 in NE BC include a number of significant developments
related to the production and transportation of oil and gas, and other related products.
Section 3 of the Intrinsik Phase 2 Direction Document (Intrinsik 2013a) provided an overview of
activities by region, industry growth, production trends and typical air emission sources. These
emission sources can be categorized as continuous emitters (large or small in terms of emission
rates), flares or incinerators, fugitive leaks, well site drilling and releases due to accidents and
equipment malfunctions.
Examples of small or large facilities in NE BC with continuous emission sources of interest
would be as follows:
•
•
•

Sour gas plants (large)
Sweet gas plants (large)
Compressor stations (small)

These types of facilities typically include emission sources such as heaters, glycol boilers, glycol
regeneration, sulphur recovery plants (sour facilities only), reciprocating engines, dehydrators
and power generators. Some plants have permanent incinerators and flares (low pressure or
high pressure) that can be used on either an emergency, intermittent or continuous basis.
Examples of the usage of flares and incinerators as an intermittent emission source or for a
short-term period would be as follows:
•
•
•
•
•

Well test and cleanup
Solution gas management from crude oil batteries
Planned shutdown or plant turnaround
Plant upset or non-routine conditions
Battery upset or maintenance activities

Examples of small fugitive emission sources would be as follows:
•
•
•
•
•
•

Leaks associated with valves or components on oil or gas wells
Leaks associated with oil or gas field batteries
Leaks associated with valves or components on oil or gas pipelines
Working and standing losses of hydrocarbon product from liquid storage tanks
For well-sites, large diesel equipment like trucks plus other engines for pumping and
vacuuming are used for relatively short periods of time during well site drilling and
maintenance, and hydraulic fracturing activities
Uncontrolled and unplanned releases associated with wells, pipelines, equipment
failures and accidents can release small or large amounts of product, typically over short
periods of time

Any evaluation of public health risk (by definition) should include and address all emissions
associated with hazardous products released into the environment. Human health risk
assessments typically focus exposure to ongoing (frequent), low-level emissions that may result
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in chronic outcomes over large spatial and temporal regions. Releases from incidents and
accidents consider rare (infrequent) high-level exposures that may result in acute outcomes
over much smaller localized spatial areas and over much shorter time intervals. The objective of
the SLRA is to assist in prioritizing activities and associated risks related to the oil and gas
activities in the region with the outcome being the emergence of several scenarios for detailed
quantitative HHRA in subsequent phases of the study. At a screening level, the SLRA applies a
conceptual model of the oil and gas industry in the region and attempts to quantify exposure,
hazard and risk to develop a quantitative screening model.
This SLRA, by focusing on individual emission scenarios on a high level, is not intended to
represent a comprehensive assessment of potential population or cumulative risks posed by the
oil and gas industry in BC; nor is this work intended to replace the detailed, quantitative HHRA
or the evaluation of regulatory frameworks that will be conducted in subsequent phases of the
project.
Based on the review of oil and gas activity in the region conducted as part of the Phase 2
Direction Document and this SLRA, a total of 29 oil and gas emission scenarios were identified
that may result in short and/or long-term releases into air within the NE BC region. Figure 4-1
summarizes the identified air emission scenarios associated with oil and gas activities in NE BC.
The Figure shows graphically the relative emission duration frequencies (calculated over the
equivalent of one year) associated with each of these emission scenarios. These were
calculated using published data regarding emission duration and frequency from information
published by the British Columbia Oil and Gas Commission (BC OGC) and other resources (as
described in Section 4.2 and Appendix A). The calculations took into consideration types of
emission events (routine vs. upset or accidental), number of events per year, duration of
emission events, and whether or not the release would be ignited.
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Figure 4-1

Relative Annual Atmospheric Emission Duration Frequencies for a Range
of Release Scenarios

It is recognized that some localized issues, such as accidental releases and emergency
response practices are of high public concern. However, such issues may not significantly
contribute to adverse public health outcomes on a regional basis. For example, potential
accidental product release events may represent a potential risk to neighbours immediately
adjacent to these sources but may contribute little to health risks observed on a regional
perspective. As a result, the contribution from site-specific or local sources may not materially
affect the results and conclusions derived from a regional health study. For example, simply
from a mathematical perspective, the low frequency of occurrence of safety-based events
significantly diminishes the significance of these events within the context of an HHRA. A
number of localized emission sources have been included in the SLRA (e.g., well blow-outs,
pipeline ruptures). However, a number of issues (public safety, emergency response, setback
development, etc.) will be addressed as part of the regulatory review (refer to Section 8.0 Next
Steps).
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4.2

Screening Level Risk Estimates for Air

This section provides an overview of the air quality SLRA matrix, and includes some discussion
as to what factors were considered in the air quality SLRA matrix, and the information that was
considered in the assignment of the qualitative rankings.
4.2.1

Factor Rankings

A list of 29 atmospheric emission scenarios typically associated with oil and gas activities that
are present in the NE BC region was developed for screening level purposes. These emission
scenarios (factor A) are noted in Table 4-1 for the identified environmental pathway (factor B)
and include a qualitative description of exposure and hazard information. Exposure information
includes the probability that an individual release will occur (factor C), the expected duration of
each exposure event (factor D), the geographical extent over which an exposure of concern
may be realized (factor E), and the magnitude of exposure (factor F). Hazard information
includes the nature and severity of health impact associated with an individual exposure event
(factor G). For screening level purposes in the assessment of air exposures, risk has been
calculated as:
𝑹𝑹𝑹𝑹 = { 𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬 (𝑓𝑓𝑓𝑓𝑓𝑓 𝐶 × 𝑓𝑓𝑓𝑓𝑓𝑓 𝐷 × 𝑓𝑓𝑓𝑓𝑓𝑓 𝐸 × 𝑓𝑓𝑓𝑓𝑓𝑓 𝐹 ) × 𝑯𝑯𝑯𝑯𝑯𝑯 (𝑓𝑓𝑓𝑓𝑓𝑓 𝐺)}
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Table 4-1

Screening Level Risk Assessment for Air Emission Scenarios
DESCRIPTION
A. Scenarios

1.

Gas Processing Plants

1-1

Gas Processing Plants (ongoing emissions)

1-2

EXPOSURE
B.
Pathway

D.
Duration of Release Event

E.
Exposure Area
(local vs. regional)

F.
Magnitude
of Exposure

G.
Health
Impact

Planned

Continuous with turn around

Regional (>20 km)

Low

High

Gas Processing Plants (flaring)

Medium

Light Intermittent (<=1 mo)

Local (<= 5 km)

Low

Mild

1-3

Gas Processing Plants (emergency flaring)

Low

Very short term (<=2 days)

Sub-regional
(<= 20 km)

Medium

Mild

2.

Production Facilities

2-1

Production Facilities (flaring)

Planned

Light Intermittent (<=1 mo)

Local (<= 5 km)

Low

Mild

2-2

Production Facilities (ongoing emissions)

Planned

Continuous with turn around

Sub-regional
(<= 20 km)

Low

High

2-3

Production Facilities (emergency flaring)

Low

Very short term (<=2 days)

Local (<= 5 km)

Medium

Mild

3.

Wells Drilling (manned)

3-1

Wells Drilling (cleanup & testing)

Medium

Short term (<=1 wk)

Local (<= 5 km)

Low

Mild

3-2

Wells Drilling (underbalanced)

Low

Short term (<=1 wk)

Local (<= 5 km)

Low

Mild

3-3

Well Drilling (sweet blowout ignited)

Very Low

Short term (<=1 wk)

Sub-regional
(<= 20 km)

Very High

Mild

3-4

Well Drilling (sweet blowout unignited)

Low

Immediate (<=2 hrs)

Regional (>20 km)

Medium

Mild

3-5

Well Drilling (sour blowout ignited)

Very Low

Immediate (<=2 hrs)

Sub-regional
(<= 20 km)

Medium

Moderate

3-6

Well Drilling (sour blowout unignited)

Very Low

Short term (<=1 wk)

Sub-regional
(<= 20 km)

High

Severe

4.

Wells Producing (includes servicing)

4-1

Well Prod. (sweet blowout unignited)

Very Low

Immediate (<=2 hrs)

Neighbouring
(<=1 km)

Medium

Mild

4-2

Well Prod. (sour blowout unignited)

Very Low

Immediate (<=2 hrs)

Local (<= 5 km)

High

Severe

4-3

Well Prod. (sweet blowout ignited)

Very Low

Light Intermittent (<=1 mo)

Local (<= 5 km)

Low

Mild
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DESCRIPTION
A. Scenarios

4-4

Well Prod. (sour blowout ignited)

5.

Wells Non-Producing

5-1

Well Non-prod. (sweet blowout
unignited)

5-2

EXPOSURE
B.
Pathway

C.
Likelihood of
Emission
Occurring

D.
Duration of Release Event

HAZARD
E.
Exposure Area
(local vs. regional)

F.
Magnitude
of Exposure

G.
Health
Impact

Very Low

Short term (<=1 wk)

Sub-regional
(<= 20 km)

Low

Moderate

Very Low

Very short term (<=2 days)

Sub-regional
(<= 20 km)

Low

Mild

Well Non-prod. (sour blowout unignited)

Very Low

Very short term (<=2 days)

Sub-regional
(<= 20 km)

Very High

Severe

5-3

Well Non-prod. (sweet blowout ignited)

Very Low

Light Intermittent (<=1 mo)

Local (<= 5 km)

Medium

Mild

5-4

Well Non-prod. (sour blowout ignited)

Very Low

Very short term (<=2 days)

Sub-regional
(<= 20 km)

Very High

Moderate

6.

Pipelines

6-1

Natural Gas Pipeline (leaks)

Very Low

Short term (<=1 wk)

Site-specific
(< =0.5 km)

Very Low

Mild

6-2

Natural Gas Pipeline (ruptures)

Very Low

Very short term (<=2 days)

Neighbouring
(<=1 km)

Medium

High

6-3

Crude Oil Pipeline

Very Low

Very short term (<=2 days)

Local (<= 5 km)

Low

Mild

6-4

Sour Gas Pipelines (leaks-ignited)

Very Low

Very short term (<=2 days)

Local (<= 5 km)

Low

Moderate

6-5

Sour Gas Pipelines (leaks-unignited)

Very Low

Very short term (<=2 days)

Local (<= 5 km)

Medium

Severe

6-6

Sour Gas Pipelines (ruptures-ignited)

Very Low

Immediate (<=2 hrs)

Sub-regional
(<= 20 km)

Medium

Moderate

6-7

Sour Gas Pipelines (ruptures-unignited)

Very Low

Very short term (<=2 days)

Sub-regional
(<= 20 km)

Very High

Severe

6-8

Other Pipelines

Very Low

Short term (<=1 wk)

Neighbouring
(<=1 km)

Very Low

Mild

6-9

Water Pipelines

Very Low

Short term (<=1 wk)

Site-specific
(< =0.5 km)

Very Low

Very Low

6-10

High Vapour Pressure (HVP) Pipelines

Very Low

Very short term (<=2 days)

Local (<= 5 km)

Medium

High
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For evaluating risk, numerical values are applied to each of the descriptors used for
characterizing exposure and hazard information in a decision matrix. These values are
qualitative in nature, and do not represent quantitative estimates of potential health risk. The
numerical values are intended strictly for ranking the scenarios for potential inclusion in the
quantitative HHRA. As a result, these values can be compared only to each other, and have no
acceptable benchmarks to be compared against.
For several variables, a default logarithmic scale was used to aid in the graphical separation
and overall interpretation of the calculated numerical risks. For the Duration of Release event, a
non-logarithmic scale was used to reflect the use of published data.
Factors applied to exposure information (factor C, factor D, factor E and factor F) are
summarized in Table 4–2 through Table 4–6, respectively. The descriptors and the range of
numerical default values or scores applied to the probability of an event occurring are presented
in Table 4–2. Published numerical frequency and probability information from governmental
agencies (including the British Columbia Oil and Gas Commission (BC OGC)) were utilized
where available, and used in combination with professional judgment. Default values on a
logarithmic scale were used only in the absence of published information and specific expert
knowledge. All frequency and probability data represented in the screening level results rely on
published data or expert opinion rather than the use of the screening level values presented
below. The sources of information and assumptions supporting probability and frequency values
used are summarized in the attached Appendix A.
Table 4-2

Probability of Event Occurrence
Factor - C

Default Value*

Very Low

0.0001

Low

0.001

Medium

0.01

High

0.1

Very High

1

or Planned

1

*published frequency data and/or expert judgment utilized
where available

Table 4-3 presents the descriptors and the numerical default values applied to the expected
release duration for specific types of sources, normalized over a 1-year period. It should be
noted that the event duration scoring took into consideration both short-term and long-term
release events.
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Table 4-3

Duration of Release Event
Factor - D

Hrs/Yr
(%)

Immediate (<=2 hrs)

0.02%

Very short term (<=2 days)

0.55%

Short term (<=1 wk)

1.92%

Light Intermittent (<=1 mo)

3.29%

Medium Intermittent (<=6 mo)

19.71%

Continuous with turn around

96.15%

Continuous

100.00%

The numerical values applied to the scales and magnitudes of exposure are provided in
Table 4–4 and Table 4–5. These values take into account area- or release-specific information.
For assessing the scale of potential impact for each scenario, the maximum possible areal
extent of the impact was considered. Magnitude of exposure is intended to capture release rate,
volume and intensity of exposure. For both Table 4–4 and Table 4–5, a certain degree of
professional judgment was utilized in determining scale and ranking. The ranking of Health
Impact (G) took into consideration information regarding not only chemical characteristics
associated with the various release events, but also magnitude and scale. Further details on the
rationale for ranking all of these factors are provided in Appendix B.
Table 4-4

Scale of Impact

Factor - E

Value

Site-specific (< =0.5 km)

0.0001

Neighbouring (<=1 km)

0.001

Local (<= 5 km)

0.01

Sub-regional (<= 20 km)

0.1

Regional (>20 km)

Table 4-5

1

Magnitude of Exposure

Factor - F

Value

Very Low

0.0001

Low

0.001

Medium

0.01

High

0.1

Very High

1

In Table 4–6 the chemical Hazard Scoring rankings are outlined. These rankings are based on
potential health effects associated with the types of emissions associated with the various
emission scenarios. Hazard was ranked as follows:
•

Severe – Potential adverse health outcomes, including death or severe, irreversible
effects
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•

High – Potential adverse health outcomes, including chronic and irreversible effects such
as cancer, reproductive or developmental toxicity, immunotoxicity, and serious
neurological effects

•

Moderate – Potential adverse effects include more serious yet reversible effects;
including varying degrees of respiratory irritation (depending on the inherent sensitivity of
the individual exposed), characterized by reversible respiratory symptoms of moderate
severity

•

Low – Potential adverse effects including minor reversible, eye or respiratory irritation or
discomfort, mild nervous system effects such as headaches

A default logarithmic numerical scale was used for the Hazard ranking, to aid in the graphical
interpretation of the results.
Table 4-6

Hazard

Factor - G

Value

Low

0.001

Moderate

0.01

High

0.1

Severe

1

Details and rationale on the hazard ranking for each specific exposure scenario are provided in
Appendix B.
4.2.2

Screening-Level Risk Assessment – Results for Air

The results of the SLRA decision matrix are shown in Table 4-7 and summarized as risk
rankings within the graphs in Figure 4-2 and Figure 4-3, and as numerical values within the risk
matrix in Figure 4-4. In Figure 4-3 and Figure 4-1 the scenarios evaluated are listed on the yaxis and the total numerical score from Table 4-7 on the x-axis. To help illustrate the range of
numerical scores, the numerical risk has been plotted using both a linear scale (Figure 4-2) and
a logarithmic scale (Figure 4-3). Both Figures 4-2 and 4-3 use the same data set. The difference
between the two figures is the use of a logarithmic scale of base 1,000 on the horizontal axis in
Figure 4-3. Due to the wide range of the numerical values, the use of a logarithmic scale is
useful for presenting such data. Instead of using equally spaced increments of 0, 1, 2, 3, etc.,
the increments are 1, 10, 100, 1,000. As a result of this mathematical transformation, the bars
for the various scenarios are visible on the chart for comparison purposes.
The numerical risk rankings are strictly qualitative in nature, and intended to only to sort
scenarios into relative order, to provide focus to the Phase 2 HHRA project. These values are
not intended to represent calculations of potential health risks.
Based on these results, it is clear that two scenarios emerge as the top priorities for further
evaluation in the detailed quantitative HHRA: (1) ongoing emissions for Gas Processing Plants
and (2) ongoing emissions for Production Facilities. These results indicate that these two
ongoing emission scenarios are associated with the greatest potential for human exposure and
health hazards.
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It should be recognised that the emissions in themselves will not be used to assess public
health directly in the quantitative HHRA. Rather, a dispersion model, called CALPUFF® 1, will
use the contaminant emission rates for the scenarios selected for further analysis to predict
ground level air concentrations, over several averaging periods ranging from 1 hour to
12 months over the study area of interest, to which people will be exposed. This model will
evaluate the predicted impacts based on a variety of meteorological conditions, changing land
use and terrain. The dispersion model will convert the emission rates into usable exposure
concentrations that will vary by time and location.
The relative risk-based rankings drop dramatically for other exposure scenarios as
demonstrated in Figure 4-4.

1

CALPUFF® is an advanced meteorological and air quality modelling system. It has been used by
various organizations including the US EPA for the assessment of long-range transport of chemicals. This
model takes into consideration local meteorological conditions and terrain.
http://www.src.com/calpuff/calpuff1.htm
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Table 4-7

Decision Matrix for Air Emission Scenarios
DESCRIPTION

EXPOSURE

A.
Scenario

B.
Pathway

1.

Gas Processing Plants

1-1

Gas Processing Plants (ongoing emissions)

1-2

C.
Likelihood of
Emission
Occurring

D.
Duration of Release
Event

E.
Exposure Area
(local vs. regional)

HAZARD
F.
Magnitude
of Exposure

G.
Health
Impact

Numerical
Risk
(ranking)
E.

3

Planned*

Continuous with turn
around

Regional (>20 km)

Low

High

9.2E-05

Gas Processing Plants (flaring)

Medium

Light Intermittent
(<=1 mo)

Local (<= 5 km)

Low

Mild

3.4E-10

1-3

Gas Processing Plants (emergency flaring)

Low

Very short term
(<=2 days)

Sub-regional (<= 20
km)

Medium

Mild

2.3E-10

2.

Production Facilities

2-1

Production Facilities (flaring)

Planned

Light Intermittent
(<=1 mo)

Local (<= 5 km)

Low

Mild

2.5E-10

2-2

Production Facilities (ongoing emissions)

Planned

Continuous with turn
around

Sub-regional
(<= 20 km)

Low

High

9.6E-06

2-3

Production Facilities (emergency flaring)

Low

Very short term
(<=2 days)

Local (<= 5 km)

Medium

Mild

1.1E-11

3.

Wells Drilling (manned)

3-1

Wells Drilling (cleanup & testing)

Medium

Short term (<=1 wk)

Local (<= 5 km)

Low

Mild

4.6E-12

3-2

Wells Drilling (underbalanced)

Low

Short term (<=1 wk)

Local (<= 5 km)

Low

Mild

1.0E-10

3-3

Well Drilling (sweet blowout ignited)

Very Low

Short term (<=1 wk)

Sub-regional
(<= 20 km)

Very High

Mild

6.2E-11

3-4

Well Drilling (sweet blowout unignited)

Low

Immediate (<=2 hrs)

Regional (>20 km)

Medium

Mild

6.2E-12

3-5

Well Drilling (sour blowout ignited)

Very Low

Immediate (<=2 hrs)

Sub-regional
(<= 20 km)

Medium

Moderate

9.3E-11

3-6

Well Drilling (sour blowout unignited)

Very Low

Short term (<=1 wk)

Sub-regional
(<= 20 km)

High

Severe

3.4E-11

4.

4. Wells Producing (includes servicing)

4-1

Well Prod. (sweet blowout unignited)

Very Low

Immediate (<=2 hrs)

Neighbouring

Medium

Mild

1.2E-18

1

Air

2
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DESCRIPTION
A.
Scenario

EXPOSURE
B.
Pathway

C.
Likelihood of
Emission
Occurring

D.
Duration of Release
Event

E.
Exposure Area
(local vs. regional)

HAZARD
F.
Magnitude
of Exposure

G.
Health
Impact

Numerical
Risk
(ranking)
E.

(<=1 km)
4-2

Well Prod. (sour blowout unignited)

Very Low

Immediate (<=2 hrs)

Local (<= 5 km)

High

Severe

3.3E-10

4-3

Well Prod. (sweet blowout ignited)

Very Low

Light Intermittent
(<=1 mo)

Local (<= 5 km)

Low

Mild

5.9E-17

4-4

Well Prod. (sour blowout ignited)

Very Low

Short term (<=1 wk)

Sub-regional
(<= 20 km)

Low

Moderate

3.3E-13

5.

5. Wells Non-Producing

5-1

Well Non-prod. (sweet blowout unignited)

Very Low

Very short term
(<=2 days)

Sub-regional
(<= 20 km)

Low

Mild

5.9E-18

5-2

Well Non-prod. (sour blowout unignited)

Very Low

Very short term
(<=2 days)

Sub-regional
(<= 20 km)

Very High

Severe

2.9E-12

5-3

Well Non-prod. (sweet blowout ignited)

Very Low

Light Intermittent
(<=1 mo)

Local (<= 5 km)

Medium

Mild

2.8E-16

5-4

Well Non-prod. (sour blowout ignited)

Very Low

Very short term
(<=2 days)

Sub-regional
(<= 20 km)

Very High

Moderate

2.8E-12

6.

6. Pipelines

6-1

Natural Gas Pipeline (leaks)

Very Low

Short term (<=1 wk)

Site-specific
(< =0.5 km)

Very Low

Mild

5.2E-19

6-2

Natural Gas Pipeline (ruptures)

Very Low

Very short term
(<=2 days)

Neighbouring
(<=1 km)

Medium

High

1.2E-12

6-3

Crude Oil Pipeline

Very Low

Very short term
(<=2 days)

Local (<= 5 km)

Low

Mild

1.8E-14

6-4

Sour Gas Pipelines (leaks-ignited)

Very Low

Very short term
(<=2 days)

Local (<= 5 km)

Low

Moderate

3.7E-14

6-5

Sour Gas Pipelines (leaks-unignited)

Very Low

Very short term
(<=2 days)

Local (<= 5 km)

Medium

Severe

2.3E-10

6-6

Sour Gas Pipelines (ruptures-ignited)

Very Low

Immediate (<=2 hrs)

Sub-regional (<= 20
km)

Medium

Moderate

4.2E-12
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DESCRIPTION
A.
Scenario

EXPOSURE
B.
Pathway

C.
Likelihood of
Emission
Occurring

D.
Duration of Release
Event

E.
Exposure Area
(local vs. regional)

HAZARD
F.
Magnitude
of Exposure

G.
Health
Impact

Numerical
Risk
(ranking)
E.

6-7

Sour Gas Pipelines (ruptures-unignited)

Very Low

Very short term
(<=2 days)

Sub-regional (<= 20
km)

Very High

Severe

1.1E-10

6-8

Other Pipelines

Very Low

Short term (<=1 wk)

Neighbouring
(<=1 km)

Very Low

Mild

3.1E-17

6-9

Water Pipelines

Very Low

Short term (<=1 wk)

Site-specific
(< =0.5 km)

Very Low

Very Low

7.4E-18

6-10

HVP Pipelines

Very Low

Very short term
(<=2 days)

Local (<= 5 km)

Medium

High

3.2E-12

*italicized text represent cases where published data or specific expert knowledge was utilized in the ranking rather than default values.
1.
Gas reciprocating engines and compressors are some of the many sources capture under ‘on-going emissions’.
2.
Gas stripping and sweetening have been included under ‘gas processing plants – on-going emissions’.
3
Scientific Notation. Due to the very low numbers presented in this table, scientific notation (X.XE-Y) has been used for presentation purposes. In the Numerical
-5
Risk for scenario 1-1, a value of 9.2E-05 is presented. This value is equivalent to 0.000092 or 9.2 x 10
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Figure 4-2

Relative Ranking of Air Emission Scenarios (Linear Risk Scale) Based on Calculated Numerical Risk from Air
Matrix
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Figure 4-3

Relative Ranking of Air Emission Scenarios (Log Scale) Based on Calculated Numerical Risk from Air Matrix
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Figure 4-4

Risk Matrix Showing Exposure and Hazard Values for Each of the Release Scenarios Evaluated
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A number of air emission scenarios were determined to have relatively lower rankings, generally
due to the frequency of occurrence or scale of impact. Additional discussion of some of these
omitted scenarios is provided below in Section 4.2.3 to 4.2.6.
4.2.3

Flaring and Incineration

4.2.3.1

Facility Upsets and Non-Routine Events

Facility upsets and non-routine flaring events were evaluated in the matrix as scenarios 1-3 Gas
Processing Plants (Emergency Flaring) and 2-3 Production Facilities (Emergency Flaring).
As part of collecting information in support of the SLRA, the BC OGC was contacted for details
related to large facility flaring events that were received as a written notification or from
experience and knowledge over the past two to four years (BC OGC 2013c). Two types of
upset flaring events were reported. The first category includes non-routine emergency flaring
events (total volume < 30×103 m3 gas flared). The second includes major non-routine flaring
events (total volume ranging from 30 to 100×103 m3 gas flared) at the larger gas processing
plants, oil and gas compression and/or dehydration facilities, of which there are about 100
production facilities.
General non-routine flaring events (reported for 100 large facilities in the region) averaged
approximately 500 events per year, which is roughly equivalent to 5,000 non-routine flaring
events over the past 10 years. At these facilities, major non-routine events occurred
approximately 100 times per year times over 10 years, totalling 1,000 events. The metered or
estimated volume of flared gas for general non-routine flaring events was 30×103 m3 or less gas
flared, at a rate of 10×103 m3/h. For major non-routine flaring events total volume ranging from
30 to 100×103 m3 or less, with an average rate of 30×103 m3/h. The composition of the gas
flared was primarily sweet, consisting of 95% methane, 3% ethane, 1% propane plus heavier
compounds (C3+), 0.5% CO2 and 10 ppm H2S. In these flares, the gas mixture was ignited
100% of the time. The duration of each flaring event was approximately 3 hours. The locations
of the flaring events were typically at major facilities situated in remote areas. About 30% of the
flaring events occurred within 10 km of rural populated areas during daytime operations. There
have been approximately ten complaints of health concerns from flaring at major facilities over
the past 4 years (BC OGC 2013c).
Flaring and venting releases for facilities (including gas processing plants and production
facilities) with permits must adhere to operational requirements are prescribed by the BC OGC
in their Flaring and Venting Reduction Guidelines (BC OGC 2013b). These requirements are
designed to minimize or conserve releases of solution gas into the atmosphere. The BC OGC
has been managing flaring, incinerating and venting activities in BC for several years, starting in
2008 when the first version of this guideline was issued. In particular, Table 2.1 of the BC OGC
guideline (2013b) defines the permissible number of consecutive hours or days in duration that
flaring can occur during a facility outage due to partial equipment outage (less than 5 days),
planned shutdown, emergency (less than 4 hours) or plant upset greater than 4 hours). In all
cases, the flare stack or incinerator must be designed to meet the Level A 1-hour BC Ambient
Air Quality Objectives (AAQO) for SO2 (BC MOE 2013h), at a rate compliant with the AAQO.
Flares, incinerators and other gas combustion systems must not result in off-site odours, black
smoke or adverse effects to public health and safety or injury to vegetation (BC OGC 2013b).
Permit holders must also demonstrate that H2S and SO2 emissions from the burning of sour and
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acid gas in flares and incinerators will not result in unacceptable air quality impacts if the gas
contains more than 1 mole percent H2S. The 1-hour Level A AAQO for H2S (7.5 to 14 µg/m3)
and SO2 (450 µg/m3) are based on nuisance odour and health (respiratory effects), respectively
(BC MOE 2013h).
The flaring scenarios 1-3 (Gas Processing Plants Emergency Flaring) and 2-3 (Production
Facilities Emergency Flaring) were not selected for further evaluation in the SLRA due to the
low relative numerical ranking values assigned. The relative rankings of these two scenarios
were several orders of magnitude lower than the rankings estimated for the on-going facility
emissions scenarios. These lower rankings were influenced by the intermittent, short-term
nature of the releases, frequency of occurrence, and the localized region of potential impact.
4.2.3.2

Routine Flaring Events

Routine flaring events were evaluated under scenarios 1-2 Gas Processing Plants (Flaring), 2-1
Production Facilities (Flaring), and 3-1 Wells Drilling (Clean up and Testing).
The BC OGC provided a ten-year summary of routine flaring applications that were filed as
either an Application to Alter (up to October 4, 2010) or Notice to Flare (October 4, 2010 to April
16, 2013) (BC OGC 2013d). Over this ten-year period, the total number of flaring permits was
6,513; however, the number of unique wells (removing updates and permit revisions for the
same wells) was 4,450. Tables 4-8 and 4-9 summarize the number of flaring permits issued as
well as other details such as flaring volume (both approved and actual for sour gas only) for
sour gas and sweet gas flares, respectively. Table 4-8 also presents the H2S concentrations
and the corresponding approved and actual volumes of H2S flared. The average H2S
concentration flared was approximately 3%, with only 1% of the flaring events being greater
than 25.3%. The median H2S concentration of these flares was 0.9% or 9,000 ppm. The actual
flared volumes for sweet wells over the ten year period were not available.
Table 4-8

Summary of Routine Flaring Permits Issued for Sour Gas Wells and Flared
Volumes for the Period January 1, 2003 to April 16, 20131

Sour Gas Flaring
Statistics
Maximum

H2S Concentration
(%)

Approved Flare Volume
3 3
(10 m )

3

80

5,233

th

25.3

1,000

78.2

th

90 Percentile

7

500

14.7

Median

0.9

150

0.75

35

0.11

99 Percentile

th

1,582

25 Percentile

0.2

Average

3

224

6

3,569

3,569

3,569

Number of Flaring
Permits
1

3

Actual H2S Volume (10 m )

BC OGC 2013d
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Table 4-9

Summary of Routine Flaring Permits Issued and Approved Flare Volumes
for Sweet Gas Wells for the Period January 1, 2003 to April 16, 20131

Sweet Gas Flaring Statistics
Maximum

Approved Flare Volume
3 3
(10 m )
2,800

th

1,798.3

th

90 Percentile

500

Median

125

99 Percentile

th

25 Percentile

40

Average

236

Number of Flaring Permits
1

4

2,912

BC OGC 2013d

As outlined in the above tables, the number of approved sour and sweet gas well flaring permits
were 3,569 and 2,912, respectively. It should be noted that some of the permits were revisions
or updates to existing permits so the actual number of unique sour wells was 2,533.
Figure 4-5 is a plot of the sweet and sour flaring events over the ten-year period and shows the
number of flares in terms of H2S concentration (bar graph) and cumulative frequency of flaring
(line graph). About 43% of the flares were sweet (contained low amounts of H2S), and 77%
contained less than1% H2S. Approximately 7% of the flares contained H2S at concentrations
equal to or greater than 5%. Figure 4-6 shows the number of sweet and sour gas flaring events
in terms of flared volumes. The majority of the events included approved flared volumes less
than 50×103 m3, or greater than 400×103 m3.

Figure 4-5

Number of Temporary Flaring Events and Cumulative Distribution of
Flaring (red line) Based on H2S Concentration Over the Period January 1,
2003 to April 16, 2013
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Figure 4-6

Number of Temporary Sweet and Sour Gas Flaring Events and Cumulative
Distribution of Flaring Based on Approved Flared Volume Over the Period
January 1, 2003 to April 16, 2013

Based on the H2S content and volumes of gas being flared in Figures 4-5 and 4-6, respectively,
it can be seen that the oil and gas industry has been pursuing larger amounts of sweet gas
rather than sour gas over the past ten years. As a result, the H2S content in raw gas has been
declining over the past three years which reflects the pursuit by industry of shale gas in
particular where the H2S content is low relative to conventional or sour gas production.
For wells and facilities, the BC OGC requires that the proponent undertake dispersion modelling
if the gas composition includes an H2S concentration between 1% and 5% but the results do not
need to be submitted to the BC OGC, unless requested (BC OGC 2013b). For sour and acid
gas flaring where the H2S concentrations are greater than 5%, the permit holder must submit
the dispersion modelling results to the BC OGC for review and approval prior to any flaring. All
facilities that require a Waste Discharge Permit, such as a gas plant or compressor station
greater than 3,000 kW, must conduct dispersion modelling for all of its emission sources as part
of the permitting process. The results of the modelling must demonstrate the ability to meet the
BC Level A AAQO for H2S and SO2.
The flaring scenarios 1-2 (Gas Processing Plants Flaring), 2-1 (Production Facilities Flaring),
and 3-1 Wells Drilling (Clean-Up and Testing) were not selected for further evaluation in the
SLRA due to the assignment of low relative numerical ranking values. The relative rankings of
these scenarios were several orders of magnitude lower than the rankings estimated for the ongoing facility emission scenarios. These lower rankings were influenced by the intermittent,
short-term nature of the releases, frequency of occurrence, content of the emissions, and the
localized region of potential impact. In addition, these routine flaring events are subject to
permitting and compliance processes that may mitigate the potential for human exposure.
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4.2.4

Fugitive Leaks

Fugitive leaks were not explicitly evaluated as separate scenarios in the air matrix. However,
additional justification for this is provided below.
Small fugitive gas leaks of sweet natural gas from wells, pipelines, batteries and metering
buildings emit very small amounts of hydrocarbon products from seals, pumps and flanges due
to wear, damage, manufacturing flaws, poor design or installation. As well, sweet natural gas
can be used as the supply medium for pneumatic instrument controllers. Typically, an inventory
of equipment counts is made, then based on the number of components for each piece of
equipment, emissions can be created using reference documents such as those from the
Canadian Association of Petroleum Producers (1999). Although there can be many identified
components, the amount of product released remains very small at each location, and
cumulatively, the total emissions do not create a human health issue as the chemical
compounds being released are generally of low concern with respect to human health (being
mostly light petroleum hydrocarbons such as methane and ethane). As well, the spatial
distribution between wells and facilities for single and multi-wells, gas and crude oil batteries,
gas gathering systems, shallow gas wells, conventional oil wells, and compressor stations, is in
the order of kilometres apart. As such, the air quality impact from these cumulative emissions
has been shown to be insignificant when inventoried and modelled in a predictive dispersion
model such as AERMOD® 2 or CALPUFF®.
Typically, these types of assessments are not completed as the emission sources are very
small and we are not aware of a relevant study being completed in BC. In lieu of an equivalent
BC study, an Alberta health exposure study that was completed on behalf of Compton
Resources and Darian Resources for their oil and gas operations near Vulcan, Alberta (RWDI
2010) was used. Rural neighbours had expressed health concerns with respect to their
exposure to trace, fugitive emissions from 174 sweet oil and gas wells and facilities over a study
area of 25 km by 45 km. In their decision, the Energy Resources Conservation Board (Board)
made the following finding (2011).
“..the Board is satisfied that the air emissions and dispersion analysis …can be
relied upon to provide a reasonable assessment of the behaviour of emissions from
upstream oil and gas (UOG) facilities in the Vulcan area. Their analysis
incorporated conservative assumptions and methods that were predicted with a
substantial margin of safety the conditions under which individuals would be
exposed to emissions at levels known to have, or suspected of having, potential to
impact human health. The Board is satisfied that the standards used or adopted …
including those of the Alberta Ambient Air Quality Objectives, to predict human
health effects are also conservative in that the levels at which impacts are
suspected or predicted to occur account for individuals who are sensitive to
exposure and not just the mainstream population. Emissions from UOG facilities
are only one of many anthropogenic sources of emissions affecting air quality, and
in fact, are not the main contributors to emissions that area residents experience.
Vehicles, livestock operations, and human communities in the area combine to
contribute a greater effect on ambient air quality. Emission concentrations from the
AERMOD® is a steady-state plume model that incorporates air dispersion that takes into
consideration both surface and elevated sources, and both simple and complex terrain.
http://www.epa.gov/ttn/scram/dispersion_prefrec.htm#aermod
2
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subject facilities reviewed diminish significantly as distance from the emission
source increases. This, combined with relatively low source volumes, indicates that
the potential for individuals to be affected by emissions from the facilities under
review is not significant at distances greater than 1 km from any such facility”
(ERCB 2011).
With respect to H2S, venting is not an acceptable alternative to flaring or conservation (BC OGC
2013b). Wells drilled and facilities constructed after September 2010 must not use gas
containing more than 20 ppm H2S for instrumentation, or to provide motive force for pumps
unless exempted by the BC OGC (2013b). The BC OGC also requires that permit holders
develop and implement a program to detect and repair leaks and these programs must meet or
exceed the Best Management Practice for Fugitive Emissions Management (CAPP 2007).
Fugitive emissions from oil and gas activities in the region were thus not carried forward for
further evaluation in the quantitative HHRA.
4.2.5

Emissions from Well-Site Activities

Well-site activities were not evaluated in the air quality matrix. A discussion of these emission
sources is presented below.
When wells are drilled, put into service and connected to flow lines or pipelines, there are a
number of necessary activities involving heavy equipment. Some of the well-site activities
include well drilling, well preparation for production by lining, perforating and fracturing, tie-in to
the pipeline, re-fracturing and completions, and well bore cleaning and swabbing. These types
of activities and the resulting emissions from engines tend to be continuous for periods of days,
weeks, or in some cases, a few months. Large diesel engines power heavy equipment, that
may be either stationary or mobile, such as the drill rig, water and vacuum trucks, pump
fracturing fluids, transport or dump trucks and equipment used to plow, excavate and load.
Activities using heavy diesel engines result in emissions of chemical compounds such as oxides
of nitrogen (NOx), fine particulate matter (PM2.5), carbon monoxide (CO) and hazardous air
pollutants like benzene, toluene, acrolein, acetaldehyde and formaldehyde. One example
where an air quality assessment for these types of well-site activities was conducted was
prepared by RWDI for the Encana Shallow Gas Infill Development in CFB Suffield National
Wildlife Area (RWDI 2007). The predicted results indicated elevated levels of nitrogen dioxide
(NO2), PM2.5 and acrolein that extended out to about 800 m from the well-site. These results
were based on the very conservative assumption that many of the site activities (i.e., drilling,
completions and tie-in) listed above occurred at precisely the same time and in the same
general area (i.e., within 3 km of each other). Typically, these activities would follow each other
and would not be simultaneous.
Due to the localized and short-term nature of these emissions, well-site activity emissions were
excluded from consideration within the more detailed quantitative HHRA.
4.2.6

Uncontrolled Releases

Several uncontrolled release scenarios were evaluated within the matrix under the well drilling
scenarios (3-3 to 3-6), producing well scenarios (4-1 to 4-4), non-producing well scenarios (5-1
to 5-4), and pipeline leaks and ruptures (Scenarios 6-1 to 6-10).
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The BC OGC tracks reported incidents for the oil and gas industry and summarizes them each
year (BC OGC 2010a,b; 2011). Reported incidents are classified into four categories reflecting
the level of risk: minor, Level 1, Level 2 or Level 3. These levels, as defined by the BC OGC,
are as follows:
•
•
•
•

Minor: Incidents that do not meet the criteria or Levels 1 to 3. The incident has minor
impact on the permit holder only and has no associated impact to people, property or the
environment
Level 1: Incident has moderate to major impact on the permit holder only with no
potential impacts to people, property or the environment
Level 2: Incident may pose a risk to the public and/or the environment
Level 3: Incident has serious potential impact to the public and/or the environment and
results in immediate danger

Annual summaries for 2010 and 2011 are provided in Table 4-10 and Table 4-11, respectively.
Table 4-10

Summary of Minor and Levels 1, 2 and 3 Incidents by Activity During 2010
(BC OGC 2010a,b)

Activity Type

Minor

Level 1

Level 2

Level 3

Total Number
of Incidents

Pipelines

37

13

7

1

58

Well sites Producing

50

11

12

0

73

Well site Drilling/
Completions

58

22

1

1

82

Well-sites Other

6

2

0

0

8

Facilities

72

8

3

0

83

Other

13

2

0

0

15

Total

236

58

23

2

319

Table 4-11

Summary of Levels 1, 2 and 3 Incidents by Activity During 2011 (BC OGC
2011)

Activity Type

Level 1

Level 2

Level 3

Total Number of
Incidents

Pipelines

12

7

0

19

Well sites

19

10

2

31

Facilities

10

1

0

11

Oil and Gas Roads

0

0

0

0

Other

1

0

0

1

Total

42

18

2

62

Note:
The minor category was not used by the BC OGC for this reporting year and all well site activities were
grouped together.
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The BC OGC provided the following details with respect to serious incidents where uncontrolled
releases from wells or pipelines occurred between 2009 and 2011 (BC OGC 2013e):
•

November 2009 - Failure of sour gas well pipe due to sand erosion resulted in release of
sour natural gas 575 m from the nearest resident. Eight homes were evacuated and gas
monitoring picked up H2S concentration of 3 ppm at residence 800 m away. Residents
returned home two hours later – Level 3.

•

December 2009 - Natural gas well blowout; no residents within 15 km – Level 3.

•

2010 - Three separate incidents of well pipe failures due to sand erosion. None were in
close proximity to residents (i.e., less than 3 km; workers evacuated sites due to
explosion hazard) – Level 2.

•

2010 - Rig fire due to natural gas release while drilling; no residents within 80 km –
Level 3.

•

2011 - Four incidents of gas release: two from pipelines, two from drilling/servicing
operations. One incident resulted in H2S odours near a residence 3 km away. Gas
monitoring did not show any harmful levels of H2S, but residents were taken to hotel in
Fort St. John for the night as a precaution; pipeline was shut in and repaired; the incident
was due to extensive flood damage. The other incidents did not impact public health or
safety – All Level 2.

•

March 2012 - Rig fire due to natural gas release while drilling; no residents within 10 km;
mobile air monitoring for four weeks showed no harmful levels of hazardous substances
– Level 3.

For the period between January 1, 2009 to December 31, 2012: a total of 112 public complaints
were received by the BC OGC for H2S (rotten egg) type odours and 70 complaints were
received for other petroleum type odours. None of the complaints resulted in non-compliance
orders for control of hazardous substances (BC OGC 2013e).
Due in part to their low overall relative rankings, the potential health risks associated with
accidents and uncontrolled releases. In addition to the low relative ranking, there are also
inherent challenges posed by assessing hypothetical release scenarios without having to make
the necessary ‘leaps’ with respect to the source types, source locations, and affected
populations. Instead, the risks posed by such release events will be addressed as part of the
Review of BC Statutory, Regulatory and Policy Frameworks, specifically as these relate to
current requirements on how emergencies are mitigated, responded to, and generally managed
by the oil and gas industry in NE BC. If required, these issues will be considered further in the
study team’s final task: Recommendations on Monitoring and Managing Health Concerns.
4.2.7

Discussion of SLRA Results for Air

The SLRA completed for air emission sources in the region related to oil and gas activity
evaluated the potential risk to human health through the use of a qualitative ranking approach
that took into consideration exposure and hazard. Two scenarios emerged as presenting the
greatest potential for adverse human health risks: (1) ongoing emissions from gas processing
plants, and (2) on-going emissions from production facilities (including compressors, batteries,
etc.). These two scenarios will be carried forward into the detailed, quantitative HHRA. As part
of the quantitative HHRA, an air quality assessment will be completed using a dispersion model
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which will incorporate local sources, local meteorology and dispersion conditions, terrain
features, land use and vegetation cover. This predictive model will ultimately provide estimated
concentrations of several key chemicals at ground-level. Both favourable (e.g., steady and
moderate winds) and adverse (e.g., atmospheric inversions and near calm wind speeds)
dispersion conditions and complex wind patterns, due to changing terrain features, will be
accounted for in the model. Additional information as to how the two selected air scenarios will
be evaluated in the quantitative HHRA is provided within Section 6.0.
Several scenarios were assigned relatively low rankings within the air quality matrix. A number
of these scenarios, excluded from the quantitative HHRA, included accidents and malfunctions
that may occur on a site-specific basis. The potential risks posed by such release events are
generally mitigated through regulation and as such, the Review of BC Statutory, Regulatory and
Policy Frameworks, will specifically address current requirements on how emergencies are
mitigated, responded to and generally managed by the oil and gas industry in NE BC (see
Section 8).
5.0

EVALUATION OF POTENTIAL EMISSION SOURCES TO WATER

Northeastern BC contains the western edge of the Western Canadian Sedimentary Basin
(WCSB), which is the portion of BC shown in Figure 5-1 and is defined as the region for the
purposes of the Phase 2 HHRA project. It has seen considerable oil and gas activity. Along with
the air-related emission scenarios, this SLRA aims to prioritize risks associated with human
exposure to water potentially impacted by oil and gas releases in NE BC. The SLRA was
conducted using a standard approach; that is, that “Risk equals Likelihood times Consequence”,
consistent with the air quality assessment (Section 4.0). At a screening level, this assessment
applies a conceptual model of the oil and gas industry in the region. It attempts to prioritize the
risks associated with various types and ages of sites by comparing the model to human
receptors and exposure scenarios that could occur at individual oil and gas sites.
This SLRA of potential water emission sources focuses on individual sites on a high level and
does not address the population risk posed by the oil and gas industry in NE BC. The SLRA
does not replace the site-specific assessment work that should be conducted at individual
facilities having a potential impact to human health. Such assessments would consider other
important factors that affect risk, such as site-specific environmental pathways and the proximity
of drinking water sources relative to the pathways.
Thus, this assessment attempts to quantify and rank the potential health risks posed to
individuals in association with each scenario, with the goal of providing directional insight of
these potential risks associated with upstream oil and gas activities. The SLRA attempts to
qualitatively evaluate and rank the potential health risks posed to individuals within each
scenario, with the goal of providing directional insight into these potential risks through the use
of a relative ranking approach. The outcome of the SLRA for water is a relative ranking of oil
and gas activities that may release petroleum-related chemicals into the environment potentially
impacting human health through groundwater or surface water ingestion. The SLRA also
provides a discussion of a potential approach or methods for quantitatively assessing health
risks for those “higher ranked” water-related emission scenarios.
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5.1

Relevant Oil and Gas Activities

Potentially, human health could be impacted whenever chemicals used or produced by the oil
and gas industry are introduced into potable groundwater and surface water supplies. Activities
conducted by the oil and gas industry in NE BC that could potentially result in chemicals
entering water supplies include the following:
•

Exploration activities, including surface geophysics

•

Road, pipeline and facility construction

•

Well drilling, completions, stimulation and maintenance

•

Hydraulic fracturing of unconventional reserves

•

Hydrocarbon production at individual wells and well pads

•

Hydrocarbon processing at centralized facilities such as gas plants, compressor sites
and oil batteries

•

Hydrocarbon and by-product transportation by pipeline, rail or truck and associated
storage facilities

•

Handling and transportation of waste products

In addition, operational or historical oil and gas sites may represent emission sources. Several
fluid management practices used in the industry, including facilities such as flare pits, unlined
storage tank areas and onsite disposal facilities, are no longer used but can be ongoing sources
of emissions to groundwater or surface water supplies. Existing or future operating sites, even
when built to currently acceptable standards, can be sources of emissions to water through
accidental releases.
These activities are discussed in more detail below as potential exposure pathways for drinking
water contamination.
5.2

Conceptual Model for Human Exposure to Oil and Gas Releases from Water

Historic and current oil and gas development in BC has come from both conventional and
unconventional resources. Conventional oil and gas activities have historically been most
common in NE BC and include the exploration and development of porous rock formations in
the subsurface, usually by means of vertical wells. These types of reservoirs are often less than
20 m in thickness and have well defined and limited areal extent. By comparison,
unconventional oil and gas activities refer to the recovery of oil and gas from tight geologic
formations (i.e., shale gas) usually by means of horizontal wells and hydraulic fracturing.
Unconventional oil and gas activities have become more prevalent over the last few decades
due to advances in hydraulic fracturing technologies. Shale gas and tight gas targets can occur
over large areas and individual formations can be several hundred metres thick.
The conceptual model discussion provided in this section includes an overview of the available
data from which the SLRA was completed, a discussion of the major surface water and
groundwater pathways, a conceptual hydrogeological and geological overview of the
sedimentary basins in NE BC that contain the oil and gas producing geological formations, and
an overview of the major oil and gas activities that may pose a risk to human health from
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surface water or groundwater impacts. Many of the activities described are common to both
conventional and unconventional oil and gas exploration and development. Several activities
(e.g., horizontal well drilling and high pressure injection) are unique to unconventional
exploration and development.
The goal of this section is to provide a clear description of the physical setting, the oil and gas
activities undertaken, and the data available in NE BC. It also gives an overview of the major
groundwater and surface water pathways or routes of exposure and a description of the various
contaminants of concern in order to describe and qualitatively rank the potential risks to human
health from exposure to contaminated groundwater or surface water.
5.2.1

Data Availability

Table 5-1 lists some of the various sources of data used for the development of the conceptual
model for human exposure to oil and gas releases from water in NE BC.
Table 5-1
Category
Oil and Gas
Activities

Summary of Data Sources for Water-Related Risks
Classification of Data Source

Reference

Provincial databases of
industry geology,
exploration and extraction
data

BC OGC (BC OGC 2013h). FracFocus – Chemical Disclosure Registry. Accessed at:
http://fracfocus.ca/
BC OGC (BC OGC 2013i). NorthEast Water Tool (NEWT). Accessed at:
http://geoweb.bcogc.ca/apps/newt/newt.html
BC OGC (BC OGC 2013j) BC Oil and Gas Wells: Provincial Oil and Gas Wells
database. Accessed through various software packages (e.g., geoSCOUT
(geoLOGIC Systems Ltd. 2013)) or at:
ftp://www.bcogc.ca/outgoing/OGC_Data/Wells/
BC OGC (BC OGC 2014). BC Oil and Gas Wells: Database query of hydraulic
fracturing wells. [Personal Communication].
IHS 2013a. BC Well Data [Database]. Calgary, Alberta.
IHS 2013b. GDM Midstream Data for BC [Database]. Calgary, Alberta.

Water Use in Oil and Gas
Activities

BC OGC (BC OGC 2012a). Water Use in Oil and Gas Activities.
Annual Report on Short-Term Water Approvals and Use. BC OGC– JanuaryDecember 2011 with Q1 Results for January – March 2012. (BC OGC 2013h).
Accessed at: http://fracfocus.ca/

BC Water Resource Atlas

BC MOE 2013a. Online BC Water Resource Atlas. Accessed at:
http://www.env.gov.bc.ca/wsd/data_searches/wrbc/index.html

Water Survey Data

BC MOE 2013b. Water Stewardship Water Survey Data. Accessed at:
http://www.env.gov.bc.ca/wsd/data_searches/water_surveys/tss.htm

Groundwater
Resources

British Columbia
Groundwater Observation
Well Network

BC MOE 2013c. Water Protection & Sustainability Branch. Observation Well
Network Data and Interactive Map. Accessed at:
http://www.env.gov.bc.ca/wsd/data_searches/obswell/index.html

Groundwater
Resources/
Drinking
Water
Sources

Water Well Files

BC MOE 2013d. Online WELLS Database. Accessed at:
https://a100.gov.bc.ca/pub/wells/public/indexreports.jsp

Aquifer Classification System
Mapping

Lowen Hydrogeology Consulting 2004. Aquifer Classification Mapping in the
Peace River Region - Final Report (2004). Report submitted to Ministry of
Water, Land and Air Protection. 30 p.
BC MOE 2013e. Water Protection & Sustainability Branch. Aquifer Classification
Mapping. Accessed at:
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/ind
ex.html

Surface Water
Resources
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Category

Classification of Data Source

Reference
Berardinucci, J. and K. Ronneseth. 2002. Guide to Using the BC Aquifer
Classification Maps for the Protection and Management of Groundwater. Report
submitted to the Ministry of Water, Land and Air Protection. 61 p. Accessed at:
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/rep
orts/aquifer_maps.pdf

Drinking
Water
Sources
Water Quality

Water Quality

iMapBC

Government of British Columbia 2013. DataBC and iMapBC 2.0. Accessed at:
http://webmaps.gov.bc.ca/imfx/imf.jsp?site=imapbc

EcoCat: The Ecological
Reports Catalogue

Various authors. Accessed at: http://www.env.gov.bc.ca/ecocat/

Deep Subsurface Aquifer
Characterization

Petrel Robertson and Canadian Discovery Ltd. 2011. Deep Surface Aquifer
Characterization in Support of Montney Tight Gas Development Geological
Report. Geoscience BC Report 2011-11. Accessed at:
http://www.geosciencebc.com/s/Report2011-11.asp

Water Well Files

BC MOE 2013d. Online WELLS Database. Accessed at:
https://a100.gov.bc.ca/pub/wells/public/indexreports.jsp

Water Licenses Information
System (WLIS)

BC MOE 2013f. Water Licenses Information System Data. Accessed at:
http://a100.gov.bc.ca/pub/wtrwhse/water_licences.input

Land and Resource Data
Warehouse (LRDW)

Integrated Land Management Bureau 2013. Land and Resource Data Warehouse
(LRDW). Accessed at: http://archive.ilmb.gov.bc.ca/lrdw/

Reports on First Nations
Water Rights

Various authors. Accessed at:
http://www.env.gov.bc.ca/wsd/water_rights/water_rights.html#search

Environmental Monitoring
System (EMS) Data

BC MOE 2013g. Environmental Monitoring System Web reporting (EMS WR).
Accessed at: http://www.env.gov.bc.ca/emswr/

MoH Water Quality Check
Program

BC MOE, Land and Parks (now Ministry of Environment) 1993. MOH Water
Quality Check Program data.
Data is downloadable from Laboratory Services and Systems Management
Section.

MoH Drinking and
Recreational Water Quality
Data

MoH - Public Health Protection 2013. MoH Drinking and Recreational Water
Quality data.
Data is downloadable on disc.

Surface Water Quality

BWP Consulting 2003. Water Quality Assessment of Peace River Above Alces
River (1984-2002). Report submitted to Environment Canada and BC MOE. 34 p.
Accessed at:
http://www.env.gov.bc.ca/wat/wq/quality/peace_alces/peace_river_alces_river
.pdf

Water quality data from the various water systems in NE BC are also posted online by Northern
Health. The data provided is from the latest inspection of the water system and is updated as
additional inspections are conducted.
5.2.1.1

Oil and Gas Activities

Conventional oil and gas development has traditionally been conducted throughout NE BC, as
discussed above. Figures 5-1 through Figure 5-3 show the locations of existing oil and gas
pools, oil and gas facilities, and oil and gas wells, respectively. Although drilling has historically
taken place across most of the WCSB in NE BC, oil and gas wells tend to be clustered in the
Fort St. John, Fort Nelson and southern foothills producing areas in NE BC. Most of the
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unconventional gas development has been focused within two main areas, the Horn River and
Montney Basins, shown on Figure 5-1.
Publically available data, summarized in Table 5-2, shows that there are significantly fewer oil
and gas facilities (e.g., oil and gas batteries, compressor stations, injection and treatment
facilities) than oil and gas wells (see Figure 5-2 and Figure 5-3). The database indicates that
there are approximately 4,000 oil and gas facilities compared to over 30,000 oil and gas wells.
The database has information on oil and gas facilities constructed since 1978 and records of oil
and gas wells drilled since the early 1950s. Oil and gas facilities have been built across NE BC
and tend to be concentrated in the Montney and Horn River Basins. Details regarding wells
(e.g., location, well construction details, owner, extraction/processing rates and volumes,
intersected geologic units for each well, and production well zones) and facilities (e.g., location,
owner, and type) are publically available.
Table 5-2

Summary of Oil and Gas Activities in NE BC
Oil & Gas Feature Type
4

Water Source Wells

1,2

Active

Out of Use

3

TOTAL

43

114

157

Water Disposal Wells

114

97

211

Water Injection Wells

427

204

631

11

1

12

10,566

5,409

15,975

Gas Disposal Wells

10

7

17

Gas Injection Wells

10

9

19

Gas Observation Wells

42

1

43

1,767

1,482

3,249

40

5

45

984

10,170

11,154

2,848

1,353

4,201

16,862

18,852

35,714

Water Observation Wells
Gas Wells

Oil Wells
Oil Observation Wells
5

Undefined/Other Wells
2

Facilities
TOTAL
1
2
3
4

5

Source: Well information extracted from geoLOGIC Systems Ltd. (2013)
Source: Facilities information extracted from IHS (2013b)
“Out of Use” includes Abandoned, Potential, and Suspended wells and facilities
Water Source Wells extract water to be used in oil and gas extraction and processing. These do not include wells for drinking
water purposes.
Undefined/other oil and gas wells refer to oil and gas wells in the database without a specified purpose or wells that fall under
miscellaneous categories. The two biggest sub-categories of out of use, undefined, wells were labelled “Drld & ABD” (~6000
wells) and “Potential Well” (~1800 wells).

The British Columbia Oil and Gas Commission (BCOGC) provided a further breakdown of well
data to summarize the number and type of wells that are used in hydraulic fracturing activity in
northeastern BC (BC OGC 2014), shown in Table 5-3. The data is a subset of the data
presented in Table 5-2. In summary, out of a total of 31,513 wells outlined in Table 5-2, 7,278
are related to hydraulic fracturing activity as outlined in Table 5-3.
Fracturing wells are listed under a number of different categories, although they are
predominantly represented by gas production wells. Hydraulic fracturing is also used for oil
production in NE BC, although the total number of oil wells shown in Table 5-3 is less than 10%
of the total number of fracturing wells. There are a large number of undefined wells, although
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none are listed as currently active. The only other two categories of note in Table 5-3 are used
for water disposal and water injection. Otherwise, the number of wells in the remaining
categories is very minor.
Table 5-3

Summary of Oil and Gas Hydraulic Fracturing Wells in NE BC

Oil & Gas Wells: Hydraulic Fracturing

1

Water Source Wells

Active

Out of Use

2

TOTAL

2

6

8

Water Disposal Wells

32

9

41

Water Injection Wells

89

79

168

2

-

2

4,343

720

5,063

Gas Disposal Wells

4

-

4

Gas Injection Wells

1

5

6

Gas Observation Wells

7

1

8

361

286

647

Oil Disposal Wells

-

1

1

Oil Observation Wells

7

-

7

Undefined/Other Wells

-

1323

1,323

4848

2430

7,278

Water Observation Wells
Gas Wells

Oil Wells

TOTAL
1
2

Source: Well information queried from BC OGC oil and gas wells database (BC OGC 2014).
“Out of Use” includes Abandoned, Cased, Completed, Drilling, Gas Testing, and Suspended wells.

5.2.1.2

Surface Water Resources

Surface water features such as streams and wetlands are generally plentiful across the region
and are common within and around petroleum producing areas (Figure 5-4). Provinciallymanaged datasets on geochemical stream surveys, fish and wildlife mapping, dam and
reservoir locations, and active and historical hydrometric stations (to measure stream flows and
levels) are available.
There are 14 municipal surface water intakes to provide potable water across NE BC that have
Permits to Operate from Northern Health. Communities serviced by surface water include
Hudson’s Hope, Chetwynd, Fort St. John, Taylor, Buick, Dawson Creek, and Clayhurst. These
communities all divert water from the Peace River or its tributaries. Many of these communities
also extract groundwater to meet municipal water demand (as summarized in the following
section). An additional 80 springs (Amerigo, Schobert, and Simpson Springs) are currently
licensed for domestic use. Licensed surface water intakes are shown in Figure 5-4.
Every small water system in NE BC, except those that supply a single-family residence, must
have a current operating permit from Northern Health. This would apply to both surface water
systems and groundwater systems. Typical facility types that require operating permits include
arenas, community halls, camps, stores, work camps, etc.
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5.2.1.3

Groundwater Resources

Much of the data pertaining to potable groundwater resources is contained in the BC Water Well
database (the WELLs database). This provincially-maintained database includes locations,
completion details, penetrated strata, estimated yield, depths to bedrock, and details related to
dewatering, drainage, injection, monitoring, recharge, and remediation. The database contains
some information on the well location, well completion details, lithology, water level and water
quality recorded by the drilling contractor when the well was constructed. There is some
uncertainty regarding the accuracy of this information. Further, information regarding water
wells that were drilled prior to the enactment of the BC Groundwater Protections Regulation in
2004 may not be recorded in the database.
Groundwater is relied upon for domestic, municipal, and minor livestock water purposes in most
areas of NE BC. There are approximately 2,800 water wells on record throughout the region.
The wells are typically completed in overburden sand and gravel aquifers or shallow bedrock
sandstone units such as the Cretaceous-aged Dunvegan Formation. Most rural residents rely
on groundwater wells for potable water supplies. Several municipal supply systems include
municipal wells including Tumbler Ridge, Chetwynd, Fort St. John, Montney, and Fort Nelson.
There are also numerous groundwater wells used for commercial and communal supply
associated with general stores/restaurants and campgrounds, recreational vehicle parks, and
trailer parks.
The location of the water wells included in the WELLs database is illustrated on Figure 5-5.
5.2.1.4

Water Quality

Chemicals of Concern for the Oil and Gas Industry
There are a number of chemicals of potential concern (COPC) to groundwater associated with
oil and gas activities. In general, the COPC will vary depending on the particular site operation
and production status, and to some extent, on the reservoir. In general, different COPCs are
associated with produced water; drilling fluids, cuttings, well treatment chemicals (including
hydraulic fracturing chemicals); and spills and leakage. Typical contaminants of concern related
to upstream oil and gas in northeastern BC include:
•

Crude oil: petroleum hydrocarbons (PHCs) including benzene, toluene, ethylbenzene,
and xylenes (BTEX) and, depending on the reservoir, potentially polycyclic aromatic
hydrocarbons (PAHs). PHCs are typically assessed in groups (called fractions) based on
average molecular weight.

•

Natural gas: the vapour-phase constituents such as methane, ethane and propane do
not persist in the environment, but heavier hydrocarbons form a liquid condensate that is
a mixture containing BTEX and other petroleum hydrocarbons.

•

Produced water: Produced water can represent a fairly high volume of water that results
from production activities and is typically a mixture of hydrocarbons and formation water.
It typically contains varying amounts of inorganic salt, heavy metals, hydrocarbons,
benzene, PAHs, and occasionally, naturally occurring radioactive matter (NORMs).

•

Hydraulic fracturing fluids: the nature of hydraulic fracturing fluids varies from basin to
basin and from company to company. Generally, the fluid consists predominantly of
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water mixed (approximately 90%), some proppant (a solid (e.g., sand, ceramic) material
designed to keep the fracture open) (approximately 10%) and a very small amount of
different chemical mixtures (<1%) (US EPA 2004). Hydraulic fracturing fluid is often
recycled and therefore, over time, the fluid becomes more concentrated with salts,
hydrocarbons, metals, etc. (e.g., produced water). Additional details regarding hydraulic
fracturing fluids are provided in Section 5.2.4.5.
•

There is some potential for radioactive constituents. NORMs (naturally occurring
radioactive matter) can be present in the produced water and/or fracturing fluids and can
become concentrated through the processing operations.

A more comprehensive listing of chemicals associated with various types of chemicals from oil
and gas activities is provided in Appendix D, Table D-2.
A comprehensive water quality dataset that could be used to assess the potential impacts from
oil and gas activities in NE BC to surface water and groundwater is not available. There have
been several initiatives by the BC government to better characterize the nature of groundwater
resources in populated areas through municipal and domestic well-water testing campaigns
(e.g., Water Quality Check Program (Ministry of Environment, Land and Parks (now Ministry of
Environment), 1993)); however, these only include indicators of surficial contamination (e.g.,
nitrogen, TDS, etc.) and have not included parameters indicative of potential impacts by oil and
gas activities other than chloride. These water quality data tend to be spatially focused near
Fort St. John and Dawson Creek.
Water Quality Data
Existing sources of water quality data include:
•

Surface water quality data for the Peace River area. Geochemical and water quality
data collected at a gauge in the Peace River area near Fort St. John, above the Alces
River, from the late 1980s to early 2000s is summarized by BWP Consulting (2003).

•

Water Well Files. Geochemical and water quality data collected at well locations are
provided in water well files but are not available in the WELLs database.

•

Water Quality Check Program. The MoH Water Quality Check operated between 1977
and 1993 and tested private well water for basic ions. These data are available in digital
database format.

•

MoH Drinking and Recreational Water Quality Data. This data consists of water quality
monitoring data of community water supply systems focused on drinking water potability
and trihalomethanes (a by-product of chlorine disinfection). These data are available in
digital database format.

•

Oil and Gas Well Databases. Analyses are conducted by industry on groundwater
samples within 600 m of ground surface collected at oil and gas wells. There are 1,143
sampling locations across NE BC. Parameters analyzed include Total Dissolved Solids
(TDS), density, pH, resistivity, organic content, and ion analyses. The results are stored
in a provincially-maintained database accessible through commercial software packages
(e.g., geoSCOUT by geoLOGIC Systems Ltd.). The database also contains water
quality information from 27,550 sample locations collected below 600 m.
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In addition, the Canadian Association of Petroleum Producers (CAPP) has developed guidelines
for industry members to conduct baseline groundwater testing of domestic wells within 250 m of
wells used for shale gas, tight gas or tight oil development (CAPP 2012) to enable the
assessment of potential changes in fresh groundwater over time. The testing is to be completed
on domestic wells prior to drilling activities and will include analysis to allow comparison with
appropriate water quality standards. At a minimum, the testing will include relevant inorganic
and organic constituents identified in Health Canada’s Guidelines for Canadian Drinking Water
Quality, and the presence or absence of free natural gas (CAPP 2012). Additional sampling will
be undertaken if concerns are raised about changes in water quality. According to CAPP, this
data is not yet publicly available. It is unknown how many domestic wells have been sampled
as part of this program.
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Figure 5-1

Oil and Gas Pools in Northeast BC

Prepared for: BC MoH
Project 10710

Page 40
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

Figure 5-2

Oil and Gas Facilities in Northeast BC

Prepared for: BC MoH
Project 10710

Page 41
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

Figure 5-3

Oil and Gas Wells in Northeast BC
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Figure 5-4

Permitted Water Systems in Northeast BC
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Figure 5-5

Water Wells in Northeast BC
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5.2.2

Surface Water Pathways

Oil and gas activities, including hydraulic fracturing, often require large quantities of chemicals,
equipment, and water. Onsite storage, mixing, and pumping/injection/recovery (flowback) of
fluids may result in accidental releases, spills or leaks that could flow into nearby surface water
bodies or infiltrate into the shallow subsurface. In addition, high pressured injection of fluids or
steam to extract unconventional oil and gas at depth has the potential to impact surface water
resources via created or existing conduits (e.g., fractures or faults in the bedrock or abandoned
wells). In some cases, oil and gas activities require the development of ice roads in order to
access remote sites during the winter, which require water often obtained from a stream or
surface water body. All of these activities have the potential to impact surface water resources
from the release of chemicals into the environment.
As noted in Section 5.2.1.2, there are a number of surface water intakes that provide drinking
water for a number of communities across NE BC. A spill or intrusion of chemicals into the
surface water system upstream of these intakes could negatively impact drinking water quality.
Estimating the time of travel of a chemical from its spill location to a downstream surface water
intake is a critical factor in determining if there is sufficient time to react to and mitigate a spill.
5.2.3

Groundwater Pathways

There are a number of pathways associated with oil and gas activities that could impact
groundwater supplies. This section provides a conceptualization of the regional geologic and
hydrogeologic setting to better understand these pathways in which drinking water supplies
could potentially be impacted.
5.2.3.1

Regional Hydrogeology

NE BC is the only area of BC currently producing commercial quantities of oil and gas.
Petroleum-bearing formations within NE BC are various strata of the WCSB. The WCSB
sequence is comprised of layered sedimentary rock that can reach up to six kilometres in
thickness and represent over 600 million years of geological time. Unconsolidated (overburden)
Quaternary-aged deposits overlying the bedrock are laterally discontinuous and reach
thicknesses in excess of 500 m. In NE BC, overburden thickness commonly ranges from 50 to
150 m (BC OGC 2010c). Thicker accumulations may occur within buried bedrock valleys.
Conventional gas reserves in NE BC have been developed in Cretaceous, Triassic and
Devonian-age deposits (Mossop and Shetsen 1994). Significant conventional oil production has
also occurred in NE BC, primarily in Triassic-age sediments in the Fort St. John area. This
production peaked in 1998. Within the last several decades, there have been significant
increases in BC’s gas reserves as a result of unconventional reserves within Triassic- to
Devonian-aged strata within the Horn River Basin and the Montney Play Trend (Figure 5.1).
Significant exploration drilling for shale gas or tight gas has been occurring in the Liard Basin
and the Cordova Embayment. Over the last decade, approximately 500 to 1,000 new hydraulic
fracturing wells have been permitted each year (Schoof 2013).
The primary drivers for these new unconventional reserves have been the widespread drilling of
horizontal wells in gas-bearing shale formations and stimulating production through multi-stage
hydraulic fracturing. The target formations are typically found at depths ranging from 1,700 to
4,000 m. There are some unconventional shale gas operations also targeting Lower
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Cretaceous horizons in the Fort St. John and Northern Foothills resource regions. These target
formations are approximately > 1,900 m deep. Table 5-4 summarizes the information pertinent
to each major basin exploration area in NE BC.
Table 5-4

Summary of Unconventional Gas Targets
Liard
Basin

Horn River
Basin

Cordova
Embayment

Montney Play
Trend

Depth (m)

2,000 – 4,000

2,500- 3,000

1,200 – 1,900

2,500 – 3,000

Thickness (m)

120

150

10 – 150

150

Primary
Formations of
Interest

Lower Besa River

Exshaw Shale,
Muskwa/Otter Park
Members

Jean Marie Member,
Muskwa/Otter Park
Members

Montney Formation,
Doig Formation and
Cadomin Formation

Geological Age

Devonian

Middle Devonian to
Lower Mississippian

Devonian

Triassic

Comments

Separated from the
Horn River Basin by the
Kledo-Bovie Lake Fault

Previous conventional
plays targeted the
Mississippian to
Devonian Debolt and
Keg River/Pine Point
Formations

The Jean Marie
Member is a carbonate
tight gas play. This has
become the prominent
target in the area.

Also includes
conventional natural
gas production

Groundwater is found at various depths within both the overburden deposits and the Paleozoicaged bedrock strata. Groundwater is fresh, brackish or saline largely depending on aquifer
depth. Most subsurface freshwater in NE BC is found within the overburden deposits at depths
ranging from 0 to 150 m (BC OGC 2010c). Formation waters below 600 m are usually isolated
from the surface, are saline, and therefore unsuitable for either domestic or agricultural use.
The Health Canada (2012b) aesthetic objective for TDS in drinking water is 500 mg/L, which is
based both on taste and issues related to scaling at concentrations higher than that. Water for
agricultural use must have a TDS of < 4,000 ppm. In NE BC, TDS concentrations in most
bedrock formation waters range from approximately 20,000 ppm to 200,000 ppm (BC OGC
2010c).
Figure 5-6 presents a schematic conceptual geological/hydrogeological cross-section through
NE BC from the northern Rocky Mountains northeast to the Alberta/Northwest Territories
borders. The cross-section illustrates a conceptualization of the thick package of Paleozoicaged bedrock strata and the overlying Quaternary deposits, their regional characterization as
either aquifers or aquitards, regional groundwater flow pathways, and the approximate depths of
potable water and water suitable for agricultural uses. The cross section also schematically
highlights the major conventional and unconventional oil and gas resources. As illustrated on
Figure 5-6, the conventional and unconventional gas resources are much deeper than the base
of potable groundwater. The shallowest oil and gas formation with appreciable production is the
Cadotte Formation, which is more than 1,900 m below the base of potable water. The
Dunvegan Formation is only sporadically targeted for conventional gas production at eight
locations north of Fort St. John. It is used as a water supply for gas operations at 47 locations.
Most of the conventional and unconventional oil and gas formations are more than 2,100 m
deeper than the approximate base of potable water. The upper freshwater aquifer system is
protected from the deeper target petrochemical-bearing formations by a number of intervening
shale aquitards as illustrated on Figure 5-6.
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Figure 5-6

Schematic SW-NE Conceptual Geological/Hydrogeological Cross Section
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5.2.3.2

Aquifer Vulnerability Mapping

Aquifer classification system mapping completed by the BC Ministry of the Environment (Kreye
et al. 1994) was developed to support groundwater management activities across the Province
(see Section 5.2.1.4). The mapping is not intended to replace more detailed aquifer
assessments, but to:
•
•
•
•
•

Provide a framework to direct detailed aquifer mapping and assessment
Build an inventory of the aquifers in the Province
Provide a method of screening and prioritizing management, protection and remedial efforts
Identify the level of management and protection an aquifer requires
Increase public understanding of the groundwater resource (Berardinucci and Ronneseth
2002)

Potable water aquifers were classified based on their vulnerability to contamination, typically
from surface or near surface (e.g., underground storage tanks) sources; according to their depth
to the water table, aquifer permeability, nature and extent of confining material, and aquifer
porosity.
To date, the aquifers delineated are freshwater aquifers in overburden sediments and the
Dunvegan Formation near Fort St. John and Dawson Creek. Most of these aquifers are
described as having a low vulnerability score, with the exception of the Dunvegan Formation in
a few select areas around Fort St. John and Dawson Creek.
5.2.3.3

Other Jurisdictions

In addition to NE BC, oil and gas exploration and production has occurred in most of the
sedimentary basins across North America, including the WCSB in Alberta and Saskatchewan,
the Mackenzie Delta and the Beaufort Sea in northern Canada, and Newfoundland’s offshore
Jeanne d’Arc Basin. In the US, conventional oil and gas production has occurred in the Gulf
Coast Basin and basins in the US Midwest and the Appalachians.
There are several shale gas and tight gas opportunities in other jurisdictions across Canada,
including the Colorado Group in Alberta and Saskatchewan, the Utica Shale in Quebec, and the
Horton Bluff Shale in New Brunswick and Nova Scotia. The major shale gas plays in NE BC
(e.g., Horn River Basin and the Montney Play Trend) are amongst the deepest unconventional
gas formations in Canada. The Colorado Play in Alberta, for example, is approximately 300 m
deep, the Utica Shale in Quebec ranges in depth from approximately 500 to 3,300 m, and the
Horton Bluff Formation in eastern Canada is 1,100 to 2,000 m in depth (NEB 2009).
In the US, significant shale gas exploration activity is occurring in a number of sedimentary
basins. Notable shale gas plays in the US include the Barnett Shale in Texas, the Marcellus
Shale, which spans a number of states in the NE US including much of Pennsylvania and New
York, and the Haynesville/Bossier Shale in Louisiana.
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5.2.4

Water-Related Risk and Oil and Gas Activities

The following sections provide an overview of each of the major areas of oil and gas activities,
along with a summary of the conceptual scenarios by which drinking water resources could be
impacted. For the purposes of this SLRA, oil and gas activities for which conceptual scenarios
have been developed can be broadly categorized as follows:
•
•
•
•
•
•

Exploration activities
Construction activities
Historical fluid management practices and spills at legacy sites
Fluid management practices and spills at operating facilities
Well drilling completion and stimulation (including hydraulic fracturing)
Handling and transportation of products and waste

The following subsections describe conceptual pathways that, in some cases, are common to
more than one of these activity categories. For example, the conceptual pathways related to
fluid management at legacy and operating facilities are the same, however, the likelihood and
risk at a legacy site would be higher generally due to historical operating standards and
regulations at legacy sites.
In addition, due to the heightened public awareness of issues related to hydraulic fracturing, this
report has discussed all the conceptual pathways associated with this activity, even though
many of the pathways, such as poor well construction, are also pathways associated with
conventional oil and gas drilling.
The SLRA for these scenarios is provided in Section 5.3. In general, the human health risks
associated with these activities can be quantified only at a local scale using site-specific data
regarding the source, COPC present, pathway and exposure data, and applicable health-based
criteria that may exist for the COPC. The potential risks to public health will be qualitatively
addressed in the Regulatory Review (see Section 8 for next steps).
5.2.4.1

Exploration Activities

Geophysical programs are generally considered to pose minimal risk to water quality.
Complaints are relatively uncommon and most issues related to petroleum seismic exploration
are related to suggestions that seismic programs have disrupted the deliverability of water wells.
As such, water quality-related human health risks due to exploration activities will not be
considered further.
5.2.4.2

Construction Activities

Generally, construction activities pose a risk of sedimentation and siltation issues to surface
water. While increased total suspended solids or turbidity can be correlated to increased total
bacteria in water, it is assumed that assigning specific risk to oil and gas activities as opposed to
other development would be difficult. Therefore, specific risks due to construction activities are
not considered further.
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5.2.4.3

Historical and Operating Oil and Gas Facilities

Operating oil and gas facilities have the potential to impact drinking water supplies if releases of
oil and gas chemicals used or produced at a facility are undetected and enter groundwater
supplies or surface water. For operating facilities, these situations would arise only in the case
of an upset condition, and groundwater and surface water monitoring are typically deployed at
such sites to detect these types of issues.
However, impacts to water supplies can occur due to historical or ‘legacy’ practices, especially
the use of flare pits and other uncontained onsite locations where fluids may have been stored.
Flare pits were used in the region up until the late 1990s. Experience in the area suggests that
groundwater at a relatively high proportion of sites, particularly older, larger facilities such as oil
batteries and gas plants, may have been impacted by oil and gas production fluids. However,
within the WCSB it is only in highly unusual cases that contaminants originating from the oil and
gas industry have migrated some distance and been found in residential water supplies
(Freeman 1994).
Potentially hazardous chemicals associated with releases at operating or legacy facilities could
include production fluids (hydrocarbons and salts), particularly BTEX compounds, and the F1-F2
fractions 3 of petroleum hydrocarbons (PHCs), as well as other minor constituents, including
polycyclic aromatic hydrocarbons (PAHs), F3 and F4 PHC fractions, dissolved metals and
processing chemicals such as amines, glycols and methanol. In general, many BTEX
groundwater ‘plumes’ have been documented in the literature and are well understood to
biodegrade naturally in the subsurface. In most cases, BTEX plumes are less than a few
hundred metres in length, although high-BTEX natural gas liquids in combination with bedrock
aquifers containing secondary porosity formation and relatively high permeability (hydraulic
conductivity values in excess of 10 to 5 m/s) could exhibit BTEX plumes in excess of 1 km in
length (Freeman 1994). Chloride plumes forming from produced water losses could potentially
be longer, on the order of 1 to 5 km, as chloride does not degrade in groundwater.
At natural gas processing plants, other chemicals may be found, particularly in association with
the sweetening of gas streams containing hydrogen sulphide. Processing chemicals can include
amines and other compounds. One of these, sulfolane, can form plumes in groundwater down
gradient of natural gas processing plants using the sulfanol process for gas sweetening, as well
as at oil refineries. In addition, the storage and handling of elemental sulphur at sour gas plants
has traditionally resulted in increased sulphate concentrations around sulphur block areas and,
in some cases, localized areas of acidic groundwater. Sulfolane is extremely soluble and
recalcitrant in soil and groundwater, although there are currently no drinking water guidelines for
sulfolane in North America (AKDEC 2013). The CCME has calculated a sulfolane “Source
Guidance Value for Groundwater” of 0.09 mg/L. Health Canada sets Canadian Drinking Water
Guidelines, and CCME used Health Canada’s protocol for developing these guidelines to
calculate a groundwater check in its derivation of a soil quality guideline for sulfolane. CCME
states that their source guideline is not a Canadian Guideline for Drinking Water Quality (CCME
2006b).

3

Fx represents the carbon (C) fraction, e.g., F1 represents the C6 to C10 fraction.
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5.2.4.4

Well Drilling and Completion

Well drilling and completion are not typically considered a risk to potable water supplies. As
noted above, the greatest risk associated with well drilling is the improper completion or
abandonment of the wells, which may cause upward migration of gas or deeper, saline
formation water to come into contact with fresh water resources under the right pressure
regimes. The risk of fluid/gas migration to the near surface due to improper completion or
abandonment of wells is a risk shared by both conventional and unconventional oil and gas
wells. Additional details regarding this conceptual pathway are provided in Section 5.2.4.5.
Figure 5-7 displays the number of wells drilled per year in BC to provide context for
understanding the scale of activities in the Province. Much of the recent increase in well drilling
has been a result of shale gas or tight gas drilling and the various conceptual transport
pathways are described in Section 5.2.4.5.

Figure 5-7

Number of Wells Drilled per Year in BC (IHS 2013a)

5.2.4.5

Hydraulic Fracturing

Well stimulation activities, particularly hydraulic fracturing commonly known as ‘hydrofracking’ or
‘fracking’, has garnered much public attention in recent years (e.g., Howarth et al. 2011). During
hydraulic fracturing procedures, a mixture of mostly water and sand are pumped at a high
pressure into a production wellbore to induce and open fractures in an otherwise ‘tight’ (low
permeability) geological unit. Often, fractures are maintained in the geologic unit by the sand
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(or other particulates) that prevent the fractures from closing when the injection is stopped and
the pressure is reduced.
Although water volumes will vary depending on the location and nature of the rock to be
fractured, as well as the methods used and the length of the well bores, relatively high volumes
of water (e.g., 10,000 to 20,000 m³) are used in hydraulic fracturing of a typical horizontal well in
shale. Between 50 and 200 m³ of other chemicals are used for pH adjustment, surfactant
properties, gelling qualities, friction reduction and other purposes in the hydraulic fracturing fluid.
Approximately 50 to 90% of the fluid returns back to the surface as flowback water. Much of the
flowback water is stored on site and recycled while the remainder is either re-injected to deep
geological formations, or disposed of according to applicable local regulatory requirements. In
BC, when fracture fluid is to be disposed, it must be trucked to an approved disposal well or
facility. Surface discharge or disposal of produced water is not permitted in BC (BC
OGC 2010c).
Hydraulic Fracturing Fluids
Concern has been raised about the composition of the hydraulic fracturing fluid and the potential
effects of this fluid on human health. The composition of the hydraulic fracturing fluid varies by
geography and local developer, but typically it contains 99.5% water and sand and very small
amounts of additives. Propane-based liquefied petroleum gas (LPG) also may be used to
fracture shale formations instead of water (All Consulting 2012). In these cases, the base fluid
is 90% propane and 10% gelling agent and other additives. The gelled LPG returns to the
surface as propane gas. The main fluid categories include: gelled fluids; foamed gels; water
and potassium chloride water; acids, and a combination of the above (US EPA 2004).
After fluid, the largest component of a fracture fluid utilized to treat a shale gas well is the
proppant, which is a granular material used to hold open the created fractures in order to allow
gas to flow (All Consulting 2012). Sand is the most common proppant. Other additives are
often necessary to address site-specific issues. In general, the additives used include various
scale inhibitors, friction reducers, corrosion inhibitors, iron control agents, acids, and biocides
(All Consulting 2012).
The FracFocus programs in both Canada and the United States (BC OGC 2013, GWPC and
IOGCC 2013) provide public access to information regarding the composition of hydraulic
fracturing fluids. Additional information regarding fracturing fluids in NE BC is also available in
the study by All Consulting 2012. The general categories and the common chemicals within
these categories are presented in Table 5-5.
Table 5-5

Summary of Common Hydraulic Fracturing Chemicals Used in Canada and
the United States (BC OGC 2013h; GWPC and IOGCC 2013; All Consulting
2012)

Category

Chemical Name

CAS#

Function

Acid

Hydrochloric Acid

007647-01-0

Helps dissolve minerals and initiate cracks
in the rock

Biocide

Glutaraldehyde

000111-30-8

Ammonium Chloride

012125-02-9

Eliminates bacteria in the water that
produces corrosive by-products
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Breaker

Clay Stabilizer

Corrosion
Inhibitor

Crosslinker

Friction Reducer

Gelling Agent

Quaternary Ammonium Chloride

061789-71-1

Tetrakis HydroxymethylPhosphonium Sulphate

055566-30-8

Ammonium persulphate

007727-54-0

Allows a delayed break down of the gel

Sodium Chloride

007647-14-5

Product Stabilizer

Magnesium Peroxide

014452-57-4

Allows a delayed break down of the gel

Magnesium Oxide

001309-48-4

Calcium Chloride

010043-52-4

Product Stabilizer

Choline Chloride

000067-48-1

Prevents clays from swelling or shifting

Tetramethyl ammonium chloride

000075-57-0

Sodium Chloride

007647-14-5

Isopropanol

000067-63-0

Methanol

000067-56-1

Product stabilizer and / or winterizing
agent

Formic Acid

000064-18-6

Prevents the corrosion of the pipe

Acetaldehyde

000075-07-0

N,n-dimethyl formamide

68-12-2

Petroleum Distillate

064741-85-1

Hydrotreated Light Petroleum
Distillate

064742-47-8

Potassium Metaborate

013709-94-9

Triethanolamine Zirconate

101033-44-7

Sodium Tetraborate

001303-96-4

Boric Acid

001333-73-9

Zirconium Complex

113184-20-6

Borate Salts

N/A

Ethylene Glycol

000107-21-1

Methanol

000067-56-1

Product stabilizer and / or winterizing
agent.

Polyacrylamide

009003-05-8

“Slicks” the water to minimize friction

Petroleum Distillate

064741-85-1

Hydrotreated Light Petroleum
Distillate

064742-47-8

Carrier fluid for polyacrylamide friction
reducer

Methanol

000067-56-1

Ethylene Glycol

000107-21-1

Guar Gum

009000-30-0

Thickens the water in order to suspend the
sand

Petroleum Distillate

064741-85-1

Carrier fluid for guar gum in liquid gels

Hydrotreated Light Petroleum
Distillate

064742-47-8

Methanol

000067-56-1

Product stabilizer and / or winterizing
agent.

Polysaccharide Blend

068130-15-4

Thickens the water in order to suspend the
sand

Ethylene Glycol

000107-21-1

Product stabilizer and / or winterizing
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agent.
Iron Control

Citric Acid

000077-92-9

Acetic Acid

000064-19-7

Thioglycolic Acid

000068-11-1

Sodium Erythorbate

006381-77-7

Lauryl Sulphate

000151-21-3

Used to prevent the formation of
emulsions in the fracture fluid

Isopropanol

000067-63-0

Product stabilizer and / or winterizing
agent.

Ethylene Glycol

000107-21-1

Product stabilizer and / or winterizing
agent.

Sodium Hydroxide

001310-73-2

Potassium Hydroxide

001310-58-3

Adjusts the pH of fluid to maintains the
effectiveness of other

Acetic Acid

000064-19-7

Sodium Carbonate

000497-19-8

Potassium Carbonate

000584-08-7

Oxygen scavenger

Ammonium bisulfate

7803-63-6

Used to bind oxygen and prevent
premature degradation of fracturing fluid

Scale inhibitor

Copolymer of Acrylamide and
Sodium Acrylate

025987-30-8

Prevents scale deposits in the pipe

Sodium Polycarboxylate

N/A

Phosphonic Acid Salt

N/A

Ethylene glycol

107-21-1

Lauryl Sulphate

000151-21-3

Used to increase the viscosity of the
fracture fluid

Ethanol

000064-17-5

Product stabilizer and / or winterizing
agent.

Naphthalene

000091-20-3

Carrier fluid for the active surfactant
ingredients

Methanol

000067-56-1

Isopropyl Alcohol

000067-63-0

Product stabilizer and / or winterizing
agent.

2-Butoxyethanol

000111-76-2

Product stabilizer

Non-Emulsifier

pH adjusting
agent

Surfactant

Prevents precipitation of metal oxides

It is important to note that the chemicals in Table 5-5 may not represent all of those chemicals
used in hydraulic fracturing. Historically, the composition of fracturing fluids was proprietary and
there were some substances that were not known. Some provinces, including BC, and many
jurisdictions in the US, have enacted legislation requiring disclosure of the components used in
the fluids. British Columbia was the first province in Canada to require all drillers to disclose
their fluids and the information contained in the fracturing reports is available at
www.fracfocus.ca. Further, it is anticipated that an ongoing US EPA (2012a) study (described
below) will determine whether some of the chemicals used in fracturing fluids can be detected in
groundwater, and if so, obtain information about their fate, transport and toxicity.
In addition to the material used in the fracturing fluids, concerns have been raised about the
composition of the flowback (i.e., that portion of the water used that flows back to the surface).
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This water mixes with the formation water and will have elevated concentrations of salts (mainly
sodium and chloride) and could contain trace amounts of boron and other metals, as well as low
levels of naturally-occurring radioactive materials (NORMs). Additional discussion of NORMs is
provided in Section 6.7.2.1.
Documented Cases of Groundwater Contamination from Hydraulic Fracturing
It is difficult to quantify the potential for hydraulic fracturing activities to release fluids into a
potable aquifer. Evidence exists for increased methane concentrations in the vicinity of
hydraulic fracturing operations in Pennsylvania, however, no evidence of fracture fluid
constituents were found (Osburn et al. 2011). Methane in groundwater poses a health risk via
explosion or asphyxiation, not from ingestion. There are currently no federal criteria for
methane in drinking water (Health Canada 2012b). In a much-publicized case at Pavillion,
Wyoming, the US EPA reported elevated levels of hydraulic fracturing constituents in a drinking
water aquifer (Sissell 2011), however the data were later questioned and a new, as yet
unreleased, follow-up study has been commissioned in conjunction with the US Geological
Survey (Sissell 2012). In addition, it was reported that hydraulic fracturing at Pavillion had been
conducted “in and below the drinking water aquifer and in close proximity to drinking water
wells” (Martin 2012).
At a case in northwestern Alberta, chemicals from hydraulic fracturing, including nitrogen
compounds, benzene, toluene, ethylbenzene, xylenes (i.e., ‘BTEX’ compounds) and chloride,
were found to have impacted at least one potential drinking water aquifer (ERCB 2012b).
Alberta has established a Base of Groundwater Protection (BGWP) across the Province, which
is a best estimate of the depth below which saline groundwater is likely to occur using available
data (AEUB 2007a). Similar to the Pavillion case, the hydraulic fracturing in the northwestern
Alberta case was conducted at 136 m below ground surface, well above the BGWP.
Pathways for Contamination
A number of studies (All Consulting 2012; Jackson et al. 2013; Rozell and Reaven 2012; Kibble
et al. 2013) have discussed the potential pathways through which shallow groundwater or
surface water could be impacted as a result of hydraulic fracturing. The 2012 All Consulting
study completed for the Petroleum Technical Alliance of Canada (PTAC) and the Science and
Community Environmental Knowledge Fund (SCEK) focuses on subsurface pathways whereas
the other three studies also discuss surface pathways through which activities associated with
hydraulic fracturing could impact water resources.
The US EPA is currently executing a ‘Plan to Study the Potential Impacts of Hydraulic
Fracturing on Drinking Water Resources’ in response to a 2009 request from Congress. A
recent progress report outlined the project methodology, which will include coupled flow,
geomechanical and contaminant transport computer modelling, field work, a detailed review of
oil and gas well completion records, collecting hydraulic fracturing chemical usage data, and
laboratory studies (US EPA 2012a).
These studies all describe similar conceptual pathways by which water resources may be
impacted by hydraulic fracturing activities, such as:
1. Migration of fluids/gases to a fresh water zone through induced fractures (All Consulting
2012; Jackson et al. 2013; US EPA 2012a)
Prepared for: BC MoH
Project 10710

Page 56
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

2. Migration of fluids/gas to a fresh water zone through existing conduits such as faults or
fractures (Rozell and Reaven 2012; All Consulting 2012; Jackson et al. 2013; Kibble et
al. 2013; US EPA 2012a)
3. Migration of fluids/gas to a fresh water zone through improperly completed well(s)
(Rozell and Reaven 2012; All Consulting 2012; Jackson et al. 2013; Kibble et al. 2013;
US EPA 2012a)
4. Unanticipated blowout of fracture fluids during operation (All Consulting 2012; Kibble et
al. 2013)
5. Migration of fluids/gas to a freshwater zone from the fracture zone through porous media
(All Consulting 2012)
6. Well site surface spills or leaks (Jackson et al. 2013; Rozell and Reaven 2012; Kibble et
al. 2013; US EPA 2012a)
A summary of the major finding of these studies with respect to each of these conceptual
pathways is provided below.
1. Migration of Fluids/Gases to a Fresh Water Zone through Induced Fractures
This pathway involves the creation of new vertical fractures, as a result of the hydraulic
fracturing, from the hydrocarbon zone to the freshwater zone. The cited studies all suggest that
the probability of an induced fracture reaching the freshwater zone is extremely low. The actual
probability would vary depending on site-specific characteristics, including the distance from the
fracture zone to the fresh water zone, the volumes/pressures associated with the injected fluids,
and the nature of the geology and hydrostatic conditions separating the fracture zone and the
freshwater zone.
Jackson et al. (2013) indicated that the bulk of evidence suggests that induced fractures do not
extend more than tens to hundreds of feet. A study was cited that indicated that, based on
micro seismic data in the US, only 1% of fractures would extend more than 500 m and the
maximum fracture height would be 590 (Davies et al. 2012). As a result, a general conservative
minimum separation distance of 600 m has been suggested. Most shale plays in North America
are deeper than 1 km, including those in NE BC.
The All Consulting (2012) study cited the Interstate Oil and Gas Compact Commission that
stated that there has not been a single documented case of hydraulic fracturing creating a
fracture leading to communication with the freshwater zone.
2. Migration of Fluids/Gases to a Fresh Water Zone through Existing Conduits such
as Faults or Fractures
This pathway involves the hydraulic communication between the fracture zone and the
freshwater zone through existing conduits such as faults or fractures. It also includes sealed or
dormant fractures that have been reactivated by hydraulic fracturing. Some studies have
included existing wells as a migration pathway in this scenario while others have treated existing
wells separately. In this report, the existing wells scenario is discussed separately in the
subsection below.

Prepared for: BC MoH
Project 10710

Page 57
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

Preliminary results from the US EPA study (US EPA 2012a) indicate that under conditions
reported in the published literature, existing faults are not reactivated for more than 50 m and
that the possibility of fault reactivation creating a pathway to the shallow groundwater resource
is remote. The All Consulting (2012) study completed for PTAC and SCEK indicated that for
fracturing fluid to travel through an existing fracture, existing conditions have not allowed flow
prior to the fracturing event and that the pressure conditions would be sufficient to overcome the
hydrostatic head of the freshwater aquifer. The study provided hypothetical calculations that
indicated that unrealistically high pressures over a continual basis would be required to sustain
flow to a freshwater aquifer.
There have been documented cases of shallow groundwater contamination by fugitive gas
migration from deeper hydrocarbon-bearing zones (Jackson et al. 2013) but these represent
conditions that occur along natural fractures regardless of whether or not hydraulic fracturing or
deep drilling in general is occurring. In other words, oil and gas activities do not exacerbate such
conditions.
3. Migration of Fluids/Gas to a Fresh Water Zone through Improperly Constructed
Well(s)
This pathway entails the creation of a migration pathway in one or more wells with defective or
insufficient well construction that may be further damaged by the pressures associated with
hydraulic fracturing operations. As a result, hydraulic fracturing fluids or fugitive gases could
travel through the wellbore area into the overlying aquifer. Improperly constructed or
abandoned wells also represent a migration pathway for fluid/gas migrations from deeper zones
to the near surface in areas of conventional oil and gas activity. Fugitive gases could be derived
from the fracture zone, or any overlying gas-bearing zone in hydraulic communication with the
compromised wellbore. The fugitive gas most commonly referenced is methane, for which there
is no federal drinking water guideline. This scenario also includes inter-wellbore communication
in which hydraulic fracturing in one well may cause communication (e.g. kick) or blow-outs in
nearby oil and gas wells or communication with domestic water wells. Also included in this
scenario are historical wells that have been improperly decommissioned.
The cited studies suggest that the greatest risk of subsurface contamination to the shallow
freshwater zone is from improperly constructed or abandoned oil and gas boreholes, including
those in areas of hydraulic fracturing (Jackson et al. 2013). Several studies (Stein et al. 2003;
Bexte et al. 2008) conclude that the problem is significant, on the order of up to a 15% to 20%
well casing failure rate leading to fugitive gas migration along the borehole annulus. Rozell and
Reaven (2012) cite a number of studies and conclude that there is a wide rate of reported rates
of well failures in the US and, as such used a range of well failure probabilities from 1×10-6 to
1×10-1 (i.e., 0.000001 to 0.1). It is important to note that these studies typically discuss the
migration of fluids and gases together. Theoretically, unless there are upward vertical gradients
(e.g., a formation under pressure), the likelihood of upward migration of gases is often higher
than liquids due to buoyancy forces.
The BC OGC has reported 18 cases of fracture communication in BC (BC OGC 2010d). In the
case of inter-wellbore communication, Jackson et al. (2013) cite a study that a 200 m horizontal
offset between a well used for hydraulic fracturing of coal bed methane and water wells provides
a sufficient safety margin to protect water wells from potential contaminations. This suggests
that inter-wellbore communication may only occur for wells in close proximity to each other.
However, the BC OGC (2010d) reported communication of fracture sand in a wellbore 670 m
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from the wellbore undergoing fracturing. The distance cited was from the wellhead, so the
actual distance from the horizontal section of the well may have been less than 670 m. The
actual maximum distance would depend on a number of site-specific considerations such as the
respective completion depths, the nature of the intervening geological layers, and the local
pressure regimes/hydrostratigraphic conditions.
In BC, the Oil and Gas Activities Act (2008) requires a well permit holder to use non-toxic drilling
fluids to a minimum depth of 600 m below ground surface and in porous strata containing nonsaline (usable) groundwater. The act also requires the annulus of the surface casing (and the
next casing string, if the surface casing doesn’t extend to 600 m or below porous strata
containing usable groundwater) to be cemented to the surface. These regulations are in place
to prevent drilling fluids from contaminating drinking water sources through well casing failures.
Since these regulations were put in place, the rates of well casing failures have declined
significantly. In Alberta, similar government guidelines require cement bond log inspection and
analysis prior to the injection of fluids, and have set a base of groundwater protection (similar to
the 600 m depth guideline in BC). Even with such precautions, the project study team is aware
of a well casing failure during a hydraulic fracturing event in the WCSB (in Alberta) that resulted
in very localized (confined to <100 m) exceedance of Canadian Drinking Water Quality
Guidelines in a domestic use aquifer. In this case, the well casing failure was a result of an
accidental perforation of the shallow casing above the bottom of the DUA that provided a
conduit for the fracturing fluids to migrate into the freshwater aquifer (ERCB 2012b). Thus,
while the chances of a well casing failure occurring are low, the probabilities are not negligible.
The risk might be higher for hydraulic fracturing operations than for conventional drilling
because of the higher pressures involved. If appropriate pressure gradients exist, pressurized
gas and, to a lesser extent, formation or fracturing fluid could escape from the producing zone
via one or more of these conduits. The risks therefore would be higher for an injection well,
which is a pressure source, than a producing well, which is a pressure sink after it has been
fractured.
4. Unanticipated Blowout of Fracture Fluids during Operation
Blow-outs refer to uncontrolled gas or fluid releases during a drilling operation that occur when
the formation pressures encountered during drilling exceed the ability of the drilling methodology
(usually drilling mud) to contain them (Pembina 2011). They can occur in many drilling
applications including conventional and unconventional drilling, and water well drilling. The All
Consulting (2012) study listed operation practices during injection associated with hydraulic
fracturing as a potential migration pathway in which unanticipated circumstances such as
formation over-pressuring result in uncontrolled blowouts of the fracturing fluid or formation fluid,
which could impact nearby surface water and possibly groundwater resources. The 2013
Jackson et al. study cited one case in which hydraulic fracturing on one well caused a blow-out
in a nearby oil well.
The risk of blow-outs is higher during fracturing operations than in conventional oil and gas
drilling/extraction because of the risk of unpredictable changes in pressures (Pembina 2011).
Fracturing usually requires high fluid pressures at the start of operations to initiate fracture
propagation, but the pressure required typically decreases as fracturing progresses. However,
any unanticipated geological restrictions may affect the fracturing fluid pressure in an
unpredictable way. In addition, the unanticipated intersection of induced fractures and existing
fractures or other planes of weakness may cause sudden pressure changes leading to blow-
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outs. The ongoing monitoring of pressures and fluid volumes that occurs during hydraulic
fracturing operations is intended to note any unanticipated pressure changes and avoid impacts
to freshwater resources.
5. Migration of Fluids/Gas to a Freshwater Zone through Porous Media
The All Consulting (2012) study discussed the conceptual pathway of fracture fluids from the
fracture zone to the freshwater zone through the matrix of the rock rather than an existing
fracture or other conduit. They concluded that the risk of this is very low. Similar to some of the
other scenarios, the large vertical separation between the fracture and freshwater zones, as well
as the nature of the intervening geological layers, limit the likelihood of this occurring. In
addition, using hydraulic parameters associated with the Horn River Shale in BC with typical
pressure differentials associated with a fracturing event, the study concluded that it would take
hundreds of thousands of years for fluids to travel from the production zone to the freshwater
zone.
6. Well Site Surface Spills or Leaks/Surface Disposal of Hydraulic Fracturing Fluids
The majority of groundwater contamination from oil and gas operations historically has arisen
from problems associated with fluid containment at the surface (Jackson et al. 2013). At
hydraulic fracturing sites, the storage of flow-back water may also pose risks. The BC OGC
(2010d) stated that between 50 and 90% of fracturing fluids are recovered as flowback, which
represents a significant volume of fluid.
The Rozell and Reaven (2012) study noted that, of the five pathways by which hydraulic
fracturing could impact freshwater, three were related to impacts from the surface
(transportation of hydraulic fracturing fluids; well site surface spills and leaks; and surface
disposal of hydraulic fracturing fluids with or without treatment). The transportation of
hydrocarbon-related products and well site spills and leaks is a risk also common to
conventional oil and gas activities (see Sections 5.2.4.4 and 5.2.4.6).
These authors concluded that surface disposal likely posed the highest hydraulic fracturing risk
in the Marcellus Shale play of the US mid-Atlantic region, a finding corroborated by watershed
sampling and a statistical study by Olmstead et al. (2012). However, in the Marcellus
production region there is a lack of safe deep-well disposal options for the used fluids and
initially lenient regulations led to ill-advised attempts to treat these fluids at conventional water
treatment plants that were not designed to remove brine constituents. It is assumed that the
current regulatory environment in NE BC, as well as numerous deep disposal wells, will render
this exposure pathway virtually nonexistent within this study region.
During the hydraulic fracturing process, the fluids used to inject down the well bore are typically
held in surface ponds or other retaining structures. Thus, spills and leaks at the ground surface
could potentially occur and result in small amounts of hydraulic fracturing chemicals entering
watercourses. This could occur through accidental spills or leaks, or the overflow of
impoundments during extreme rainfall events.
A relevant feature of historical practices conducted during well drilling in BC is the use of
unlined, in-ground sumps as reservoirs for drilling fluids. The use of drilling sumps was
temporary, but typically these features were not reclaimed, and were backfilled following the
completion of drilling. The use of sumps was effectively discontinued circa 1997 with the
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passing of the first Environmental Management Act (EMA 1996). While a number of oil and gas
companies in BC have systematic programs to reclaim former drilling sumps, experience
suggests that region-wide, most of these features are still in place and can be sources of
groundwater contamination.
5.2.4.6

Transportation of Products

Spills and leaks during transportation, handling and storage could release chemicals into
surface water or groundwater, impacting drinking water supplies. These issues could arise from
truck and rail accidents, as well as pipeline failures and can result in the loss of petroleum
products and by-products. In 2011, there were 12 pipeline incidents in BC involving crude oil,
produced water and natural gas liquids (NGLs), resulting in the loss of approximately 133 m³ of
these products (BC OGC 2013f).
5.2.5

GIS Analysis

A desktop Geographic Information System (GIS) analysis was conducted to better understand
the distribution of potable groundwater and surface water supplies in relation to oil and gas
activities in NE BC. This analysis can be used to identify sites where an expanded SLRA could
be completed. Additional information on this is provided in Section 5.4.2.
At present, existing regulations require only a 100 m setback of oil and gas facilities from all
buildings, and they require that monitoring and leak detection occur within a 1.6 km radius of
sour gas wells in populated areas. Therefore, a 100 m setback distance was considered in the
GIS analysis, under the “Site Specific” category as shown in Table 5-6. Additional threshold
distances were selected to be consistent with the SLRA described in Section 5.3. These
additional thresholds were not based on legislated setback distances in BC.
The distance from potable water wells locations was calculated with respect to all oil and gas
facilities and wells to determine the total number of potable water wells within the specified
threshold distances from oil and gas facilities and wells, as summarized in Table 5-6. This
analysis included operating, abandoned, potential, suspended, and “to be constructed” wells
and facilities.
In NE BC, approximately 52% of potable water wells are within 1 km of an oil and/or gas
well/facility, 26% are within 500 m of an oil and/or gas well/facility, and 7.5% are within 100 m of
an oil and/or gas well/facility (Table 5-6).
Table 5-6

Potential for Interaction between Oil and Gas Activities and Potable Water
Wells

Potential Interaction
Site Specific

Neighbouring
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Criteria

Number of Water Wells

Percentage of Water Wells
(%)

Water well <=100 m from an oil and/or
gas well and/or facility.

211

7.5

Water well 100- 500 m from an oil and/or
gas well and/or facility.

528

18.7

723

25.6

Water well within 500 m - 1 km from an
oil and/or gas well and/or facility.
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Local

Water well within 1 – 5 km from an oil
and/or gas well and/or facility.

Sub-Regional

Water well within 5 - 20 km from an oil
and/or gas well and/or facility.

Regional

Water well >20 km from an oil and/or gas
well and/or facility.

Total Water Wells in NE BC

1,238

43.9

117

4.2

2

0.1

2,819

100

The distance between a surface water feature and either a facility, a horizontal well, or a
conventional oil/gas well is summarized in Table 5-7. This was used to determine the potential
for interaction between spills from oil/gas activities and surface water features. Approximately
49% of oil and gas facilities or wells are within 500 m of a surface water feature. A 120 m
reference distance was also considered, based on guidance provided in the Ontario Source
Water Protection requirements associated with delineating intake protection zones along inland
watercourses (OMOE 2009). Approximately 11% of oil and gas facilities or wells are within 120
m of a water course. All oil and gas wells and facilities in NE BC are within 20 km of a surface
water feature.
Table 5-7

Potential for Interaction between Oil and Gas Activities and Surface Water
Features

Potential
Interaction
Site Specific

Criteria

Number of Oil/Gas
Wells/Facilities

Percentage of Oil/Gas
Wells/Facilities (%)

3,893

10.9

Oil and/or gas well and/or facility 120 - 500 m from a
surface water feature.

13,683

38.3

Neighbouring

Oil and/or gas well and/or facility 0.5 – 1 km from a
surface water feature.

10,033

28.1

Local

Oil and/or gas well and/or facility 1 – 5 km from a
surface water feature.

8,083

22.6

Sub-Regional

Oil and/or gas well and/or facility 5 – 20 km from a
surface water feature.

22

0.1

Regional

Oil and/or gas well and/or facility >20 km from a surface
water feature.

0

0

35,714

100

Oil and/or gas well and/or facility <=120 m from or
crosses a surface water feature.

Total Oil/Gas Wells/Facilities in NE BC

5.2.6

Data Gaps/Uncertainty

While there are some publically available data related to the groundwater and surface water
resources in NE BC, there are gaps with the available data sources and information that limit
the ability to assess potential impacts of oil and gas activities on potable water resources.
These gaps include:
•

Water quality monitoring data for specific contaminants of concern related to petroleum
production is limited. Without a consistent dataset of groundwater quality monitoring
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data, relating to domestic wells or monitoring wells, it is not possible to assess the
likelihood or scale of impacts from ongoing or historical oil and gas activities on potable
groundwater sources.
•

In addition to the data sources discussed above, there is some uncertainty regarding the
actual potential contaminants associated with specific oil and gas facilities. Specifically,
the composition of fracturing fluids was uncertain until BC enacted legislation requiring
companies to disclose hydraulic fracturing fluids (All Consulting 2012; BC OGC 2013h).
As discussed, the composition of fracturing fluids will vary based on geological
considerations and the operator using it. The composition used in historical operations
remains uncertain. As a result, it is difficult to assess the mobility and toxicity of these
fluids and the resulting risk if they are present in water supply aquifers.

•

There is some uncertainty about the completeness of the data regarding historical wells
or oil and gas facilities. For example, records of historical wells or well decommissioning
may not be available. Further, information regarding water wells drilled or
decommissioned prior to 2004 when the BC Groundwater Protections Regulation was
enacted may not be available in the WELLs database. This could affect the results of
the GIS analysis and, ultimately, the SSRA if there a number of unaccounted-for
historical well sites.

•

There are many legacy sites in BC that have been reclaimed to historical environmental
standards. It will be difficult to assess all of these sites on a regional basis in order to
assess their risk.

•

Local groundwater flow conditions (e.g., flow direction) and influences of groundwater
and surface water interactions in shallow aquifers require further study to determine
potential contaminant fate and migration.

•

Aquifer mapping has only been completed in some areas of NE BC. The risk of
contamination to the groundwater resource will depend, in part, on the vulnerability of
that aquifer. Without this mapping, assessing risk at a site level will be difficult.

In addition to the gaps associated with data sources, there is also some uncertainty in the
geological/hydrogeological understanding of NE BC that could affect the results of this SLRA.
Aquifer mapping, including vulnerability mapping, has been completed only in the areas of Fort
St. John and Dawson Creek. Municipal and domestic wells are also present outside of these
areas, including Fort Nelson, Taylor, Chetwynd, and Tumbler Ridge. There is uncertainty
involving shallow groundwater pathways in NE BC including areas of local and regional
groundwater recharge and discharge. Similarly, information about shallow water levels is widely
available from the provincial WELLS database. The water levels available in this database are
derived from driller’s logs, collected over a number of decades and may or may not represent
static water levels. However, this data is sparse and not usually available at a level of data
suitable to determine local groundwater flow conditions.
There is some uncertainty regarding the likelihood of impacts related to the conceptual
pathways presented, particularly those involving a subsurface pathway. For example, while
most papers reviewed suggested that fracture propagation from hydraulic fracturing operations
would be limited and unlikely to reach freshwater aquifers from depth, additional study was
recommended by many of the authors.
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The data gaps should not be significant at a site-specific risk assessment level, since the
collection of detailed site-level data would be required in order to complete the assessment.
However, such data gaps do inhibit the assessment of water-related risks on a regional scale.
5.3

Screening Level Risk Assessment – Water Scenarios

To compile the screening level risk matrix, each potential source of drinking water contamination
was divided into specific exposure scenarios and assessed separately as to the magnitude,
scale and likelihood of a potential release based on a measurable unit for an activity (e.g., a
single well site or facility, kilometre of pipeline, or vehicle delivery). The numerical values
assigned to the magnitude, scale and likelihood of impacts are given in Table 5-8 and are
discussed in greater detail below.
Table 5-8

Scale, Magnitude, and Likelihood Ranking Factors Used
Scale of Impact

Magnitude

Likelihood

Site-specific (<=0.5 km)

0.0001

Low

0.0001

Extremely Low

0.00001

Neighbouring (<=1 km)

0.001

Medium

0.01

Very Low

0.0001

Local (<= 5 km)

0.01

High

1

Low

0.001

Sub-regional (<= 20 km)

0.1

Medium

0.01

Regional (>20 km)

1

High

0.1

Will Happen

1

The assigned numerical values are representative of relative magnitude, scale, and likelihood
differences between activities, and are not intended to be interpreted otherwise. For example, a
magnitude of ‘Low’ is assigned an arbitrary numerical value of 0.0001 and ‘Medium’ is assigned
a value of 0.01. This cannot be interpreted as a ‘medium magnitude’ having 100 times more
human health impact than a ‘low magnitude’. Rather, it is a relatively higher ranking. The
relative magnitude, scale, and likelihood rankings can be interpreted using the definitions given
in the following paragraphs:
Scale
For assessing the scale of potential impact for each scenario, the maximum possible areal
extent of the impact was considered. For example, when considering an in-ground fluid pit, it
was considered that both BTEX and produced water constituents could migrate in groundwater
downgradient of such a pit. However, since BTEX compounds have Maximum Allowable
Concentrations (MACs) for drinking water and chloride has an aesthetic Canadian Drinking
Water Quality (CDWQ) Guideline only, the maximum possible scale of the BTEX plume
exceeding MACs was considered.
Generally, the study team’s experience is that dissolved petroleum hydrocarbon plumes are
fairly short, typically less than 500 m. A study of the characteristic of dissolved hydrocarbon
plumes conducted at four sites in the US indicated that approximately 2% of plumes extended
beyond 275 m (Newell and Connor 1998). Therefore, the scale of impacts related to BTEX
components were assessed to be either site-specific or neighbouring. Impacts typically
associated with scenarios that have the potential for releases of higher volumes of contaminants
were interpreted to have a neighbouring scale to be conservative. By contract, chloride plumes
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have been known to travel farther distances, depending on the aquifer characteristics. One
study has shown that chloride plumes emanating from landfills can travel up to several
kilometres (Kimmel and Braids 1974). Therefore, where salts are the primary contaminant of
concern, the overall scale was interpreted to be either neighbouring or local, depending on the
volumes, etc.
It should be noted that for this SLRA, the primary contaminants considered were the BTEX
components, other heavier hydrocarbons, as these are the most widespread contaminants of
concern in the oil and gas industry. Other contaminants of concern (e.g., metals, radioactive
materials, etc.) are not evaluated in the SLRA but should be considered as part of a site specific
risk assessment.
Magnitude
The maximum potential concentration of constituents in drinking water relative to CDWQ
Guidelines that could result from each scenario was considered when assessing the magnitude
of human health impact. These magnitude rankings were as follows:
Low:

Likely increases in water quality concentrations, but no CDWQ
exceedances of aesthetic or MAC guidelines

Medium:

Likely moderate exceedances of CDWQ aesthetic guidelines, but
no exceedances of CDWQ MACs

High:

Likely exceedances of CDWQ MAC

Please note that when both BTEX and chloride components were contaminants of concern for
any of the scenarios examined, the contaminant with the greatest magnitude (typically BTEX)
was considered first and the scale for that contaminant was used. The ranking was done for the
other contaminant and associated scale to ensure the most conservative risk ranking was
derived.
Likelihood
To approximate the likelihood of impact from each scenario, the likelihood assessment
considered the factors affecting the likelihood that conditions could result in the scale and
magnitude of the impacts discussed above. To the extent possible, referenced studies and
publically-available statistics were used in conjunction with the study team’s experience in the
industry to assess the likelihood of occurrence of each of the scenarios.
The assessment of likelihood was completed by considering the approximate number of
documented historical incidents for each scenario, the number of features of interest (e.g. wells,
facilities, pipelines, etc.) and the potential that these incidents could result in an event which
results in human exposure without considering the specific geographical distribution of receptors
(wells or surface water intakes).
As an example of the likelihood calculation, there are approximately 14,290 legacy oil and gas
well sites in NE BC. It was estimated that approximately 1% (medium likelihood per Table 5-8)
of these sites may have groundwater contamination with off-site migration. Without having sitespecific groundwater monitoring data at all legacy well sites, it is not possible to calculate the
Prepared for: BC MoH
Project 10710

Page 65
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

actual proportion of sites having off-site migration of groundwater contaminates. However, the
estimated likelihood is based on professional judgment and experience in the WCSB (NE BC,
Alberta, Saskatchewan).
Using the numeric values for magnitude, scale, and likelihood introduced in Table 5-8, the
numerical risk value for each of the water scenarios was estimated as:
RISK = CONSEQUENCE × LIKELIHOOD
WHERE CONSEQUENCE = MAGNITUDE × SCALE

The risk results are tabulated in Table 5-9, where:
Risk:
Magnitude:
Scale:
Likelihood:

Column F
Column D
Column C
Column E

Each of the scenarios is discussed in detail below, with reference to Table 5-9.
The risk calculated in Table 5-9 is based on the relative magnitude, scale, and likelihood
compared to other activities. Therefore, the calculated “risk” values that are presented should
be interpreted as qualitative rankings relative to other scenarios in the water SLRA matrix.
The following sections provide the rationale for the risk rankings for each of the scenarios
presented in Table 5-9. Figure 5-8 illustrates the relative numerical rankings for each of the
scenarios (using a logarithmic scale), and Figure 5-9 illustrates the likelihood of each scenario
plotted against consequence.
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Table 5-9

Screening Level Risk Assessment for Groundwater/Surface Water Emission Scenarios

Scenario

Source

Pathway

Scale of Impact

Magnitude
of Impact

Likelihood of
Spill/Leak
Occurring

Risk
(C x D x E)

(A)

(B)

(C)

(D)

(E)

(F)

1

Historical fluid management practices at legacy sites

1-1

Drilling waste disposal areas on well sites (GW)

1-2

Site-specific (< =0.5 km)

High

Medium

1.00E-06

In-ground fluid pits and flare system overflows (GW)

Local (< = 5 km)

High

High

1.00E-04

1-3

On-site subsurface storage of waste materials (GW)

Neighbouring (< =1 km)

High

Medium

1.00E-05

1-4

Uncontained oil onto ground (GW)

Site-specific (< =0.5 km)

Medium

Low

1.00E-09

1-5

Injection facility leaks (GW)

Neighbouring (< =1 km)

Medium

Medium

1.00E-07

1-6

GW/SW interaction (SW)

Surface water

Local (< = 5 km)

Low

Very Low

1.00E-10

2

Operating facilities

2-1

Onsite storage and pipeline leaks and spills (GW)

Groundwater

Site-specific (< =0.5 km)

High

High

1.00E-05

2-2

Onsite storage and pipeline leaks and spills (SW)

Surface water

Local (< = 5 km)

Medium

Low

1.00E-07

3

Well drilling completions and stimulation

3-1

Impact of mud systems on aquifers (GW)

Groundwater

Site-specific (< =0.5 km)

Medium

Low

1.00E-09

3-2

Well casing failures (GW)

Site-specific (< =0.5 km)

High

Low

1.00E-07

3-3

Migration of Fluids/Gases to a Fresh Water Zone through
Induced Fractures

Neighbouring (< =1 km)

High

Extremely Low

1.00E-08

3-4

Migration of Fluids/Gases to a Fresh Water Zone through
Existing Conduits such as Faults or Fractures

Neighbouring (< =1 km)

High

Extremely Low

1.00E-08

3-5

Migration of Fluids/Gases to a Fresh Water Zone through
Improperly Constructed Well(s)

Neighbouring (< =1 km)

High

Low

1.00E-06

3-6

Migration of Fluids/Gases to a Fresh Water Zone through
Porous Media

Neighbouring (< =1 km)

High

Extremely Low

1.00E-08

3-7

Unanticipated Blowout of Fracture Fluids to the Surface during
Operation

Neighbouring (< =1 km)

Medium

Very Low

1.00E-09

3-8

Well Site Surface Spills or Leaks/Surface Disposal of Hydraulic
Fracturing Fluids

Neighbouring (< =1 km)

Medium

Low

1.00E-08
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Scenario

Source

Pathway

Scale of Impact

Magnitude
of Impact

Likelihood of
Spill/Leak
Occurring

Risk
(C x D x E)

(A)

(B)

(C)

(D)

(E)

(F)

4

Handling and transportation of products and waste

4-1

Truck and rail accidents (SW)

4-2

Pipeline rupture (SW)

4-3

Pipeline leak (GW)

Groundwater

4-4

Pipeline leak (SW)

Surface water
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Surface water

Regional (>20 km)

High

Extremely Low

1.00E-05

Regional (>20 km)

High

Very Low

1.00E-04

Neighbouring (< =1 km)

High

Very Low

1.00E-07

Local (< = 5 km)

High

Extremely Low

1.00E-07
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Figure 5-8

Relative Ranking of Individual Water Emission Scenarios (Log Scale)
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Figure 5-9

Risk Matrix Showing Consequence and Likelihood Values for Each of the Release Scenarios Evaluated
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5.3.1

Historical Production, Gathering and Processing Facilities: ‘Legacy’ Sites

The exposure scenarios related to legacy sites primarily revolve around historical fluid handling
practices, particularly petroleum by-products such as produced water. In past, the following
practices may have introduced unintended contamination into water supplies:
•
•
•
•

Storing and disposing of liquids in earthen (‘flare’) pits or sumps
Disposing of storage ‘tank bottoms’, spent drilling fluids, processing waste products and
other materials in unlined landfills or pits
Changing out engine oils, particularly at compressors, without proper containment of the
waste oil
Use of in-ground sumps to contain drilling mud systems during well drilling.

Additionally, flare system overflows and issues related to produced water injection systems may
have introduced unwanted dissolved constituents into groundwater.
Regional-scale data related to these practices, when they were phased out, and potential
impacts related to them, is unavailable. As such, professional judgment and experience gained
from working at upstream oil and gas sites in the WCB was required in this assessment. It was
assumed that the use of drilling sumps was effectively eliminated soon after the passage of the
first Environmental Management Act in 1996 (EMA 1996). Other issues at facilities (e.g.,
unlined landfills, flare pits, injection problems, etc.) were reduced as a result of the same
regulation, but likely not as quickly. Based on professional judgment, it was presumed that
these issues were not eliminated until 2000. In either case, it is assumed that, given the
likelihood of the issue at a facility, historical releases continue to introduce chemicals into the
environment and that systematic remediation of these issues has not yet made a significant
difference to the number of problem sites.
Other specific assumptions used in the evaluation of these exposure scenarios are discussed
below.
•

In-ground drilling fluids storage (‘sumps’; Scenario 1-1). Based on experience, historical
buried sumps can contain BTEX and produced water constituents. Most of these
features have resulted in soil issues and about 5% of those are assumed to have
generated groundwater contamination. About 10% of the sites that generated
groundwater contamination are assumed to have actually resulted in events, defined as
off-site impacts that could potentially affect drinking water quality. Based on these
estimates, of all of the pre-1997 wells, there are approximately 70 groundwater issues at
historical sumps that may have resulted in site-specific scale impacts. Based on the
estimate, the likelihood of a spill resulting in off-site migration was interpreted to be
medium. The scale of the impact was interpreted to be site-specific, based on the study
team’s experience with dissolved petroleum hydrocarbons in similar settings. However,
should off-site impacts occur, it was assumed that one or more the BTEX compounds
would exceed the CDWQ MAC guideline, therefore the consequence would be high.
The resultant relative potential risk is towards the higher rating, as shown on Figure 5-8.

•

In-ground fluid pits and flare system overflows (Scenario 1-2). Based on experience, it
was assumed that about 80% of oil batteries and gas plants constructed prior to 2000
would have had flare pits and that about half of these would have resulted in ongoing
groundwater impacts. Of these, about 20% of the sites with groundwater impacts are
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assumed to have resulted in events, defined as off-site impacts that could potentially
affect drinking water quality in an aquifer. Thus, the likelihood of impacted groundwater
occurring at a legacy facility due to in-ground fluid pits was interpreted to be high, around
8%, resulting in perhaps 90 sites Province-wide. It was assumed that MAC guidelines
could be exceeded in this exposure scenario, primarily by BTEX concentrations, so an
impact magnitude of high was assigned to this scenario. The maximum scale of this
impact was assumed to be neighbouring in extent (< 1 km). The likelihood, magnitude,
and scale estimates result in the highest numerical ranking of all the scenarios examined
as shown on Figure 5-8.
•

Onsite subsurface storage of waste (Scenario 1-3). It was assumed that about half of
facilities constructed prior to 2000 would have had some kind of onsite waste burial, with
about 5% of these impacting soil and groundwater. Of these, about 20% are assumed
to have resulted in events, defined as off-site impacts that could potentially impact
drinking water quality in an aquifer. Therefore, the likelihood of a potentially significant
groundwater contamination issue occurring at a given facility due to historical unlined
landfills was assumed to be about 1%, or about 14 sites Province-wide, which translated
into a medium qualitative ranking. The magnitude of this type of release would be high,
assuming that CDWQ guidelines could be exceeded, primarily by BTEX or other
chemical concentrations and the maximum scale of this impact would be neighbouring (<
1 km), based on a conservative estimate of a BTEX plume. The resultant relative
potential risk is towards the higher rating, as shown on Figure 5-8.

•

Onsite uncontained oil changes (Scenario 1-4). It was assumed that about 80% of
compressors would have had oils spilled onto the ground as a result of uncontained oil
changes, but that only about 1% of these would have impacted groundwater, with about
10% of these resulting in an event, defined as off-site impacts that could potentially
impact drinking water quality in an aquifer. Therefore, the likelihood was qualitatively
interpreted to be low. It was assumed that the magnitude of this type of release would
be medium, inferring that aesthetic CDWQ guidelines could be exceeded. The maximum
scale of this impact would be site-specific, within 0.5 km, as the typical PHC constituents
associated with engine oils and metals are attenuated in groundwater. The overall risk
rating for this scenario was interpreted to have a lower risk potential than all of the
scenarios, except two. This was based on a low likelihood, a medium magnitude and a
site-specific scale of impact.

•

Injection facility leaks (Scenario 1-5). Experience suggests that the likelihood of
impacted soil occurring at a legacy site with injection facilities is nearly 100% and that
about 10% would have resulted in groundwater impacts. About 20% of the sites with
groundwater impacts are assumed to have resulted in events, defined as off-site impacts
that could potentially impact drinking water quality in an aquifer. Therefore, the
likelihood was interpreted to be medium. It was assumed that the magnitude of this type
of release would be medium, indicating that aesthetic CDWQ guidelines could be
exceeded, primarily by dissolved chloride or sodium from produced water. The maximum
scale of this impact would be neighbouring (< 1 km); even if there were numerous spills
over time, the total mass of fluid infiltrating to groundwater would be relatively low. It
should be noted while contemporary injection facilities still have occasional upsets, the
frequency of spills and leaks is much lower than it was historically and these would be
captured in pipeline spills reports (e.g., BC OGC 2013g) and would have a much lower
chance of groundwater impacts. Therefore, the overall risk potential was in the midrange of the scenarios examined.
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•

5.3.2

Groundwater/surface water interaction (Scenario 1-6). This exposure scenario
considered subsurface migration from any type of legacy facility no longer in operation
(e.g., historical natural gas gathering and processing plants, compressor stations, oil
batteries, oil gathering and processing plants and pipeline storage facilities) and release
of groundwater constituents into a watercourse from groundwater discharging into that
feature. It was assumed that the same oil and gas facilities (e.g., historical battery
stations, etc.) that had buried waste storage also could have discharge of groundwater
into surface water. Based on experience, it was assumed that about 5% of historical
facilities would have groundwater contamination (Scenario 1-3) and that about 10% of
these might discharge constituents into a watercourse. About 1% of these sites are
assumed to have resulted in events, defined as off-site impacts that could potentially
impact drinking water quality in an aquifer, but that no CDWQ guidelines would be
exceeded, therefore the impact magnitude would be low. The maximum scale of this
type of impact would be neighbouring (<1 km) and the likelihood would be very low.
Based on these qualitative rankings, the overall risk potential was interpreted to be the
lowest of all of the legacy site scenarios in the relative ranking (Figure 5-8).
Operating Oil and Gas Facilities

Operating facilities are defined as natural gas gathering and processing plants, compressor
stations, oil batteries, oil gathering and processing plants and pipeline storage facilities; most of
the facilities shown on Figure 5-2. The issues related to modern operating facilities are typically
the result of upset conditions, as current practices have been established with consideration of
mitigating the issues related to legacy sites. Nevertheless, losses at these sites may result in
the introduction of unwanted dissolved constituents into water. The assumptions used in the
evaluation of the exposure scenarios relating to operating facilities are discussed below.
•

Onsite storage facility and pipeline losses into groundwater (Scenario 2-1). The facilities
considered in this assessment are operating facilities with onsite fluid storage that were
licensed prior to 2006, assuming that the passage of the ‘new’ Environmental
Management Act (EMA 2003) has eliminated many of these issues at facilities since that
time. It was assumed that most of these facilities would have lost production fluids and
this would have resulted in some level of persistent soil impacts and that groundwater
impacts would be encountered some of these sites. Approximately 10% of these are
assumed to have resulted in events, defined as off-site impacts that could potentially
impact drinking water quality in an aquifer. The likelihood of an impact was therefore
interpreted to be high. The magnitude of this type of release would be high, in that
CDWQ guidelines could be exceeded, primarily by BTEX concentrations, but the
maximum scale of this impact would be site-specific (< 0.5 km) based on typical volumes
associated with these losses. Therefore, the overall numerical risk ranking for this
scenario was assessed to be in approximately the middle of the risk ranking in
comparison to the other scenarios (Figure 5-8).

•

Storage facility and onsite pipeline losses into surface water (Scenario 2-2). These
impacts were assumed to potentially occur despite onsite containment structures,
including typical site surface water runoff systems. Half (6) of the reported 12 fluid spills
in BC in 2011 (BC OGC 2013g) were assumed to be onsite and were assigned to this
category, with 10% of these assumed to actually enter surface water bodies (events).
The likelihood ranking was therefore interpreted to be low. It was assumed that the
magnitude of this type of release would be medium, suggesting that CDWQ guidelines
could be exceeded downstream of a release, primarily by BTEX concentrations. The
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maximum scale of this impact could be local, dissipating in a water course within 5 km
downstream of the release. As a result, the overall numerical ranking was interpreted to
be in approximately the middle of the risk ranking in comparison to the other scenarios
and slightly higher in the risk rating than the similar scenario for groundwater (Figure 58).
5.3.3

Well Drilling, Completions, and Stimulation

Well drilling has the potential to impact aquifers penetrated by drilling processes; aquifers that
could become connected to wells because of poor well completions or uncontrolled hydraulic
fracturing; or surface water courses that receive overflow water from onsite hydraulic fracturing
impoundments. The assumptions used in the evaluation of the exposure scenarios relating to oil
and gas wells are discussed below. Several of the scenarios discussed are unique to wells
used for hydraulic fracturing.
•

Mud system impacts on aquifers (Scenario 3-1). Muds used in the oil and gas industry
are designed to reduce friction and stabilize borehole walls during drilling. Successful
mud systems establish a low permeability filter cake along the outside of the drilling
annulus, so that the drilling cuttings and other materials are allowed to freely circulate
within the borehole, while there is little to no interaction with the surrounding earth
materials. Most muds are relatively benign, bentonite clay-based systems, with many oil
and gas companies moving in the direction of completely non-toxic compounds, such as
xanthan gums and water. The exposure time of earth materials to muds is relatively
short; once casings are set, there is almost no potential for the drilling mud systems to
contact aquifers. It was assumed that every well drilled has the potential to contact an
aquifer, but that actual rate of events resulting in aquifer impacts is quite low (0.1%) and
the scale of these potential impacts would be site-specific (< 0.5 km). It was assumed
that the maximum magnitude of a mud system directly contacting an aquifer might be
medium, suggesting that aesthetic CDWQ guidelines could be exceeded for salt
constituents. The overall relative numerical ranking for this scenario is amongst the
lowest in the matrix.

•

Well casing failures (Scenario 3-2 and 3-5). It was assumed that, while the occurrence of
well casing failures in oil and gas wells could be at the high end of the scales reported in
Rozell and Reaven (2012; assumed to be at 10%), the rate of aquifer impacts resulting
from these failures (events) would be much lower; 1%. The aquifer impacts considered
were based on dissolved phase components, not fugitive gas (methane). The relative
likelihood rating was interpreted to be low. Based on experience, aquifer impacts from
this scenario would be dependent on: a) the intersection of a well casing breach and an
aquifer and b) injection into a well so that there was a significant positive pressure
difference between the well annulus and the surrounding earth materials. As discussed
above, well seals for injection wells are routinely tested in the WCSB, as required by
government regulations. It was assumed that the magnitude of this type of release, if it
occurred, would be high, in that CDWQ MAC guidelines could be exceeded, primarily by
BTEX concentrations. The maximum scale of this impact would be site-specific (< 0.5
km), consistent with other experiences in western Canada. The overall relative numerical
score for this category was in the middle of the range of scenarios considered.

•

Contamination of aquifers due to migration through fractures or porous media (Scenarios
3-3, 3-4, 3-5). As discussed above, in BC hydraulic fracturing occurs well below drinking
water aquifers and the potential for the propagation of fractures through the intervening
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rock layers is negligible. However, it is recognized that through unusual mistakes or
unlikely events, there is some potential for this to occur, as suggested above. The
likelihood of this occurrence was defined as the ratio of hydraulic fracturing wells out of
the total number of wells drilled in BC (563 out of 919), times a possible event
occurrence of 0.01% (1:10,000), with an event defined as off-site impacts that could
potentially impact drinking water quality in an aquifer. Thus the likelihood is estimated as
very low (0.0001). It was assumed that the magnitude of this type of release would be
high, assuming that CDWQ MAC guidelines could be exceeded, primarily by BTEX
concentrations. The maximum scale of this impact was considered to be neighbouring (<
1 km).
•

Contamination of surface water due to unanticipated blowout of fracture fluids or
formation fluids during operation. Of the 563 hydraulic fracturing wells in BC drilled in
2010, it was assumed that only one would have a significant blow-out that would reach
and impact a surface water body. Therefore, the likelihood ranking was interpreted to be
low. Assuming impacts by formation fluids with elevated salts, the magnitude would be
medium and the scale of impact is neighbouring, assuming the blow-out was brought
under control fairly quickly. The overall numerical ranking was interpreted to be at the
low end of the scale in the matrix.

•

Spills into surface water courses due to spills from hydraulic fracturing fluid
impoundments (Scenario 3-8). There were 563 hydraulic fracturing wells in BC in 2010
(out of 919 total wells drilled). Of these, it was assumed that 5% of the impoundments
could potentially overflow and enter surface water bodies (events). Since these
overflows are most likely to occur during rainfall events, it was assumed that
concentrations of water quality constituents could be increased, but would likely not
exceed CDWQ guidelines; thus, the impact magnitude would be low. The extent of
impact was considered to be neighbouring (< 1 km).

5.3.4

Handling and Transportation of Products and Waste

Oil and gas products are transported in BC by truck, rail and pipelines. While these systems are
highly regulated, accidents and incidents do occur. Pipeline losses must be reported to the
BC OGC, which produces an annual Pipeline Performance report (e.g., BC OGC 2013g). These
losses can have the potential to result in the contamination of drinking water supplies;
contamination is mainly to surface water, but also affects groundwater, typically in the case of
undetected, longer-term leaks from pipelines. The assumptions used in the evaluation of the
exposure scenarios relating to oil and gas handling and transportation are discussed below.
•

Truck and rail accidents (Scenario 4-1). The incidence of transportation accidents was
derived from western Canadian statistics based on total incidents (200) out of 500,000
total deliveries in a year (OSTF 2005), but it was assumed that about 5% of these would
result in potential impacts to surface water resources. There also may be impacts to soil
or groundwater, but it was assumed that the emergency response procedures in place
after a truck or rail spill would remediate these impacts. If such an incident occurred, it
was assumed that MACs could be exceeded for BTEX or other chemicals (high
magnitude) over a regional area (> 20 km) in a watercourse.

•

Pipeline ruptures into surface water (Scenario 4-2). Pipeline ruptures are defined as
incidents where the pipeline is torn or broken, immediately impairing operation (BC OGC
2009a). The BC OGC reported the percentage of pipeline ruptures out of total incidents
each year as 5.4% in 2009, 6% in 2010, and 3% in 2011 (BC OGC 2010b, 2012b,
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2013g). Based on these statistics, it was approximated that 1 out of the 12 reported
losses from 5,748 km of liquids pipelines that occurred in BC in 2011 (BC OGC 2013g)
was a pipeline rupture. It was assumed that about 10% of these ruptures could be
defined as events that could impact drinking water quality in a surface watercourse. If
such an incident occurred, it was assumed that MACs could be exceeded for BTEX
constituents (high magnitude) over a regional area (> 20 km) in a watercourse. An
example of such an event was the Pine River spill on the Peace (Pembina) Pipeline
system in August 2000 (see BC MOE 2013i).
•

Pipeline leaks that impact groundwater (Scenario 4-3). Pipeline leaks are defined in this
assessment as smaller (<100 m3) incidents that can occur over long periods of time and
may or may not result in pipeline failure. Typically, the majority (assumed to be 11 out of
the 12 spills in 2011; BC OGC 2013g) of pipeline losses would be of this type (see
AEUB 2007b). It is assumed that there is a very low likelihood (i.e., 1%) that an incident
would turn into an event where an aquifer could be impacted. The overall likelihood of
groundwater impacts resulting from these leaks would be very low. Such an event could
have a maximum extent of neighbouring (<1 km), with a high potential magnitude of
impact, particularly from BTEX compounds.

•

Pipeline leaks that impact surface water (Scenario 4-4). The majority of losses from
pipelines would be of this type and were assumed to be 11 out of the 12 liquids spills in
BC in 2011. It is assumed that there is an extremely low likelihood (i.e., 0.1%) that an
incident would turn into an event where a watercourse could be impacted, as the linear
proportion of a pipeline in the vicinity of a watercourse is quite low. However, this
estimate is based on professional judgment only. As such, the overall likelihood of
surface water impacts resulting from these leaks would be extremely low. Such an event
could be local (<5 km) in extent, with a high potential magnitude of impact, potentially
consisting of BTEX compounds occurring in watercourses.

A recent study by the Frazer Institute concluded that oil and gas transport by pipeline presents
much lower risks to oil workers or to the environment via spills, etc., than transport by road
(Furchtgott-Roth and Green 2013). Rail transport ranked in the middle. According to that study,
road transport had almost 20 incidents per billion ton-miles, rail transport had slightly over two
incidents per billion ton-miles while pipelines had less than 0.6 incidents per billion ton-miles
annually.
5.4

Discussion of SLRA for Water

The SLRA conducted for water considers a relative measure of risk to human health for each
scenario relating to oil and gas activities. The approach does not consider the cumulative
impacts of all activities and does not assess the overall risk to human health in NE BC. The
SLRA relies primarily on professional judgment to describe how contaminants associated with
each activity may enter surface water and groundwater, and the conditions or pathways that
may be required for those contaminants to enter a water supply. The semi-quantitative
approach is useful to prioritize oil and gas activities with respect to their potential to impact a
water supply. In order to properly assess the risks to human health, site-specific risk
assessments are required to properly identify and characterize the contaminant sources, the
relevant pathways for contaminants to reach a drinking water source, and quantify the
measures of exposure.
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The relative numerical ranking associated with each scenario is summarized in Column (F) of
Table 5-9. The relative ranking on Figure 5-8 identifies several scenarios as having the highest
potential human health risk, including: in-ground fluid pits and flare systems, pipeline ruptures,
on-site subsurface storage of waste materials, and on-site storage and pipeline leaks and spills.
While these general scenarios are discussed as having the highest potential human health risk,
the actual human health risk of an activity will depend on site-specific conditions. Therefore, the
results should be used to identify those activities with higher risk versus those with lower risk.
Figure 5-9 illustrates the relative consequence of the risk scenarios versus the relative likelihood
of the scenario occurring. This figure illustrates that there are generally two different types of
scenarios associated with the highest risk activities: (1) high likelihood/lower consequence
scenarios; and, (2) low likelihood/higher consequence scenarios. The high likelihood/lower
consequence scenarios include onsite storage and pipeline leaks and spills, in-ground fluid pits
and flare system overflows, drilling waste disposal areas, and on-site subsurface disposal
storage of materials. Although these scenarios have a lesser consequence, they are associated
with a large number of historical and active wells and facilities and may therefore pose a larger
cumulative risk.
The low likelihood/high consequence scenarios include pipeline ruptures and truck and rail
accidents, which pose a type of risk to drinking water sources that can be managed using
source protection and emergency response measures. As an example, local drinking water
protection zones can be delineated upstream of surface water intakes, and in the event of a spill
within that zone, operators of drinking water systems can be notified in time to shut down
drinking water systems and protect human health.
The SLRA suggests that the hydraulic fracturing scenarios have a low to moderate risk
potential. In BC, the requirement for proper horizontal and vertical setbacks of oil and gas wells
from drinking water sources and aquifers means the chances of propagating a fracture into an
aquifer is extremely remote; thus, the risk of such an occurrence is extremely low. In addition,
the geologic units developed by hydraulic fracturing are greater than 1 km beneath ground
surface. As a result, the greatest risk associated with hydraulic fracturing is due to the potential
for fluids or gas to migrate as a result of poorly constructed wells.
The actual human health risks associated with the water-related scenarios, including those with
the highest relative rankings, can be assessed only on a case-by-case basis, using site-specific
environmental data to characterize the source, pathways, and exposure. Therefore,
environmental risks associated with the described scenarios cannot be quantitatively assessed
on a regional scale. The risks posed to drinking water sources can be managed through
effective mitigation and monitoring programs. Although the health risks associated with the
water-related scenarios including in-ground fluid pits and flare system overflows will not be
further assessed in the quantitative HHRA, their implications with respect to human health will
be qualitatively addressed in the study team’s Review of BC Statutory, Regulatory and Policy
Frameworks and Recommendations (See Section 8.0 Next Steps).
5.4.1

Limitations of the SLRA for Drinking Water Sources

It is difficult to compare each of the relative numerical rankings given in Column (F) of Table 5-9,
as the scenarios do not all rely upon the same measure of spatial or temporal frequency. For
example, pipelines loss frequencies are generally evaluated and reported as incidents per
kilometre of liquids pipelines each year, whereas Scenarios 1-1 through 3-4 are evaluated on a
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per facility/site or per well basis and assumed to be ongoing until remediated. Facilities include
oil batteries, compressor stations, dehydrators, gas processing plants, satellites, pipeline
terminals, water injection facilities, and water disposal facilities. Where two or more of these
facilities were located at a single location, both facilities were considered as a single site.
Furthermore, some types of scenarios are instantaneous (e.g., truck and rail accident) whereas
other types are ongoing or chronic (e.g., pipeline leak). In addition, the number of pipeline
incidents in 2011 are potentially double-counted, as half of these are assigned to onsite spills
(Scenario 2-2), and again assigned in Scenarios 3-2 through 3-4. The SLRA ensured that both
on-site and off-site spills were considered, although it was not possible to distinguish onsite from
off-site spills in the statistics (BC OGC 2013g).
5.4.2

Possible Future Work

As discussed above, the SLRA for water-related pathways focuses on generic scenarios and
does not give an account of the site-specific conditions that determine the actual risks that will
be posed to the people of NE BC. An assessment of actual risks must link potential sources,
pathways, and users of water and do so on a site-specific basis. This section suggests an
approach that could be followed to assess those risks for each type of activity, and to identify
those areas in NE BC where the potential for risk may be highest. This proposed work would
identify oil and gas sites having the greatest potential to impact water supplies, and could then
identify those areas or sites within NE BC where a site-specific human health risk assessment
should be completed.
Using the recommended approach, the potential risk to the population of NE BC could be more
thoroughly assessed, and to identify specific sites where more local investigation/assessment is
required. The approach could also address the BC Auditor General’s report that identified
legacy issues as a principal concern with respect to groundwater protection:
“There are also a number of sites known as “legacy sites” that were certified as
reclaimed to environmental standards of the day before the OGC was established,
and before modern standards existed. We found that the OGC has not prepared a
formal risk assessment ranking of these sites to help ensure that the potential
risks are properly managed. We recommended that the OGC assess the risks
associated with legacy sites and develop a suitable workplan to deal with the
risks.” (Auditor General of British Columbia, 2010)
The recommended process includes the following steps.
1. Review and assess existing data and reports of environmental studies at oil and gas
sites, where available;
2. Identify the locations and characteristics of oil and gas sites of interest;
3. Identify attributes of sites that will determine risk to human health (e.g., chemicals of
concern that may drive risk, aquifer/surface water characteristics, proximity to human
receptors, proximity to individual wells/intakes, small water systems, communal system);
4. Classify sites by level of risk to human health (using the criteria from step 3);
5. Identify highest-priority sites;
6. Conduct site-specific health risk assessments for highest priority sites.
The following sections further describe the tasks of the recommended process:
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Task 1 – Review and Assess Existing Data and Reports on Sites
By necessity, the SLRA makes broad assumptions regarding the number of oil and gas sites
that could be subject to spills and offsite migration of contaminants associated with those spills.
A detailed review of existing data and reports on oil and gas sites (where available) would refine
those assumptions, providing a more confident estimate of the number of sites that may be
affected, conditions that might contribute to environmental releases, and the types of
contaminants released into the environment.
Task 2 – Identify Location and Characteristics of Sites
As described in Section 5.2.1.1, locations of known historical sites are publically available
(Figure 5-2 and Figure 5-3). The BC OGC database (2013j) and the IHS database (IHS 2013b)
indicate that there are 2,848 existing and 1,353 historical oil and gas facilities and 14,014
existing and 17,499 out of use oil and gas wells in BC. These data sources provide a number of
attributes describing the characteristics of these facilities and wells.
The SLRA utilized all of the data available in the IHS (2013b) and BC OGC (2013j) databases.
As part of the recommended future work, it is recommended that these databases be evaluated
in further detail, and all available information be assessed with respect to its relevance to the
SLRA. These databases are actively managed and updated with real-time data; therefore, the
number and location of sites will continue to increase as the industry continues to expand in the
Province. To complete more detailed risk analysis to human health, the locations of oil and gas
facilities and wells in the databases will need further verification.
Task 3 – Identify Attributes of Sites Influencing Human Health Risk
The SLRA conceptualized each water quality risk on a ‘well-by-well or ‘activity-by-activity’ basis.
This conceptualization results in a relative ranking of each type of risk, but did not address the
relative risk associated with the density and distribution of facilities and the proximity to water
intakes or wells. The purpose of this task would be to identify the attributes of sites (that were
identified as having sufficient information in Task 2) that may influence risk to public health. The
attributes may include the following:
•
•
•
•

Aquifer vulnerability (from available vulnerability mapping), topography, and surficial geology
Proximity to water course and drinking water intakes
Proximity to domestic drinking water wells
Proximity to municipal drinking water wells and wellhead protection areas (WHPAs), if
available.

The GIS analysis that was summarized in Section 5.2.5, could be expanded for this task, where
oil and gas sites for which more detailed risk assessments are to be competed are selected
based, in part, on their respective distance(s) to water features.
Task 4 – Classify Sites by Potential Human Health Risk
The BC OGC (2009b) has developed a site classification tool for oil and gas sites, specifically
for the characterization and prioritization of potential human health and environmental risks. It is
intended to aid in the identification of sites for management by the BC MOE, and was developed

Prepared for: BC MoH
Project 10710

Page 79
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

by the OGC in relation to the provisions of the Petroleum and Natural Gas Act, and a
Memorandum of Understanding that is in place between the BC OGC and the BC MOE. Using
this system, sites are classified as one of the following:
•
•
•
•

A priority site
Not a priority site
Not a priority site, due to the undertaking of short-term remediation activities at the site
Requires BC OGC decision due to the implementation of containment or other
preventative measures

This document also outlines basic information requirements that are necessary for the
classification of oil and gas sites using this tool. A copy of the template for a Site Classification
Report using the BC OGC tool is provided in Appendix E. In general, the BC OGC system
evaluates the:
•
•
•
•
•
•
•
•
•

Nature of the contamination present at the site
Contaminant concentrations
Potential for off-site migration
Proximity to drinking water wells or intake locations
Use of water for livestock or irrigation
Proximity of impacted soil and groundwater to buildings
Land use
Exceedance of upper cap concentrations for human exposure in soil and drinking water
Potential ecotoxicity.

This existing system for the classification and prioritization of oil and gas sites could be used to
better understand and manage potential risks associated with contamination issues at oil and
gas sites in NE BC.
Task 5 – Identify Highest Risk Sites with Recommendations for Further Action
This final task will be carried out to review those sites assigned a classification of Priority Sites.
All assumptions and calculations performed in support of each of these sites should be
reviewed and confirmed, and a series of recommendations developed on a site-specific basis.
These recommendations may depend on the type of site (e.g., abandoned well or flare gas site),
the potential significance of impact to a water supply and the presence or absence of existing
data.
Task 6 – Conduct a Site-Specific HHRA
For water, an HHRA is a process used to estimate the probability of adverse health effects in
humans who may be exposed to chemicals in groundwater or surface water. In order for a
HHRA to be carried out the following questions must be confirmed:
•
•
•

Has the presence of a contaminant (i.e., COPC) been identified in surface water or
groundwater?
Are there people present whose health may be negatively affected by the COPC in surface
water or groundwater?
Is there a potential pathway to transport the COPC to the people who may be affected?
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After confirming that the above conditions are present, a site-specific HHRA then can be carried
out that will include the following tasks:
1. Problem Formulation – Identifies the COPC at the site, the receptors potentially at risk
and the applicable exposure pathways.
2. Hazard or Toxicity Assessment – Describes the potential health effects at different levels
of exposures and identifies the relevant health-based guidelines.
3. Exposure Assessment – Estimates how much of the COPC people are exposed to. This
task includes identification of specific receptors, and in the case of water-related risk,
would likely include groundwater wells or surface water intakes. The exposure
assessment also includes the identification and assessment of pathways. For
groundwater, a pathway may include the migration of a COPC from its point of entry into
the subsurface, through an aquifer, into a domestic drinking water well, and ultimately
ingestion by a receptor (e.g., family).
4. Risk Characterization – Describes the potential health risks associated with the
assessed scenario (i.e., for a specific set of receptors, COPC and exposure pathways).
The above steps of a site-specific HHRA can be completed only for a facility, or a group of
facilities, once subsurface or surficial contamination has been identified, and the potential
drinking water users of the contaminated water source have been characterized.
6.0

DEVELOPMENT OF ASSESSMENT APPROACH FOR QUANTITATIVE HHRA

Based on the emission sources selected from the analysis in Sections 4.0 and 5.0, the study
team has developed a proposed approach for the quantitative HHRA for assessing those people
who may be at risk as a result of their exposure to the COPC associated with the described
emission scenarios. This information is presented in Sections 6.1 to 6.4 below.
6.1

Overview of HHRA Process

In order to provide some direction to the Phase 2 HHRA project, reliance has been placed on an
established conventional framework for the completion of HHRAs. This Section provides a
general overview of the concepts involved in completing an HHRA, upon which the risk
assessment work for the Phase 2 HHRA project will be based.
The quantitative HHRA component of the Phase 2 HHRA project will follow an environmental
risk assessment paradigm that is consistent with those developed by:
•
•
•
•
•

Health Canada (Health Canada 2012a, 2010, 2009)
Canadian Council of Ministers of the Environment (CCME 2006)
United States National Research Council (US NRC 1983, 1994)
United States Environmental Protection Agency (US EPA 1989; US EPA OSW 2005)
Alberta Health (AHW 2011)

This approach has been endorsed in the past by various regulatory authorities throughout
Canada and across the globe.
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The four main steps of an HHRA include:
•
•
•
•

Problem formulation
Exposure assessment
Toxicity assessment
Risk characterization

A visual summary of these steps is provided in Figure 6-1. A general overview of each step is
provided in Sections 6.2 to 6.5 below.

Problem Formulation
Identification of chemicals of concern, people who
may be exposed, and relevant routes of exposure

Exposure Assessment

Toxicity Assessment

How do the chemicals come into
contact with people and what
amounts could people be exposed ?

What amounts of these chemicals
are considered to be safe?

Risk Characterization
Determination of risk estimates and interpretation of
significance.

Risk Management
How can the predicted risks, if any, be managed to
protect human health?

Figure 6-1

Human Health Risk Assessment Paradigm

Within the context of the Phase 2 HHRA Project, this SLRA is intended to ‘lay the foundation’ for
the ‘Problem Formulation’ step for the quantitative HHRA component of the Phase 2 HHRA
project. Through the review and discussion of information, the identification of key emission
sources, determination of who should be included in the HHRA, and identification of potential
pathways, informed conceptual models can be developed upon which the Phase 2 HHRA
project will be based.
6.2

Air Quality Study Area Selection

The first step in evaluating potential risks in relation to air quality emission sources was to
develop an initial (screening level) map showing the location and intensity of oil and gas
activities currently operating in NE BC and the relationship between this infrastructure and the
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communities and environments where they are present. This information is provided graphically
in the PDF map provided in Appendix C. The information gathered and represented on this
map has been used to define the air quality study area (i.e., modelling domain), to consider the
density of infrastructure and emissions, and to develop probability and frequency information
used in the SLRA. The approaches outlined in this section with respect to emission
characteristics and densities are intended to inform the SLRA.
The study area/modelling domain selected by the study team is shown as a thick greenish-blue
line in Figure 6-2 and in the map provided in Appendix C. This area is approximately
175 kilometres (north/south) by 150 kilometres (east/west). The study team believes that this
modelling domain represents the best opportunity for examining health risks as it represents the
region of maximum emissions density within close proximity to existing population centres.
For screening level purposes, a grid resolution corresponding to National Topographic System
(NTS) 1:50,000 scale ‘map sheets’ has been applied. The NTS mapping system is used by
Natural Resources Canada to provide general-purpose topographic maps within Canada. The
NTS grid was used, as the map data is easily obtainable from Natural Resources Canada’s
(NRCan) GeoGratis website (NRC 2009). The 1:50,000 scale maps correspond with selected
lines of longitude and latitude and represent grid blocks of approximately 25 kilometres
(north/south) by 30 kilometres (east/west) referenced using an NTS string (e.g., ‘094A02’).
•
•
•

The first number of the string (e.g., ‘094’) represents the NTS ‘map series’ provided at a
1:1,000,000 scale;
The second letter of the string (e.g., ‘A’) identifies an NTS ‘map area’ provided at
1:250,000 scale; and
The last number of the string (e.g., ‘02’) identifies an NTS ‘map sheet’ available at a
1:50,000 scale.

EXAMPLE
NTS Map Sheet

094A02

Figure 6-2

Modelling Domain Selected Showing an Example of an NTS 1:50,000 ‘Map
Sheet’

In the example shown above the NTS string ‘094A02’ identifies a ‘map sheet’ that includes the
Community of Taylor, British Columbia, Canada.
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Wells, pipelines, batteries, gas plants, and other facilities (identified previously) and their
corresponding emissions and emission frequencies are represented at this grid resolution and in
addition have been layered over the map sheets to visually provide a sense of the overall
distribution of existing oil and gas infrastructure in the region.
ESRI’s ArcGIS software® has been used for analysis and creation of the map, and a Georeferenced PDF 4 was produced for distribution. The NTS grid was used for determining the
density of various oil and gas infrastructure and their relationship to people. The density data
were symbolized by splitting the data into classes using natural breaks (Jenks) method, a data
classification method that seeks to minimize the statistical variance within, and maximize it
between classes (Wikipedia 2013).
Oil and gas infrastructure densities in the region were determined by finding the quantity in each
grid block and dividing by the surface area of the block (in square kilometres). Oil and gas
infrastructure data were queried using a commercially available database ‘IHS Energy’s Energy
Information, Software & Solutions EGIS’ (IHS Energy 2013a,b; n.d.), which is compiled from
various government and industry sources on facilities, wells, and pipelines. Information includes
geographic location, operational status, substance, length of pipe, etc.
Although two air emission scenarios were selected in Section 4.2 (continuous emissions from
gas plants and production facilities), all oil and gas activities in the area are presented on the
map in Appendix C for completeness. However, for the selection of the study area, the selected
continuous emission sources will be given precedence. Accordingly, the discussion of emissions
within the context of the map will be necessarily focused on continuous emission sources.
Pipelines were split into two main categories based on their H2S content: sweet (less than 1%)
and sour (>=1%), and further split into subcategories based on substance: ‘gas’, ‘oil’, ‘water’,
‘high vapour pressure pipeline (HVP)/low vapour pressure pipeline (LVP)’ and ‘other’. Facilities
were split into ‘batteries’, ‘gas plants’, and ‘compressor stations’, the status of which were
identified in EGIS as ‘operating’, and ‘other facilities’ which included all other types of facilities,
regardless of operational status. Both bottom and surface holes were included on the map for
wells, so that map users can use either layer to signify a well location depending on personal
preference.
Population data for the region from the 2011 Census was obtained from Statistics Canada
(2013, 2011). The census subdivision boundary data were classified according to designations
adopted by government authorities: City, District Municipality, Indian Government District, Island
Municipality, Indian Reserve, Nisga’a Land, Regional District Electoral Area, Regional
Municipality, Indian Settlement, Town, and Village. Population density was incorporated into the
map by first determining the population density of each census subdivision (population divided
by surface area), and then an average population density was calculated for each grid block by
taking an average of the population densities for all census subdivisions that resided in each
block. This population information was included as another layer within the map. On the map,
cities, district municipalities, towns and villages were grouped into ‘Urban’, and Indian
government districts and reserves were grouped into ‘First Nations Land’ to show where higher

4

A "Geo-referenced PDF" refers to a PDF file that allows users to obtain geographic coordinates
and map distances directly from the PDF map using a mouse pointer or using reference points located on
the map.
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densities of population reside in NE BC and to provide a reference to the geographic location of
items displayed on the map.
To provide a sense of emission density in relation to population and oil and gas infrastructure
locations for mapping purposes, emissions data were collected from Environment Canada’s
National Pollutant Release Inventory (NPRI) database. According to their website, the NPRI is
a “legislated, publicly accessible inventory of pollutant releases (to air, water and land),
disposals and transfers for recycling. It is a key resource for… supporting the assessment and
risk management of chemicals, and air quality modelling…” (Environment Canada 2013a).
Owners and/or operators of facilities that meet NPRI requirements are mandated under the
Canadian Environmental Protection Act to report their emissions to Environment Canada
annually. However, it is recognized that not all oil and gas emission sources in the area meet
this requirement (see Section 6.3). As such, this exercise is intended to provide a general sense
of where the greatest emission density of certain chemicals may be occurring in relation to
larger emission sources, rather than a comprehensive inventory. To achieve this, a list of all gas
plants in the map area and their emissions (in tonnes) for volatile organic compounds (VOCs),
PM2.5, CO, NOx, and SO2 was compiled. Data from the 2011 NPRI reporting year was used,
unless no data were available. In these circumstances, the highest emission levels out of all
previously reported years were used. This provided an estimation of emission densities
possible for each year. Emission densities were created by summing the tonnes of emissions of
all gas plants located in a grid block, and dividing by the surface area of that grid block.
6.3

Exposure Scenarios

Each facility and piece of equipment is associated with specific contaminants and their rate and
amount being discharged to the atmosphere. As summarized in Table 5-1 of the Intrinsik
Phase 2 Direction Document (‘Potential Chemicals of Concern in Air’), the common chemicals
emitted from oil and gas activities are called Criteria Air Contaminants or CACs. These CACs
are typically combustion products and include NOx, SO2, total volatile organic compounds
(TVOCs), CO, inhalable particulate matter (PM10) and PM2.5. The CACs are common to
emission sources associated with the large gas processing facilities, compressor stations,
heaters, boilers, etc. They can be discharged from continuous or intermittent operations and
permanent or temporary locations.
The CACs are important from the standpoint of human health and environmental impact. In
developing the SLRA for air quality, the CACs were selected as ‘sentinel chemicals’ to help
identify the study area of interest. These substances do not represent the full list of chemicals
for inclusion in the more detailed quantitative risk assessment – their discussion in this section
is intended to help focus the study area selection only (a full list of the chemicals of concern to
be carried forward into the quantitative HHRA is provided in Section 6.5).
The NPRI database was used to estimate the total CAC emissions in the study area, and in
particular, relate the total emissions to blocks of land and human population. As noted earlier,
the NPRI is Canada's legislated, publicly accessible inventory of pollutant releases (to air, water
and land), disposals and transfers for recycling (Environment Canada 2013a). Reporting to
NPRI is mandatory, if one or more of the 300 NPRI substances was manufactured, processed
or otherwise used at the facility during the year, and the total number of hours worked at the
facility exceeded the 20,000 hour employee threshold (approximately 10 full-time employees).
Also, any facilities operating stationary combustion equipment must report for CACs, regardless
of employee hours, if the release thresholds are met. Each NPRI substance has its own
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reporting threshold and the relevant values for the CACs of interest are provided in Section
6.3.1. This reporting requirement does not apply to a facility if the only activities that take place
are the exploration for oil or gas, or the drilling of oil or gas wells.
Another contaminant of interest is ozone, which is not discharged directly from any industrial
sources nor reported to NPRI. Rather, it forms in the atmosphere from a complex series of
chemical reactions based on the presence of NOx and VOCs. Ambient monitoring typically
includes passive samplers or continuous monitors for ozone. Any available ozone monitoring
records for the study area will be summarised in the quantitative risk assessment of this study;
however, photochemical modelling to predict the secondary formation of ozone and PM2.5 is
outside the scope of this study.
Finally, hydrogen sulphide (H2S) emissions are also reported to the NPRI. For reporting year
2011, total H2S emissions to air from BC upstream oil and gas facilities totalled 101 tonnes and
were reported by 11 facilities, most of which were sour gas processing plants. Based on a
study completed by Clearstone Engineering (Clearstone 2005), emissions of H2S for the year
2000 from BC upstream oil and gas operations (excluding pipeline transmission) totalled about
643 tonnes of which 471 tonnes were discharged via point sources (flares or stacks) and 172
tonnes were released as fugitive emissions (area sources). The Canada-wide total of H2S
emissions from upstream oil and gas operations was 10,300 tonnes in year 2000. Clearstone
notes that emissions of H2S are related to fugitive emission leaks (45.7%), products of
incomplete combustion from flares and incinerators for fuels and waste gas streams (24.2%),
venting of waste gas streams containing low concentrations less than 10 ppm (29.4%) of H2S
and evaporative losses (0.7%).
6.3.1

Sweet and Sour Gas Plant Emissions

The NPRI database was searched for gas plant facilities that discharged CACs for the year
2011 in the three health areas: 59, 60 and 81. These annual emissions (in metric tons or
tonnes or 1,000 kg) were expressed in terms of emission densities (tonnes per square kilometre
or t/km²) and plotted on a map of the study area. The following discussion summarizes the
blocks of land within the map with the highest emission densities of CACs. This section is
intended to provide information regarding the potential magnitude of exposures to CACs in the
region relative to the density and type of oil and gas activity, to aid in the selection of a study
area for the quantitative HHRA. The emission of CACs from sweet and sour gas plants is being
evaluated within this section only as sentinel chemicals for the purpose of developing the air
quality study area. A list of proposed COPC for the quantitative HHRA that includes, but is not
limited to CACs, is presented in Section 6.7 of the SLRA.
6.3.1.1

Oxides of Nitrogen

There were two blocks with NOx emissions ranging from 1.6 to 2.7 t/km², which is the highest
emission density category. As noted in Figure 6-3, these two areas included Block 10 of
Section 093P (west-southwest of Dawson Creek with three gas plants) and Block 11 of
Section 094I (east-southeast of Fort Nelson with one gas plant). There were four blocks of land
where the NOx emission densities were in the second highest category, ranging from 0.5 to
1.6 t/km2. These four areas included Blocks 8, 12 and 15 of Section 093P (located south, westsouthwest and northwest of Dawson Creek with two, one and three gas plants, respectively)
and Block 10 of Section 094J (south of Fort Nelson with one gas plant). Other notable parcels
within the third highest NOx emission density category were located south, southeast and
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northeast of Fort St John. Figure 6-3 presents ‘other facilities’ as an NPRI classification which
includes gas compressor stations, which can be significant sources of NOx. Many of these
sources are located in Section 094A, to the northwest, north and northeast of Dawson Creek.
For the 2011 to 2013 reporting years to NPRI, the reporting threshold for NOx was 20 tonnes
per year (expressed as NO2).

Prepared for: BC MoH
Project 10710

Page 87
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

Figure 6-3

Emission Density of NOx (as NO2) from Sweet and Sour Gas Plants in
NE BC
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6.3.1.2

Sulphur Dioxide

There was one block with SO2 emissions ranging from 5.8 and 12.9 t/km2, which is the highest
category of the emission densities. As noted in Figure 6-4, this area included Block 12 of
Section 093P (south of Chetwynd with one gas plant). There was one block of land where the
SO2 emission density was in the second highest category, ranging from 2.1 to 5.8 t/km2. This
area included Block 10 of Section 094J (located south of Fort Nelson with one gas plant). Other
notable parcels within the third highest SO2 density category were located south of Fort St John.
For the 2011 and 2013 reporting years to NPRI, the reporting threshold For SO2 was 20 tonnes
per year.
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Figure 6-4

Emission Density of SO2 from Sweet and Sour Gas Plants in NE BC
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6.3.1.3

Total Volatile Organic Compounds

There was one block with TVOC emissions ranging from 0.62 to1.0 t/km2, the highest category
of the emission densities. As noted in Figure 6-5, this area included Block 12 of Section 093P
(south of Chetwynd with one gas plant). There was one block of land where the TVOC emission
density was in the second highest category, ranging from 0.37 to 0.62 t/km2. This area included
Block 9 of Section 094I (located east-southeast of Fort St John with two gas plants). Other
notable parcels within the third highest TVOC density categories were located in Blocks 02, 15
and 16 of Section 094A and Block 15 of Section 093P.
For the 2011 to 2013 reporting years to NPRI, the reporting threshold for TVOCs was 10 tonnes
per year.
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Figure 6-5

Emission Density of VOCs from Sweet and Sour Gas Plants in NE BC

Prepared for: BC MoH
Project 10710

Page 92
March 2014

FINAL
Screening Level Risk Assessment
Phase 2 Human Health Risk Assessment of
Oil and Gas Activity in Northeastern British Columbia

6.3.1.4

Carbon Monoxide

There was one block with CO emissions ranging from 1.2 to 1.7 t/km2, the highest emission
density category. As noted in Figure 6-6, this area included Block 8 of Section 093P (south of
Dawson Creek with two gas plants). There were two blocks of land where the CO emission
density was in the second highest category, ranging from 0.6 to 1.2 t/km2. This area included
Blocks 10 and 15 of Section 093P (located southwest and northwest of Dawson Creek each
with three gas plants). Other notable parcels within the third highest category of CO emission
densities were located south of Dawson Creek and northeast of Fort St John.
For the 2011 to 2013 reporting years to NPRI, the reporting threshold for CO was 20 tonnes per
year.
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Figure 6-6

Emission Density of CO from Sweet and Sour Gas Plants in NE BC
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6.3.1.5

Inhalable Particulate Matter (PM10)

Inhalable or coarse particulate matter refers to particulate with a mean diameter greater than 10
µm. There were two blocks with PM10 emissions ranging from 0.016 to 0.02 t/km2, the highest
emission density category. As noted Figure 6-7, these areas included Block 15 of Section 093P
(located west-northwest of Dawson Creek with three gas plants), and Block 16 of Section 094B
(located northwest of Halfway River with three gas plants). There was one block of land where
the PM10 emission density was in the second highest category, ranging from 0.011 to
0.016 t/km2. The area was Block 9 of Section 094I located east-southeast of Fort Nelson).
Other notable parcels within the third highest category of PM10 emission densities were located
south of Fort St John, south of Blueberry River, south of Fort Nelson and south of Chetwynd.
For the 2011 to 2013 reporting years to NPRI, the reporting threshold for PM10 was 0.5 tonnes
per year.
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Figure 6-7

Emission Density of PM10 from Sweet and Sour Gas Plants in NE BC
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6.3.1.6

Respirable Particulate Matter (PM2.5)

Respirable or fine particulate matter (also referred to as PM2.5) is, by definition particulate that is
less than 2.5 µm in diameter. As a result of its size, fine particulate matter may be inhaled deep
into respiratory tissues. With respect to the map, there was one block with PM2.5 emissions
ranging from 0.019 to 0.032 t/km2, which is the highest emission density category. As noted in
Figure 6-8, this area included Block 15 of Section 093P (west-northwest of Dawson Creek with
two gas plants). There were eight blocks of land where the PM2.5 emission density was in the
second highest category, ranging from 0.005 to 0.019 t/km2. These areas included Blocks 8
and 10 (located south and west of Dawson Creek, each with three gas plants), Block 12
(located south of Chetwynd with one gas plant), Blocks 2 and 11 of 94A (located south and
northwest of Fort St John, with two and one gas plants, respectively), Block 16 of Section 094B
(located northwest of Halfway River with three gas plants), Block 10 of Section 094J (located
south of Fort Nelson with one gas plant), and finally, Block 9 of Section 094I (located eastsoutheast of Fort Nelson on the AB border) with one gas plant. Other notable parcels within the
third highest category of PM2.5 emission densities were located southeast and northeast of Fort
St John, and northwest of Blueberry River.
For the 2011 to 2013 reporting years to NPRI, the reporting threshold for PM2.5 was 0.3 tonnes
per year.
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Figure 6-8

Emission Density of PM2.5 from Sweet and Sour Gas Plants in NE BC
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6.3.2

Production Facilities

There are a large number of gas plants (n=34), batteries as shown in Figure 6-9 as well as other
facilities such as gas compressors (see Figure 6-10) in the vicinity of Fort St John, Dawson
Creek, Taylor, Chetwynd and Pouce Coupe
Table 6-1 summarizes NPRI reported emissions of CAC’s for Year 2011 from oil and gas
facilities in the study area (Environment Canada 2013a). Each facility type is represented in the
table and the counts for operating facilities and those with non-zero emissions are provided
along with the average and maximum annual emissions for each CAC. Even though there are
several hundred metering stations and satellites, and tens of water disposal and injection
facilities and oil sales metres, very few of these sites report emissions to NPRI, as their annual
releases to air are below the reporting thresholds. Most of the oil and gas facilities that report to
NPRI are batteries, compressor stations, dehydrators, and gas processing plants, which are the
largest emitters.
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Figure 6-9

Map Showing Sweet and Sour Gas Plants (red triangles) and Batteries
(green circles) in NE BC
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Table 6-1

Summary of Year 2011 NPRI Reported Air Emissions for CACs, Listed by Oil and Gas Facility Type (tonnes
per year)

Facility Type

Total
Number of
Facilities in
the Study
Area

Number of
Operating
Facilities 1

NOX

SO2

TVOC

Facilities with
non-zero
emissions

Facilities with
non-zero
emissions 2

Average

Maximum

Facilities with
non-zero
emissions 2

Average

Maximum

Facilities with
non-zero
emissions 3

Average

Maximum

Battery

999

432

44

27

246.1

3,845

5

144.6

466

6

74

224

Compressor
Station

484

368

103

85

92.3

604

5

183.6

359

12

17.8

30

Dehydrator

253

223

4

3

35.7

41

0

-

-

0

-

-

Injection
Facility – Gas

9

9

0

0

-

-

0

-

-

0

-

-

Gas
Processing
Plant

47

34

22

22

230.3

1,022

13

1,415.5

11,269

14

139.9

890

Meter Station

308

230

0

0

-

-

0

-

-

0

-

-

Oil Sales
Metre

61

55

1

0

-

-

0

-

-

1

75

75

Gathering
Point

147

88

1

1

24

24

0

-

-

0

-

-

Pipeline
Terminal

5

4

0

0

-

-

0

-

-

0

-

-

Satellite

173

158

3

2

69

89

0

-

-

0

-

-

Water
Disposal
Facility

39

32

0

0

-

-

0

-

-

0

-

-

Injection
Facility Water

43

37

0

0

-

-

0

-

-

0

-

-

All Facility
Types

2,568

1,670

178

140

141.6

3,845

23

871.4

11,269

33

81.5

890
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Table 6-1b

Summary of Year 2011 NPRI reported air emissions for CACs, listed by oil and gas facility type (tonnes per
year)
Facility Type

CO
Facilities
with nonzero
emissions 2

PM10

Average

Maximum

Facilities
with nonzero
emissions 4

PM2.5

Average

Maximum

Facilities
with nonzero
emissions 5

Average

Maximum

Battery

10

168.1

561

25

1.6

14

36

1.6

14

Compressor Station

50

75.1

422

25

1.0

2.1

51

0.7

2.1

Dehydrator

1

25

25

1

1.1

1.1

2

0.7

1.1

Injection Facility - Gas

0

-

-

0

-

-

0

-

-

Gas Processing Plant

19

206.3

1,241

16

3.7

13

18

3.3

13

Metre Station

0

-

-

0

-

-

0

-

-

Oil Sales Metre

0

-

-

1

6.3

6.3

1

6.3

6.3

Gathering Point

0

-

-

0

-

-

0

-

-

Pipeline Terminal

0

-

-

0

-

-

0

-

-

Satellite

1

25

25

0

-

-

0

-

-

Water Disposal Facility

0

-

-

0

-

-

0

-

-

Injection Facility - Water

0

-

-

0

-

-

0

-

-

Total

81

116.1

1,241

68

1.9

14

108

1.4

14

1

2
3
4
5

Number of Operating Facilities included 3 compressor stations labeled as “to be constructed” in the EGIS and 2 batteries reported as “discontinued” since
2010 emissions for these facilities were reported to the NPRI
Reporting threshold to NPRI in 2011 was 20 tonnes
Reporting threshold to NPRI in 2011 was 1 tonne
Reporting threshold to NPRI in 2011 was 0.5 tonne
Reporting threshold to NPRI in 2011 was 0.3 tonne
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Table 6-2 summarizes point, area and natural emission totals for the CACs of interest.
Specifically, point source emission totals for oil and gas activities reported to NPRI
(178 facilities) for year 2011 in the study area are listed. Based on provincial totals reported by
the British Columbia Ministry of the Environment (BC MOE) for 2005, CAC totals are provided
for the Omineca-Peace Region (376 facilities), all of BC except the Lower Fraser Valley (LFV),
and area and natural sources for all of BC (BC MoH et al. 2009). Area sources include nonpoint sources that are too small and numerous to require an authorization from the MOE.
Examples would be restaurants, small commercial activities, agriculture, construction,
residential emissions, open (prescribed) burning and so on. It can be seen that the oil and gas
activities in the study area are a portion of the industrial emissions in the region. For example,
and when expressed as a percentage, oil and gas point sources constitute 57% of NOx
emissions and 1% of PM10 emissions. When expressed in terms of provincial totals (non LFV),
the oil and gas point sources constitute 35% of NOx emissions and 0.3% of PM10 emissions.
The emissions of TVOCs in BC appear to be dominated by naturally occurring emissions, such
as vegetation.
6.3.3

Other Facilities and Compressor Station Emissions

In addition to the 34 gas plants, there are hundreds of other facilities, including compressor
stations, in the vicinity of Fort St John, Dawson Creek, Taylor, Chetwynd and Pouce Coupe as
shown in Figure 6-10. These continuous emission sources will be included in the quantitative
HHRA if the compressors are operating and their emissions were sufficiently high to be reported
to the NPRI (e.g., greater than 20 tonnes per year of NOx). A smaller but significant cluster of
compressor stations exist in the northeast corner of BC adjoining the borders of Alberta and the
North West Territories.
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Table 6-2

Total NPRI Air Emissions From Point Sources for Oil and Gas Activities in the Study Area for 2011, and
Province-wide Area and Natural sources for 2005 (tonnes/year)

CAC
Emissions

NOX

SO2

TVOC

CO

PM10

PM2.5

Oil and Gas Activities Only in
Study Area

19,826

20,042

2,691

9,404

132

148

Peace–Omineca Region

34,506

62,961

18,387

182,691

12,243

9,035

Provincial Total Outside of
Lower Fraser Valley

56,993

84,891

33,908

312,965

37,693

24,885

BC-Wide Area Sources

13,070

2,534

89,089

279,490

62,286

37,263

BC-Wide Natural Sources

14,350

7

4,198,215

14,350

2,110

1,899

References: BC MoH et al. 2009; Environment Canada 2013a
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Figure 6-10

Map Showing Other Facilities, Including Compressor Stations in NE BC
(blue triangles)
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6.4

Discussion of Emission Sources in the Study Area

A number of emission sources were excluded from further consideration in the quantitative
HHRA.
As the quantity of emissions from leaks on sweet gas wells and compressors relate to relatively
benign petroleum hydrocarbons, there is no reason to account for these fugitive emissions in
the dispersion modelling. A significant assessment of air quality impacts from these types of
emissions has previously been shown to be insignificant and not problematic from a human
health risk standpoint.
Similarly, flaring activities related to routine and non-routine activities are not expected to be of
concern from a human health impact. Most of these short term or temporary flaring events in the
past ten years have been sweet (low H2S content) and <7% of these flaring events were greater
than 5% in H2S concentration. Applications to the BC OGC for a flaring permit for sour gas
wells greater than 5% must show that the flaring emissions meet the 1-hour BC AAQO for SO2
(BC MOE 2013h), which is based on potential human health effects (pulmonary).
Emissions related to well drilling, hydraulic fracturing and tie-ins to pipelines relate to the use of
diesel heavy equipment which discharge typical combustion products such as NOx, PM2.5 and
small amounts of hazardous contaminants such as acrolein. Previous assessments of these
emissions have shown the predicted impact can be up to 1 km, when utilizing very conservative
assumptions. As such, there is no need to undertake an additional evaluation of these activities
with respect to human health.
Emissions due to accidents, malfunctions and uncontrolled release of product from wells and
pipelines have occurred infrequently in the years 2010 and 2011. Based on reported statistics
from the BC OGC, Level 2 and 3 events, which are defined as incidents that may pose a risk to
the public and/or environment, or could have serious impacts to the public and/or environment
and result in immediate danger, respectively, declined from a total of 25 events in 2010 to 20
events in 2011. Although the magnitude can be high, the duration is short and the frequency is
low.
6.5

Dispersion Conditions

The terrain in NE BC is complex in that it includes significant changes in elevation which will
affect local dispersion conditions. Wind records (1992 to 1996) from two airports were
summarized to represent the areas of interest where several of the large oil and gas emitters
were identified. These two airports were Fort St. John and Fort Nelson. Figures 6-11 and 6-12
present the terrain elevation contours and a wind rose for Fort St. John Airport, respectively.
Figures 6-13 and 6-14 present the terrain elevation contours and a wind rose for Fort Nelson
Airport, respectively. The wind rose indicates the direction from which the wind originates or is
blowing from.
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Figure 6-11

Terrain Elevation Contours at Fort St. John Airport

Figure 6-12

Hourly Wind Speed and Direction Frequency Distribution Observed at
Fort St. John Airport (1992 to 1996)
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Figure 6-13

Terrain Elevation Contours at Fort Nelson Airport
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Figure 6-14

Hourly Wind Speed and Direction Frequency Distribution Observed at Fort
Nelson Airport (1992 to 1996)
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The wind observations indicate the influence of the complex terrain on local conditions.
Specifically, the Fort Nelson Airport is located in a river valley that is generally aligned in a north
to south or southwesterly direction. Prevailing wind directions are north-northwesterly or southsouthwesterly but all wind directions are represented in the wind rose at least 2% of the time for
each direction. Wind speeds tend to be light, not exceeding 8 m/s or about 26 km/h. Calms are
frequent, averaging almost 28% of the time. By contrast, Figure 6-11 indicates that the Fort St.
John Airport sits on a ridge oriented west to east and lower elevations lie to the north and south
of this ridge. Figure 6-14 shows a dominant lobe from the southwest averaging almost 16% of
the time. Like Fort Nelson, the second most common wind direction is north-northwesterly. The
least frequent directions are west-northwest, north-northeast and south-southeast. Winds are
stronger at Fort St. John, exceeding 10 m/s or 33 km/h and calms are much less frequent than
Fort Nelson, averaging 9.5% of the time.
To account for the potential variability in dispersion conditions, the CALMET meteorological
model will include hourly observations from all major meteorological stations in the study area
and beyond to include the Fort Nelson airport when producing the 3-dimensional temperature
and wind fields for the CALPUFF® dispersion model.
6.6

Identification of “Receptors” for the Quantitative HHRA

The region that is the focus of the quantitative HHRA is made up of a number of communities
spread over a relatively large area, which could be potentially impacted by a number of different
emission sources. Within each of these communities are people of different ages, with
differences in existing health status, and lifestyle practices.
The larger communities that fall within the region include:
•
•
•
•
•
•
•
•

Fort St. John
Dawson Creek
Pouce Coupe
Hudson’s Hope
Chetwynd
Taylor
Tumbler Ridge
Fort Nelson

Of the above communities, Fort St. John (population 19,873) and Dawson Creek (population
11,860) are the most populous (FBC 2012). The nearby communities of Pouce Coupe, Tumbler
Ridge, Hudson’s Hope, Taylor, Chetwynd and others are smaller in comparison. In the northern
part of the region, the majority of permanent residents live in Fort Nelson and communities
nearby (FBC 2012). In addition to the resident population, the Fort Nelson area has a
significant ‘fly-in, fly-out’ temporary worker population (FBC 2012).
A number of First Nations communities are also located within the region:
•
•
•
•

Blueberry River First Nation
Prophet River First Nation
Doig River First Nation
Halfway River First Nation
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•
•
•
•
•

West Moberly Lake First Nation
East Moberly Lake First Nation
McLeod Lake First Nation
Fort Nelson First Nation 5
Saulteau First Nation

In addition to oil and gas, agriculture and tourism are important industries in the NE BC region.
The commercial farming of crops such as wheat, barley, canola, oats, various forage crops and
vegetables is prevalent in the area. There are also commercial cattle, game and exotic
livestock farming operations in the area (FBC 2012; BCACF 2008). Over 300,000 people are
estimated to visit the region every year for recreational purposes (FBC 2012).
Overall, there may be considerable diversity in the lifestyles and behaviours of people in the
area that are relevant to the quantitative HHRA. Based on the above information, it is
reasonable to conclude that the region includes:
•
•
•
•
•

Individuals who may practice a sustenance lifestyle, and consume a large proportion of
their diet from natural or traditional foods
Individuals who live in a more urban environment and have limited exposure to natural
foods
People who live on farms or others who may consume a diet high in local agricultural
foods
People who may visit the area for business or recreational purposes
Sensitive individuals who may be more susceptible to the effects of chemical exposure,
due to age, or pre-existing health conditions.

To the extent reasonably possible, these characteristics will be accounted for in the detailed
quantitative HHRA. Additional information regarding how this will be completed is provided
below.
6.6.1

Locations where People Might Be Exposed

Given the scope of the Phase 2 HHRA project, it is not possible to evaluate every community or
individual who may be exposed on an individual basis within the region. It is, however, possible,
to utilize conservative, representative estimates of exposure that might be received by people
who live in the region by focusing on areas with the greatest population and density of
continuous emission sources.
To aid in the selection of a study area for the quantitative HHRA, a detailed, layered map
(Appendix C) of the area was prepared by the study team to reflect features such as population
density, the location of area communities and First Nations, the location of different types of
continuous sources, and potential emission densities. The development of this map is described
in Section 6.0.

5

The Fort Nelson First Nation is made up of several communities. These communities are also members
of the Treaty 8 Tribal Association. Prophet River, Fontas, and Kahntah are examples of Treaty 8
Communities.
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As demonstrated by the blue square boundary within Figure 6-2, one area emerges as having a
relatively populated area, as well as the greatest density of oil and gas emission sources. This
area, which is centred on Fort St. John and includes Dawson Creek, Pouce Coupe, Hudson’s
Hope and Taylor, the Blueberry and Doig River First Nations, and the northern boundary of
Tumbler Ridge, represents the most densely populated area in the region under study, as well
as the area with the highest density of continuous emission sources.
Although oil and gas activity exists outside of this study area, the intent of the quantitative
HHRA is to capture conservative estimates of exposure that are relevant to the greatest number
of people. Thus, by focusing the quantitative HHRA on an area with the highest estimated
emission density, an area with a diverse range of relatively densely developed oil and gas
activity and the greatest population density, the study team tried to capture the most relevant
and conservative estimates of exposure that could be received by people in the region. Also, by
focusing on the most populated area in the region, it is feasible that potential vulnerable subpopulations may be present.
A recent survey distributed to the BC Air Shed Stakeholder Advisory Group (SAG 2013) and the
NE BC Oil and Gas Health Advisory Committee members revealed that the top priorities for
monitoring air quality in the region, based on feedback received from the survey respondents,
included:
•
•
•
•

Air quality in the most populated areas
Air quality in the most developed areas with respect to oil and gas
Estimation of highest and average human exposures
Exposure of sensitive individuals.

The study area selected for the evaluation of airborne emission sources in the quantitative
HHRA will address these priorities.
Lifestyle Considerations
Both the region as a whole and the study area are inhabited by Aboriginal and non-Aboriginal
communities. As a result, there are potential differences in lifestyles that could impact how much
of a chemical a person is exposed to. For example, a person who actively hunts and harvests
food from the region may experience a different exposure than a person who consumes
primarily store-bought foods. For the purposes of the quantitative HHRA, four general
categories of individuals will be considered in an effort to capture the various exposures that
people in the region might receive:
•

Aboriginal group. Individuals in this group will be assumed (for the purposes of the
quantitative HHRA) to consume primarily locally sourced foods, including game animals,
fish, berries and traditional plants, and garden vegetables. Recognizing that Aboriginal
people in the region may spend their entire lives in the area, it will be assumed that
people within this group are exposed to oil and gas emissions for 365 days per year,
24-hours per day, over an 80-year lifetime. For the purpose of the quantitative HHRA,
efforts will be made to ensure that assumptions regarding potential exposure are
appropriate and representative of individuals who practice traditional lifestyles.

•

Community Group. This group will be assumed to consume a smaller proportion of
their diet from local sources (e.g., game, fruits and vegetables that might be grown in a
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home garden, or obtained from local vendors on occasion, as per Health Canada
guidance). For the purposes of the quantitative HHRA, these individuals will be assumed
to spend their entire lifetimes in the area, and are exposed 365 days per year, 24-hours
per day, over an 80-year lifetime.
•

Agricultural Group. Various types of farming take place in the area, and as a result
people may be exposed to chemicals through the consumption of local country foods
(beef, chicken, dairy, fruit, vegetables). To capture potential exposures that might be
received by agricultural residents who may consume a diet with a high proportion of local
foods, it will be assumed that this group relies entirely on local country foods.

•

Visitors. This group represents individuals who may be present in the region for a
shorter period of time, such as people who may visit the area for recreation. The
consumption of local foods would be assumed to be minimal, given the temporary nature
of the exposures.

All information sources used in formulating and conducting the quantitative HHRA will be
provided, along with reference citations.
All age classes (life stages) will be considered in the quantitative HHRA. The five receptor life
stages that will be included in the quantitative HHRA are consistent with Health Canada
guidance (Health Canada 2012a):
•
•
•
•
•

Infant (0 to 6 months = 0.5 years)
Toddler (7 months to 4 years = 4.5 years)
Child (5 to 11 years = 7 years)
Adolescent (12 to 19 years = 8 years)
Adult (20 to 80 years = 60 years)

For the assessment of carcinogens, a ‘composite individual’ who represents all stages of a
person’s life (e.g., from infant to adult) will be used to represent cumulative exposure over an
80-year lifetime.
To account for the physical and behavioural differences that exist between different age groups,
general physical characteristics of chronically-exposed people residing in the area will be
obtained from documents published by Health Canada (2012a), CCME (2006), Richardson and
O’Connor (1997), and other reputable sources as appropriate.
6.7

Identification of Chemicals of Potential Concern

As discussed in Sections 4.0 and 5.0, the emission scenarios selected for further evaluation in
the quantitative HHRA include continuous airborne emissions from gas processing plants and
production facilities. Accordingly, the selection of COPC must focus on chemicals that are
associated with these emission sources.
The overall objectives of the COPC selection process for the quantitative HHRA are to:
•

Identify COPC that may be considered to be chemicals of interest in relation to the
selected emission sources, based on published documentation and professional
experience
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•
•

Select COPC that may be emitted from these activities that are of particular concern with
respect to human health
When possible, to select COPC that may be considered to be representative of a
number of different COPC, either with respect to relative volume or toxic potential

To achieve these objectives, the study team has reviewed the available scientific information
regarding chemicals that may be emitted from the identified sources, and compiled a ‘short-list’
of COPC that are known to be emitted from gas plants or production facilities and are of
particular concern to human health, or are associated with certain health endpoints of interest.
By focusing on a list of specific COPC, a more thorough assessment of potential human
exposures in the study area may be completed. In the event that potential adverse risks to
human health are identified for the selected COPC, the study team may consider making
recommendations for additional HHRA work to the BC MoH.
The Literature Review completed by the study team in April 2013 (Intrinsik 2013b) concluded
that health outcomes of particular concern with respect to oil and gas activity included:
respiratory diseases and cancers, reproductive, neurological effects, and immune and
cardiovascular effects. In compiling the list of COPC as part of this SLRA, consideration has
been given to these endpoints.
Several studies that examined chemicals associated with oil and gas activities were identified as
part of the Literature Review that met the general search criteria established by the study team,
but were focused more on the quantification of chemical concentrations in the environment or
on HHRA. These studies were reviewed, along with other sources of information, in the
development of a list of COPC for inclusion in the HHRA. This list of studies obtained from the
Literature Review was subjected to additional screening, and several studies were removed
based on the following:
•
•
•
•
•
•

Studies involving marine environments in association with off-shore oil and gas activities
Studies related to oil and gas activities that are not relevant to the study area in NE BC,
such as the Alberta oil sands, carbon capture and storage facilities, etc.
Underground storage tank site assessments
Reports focused on the development or validation of analytical methodologies
Quantitative hazard assessment (non-chemical risk assessment)
Studies of potential effects on ecological receptors, including biomarker studies

In addition to studies identified during the Literature Review, additional documents that focused
on oil and gas activity in NE BC or presented relevant information regarding HHRA and oil and
gas activity were also included. A limited review of the documents identified through the above
described activities was conducted, with an aim to provide additional information for use in the
SLRA, such as chemicals of potential concern, exposure pathway identification, etc. General
summaries of these studies are provided in Appendix D to this SLRA, along with a general
description of how these studies were evaluated. This review was not intended to be a critical
literature review, but rather to help inform the SLRA with respect to scenario development, and
the selection of chemicals and exposure pathways for the quantitative HHRA.
Chemicals that have been selected for further consideration are summarized in Section 6.7.1,
and the rationale for exclusion of certain COPC is provided in Section 6.7.2.
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6.7.1

Selected Chemicals of Potential Concern for Evaluation in the HHRA

A summary of the selected COPC associated with continuous air emission sources (gas
processing plants, various production facilities) in the area is provided in Table 6-3, along with a
general description of the rationale for including each COPC. This list primarily includes COPC
with the health endpoints of interest identified from the Literature Review (Task 3): cancer,
respiratory effects, reproductive/developmental effects, cardiovascular and immunological
effects. Additional details regarding some of the studies cited are available in Appendix D.
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Table 6-3

Summary of Selected Chemicals of Potential Concern for Evaluation in the Phase 2 Human Health Risk
Assessment of Oil and Gas Activity in Northeastern British Columbia

Selected Chemical of
Potential Concern

Rationale for Inclusion

References

Sulphur Dioxide (SO2)

Presence in combusted sour fuel emissions, potential for adverse respiratory effects

Krzyzanowski 2012; US EPA 2010; Witter et al. 2008

Nitrogen Dioxide (NO2)

Presence in combustion emissions, potential for adverse respiratory effects

Krzyzanowski 2012; US EPA 2008; Witter et al. 2008

Fine Particulate Matter
(PM2.5)

Presence in combustion emissions, potential for adverse respiratory and
cardiovascular effects

CCME 2012, 2000; CARB 2005

Ozone

Secondary product formed through interaction between NOX and VOCs on a regional
basis, may cause eye and respiratory irritation

BC AQ 2013; Krzyzanowski 2012; Witter et al. 2008

Benzene

Detected in ambient air near upstream oil and gas operations in Western Canada,
presence in emissions from gas plants and production facilities, potential for adverse
immunological or carcinogenic effects, predicted risks in oil and gas risk assessments

Krzyzanowski 2012; You et al. 2008; ATSDR 2007;
Burstyn et al. 2007; TCEQ 2007a; US EPA 2000;
McKenzie et al. 2012; Witter et al. 2008, 2011

Toluene

Detected in ambient air near upstream oil and gas operations in Western Canada,
potential for adverse respiratory and neurological effects

Krzyzanowski 2012; You et al. 2008; US EPA 2005;
ATSDR 2000; Witter et al. 2008

Ethylbenzene

Detected in ambient air near upstream oil and gas operations in Western Canada,
potential for adverse reproductive/developmental effects, neurological effects,
predicted risks in oil and gas risk assessments

Krzyzanowski 2012; ATSDR 2010; McKenzie et al. 2012;
Witter et al. 2008, 2011; You et al. 2008

Xylenes

Detected in ambient air near upstream oil and gas operations in Western Canada,
potential for adverse respiratory and neurological effects, predicted risks in oil and
gas risk assessments

Krzyzanowski 2012; TCEQ 2009; McKenzie et al. 2012;
Witter et al. 2008, 2011; You et al. 2008

1,3-butadiene

Potential reproductive/developmental effects, carcinogenic effects, predicted risks in
oil and gas risk assessments

US EPA 2002; McKenzie et al. 2012; Witter et al. 2011

Acrolein

Presence in combustion emissions, potential for respiratory effects

OEHHA 2008a

Acetaldehyde

Presence in combustion emissions, respiratory effects and cancer

Krzyzanowski 2012; OEHHA 2008b; Health Canada 2004

Cyclohexane

Associated with risks in oil and gas risk assessments (aliphatic hydrocarbons),
potential reproductive effects

McKenzie et al. 2012; US EPA 2003a

Formaldehyde

Presence in combustion emissions, potential respiratory and carcinogenic effects

TCEQ 2008; ATSDR 1999; US EPA 1991

n-hexane

Potential neurological effects, predicted risks (for aliphatic hydrocarbons) in oil and
gas risk assessments

TCEQ 2007b; McKenzie et al. 2012; Witter et al. 2011

Hydrogen sulphide (H2S)

Presence in sour oil and gas emissions, respiratory, neurological effects

ATSDR 2006; US EPA 2003b

Isopropylbenzene (cumene)

Detected in ambient air surrounding upstream oil and gas operations in Western
Canada,

You et al. 2008
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Selected Chemical of
Potential Concern

Rationale for Inclusion

References

Naphthalene

Detected in ambient air surrounding upstream oil and gas operations in Western
Canada, potential respiratory effects

You et al. 2008; US EPA 1998

n-pentane

Associated with risks in oil and gas risk assessments (aliphatic hydrocarbons),
potential neurological effects

You et al. 2008; McKenzie et al. 2012; TCEQ 2011

Trimethylbenzenes

Detected in ambient air near upstream oil and gas operations in Western Canada,
potential neurological effects; predicted risks in oil and gas risk assessments

US EPA 2010; McKenzie et al. 2012; Witter et al. 2011;
You et al. 2008

Benzo(a)pyrene and other
Carcinogenic PAHs

Associated with airborne emissions from oil and gas facilities, carcinogenic effects

Ana et al. 2012; Health Canada 2012a; Krzyzanowski
2012
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Although multiple resources were considered in the selection of the COPC, some of the key
documents consulted included: monitoring studies by You et al. (2008) and Burstyn et al.
(2007); recent risk assessment work completed by the Colorado School of Public Health
(ATSDR 2010; McKenzie et al. 2012; Witter et al. 2011, 2008); an air monitoring study by
Colborn et al. 2014, and, a review of potential COPC in NE BC by Krzyzanowski (2012).
The You et al. (2008) and Burstyn et al. (2007) studies were completed in association with the
Western Interprovincial Scientific Studies Association (WISSA) study of oil and gas emissions in
rural Western Canada (WISSA 2006). Although the WISSA study was focused on livestock
health, this project involved the collection of monitoring data for various chemicals associated
with oil and gas activity. As part of the WISSA study, a total of 1,206 air samples were taken
from rural locations within NE BC, Alberta and Saskatchewan over a 21 month period. The
areas selected for monitoring were located near oil and gas activities, including (but not limited
to) oil and gas wells, gas plants, batteries, compressors, flares, pipelines, heaters, and pump
stations. The results of these studies suggest that benzene is a key COPC associated with oil
and gas activity, and while found to be associated with many oil and gas sources, gas plant
emissions were estimated to have the most impact on benzene concentrations, up to at least 50
km away (Burstyn et al. 2007). Other VOCs identified as part of the WISSA program as being
commonly detected in air in association with oil and gas activities included: ethylbenzene,
toluene, xylenes, hexane and trimethylbenzenes.
The WISSA study also reported detectable concentrations of both H2S and SO2 (WISSA 2006).
Given the presence of sour oil and gas activity in the area as it relates to the presence of the
selected emission sources, both H2S and SO2 were included as COPC for further analysis in the
quantitative HHRA.
McKenzie et al. (2012) conducted air monitoring in support of an HHRA in an area of Colorado
where several unconventional oil and gas operations were present. A number of VOCs were
detected in the air samples collected from the area, and an assessment of both potential
carcinogenic and non-carcinogenic effects was conducted. Potential exposures from ambient
air to which people living within ½ mile of or beyond ½ mile of natural gas development were
compared with health-based criteria for both carcinogenic and non-carcinogenic effects. The
chemicals that were predicted to contribute the most to the predicted risk estimates were:
benzene, 1,3-butadiene, ethylbenzene, trimethylbenzenes and xylenes.
The same research group (McKenzie, Witter) from the Colorado School of Public Health
completed an HHRA that was released in draft versions, but never finalized (Witter et al. 2011).
This document appears to be a more comprehensive assessment of the area evaluated by
McKenzie et al. (2012). The 2011 HHRA assessment appeared to be semi-quantitative in
nature, and included the evaluation of several air and water-related COPC measured in the
area, which had active oil and gas activity. A list of COPC was compiled based on ambient data
obtained from two continuous monitoring stations, as well as grab samples. Although measured
data were available for a large number of COPC, Witter et al. (2011) developed a focused list of
chemicals for assessment, based on the availability of risk-based criteria, the relative magnitude
of the maximum measured concentrations to the risk criteria, and the prevalence of detection.
Separate assessments of potential acute, subchronic and chronic exposures were completed.
The COPC that were predicted to have the potential for adverse health effects included:
benzene, formaldehyde, ethylbenzene, trimethylbenzenes, and xylenes.
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Witter et al. (2008) completed a comprehensive literature review, which included a review of
known chemicals associated with oil and gas exploration, drilling, extraction and production.
Although the review did not identify research studies that specifically examined the health
effects of nitrogen oxides, sulphur oxides, or particulate matter in relation to oil and gas activity,
Witter et al. (2008) note that these groups of Criteria Air Contaminants, including ozone, are
likely to be released in association with combustion and production sources. In addition, Witter
et al. 2008 note that VOC emissions from oil and gas production facilities are of interest, due to
multiple potential point sources and potential adverse health effects of certain VOCs (e.g.,
benzene, toluene, ethylbenzene, xylenes, etc.). As a result, nitrogen oxides, sulphur oxides and
particulate matter will be considered in the quantitative HHRA through the evaluation of NO2,
SO2, and fine particulate matter (PM2.5).
A recently released study by Colborn et al. (2014) studied air quality in rural Colorado at a
permanent monitoring location situated about 1.1 km away from a hydraulic fracturing well pad
that was drilled and developed during the study period. An additional 130 producing natural gas
wells were also present in the area, within a distance of 1.6 km of the monitor location. Weekly
air samples were collected over a 1-year period, and analyzed for PAHs and various VOCs.
Substances that were detected in all samples included short-chain aliphatics (methane, ethane,
propane), toluene, acetaldehyde, formaldehyde, and naphthalene. In addition, several PAHs,
methane, ethane, methanol, ethanol, and acetone were detected. The highest chemical
concentrations were generally measured during the drilling stage of the well, and were observed
to decrease over time. Methylene chloride was found to be present in a number of samples.
However, although methylene chloride is noted to be used as part of hydraulic fracturing fluids
in the study area, the authors discuss the possibility that this solvent is present as a result of
fugitive releases from its use during various cleaning operations on a site-specific basis
(Colborn et al. 2014).
Krzyzanowski (2012) completed a review of chemicals of concern and environmental pathways
of potential impacts in association with oil and gas activity in NE BC. Several categories of
chemicals were noted as being of concern to human health, including oxides of sulphur and
nitrogen, VOCs, PAHs, H2S, ozone, metals, and radioactive substances. The selected list of
COPC for the quantitative HHRA includes many of these categories of chemicals. However, due
to the scope of the Phase 2 HHRA project, not all of the substances identified in Krzyzanowski
(2012) have been included as COPC. Additional information as to the why some of these
substances were excluded from further analysis is provided in Section 6.82.
6.7.2

Chemicals Excluded from the Quantitative HHRA

Due to the scope of the Phase 2 HHRA project, several chemicals or emission sources have not
been included for further assessment at this time. Additional rationale is provided for each
group of chemicals or emission sources.
6.7.2.1

Technologically Enhanced Naturally Occurring Radioactive Material (TENORM)

Several radioactive elements, such as radium, radon and uranium, occur naturally within
environmental media. These naturally occurring substances are sometimes referred to as
NORM (Naturally Occurring Radioactive Materials) (US EPA 2012b; USGS 1999). Radon has
been found to occur naturally in NE BC, as well as in other areas of the Province (BCLA 2012).
A recent State of the Air report published by the British Columbia Lung Association (BCLA
2012) notes that radon exposure is a leading cause of lung cancer, and that household
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exposure due to naturally occurring radon may be of concern. A monitoring study completed by
van Netten et al. (1998) observed that workers wearing personal monitors 24-hours per day
received radon exposures from both their homes and their workplace, and that these exposures
could not be distinguished from each other in the monitoring results. However, the radon activity
measured via these personal monitors in the NE BC area were found to be within health-based
guidelines and within the normal range of activity for the geographical area (van Netten et al.
1998). The Northern Health Authority (Northern Health 2013) reports that relatively high radon
concentrations have been detected in both the Fort St. John and Fort Nelson areas in NE BC,
and provide household testing kits upon request.
Groundwater that is in contact with oil deposits can have high concentrations of NORM, as can
equipment surfaces that are in contact with groundwater or oil and gas at various phases of
exploration and production (US EPA 2012b; USGS 1999). NORM that are exposed to the
surface as a result of human activity are often referred to as Technologically Enhanced
Naturally Occurring Radioactive Materials (TENORM). The oil and gas industry is one of many
industries that can result in TENORM (Saint-Fort et al. 2007). TENORM may be present in
areas with oil and gas industry in the form of mineral scales that form within pipes or other
equipment, sludge, produced water. The presence of TENORM in wastes from oil and gas
activities, and the management and disposal of these wastes are also of concern (USGS 1999).
The particular radionuclides and relative concentrations can vary with geological conditions,
formation conditions, and the type of oil and gas activity (US EPA 2012b). As their presence in
surface environment is highly dependent on water solubility, the radionuclides that appear as
TENORM are generally water soluble (US EPA 2012b). In general, TENORM contamination
levels are highest in equipment that is in contact with formation or produced water, although
TENORM have been detected in gas-handling equipment (US EPA 2012b).
Produced water is waste water from the oil and gas extraction process. Generally, the volumes
produced are large, but the radioactivity levels are low (US EPA 2012b). The scaling that can
form in pipelines and in equipment consists of insoluble barium, calcium and strontium
complexes that precipitate from produced water over time. Radium can interchange with these
inorganic ions and be incorporated into scaling in their place (US EPA 2012b). Oil productionrelated scaling tends to be higher in radium, while gas plant scaling is higher in radon. The
sludge that forms as a result of precipitation of solids from produced water has been found to
contain radium and lead radionuclides (US EPA 2012b). Historic waste management practices
in some areas may have involved the disposal of produced water, drilling fluid wastes, or sludge
into flare pits or brine pits. As a result, these historic sites may contain TENORM (US EPA
2012b).
A study of TENORM in NE BC conducted by van Netten et al. (1998) observed that there is a
high degree of variability in radon activity associated with natural gas wells, and that wells with
high radon content are rare. As a result, the radon activity that can enter gas processing plants
is reduced by dilution with product from low activity wells present in the region. The monitoring
results of van Netten et al. (1998) provide confirmation of this.
Some of the radionuclides that have been commonly detected in relation to oil and gas activities
are summarized in Table 6-4. Several studies were identified during the Literature Review that
involved the evaluation of TENORM in association with various oil and gas activities. These
studies are summarized briefly in Appendix D, and the radionuclides measured in these studies
have been included in Table 6-4 below. Radionuclides such as uranium (238U) and thorium
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(232Th) are not water soluble. Radium is a decay product of both 238U and 232Th, and as a result,
both radium and its decay products (or ‘daughters’) may be present in TENORM. Many of the
substances in Table 6-4 therefore represent decay products (US EPA 2012b).
Table 6-4

Summary of Potential Water Soluble Radionuclides that May be Present in
Technologically Enhanced Radioactive Materials
Source

Relevant Radionuclides

Soils near oil field activity

226Ra, 226

Indoor TENORM waste storage facilities

222

Crude oil

214

Gas

226

224

222

Condensate

226

224

222

Pipeline scales and equipment

226

224

222

Tank sediment and sludge

40

Outdoor TENORM waste disposal sites

226

214

Pb,
137
Cs

Ra,
Ra,

K,

228

220

Reference
40

Pb,

228

Ra,
Ra,
Ra,

RA,

228

Ac,

208

Ajayi et al. 2009

Tl,

Drummond et al. 1990; Van Netten et
al. 1998

Rn

Van Netten et al. 1998

Rn
Rn,

232

Ra,

Al-Sulaiti et al. 2012; Agbalagba et al.
2012; White and Rood 2001;
Rajaretnam and Spitz 2000; Spitz et al.
1997
Abo-Elmagd et al. 2009

Rn

226

Ra,

208

Ra, Ac, Pb, Tl, Ra, K,
228
212
208
40 and
Bi Ac, Pb,and Tl, K

214

Ra,

212

214

Rn,
Bi,

228

Th,

210

214

Bi,

214

Pb,

Bi,

222

214

208

Rn

Hamlat et al. 2001; White and Rood
2001; Van Netten et al. 1998

Pb

Tl,

210

Pb

Jibiri et al. 2011; Van Netten et al. 1998
Walter et al. 2012; Smith 2003; Wilson
and Scott 1992

Due to the nature of the sources of TENORM, workers in the oil and gas industry who are in
contact with or in close proximity to pipelines and equipment that may be contaminated, are
likely to receive the highest exposures. Occupational health and safety practices and waste
handling practices at work sites thus have a key role in the mitigation of exposure. These
issues, as they may relate to worker exposures to TENORM, appear to be localized. As such,
worker exposure to TENORM represents an occupational health and safety issue as opposed to
a public health issue. Given that the scope of the Phase 2 HHRA project is focused on the
potential effects to the population in NE BC in association with oil and gas activity rather than
workers, worker exposures to TENORM will not be evaluated further.
As radon is naturally occurring in the NE BC region, household exposure to radon and
workplace exposures to TENORM are both of relevance (Northern Health 2013, van Netten et
al. 1998). Regardless of proximity to areas impacted by TENORM from oil and gas activity,
radon exposure is a public health issue of concern. The sources of oil and gas related TENORM
that have been identified as having the potential in the scientific literature to impact off-site
individuals (i.e., residents and visitors to the area) are outdoor waste disposal sites (solid waste
dumps, storage ponds and historic waste sites where produced water, pipeline or equipment
scale, or sludge have been deposited). However, within the context of a detailed quantitative
HHRA, the assessment of incremental TENORM exposure to which the public might be
exposed is associated with a number of challenges, such as: variability in activity between wells
and other TENORM sources, potential differences in storage and waste practices between
sites, and the potential number of oil and gas sites within the NE BC region. Given that the
sources of population exposure to TENORM have the common element of being related to
waste disposal, TENORM waste disposal practices, including the management of produced
water, within the oil and gas industry and associated regulations thus have some potential to
impact human health. To help address this, an evaluation of waste disposal practices in BC in
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association with oil and gas activity will be included in the study team’s Regulatory Review that
will be completed as part of this project.
6.7.2.2

Metals

Based on the overall weight of evidence, metals will not be included as airborne COPC in
association with natural gas or produced gas combustion. It is recognized that some information
sources have indicated that metal emissions could be associated with natural gas combustion
(e.g., AP-42 Section 1.4, US EPA 1998). However, there is some debate about whether or not
metals are actually emitted from natural gas combustion sources, as the AP-42 emission factors
for metals have low ratings.
In a study of the U.S. EPA emission factors that indicate that metals are emitted during natural
gas combustion, Chao et al. (1999) conducted measurements designed to detect trace element
emissions from natural gas combustion. Chao et al. (1999) found all metals to be below
detection levels. The study ruled out the emission of metals from the combustion process itself,
as well as metals associated with corrosion from metal pipes and fittings. Chao et al. (1999)
attributed the presence of metals in the U.S. EPA test data to small amounts of contamination
by dust or soot in the sampling equipment from earlier sampling of flue gas in boilers fuelled by
coal or oil. As such, Chao et al. (1999) concluded that the U.S. EPA had incorrectly identified
natural gas combustion as a source of metal emissions.
In addition to the Chao et al. reference, the following references support the assertion that the
combustion of natural gas will not emit metals into the environment in appreciable quantities:
•

•
•

In a memorandum to engineering staff at the Bay Area Air Quality Management District,
Bateman (2005) stated the following: “AP-42 emission factors for metal emissions are
not used because they are based on a small number of tests and have poor EPA data
rating”. Bateman (2005) argues that there is insufficient evidence to support the AP-42
emission factors for metal emissions from natural gas combustion processes.
The Danish National Environmental Research Institute (NERI 2005a,b) reports that for
gas turbines, stationary engines and combustion sources fired with natural gas, the
heavy metal emission factors are reported as 0 mg/GJ.
Environment Canada makes the following statement regarding natural gas combustion
“…metal emissions are not normally associated with gaseous fuel combustion”. This
conclusion is supported by the Environment Canada statement: “Since natural gas
contains no ash and practically no sulphur or metals, emissions of these substances are
virtually zero…” (Environment Canada 2013b).

In contrast to natural gas, there is no information available in the scientific literature regarding
the presence of metals in produced gas. This is likely attributable to the similarities between
produced and natural gases. The geological processes that form produced gas are similar to
processes that form other gas sources. Conventional gas reservoirs are pockets of gas that are
contained by sealed rock (above) and either sandstone or oil (below). Both the oil and gas are
withdrawn, which results in oil containing produced (or solution) gas. For example,
approximately 8% of the natural gas produced and recovered in Alberta is originally solution gas
(ERCB 2012a).
In light of the weight of evidence provided by these references, it is unlikely that natural gas or
produced gas will present significant sources of metals.
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6.7.2.3

Chemicals Associated With Hydraulic Fracturing

A qualitative evaluation of potential hydraulic fracturing-related emission sources was provided
in Section 5.0. Hydraulic fracturing emission sources were assigned a relatively low numerical
ranking within the water component of the SLRA. As a result, hydraulic fracturing-related
scenarios will not be evaluated further in the quantitative HHRA with respect to water. From the
perspective of air quality emissions associated with hydraulic fracturing, diesel emissions for oil
and gas activity in general were assigned a relatively low numerical score in Section 4.0, on the
basis of the relatively low magnitude of release and limited scale of impact. The air quality
matrix in Section 4.0 did not explicitly cover airborne emissions associated with hydraulic
fracturing. That said, it is recognized that hydraulic fracturing activity is associated with a
considerable level of public concern. Accordingly, some additional discussion regarding the
potential challenges associated with evaluating hydraulic fracturing within a risk assessment,
from the perspective of the identification of COPC for air quality and quantitative HHRA, is
provided below and previously in Section 5.0.
Hydraulic fracturing fluids can contain hundreds of different chemicals (Krzyzanowski 2012) and
can vary significantly (Pembina Institute 2011). As discussed in Section 5 and Table 5-5, some
of the general categories of chemicals that have been included in hydraulic fracturing fluids
include: acids, biocides, breakers, stabilizers, corrosion inhibitors, crosslinkers, defoamers,
friction reducers, gellants, pH control, proppants (i.e., to prop open fissures in rock), scale
control, surfactants (Colborn et al. 2011). Colborn et al. (2011) noted that one of the challenges
associated with assessing the presence of hydraulic fracturing chemicals is that because the
fluid products used can vary, it can be difficult to develop meaningful environmental monitoring
programs to capture the potential impacts of hydraulic fracturing. One approach might be to
focus on the chemicals in products that are commonly used. In completing their hazard
assessment of several hundred components of drilling and fracturing fluids, Colborn et al.
(2011) conducted a survey of products used in drilling and fracturing operations, and also had
access to unpublished data. Similarly, the US National House of Representatives (USHR 2011)
compiled a list of chemicals that were most common in the hydraulic fracturing fluids used by 14
different service companies in the US. Access to this information was obtained through
confidentiality agreements with operators.
While it is recognized that there is an increasing amount of information available regarding the
composition of fracturing fluids through publicly available resources such as FracFocus
(BC OGC 2013h), specific information regarding the relative amounts of the various chemicals,
and concentrations of the chemicals, and the frequency with which the various fluids are used in
the area are not always publicly available. The US EPA (2012a) is currently conducting a study
of the potential effects of hydraulic fracturing on drinking water. In addition, the Center for
Excellence in Environmental Toxicology (CEET) at the University of Pennsylvania is currently
leading several studies regarding the potential health effects of hydraulic fracturing and natural
gas development on human health (Kreeger 2013). Thus, the quantity of information regarding
hydraulic fracturing fluids is evolving.
At this time, to help address the issue of hydraulic fracturing fluids and human health as part of
the Phase 2 HHRA project, the management of drilling and fracturing fluid use and waste
disposal, and protocols to manage accidental releases during exploration and production, will be
evaluated as part of the Regulatory Review that will be completed as part of this project.
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6.8

Identification of Exposure Pathways of Interest

The exposure pathways that are relevant to people in the region will vary with the group being
assessed (Aboriginal, Community Resident, Agricultural Resident, Visitor), to reflect potential
differences in behaviours between these groups.
Both direct and indirect exposure pathways are of potential relevance in the evaluation of
exposures that might be received by people as a result of continuous emissions from gas plants
and production facilities. Inhalation of COPC from airborne emissions is considered to be a
direct pathway. Indirect pathways are the result of deposition or accumulation of COPC within
various environmental media that come into contact with air, such as soil, water, and dust as
well as foods that may be collected from these areas. For example, COPC from continuous air
emissions may deposit onto plants, soil and water, that may be later consumed by people or
animals (that are then consumed by people).
For the quantitative HHRA, four categories of individuals will be assessed to help ensure that
the lifestyles of the various types of individuals who live in the region are captured: Aboriginal,
Community and Agricultural Residents, as well as Visitors. The assumed pathways that these
four groups will have in common will be the inhalation of air and dust, and dermal (skin) contact
and ingestion of soil. The key differences between the groups will be in the assumptions applied
in the HHRA for ingestion pathways, with respect to what and how much of the food types are
consumed. A comparison of the exposure pathways that will be given further consideration in
the detailed quantitative HHRA for the four groups is provided in Table 6-5. Consideration will
be given to all life stages in the multiple pathway assessment. Going forward in the quantitative
HHRA, the indirect pathways will be referred to as the ‘multiple pathway assessment’.
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Table 6-5

Summary of Potential Exposure Pathways
Exposure Pathway

Aboriginal
Group

Community
Group

Agricultural
Group

Visitors

Inhalation of air









Inhalation of dust









Inhalation

Ingestion
Ingestion of soil (inadvertent)









1

Ingestion of water









Ingestion of local fruit and vegetables







x

Ingestion of traditional plants



x

x

x

Ingestion of local berries









Ingestion of local livestock and poultry

x

x



x

Ingestion of local dairy and eggs

x

x



x

Ingestion of local wild game





x

x

Ingestion of local fish







x

Dermal contact with soil









Dermal contact while swimming or bathing









Dermal Contact

1

x

Includes ingestion of drinking water (ground or municipal) and incidental ingestion while swimming.
Exposure pathway is applicable for the lifestyle category.
Exposure pathway is not applicable for the lifestyle category.

There is a high potential for people who live in the study area to consume local country foods
(beef, poultry, dairy, fruits and vegetables), berries, fish, and traditional foods (large and small
game animals, traditional plants). To reflect this, human exposure to the COPC via these foodrelated pathways will be given consideration in relation to the assessment of long-term,
continuous emission sources to air, where adequate information is available.
Sources of information that will be considered in the formulation of consumption rates (quantity
per unit of time) for country and traditional foods might include:
•
•
•
•

Nutrition Canada Survey (NCS) survey and other Canadian 24-hour recall dietary data
(Health Canada 2012a; Health Canada 1994; Richardson and O’Connor 1997).
British Columbia First Nations Health Council (BC FNHC 2013). Traditional Foods Fact
Sheets.
Chan et al. 2011. First Nations Food, Nutrition and Environment Study (FNFNES):
Results from British Columbia (2008/2009). Prince George: University of Northern British
Columbia.
United States Environmental Protection Agency (US EPA 2011).

This does not represent a complete list of potential resources. Where possible, data for the
NE BC region will be given preference. Separate exposure estimates will be calculated for the
different age groups (infant, toddler, child, adolescent, adult).
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The most relevant drinking water sources in the area will be identified and discussed within the
quantitative HHRA.
Conceptual models linking the selected emission sources (gas processing plants and production
facilities) with the identified exposure pathways have been constructed. Separate models for
each group of receptors (agricultural, community, agricultural, visitors) have been developed,
and are presented as Figure 6-15 to Figure 6-18.
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AIR
WATER
SOIL
PLANTS

FISH
Ingestion
Dermal contact

WILD
GAME

Ingestion
Ingestion
Ingestion, Dermal Contact

Figure 6-15

Conceptual Model of Potential Exposure Pathways for the Assessment of
the Aboriginal Group, Selected Continuous Air Emission Sources
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Deposition

AIR

Deposition
Diffusion

SOIL

WATER

PLANTS
Root
Uptake

Inhalation of
air and dust
Ingestion
Dermal contact
Ingestion of
local
produce

Ingestion, Dermal Contact

Figure 6-16

Conceptual Model of Potential Exposure Pathways for the Assessment of
the Community Group, Selected Continuous Air Emission Sources
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Deposition

AIR

Deposition
Diffusion

SOIL
PLANTS

WATER
Ingestion
Inhalation

Root
Uptake

Inhalation of
air and dust
Ingestion
Dermal contact

LIVESTOCK
POULTRY
Ingestion of
local

DAIRY
EGGS

Ingestion
ion
Ingestion, Dermal Contact

Figure 6-17

Conceptual Model of Potential Exposure Pathways for the Assessment of
the Agricultural Group, Selected Continuous Air Emission Sources
Deposition

AIR

Deposition
Diffusion

WATER
SOIL

Inhalation of
air and dust
Ingestion
Dermal contact

Ingestion
Dermal Contact

Figure 6-18

Conceptual Model of Potential Exposure Pathways for the Assessment of
the Visitors, Selected Continuous Air Emission Sources
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7.0

SUMMARY

Considering the overall complexity of the oil and gas industry in NE BC and all the possible
exposure scenarios that accompany each of the different activities in the region, the intent of the
SLRA was to place some practical boundaries around the scope of the quantitative HHRA. In
order to do so, the SLRA needed to identify existing emission sources in the region that pose
the greatest potential risk to public health.
Through the process of the SLRA, the study team developed a conceptual model to help define
the scope of work for the quantitative HHRA, wherein:
•
•
•
•

The study area for the quantitative HHRA was characterized
The primary emission sources in the region were identified
The pathways of exposure from the points of release to the end-receptors were
described
The populations who might come into contact with the chemical emissions and
consequently be at potential risk were described

The SLRA identified a series of ‘real world’ scenarios that could be quantitatively assessed on a
regional basis in the quantitative HHRA. In other words, the conceptual model for the
quantitative HHRA is based on risk scenarios that currently exist in the region that can be
evaluated with enough certainty to provide useful information with respect to future mitigation
and/or monitoring needs in the region, should the need arise (i.e., according to the findings of
the quantitative HHRA).
As part of the SLRA, risk-based matrices were developed in order to evaluate and rank the
potential risks associated with the different air and water emission scenarios in the study area.
Each of these scenarios was assessed according to its potential exposure and hazard. The
exposure scores were based on a combination of the likelihood of an emission/release event
occurring, the duration and areal extent associated with that event, and the overall magnitude of
the event’s exposure. On the hazard side, the score was based entirely on the potential health
impact associated with a particular event. To the greatest extent possible, numerical risks were
based on actual data, predominantly as these relate to the likelihood of events occurring.
However, when such data were unavailable, the scoring system relied on a combination of past
experience, information retrieved from oil and gas related HHRAs and exposure studies, and
professional judgment. The risk matrices provided the relative magnitude of the potential health
risks on the basis of varying types of oil and gas activity. However, whether or not an exposure
scenario ultimately will be included in the quantitative HHRA depends not only on the
significance of the risk (i.e., its relative numerical ranking in the matrix), but also on the
availability and adequacy of environmental data that allows for the health risks to be
quantitatively assessed on a regional scale.
Based on the findings of the risk matrix for the air emissions, two scenarios emerged as the top
priorities for further evaluation in the quantitative HHRA: (1) ongoing emissions associated with
gas processing plants and (2) ongoing emissions for production facilities. The relative numerical
ranking for all the other emission scenarios considered in the risk matrix were orders of
magnitude lower.
Based on the known locations of existing oil and gas facilities and their associated infrastructure
in NE BC, the study area for the quantitative HHRA will be approximately 175 km (north/south)
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by 150 km (east/west) and will include the communities of Fort St. John, Taylor, Dawson Creek,
Pouce Coupe, Hudson’s Hope and Chetwynd. It will also include the First Nations communities
of Blueberry River, West Moberly, Halfway River and Doig River. In addition to capturing most of
the significant sour and sweet gas processing plants of interest, a large number of other oil and
gas facilities and compressor stations will be included if their emissions were sufficiently high
enough to be reported to NPRI. The proposed study area also includes the majority of the
significant continuous emission sources in NE BC and is well represented by meteorological
stations operated by Environment Canada and the BC Ministry of the Environment. As such, it
represents an area where the maximum potential health risks are expected to occur in NE BC.
The air quality assessment will be based on a dispersion model which incorporates local
meteorology and dispersion conditions, terrain features, land use and vegetation cover. This
predictive model will aggregate emissions from the identified source groups and estimate
concentrations at ground-level for several averaging periods of interest from a human health risk
standpoint. Favourable and adverse (e.g., atmospheric inversions and near calm wind speeds)
dispersion conditions and complex wind patterns due to changing terrain features will be
accounted for in the model.
A recent survey distributed to the BC Air Shed Stakeholder Advisory Group (SAG 2013) and the
NE BC Oil and Gas Health Advisory Committee members revealed that the top priorities for
monitoring air quality in the region, based on feedback received from the survey respondents,
included:
•
•
•
•

Air quality in the most populated areas
Air quality in the most developed areas with respect to oil and gas
Estimation of highest and average human exposures
Exposure of sensitive individuals

The results of the survey appear to support the findings of the air risk matrix. As such, the
quantitative HHRA will focus on the health risks associated with ongoing emissions from gas
processing plants and production facilities inside the study area.
The quantitative HHRA will examine the risks that are posed to the residents of NE BC as a
result of existing oil and gas activity in the region. For accidents, including those that trigger
coordinated emergency response systems, the quantitative HHRA will not be able to quantify
risks associated with hypothetical release scenarios without having to make the necessary
“leaps” with respect to the source types, source locations, and affected populations. Instead, the
risks posed by such release events will be addressed as part of the Review of BC Statutory,
Regulatory and Policy Frameworks, specifically as these relate to current requirements on how
emergencies are mitigated, responded to and generally managed by the oil and gas industry in
NE BC. If required, these issues will be considered further in the study team’s final task:
Recommendations on Monitoring and Managing Health Concerns.
The SLRA completed for water emission sources determined that the two scenarios with the
highest numerical rankings included: (1) in-ground fluid pits and flare systems; and, (2) pipeline
ruptures. The scenarios relating to historical and current fluid management practices are
associated with a relatively lower consequence to human health, however, the potential
likelihood of occurrence is higher due to the number of historical and active wells. The potential
health risks associated with these site-specific issues can only be assessed on a case-by-case
basis using measured, site-specific data. There are a number of data gaps in publicly available
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information regarding groundwater and surface water resources in NE BC that may impact the
ability to complete site-specific assessments. As a result, these scenarios could not be carried
forward into the quantitative HHRA, which is intended to have a regional focus (as opposed to a
local or site-specific focus).
The pipeline rupture scenario is associated with a relatively lower likelihood of occurrence, but a
higher potential consequence to human health in the event of a release. However, these types
of release events can be mitigated through emergency planning and response practices,
communication, and site-specific activities (such as evacuation or closure of drinking water
intakes) to reduce the potential for human exposure. As a result, such scenarios will be
excluded from quantitative analysis in the quantitative HHRA.
A process for further evaluation of oil and gas sites on a site-specific basis that could be used to
assess potential water-related human health risks has been described within this SLRA. This
process takes into consideration an existing site classification system from the BC OGC.
According to the findings of the literature review, the quantitative HHRA will attempt to include
the following health effects in relation to upstream oil and gas activity, in order of priority:
•
•
•

Respiratory diseases and cancers
Reproductive, neurological and acute effects
Autoimmune disease and cardiovascular effects

The quantitative HHRA will focus on those chemicals that are known to be associated with the
identified air emission sources and have the potential to, at high enough concentrations, cause
a number of the described health effects.
Finally, the quantitative HHRA will follow a conventional approach for assessing health risks as
a result of environmental exposures. This approach has been developed and endorsed by such
regulatory agencies as Health Canada, the United States Environmental Protection Agency and
the World Health Organization. Based on the results of the SLRA, the quantitative HHRA will
focus on a set of emission scenarios that are considered to pose the greatest potential risk to
public health on a regional basis. Although the quantitative HHRA will not quantitatively assess
every possible emission scenario described herein, it will still provide a comprehensive and
detailed assessment of the potential health risks posed to both aboriginal and non-aboriginal
communities as a result of oil and gas activity in NE BC.
8.0

NEXT STEPS

The information from this SLRA will inform the next steps of the Phase 2 HHRA project.
8.1

Quantitative Human Health Risk Assessment

Based on the decisions made within the SLRA, the study team will proceed with a more
comprehensive and focused assessment of the potential adverse health risks in relation to oil
and gas activity in NE BC. Two air emission scenarios have been selected for inclusion:
1. On-going emissions from gas processing plants.
2. On-going emissions from production facilities.
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No water scenarios have been carried forward in the SLRA for quantitative assessment in the
HHRA.
8.2

Review of British Columbia Statutory and Policy Frameworks

The Phase 2 HHRA project also includes a review of existing BC statutory, regulatory and policy
frameworks that ensure the protection of the health of the population living in proximity to oil and
gas activities in NE BC. This review will take place following the completion of the SLRA and
quantitative HHRA. Information will be collected and reviewed in relation to applicable statutes,
legislation and policy frameworks relevant to the oil and gas activities in NE BC. A number of
scenarios discussed within the SLRA were recommended for further evaluation within the
regulatory review. These scenarios are summarized in Table 8.1.
Table 8-1

Summary of Scenarios from the SLRA to be Evaluated in the Regulatory
Review

Potential Emission
Source

Scenario

Air Emission Scenarios
Emergency Flaring

1-3 Gas Processing Plants (Emergency Flaring)
2-3 Production Facilities (Emergency Flaring)

Routine Flaring

1-2 Gas Processing Plants (Flaring)
2-1 Production Facilities (Flaring)
3-1 Wells Drilling (Clean up and Testing)

Fugitive Leaks

Fugitive leaks were not explicitly evaluated as separate scenarios in the air matrix.
Small fugitive gas leaks from wells, pipelines, batteries and metering buildings emit very small
amounts of hydrocarbon products from seals, pumps and flanges due to wear, damage,
manufacturing flaws, poor design or installation.

Emissions from Well Site
Activities

When wells are drilled, put into service and connected to flow lines or pipelines, there are a
number of necessary activities that could result in emissions to the environment.

Uncontrolled Releases

Well drilling scenarios (3-3 to 3-6)
Producing well scenarios (4-1 to 4-4)
Non-producing well scenarios (5-1 to 5-4)
Pipeline leaks and ruptures (Scenarios 6-1 to 6-10)

Water Emission Scenarios
Operational Sites

Exploration
Construction
Conventional drilling
Hydraulic fracturing
Production
Processing

Historical Sites

In-ground fluid pits and flare system overflows
Unlined storage tank areas
Onsite disposal facilities

Transportation and
Storage of Products and
Wastes
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8.3

Project Recommendations

The final task to be completed by the study team as part of the Phase 2 HHRA project is the
development recommendations. These recommendations will be based on the work completed
by the study team within the context of this project.
Based on the outcomes of the earlier tasks, recommendations may be made regarding changes
in air quality, water resource and even human health monitoring that could be provided to
ensure the ongoing protection of the health of residents in Local Health Areas 59, 60 and 81.
This task may provide additional recommendations or protocols to be employed to assess the
potential for future human health impacts in NE BC as a result of historical, continued or future
oil and gas activities.
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