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Executive Summary

This Background Paper Report forms the first of four components of the project entitled Identification of
the Biophysical Information and Research Gaps Associated with Hydrocarbon Exploration, Development
and Transmission in the Mackenzie Valley. The project was undertaken to improve the level of
preparedness of the federal and the territorial governments, industry, communities, northern boards and
other decision-makers to be able to respond to the environmental assessment and regulatory processes
associated with hydrocarbon exploration, development and transmission in the Mackenzie Valley. In the
course of completing this project, numerous information and research gaps were identified and confirmed,
and priorities for the gaps were established.

The Background Paper Report involved the identification of information and research gaps associated
with five hydrocarbon development areas (Cameron Hills, Liard Plateau, Norman Wells, Colville Hills
and Peel Plateau) and a potential pipeline through the Mackenzie Valley from Inuvik south to the
Northwest Territories/Alberta border. Information and research gaps were identified for each of the
following biophysical topics: terrain, permafrost, water, air, fish and their habitat, wildlife and their
habitat, vegetation, and biodiversity. It also covered a review and brief evaluation of resources and land
uses, including harvesting and protected areas; climate change; and, the possible cumulative effects
related to ongoing and potential hydrocarbon development. Identification of the gaps was achieved
through literature searches, personal communications with principal researchers and others experts in
these areas of study, the professional and technical knowledge of the project team members, traditional
knowledge, and input from communities in the Mackenzie Valley.

The purpose of this Background Paper Report was:
e to consider the environmental impacts that may be expected from hydrocarbon development;
o to identify the research that has already taken place; and
o to determine the gaps in knowledge with respect to baseline information and environmental
impacts.

A draft of the Background Paper Report provided a basis for three other components of the project:
Workshops and Consultation, Action Plan and Final Report. The workshops and consultation component
of the project was done through community visits, a community workshop in Norman Wells, March 3-5,
2003 and a Scientists” Workshop in Yellowknife, April 8-9, 2003. The research gaps and priorities are
featured in the Action Plan, and an overall summary of the project is featured in the Final Report.

Hydrocarbon development has the potential to significantly change the biophysical environment.
Similarly, the biophysical environment will dictate the design of a development proposal. This report
considered what is known about the biophysical environment in the Mackenzie Valley and the potential
impacts that may result from oil and gas development and pipeline construction and operation.
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To understand the outcome of this Background Paper Report, it is necessary to understand the
environmental impact assessment (EIA) process in the Mackenzie Valley. The EIA process requires an
understanding of the environmental impacts of a project and a decision be made on the significance of
these impacts. The challenge is to gather enough information about impacts to reduce uncertainty so that
a determination about the significance of an impact can be made. It is important to have adequate
baseline information to support impact predictions, as well as to have a good understanding of the
potential impacts on the environment as a result of oil and gas development and pipeline construction in
the Mackenzie Valley. This project considered more than 30 years of information about oil and gas
activities in the Mackenzie Valley. Although much research and information has been gathered in the
Mackenzie Valley, some advances in technology and our understanding of environmental impacts
rendered some elements of this previous research and information obsolete, or indicated the need for
updating it.

In the completion of this report, both scientific and traditional knowledge (TK) were considered. While
scientific literature was accessible, reviewing the original sources for TK was not possible because of the
proprietary nature of the information. However, based on references in other reports, it was possible to
get an indication of the presence or absence of TK in a particular subject area and interpret how it might
inform the understanding of impacts.

Project hydrocarbon development scenarios were also prepared to set the context for the gap research.
Scenarios were developed for the Cameron Hills, Liard Plateau, Norman Wells, Colville Hills and Peel
Plateau areas, and for a potential Mackenzie Valley pipeline. These scenarios are only estimates, the
purpose of which was to assist in the identification of gaps and to provide a sense of the disturbances that
may occur and the technological changes that can be expected.

A total of 90 individual biophysical information and research gaps are identified in this report. The
following table lists the number of gaps related to baseline information (total 45) and environmental
impacts (total 45).

Topic Baseline Gap Impact Gap
Terrain and Surficial Geology 5
Permafrost
Hydrogeology
Surface Water
Fish and Fish Habitat
Vegetation and Forests
Wildlife and Wildlife Habitat
Biodiversity
Air
Climate Change
Land and Resource Use/Harvesting/Protected Areas
Cumulative Effects
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Appendix F provides a complete summary of the identified gaps for each of the biophysical topics
discussed in this report. The Action Plan prioritizes the gaps and indicates the organizations that could be
responsible for addressing the gaps.

The adequacy of baseline information was considered for each of the biophysical topics raised in this
report. Research indicated that there is a general lack of baseline information for most of the biophysical
topics, as is evident in the 45 baseline gaps identified through literature reviews and consultation with
scientists and communities. Baseline needs vary between the need to up-date existing information to
collecting new data. The kind of baseline information required for cumulative effects assessment and
protected areas establishment is of a higher scale than that required for project specific impacts.

A number of gaps were identified with respect to our understanding of impacts from oil and gas
development and/or the response to the impacts, i.e., mitigation . If one considers the longer studied
impacts identified in Alberta (Cumulative Effects Management Association - CEMA) and Alaska
(Committee on the Cumulative Environmental Effects of Oil and Gas Activities on Alaska’s North Slope
2003, National Science Foundation 2000) adequacy of mitigation stands out as an area where research is
needed. This includes measures to improve environmental protection, restore impacted habitats, improve
understanding of habitat adequacy for species such as caribou, and engineering responses to climate
change which are adaptive.

Many of the impacts identified in need of study, also had indicated a need to understand the influence of
climate change and the necessary technology adaptations that will be required.
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1. Introduction

1.1 Project Overview

North America’s increasing dependence on the use of natural gas for heating and electricity and the
concurrent increase in world hydrocarbon prices, has revived a long-standing interest in the development
of hydrocarbon reserves, particularly natural gas, in the Canadian western Arctic and Alaska. In recent
years, several proposals have been researched to consider the feasibility of transporting northern gas via
pipeline(s) to southern Canadian and U.S. markets. With the settlement of land claims in the Mackenzie
Valley well under way, an application to construct and operate a natural gas pipeline in this area began
with the recent release of the Mackenzie Gas Project Preliminary Information Package (April 2003). The
Preliminary Information Package describes the Mackenzie Gas Project components and activities, and
identifies potential environmental and socio-economic issues requiring consideration While the
possibility of a pipeline has captured the attention of the public, oil and gas exploration and development
has also been proceeding most notably in Colville Hills, Norman Wells, the Liard Valley and Cameron
Hills.

This Background Paper Report forms the first of four components of the project entitled Identification of
the Biophysical Information and Research Gaps Associated with Hydrocarbon Exploration, Development
and Transmission in the Mackenzie Valley. The project was undertaken to improve the level of
preparedness of the federal and the territorial governments, industry, communities, and other decision-
makers to be able to respond to the environmental assessment and regulatory processes associated with
hydrocarbon exploration, development and transmission in the Mackenzie Valley. This project required
an identification of the current gaps in biophysical information, confirmation of the gaps by communities
and scientific experts and finally a plan of action to address those gaps. The project will also assist
Aboriginal organizations, communities, and the non-government sector in evaluating future hydrocarbon
exploration, development, and transmission projects in the Mackenzie Valley.

Information and research gaps for this project were identified for the following topics:
e terrain and surficial geology;
e permafrost;
e hydrogeology;
e surface water;
e fish and fish habitat;
e vegetation and forests;
e wildlife — mammals and forest birds;
o wildlife — migratory birds / raptors;
e biodiversity;
e air;
o climate change;
¢ land and resource use/harvesting/protected areas; and,
e cumulative effects.
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The project was consisted of four main components:

Component 1, Background Paper Report: The first component involved the identification of gaps for
each of the biophysical components listed above. This was achieved through literature searches, personal
communications with principal researchers and others expert in these areas of study, the professional and
technical knowledge of the project team members, traditional knowledge (TK), and input from
communities in the Mackenzie Valley. The compilation of this gap identification process is contained in
the Background Paper Report.

Component 2, Workshops and Consultation: The second component involved presenting the identified
gaps to communities, scientists, aboriginal groups and other stakeholders in the Mackenzie Valley for
discussion and confirmation. through a series of workshops and community visits. The gaps were
confirmed, refined or dismissed by participants according to their validity. Additional gaps were also
identified. The Gwich’in and Sahtu (Norman Wells) Community Workshop Results, May 3-5, 2003 and
Scientists” Workshop Results, April 8-9, 2003 were prepared to summarize the results of this work.

Component 3, Action Plan: The Action Plan was prepared as the third component of this project. The
Action Plan summarizes the gaps finalized through Component 2 and includes a listing of gaps requiring
immediate action. The Action Plan was prepared to guide information gathering and research activities
related to the Mackenzie Valley hydrocarbon developments to be used by government, industry and
communities and others.

Component 4, Final Report: The Final Report provides an overview of the Background Paper Report,
Norman Wells Workshop and Scientists” Workshop reports, and the Action Plan.

This project focussed on the biophysical environment and did not consider socio-economic issues except
where a socio-economic issue was linked to land and resource use directly associated with hydrocarbon
development and gas pipeline construction and operation. The socio-economic issues such as jobs,
benefits and training and social issues such as health and family violence were not considered in this
project. That evaluation is being undertaken through a different exercise.

1.2 Purpose of Background Paper Report

The purpose of this Background Paper Report is to present the results of the biophysical information and
research gaps (gap analysis) associated with oil and gas exploration and development and a potential
pipeline in the Mackenzie Valley. This includes gaps related to environmental assessment, regulation and
management of oil and gas development. In undertaking the work, past, and current scientific
information and research, TK and input from communities and experts and specialists was considered.

This particular gap analysis report concentrated on a potential chilled gas pipeline and the ongoing and

potential hydrocarbon exploration and developments in the Mackenzie Valley excluding the Mackenzie
Delta and near-shore Beaufort Sea. This report concentrates on such biophysical attributes as terrain,
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permafrost; water; air, fish and their habitat, wildlife and their habitat, vegetation, and biodiversity. It
also covers a review and brief evaluation of resources and land uses, including harvesting and protected
areas; climate change; and, the possible cumulative effects related to ongoing and potential hydrocarbon
development. With respect to the latter attributes:

e Land and resource use information was documented, including information and research on
harvesting, and proposed and existing protected areas in the Valley. The potential effects of
hydrocarbon development on the representativeness of the protected areas with respect to the
goals of the Northwest Territories (NWT) Protected Areas Strategy (PAS) were considered,
including information required to support the goals.

o Climate change and climate change effects were documented in order to provide a context for
the review of the information on the biophysical attributes in the Mackenzie Valley.

The purpose of this Background Paper Report was to :
e consider the environmental impacts that may be expected from hydrocarbon development;
o identify the research that has already taken place; and
e determine the gaps in knowledge with respect to baseline information and environmental
impacts

To establish the context for the research, a description of possible transmission pipeline route scenario(s)
was prepared as were descriptions of the hydrocarbon activities that may take place within the next in 5-
15 years® in key areas in the Mackenzie Valley. The Mackenzie Valley’s geographic scope is the NWT
exclusive of Inuvialuit Settlement Region (i.e., exclusive of Mackenzie Delta and Beaufort Sea). In
particular, research concentrated on hydrocarbon development areas known as the Liard Plateau,
Cameron Hills, Norman Wells, Colville Hills, and Peel Plateau, as well as, a potential pipeline corridor
from Inuvik to the Alberta border.

1.3 Background Paper Report Structure

Including this introduction section (Section 1), the report is divided into five main sections. Section 2
outlines the methods used for integrating TK and western science, preparing development scenarios,
conducting the research, and finally identifying the information and research gaps. Section 3 describes
the scenarios for the hydrocarbon development areas and the potential pipeline. Section 4 provides
background information on the various discipline topics and identifies information and research gaps
related to baseline information and impact assessment. Section 5 lists the references cited throughout this
report.

! Timeframe sourced from Request-for-Proposal, Contract No. 20-02-0255: Identification of the Biophysical Information and
Research Gaps Associated with Hydrocarbon Exploration, Development and Transmission in the Mackenzie Valley (September
19, 2002)
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2. Methodology

The research for this project focused on a potential pipeline extending from the Alberta/NWT border to
Inuvik, and on five hydrocarbon development areas, including Peel Plateau, Colville Hills, Norman
Wells, Liard Plateau and Cameron Hills (Figure 1).

The biophysical information and research gaps identification work relates to understanding the
environment in which oil and gas activities are taking place or could take place, and those research gaps
related to the environmental assessment, regulation and monitoring of oil and gas activities. Therefore,
the research was split into two streams: (1) research gaps for environmental impacts and, (2) research
gaps in understanding the environment (baseline information).

An essential part of the gap work was to consider both scientific and TK information, and the information
from communities in the Mackenzie Valley

2.1 Integrating Traditional and Scientific Knowledge
Two kinds of knowledge were used in preparing this report: TK and mainstream scientific knowledge.

Given that many concepts of TK exist (Appendix A), it was necessary to establish a consistent approach
to the consideration of TK. The definition and concept of TK in this report is the definition that was
developed during a TK workshop called by the Mackenzie Valley Environmental Impact Review Board
(MVEIRB).

“Traditional Knowledge is knowledge that has been acquired through observation, experiences
and interaction of aboriginal peoples with the natural environment over a period of thousands of
years. The experience and observations of individuals is shared with members of a “community”
and is integrated into collective understandings and interpretations. These interpretations shape
behaviours, relationships, beliefs, and socio-economic decisions. This shared experience and
understanding is passed on from generation to generation orally, through traditions and
ceremonies designed to enlighten community members, and through encouraging members to
share their own insights, experiences and observations. The knowledge of individuals about
specific geographic areas or as people with specific expertise about certain elements is a normal
part of the traditional system. This specialized knowledge, however, is shared openly with the
community as a whole, and forms part of the basis for collective understandings. Knowledge is
therefore continuously evolving and provides the aboriginal community with the ability to adapt
to changes and to predict future outcomes based on past experience. The relationship between
people and the natural environment has been informed by this knowledge and has enabled
Aboriginal people to use natural resources in a sustainable manner. Aboriginal peoples are best
equipped to access, interpret, represent and apply the distinct knowledge of their peoples.”
(Barnaby and Emery 2002).
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TK was not directly collected for the purposes of this gap analysis report because of the proprietary nature
of TK information and the challenges of accessing TK. TK gathered and held by communities, as
holders of the knowledge, are responsible for its interpretation, distribution and use. The TK-related
information in this report primarily drew on secondary sources of information. Interviews with
community representatives formed the primary source of TK information. The representatives confirmed
whether TK information was available and its general nature. Where available, publicly accessible TK
information was also reviewed and summarized in this report.

The following types of information were considered in preparing this report:
e data and information: e.g., baseline information, census information;
e interpretative knowledge: e.qg., effects analysis;
e ecosystem management: e.g., planning and management; and
o values-based decision-making: e.g., regional planning.

Data and Information

Data and information includes knowledge related to burial sites, berry picking areas, location of fish, for
example. It is the study of a traditional way of life, land use and occupancy, travel routes, traplines, and
hunting and fishing areas. It may also be sites and areas of cultural, spiritual and historical significance

including harvesting sites.

Interpretative Knowledge

Little TK has been used in effects analysis, or in the prediction of project effects. Some retrospective
studies have been done, such as the Sahtlgot'ine (the Dene of Great Bear Lake) study on the impacts of
1930s-1960s radium and uranium mining in the Sahtu. TK as interpretative knowledge, is knowledge that
is used to predict or understand impact effects such as land use and occupancy information may indicate
or provide information on pipeline route selection or the significance of spills or leaks in certain locations.

Ecosystem Management

TK has been used in the planning and management of projects through land use planning and the
establishment of protected areas by identifying environmentally and culturally sensitive regions or areas.

Values-based Decision-Making
The unique values that underlie TK have been included in the planning and management of development.
Scientific knowledge, largely in the form of refereed scientific papers, government reports, and personal

communication with scientific experts, was obtained through such sources as: government and university
libraries, research databases (e.g., ASTIS), government departments, and internet.
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TK-related information and scientific knowledge were used together to identify information and research
gaps in the available biophysical information for the Mackenzie Valley.

2.2 Roles, Input and Participation

2.2.1 Community Input and Participation

Community input and participation formed a crucial element of the information gaps research. To
achieve adequate input, community visits, engagement of Regional Liaison Staff> and workshops were all
employed. To facilitate communications about this project, posters were prepared and posted in
communities. On the posters, four questions were posed to spark discussion:

how would oil and gas development affect the land, water, wildlife and air?

are there any regulations, guidelines or management plans in place to address these issues?

do you know if there has been any research done about these issues?

what other kinds of science and TK studies need to be done to address these issues?

The responses to these questions were used to verify the development scenarios (Section 3), the identified
environmental effects, the related scientific and TK information, and information and research gaps.

The Regional Liaison Staff provided direct contact with appropriate aboriginal organizations in each
community and region that could provide information relevant to this project. These staff also provided
advice and help in organizing the Norman Wells Workshop and in identifying individuals to attend the
workshop.

2.2.2 Role of Researchers, Team Leads, Senior Peer Reviewers And Scientific
Experts

The Gartner Lee Project Team was comprised of individuals with specific expertise in the biophysical
attributes found in the Mackenzie Valley. Team Leads were appointed to guide researchers in the
following discipline areas, which correspond to the identified biophysical attributes considered in this gap
analysis:

o terrain and surficial geology;

e permafrost;

e hydrogeology;

e surface water;

o fish and fish habitat;

e vegetation and forests;

¢ wildlife — mammals and forest birds;

o wildlife — migratory birds / raptors;

2 The Gwich’in Tribal Council and the Sahtu Renewable Resources Board specifically, for the purpose of this project, engaged
Regional Liaison Staff. The funding for the position was through contribution agreement from DIAND.
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o Diodiversity;

e air;

e climate change;

¢ land and resource use/harvesting/protected areas; and,
e cumulative effects.

The Team Leads provided the researchers with expert advice and direction for researching information
and identifying gaps in each of these areas of interest. The researchers completed a detailed review and
brief evaluation of past and current information and research relevant to the Mackenzie Valley, in each of
these areas. The Team Leads, based on their particular area of expertise and professional knowledge,
then reviewed the gap analysis prepared by the researchers. The Team Leads essentially acted as “gate-
keepers” of the information prepared by the researchers, ensuring its consistency, accuracy and quality.

A team of three Senior Peer Reviewers reviewed the draft Background Paper Report and the draft Final
Report to provide an objective evaluation of the research. Each of the Senior Peer Reviewers brought
extensive northern and/or industry experience, and in-depth knowledge to this task. The Senior Peer
Reviewers also were involved in an advisory capacity during critical points of the project to provide key
discipline contexts and direction to the Project Team.

External scientific experts that were contacted during this project were principal researchers undertaking
research in the areas of the identified biophysical attributes considered in this project. Expertise from
communities was also obtained. Through personal communication with these experts, the Project Team
was able to confirm the research and gap analysis results, and identify additional relevant information.

Scientific experts also provided input at the Scientists’ Workshop, April 8-9, 2003.

2.3 Preparation of Development Scenarios

To set the context for the information gap research, it was necessary to develop an understanding of the
current trends and forecasts for hydrocarbon development (development scenarios) for the next 5 - 15
years in the Mackenzie Valley. These “development scenarios” (as they are collectively referred to) are
only estimates to assist in the identification and analysis of information gaps and to provide a sense of
what disturbances may happen or what technological changes can be expected. They were not perceived
to indicate what actions may take place in the Mackenzie Valley.

The Project Advisory Team and the Gartner Lee Project Team reviewed these development scenarios and

provided comments and additional information used to complete them. The members of the Project
Advisory Team and the Gartner Lee Project Team are listed in Appendices D and E, respectively.
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The following subsections generally describe how the development scenarios were prepared, and Section
3 provides a detailed description of the development scenarios. The various documents used, and the
experts and industry representatives consulted to complete these development scenarios are referred to
throughout Section 3.

2.3.1 Mackenzie Valley Oil and Gas Development Area Scenarios

There are five identified oil and gas development areas, including Peel Plateau, Colville Hills, Norman
Wells, Liard Plateau, and Cameron Hills. in the Mackenzie Valley (Figure 1). Each has a unique history
and resource potential for development. To provide consistency of information and results obtained for
these oil and gas development areas, a potential development scenario was prepared for each area that
included a review and summary of the following information:
e Background: An overview of location and historical oil and gas activities.
e Existing Resources: A description of existing oil and gas resources/reserves.
o Exploration Potential: A description of possible exploration activities.
o Development Potential: A description of oil and gas development activities based on existing
significant discovery and Production Licence issuance, and currently known reservoir potential.
The projections about the number of production wells is also based on expert opinion, and
although this information is considered reliable, it is only for planning purposes for this exercise
and may not be precise.

Each development-potential description also included the following information:

o Type: Qil, gas.

o Development timeframe: 5 to 15 years; this timeframe is not intended to suggest that wells
brought to production would be completed, decommissioned and abandoned within 15 years, it is
only an arbitrary period used for planning purposes.

o Reserves: The projected number of production wells.

e Infrastructure: General description of infrastructure requirements for construction, operation,
and tie-in to existing infrastructure or proposed gas transmission pipelines.

e Staging Requirements: Identifying where and what staging and supply points may be required
and located for construction, operation and decommissioning.

e Resource Requirements: General indication of what resources may be required (e.g., new or
existing winter road access, construction camp facilities).

2.3.2 Mackenzie Valley Oil and Gas Seismic Exploration Scenario

The seismic exploration scenario describes some of the common methods used in seismic exploration in
the Mackenzie Valley today. It includes the following information:
e Type: Seismic survey, exploration type and description of activities
o Exploration Activities: The estimated amount of seismic and exploration drilling to be
undertaken within the exploration timeframe
e Exploration Timeframe: 5 to 15 years
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o Infrastructure: General description of the infrastructure requirements for seismic exploration

e Staging Requirements: Identifying the staging requirements for seismic exploration

e Resource Requirements: General indication of what resources may be required (i.e., camps,
personnel, equipment)

2.3.3 Generic Mackenzie Valley Gas Pipeline Development Scenario

Several natural gas pipeline feasibility projects (e.g., Arctic Gas) were researched for information useful
in compiling this development scenario. Information from all of the proposals reviewed was combined to
create a generic Mackenzie Valley natural gas pipeline development scenario. Various experts and
industry representatives were also consulted and provided additional information that assisted in
compiling this scenario. Since the preparation of the pipeline development scenario for the purposes of
this report, the Preliminary Information Package has been filed by the Mackenzie Gas Producers group.

2.4 ldentifying Information and Research Gaps: Scoping the
Issues

2.4.1 Environmental Impact Matrices

As noted above, development scenarios were created to illustrate the various stages of oil and gas
exploration, development and transmission in the Mackenzie Valley. The development scenarios were
prepared strictly to establish some boundaries for the research in this report. The information from the
development scenarios was summarized into impact matrices which examined potential impacts
associated with:
e potential seismic exploration activities in the specific oil and gas development regions of the
Mackenzie Valley;
o potential hydrocarbon development activities in the specific oil and gas development regions of
the Mackenzie Valley; and,
e apotential natural gas transmission pipeline through the Mackenzie Valley.

These development scenarios included description of typical activities that could be associated with these
types of projects (Section 3) and an identification of the possible level of these activities over a 5to 15
year timeframe (Appendix B).

Matrices were developed to identify the environmental impacts that may happen as a result of the
activities described in the development scenarios. A matrix is a tool that identifies where activities
associated with a project might have an effect on the environment. For the purpose of this work, two
types of matrices were developed. One matrix included project activities for a “typical” natural gas
pipeline. The second matrix included project activities associated with exploring and developing oil and
natural gas resources. Both matrices used the same biophysical components of the environment, land and
resource use, and harvesting. These matrices can be found in Appendix C of this report.
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2.4.1.1  Creating the Matrices

The matrices for this project were modelled after a Level 2 matrix previously developed for a multi-
product pipeline (Federal Environmental Assessment Review Office 1978). The environmental
components were listed on the horizontal axis (x-axis) and identified potential environmental effects
including those biophysical attributes and traditional resources and land uses of the Mackenzie Valley.
The vertical axis (y-axis) features typical activities associated with various stages of hydrocarbon
development, or natural gas pipeline development. Both the x-axis components and the y-axis activities
were reviewed, revised and confirmed with the Project Advisory Team and by the Gartner Lee Project
Team.

2.4.1.2  Filling in the Matrices

The Gartner Lee Project Team completed the matrices. Whenever an effect was identified, an “x” was
put in the box corresponding to the project activity causing the potential effect. The Project Advisory
Team reviewed the results and provided comments.

2.4.1.3  ldentifying Research Priorities

Once the matrices were completed, each identified effect (denoted by ‘x’) was analyzed to determine if
the effect fell into one of the following categories:
e legislation or guideline prescribes mitigation for the effect (R);
e legislation or guideline prescribes mitigation for the effect but environmental issues remain (RR);
o standard mitigation available, but not linked to a legislation or guideline (NR);
o effect is poorly understood or poorly mitigated (P); or
e mitigation available through project engineering or other design (EG).

This exercise was completed in order to identify the priority areas on which to focus the information gap
research. Research priority was placed on those areas where issues remain or environmental issues are
poorly understood. Table 1 illustrates the categorization of the environmental effects, and identifies those
priority areas for researching gaps.
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Table 1. Classification of Environmental Effects and Identification of Priority Research Areas Resulting From a Potential Natural
Gas Pipeline Through the Mackenzie Valley, or Development of Oil And Gas Areas in the Mackenzie Valley.

Classification Codes:
R = legislation or guideline prescribes mitigation for the effect

RR = legislation or guideline prescribes mitigation for the effect but environmental issues remain
NR = standard mitigation available, but not linked to legislation or guideline

P = effect is poorly understood or poorly mitigated

EG = mitigation available through engineering design or other design

Environmental Environmental Effects R/RR Mitigation Approach/ Notes
Component NR/P/EG
Surface Water Flow R NWT Waters Act/ Fisheries Act/ Gwich’in and Sahtu Land Claims/ NWPA/NEB Act (for
pipelines)
Drainage/flood R, EG NWT Waters Act/ Fisheries Act/ Gwich’in and Sahtu Land Claims/ Dominion Water
characteristics Power Act
Quality changes R, EG NWT Waters Act/ Fisheries Act/ Gwich’in and Sahtu Land Claims/ CEPA/ Canada Water
Act/NEB-COGOA
Quantity changes R, EG NWT Waters Act/ Fisheries Act/ Gwich’in and Sahtu Land Claims
Ice regime changes P, EG
Ground Water Water table alteration P, NR NRCan/NEB Act
Quantity changes P NRCan/NEB Act
Quality changes R NWT Waters Act/ Fisheries Act/ Gwich’in and Sahtu Land Claims/ CEPA/NEB
Lake and river Alteration R NWPA/ Fisheries Act
shorelines /bottoms
Wetlands Alteration NR Environment Canada — Federal Policy for Wetland Conservation/NEB
Noise Intensity changes RR NEB - OHS Regulations
Duration changes RR NEB - OHS Regulations
Repetition changes RR NEB — OHS Regulations
Land Soil erosion R MVLUR/ NEB - COGOA
Soil stability changes R MVLUR/ NEB - COGOA
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Environmental Environmental Effects R/RR Mitigation Approach/ Notes
Component NR/P/EG
Soil horizon alteration R MVLUR /NEB - COGOA
Soil compaction/settling R MVLUR/ NEB - COGOA
Flood plain P
alteration/usage
Geotechnical Slides/slumps R, EG MVLUR/ NEB - COGOA, NEB Act/ NRCan
Earthquakes NR, EG NRCan
Frost susceptibility R, EG MVLUR/ NEB - COGOA; NRCan
Permafrost alteration R, EG MVLUR/ NEB - COGOA; NRCan
Active layer disturbance R, EG MVLUR/ NEB - COGOA; NRCan
Atmosphere Air quality changes NR/P GNWT Air Quality Code of Practice Upstream Oil and Gas Industry
NR/P indicated due to limited enforceable air quality standards for NWT, while other
jurisdictions have higher standards that are generally adopted by industry in the NWT.
Particulate increases NR/P GNWT Air Quality Code of Practice Upstream Oil and Gas Industry (draft)
NR/P indicated due to limited enforceable air quality standards for NWT, while other
jurisdictions have higher standards that are generally adopted by industry in the NWT.
Greenhouse gas NR/P NEB - COGOA/CEPA
emissions Canada’s Climate Change Voluntary Challenge and Registry Inc. program
the NPRI program
NR/P indicated due to global scale of effect
Wind regime alteration NR/P
Inversion susceptibility P
increase
Fog/lce fog NR/P Environment Canada - Weather forecast and severe weather warnings
susceptibility increase
Terrestrial Vegetation/forest cover P GNWT Forest Management Act and associated regulations

populations (species)

removal

MVLUR
A Wildlife Policy for Canada
Migratory Birds Convention Act
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Environmental Environmental Effects R/RR Mitigation Approach/ Notes
Component NR/P/EG
Wildlife (vertebrates) NR/P GNWT Wildlife Act
loss A Wildlife Policy for Canada
Migratory Birds Convention Act
Invertebrates loss NR/P A Wildlife Policy for Canada
Rare/endangered species NR/P SARA
impacts COSEWIC
Territorial listed species
A Wildlife Policy for Canada
Introduction of invasive P A Wildlife Policy for Canada
species
Aguatic populations | Flora loss R Fisheries Act, NWT Waters Act, MVRMA
(species) A Wildlife Policy for Canada
Fish (vertebrates) loss R Fisheries Act, NWT Waters Act, MVRMA
A Wildlife Policy for Canada
Invertebrates loss R Fisheries Act, NWT Waters Act, MVRMA
A Wildlife Policy for Canada
Rare/endangered species NR/P SARA
impacts COSEWIC
Territorial listed species
A Wildlife Policy for Canada
Introduction of invasive P A Wildlife Policy for Canada
species
Terrestrial Habitat fragmentation P A Wildlife Policy for Canada
communities Migratory Birds Convention Act
NWT Protected Areas Strategy
NEB Act (for pipelines)
Ecological relationship P A Wildlife Policy for Canada

alteration

NWT Protected Areas Strategy
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Environmental Environmental Effects R/RR Mitigation Approach/ Notes
Component NR/P/EG
Community structure NR/P A Wildlife Policy for Canada
alteration NWT Protected Areas Strategy
NEB Act
Aquatic communities | Habitat fragmentation NR/P DFO - No net loss of fish habitat
A Wildlife Policy for Canada
Migratory Birds Convention Act
Ecological relationship NR/P DFO - No net loss of fish habitat
alteration A Wildlife Policy for Canada
Community structure NR/P DFO - No net loss of fish habitat
alteration A Wildlife Policy for Canada
Terrestrial lifecycle | Reproduction rate P GNWT Wildlife Act
decrease
Nest/den disturbance P GNWT Wildlife Act
Migratory Birds Convention Act
Gestation/incubation/ P GNWT Wildlife Act
life stage impacts
Rearing impacts P GNWT Wildlife Act
Juvenile dispersal P GNWT Wildlife Act
alteration
Migration route P GNWT Wildlife Act
alteration
Critical habitat losses P,R GNWT Wildlife Act
Migratory Birds Convention Act
Forage removal P GNWT Wildlife Act
Aquatic lifecycle Reproduction rate R Fisheries Act
decrease
Nursery/life stage R Fisheries Act
impacts Migratory Birds Convention Act
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Environmental Environmental Effects R/RR Mitigation Approach/ Notes
Component NR/P/EG
Juvenile dispersal R Fisheries Act
/Rearing impacts
Migration route R Fisheries Act
alteration
Over wintering habitat R Fisheries Act
loss
Forage removal R Fisheries Act
Migratory Birds Convention Act
Biodiversity Species loss, loss of NR/P United Nations Convention on Biodiversity; Canadian Biodiversity Strategy
genetic diversity, GNWT is implementing the Convention on Biodiversity through its NWT Biodiversity
change to ecosystems Action Plan
SARA contributes to maintaining biodiversity
Heritage resources Archaeological site R NWT PWNHC Heritage Resources Act
disturbance/loss
Cultural/spiritual site NR/P
disturbance/loss
Traditional land use | Country food quality NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
and harvesting decrease — fish
Country food quality NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
decrease — caribou
Country food quality NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
decrease — moose
Country food quality NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
decrease — ducks
Country food quality NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
decrease — geese
Country food quality NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA

decrease — small
furbearers
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Environmental Environmental Effects R/RR Mitigation Approach/ Notes
Component NR/P/EG

Hunting loss of access NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
Fishing loss of access NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
Trapping loss of access NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
Gathering loss of access NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
Cultural land use loss of NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
access
Cultural land use loss of NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
quality
Spiritual land use loss of NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
access
Spiritual land use loss of NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA
quality
Water loss of access NR/P Gwich’in and Sahtu Land Claims Agreements, MVRMA

Land use Land use conflicts NR/P Gwich’in and Sahtu Land Claims Agreements/Surface Rights Board
Unique physical features NR/P NWT Protected Areas Strategy
loss

Effects of the environmental on the project

Climate change3 Permafrost changes P/IEG NRCan / Project induced and effects of changes on the project.
Forest fire susceptibility P Project induced and effects of increased fire risk on the project.
Flooding susceptibility P Snow cover, precipitation changes; flooding effects on river crossings, lakes
Ice conditions — changes P NWTWA, Fisheries Act, River crossings, pipeline crossings; access and winter road
to ice conditions caused crossings, winter road season length will all be affected by changed ice conditions
by climate change
Temperature changes P Warming/cooling changes

Geotechnical Earthquakes P, EG NRCan
Permafrost P, EG MVLUR/NEB - COGOA; NRCan (Project induced)
Hazard zones/changes P NRCan

% Kyoto Protocol is applicable
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CEPA = Canadian Environmental Protection Act

COGOA = Canadian Oil and Gas Operations Act

COSEWIC = Committee on the Status of Endangered Wildlife in Canada
DFO = Department of Fisheries and Oceans

GNWT = Government of the Northwest Territories

MVLUR = Mackenzie Valley Land Use Regulations (under MVRMA)
MVRMA = Mackenzie Valley Resource Management Act

NEB = National Energy Board

NPRI — National Pollutant Release Inventory

NRCan = Natural Resources Canada

NWPA = Navigable Waters Protection Act

NWT = Northwest Territories

OHS = Occupational Health and Safety Regulations (NEB)

PWNHC = Prince of Wales Northern Heritage Centre

SARA = Species At Risk Act
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2.4.2 Gap ldentification and Research

Once the environmental effects were categorized, and priority areas identified, possible information gaps
were researched. Both scientific and TK information sources were consulted to identify gaps associated
with baseline and environmental impact information. Gaps were identified:
o where baseline information was lacking, considered poor quality or dated; and,
o where information related to environmental impacts was lacking, where environmental impacts or
associated mitigation measures are poorly understood or unknown.

There exists over 30 years of information about oil and gas activities and the environment in the
Mackenzie Valley that may still have some relevancy to today’s regulators and environmental assessment
practitioners. For example, the applications and supporting research for the Canadian Arctic Gas Pipeline
Limited (CAGPL) and Foothills Pipeline Company pipeline proposals to construct a pipeline in the
Mackenzie Valley, and the subsequent review by Thomas Berger (“Northern Homeland, Northern
Frontier” — the report of Justice Berger’s inquiry) are just two examples of information from the 1970s.
There was also the research conducted under the Northern Oil and Gas Action Program (NOGAP), the
Panel of Energy Research and Development (PERD), and the Environmental Studies Research Funds
(ESRF) in the 1980s and 1990s. Each of these undertakings contributed to the understanding of impacts
related to oil and gas development and worked towards educating regulators and the public.

While much research has been conducted and information gathered with the passage of time,
developments in other hydrocarbon areas have resulted in technological advances and changes in the
engineering design of exploration, development, and transmission of hydrocarbons. Similarly, there is a
better understanding of the environmental impacts of hydrocarbon activities. Some of these advances
may render elements of the previous research and information obsolete, or indicate the need for updating
it. While the industrial (project) scenarios have changed over the years, so have some of the
environmental issues. For example, climate change, the conservation of biodiversity, and the
consideration of cumulative effects have taken a more prominent place in the planning, environmental
assessment and management of projects.

For this project, searches of literature and databases (e.g., the reports listed in the Request For Proposal
plus others) were conducted using various methods. With the assistance of information managers, the
research team reviewed the available data and literature, beginning with the most recent records and
working backwards through older records to gather information and characterize the gaps. The research
team also contacted scientific experts (see Section 2.2.2) active in undertaking studies in the Mackenzie
Valley, and asked for relevant documents and for their advice on potential gaps. Expertise was also
provided by people in communities either through the Norman Wells Workshop or community visits.
Once the initial evaluation and characterization of the gaps was completed, the results were presented to
the team leads for refinement and confirmation. Peer review of the draft report was then completed, prior
to finalization and distribution to the client.
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The research focussed on the NWT. Information outside the NWT is generally not applicable to the study
area in the context of research requirements for environmental assessment. However, where it was
considered useful, information from areas outside of the NWT (e.g., Alaska, Alberta) was reviewed and
referenced in this report.

Complimentary to the work summarized in this report, the Government of the Northwest Territories
(GNWT) identified the need for adequate baseline information for land use and development decision-
making and long-term monitoring. Common Ground: NWT Economic Strategy 2000 (Economic Strategy
Panel 2000) makes two recommendations concerning baseline data for the collection of baseline data
necessary for cumulative impact monitoring and for the expansion of baseline data on ecosystems,
wildlife and sustainable harvest levels. Towards a Better Tomorrow: A Non-renewable Resource
Development Strategy for the Northwest Territories (GNWT 2000) identifies the need to establish a
monitoring and mitigation regime for both biophysical and socio-economic environments. Adequate
baseline data is recognized as the foundation of this regime.

3. Development Scenarios: Areas of Oil and Gas Potential
in the Mackenzie Valley

The NWT has a long history of hydrocarbon utilization, exploration and development (Table 2).
However, its reserves are far from the major population centres of southern Canada, and extracting the
resources and shipping them south involves numerous challenges e.g., environmental conditions, large
capital costs, limited infrastructure development. For these and other reasons, it has been the more
accessible locations in Canada that have tended to be explored and developed first.

As part of this project, hydrocarbon exploration, development and pipeline transmission scenarios were
prepared. The key oil and gas development areas of the Mackenzie Valley for which specific scenarios
were developed are: Cameron Hills, Liard Plateau, Norman Wells, Colville Hills, and Peel Plateau. As
well, scenarios have also been prepared for seismic exploration, and a potential Mackenzie Valley
pipeline project. Figure 1 identifies these development areas, and a possible routing of a natural gas
pipeline.

The primary sources of information used in developing the scenarios were:
e  Our Petroleum Challenge: Exploring Canada’s Oil and Gas Industry (Bott 1999);
o Deck presentations on the Mackenzie Gas Project (Mackenzie Gas Pipeline Producers 2002a,b);
o ArctiGas Preliminary Information Package for the Northern Gas Pipeline Project (ArctiGas,
undated); and
e Personal communication with staff from DIAND, CAPP and Imperial Oil.

For information on approvals, permits and licenses required for activities associated with the development

scenarios outlined below, the reader is referred to the following website:
http://www.oilandgasguides.com/. The website refers to the Regulatory Roadmaps Project, which is a
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jointly sponsored initiative of CAPP and Government Regulatory Agencies. The project prepares
comprehensive guides to regulatory approval processes for oil and natural gas exploration and production
in selected jurisdictions. An example of one of the guides is: Oil and Gas Approvals in the Northwest
Territories, Southern Mackenzie Valley: a guide to regulatory approval processes for oil and natural gas
exploration and production on public lands in the Southern Mackenzie Valley.

Table 2.

Historical Highlights of Oil and Gas Exploration in Northern Canada (adapted
from Morrell 1995)

HISTORICAL HIGHLIGHTS

Before 1789

Indians make use of petroleum seeps along the Mackenzie River at Bosworth Creek.

1789

Alexander Mackenzie logs “petroleum” seeps from the lower Ramparts during his
exploration of the Deh Cho (Great River).

1800s Dene Indians and Hudson’s Bay Co. traders use Fort Good Hope tar springs as their
principal source of pitch. In 1860, the Canadian oil industry began with the
discovery of oil at Petrolia in southern Ontario.

1887 Emile Petitot notes “Asphalt in great quantities”.

Early 1911 A Dene named Karkasse directs the attention of J.K. Cornwall (of the Northwest
Trading Co.) to “flotsam oil” along the banks of the Mackenzie River, leading to the
identification of oil seeps at Norman Wells.

1913-1914 Area of seepage’s at Norman Wells staked by Bosworth — at the same time as the
Turner Valley discovery in Alberta.

1919 Imperial Oil buys Norman Wells prospect from J.K. Cornwall.

1920 Northwest Discovery No. 1 flows oil from fractures in the Canol Formation. “Oil
comes to surface [in] black globules...trenches fill with oil”.

1942 Canol Project. Limited development of the Norman Wells field to fuel the war
effort in the Pacific. In the following year, oil began flowing through the Canol
pipeline to Whitehorse, Yukon at rates of 3,000 barrels per day.

1944 Production reaches 4,400 barrels per day but ceases after the war. The pipeline was
dismantled in the late 1940s.

Late 1960s Permitting of frontier lands for exploration results in extensive geophysical
exploration and drilling in the Mackenzie Valley and Delta.

1971 -1972 Discovery of Taglu, Parson Lake and Niglintagak natural gas reserves in Mackenzie
Delta, onshore.

1972 Pointed Mountain gas field in southwest Mackenzie Valley begins producing;
natural gas piped south into British Columbia.

1974 The “oil shock” intensifies concern about domestic supply, resulting in the
development of incentive programs for frontier exploration and a surge in
exploration.

1977 After extensive public consultation with regard to environment and social

sensitivities, the Berger Commission recommends that no pipeline be built along the
Yukon north shore to Alaska and that a ten year moratorium be placed on pipeline
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HISTORICAL HIGHLIGHTS

Before 1789

Indians make use of petroleum seeps along the Mackenzie River at Bosworth Creek.

construction in the Mackenzie Valley. Government ceases land disposition until
Native land claims are settled.

1975 -1985 Exploration drilling intensifies throughout the Canadian frontier and especially in
the Mackenzie Delta and Beaufort Sea.

1984 Settlement of Inuvialuit land claim (Western Arctic region).

1986 Discovery of Ikhil natural gas reserve in Mackenzie Delta (onshore).

1986 Norman Wells facilities expanded and a pipeline is built to southern markets. Field
put on full development for the first time. Fall in oil prices curbs new investment in
frontier exploration.

1989 Exploration rights made available in the Mackenzie Delta/Beaufort Sea region for
the first time in 20 years.

1992 Settlement of Gwich’in land claim (southern Mackenzie Delta, northern Mackenzie
Valley region of the NWT).

1993 Settlement of Sahtu land claims (central Mackenzie Valley, Colville Hills, Greta
Bear Lake region of the NWT). Signing of land claims with Inuit of Nunavut
(eastern Arctic). Signing of Umbrella Final Agreement with Council of Yukon
Indians.

1994 Lands again available for exploration following settlement of Native land claims in
the NWT.

1999 The Inuvik Gas Project is officially opened: the Ikhil natural gas pipeline was built
to supply natural gas from the Ikhil reservoir in the Mackenzie Delta to Inuvik

2000 Chevron Canada Limited and partners receive permission to develop a gas field near

Fort Liard and pipe natural gas into the Pointed Mountain pipeline system.

Late 1990s - 2001

Interest is again seen in developing a natural gas pipeline down the Mackenzie
Valley, to deliver Mackenzie Delta (Taglu, Parson Lake and Niglintagak) and/or
Prudhoe Bay natural gas to market. Several companies begin investigating various
routes and options.

2003

The Honourable Robert D. Nault, Minister of Indian Affairs and Northern
Development and Deh Cho First Nations Grand Chief Michael Nadli signed the Deh
Cho Process Interim Resource Development Agreement.
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3.1 Hydrocarbon Exploration, Development, Production, and
Management Overview

3.1.1 Oil and Gas Resource Management Overview

Managing the development of oil and gas resources for Canada’s Frontier Lands in the NWT is a federal
responsibility, fulfilled by the Department of Indian Affairs and Northern Development (DIAND).
DIAND has the mandate to ensure that northern oil and gas resources are managed wisely, and in a
manner that balances the northern and national interests in the context of Aboriginal land claims,
promotes investment in the sustainable development of northern resources, and provides related
information and advice.

Petroleum resource management on Canada’s federal lands north of 60 degrees latitude is exercised under
two federal statutes: the Canada Petroleum Resources Act (CPRA) and the Canada Oil and Gas
Operations Act (COGOA). The CPRA* governs the issuance of rights of Crown lands to the private
sector, tenure to the allocated rights, and the setting and collection of royalties. The COGOA regulates
petroleum operations in the interest of the production and conservation of resources, protection of the
environment and safety of workers. Operational regulation under COGOA and certain technical
determinations under CPRA are the responsibility of the National Energy Board (NEB). Other legislation
concerning land and water use, and environmental protection are fundamental to the sustainable
development of oil and gas resources in the North (e.g., the Mackenzie Valley Resource Management Act
- MVRMA). Independent boards set up pursuant to land claim agreements in the Mackenzie Valley
manage these aspects. The following highlights are from a DIAND publication on the oil and gas regime
in the NWT as of 1999 (Bott 1999). Finally, the NWT Environmental Protection Act also provides for the
management and disposal of wastes, as well as being the regulatory backdrop for the NWT Air Quality
Standards, an air quality guideline®, under the NWT Environmental Protection Act, sets air quality
standards.

3.1.1.1 Highlights of the Oil and Gas Management Regime
Industry Driven

Prior to offering Crown lands for bids, industry is invited to select or nominate parcels of interest to them
through a Call for Nominations. Maximum parcel size is set deliberately large in poorly explored areas to
encourage integrated exploration programs. Nominations of lands are subsequently tendered through a
competitive Call for Bids (although the Crown reserves the right not to proceed with a Call for Bids).

* Note: The CPRA does not provide carte blanche for exploration/ development rights in protected areas.
% Guideline for Ambient Air Quality Standards in the Northwest Territories: Sulphur Dioxide (SO,), Ground Level Ozone (Os),
Total Suspended Particulate (TSP), Fine Particulate Matter (PM, )
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Community Consultation

After parcels of land are nominated, the Crown consults with the potentially affected communities on the
acceptability of opening up parcels of land and what size those parcels should be.

Fair and Simple Rights Issuance

The rights issuance process is fair: it gives all parties an equal opportunity to bid on the posted parcels by
prescribing a minimum period of 120 days for a Call for Bids to remain open. All terms and conditions
associated with the offering are known in advance. The process is simple: a single bidding criterion is
used in the selection of the winner from bids received by the closure of the Call and which conform to the
requirements for bid submission.

Minimum Financial Exposure

The standard bidding criterion for recent rights issuance in the North has been the total amount of money
that the bidder proposes to spend doing exploratory work on the parcel within a specified time period.
The criterion is referred to as a "work proposal”.

Refundable Work Deposit

When "work proposal™ is selected as the bidding criterion, the winning bidder receives an Exploration
Licence for up to nine years, divided into two periods. Work proposal bids relate only to Period 1 of the
term, and the winning bidder's commitment is secured by a deposit, in the form of a financial instrument
acceptable to the Minister (Letter of credit preferred), equivalent to 25 % of the bid posted. The deposit is
refundable as expenditures are made at the rate of one dollar for every four dollars spent. Expenditures
are currently allowed at representative rates for seismic exploration and drilling, which are periodically
reviewed in consultation with industry. These rates are appended to each Exploration Licence.

Discovered Hydrocarbons Held on Known Reservoir

Successful explorers apply to the NEB for technical review and declaration of the extent of their
discovery. Upon declaration of a significant discovery, the explorer can apply for and shall be granted a
Significant Discovery Licence (SDL) to cover that part of their Exploration Licence underlain by the
discovery. The whole of the discovered reserves (to the extent that it is known upon application) is
covered by the Significant Discovery Licence, rather than the horizon type ownership licences issued in
Alberta.

Explorer Controls Timing of Development

The Significant Discovery Licence has an indefinite term in recognition of the fact that some discoveries
may not be immediately economic to produce. In fact, the market driven climate that prevails in today's
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exploration industry ensures that companies are unlikely to explore for discoveries that they cannot expect
to develop and produce in the short term.

Renewable Production Licence

Once the developer determines that the discovery is of commercial value (e.g., enough reserve of known
certain value to warrant the expense of developing the discovery) and wishes to begin producing oil or
gas, the company applies to the NEB for a declaration of commercial discovery area in relation to that
discovery. On the basis of this declaration, and the approval of a development plan by the NEB (subject
to Governor-in-Council consent) a Production Licence may be issued for a term of 25 years. The licence
is renewable as long as production continues.

3.1.1.2  The Rights Issuance Process

The regime under the CPRA is simple, straightforward, competitive and profit-sensitive. The geographic
focus of oil and gas exploration in the North consists of a two-step approach:

o acall for nominations, followed by

e acall for bids.

Canada does not currently have an "open-door™ approach to issuing oil and gas rights. Instead, the
Minister invites Industry to nominate blocks within a larger region following consultation with northern
Aboriginal organizations and other stakeholders. Nominations within this region are accepted within the
limited period that the Call for Nominations is open. Government recognizes that Issuance of Calls on a
regular and consistent basis would increase the certainty for companies working in the North and reduce
one source of fluctuation in the levels of exploratory activity.

Call for Nominations

Calls for nominations, although not required by law, are generally issued for periods ranging from one to
three months. This gives industry the opportunity to identify blocks of land it would like to see posted for
bidding. All nominations received through this process are given full consideration for inclusion in a
succeeding call for bids. There is a maximum size limit for blocks tailored to the exploration maturity
(i.e., how much exploration and development activity is already occurring in the area) of the region of the
Call. Block size, and the term of the Exploration Licence, are designed to allow for the mounting of a
comprehensive exploration program (i.e., seismic exploration) with the potential to identify a choice of
drilling targets with the Exploration Licence. Overlapping nominations are dealt with on a first come-first
served basis.

Call for Bids

A call for bids on exploration rights to specific blocks is required by legislation before Crown acreage
may be released for oil and gas exploration. The outcome of a successful call for bids is the issuance of
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Exploration Licences to the successful bidders on each block. Legislation requires that a call for bids
remains open for a minimum of 120 days.

Each call states the requirements to be met for acceptance of a bid, the terms and conditions to be
contained in the licence, a sample Bid Submission Form and attachments related to benefits requirements
and relevant land claim provisions. Upon closing of the call for bids, all bids received are assessed
against the single bidding criterion required by legislation. This is typically the value of the work
proposal but may be cash, or some other criterion as stated in the Call. The highest bid wins. In the case
of a work proposal bid, an Exploration Licence is awarded once the winning bidder has posted a work
deposit equivalent to 25% of the bid amount submitted and provided the issuance fee of $250 per grid.

3.1.1.3  The Regulatory Instruments

The CPRA provides three forms of licences:
o the Exploration Licence - term of nine years maximum;
o the Significant Discovery Licence - indefinite term; and
o the Production Licence - renewable term of 25 years.

In order to operate on lands covered under these licences, Land Use Permits, and possibly Water Licences
and other regulatory approvals, would be required.

a) Exploration Licence

An Exploration Licence confers certain rights relating to oil and gas exploration on the lands to which the
licence applies over the term of the licence. An Exploration Licence allows for:

o the right to exploration for and the exclusive right to drill and test for petroleum;

e an exclusive right to develop the lands for petroleum production; and

o the exclusive right to obtain a Production Licence.

It is worth noting that surface exploration for oil and gas, (i.e., by seismic methods, geological
investigation or remote sensing) are not exclusive rights. These activities may be pursued without an
Exploration Licence subject to operators obtaining the appropriate approvals (i.e., requiring a Land Use
Permit).

An Exploration Licence may be issued for a maximum term of nine years. The term of the Exploration
Licence is usually divided into two periods, which may vary in length depending upon their location. For
example, the term of nine years divided into two periods of six and three years may be appropriate in the
remote north or deep offshore. A term of seven years divided into two periods of four and three years
may be applicable in the southern territories. The length of the first period recognizes the time necessary
to undertake an exploration program culminating in the drilling of a well. In regions where operating
seasons are curtailed by ice movement, access across sensitive terrain, or other environmental factors, the
first period of the licence will be longer.
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Period 1 of the Term

The drilling of a well in Period 1 qualifies the licence holder to retain the licence for Period 2 of the term.
Any work or activity undertaken during Period 1 is credited against the work deposit and refunded in
accordance with the schedule of allowable expenditures, which forms part of the licence. Since the work
deposit is only 25% of the work proposal bid, approved expenditures are credited at the rate of $1 for
every $4 spent.

Period 2 of the Term

Escalating rentals on a per hectare basis are applicable during Period 2 of the term. Rentals are required
in full at the beginning of each year in Period 2 and are fully refundable as allowable expenditures are
incurred.

b) Significant Discovery Licence

When exploration results in a petroleum discovery, the legislation provides that an application may be
made for a Declaration of Significant Discovery. The significant discovery declaration by the NEB
defines the area extent of the discovery and is required prior to application for a Significant Discovery
Licence (or Licences) covering the extent of the discovery.

The declaration process, administered by the NEB, confirms a hydrocarbon discovery that satisfies
specific technical criteria and describes the area over which the discovered resources extend. Current
practice provides that Declarations of Significant Discovery are not restricted to substance or geological
formation and include all oil and gas accumulations within the lands described from surface to basement
(or bottom extent of the reservoir).

The rights conferred by the Significant Discovery Licence are identical to those provided by the
Exploration Licence:

o the right to explore for and the exclusive right to drill and test for petroleum;

o the exclusive right to developing the lands for petroleum production; and

o the exclusive right to obtain a Production Licence.

The Significant Discovery Licence is a unique feature of the regime under the CPRA.. It rewards
successful exploration by providing indefinite tenure to the petroleum discovery as it relates to the
Exploration Licence. No rentals are currently applied to Significant Discovery Licences.

The absence of a time limit reflects the common reality that a discovery may be of a size and in a location
that makes it uneconomic to develop for the time being. This in turn allows the developer to decide when
to initiate development and apply for a Production Licence, possibly as other discoveries are made in the
region or new infrastructure is developed.
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The Significant Discovery Licence replaces the Exploration Licence in relation to the significant
discovery area.

c) Production Licence

Once the developer has determined the discovery can be commercially produced, the legislation provides
that an application may be made for a Declaration of Commercial Discovery. The commercial discovery
declaration defines the area extent of what is to be developed and is required prior to application for a
Production Licence. The determination of a commercial discovery area is undertaken by NEB, and
defines those lands which contain petroleum reserves in relation to a discovery that justify the investment
of capital and effort to produce.

The rights conferred by the Production Licence in relation to the commercial discovery area are:
o the right to explore for and the exclusive right to drill and test for petroleum;
o the exclusive right to develop the lands for petroleum production;
e the exclusive right to produce petroleum from those lands; and
o title to the petroleum produced.

A Production Licence is issued for a term of 25 years. Extensions are automatic if commercial production
is underway at the end of the term. If production has ceased, but it is possible that production might
recommence at some time in the future, the licence qualifies for extension. The Production Licence
replaces the Significant Discovery Licence in relation to the commercial discovery area.

3.1.1.4 Hydrocarbon Activity Overviews

From the proponents or developers perspective, certain activities are implicit and required to fulfil the
terms and conditions of the above mentioned licences. These activities can be broadly described as
exploration, development/production and transmission. The Development Scenarios prepared for this
project reflect these stages. The following reviews are modelled after Petroleum Communication
Foundation (1999).

Exploration Overview

The first step in defining hydrocarbon potential is the exploration phase. This can range from a geologist
looking at the landscape, analyzing rock samples and drill cuttings, analyzing down hole geophysical well
logs (along with geophysical contractors), and looking for clues to determine where likely hydrocarbon
reserves may be found, to undertaking seismic programs and exploration drilling. Historical geological
and seismic data collected from an area is also reanalyzed to determine where likely targets could be
found.

Today in the Mackenzie Valley, the regions having a high likelihood of hydrocarbon potential, or that

have historically demonstrated existing reserves continue to attract exploration activities. Seismic
programs in an area can be conducted by seismic exploration companies on a speculative basis, in the
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hopes of finding potential reserves. If results are positive, this data may then be marketed or sold to
exploration companies with the capabilities and resources to secure the necessary licences and permits,
and to undertake an exploration drilling program. Companies that may already have known reserves in an
area in order to identify additional reserves also conduct seismic programs.

Once hydrocarbon potentials have been identified, exploration drilling is the next step. This involves
transporting a drill rig into the area, establishing drill locations, setting up the rig and completing the
drilling. In the Mackenzie Valley, these activities are generally carried out during the winter when
overland access is easier and can be completed with little environmental impact. An exploration drilling
program in one winter season may involve drilling more than one well in an area, in order to make the
best use of the drill rig and crew.

Throughout drilling, various information logs are kept that record such data as the type and thickness of
the rock layers, and speed of penetration. Other down hole geophysical testing is also done once drilling
is complete. If hydrocarbons are found, tests to determine the rate of flow, quality and potential quantity
of the reservoir are conducted. If tests indicate the well is a dry hole, the hole is plugged, cemented and
abandoned.

Development/Production Overview

This step involves preparing a well for production, then actually producing a reservoir. Preparing a well
for production involves inserting and securing a production casing to line the total length of the well bore
(essentially a steel pipe inserted and secured down hole and into the reservoir or production formation).
At this stage, other infrastructure is required, such as pipeline gathering systems, storage facilities, safety
equipment, etc. The transmission pipeline system to take the product to market is also being planned,
constructed or tied-in at this stage. Once the appropriate licences and permits are in place and the
supporting infrastructure has been built, the well can begin producing.

In order to conserve Canada’s hydrocarbon resources, government regulators generally require that a
hydrocarbon reservoir be produced as fully and efficiently as possible. There are various techniques that
have been developed over the years to accomplish this, including stimulating the formation by physical or
chemical means, and drilling development wells in or adjacent to a proven reservoir to optimize recovery.
It may take more than one well to recover the majority of hydrocarbons from a reservoir. With advanced
technology, one drilling pad can facilitate the drilling of many wells by a technique known as directional
drilling — which essentially sends many wellbores out into the reservoir at different angles (slanted or
curved). Horizontal drilling techniques also allows for more of the reservoir to be contacted by the
wellbore for extraction. These and other specialized techniques allow for more efficient recovery with
reduced environmental impacts, as fewer drill pads are required.

Transmission Overview

To transport large quantities of hydrocarbons produced from a reservoir in an efficient manner, pipelines
are the method of choice. Hydrocarbons extracted from geological formations are usually not a pure

(22649/Final Background Paper Report 12Jan03) 29 Eﬂ Gartner Lee



Background Paper Report

product, but contain byproducts that are either of no use to the petroleum industry or require refining to
extract useful products. For example, natural gas containing hydrogen sulphide is known as sour gas. It
tends to be acidic in nature and causes corrosion in the extraction and transmission equipment, and it is a
poisonous gas to living organisms, requiring special handling techniques. Natural gas may also contain
natural gas liquids, which need to be removed before shipping the gas to market.

These hydrocarbons and byproducts are usually sent to a refinery for processing to extract the many
useful byproducts for consumption, and remove any waste. Some byproducts, such as natural gas liquids,
can be removed in the field at or near the production site. In the case of natural gas liquids, they are
sometimes re-injected into geological formations as a way of disposing of them.

3.2 Mackenzie Valley Oil and Gas Seismic Exploration Scenario

This exploration scenario is only an illustration of typical activities to assist in the identification and
analysis of information gaps. To assist in achieving the goals and objectives of this project, a “What if”
planning approach was followed to help ascertain the important research and biophysical information
gaps. This scenario is not a complete project lifecycle description, and is not intended to reflect what
might actually happen. Any similarity between these development scenarios and what actually happens is
purely coincidental.

3.2.1 Background

Seismic exploration in the oil and gas industry is one of the most common geophysical tools used to
identify underground geological formations with potential oil and gas reserves. Seismic cross sections of
the underground formations being investigated are generated from data collected using a series of sensors
(geophones) laid out on the surface to capture reflected energy waves, generated from energy producing
sources near or on the ground surface, from subsurface geological boundaries or interfaces. These
geological boundaries or interfaces tend to be where density changes in the substrate occur (i.e., due to
porosity, different rock layers, faults, the presence of oil or gas or other materials), and an energy wave is
reflected back to the surface sensors. Information collected by these sensors is then compiled and
analysed using a computer. A 2-dimensional (2-D; obtained by analysing data from a single line of
surface sensors) or a 3-dimensional (3-D; obtained by analysing data collected from multiple intersecting
lines of surface sensors) “seismic picture” of the underground geological formations is produced.

3.2.2 Seismic Exploration Methods

There are several standard methods for collecting seismic survey information that are used by industry
today. The location of the seismic program and the ease of access to the area will generally determine the
type of seismic survey equipment used. For the Mackenzie Valley, most geographic areas where seismic
exploration is undertaken are located in remote wilderness areas, accessible generally only by helicopter
or fixed wing aircraft. Conducting winter seismic surveys when fixed wing or helicopter access is not
possible, ground access is used. Cut-lines of 4 to 6 metre widths are cleared and tracked vehicles are used
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for transporting drill rigs and crews. Many of the areas have had some seismic exploration work carried
out in the past, usually employing access methods not acceptable by today’s standards (i.e., 8 to 12 metre
wide clear cut seismic lines). In order to maximize the use of the seismic information collected, most
seismic exploration undertaken today use the 2-D or 3-D survey methods. The only technical difference
between 2-D and 3-D seismic exploration methods is that multiple receiver lines are used for 3-D seismic,
while only one receiver line is used for 2-D seismic.

Low impact seismic techniques are also possible, and have been used in the Mackenzie Valley
successfully. However, this approach does require helicopter access to transport drill rigs between drill
sites.

3.2.2.1  Low Impact 2-D and 3-D Seismic Exploration

Activities associated with 2-D and 3-D seismic exploration include (after MVEIRB 2000):

o hand clearing and selectively cutting 1.5 metres wide cut lines spaced several metres apart along a
certain geographic heading in an area;

e bucking wood debris to small lengths and laying flat;

e removing any leaners (trees overhanging the cut line and those that may pose a hazard of falling);

o drilling seismic source points every 100 metres along a cut line;

e |oading a set amount of dynamite charge in each seismic point hole (i.e., 20 to 25 kg), back filling
each hole with drill cuttings, inserting a plastic hole plug to 1 metre depth, and top filling the hole
with remaining drill cuttings;

e set-up geophones along the seismic cut-lines for the acquisition of the seismic data; and

e once the seismic charges are shot, the geophones would be removed, all dynamite cap wires
would be removed or cut flush with ground level, and larger disturbed areas would generally be
reclaimed.

3.2.2.2 Vibroseis

Vibroseis is a method that sends energy waves from a heavy, vibrating vehicle into the earth. These
vehicles are equipped with a large pad that imparts a controlled vibration into the ground. Geophones
collect the “vibrational” information that is reflected back off underlying geologic structures. The
information is translated into electronic energy and processed into a 3D-graphic. Vibroseis is considered
to be generally low impact.

3.2.2.3  Airguns

Airguns are used for seismic surveys in marine or freshwater conditions. Airguns, towed in an array
behind a boat or in shallow waters may be laid out on the surface, produce seismic waves by rapidly
expelling a bubble of compressed air into the water. Like vibroseis, the underlying geologic structures
reflect back information that is collected and translated into electronic energy. This information is
translated into a 3D-graphic.
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3.2.3 Seismic Technology

The key component in acquiring accurate seismic data is to be able to correlate surface source point
(seismic source points where dynamite charges are set) and receiver point (where geophones are set up)
positions with subsurface structures identified in the seismic picture. Traditionally, seismic lines were
clear-cut to enable the seismic survey crew to use theodolites and line-of-sight survey techniques to
accurately establish these points. Once the seismic survey was completed, elaborate geometric
calculations were done in order to obtain position co-ordinates, elevation profiles and generate maps of
every seismic source and receiver point. Using a global positioning system (GPS) to keep track of surface
source and receiver point positions has reduced the reliance on line-of-site seismic survey techniques;
however, GPS performance is reduced (or even unusable) in mountainous terrain where satellite signals
are blocked.

An inertial navigation system (INS - such as the Schlumberger-Geco Navpac), and a second generation
position and orientation system for land survey (POS/LS — such as the Applanix system that combines
inertial and GPS positioning) have been developed (Gillet et al. 2000; Pathfinder 2002). The Navpac and
POSI/LS systems have been used successfully for seismic surveys in the Mackenzie Valley and elsewhere.
By using an INS or POS/LS for establishing seismic survey source and receiver point positions, and
gathering all of the elevation and other data required for mapping, the need to clear-cut line-of-sight
seismic survey lines is reduced. Instead, a walking trail is all that is required to establish the source and
receiver point positions along a seismic line. A 4m x 4m clearing is still required for a heli-portable drill
to be used to drill the source holes, and the helicopter landing pads every 2 km are also required.
Equipment, such as the Navpac and POS/LS navigation and positioning systems make low impact seismic
surveying possible and the resulting seismic picture more accurate. This technology can still be used very
effectively with conventional line-of-sight clear-cut seismic programs.

3.2.4 Exploration Activities

The number of potential seismic exploration programs to be undertaken in each of the oil and gas
development areas in the Mackenzie Valley over the next 5 to 15 years have been estimated, and range
from one 1 to five 5 programs per year. These estimates were derived from information about the number
of seismic programs that have been undertaken in each area in the past. Knowing what hydrocarbon
reserves there are in each area and knowing how much seismic data coverage there is for each area, it was
reasonable to suggest that there is a potential for a similar level of seismic exploration activity to
continue. There may be circumstances that could arise that would affect the number of potential seismic
programs undertaken in each area, such as whether or not regulatory approvals were obtained soon
enough to undertake the programs, and the costs and benefits to companies to undertake seismic programs
(influenced by hydrocarbon prices and demand).

In the Cameron Hills and Liard Plateau oil and gas development areas, the number of seismic exploration

programs undertaken while the Deh Cho Process(an on-going land claims type negotiations between the
federal/territorial governments and the First Nations of the region) is underway would be minimal with
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interim land withdrawal in place. Any seismic programs undertaken in these areas would not occur on
withdrawn land.

3.2.5 Exploration Timeframe

Seismic exploration is an activity that is carried out in the very early stages of exploring for oil and gas.
Typically a very large geographic area, in a region where known petroleum bearing geological formations
are located and accessible, needs to be surveyed, using seismic exploration techniques, in order to find
any potential oil and gas deposits. Once potential oil and gas bearing strata are identified, further data
analysis and perhaps exploratory drilling takes place to prove reservoirs, delineate the field, and
determine the commercial viability of the deposit. Many factors are considered, and many organizations
(i.e., industry, regulators, land owners, communities) may be involved in the decision making process,
before a determination to proceed with oil and gas production is ever taken. Put another way, a lot of
seismic exploration activities may be undertaken in an area that may lead to only a few potential
petroleum bearing geological formations being identified, which in turn may result in only a very few, or
no commercially viable reserves being identified, or produced.

Once oil or gas production is started, in order to offset the high costs of conducting all of the necessary
exploration and development activities to get to production (particularly in the remote Frontier Lands of
the Mackenzie Valley), wherever possible additional viable oil and natural gas reserves are searched for
in the area. Therefore, it is expected that on going seismic exploration activities would potentially be
undertaken over the entire timeframe of 5 to 15 years in the identified oil and gas areas of the Mackenzie
Valley. Some of the seismic exploration work undertaken may be going back and shooting 3-D seismic
in areas where older and outdated seismic exploration work has been done in the past.

A seismic exploration program is typically the amount of seismic exploration work that can be
accomplished in one winter season, under a Land Use Permit. A Land Use Permit will be valid for more
than one year, and may support more than one seismic program. In most cases for seismic exploration, a
Water Licence would not be required. These procedures and guidelines are generally terms and
conditions attached to the required Land Use Permit.

3.2.6 Infrastructure

Infrastructure requirements for seismic exploration in the five identified development areas of the
Mackenzie Valley may be low, as there is pre-existing infrastructure available for use. Where it is not
available, infrastructure requirements would normally be minimal and may include:

e temporary camp facilities;

o helicopter landing pads;

o winter hanger facilities (portable/temporary); and

e equipment storage and maintenance.

(22649/Final Background Paper Report 12Jan03) 33 Eﬂ Gartner Lee



Background Paper Report

The majority of seismic exploration would likely take place in the winter season to reduce environmental
impacts and for improved access.

3.2.7 Staging Requirements

Seismic exploration staging requirements are generally minimal compared to other stages of oil and gas
exploration and development. Camp and other infrastructure requirements would likely be transported
(i.e., by truck, barge, winter road) to a near by community or other industrial staging area. Once the
winter seismic exploration season begins, the infrastructure would be transported to a centralized staging
area for the planned seismic program.

Other major staging requirements may include:
e camp accommodation;
e water use and disposal;
o helicopter pads, and possibly fixed wing landing strips;
o helicopter/fixed wing hanger/wintering facilities;
e equipment storage;
e equipment maintenance areas;
o regular supply delivery; and
e temporary supply storage.

Low impact seismic exploration undertaken with heli-portable drilling equipment would require the
following staging requirements, for each seismic line:
o new heli-portable drill points would require a 4 metre x 4 metre pad every 100 metres along the
seismic line, natural clearings would be used wherever possible;
o heli-pads every 2 kilometres (for safety reasons) require a 20 metre diameter pad, natural
clearings would be used wherever possible; and
e transportation of drill rig, equipment, supplies and personnel by helicopter to and within seismic
exploration program area.

Conventional ground based seismic exploration would require the following staging requirements for
each seismic line:

e staging area access to seismic exploration area, generally by winter road;

o tracked vehicle to clear seismic line and transport drill rig; and

e survey equipment, supplies and personnel.

These conventional seismic survey programs may also have helicopter support for personnel transport and
emergency response.

(22649/Final Background Paper Report 12Jan03) 34 Eﬂ Gartner Lee



Background Paper Report

3.2.8 Resource Requirements

The resource requirements for a seismic exploration program would include:
e temporary camp facilities;
o personnel hired from local communities, northern communities and the south;
o ogistical requirements arranged internally or through local/northern suppliers;
e equipment supplied by seismic exploration company (internally); and

Waste generation and disposal regulated through Land Use Permit.

3.3 Cameron Hills Oil and Gas Development Scenario

This development scenario is only a potential estimate of typical activities to assist in the identification
and analysis of information gaps. To assist in achieving the goals and objectives of this project, a “What
if” planning approach was followed to help ascertain the important research and biophysical information
gaps. This scenario is not a complete project lifecycle description, and is not intended to reflect what
might actually happen. Any similarity between these development scenarios and what actually happens is
purely coincidental.

3.3.1 Background

This development area extends roughly from the Hay River west to approximately 119° 30° W longitude
(to the eastside of the Trout Lake oil and gas development area). The majority of oil and gas activity is
centred between 117° 00 W and 118° 00" W longitude and 60° 00" N and 60° 20" N latitude.

This area is contained in the greater geological formation known as the Western Canada Sedimentary
Basin, where it extends from the Mackenzie Mountains and Rocky Mountain foothills in the west (where
the average depth to target is around 4,500 metres) and shallows out to the east (where the average depth
to target is around 700 metres), ending east of the Cameron Hills area where the Canadian Shield begins.
Activity in this area is an extension of the more intense activity occurring in adjacent areas in northern
Alberta. Although oil and gas exploration occurred as early as the 1920s, it was not until the mid-1940s
that exploration activity increased, and the mid-1960s that drilling activity increased. However,
exploration has only continued at a relatively low to moderate level since then, with renewed interest in
the area in the late 1990s and into the 2000s with the discovery and production of oil and gas reserves.

3.3.2 Existing Resources

There are 11 Significant Discovery Licences (10 gas, 1 oil/gas) and nine Production Licences (2 oil, 7
gas)held in the area (DIAND 2002a). There are currently nine wells in production, of which five are
producing natural gas (sour 1.7% H,S) and four have been completed for oil. Qil or gas is gathered and is
or will be piped to facilities in northern Alberta.
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3.3.3 Exploration Potential/Land Access

On-going oil and gas exploration may occur to augment existing resources in the Cameron Hills area.
Seismic exploration may be a combination of 2-D and 3-D programs to support on-going drilling
exploration programs. It is important to note that this area is part of the Deh Cho region of the NWT,
which is subject to the Deh Cho Process. Much of the Deh Cho Region has now been subject to interim
land withdrawal (April 2003, http://www.ainc-inac.gc.ca/nt/dehcho/images/map-withdrawal_e.jpg) until
the Deh Cho Process is completed. The issuance of exploration rights is prohibited through the Interim
Measures Agreement for the next 5 years. Withdrawals are, however, unlikely to affect a strip of land
adjacent to the 60" parallel. This land extends up to about 60°15° N, an area which includes the existing
rights issuance at Cameron Hills, and much of the land in the vicinity of Fort Liard and certain other areas
to be defined within the traditional lands of other Deh Cho communities. Any exploration that does occur
here would be based on the premise that an exploration cycle, consisting of lands being offered for
nomination, etc., would happen.

Based on the past level of seismic exploration activity in this area, there could potentially be up to five
seismic programs applied for each year. With interim land withdrawals in place while the Deh Cho
Process is underway there would potentially be fewer seismic programs applied for each year than
previously. Exploration drilling that might potentially occur in this area as a result of these seismic
programs could be up to four wells per year, and potentially one to two with interim land withdrawal.

3.3.4 Development Potential
3.34.1 Type

The area contains natural gas (sweet and sour) and some oil reserves that tend to be contained in relatively
small, shallow pools at around 1,200 to 1,800 metres below surface.

3.3.4.2 Development Timeframe

Within 5 to 15 years, it is expected that the producing field may be decommissioned and abandoned.

3.34.3 Reserves

It is expected that approximately 17 natural gas production and delineation wells will be drilled on known
existing licences. New oil production is not anticipated based on current understanding of the field;
however, oil resources in the field are currently being developed and will be produced and piped into
Alberta. New exploration under any new Exploration Licences that may be issued in the future could lead
to further oil or natural gas discoveries and additional production wells.

Based on the results of the potential exploration activities noted above, and on interim land withdrawals

occurring, the number of potential production and delineation wells could range from 3 to 6 wells
primarily natural gas production) over the next 5 to 15 years.
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3.3.4.4  Project Development Requirements

This area already has infrastructure and access in place to support the existing production wells.

New wells may require separate site access to the existing infrastructure only, including:
e production pads;
e processing facilities;
e access roads;
e gathering pipeline systems;
e tie-in to existing processing systems and transmission pipeline; and
e temporary construction facilities.

A general description of these possible requirements is found in Table 3 and is based on the potential for
20 to 23 production and delineation wells being drilled over the 5 to 15 year timeframe. The information

in this table was prepared from analyzing similar information from various sources related to gas
development wells and associated infrastructure. These sources were primarily: various Deck
presentations of the Mackenzie Gas Producers; Our Petroleum Challenge, 6th edition; and personal
communication with representatives from Imperial Oil and DIAND.

Table 3.

Cameron Hills Project Development Requirements

Requirement

Description

Note

Production Pads

o 1to 3 pads per field®

e typically covering 2 to 6 ha

e 1t0 2.5 metres thick gravel
pad

e on-site or remote sumps

e 20 to 69’ production pads in
total

The size of the reservoir will
generally dictate how many
production pads are required.
Typically, the field is produced
from as few locations as possible,
using directional drilling
techniques where feasible.

Facilities (possible facilities
depending on reserves
developed)

Gas wells (sour and sweet):

o flare stack;

e solution gas gathering for
processing/use off-site, or
on-site;

e re-injection on, or off site (if
required to maintain
reservoir pressure);

Additional processing of gas may
occur at existing facilities located
in the area or off-site in Alberta.

® Field — the geographical area encompassing a group of one or more underground petroleum pools sharing the same or related
infrastructure. (Source: Petroleum Communication Foundation, 1999. Our Petroleum Challenge, 6™ Edition. Produced by the
Petroleum Communication Foundation, Calgary, AB.)
" Based on 1 to 3 pads per field and 20 to 23 production and directional wells being drilled, the minimum and maximum number
of wells estimated would be: minimum 1 x 20 = 20, maximum 3 x 23 = 69.
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Requirement

Description

Note

e NGLs separation and
collection, or ship with gas to
processing facility

e Compression facility to
maintain pipeline pressure
and reservoir pressure if
required

Oil wells:

e Gathering system

e Pumping station

e Separate oil pipeline

Access Roads

Access roads to each new well

location from existing road

infrastructure in area.

Requirements:

e Gravel/borrow material

e Water crossings/culverts

e 20 to 69 (see footnote 7)
access roads required

Access roads already exist in the
area to service existing facilities.
New wells would require access
for the rig components and for
on-going access during
production. Only winter access
is available into the area.
Permanent access not required to
maintain sites.

Gathering Pipeline Systems

In-field gathering system:

e Buried pipelines from each
of 20 to 69 production sites

e Typically small to medium
diameter pipe (4 to 8 inches)

e For each gathering pipeline,
a permanent right-of-way
(ROW) of up to 20 metres
width

e For each gathering pipeline,
a temporary construction
workspace is required

Anticipate winter construction of
pipeline gathering systems.

Tie-in to Existing Facilities

Each pipeline gathering system
to tie-in to existing transmission
pipeline or to processing
facilities in the area. Pipeline tie-
in to occur at a compressor
facility, or to have a pressure
equalization system to equalize
the pressure between the field
gathering system and the

Gathering systems to be single

pipeline systems that transport

both gas and NGLs, or separate
systems for gas and NGLs..
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Requirement Description Note
transmission pipeline.
Temporary Construction e Staging area for each well Facilities may be used during
Facilities site, or use central existing decommissioning and
staging area abandonment of existing
e Temporary construction production wells

workspace for gathering
pipeline systems

e Temporary construction
infrastructure for stream
crossings by gathering
system and/or pipeline

e New or existing borrow pits

e Construction crew temporary
accommodation, on or off
site

e Water source for hydrostatic
testing of pipelines

3.3.4.5  Staging Requirements

Construction materials, equipment and supplies would likely be transported from southern manufacturing
points on pre-existing road networks. Construction would likely be undertaken during the winter season,
with materials and supplies delivered prior to construction start-up.

Personnel transport may be staged from Hay River, or flown in to the construction site from a southern
location.

Other major staging requirements may include:
e camp accommodation;
e water use and disposal;
e helicopter pads, and possibly fixed wing landing strips (one required and constructed);
e equipment storage (located at processing site);
e equipment maintenance areas (located at processing site);
e regular supply delivery; and
o temporary supply storage.

3.3.4.6 Resource Requirements

The resource requirements for the Cameron Hills development scenario may include:
e gravel resources for construction and on-going maintenance would be acquired from (assumed)
existing or new gravel quarries;
e personnel hired from local communities, northern communities and the south;
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o logistical requirements arranged internally or through local suppliers;

e equipment supplied through sub-contractors and delivered to site;

e supplies and materials are provided by third party sources, and transported to site;

e water use and disposal (above a certain amount) is arranged through regulatory requirements; and
e waste generation and disposal is regulated.

3.4 Liard Plateau Oil and Gas Development Scenario

This development scenario is only a potential estimate of typical activities to assist in the identification
and analysis of information and research gaps. To assist in achieving the goals and objectives of this
project, a “What if” planning approach was followed to help ascertain the important research and
biophysical information gaps. This scenario is not a complete project lifecycle description, and is not
intended to reflect what might actually happen. Any similarity between these development scenarios and
what actually happens is purely coincidental.

3.4.1 Background

This development area extends from the Trout Lake development area west to the Yukon/NWT border.
The majority of oil and gas activities are occurring between approximately 122° 30" W longitude and the
Yukon/NWT border, and 60° 00" N and 60° 45’ N latitude.

This area is contained in the greater geological formation known as the Western Canada Sedimentary
Basin. It extends from the Mackenzie Mountains and Rocky Mountain foothills in the west (where the
average depth to target is around 4,500 metres) and shallows out to the east (where the average depth to
target is around 700 metres) ending east of the Cameron Hills area where the Canadian Shield begins.
Activity in the Liard Plateau area is an extension of the more intense activity occurring in adjacent areas
in northeastern British Columbia. Increased drilling activities in the mid-1960s lead to the discovery and
eventual development of the Pointed Mountain natural gas field in the southwest corner of the Mackenzie
Valley. This field was first produced in 1972, and is now in the last stages of production achieving a
cumulative production total, to the end of 1993, of 8.6 x E9 m® (303 billion cubic feet (bcf)) of an
estimated pool reserve of 10.2 x E9 m* (360 bcf) (Morrell 1995).

3.4.2 Existing Resources

On the west side of the Liard Plateau, the Pointed Mountain natural gas field has been producing natural
gas (mildly sour and acid: ~0.44% H,S; ~10% CO,) since the 1970s. A gas pipeline is used to ship
product south to processing facilities in northern British Columbia. In the early 2000s to the west of the
Liard River and north of the community of Fort Liard, four sour natural gas (Devonian) wells and a re-
injection well were developed, with a common natural gas transmission pipeline connecting to the
Pointed Mountain natural gas transmission line. South of the community of Fort Liard two natural gas
fields have begun producing, with a product transmission line running to the Maxhamish Gas Plant in
northern British Columbia.
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There are currently 10 Significant Discovery Licences (9 gas, 1 unknown) and six Production Licences
(all gas) in the area (DIAND 2002b). Five fields have been produced, and three of these are currently still
producing. Five existing discoveries remain undeveloped, and exploration continues. The Pointed
Mountain production field is largely depleted and currently shut-in.

3.4.3 Exploration Potential/Land Access

On-going oil and gas exploration will occur to augment existing resources in the Liard Plateau area.
Seismic exploration would be a combination of 2-D and 3-D programs to support on-going drilling
exploration programs. It is important to note that this area is part of the Deh Cho region of the NWT,
which is subject to the Deh Cho Process — an on-going land claims type negotiations between the
federal/territorial governments and the First Nations of the region. Much of the Deh Cho region may be
subject to interim land withdrawal until the Deh Cho Process is completed. The issuance of exploration
rights would be prohibited on withdrawn lands until the Deh Cho Process is completed. Any exploration
that does occur here would be based on the premise that an exploration cycle, consisting of lands being
offered for nomination, etc., would happen.

Based on the past level of seismic exploration activity in this area, there could potentially be up to five
seismic programs applied for each year. With interim land withdrawals in place while the Deh Cho
Process is underway there would potentially be fewer (e.g., 1 to 2) seismic programs applied for each
year. Exploration drilling that might potentially occur in this area as a result of these seismic programs
could be up to four wells per year, and potentially one to two with interim land withdrawal.

3.4.4 Development Potential

3441 Type

The area contains both sweet and sour natural gas (sweet from shallow plain reservoirs and sour from
deeper Devonian (i.e., geological reservoirs) reserves.

3.4.4.2  Development Timeframe

Within 5 to 15 years it is expected that several of the currently producing wells would be decommissioned
and abandoned.

3.44.3 Reserves

It is expected that approximately two new natural gas production and delineation wells will be drilled
based on known existing reserves.

Based on the results of the potential exploration activities noted above, and whether or not interim land

withdrawals occur, the number of potential production and delineation wells could range from three to six
wells (primarily natural gas production) over the next 5 to 15 years.
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3.4.4.4  Project Development Requirements

The development area is spread out and quite large, and while some locations already have infrastructure
and access in place to support the existing production wells, other areas would likely need new
infrastructure.

New wells may require:
e production pads;
e processing facilities;
e access roads;
e gathering pipeline systems;
e tie-in to existing processing systems and transmission pipeline; and
e temporary construction facilities.

The general description of these requirements is found in Table 4. The information in this table was
prepared from analyzing similar information from various sources related to gas development wells and
associated infrastructure. These sources were primarily: various Deck presentations of the Mackenzie Gas
Producers; Our Petroleum Challenge, 6th edition; and personal communication with representatives from
Imperial Qil and DIAND.

Table 4. Liard Plateau Project Development Requirements
Requirement Description Note
Production Pads e 1to 3 pads per field The size of the reservoir will
e typically covering 2 to 6 ha generally dictate how many
e 1to 2.5 metres thick gravel pad production pads are required.
e On-site or remote sumps Typically, the field is produced
« 3to 18°production pads in total from as few locations as possible,

using directional drilling techniques
where feasible.

Facilities (possible | Gas wells (sour and sweet): Additional processing of gas may
facilities) o flare stack occur at existing facilities located in
e solution gas gathering for processing the area or off-site in British
off-site, or on-site Columbia.

e re-injection on, or off site (if required,
and to maintain reservoir pressure
where required)

e NGLs separation and collection, or ship
with gas to processing facility

8 Based on predicted 3 to 6 wells over timeframe, and 1 to 3 production pads per field. The minimum and maximum number of
wells estimated would be: minimum 3 x 1 = 3; maximum 6 x 3 = 18.
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Requirement

Description

Note

o Compression facility to maintain
pipeline and reservoir pressure if
required pressure

Access Roads

Access roads to each new well location
from existing road infrastructure in area.
Requirements:

e Gravel/borrow material

o Water crossings/culverts

e 310 18 access roads required

Access roads already exist in parts
of the area to service existing
facilities. New wells would require
access for the rig components and
for on-going access during
production, and in some cases
completely new access.

Gathering Pipeline
Systems

In-field gathering system:

e Buried pipelines from each of 3 to 18
production sites

e Typically small to medium diameter
pipe (4 to 8 inches)

o For each gathering pipeline, a
permanent ROW of around 20 metres
width

e For each gathering pipeline, a
temporary 20 to 50 metre width
construction ROW

Anticipate winter construction of
pipeline gathering systems.

Tie-in to Existing

Each pipeline gathering system to tie-in to a

Gathering systems to be single

Facilities new transmission pipeline that will tie-in to | pipeline systems that transport both
an existing transmission pipeline (if gas and NGLs, or separate systems
existing, or a new line). Pipeline tie-in to for gas and NGLs..
occur at a compressor facility, or to have a
pressure equalization system to equalize the
pressure between the field gathering system
and the transmission pipeline.

Temporary e Staging area for each well site, or use Facilities may be used during

Construction central existing staging area decommissioning and abandonment

Facilities e Temporary construction workspace for | of existing production wells

gathering pipeline systems

e Temporary construction infrastructure
for stream crossings by gathering
system and/or pipeline

e New or existing borrow pits

e Construction crew temporary
accommodation, on or off site

e  Water source for hydrostatic testing of
pipelines
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3.4.45  Staging Requirements:

Construction materials, equipment and supplies would likely be transported from southern manufacturing
points on existing road networks. Construction would likely be undertaken during the winter season, with
materials and supplies delivered prior to construction start-up.

Personnel transport may be staged from Fort Liard, or flown in to the construction site from other
northern or from southern locations.

Other major staging requirements may include:
e camp accommodation;
e water use and disposal;
e helicopter pads, and possibly fixed wing landing strips;
e equipment storage;
e equipment maintenance areas;
e regular supply delivery; and
o temporary supply storage.

3.4.4.6 Resource Requirements:

The resource requirements for the Liard Plateau development scenario may include:
e gravel resources for construction and on-going maintenance would be acquired from (assumed)
existing or new gravel quarries;
e personnel hired from local communities, northern communities and the south;
¢ logistical requirements arranged internally or through local suppliers;
e equipment supplied through sub-contractors and delivered to site;
e supplies and materials are provided by third party sources, and transported to site;
e water use and disposal is arranged through regulatory requirements; and
e waste generation and disposal is regulated.

3.5 Norman Wells (Central Mackenzie Valley) Oil and Gas
Development Scenario

This development scenario is only a potential estimate of typical activities to assist in the identification
and analysis of information and research gaps. To assist in achieving the goals and objectives of this
project, a “What if” planning approach was followed to help ascertain the important research and
biophysical information gaps. This scenario is not a complete project lifecycle description, and is not
intended to reflect what might actually happen. Any similarity between these development scenarios and
what actually happens is purely coincidental.
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3.5.1 Background

The Norman Wells development area is located in the central Mackenzie Valley region, and includes oil
and gas activities occurring in the approximate area from the confluence of the Mountain and Mackenzie
Rivers south and east along the Mackenzie River to 64° N latitude by 124° W longitude. Activities are
occurring on lands east and west of the Mackenzie River in this area.

Oil seeps have been known to exist in this area of the Mackenzie River since the mid-1700s. Little of this
material was utilized, and interest in the area did not increase until the early 1900s when the search for oil
really began in Canada. This area was originally developed as a producing field in the 1940s with small
volumes of oil exported by the Canol pipeline to Whitehorse. Subsequent production was very limited
until the mid-1980s with the construction of the Norman Wells to Zama (Alberta) 12 inch (305 mm) oil
pipeline and a major expansion of the field occurred. Today, there is a central processing facility located
within the townsite of Norman Wells, with over 165 production wells, and 156 water injection wells
maintaining reservoir pressure. Production for Norman Wells was 1.79 x E6 m® (11.3 million barrels) in
1993, with cumulative production of approximately 16 x E6 m® (100 million barrels). About 43% of the
estimated total reserves of oil are expected to be recovered; however, the operator is continuing to look
for new ways to maximize the recovery of oil before production stops (Morrell 1995).

3.5.2 Existing Resources

The Norman Wells oil field development has been operating since the mid-1980s when the oil fields were
expanded and oil was shipped south through the newly constructed Norman Wells to Zama pipeline.
Infrastructure includes an 860 km long, 305 mm diameter oil pipeline to northern Alberta, three pumping
stations, six artificial island production wells in the Mackenzie River (Deh Cho Island, Ekwe Island, Itel-
ke Island, Little Bear Island, Rayuka Island, Rampart Island), use of two natural island (Goose and Bear
Islands) for production activities, several land based production wells, and associated equipment, offices
and personnel. Approximately 4,800 m® (30,000 barrels) of oil are piped through the pipeline each day.
Spare capacity does currently exist in the line, which will increase over the next decade as production
from the field declines (Morrell 1995).

3.5.3 Exploration Potential/Land Access

The Norman Wells oil field has been extensively defined through many years of seismic, exploration and
production drilling. As oil field production begins to decline, new exploration drilling will likely occur to
try and maximize the amount of oil recovered from the field. There remain opportunities to discover oil
pools along the up-dip edges of the field geological structure and within the complex structure of the
geological formation (Morrell 1995), and north and south of the field within the central Mackenzie Valley
region.

Other exploration activity is occurring within the area (not directly associated with the Norman Wells oil
field), searching for viable hydrocarbon deposits. There are approximately 10 ELs in the area (DIAND
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2002c¢). The exploration potential for the central Mackenzie Valley area is estimated at potentially up to
three seismic programs per year, and potentially two exploration wells per year (until 2010). Seismic
exploration programs would likely be predominately 2-D.

3.5.4 Development Potential
3541  Type

The area contains primarily crude oil reserves at Norman Wells. There is significant potential for further
discoveries of oil and possibly natural gas in the greater region.

3.5.4.2  Development Timeframe

Within 5 to 15 years, it is expected that several of the currently producing well’s will be brought to
completion, decommissioned and abandoned.

The Norman Wells production field is likely to be depleted by approximately 2020 at which time
decommissioning and abandonment of field facilities will commence. Additional finds of oil and natural
gas reserves, and/or natural gas related processing facilities may serve to keep certain facilities in
operation.

3.5.4.3 Reserves

It is expected that approximately four production and delineation oil wells will be drilled based on known
existing reserves associated with the Norman Wells field. Natural gas production wells are not
anticipated in this area.

Based on the results of the potential exploration activities noted above, approximately two production and
delineation oil wells are anticipated over the next 5 to 15 years. With the development of a potential
natural gas pipeline down the Mackenzie Valley, exploration activities would likely increase, which may
result in the discovery of additional natural gas reserves, and potentially more natural gas production
wells. This could potentially result in two additional development wells being drilled in the area.

3.5.4.4  Project Development Requirements

Exploration and development activities in this area are concentrated around the Norman Wells oil field,
then spreading north and south along both sides of the Mackenzie River. In the Norman Wells area, there
is existing infrastructure and access in place to support existing and any new production wells. Areas
north and south of Norman Wells may require new infrastructure.

New wells may require:

e production pads;
e processing facilities;
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e access roads;

e gathering pipeline systems;

e tie-in to existing processing systems and transmission pipeline; and
e temporary construction facilities.

The general description of these requirements is found in Table 5. The information in this table was
prepared from analyzing similar information from various sources related to gas development wells and
associated infrastructure. These sources were primarily: various Deck presentations of the Mackenzie Gas
Producers; Our Petroleum Challenge, 6th edition; and personal communication with representatives from
Imperial Qil and DIAND.

Table 5. Norman Wells Project Development Requirements
Requirement Description Note
Production Pads e 1to 3 pads per field The size of the reservoir will
e typically covering 2to 6 ha generally dictate how many
e 1to 2.5 metres thick gravel pad production pads are required.
e On-site or remote sumps Typically, the field is produced
o 6 to 18° production pads in total from as few locations as possible,

using directional drilling
techniques where feasible.

Facilities Gas wells if discovered: Anticipate oil to be the primary

o flare stack product being produced.

e solution gas gathering for processing
off-site, or on-site

e re-injection on, or off site (if required
and to maintain reservoir pressure if
required)

e NGLs separation and collection, or
ship with gas to processing facility

e Compression facility to maintain
pipeline pressure and reservoir
pressure if required

Oil

e Oil wells may link into existing
capacity and facilities.

Access Roads Access roads to each new well location Access roads already exist in parts
from existing road infrastructure in area. | of the area to service existing
Requirements: facilities. New wells would

® Based on 1 to 3 pads per field and 6 production and delineation wells being drilled, the minimum and maximum number of
wells would be: minimum 6 x 1 = 6; maximum 6 x 3 = 18.
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Requirement

Description

Note

e Gravel/borrow material
e Water crossings/culverts
e 6 to 18 access roads required

require access for the rig
components and for on-going
access during production, and in
some cases completely new access.

Gathering Pipeline
Systems

In-field gathering system:

e Buried pipelines from each from each
of 6 to 18 production sites

e Typically small to medium diameter
pipe (4 to 8 inches)

e For each gathering pipeline, a
permanent ROW of up to 20 metres
width

o For each gathering pipeline, a
temporary construction ROW

Anticipate winter construction of
pipeline gathering systems.

Tie-in to Existing

Each pipeline gathering system to tie-in to

Gathering systems to be single

Facilities a new transmission pipeline that would pipeline systems that transport both
tie-in to an existing transmission pipeline, | gas and NGLs, or separate systems
if available. Pipeline tie-in to occur at a for gas and NGLs. Separate oil
compressor facility, or to have a pressure | gathering systems as required.
equalization system to equalize the
pressure between field gathering systems
and the transmission pipeline.

Temporary e Staging area for each well site, or use | Facilities may be used during

Construction Facilities

central staging area

e Temporary construction workspace
for gathering pipeline systems

e Temporary construction infrastructure
for stream crossings by gathering
system and/or pipeline.

e New or existing borrow pits

e Construction crew temporary
accommodation, on or off site

o Water source for hydrostatic testing
of pipelines

decommissioning and
abandonment of existing
production wells

3.545

Staging Requirements

Construction materials, equipment and supplies may be transported from southern manufacturing points
on existing road networks. Construction would likely be undertaken during the winter season, with
materials and supplies delivered prior to construction start-up.
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Personnel transport may be staged from Norman Wells, or flown in to construction site from other
northern or from southern locations.

Other major staging requirements include:

3.5.4.6

camp accommodation;

water use and disposal;

helicopter pads, and possibly fixed wing landing strips;
equipment storage;

equipment maintenance areas;

regular supply delivery; and

temporary supply storage.

Resource Requirements

The resource requirements for the Norman Wells development scenario may include:

3.6

This development scenario is only a potential estimate of typical activities to assist in the identification
and analysis of information and research gaps. To assist in achieving the goals and objectives of this

gravel resources for on-going maintenance would be acquired from existing or new gravel
quarries;

personnel hired from local communities, northern communities and the south;

logistical requirements arranged internally or through local suppliers;

equipment supplied through sub-contractors and delivered to site;

supplies and materials are provided by third party sources, and transported to site;

water use and disposal is arranged through regulatory requirements; and

waste generation and disposal is regulated.

Colville Hills Oil and Gas Development Scenario

project, a “What if” planning approach was followed to help ascertain the important research and

biophysical information gaps. This scenario is not a complete project lifecycle description, and is not
intended to reflect what might actually happen. Any similarity between these development scenarios and

what actually happens is purely coincidental.

3.6.1 Background

Activities in the Colville Hills development area are located approximately between 125° W and 127° W
longitude and from the community of Colville Lake south to approximately 66° N latitude. There is also

exploration activity occurring in a large area east of Colville Lake.

This is a large and sparsely explored area. Some exploration activities have been underway since at least
the early 1970s when the first natural gas discovery was made at Tedji Lake. Following the resumption
of issuance of Exploration Licences in the early 1980s, exploration activities have increased in the area
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resulting in several more natural gas discoveries. Qil seeps are common in the area, though no oil
reserves have been discovered.

3.6.2 Existing Resources

There are no production wells located in this area; however, exploration activities have been on-going for
sometime. Five exploration wells were drilled in 2001 in the area. There are currently four Significant
Discovery Licences (all gas) and two Exploration Licences in the area (DIAND 2002c). There is
potential for further discoveries to be made on Sahtu private lands.

3.6.3 Exploration Potential/Land Access

Of the three Significant Discovery Licences, Tweed Lake contains sweet dry gas, Tedji Lake and Bele
contain substantial condensate reserves in addition to natural gas. Oil source rocks are present and may
contribute light oil or condensate to the largely natural gas accumulations. The potential for small to
medium sized oil pools in undrilled structures appears high (Morrell 1995). It should be noted that the
natural gas and oil potential in this area has not been proven.

The exploration potential for this area could see up to three seismic exploration programs per year, up to
two exploration wells per year (until 2010). Seismic exploration programs would likely be predominately
2-D.

The likelihood of a Mackenzie Valley natural gas pipeline in the near future would likely increase the
amount of exploration activity. The three Significant Discovery Licences in the area would be prime
candidate locations for wells that could provide additional gas reserves to the pipeline.

3.6.4 Development Potential
3.6.41 Type

The area contains sweet gas reserves, and some light oil showings; however, no oil reserves have yet been
found.

3.6.4.2  Development Timeframe

5 to 15 year timeframe

3.6.4.3 Reserves

It is expected that approximately three production and delineation sweet natural gas wells will be drilled
based on known existing reserves. Oil production wells are not anticipated in this area at this time.
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Based on the results of the potential exploration activities noted above, approximately seven production
and delineation natural gas wells are anticipated over the next 5 to 15 years to properly produce the fields.
With the development of the potential natural gas pipeline down the Mackenzie Valley, exploration
activity will likely increase, resulting in potentially higher natural gas production wells.

3.6.4.4 Project Development Requirements

The areas for production well development are located immediately south of Colville Lake (two
Significant Discovery Licences) and one south of Lac Belot, located south and west of Colville Lake.
There does exist winter access into these areas. These access routes would likely be used for production
access.

New production wells may require:
e production pads;
e processing facilities;
e access roads;
e gathering pipeline systems;
e tie-in to existing transmission pipeline; and
e temporary construction facilities.

The general description of these requirements is found in Table 6. The information in this table was
prepared from analyzing similar information from various sources related to gas development wells and
associated infrastructure. These sources were primarily: various Deck presentations of the Mackenzie Gas
Producers; Our Petroleum Challenge, 6th edition; and personal communication with representatives from
Imperial Oil and DIAND.

Table 6. Colville Hills Project Development Requirements
Requirement Description Note
Production Pads e 1to 3 pads per field The size of the reservoir will
e typically covering 2 to 6 ha generally dictate how many
e 1to 2.5 metres thick gravel pad production pads are required.
e On-site or remote sumps Typically, the field is produced
10 to 30" production pads in total from as few locations as possible,

using directional drilling
techniques where feasible.

10 Based on 3 wells form known reserves and 7 anticipated from new reserves 7 + 3 = 10. Based on 1 to 3 wells per field the
minimum and maximum number of wells would be minimum 10 x 1 = 10, maximum 10 x 3 = 30.

(22649/Final Background Paper Report 12Jan03) 51 Eﬂ Gartner Lee




Background Paper Report

Requirement

Description

Note

Facilities

Gas wells (sweet):

o flare stack

e solution gas gathering for processing
off-site, or on-site

e re-injection on, or off site and to
maintain reservoir pressure (if
required)

e NGLs separation and collection, or
ship with gas to processing facility

e Compression facility to maintain
pipeline pressure and reservoir
pressure if required

Anticipated that the three gas
wells will be produced in the
next 5 to 15-year timeframe, with
an additional 7 based on known
potential.

Access Roads

Access roads to each new well location
would likely be required. Requirements:
e Gravel/borrow material

o Water crossings/culverts

e Up to 30 access roads required

Winter access roads already exist
in the area to access the
exploration activities. New wells
would require access for the rig
components and for on-going
access during production.

Gathering Pipeline
Systems

In-field gathering system:

e Buried pipelines from each 10 to 30
production sites

o Typically small to medium diameter
pipe (4 to 8 inches)

e For each gathering pipeline, a
permanent ROW of around 20 metres
width

For each gathering pipeline, a temporary

20 to 50 metre width construction ROW

Anticipate winter construction of
pipeline gathering systems.

Tie-in to Existing
Facilities

Each pipeline gathering system to tie-in to
a new transmission pipeline which will tie-
in to a potential Mackenzie Valley gas
transmission pipeline. Pipeline tie-in to
occur at a compressor facility, or to have a
pressure equalization system to equalize
the pressure between the gathering system
and the transmission pipeline.

Gathering systems to be single
pipeline systems that transport
both gas and NGLs or separate
systems for gas and NGLs.
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Requirement Description Note
Temporary e Staging area for each well site Combined staging area may be
Construction Facilities | ¢  Temporary construction workspace for | feasible for the two SDLs

gathering pipeline systems immediately south of Colville

e Temporary construction infrastructure | Lake.
for stream crossings by gathering
system and/or pipeline

e New or existing borrow pits

e Construction crew temporary
accommodation, on or off site

o Water source for hydrostatic testing of
pipelines.

3.6.45  Staging Requirements

Construction materials, equipment and supplies would be transported from southern manufacturing points
on existing transportation networks to Hay River. Materials would then be barged to a staging area on the
Mackenzie River for likely winter transport to the sites. Construction would likely be undertaken during
the winter season, with materials and supplies delivered prior to construction start-up.

Personnel transport would likely be staged from Colville Lake, or flown in to construction site from other
northern or from southern locations.

Other major staging requirements include:
e camp accommodation;
e water use and disposal;
e helicopter pads, and possibly fixed wing landing strips;
e equipment storage;
e equipment maintenance areas;
e regular supply delivery; and
o temporary supply storage.

3.6.4.6 Resource Requirements

The resource requirements for the Colville Hills development scenario may include:
e gravel resources for construction and on-going maintenance would be acquired from (assumed)
existing or new gravel quarries;
e personnel hired from local communities, northern communities and the south;
o logistical requirements arranged internally or through local suppliers;
e equipment supplied through sub-contractors and delivered to site;
e supplies and materials are provided by third party sources, and transported to site;
e water use and disposal is arranged through regulatory requirements; and
e waste generation and disposal is regulated.
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3.7 Peel Plateau Oil and Gas Development Scenario

This development scenario is only a potential estimate of typical activities to assist in the identification
and analysis of information and research gaps. To assist in achieving the goals and objectives of this
project, a “What if” planning approach was followed to help ascertain the important research and
biophysical information gaps. This scenario is not a complete project lifecycle description, and is not
intended to reflect what might actually happen. Any similarity between these development scenarios and
what actually happens is purely coincidental.

3.7.1 Background

The Peel Plateau/Plain development area is approximately located from the Mackenzie River south to 66°
N latitude, and between 131° W longitude and the Yukon/NWT border.

Hydrocarbon exploration has been on-going in this area since the mid-1950s, with 52 wells having been
drilled (including Peel Plateau).

3.7.2 Existing Resources

There are no production wells located in this area; however, exploration activities have been on-going, at
a low level of activity, for sometime. There have been very few significant showings and no significant
discoveries. Minor gas showings in old wells, but not associated with large pools (Morrell 1995). There
are currently five ELs in the area (http://www.ainc-inac.gc.ca/oil/index_e.html).

3.7.3 Exploration Potential/Land Access

This area is remote and expensive to get equipment and crews into and out of. Exploration would
potentially continue, though at a low level of around one seismic exploration program per year and up to
one exploration well per year, usually bunched to maximize rig use.

3.7.4 Development Potential
3.741  Type

The area contains sweet gas.

3.74.2 Development Timeframe

5 to 15 year timeframe
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3.7.4.3 Reserves

There are no developable reserves identified in this area. It is unlikely that there will be any potential
reserves found within the next 5 to 15 years.

3.7.4.4  Project Development Requirements

There does exist winter access into the area. These access routes would likely be used for production
access as required. As there is a very low potential for developing production wells in this area, no
further scenario development for this area is required.

3.8 Generic Mackenzie Valley Gas Pipeline Development Scenario

This development scenario is only a potential estimate for illustrative purposes of a typical natural gas
transmission pipeline and potential associated activities to assist in the identification and analysis of
information and research gaps. To assist in achieving the goals and objectives of this project, a “What if”
planning approach was followed to help ascertain the important research and biophysical information
gaps. This scenario is not a complete project lifecycle description, and is not intended to reflect what
might actually happen. Any similarity between this development scenario and what could potentially
happen is purely coincidental.

3.8.1 Project

Generic Mackenzie Valley gas pipeline proposal. The scope of this development scenario is limited to
the Mackenzie Valley, from Inuvik south to the NWT/Alberta border.

3.8.2 Objective

The transportation of Mackenzie Delta and possibly Prudhoe Bay, Alaska natural gas to southern markets.
There is also built in capacity to allow other producers connection access.

3.8.3 Project Proposal Highlights

The generic Mackenzie Valley gas pipeline proposal is a concept project proposal**. There have been
preliminary investigations into possible routing options, regulatory requirements, environmental
considerations, and overall feasibility of such a project. Based on this information and that provided by
experts (see References, Section 5), this concept project development scenario has been prepared.

The main project highlights are presented in Table 7.

1 The development scenarios are not based on the Preliminary Information Package filed by proponents of the Mackenzie Gas
Project with t