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About the NWMO and its work

The Nuclear Waste Management Organization (NWMO) was created by Canada’s nuclear
energy generators in 2002 as a requirement of the Nuclear Fuel Waste Act. The Act requires
the NWMO to study, recommend and then implement a plan for the long-term management of
used nuclear fuel in Canada.

The NWMO approaches its work with the following vision: the long-term management of
Canada's nuclear waste in a manner that safeguards people and respects the environment, now
and in the future.

The NWMO is guided by five fundamental values:

Integrity: We will conduct ourselves with openness, honesty and respect for all persons and
organizations with whom we deal.

Excellence: We will pursue the best knowledge, understanding and innovative thinking in our
analysis, engagement processes and decision-making.

Engagement: We will seek the participation of all communities of interest and be responsive to a
diversity of views and perspectives. We will communicate and consult actively, promoting
thoughtful reflection and facilitating a constructive dialogue.

Accountability: We will be fully responsible for the wise, prudent and efficient management of
resources, and be accountable for all our actions.

Transparency: We will be open and transparent in our process, communications and decision-
making, so that the approach is clear to all Canadians.

The work of the NWMO is subject to federal regulatory oversight and is regulated under the
Nuclear Safety and Control Act. The NWMO's work is required to meet all applicable regulatory
standards and requirements for protecting the health and safety of persons, the environment
and national security, and to respect Canada's international commitments on the peaceful use
of nuclear energy. For financial surety, its work is also required to be fully funded by the waste-
producing organizations through independently managed trust funds.
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Preface

Since initiating the siting process in May 2010, the Nuclear Waste Management Organization
(NWMO) has worked collaboratively with interested communities to implement Adaptive Phased
Management (APM), Canada’s plan for the safe, long-term care of used nuclear fuel. At this
early point in the multi-year site selection process, the focus of work is on exploring potential to
meet specific requirements to safely host a deep geological repository and Centre of Expertise,
the core components of Canada’s plan.

Findings summarized in this document have emerged from studies conducted as part of Phase
1 of the Preliminary Assessment, the initial phase of study in Step 3 of the nine-step process for
selecting a site. This document reviews the outcome of desktop studies that explored the
potential to find a site that can safely and securely contain and isolate used nuclear fuel from
people and the environment for the long time period required. It also summarizes learning that
transpired through working with the community to build understanding about APM, and to
explore the project’s potential to align with the long-term vision of the community in a way that
contributes to its well-being.

The Township of Manitouwadge is one of 13 communities engaged in exploring potential
interest in hosting this national infrastructure project. Findings from its Phase 1 Preliminary
Assessment are intended to support the Township and the NWMO in taking stock of the
community’s potential to meet the requirements for hosting APM facilities. These assessments
also provide the basis upon which the NWMO will identify a smaller number of communities to
be the focus of the next phase of more detailed studies.

The journey of the Township of Manitouwadge in the APM process began in February 2012
when the Mayor and Council approached the NWMO to learn more about the program. This
request came to the NWMO in response to an open invitation to communities and groups to
learn more about Canada’s plan. Highlights of Manitouwadge’s engagement to date in this
Learn More process are provided below.

After the NWMO formally initiated the site selection process in May 2010, community
representatives, members of Council and Township staff requested and received a briefing from
the NWMO in Toronto in July 2012. They toured the Darlington generating station.
Representatives from the Township also met with members of the Canadian Nuclear Safety
Commission (CNSC) in Ottawa to continue their learning.

The Township’s Council passed a resolution to request an initial screening of the community’s
potential suitability for the project in September 2012. This request came to the NWMO in
response to an open invitation to communities to learn more about APM with the understanding
the community could end its involvement at any time. In October 2012, the NWMO delivered a
presentation to community officials in Manitouwadge to review the plan for conducting this initial
screening and to confirm details of the work.
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Upon completing the initial screening in January 2013, the NWMO and the contractor that
conducted the work presented findings to Council. Copies of the final report (summary version,
as well as detailed report) were also provided. The report’s findings indicated that “the review of
readily available information and application of the five initial screening criteria did not identify
obvious conditions that would exclude the Township of Manitouwadge from further
consideration in the site selection process.”

The Township has actively pursued learning opportunities to become better informed about the
project and nuclear waste management in general. To make information about the project and
the site selection process readily available to community members, Council asked the NWMO to
set up an information kiosk about the APM Project in the municipal office.

At the invitation of Council, the NWMO convened open houses in Manitouwadge in March 2013
to review initial screening results and to share information about the project and site selection
process. The open houses were advertised in local media and invitations to these events were
sent to residents of Manitouwadge, as well as leaders of surrounding communities. Individuals
and groups who met with the NWMO during these events included members of town council
and staff, students, representatives from the business community, seniors, and health-care and
social service providers.

In Spring 2013, Council expressed an interest in learning more about preliminary assessments,
the next step in the site selection process. At their request, in March 2013 the NWMO provided
a briefing to Council that outlined what would be involved should the Council wish to proceed to
this step. After further consideration, Council passed a resolution later in March 2013
expressing its interest in continuing to learn more about APM and to initiate feasibility studies by
proceeding to Step 3 for the first phase of preliminary assessment activities.

To facilitate learning and dialogue within the community, Council established the Manitouwadge
Community Nuclear Liaison Committee in October 2013. The CLC was directed by Council to
help facilitate involvement of community members in learning about the project in an open and
inclusive manner, and to help inform NWMO studies. The CLC held its first meeting in October
2013.

Beginning in October 2013, the Council, the CLC and the NWMO worked together to review
plans for the range of technical and social well-being studies associated with the Phase 1
assessment process. They also reviewed the resource program available to the community to
support activities to learn about and reflect on its interest in the project, encourage local
discussion, and engage with the NWMO as the assessment was undertaken. The community
worked closely with the NWMO to plan local dialogues and engagement, as well as early
outreach to surrounding communities and Aboriginal people.

To support engagement in the assessment process, the CLC established a monthly meeting
schedule, with NWMO staff attending as requested to be part of the discussion and to work with
the committee to complete preliminary assessment studies. Meetings were advertised in
advance and open to the public. The committee also appointed a project coordinator,
established a website and regular community newsletter, sought presentations from NWMO
staff specialists about topics of interest to the committee, and helped organize open houses. At
these open houses, NWMO specialists used interactive exhibits, videos, poster displays and
printed materials to help explain various aspects of APM and answer questions about the
project.
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Working collaboratively, the Township, the CLC and the NWMO also undertook a range of
outreach activities with local individuals and groups such as political leaders, first responders,
educators, health-care providers, municipal staff, community group members and First Nation
leaders. To support ongoing dialogue with the community, the NWMO opened a local office in
the community in October 2013. A broad range of community leaders was engaged through
individual briefings and conversations held as part of the study process.

The CLC was actively involved in the development of a community profile and community well-
being assessment report. Open houses were organized to share the progress of studies and
learning, and to seek input from community members. Open houses were convened in Spring
2014 to engage community members in discussion of the work involved in Phase 1 studies.

The CLC made a visit to the OPG interim storage facility at Darlington in May 2014 followed by
a briefing with the NWMO.

Led by the CLC, engagement activities in 2014 also included hosting the NWMO’s Mobile
Transportation Exhibit. This exhibit provided community members an opportunity to see a
licensed used fuel transportation container, and learn more about the robust regulations,

policies and procedures that must be met. The exhibit visited the community in June 2014.

Recognizing the importance of engaging surrounding communities and Aboriginal peoples in
discussion about this project, the Township and the NWMO began to reach out to groups and
individuals beyond the community in a very preliminary way. This outreach included First Nation
and Métis communities, and mayors and council members of neighbouring communities.

The objective of the site selection process, through several phases of progressively more
detailed assessments, is to arrive at a single location for both the deep geological repository for
Canada’s used nuclear fuel and for the Centre of Expertise. The preferred site will need to
ensure safety and security for people and the environment and contribute to the well-being of
the area. Selecting a site will require many more years of detailed technical, scientific and social
study and assessments, and much more engagement with interested communities, as well as
potentially affected First Nation and Métis communities, and surrounding communities.

With 13 of the original 22 communities still engaged in exploring their interest and suitability for
hosting APM, the site selection process must provide a basis for progressively identifying a
smaller number of communities for more detailed assessment. Through increasingly more
detailed studies, communities with strong potential to meet the project’s specific requirements
will be identified to become the focus of further assessment.

This process of stepwise reflection and decision-making will be supported by a sequence of
assessments and engagement that will enable the NWMO and communities to learn more about
the suitability of each potential siting area and make decisions about where to focus more
detailed work. Communities may choose to end their involvement at any point during the site
evaluation process until a final agreement is signed, subject to all regulatory requirements being
met and regulatory approvals received.
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1. INTRODUCTION

11 The Purpose of This Document

Since May 2010, the Nuclear Waste Management Organization (NWMO) has worked with
interested communities to implement Adaptive Phased Management (APM), Canada’s plan for
the long-term care of used nuclear fuel. The NWMO has worked collaboratively with interested
communities to begin to explore their potential to meet site selection requirements for locating
the deep geological repository and Centre of Expertise, the core components of Canada’s plan.

Following a road map for decision-making that was developed collaboratively through two years
of public engagement, the site selection process is now advancing through a multi-year series of
steps and engagement to ensure, above all, that the site which is selected is safe and secure,
and meets the highest scientific, professional and ethical standards.

This document, together with a series of supporting reports, captures learning to date from the
Phase 1 Preliminary Assessment conducted with the Township of Manitouwadge, Ontario.

Findings summarized in this document have emerged from studies conducted as part of Phase
1 of the Preliminary Assessment — the initial phase of study in Step 3 of the nine-step site
selection process. The document reviews the outcome of desktop studies that explored the
potential to find a site which can safely and securely contain and isolate used nuclear fuel from
people and the environment for the long time period required. It also summarizes the learning
that has emerged through working with the community to help them understand the safety of the
project, and explore the potential for the project to align with the values and aspirations of the
community over the long term and contribute to the well-being of the community and area.

The findings presented in this Phase 1 report are intended to provide input to early stock-taking
of the potential for the community to meet the requirements to host the APM facilities. It is also
intended to be an aid in NWMO decision-making to identify the smaller number of communities
as the focus of more detailed Phase 2 studies, should the community be willing to continue in
the process.

1.2 Towards Partnership

Although the focus of this assessment is the Township of Manitouwadge, it is understood that a
broader partnership involving potentially affected First Nation and Métis communities, and
surrounding communities would be needed in order for the project to proceed in this or any
other area.

Through working with Manitouwadge and other communities involved in the site selection
process in Phase 1 activities, and initial outreach with First Nation and Métis communities in the
area, and surrounding communities, the nature and shape of the partnerships required to
implement the APM Project is beginning to emerge. This project will only proceed with the
involvement of the interested community, potentially affected First Nation and Métis
communities, and surrounding communities working in partnership to implement it.
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1.3 A Matter of Responsibility

For decades, Canadians have been using electricity generated by nuclear power reactors in
Ontario, Quebec and New Brunswick. Over 2.5 million used fuel bundles have been produced.
When used nuclear fuel is removed from a reactor, it is considered a waste product, is
radioactive and requires careful management. Although its radioactivity decreases with time,
chemical toxicity persists and the used fuel will remain a potential health risk to people and the
environment for many hundreds of thousands of years. Canada’s used nuclear fuel is now
safely stored on an interim basis at licensed facilities located where it is produced. Putting in
place a plan for the long-term, safe and secure management of used nuclear fuel for the
protection of people and the environment is an important responsibility that Canadians share.
Through dialogues with citizens and Aboriginal peoples across Canada, the NWMO has heard
that this generation wants to move forward in dealing with our used nuclear fuel, believing it to
be imprudent and unfair to future generations to wait any longer.

1.4 The Foundation of Canada’s Plan

The Government of Canada selected Canada’s plan for the long-term management of used
nuclear fuel in 2007. The plan, called Adaptive Phased Management, involves the development
of a large national infrastructure project in an informed and willing host community. The project
involves the long-term containment and isolation of used nuclear fuel from people and the
environment in a deep geological repository in a suitable rock formation. It also involves the
development of a Centre of Expertise and transportation plan.

As required by the Nuclear Fuel Waste Act, 2002, the NWMO is responsible for implementing
Canada’s Plan. The NWMO is committed to carrying out its work collaboratively with interested
and affected citizens and organizations in a manner that is socially acceptable, technically
sound, environmentally responsible and economically feasible.
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Adaptive Phased Management (APM) — At a Glance:

= Was developed through a nationwide dialogue between 2002 and 2005

= Was selected as Canada’s plan by the Government of Canada in 2007, consistent with the
Nuclear Fuel Waste Act

= Key features include:

= Safe and secure centralized containment and isolation of used nuclear fuel in a repository
deep underground in a suitable rock formation

= A series of steps and clear decision points that can be adapted over time

= An open, inclusive and fair siting process to identify an informed and willing host
community

=  Opportunities for people and communities to be involved throughout the implementation
process

= Optional temporary shallow storage at the central site, if needed
= Long-term stewardship through the continuous monitoring of used fuel

= Ability to retrieve the used fuel over an extended period should there be a need to access
the waste or take advantage of new technologies

=  Financial surety and long-term program funding to ensure the necessary money will be
available for the long-term care of used nuclear fuel

1.5 The Site Selection Process

Through a collaborative process in 2008 and 2009, the NWMO worked with interested
Canadians to develop the decision-making framework for selecting a site for the project. The
site selection process is laid out in the NWMO’s document: “Moving Forward Together: Process
for Selecting a Site for Canada’s Deep Geological Repository for Used Nuclear Fuel” (NWMO,
2010).

The site selection process is designed to ensure safety, security and protection of people and
the environment. Reflecting the guidance provided by Canadians, the site selection process is
built on a set of principles that reflects the values and priorities of Canadians on this issue. The
process also contains a number of steps that these Canadians told us need to be part of the
decision-making process to ensure it is an appropriate one for Canada, as set out in the table
on the next pages.

Phase 1 Preliminary Assessments are conducted as part of Step 3 activities early in the site
selection process. Several additional steps must be completed over the course of the next
several years before a preferred site will be identified and environmental assessment and
regulatory review will be sought. Interested communities may leave the site selection process at
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any time during this process until a final agreement is signed, subject to all regulatory
requirements being met and regulatory approval received.

It is fundamental to the siting process that only an informed and willing community be selected
to host the project as evidenced by a compelling demonstration of willingness involving
community residents. The project will only be implemented in an area in which robust safety
requirements can be met and well-being will be fostered.

Table 1-1: Steps in the Site Selection Process — At a Glance

Getting
Ready

The NWMO publishes the finalized siting process, having briefed provincial
governments, the Government of Canada, national and provincial Aboriginal
organizations, and regulatory agencies on the NWMO’s activities. The NWMO will
continue briefings throughout the siting process to ensure new information is made
available and requirements which might emerge are addressed.

Step 1

The NWMO initiates the siting process with a broad program to provide
information, answer questions and build awareness among Canadians about the
project and siting process. Awareness-building activities will continue throughout the
full duration of the siting process.

Step 2

Communities identify their interest in learning more, and the NWMO provides
detailed briefing. An initial screening is conducted. At the request of the
community, the NWMO will evaluate the potential suitability of the community against a
list of initial screening criteria.

Step 3

For interested communities, a preliminary assessment of potential suitability is
conducted. At the request of the community, the NWMO will conduct a feasibility
study collaboratively with the community to determine whether a site has the potential
to meet the detailed requirements for the project. Regional engagement will be
initiated, and an initial review of transportation considerations will be conducted.
Interested communities will be encouraged to inform surrounding communities,
including potentially affected Aboriginal communities and governments, as early as
possible to facilitate their involvement.

Phase 1: For interested communities passing the Initial Screening, a preliminary
desktop assessment is conducted. Some communities may be
screened out based on these assessments

Phase 2: Field investigations and expanded regional engagement proceed with
smaller number of communities

Step 4

For interested communities, potentially affected surrounding communities are
engaged if they have not been already, and detailed site evaluations are
completed. In this step, the NWMO will select one or more suitable sites from
communities expressing formal interest for regional study and/or detailed multi-year
site evaluations. The NWMO will work collaboratively with these communities to
engage potentially affected surrounding communities, Aboriginal governments and the
provincial government in a study of health, safety, environment, social, economic and
cultural effects of the project at a broader regional level (Regional Study), including
effects that may be associated with transportation. Involvement will continue
throughout the siting process as decisions are made about how the project will be
implemented.
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Step 5 Communities with confirmed suitable sites decide whether they are willing to
accept the project and propose the terms and conditions on which they would
have the project proceed.

Step 6 The NWMO and the community with the preferred site enter into a formal
agreement to host the project. The NWMO selects the preferred site, and the
NWMO and community ratify a formal agreement.

Step 7 Regulatory authorities review the safety of the project through an independent,
formal and public process, and if all requirements are satisfied, give their
approvals to proceed. The implementation of the deep geological repository will be
regulated under the Nuclear Safety and Control Act and its associated regulations to
protect the health, safety and security of Canadians and the environment, and to
respect Canada’s international commitments on the peaceful use of nuclear energy.
Regulatory requirements will be observed throughout all previous steps in the siting
process. The documentation produced through previous steps, as well as other
documentation that will be required for a licence application, will be formally reviewed
by regulatory authorities at this step through an Environmental Assessment, and if this
assessment is successful, then licensing hearings related to site preparation (and
possible construction) of facilities associated with the project. Various aspects of
transportation of used nuclear fuel will also need to be approved by regulatory
authorities.

Step 8 Construction and operation of an underground demonstration facility proceeds.

Step 9 Construction and operation of the facility.

1.6 Initial Community Involvement

Communities involved in this stage of work entered the site selection process by expressing
interest in learning more about Canada’s plan for the long-term management of used nuclear
fuel and the APM Project (Step 2) as part of an open invitation process.

With this expression of interest, the NWMO undertook an Initial Screening as part of Step 2
studies and began working with the community as they learned about the project and reflected
upon their interest in it. The purpose of the Initial Screening was to determine whether, based
on readily available information and five screening criteria, there were any obvious conditions
that would exclude the community from further consideration in the site selection process.

For communities that successfully completed an Initial Screening and decided to enter Step 3 of
the site selection process (Preliminary Assessments), the NWMO began working with the
community to conduct a preliminary assessment. The purpose of Preliminary Assessments is to
continue the learning and reflection process within the community, begin to involve potentially
affected First Nation and Métis communities, and surrounding communities in the process, and
further explore the potential for the community to meet the detailed requirements for the project
with more detailed scientific and technical studies.

Twenty-two communities have entered the site selection process since it began in 2010. There
are 13 communities involved in the site selection process. For Phase 2, four assessments are in
progress and two are anticipated to be initiated in 2015, pending confirmation of a path forward
with the community. Figure 1-1 maps the locations of these communities in Saskatchewan and
Ontario.
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Figure 1-1: Communities Involved in the Site Selection Process

1.7 Approach to Preliminary Assessments

Preliminary Assessments address siting factors and criteria as described in the NWMO'’s
document: “Moving Forward Together: Process for Selecting a Site for Canada’s Deep
Geological Repository for Used Nuclear Fuel’ (NWMO, 2010). Preliminary Assessment studies
in Step 3 of the siting process are being conducted in two phases, with the opportunity for stock-
taking by both the community and the NWMO throughout.

e Phase 1: Assessments are conducted with all communities that successfully
completed an Initial Screening and asked to be the focus of a Preliminary Assessment.
This phase involves desktop studies to explore the potential to meet safety
requirements, and includes studies of engineering, geoscientific suitability,
environment and safety, and transportation. This phase also involves community-
learning about the project, and engagement and reflection on the potential for the
project to foster the well-being of the community and fit with its long-term vision.
Working with communities, this phase also explores early indications as to whether it
would be possible to sustain interest in learning through subsequent phases of work
required to support informed decision-making and a compelling demonstration of
willingness at a future stage. This phase begins to involve potentially affected First
Nation and Métis communities, and surrounding communities, in a dialogue about the
project that would continue in future phases. This phase of work is completed in a year
or more.
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e Phase 2: Assessments are conducted with a smaller number of interested
communities identified by the NWMO based on the outcome of Phase 1 studies.
Phase 2 work will further assess potentially suitable areas through detailed technical
studies and field investigations. This phase also involves more detailed exploration of
the potential to foster the well-being of the community. Learning and engagement are
expanded to involve First Nation and Métis communities in the area, and surrounding
communities, in exploring the potential to foster the well-being of the larger area,
interest in the project, and the foundation to work together in partnership to implement
the project. Together, the NWMO, potentially suitable communities, potentially affected
First Nation and Métis communities, and surrounding communities, will reflect upon the
suitability of the community and area to host the APM Project. Phase 2 Preliminary
Assessments are expected to require a number of years to complete.

The focus of the preliminary assessments to date has been on Phase 1. The two-phased
approach to assessments is discussed in “Preliminary Assessment of Potential Suitability —
Feasibility Studies” (NWMO, 2011).

The NWMO has adopted an integrated approach to Preliminary Assessments, with
assessments focused on safety and community well-being through study of many technical,
scientific and social requirements for the project.

In assessing the siting factors and criteria, four overarching research questions have guided this
early phase of Preliminary Assessment, and have been a focus of reflection by both the NWMO
and the community. These questions are discussed in more detail in “Preliminary Assessment
of Potential Suitability — Feasibility Studies” (NWMO, 2011).

1. Safety, security and protection of people and the environment are central to the siting
process. Is there potential to find a safe site?

Safety was examined through several perspectives:
o Potential to find a site with suitable geology.
o Potential to safely construct the facility at the potential site.
o Potential for safe and secure transportation to the potential site.
¢ Potential to manage any environmental effects and to ensure safety of
people and the environment.

2. The project will be implemented in a way that will foster long-term well-being of the
community. Is there potential to foster the well-being of the community through the
implementation of the project, and what might need to be put in place (e.g.,
infrastructure, resources, planning initiatives) to ensure this outcome?

3. At a later step in the process, the community must demonstrate it is informed and willing
to host the project. Is there potential for citizens in the community to continue to be
interested in exploring this project through subsequent steps in the site selection
process?

4. The project will be implemented in a way that will foster the long-term well-being of the
surrounding area. Is there potential to foster the well-being of the surrounding area
and to establish the foundation to move forward with the project?
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These broad questions were addressed through a series of studies as outlined in Figure 1-2.
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Figure 1-2: The Phase 1 Preliminary Assessment Studies

In Phase 1, studies have involved a range of activities. Some activities have been completed by
expert consultants, such as the assessment of the geological characteristics of the area, which
is one of several studies focused on assessing the potential to find a safe site. Other activities
were completed in partnership with the community; for instance, exploring the potential for the
project to be implemented in a way that contributes to the long-term well-being of the
community. Throughout, the NWMO has worked with community leaders to engage residents,
and begin to reach out to potentially affected First Nation and Métis communities and
surrounding communities to involve them in the work. In Phase 2, these studies will be
expanded through commencement of fieldwork and broadened engagement with communities
progressing to Phase 2.

As discussed in the NWMO site selection process, the suitability of potential sites is assessed
against a number of site evaluation factors, organized under six safety functions a site would
need to satisfy to be considered suitable (NWMO, 2010). Phase 1 safety assessment studies
initiated exploration of a subset of these factors using a desktop study approach. Phase 2
assessments will include field studies and borehole investigation, which will allow for a
broadening of the assessment to more comprehensively address the evaluation factors. The six
safety evaluation factors are:

o Safe containment and isolation of used nuclear fuel: Are the characteristics of the
rock at the site appropriate to ensuring long-term containment and isolation of used
nuclear fuel from humans, the environment and surface disturbances caused by
human activities and natural events?
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o Long-term resilience to future geological processes and climate change: |s the
rock formation at the siting area geologically stable and likely to remain stable over the
very long term in a manner that will ensure the repository will not be substantially
affected by geological and climate change process such as earthquakes and glacial
cycles?

e Safe construction, operation and closure of the repository: Are conditions at the
site suitable for the safe construction, operation and closure of the repository?

e Isolation of used fuel from future human activities: |s human intrusion at the site
unlikely, for instance through future exploration or mining?

e Amenable to site characterization and data interpretation activities: Can the
geologic conditions at the site be practically studied and described on dimensions that
are important for demonstrating long-term safety?

e Safe transportation: Does the site have a route that exists or is amenable to being
created that enables the safe and secure transportation of used fuel from storage sites
to the repository site?

A number of factors beyond safety were identified for assessment of the potential for the project
to foster the well-being of the interested community (NWMO, 2010). Phase 1 community well-
being studies were focused on each community that expressed interest in learning about the
project. For this reason, the studies addressed the subset of factors pertaining to the
community. Phase 2 studies are designed to expand the assessment to consider factors related
to the surrounding area, including First Nation and Métis communities in the area and
surrounding communities. The factors beyond safety are:

o Potential social, economic and cultural effects during the implementation
phase of the project, including factors identified by Aboriginal Traditional
Knowledge.

o Potential for enhancement of the community’s and the region’s long-term
sustainability through implementation of the project, including factors
identified by Aboriginal Traditional Knowledge.

o Potential to avoid ecologically sensitive areas and locally significant features,
including factors identified by Aboriginal Traditional Knowledge.

o Potential for physical and social infrastructure to adapt to changes resulting
from the project.

¢ Potential to avoid or minimize effects of the transportation of used nuclear fuel
from existing storage facilities to the repository site.

To ensure a broad, inclusive and holistic approach to assessment in these areas, a community
well-being framework was identified to help understand and assess the potential effects of the
APM Project. This framework was used to help explore the project, understand how the
community and the surrounding area may be affected should the project be implemented in the
area, and identify opportunities to leverage the project to achieve other objectives important to
people in the community and surrounding areas.

1.8 Next Steps

The objective of the site selection process, through several phases of progressively more
detailed assessment, is to arrive at a single location for the deep geological repository and
Centre of Expertise. It will take several more years of detailed technical, scientific and social
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study and assessments, and more engagement with interested communities, potentially
affected First Nation and Métis communities, and surrounding communities before a preferred
safe site for the project can be confirmed.

With 13 communities continuing to explore potential interest and suitability for hosting the
project, the siting process must provide a basis to progressively narrow the focus to
communities with strong potential to meet requirements until a single preferred site and area is
identified. These decisions will be supported by a sequence of assessments and engagement
designed to enable the NWMO and communities to learn more about the potential suitability of
each area and decide whether to proceed to the next stage.

The process of narrowing down the communities engaged in site selection commenced
in Fall 2013 and will continue gradually over several years as more technical and social
assessments are completed.

¢ In November 2013, the NWMO implemented an initial phase of narrowing down based
on the results of Phase 1 Preliminary Assessment for an initial group of eight
communities (English River First Nation, Pinehouse, Creighton, Ear Falls, Ignace,
Schreiber, Hornepayne and Wawa). Four of these communities with strong overall
potential to meet the site selection requirements were identified as warranting further
study through Phase 2 assessments. These communities are Creighton, Ignace,
Schreiber, and Hornepayne.

e In January 2014, the NWMO concluded siting studies in the Municipality of Arran-
Elderslie and the Town of Saugeen Shores. Early findings indicate the Town of Saugeen
Shores has very limited potential to contain areas that would meet the geoscientific site
evaluation factors outlined in the site selection process document. Similarly, the
Municipality of Arran-Elderslie does not contain sufficient land areas that have the
potential to meet these factors (Geofirma, 2014; NWMO, 2014a).

e In June 2014, the Council of the Township of Nipigon passed a Resolution to discontinue
its involvement as a potential host community for Canada’s plan for the safe, long-term
management of used nuclear fuel. The decision followed review of an interim report
(NWMO, 2014b; DPRA, 2014; Golder, 2014), which the NWMO prepared at the request
of the Township to report on preliminary assessment work completed in the community
so far.

e In December 2014, the NWMO further narrowed down the remaining interested
communities based on the results of Phase 1 Preliminary Assessment for the three
communities located in Bruce County (Brockton, Huron-Kinloss, and South Bruce). Two
of these communities with strong potential to meet the site selection requirements were
identified as warranting further study through Phase 2 assessments. These communities
are Huron-Kinloss and South Bruce.

e In 2015, the NWMO expects to complete Phase 1 Preliminary Assessments as
requested for all remaining communities in the site selection process. As these
assessments are completed, another phase of narrowing down will be implemented, with
communities showing strong potential to be suitable identified for further study in
Phase 2.
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e Beginning in 2014, Phase 2 Preliminary Assessment studies will take place over a multi-
year period with a smaller number of communities with relatively strong potential to host
APM. Over this period, field studies will commence, and engagement will be broadened.
Building on earlier studies, Phase 2 will include preliminary geoscientific- and
environment-focused field investigations, more detailed social and economic studies,
awareness building and deepening learning and reflection by the interested community,
and broadening of engagement to involve potentially affected First Nation and Métis
communities, and surrounding communities in learning and assessment of the suitability
of the area.

¢ By the end of the second phase of study, one or possibly two communities with strong
potential to meet requirements to host the facility will be the focus of Step 4, Detailed
Site Characterization. This step will include extensive studies to assess and confirm
safety, and may require a number of years to complete. Findings will support
identification of the preferred location that will be the focus of a regulatory approvals
process led by the Canadian Nuclear Safety Commission (CNSC).

1.9 Moving Forward in Partnership

Each community engaging in Phase 1 Preliminary Assessments has helped initiate the process
of relationship building that is needed to support the implementation of APM. The NWMO has
learned a great deal from communities over the course of these initial studies about working
together to envision the project and how best to implement the project with those potentially
affected.

Through work with interested communities, and initial outreach to First Nation and Métis
communities in the area, and surrounding communities, the NWMO is learning about the nature
and shape of partnerships that will be required to implement the APM Project together. Involving
potentially affected First Nation and Métis communities, and surrounding communities in
learning and decision-making will be an important focus of activity of Phase 2 work with
communities that proceed in the siting process. The implementation of Canada’s plan will only
proceed with the involvement of the interested community, potentially affected First Nation and
Métis communities, and surrounding communities working in partnership to implement the
project.

As Canada continues along the path of implementing APM, it will take our best knowledge and
expertise, the continued leadership of communities, and all of us working together to ensure the
safe long-term management of Canada’s used nuclear fuel.

1.10 Organization of Report

Findings from the Phase 1 for the Township of Manitouwadge are outlined in the chapters of this
report. The chapters are based on a series of supporting technical documents, each of which is
identified in the relevant chapter.
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Report Overview

Chapter 2 — Brief introduction to the community.

Chapter 3 — Preliminary assessment of Engineering, which explores the potential to safely
construct the facility at the potential site.

Chapter 4 — Geoscientific preliminary assessment, which explores the potential to find a
suitable site within the community or surrounding area.

Chapter 5 — Preliminary Environment and Safety assessment, which explores the potential to
manage any environmental effects and to ensure safety of people and the environment.

Chapter 6 — Preliminary assessment of Transportation, which explores the potential for safe
and secure transportation to the potential site.

Chapter 7 — Preliminary Social, Economic and Cultural assessment, which explores the
potential to foster the well-being of the community and surrounding area, and potential to
create the foundation for community and area confidence and support needed to implement the
project.

Chapter 8 — Taking into account the assessment in each of the major fields of investigation,
this chapter concludes with reflections on potential suitability of the community and area and a
discussion of the work which would be required if a decision were made to proceed to further
studies.
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2. INTRODUCTION TO THE TOWNSHIP OF MANITOUWADGE

The Township of Manitouwadge is located in the Thunder Bay District, halfway between
Thunder Bay and Sault Ste. Marie. The community is at the terminus of Highway 614, about 55
kilometres north of the Trans-Canada Highway 17. Manitouwadge is one of the first planned
communities in northern Ontario, and was specifically designed in the 1950s to coincide with the
opening of local area mines. Manitouwadge become an incorporated township in 1975.

According to 2011 Census data, the total population of the Township is 2,105. The economy of
Manitouwadge is strongly tied to the mining and forestry industries and has a small tourism
sector. The Township has recently promoted itself as a retirement community.

The Manitouwadge area lies within the Boreal Forest Region and this terrain cradles wetlands,
lakes and rivers that support a diversity of fish and wildlife. Many small inland lakes and rivers
occur within the Manitouwadge area. The community is located on the shore of Lake
Manitouwadge.

Figure 2-1 shows Manitouwadge in its regional context. There are a number of Aboriginal
communities and organizations in the Manitouwadge area including the Ojibways of Pic River
(Heron Bay), Ojibways of Pic Mobert, Ginoogaming First Nation, and Long Lake #58 First
Nation. Métis Councils in the area include the Thunder Bay Métis Council, Greenstone Métis
Council, and Superior North Shore Métis Council.

A more in-depth discussion of Manitouwadge and the surrounding area is contained in the
Community Profile (DPRA, 2014) and is woven throughout the chapters of this report, including
the geoscientific characteristics of the Manitouwadge area, the natural environment,
transportation infrastructure, and the people and activities which contribute to the well-being of
the community.
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Figure 2-1: Manitouwadge and Surrounding Lands
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Safety: Potential to Find a Site That Will Protect People and
the Environment Now and in the Future

Any site that is selected to host the Adaptive Phased Management (APM) Project must be
demonstrated to be able to safely contain and isolate used nuclear fuel for a very long period of
time. The preferred site will need to address scientific and technical siting factors that
acknowledge precaution and ensure protection for present and future generations.

A fundamental component of APM is the long-term containment and isolation of used nuclear
fuel in a deep geological repository. The ability of the deep geological repository to safely
contain and isolate used nuclear fuel relies on the form and properties of the waste, the human-
made or engineered barriers placed around the waste, and the natural barriers provided by the
host rock formation in which the repository will be located.

Transportation is an important consideration in the assessment of the safety of any site. In order
for a site to be considered technically safe, a transportation route must be identified, or be
capable of development, by which used nuclear fuel can safely and securely be transported to
the site from the locations at which it is currently stored. Physical security aspects of the project
and site, and potential to meet Canadian Nuclear Safety Commission (CNSC) requirements are
also important and will be assessed at a later phase of study.

The potential to find a safe site is examined from four perspectives. In each, a strong potential
must be demonstrated to meet or exceed the regulatory expectations of the CNSC, the
guidance of the International Atomic Energy Agency and evolving international best practice.
The four perspectives are:

Engineering — Is there the potential to safely construct the facility in the area?

Geoscientific suitability — |s there the potential to find a site in the area with suitable
geoscientific characteristics?

Environment and safety — |s there the potential to manage any environmental effects and to
ensure health and safety of people and the environment in the area?

Transportation — |s there the potential for safe and secure transportation from interim storage
facilities to a site located in the area?

Preliminary Assessments at this phase of work focus on the potential to find broad siting areas
in the vicinity of the interested community that entered the site selection process, and meet
engineering, geoscientific, environment and safety, and transportation requirements at a high
level. Should the community be selected to proceed to Phase 2, the next phase of work will
involve identification of specific locations for more detailed studies. These safety-related studies,
particularly those related to understanding geoscientific suitability and environmental effects,
would be conducted collaboratively with the community, First Nation and Métis communities in
the area, and surrounding communities as possible.

Throughout this work, the NWMO will look to Aboriginal peoples as practitioners of Traditional
Knowledge to help, to the extent they wish, to guide the decisions involved in site selection and
ensure that the factors and approaches used to assess the site appropriately interweave
Traditional Knowledge.
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3. PRELIMINARY ASSESSMENT OF ENGINEERING

3.1 Engineering Assessment Approach

The objective of the engineering preliminary assessment is to assess the potential to safely
construct and operate the facility in the Manitouwadge area. The chapter also identifies
infrastructure that would be required to safely construct and operate the facility in
Manitouwadge. This chapter presents a brief description of the facilities to be constructed and
the characteristics of used fuel as the material to be managed, identifies additional infrastructure
requirements for the project in this community, and concludes with a community-specific
estimate of cost. The findings of the preliminary assessment to determine the engineering
feasibility to safely construct the Adaptive Phased Management (APM) facility in Manitouwadge
are presented at the end of this chapter.

3.2 Characteristics of the Material to Be Managed: Used Nuclear Fuel

For decades, Canadians have been using electricity generated by nuclear power reactors in
Ontario, Quebec and New Brunswick. When used nuclear fuel is removed from a reactor, it is
considered a waste product, is radioactive and requires careful management. Although its
radioactivity decreases with time, chemical toxicity persists and the used fuel will remain a
potential health risk for many hundreds of thousands of years. For this reason, used fuel
requires careful management essentially indefinitely.

The nuclear fuel in Canadian (CANDU) reactors is natural uranium dioxide (UO,) which is
pressed into ceramic pellets and placed inside a fuel element or sheath made of a zirconium-tin
alloy. The most common type of fuel bundle contains 37 fuel elements which are welded to end
plates to form a bundle.

Each fuel bundle has a length of 500 millimetres, a diameter of 100 millimetres and a mass of
about 24 kilograms. Other types of CANDU fuel bundles have similar dimensions and mass, but
differ in the number or configuration of the fuel elements. The reference design for a deep
geological repository assumes an average out-of-reactor cooling period of 30 years which
results in a thermal output of 3.5 watts per bundle.

A standard CANDU fuel bundle is illustrated in Figure 3-1.

I;;. 102.3 mm

Figure 3-1: CANDU Fuel Bundle
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To date, Canada has produced over 2.5 million used fuel bundles. If Canada’s existing reactors
operate to the end of their planned lives, including planned refurbishments, the inventory that
will need to be managed in the APM facility could be 4 million bundles or more, depending on
future operating experience. The NWMO reviews projected used fuel inventories annually, and
has assumed a reference used fuel inventory of 4.6 million used CANDU fuel bundles
(Garamszeghy, 2013).

The repository will need to be large enough to contain and isolate the volume of used fuel from
existing plants in Canada. The specific amount of used fuel to be placed in the repository will be
agreed with the community using the best information available at the time, and an open and
transparent consultation process involving surrounding communities and others who are
interested and potentially affected. Regulatory review processes and approvals, which are
required by law before the project can proceed, will be based on a specific fuel inventory and
will involve an open and transparent consultation process.

3.3 Conceptual Description of the APM Facility

Conceptual reference designs have been developed by the NWMO as a basis for planning and
costing. Some aspects of the reference design may be refined through discussions with
potential host communities and those in the surrounding area to ensure that it better addresses
their values, needs and preferences while still maintaining its primary safety functions. Some
aspects of the reference design will also be refined through technology development and
demonstration programs conducted in Canada and internationally. Other aspects of the design
can only be confirmed once a potential site has been identified and site-specific technical and
scientific studies have been completed. Canada’s plan, called Adaptive Phased Management, is
designed to be implemented collaboratively with an informed and willing host community.

The reference design of the APM facility is a complex with a combination of surface and
underground structures designed to provide multiple engineered and natural barriers to safely
contain and isolate Canada’s used nuclear fuel over the long term. The APM facility will require
a dedicated surface area of nominally 600 metres by 550 metres for the main surface buildings
and about 100 metres by 100 metres for the ventilation shaft area, which can vary with actual
site characteristics. In addition, the APM facility will need an excavated rock management area
of about 700 metres by 700 metres for the rock excavated from the underground repository; its
location would be determined in collaboration with the community.

An illustration of the conceptual APM facility is shown in Figure 3-2.
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Figure 3-2: lllustration of an APM Facility

The underground footprint of the repository will depend on a number of factors, including the
particular characteristics of the rock at the preferred site, the final design of the repository and
the inventory of used fuel to be managed.

The layout of the underground repository has been developed for a projected reference
inventory of 4.6 million used CANDU fuel bundles. It would require a subsurface area of about
two kilometres by three kilometres at a depth of approximately 500 metres in suitable rock. The
exact depth and layout will depend on the characteristics of the chosen site.

34 APM Surface Facilities

The used nuclear fuel will be transported from the licensed interim storage facilities at the
reactor sites to the APM facility in transportation packages certified for road, rail and ship
(CNSC, 2013). The packages will be received at the Used Fuel Packaging Plant where the used
fuel bundles will be transferred into corrosion-resistant used fuel containers. The used fuel
containers will be filled, sealed, inspected and dispatched for placement in the underground
repository.
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The APM surface facilities consist of a Nuclear Security Protected Area for all buildings and
activities associated with the receiving, handling and storage of used nuclear fuel, and a
Balance of Site for the remaining buildings and activities. The Nuclear Security Protected Area
includes the Used Fuel Packaging Plant, the shaft buildings, auxiliary building, quality control
offices, laboratory, active waste handling facilities, switch yard, and transformer area.

The Balance of Site includes the administration building, fire hall, security monitoring room,
cafeteria, water and sewage treatment plants, fuel storage tanks, water storage tanks, air
compressor building, concrete batch plant, and sealing materials compaction plant. An
excavated rock management area for the excavated rock from the underground repository
would also be required; its location would be determined in collaboration with the community.

The principal APM surface facilities are illustrated in Figure 3-3. The key structures in the APM
surface facilities are described below.

Figure 3-3: APM Surface Facilities

3.4.1 Used Fuel Container

The used fuel container is one of the principal engineered barriers in the multi-barrier deep
geological repository concept. The key features of the design of the used fuel container are
corrosion resistance, mechanical strength, geometry, capacity and compatibility with
surrounding sealing materials such as bentonite clay.

The reference design of the used fuel container employs an outer corrosion-resistant material,
and an inner supporting material. The container is designed for a load of 45 megapascals,
which will withstand the combined mechanical and hydraulic pressures in a repository, including
glacial events with up to three kilometres of ice combined with lithostatic loads at 500 metres
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depth, and the swelling pressure of the bentonite buffer seal surrounding the container. The
NWMO is examining several used fuel container designs for the deep geological repository and
will further study, test and refine these designs over time.

The deep geological repository will require thousands of used fuel containers over the operating
period. The used fuel containers and supporting components will be manufactured and
assembled at the Container Manufacturing Plant, which could potentially be located in the
community or surrounding region. For each year of operation, hundreds of used fuel containers
will need to be manufactured and shipped to the repository site.

An example of a design for a used fuel container is illustrated in Figure 3-4. It employs an outer
corrosion-resistant shell and an inner vessel for strength. This reference container holds

360 used fuel bundles distributed in six layers of 60 bundles per layer in three steel baskets
(with two bundle layers per basket). Other configurations with differing numbers of bundles are
also possible. The final design will affect the number of containers required.

For a reference used fuel inventory of 4.6 million bundles, a total of 12,800 of these used fuel
containers would be placed in the repository. At a placement rate of 333 containers per year
(i.e., one to two containers per working day), the used fuel containers would be placed
underground over a 38-year operating period.

Corrosion-
Resistant Shell Inner
Vessel

Figure 3-4: Example of a Used Fuel Container for a Deep Geological Repository

3.4.2 Used Fuel Packaging Plant

The Used Fuel Packaging Plant is an important facility for transferring Canada’s used nuclear
fuel from interim storage to a deep geological repository. The Used Fuel Packaging Plant
encompasses all necessary areas and equipment for receiving used fuel transported from the
interim storage sites to the repository, receiving empty containers, loading used fuel into the
containers, and sealing, inspecting and dispatching filled containers for underground transfer
and placement in the deep repository. There are also provisions for cutting open and emptying
any used fuel containers that do not fulfill specified requirements following non-destructive
testing and examination.

To ensure reliable delivery of used fuel containers to the deep geological repository, the plant
includes storage areas for used fuel, empty containers and filled containers. Used nuclear fuel
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will be packaged and placed in the repository as it is received; thus it is expected that there will
be only minimal storage of used fuel in the Used Fuel Packaging Plant for a short duration of
time.

A conceptual layout of the Used Fuel Packaging Plant is illustrated in Figure 3-5.

Legend:

. Receiving and Shipping Hall

. Cask Preparation Cell

. Module Storage Pool

. Module Handling Cell

. Fuel Handling Cell

. Inerting Station

. Welding Station

. Machining Station
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10. Filled Container Storage

11. Dispatch Hall

12. Receiving Hall for Empty
Used Fuel Containers

13. Shielded Frame

14. Air-Cushion Transporter
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Figure 3-5: Conceptual Layout of a Used Fuel Packaging Plant

3.4.3 Sealing Materials Production Plants

The Sealing Materials Production Plants provide materials for the clay-based and cement-based
engineered barriers in the repository that backfill and seal excavation openings, and inhibit
groundwater movement, microbial activity, and radionuclide transport in the region surrounding
the used fuel containers.
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The sealing materials prepared at the production plants include materials such as:

e Highly compacted bentonite blocks;

¢ Dense backfill composed of bentonite and aggregate;
e Light backfill composed of bentonite and sand;

o Gapfill composed of bentonite pellets;

¢ Shaft seal composed of bentonite and sand; and

e Low-heat high-performance concrete.

The aggregate plant will use a portion of the excavated rock as possible from the repository to
manufacture the crushed rock and sand for the backfill and concrete. These products will be
stockpiled and stored on-site for use in the compaction plant where presses will be used to
prepare dense backfill blocks and gapfill material (see Figure 3-6). Buffer disks and rings may
also be produced at this compaction plant, depending on the container placement method
chosen for the repository.

Figure 3-6: Example of a Large Press for the Sealing Materials Compaction Plant
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3.4.4 Shafts and Hoists

The conceptual reference design for the APM Project includes three shafts to facilitate the
transfer of rock, material, equipment and people between the surface facilities and the
underground repository. The three shafts are:

¢ Main Shaft: Conveys the used fuel containers within a shielded transfer cask;

e Service Shaft: Conveys personnel, equipment, waste rock and sealing materials; and

e Ventilation Shaft: Will handle the majority of the repository exhaust to the surface and
will be equipped with as an emergency egress.

The headframes of the three shafts will be durable and easily maintainable structures that
provide a high level of protection against weather-related disturbances. All shafts will be
concrete-lined as needed to minimize inflow of water and to provide a durable, easy-to-maintain
surface.

During closure, the shafts will be sealed, and all headframes and peripheral equipment will be
removed.

3.5 Underground Facilities

The deep geological repository is a network of underground tunnels, placement rooms for used
fuel containers, supporting infrastructure, and provision for an underground facility for site-
specific demonstration of repository technology.

The repository is expected to be constructed at a single elevation at a depth of about

500 metres below ground surface. The exact depth will be determined as part of the detailed
site characterization and final design. Excavation of rock is primarily done with controlled drill
and blast. Rock boring technology will be used to create the in-floor boreholes that are shown
in Figure 3.7.

An example design and layout of a repository based on the in-floor placement of used fuel
containers in boreholes drilled along the room centre line is illustrated in Figure 3-7. This
approach for container placement is consistent with reference repository designs developed by
the national radioactive waste management organizations in Sweden (SKB) and in Finland
(Posiva). Each placement room is designed to be 5.5 metres high with a length of 396 metres
and a centre-to-centre room spacing of 40 metres. Within a placement room, the in-floor
boreholes are two metres in diameter and have a centre-to-centre spacing of 4.2 metres.

Each borehole in the floor along the placement room centre line has a used fuel container
surrounded by highly compacted bentonite buffer disks, rings and gapfill pellets. The placement
room above the boreholes is filled with dense backfill blocks and other sealing materials such as
bentonite/sand mixtures. Each group of placement rooms, or a “placement panel,” would
require about three to four years to develop, and would be excavated in parallel with container
placement operations in a previously completed panel in another area of the repository.
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Figure 3-7: In-Floor Borehole Placement of Used Fuel Containers

The placement room spacing and used fuel container spacing are conservatively designed to
ensure the repository meets thermal-mechanical design requirements (e.g., at least
25 centimetres of buffer with temperatures below 100 degrees Celsius).

The repository layout is expected to have a rectangular configuration with two central access
tunnels and two perimeter tunnels connected by panel access tunnels that provide access to the
used fuel container placement rooms. The placement rooms are grouped in panels, as
illustrated in Figure 3-8. The exact arrangement of the panels will depend on the site (e.g., to
avoid any potential fractures in the rock mass).

After used fuel container placement, the room will be filled with dense backfill blocks. Light
backfill will be placed in the interstitial spaces and compacted in situ to fill the residual volume
between the backfill blocks and the excavated rock. A six-metre-thick bentonite seal and a 12-
metre-thick concrete bulkhead will be used to seal the entrance to the placement rooms.
Monitoring equipment will be installed to confirm the performance of the repository system.
The repository design includes provision for an underground demonstration facility (UDF)
located near the main shaft and service shaft area. The purpose of the underground
demonstration facility is to support site-specific demonstration of repository technology such as
placement and retrieval of used fuel containers, and long-term tests such as corrosion and
monitoring tests.

An example underground layout for a deep geological repository would require an underground
footprint of about two kilometres by three kilometres, as illustrated in Figure 3-8.
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Figure 3-8: Example Underground Layout for a Deep Geological Repository

3.6 Centre of Expertise

A Centre of Expertise will be established for the one or more communities in which a site has
been selected for detailed evaluation (Step 4 of the siting process). The centre will be located in
or near the community, as determined with the community. Its purpose will be to support the
multi-year testing and assessment of the site on technical safety and community well-being-
related dimensions, which are key components of the site selection process. It will be the home
for an active technical and social research and technology demonstration program during this
period, involving scientists and other experts in a wide variety of disciplines, including
geoscience, engineering, and environmental, socioeconomic and cultural impact assessment.
The technologies and monitoring processes involved in the operation of a deep geological
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repository may be of interest and have applications in the community beyond the deep
geological repository. This will be explored with the community. The design details of the Centre
of Expertise would be developed with the community, potentially affected First Nation and Métis
communities, and surrounding communities, with their preferences in mind. Discussion of the
design details is also an important opportunity for involvement of youth. The Centre of Expertise
could also be designed as a focus for engaging members of the community to learn more about
the project, and to view the scientific and engineering work-in-progress involved in site
assessment, through public viewing galleries and interactive displays. The centre could be
created as a small science centre, highlighting and demonstrating the science and technology
being used to determine whether the site is suitable. It may be developed as a meeting place
and learning centre for the community, and as a destination that welcomes interested visitors
from the region and beyond.

Should the site ultimately be selected to host the deep geological repository, the Centre of
Expertise would be expanded to include and support construction and operation of an
underground facility designed to confirm the characteristics of the site. The centre would
become a hub for knowledge sharing across Canada and internationally.

As with some other aspects of the project, the exterior design of facilities, and the way they are
incorporated into the landscape of the area, will be a subject of discussion and shared planning
with those living in the area.

3.7 Engineering Feasibility in the Manitouwadge Area

The Township of Manitouwadge and the surrounding region is located on the Canadian Shield
in an area that is characterized by moderate relief which is amenable for the construction of an
APM facility. The Manitouwadge area contains existing infrastructure that could be used for the
APM Project, including a highway and a high-voltage transmission line. Canadian National (CN)
and Canadian Pacific (CP) rail lines running to the north and south of Manitouwadge,
respectively, could provide intermodal transfer points. Goods and materials would be transferred
from rail to truck and then travel by road to the repository site located in Manitouwadge.

In order to implement the APM Project at a particular site in the Manitouwadge area, it is
anticipated that the following infrastructure would be needed:

e Main APM surface facilities including:
o Used Fuel Packaging Plant
Main Shaft, Service Shaft and Ventilation Shaft Complexes
Sealing Materials Production Plants
Administration Building, Fire Hall and Cafeteria
Quality Control Offices and Laboratory
Water Treatment Plant
Sewage Treatment Plant
Storage Areas and Commons Services
o Stormwater run-off ponds
e A few tens of kilometres of highway to provide access to the APM facility;

e A few tens of kilometres of high-voltage transmission line to supply up to 32 megawatts
of electricity;
o A few kilometres of water pipe to supply up to 200 cubic metres of water per day;
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e A Centre of Expertise;

e Provision for accommodation for temporary workers for the limited period of
construction; and

¢ An excavation rock management area within a few tens of kilometres of the APM
facility.

As well, there are opportunities for a number of components associated with the APM repository
to potentially be developed locally to improve the well-being of the community or surrounding
region. These include a Container Development Laboratory and a Container Manufacturing
Plant, as well as infrastructure associated with the transportation of used fuel from the interim
storage locations to the site of the APM facility.

The development of this infrastructure has been assumed in the APM repository design and
cost estimate included for financial planning purposes.

3.8 Engineering Costs for Manitouwadge

The APM facility is a large national infrastructure project funded by the waste owners. A cost
estimate for a deep geological repository and a used fuel transportation system has been
developed for a reference inventory of 4.6 million used fuel bundles (see Section 3.2).

The estimated cost for the APM facility in Manitouwadge — that is the deep geological repository
and surface handling facilities, as well as the Centre of Expertise — is $20.1 billion (2010 $).
(The transportation costs from the interim storage facilities at the reactor sites to the central
APM facility in Manitouwadge have been calculated separately and are discussed in Chapter 6.)
This cost estimate includes site selection and approval, construction, operation, extended
monitoring, decommissioning and closure.

A summary of the project cost estimate for an illustrative implementation schedule is given in
Table 3-1. The first year of project implementation, year Y01, is 2010. The cost estimate
includes labour, materials and equipment, fuel, utilities, taxes, fees, accommodation,
communication and other expenses.

Table 3-1: Estimated APM Facility Expenditures by Implementation Phase

Project Phase Year C(;S;:I?;:)$
Site Selection and Approvals Y01-Y15 $1.5
Construction Y16 - Y25 $3.6
Operation Y26 - Y63 $12.0
Extended Monitoring Y64 — Y133 $1.8
Decommissioning and Closure Y134 - Y163 $1.2
Total $20.1

The annual cash flow (2010 $) for the deep geological repository is illustrated in Figure 3-9.
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Figure 3-9: APM Cost Estimate for a Deep Geological Repository in Manitouwadge

3.9 Engineering Findings

The engineering assessment of the Manitouwadge area found that the APM facility has the
potential to be safely constructed and operated. The surface land is characterized by moderate
relief, and sufficient space exists outside protected areas and major bodies of water to
successfully locate the surface facilities. Additional information on the physical geography of the
area is presented in Section 4.3.1. There are few surface topography features that would limit
the construction and operation of the surface and underground facilities required by the APM
Project. Further, the Township of Manitouwadge is located close to key infrastructure for the
APM facility, including highways and a high-voltage transmission line. As well, an existing main
rail line could facilitate the transport of goods and materials to the community (see
transportation discussion in Chapter 6).

There are opportunities for new businesses and additional infrastructure associated with the
APM repository to potentially be located in the community to enhance economic development
and community well-being. This infrastructure could include the Container Development
Laboratory and the Container Manufacturing Plant. The development of these facilities would be
determined collaboratively with the community.

As more information on the geology and characteristics of potential candidate sites becomes
available in later phases of the APM Project and further input is obtained from the community
and surrounding region, the APM facility design, layout, infrastructure and engineering feasibility
will be further refined.
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4. PRELIMINARY ASSESSMENT OF GEOSCIENTIFIC SUITABILITY

4.1 Geoscientific Preliminary Assessment Approach

The objective of the Phase 1 desktop geoscientific preliminary assessment is to assess whether
the Manitouwadge area contains general areas that have the potential to satisfy the
geoscientific evaluation factors outlined in the site selection process document (NWMO, 2010).
This chapter presents a summary of a detailed desktop geoscientific preliminary assessment
conducted by AECOM Canada Ltd. (AECOM, 2014a). The assessment focused on the
Township of Manitouwadge and its periphery, which are referred to as the “Manitouwadge area”
(Figure 4-1). The boundaries of the Manitouwadge area shown on Figure 4-1 have been defined
to encompass the main geological features within the Township and its surroundings.

The desktop geoscientific preliminary assessment built on the work previously conducted for the
initial screening (Geofirma Engineering Ltd., 2013) and included the following activities:

¢ Detailed review of available geoscientific information such as geology, structural
geology, natural resources, hydrogeology, and overburden deposits;

¢ Interpretation of available geophysical surveys (magnetic, gravity, radiometric,
electromagnetic);

e Lineament studies using available satellite imagery, topography and geophysical
surveys to provide information on the characteristics such as location, orientation, and
length) of interpreted structural bedrock features;

e Terrain analysis studies to help assess factors such as overburden type and
distribution, bedrock exposures, accessibility constraints, watershed and subwatershed
boundaries, and groundwater discharge and recharge zones; and

e The identification and evaluation of general potentially suitable areas based on key
geoscientific characteristics and the systematic application of NWMO's geoscientific
site evaluation factors.

The details of these various studies are documented in a main Geoscientific Suitability Report
(AECOM, 2014a) and three supporting documents: Terrain Analysis (AECOM, 2014b);
Geophysical Interpretation (PGW, 2014); and Lineament Interpretation (SRK, 2014).

4.2 Geoscientific Site Evaluation Factors

As discussed in the NWMO site selection process, the suitability of potential sites is evaluated in
a staged manner through a series of progressively more detailed scientific and technical
assessments using a number of geoscientific site evaluation factors, organized under five safety
functions that a site would need to ultimately satisfy in order to be considered suitable (NWMO,
2010):

e Safe containment and isolation of used nuclear fuel: Are the characteristics of the
rock at the site appropriate to ensuring the long-term containment and isolation of used
nuclear fuel from humans, the environment and surface disturbances caused by
human activities and natural events?

o Long-term resilience to future geological processes and climate change: |s the
rock formation at the siting area geologically stable and likely to remain stable over the
very long term in a manner that will ensure the repository will not be substantially
affected by geological and climate change processes such as earthquakes and glacial
cyles?
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e Safe construction, operation and closure of the repository: Are conditions at the
site suitable for the safe construction, operation and closure of the repository?

e Isolation of used fuel from future human activities: |s human intrusion at the site
unlikely, for instance through future exploration or mining?

e Amenable to site characterization and data interpretation activities: Can the
geologic conditions at the site be practically studied and described on dimensions that
are important for demonstrating long-term safety?

The assessment was conducted in two steps. The first step assessed the potential to find
general potentially suitable areas within the Manitouwadge area using key geoscientific
characteristics that can realistically be assessed at this stage of the assessment (Section 4.4.1).
The second step assessed whether identified general potentially suitable areas have the
potential to ultimately meet all the safety functions outlined above (Section 4.4.2).

The remainder of this chapter provides an overview of the geoscientific characteristics of the
Manitouwadge area (Section 4.3), followed by a summary of the geoscientific assessment of
suitability (Section 4.4).

4.3 Geoscientific Characteristics of the Manitouwadge Area

The following sections provide a summary of available geoscientific information for the
Manitouwadge area as they relate to physical geography, bedrock geology, quaternary
(surficial) geology, seismicity, structural geology, hydrogeology and natural resources.

4.3.1 Physical Geography

A detailed discussion of the physical geography of the Manitouwadge area is provided in the
terrain analysis report (AECOM, 2014b). The Manitouwadge area lies within the Abitibi Upland
physiographic region (Thurston, 1991), a subdivision of the extensive James physiographic
region (Bostock, 1970). The region is generally characterized by abundant knobby bedrock
outcrop with shallow drift cover and a rugged topography. Bedrock-controlled terrain dominates
the majority of the area and results in significant differences in elevation over short distances;
the maximum relief within the Manitouwadge area is approximately 287 metres (Figure 4-2).
The highest point of land within the area, 482 metres above sea level, occurs approximately five
kilometres west of the settlement area of Manitouwadge, and the lowest point (195 metres
above sea level) is in the Nama Creek valley approximately 21 kilometres southwest of the
settlement area of Manitouwadge. Notable variations in elevation caused by the relief of the
bedrock surface are prevalent throughout the majority of the Manitouwadge area (AECOM,
2014b).

Waterbodies within the Manitouwadge area occupy approximately 4.5 per cent (181.8 square
kilometres) of the land surface (Figure 4-1). As a generalization, it may be stated that lakes
present in bedrock-dominated areas (i.e., thin drift cover) are linear in outline, while those
floored by glaciolacustrine deposits are more ovoid in shape. In general, the lakes are of a
modest size with the majority having a surface area of less than one square kilometre. No lakes
in the area are larger than five square kilometres (AECOM, 2014b).
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4.3.2 Bedrock Geology

Information on the bedrock geology of the Manitouwadge area was obtained from publically
available reports and geologic maps, as well as from the geophysical interpretation conducted
as part of this preliminary assessment (PGW, 2014). The main desktop preliminary geoscientific
assessment report (AECOM, 2014a) provides a detailed description of the regional and local
geology of the Manitouwadge area.

Geological compilation mapping at a regional scale (1: 250,000) is available for the entire
Manitouwadge area (OGS, 2011). Detailed mapping of the Manitouwadge mining camp, at a
scale of 1:12,000, was completed by Milne (1974); and a regional scale review of the geology of
the area at a scale of 1:50,000 was published by Williams and Breaks (1990). Low-resolution
magnetic data from the Geological Survey of Canada (GSC) (Ontario #8) provides complete
coverage of the entire Manitouwadge area (GSC, 2013). Higher resolution geophysical surveys
from the Ontario Geological Survey (OGS) (Manitouwadge Survey and Hemlo Survey) provide
coverage for almost the entire area, and consist of magnetic and frequency-domain (FDEM)
surveys. These were flown at a lower terrain clearance (45 and 55 metres) compared to the
GSC surveys, and with flight line spacing of 200 metres and 100 metres (OGS, 2002a; 2002b).
In addition, the OGS Assessment File Research Imaging (AFRI) database was queried for
airborne geophysical surveys located within the Manitouwadge area (PGW, 2014).

As shown on Figure 4-3, the main geological units in the Manitouwadge area include the
Quetico metasedimentary rocks, intrusive graintoid rocks of the Black-Pic batholith, several
smaller granitoid intrusions (e.g., Fourbay Lake, Loken Lake, Nama Creek and Dotted Lake
plutons), a tonalite intrusion, the supracrustal rocks of the Manitouwadge greenstone belt, and
several suites or swarms of mafic diabase dykes.

The initial screening (Geofirma, 2013) indicated that there were large areas within the Township
of Manitouwadge and its periphery that were potentially suitable for hosting a deep geological
repository. The metasedimentary rocks of the Quetico Subprovince, the Black-Pic batholith, and
other smaller granitic intrusions (including the Fourbay Lake pluton) were considered as
potentially suitable host rocks. Rocks of the Manitouwadge greenstone belt were not considered
suitable due to their heterogeneity, structural complexity and potential for mineral resources.

Metasedimentary rocks of the Quetico Subprovince occupy the northern third of the
Manitouwadge area and have a southern boundary approximately six kilometres north of the
Township (Figure 4-3). These approximately 2.700 to. 2.688 billion year old clastic
metasedimentary rocks have undergone various degrees of metamorphism (Percival, 1989;
Zaleski et al., 1999). The Quetico Subprovince is understood to be an accretionary prism of an
Archean volcanic island-arc system, which developed where the Wawa and Wabigoon belts
form converging arcs (Percival and Williams, 1989). Metasedimentary wacke-pelite-arenite
rocks of the Quetico belt (Williams and Breaks, 1996; Zaleski et al., 1999) were interpreted by
Stott et al. (2010) as having been formed in a basin setting. The metasedimentary rocks of the
Quetico belt display evidence of variable deformation and metamorphism, and transformation
into gneisses and migmatites. The rocks show a strong compositional layering, numerous small-
scale folds, shearing, and boudinaged and folded amphibolite layers (Williams and Breaks,
1996). The metasedimentary rocks display various states of migmatization; Williams and Breaks
(1996) classified the metasedimentary rocks in the Manitouwadge area primarily as metatexite.

The geophysical interpretation of the metasedimentary rocks completed as part of the
preliminary assessment (PGW, 2014) subdivides the metasedimentary rocks of the Quetico
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Subprovince based on the results of aeromagnetic surveys. In the Quetico Subprovince, a large
portion of the metasedimentary rocks are dominanted by low magnetic response; in particular,
the northwest part of the Manitouwadge area is weakly magnetized. The magnetic responses in
the Quetico Subprovince are most intense in proximity to the subprovince boundary. These
alternating high and low magnetic lineations are thought to possibly reflect secondary
development of magnetite within the bedrock, controlled by the availability of total iron in the
bedrock and the overall metamorphic grade (Miles, 1998). Miles (1998) suggested that the
overall decrease in magnetic intensity moving away from the subprovince boundary reflects a
shift of metamorphic grade from near granulite to amphibolite facies at greater distances.

The Black-Pic batholith is a large, regionally-extensive intrusion that encompasses a roughly
3,000 square kilometre area within the Wawa Subprovince. The Black-Pic batholith comprises a
multi-phase suite that includes hornblende-biotite monzodiorite, foliated tonalite, and pegmatitic
granite, with subordinate foliated diorite, granodiorite, granite, and cross-cutting aplitic to
pegmatitic dykes (Williams and Breaks, 1989; Zaleski and Peterson, 1993). Zones of
migmatized sedimentary rocks are also present. The magnetic data over the Black-Pic batholith
shows highly varied response associated with the distribution of mapped gneissic tonalitic suite
showing apparent magnetic foliations throughout, and lesser amounts of granite-granodiorite
intrusions, gabbro, and metavolcanic rock units (PGW, 2014). The thickness of the batholith in
the Manitouwadge area is not known but regional geologic models of the area (e.g., Lin and
Beakhouse, 2013) suggest it may extend to a considerable depth.

The Fourbay Lake pluton is located in the southwest corner of the Manitouwadge area (Figure
4-3). The 2.678 billion year old pluton is described by Beakhouse (2001) as a massive quartz
monzodiorite. The elliptically shaped pluton covers approximately 64 square kilometres in the
Manitouwadge area and is located entirely within the Black-Pic batholith. Williams and Breaks
(1996) considered it to be one of a series of late stage, likely post-tectonic plutons situated
along the central axis of the Black-Pic batholith. The thickness of the pluton is not known, but it
is expected to be well beyond the planned repository depth (approximately 500 metres) based
on the interpretation of regional gravity data (PGW, 2014) and the regional geological model for
the area (Santaguida, 2002; Muir, 2003). The Fourbay Lake pluton shows a strong magnetic
contrast with the surrounding gneissic tonalite of the Black-Pic batholith, although its internal
fabric is not particularly coherent (PGW, 2014).

Several generations of Paleoproterozoic and Mesoproterozoic diabase dyke swarms crosscut
the Manitouwadge area (Figure 4-3), including: the Matachewan Suite, the Marathon Suite
dykes, and the Biscotasing Suite dykes.

4.3.3 Quaternary Geology

The terrain analysis report (AECOM, 2014b) provides a detailed description of the Quaternary
geology of the Manitouwadge area. Quaternary deposits in the Manitouwadge area comprise
different types of glacial deposits that accumulated with the progressive retreat of the Laurentide
Ice Sheet during the end of the Wisconsinan Glaciation (AECOM, 2014b).

As shown on Figure 4-4, the majority of the Manitouwadge area consists of extensive tracts
where bedrock is at or near surface. It is common in these areas of bedrock terrain for the rock
to be overlain by a veneer, or in some instances a blanket, of overburden, most frequently
ground moraine (till) or glaciolacustrine sediment. The overburden is often in the range of one to
three metres in thickness; however, on the sides of some of the bedrock hills, and in the low
areas between hills, the overburden can thicken. Valleys and lowland areas typically have
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extensive and thicker surficial deposits (morainal, glaciofluvial, glaciolacustrine and organic) that
frequently have a linear outlines. The drill hole database maintained by the Ministry of Northern
Development and Mines (2013) contains records of 516 drill holes that are predominantly
located over mafic metavolcanic rocks in the Manitouwadge area. The average depth of
overburden recorded in the drill logs is 5.4 metres, with approximately 62 per cent of the holes
having less than three metres of overburden.

4.3.4 Structural Geology
4.3.4.1 Mapped Faults

Mapped regional structures in the Manitouwadge area include the east-west-trending Wawa-
Quetico subprovince boundary and a number of faults (including the Cadawaja, Slim Lake, Fox
Creek, Mose Lake, Agam Lake, and Rabbitskin faults) that may reflect regional tectonic events
(Figure 4-3). Mapped faults generally have either a north or northeast-trending orientation,
although east and northeast trending faults are also present to a lesser extent (OGS, 2011).

In addition to mapped faults, several generations of diabase dykes intrude the rocks of the
Manitouwadge area. The three dyke swarms in the Manitouwadge area are generally
distinguishable by their unique strike directions, crosscutting relationships and, to a lesser
extent, by magnetic amplitude. The Matachewewan Suite is the most predominant of all dyke
swarms recognized in the Manitouwadge area. Individual dykes are generally up to 10 metres
wide and can be up to several 10s of kilometres in length.

4.3.4.2 Lineament Interpretation

A detailed lineament study was conducted for the Manitouwadge area using multiple datasets
(SRK, 2014). Lineaments are linear features that can be observed on remote sensing and
geophysical data, and which may represent geological structures (e.g. fractures). However, at
this stage of the assessment, it is uncertain if interpreted lineaments are a reflection of real
geological structures, and whether such structures extend to depth. The assessment of these
uncertainties would require detailed geological mapping and borehole drilling.

Surficial lineaments were interpreted using remote sensing data consisting of satellite imagery
(SPOT) and digital elevation model data (CDED). Surficial lineaments are interpreted as linear
traces along topographic valleys, escarpments, and drainage patterns such as river streams
and linear lakes. These linear traces may represent the expression of fractures on the ground
surface which may not extend to significant depth. Figure 4-5 shows surficial lineaments
interpreted in the Manitouwadge area. Surficial brittle lineament orientations exhibit dominant
northwest, northeast, and north trends, and a minor east-west trend. Surficial dyke lineament
orientations exhibit dominant well-defined northwest, northeast, and north trends. The observed
density and distribution of surficial lineaments is influenced by overburden coverage, which
masks surface expressions of potential fractures. This is evident in the north and north-east
portion of the Manitouwadge area where overburden thicknesses are greater.

Geophysical lineaments were interpreted from available aeromagnetic data. They are less
affected by the presence of overburden and reflect potential structures that may or may not
have surficial expressions. However, the density and distribution of geophysical lineaments is
influenced by the resolution of the available aeromagnetic coverage. Geophysical lineaments
interpreted in the Manitouwadge area are shown on Figure 4-6. Geophysical lineaments exhibit
a dominant orientation to the northwest, northeast, north and east-west. Lineaments interpreted
as dykes exhibit a dominant northwest orientation, and less dominant north-northeast to
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northeast orientations. Each orientation of dyke lineaments likely corresponds to a separate
suite of dykes (SRK, 2014).The figure shows that the density of geophysical lineaments is lower
in areas of low resolution such as in the northern portion of the Manitouwadge area. This
observation suggests that the other rock bodies in the Manitouwadge area may have a similar
geophysical lineament density as where high resolution aeromagnetic data are available.

Figures 4-5 and 4-6 also show the classification of surficial and geophysical lineaments by
length (longer than one, five and 10 kilometres). The figures show that the spacing between
lineaments increases as shorter lineaments are filtered out. Longer lineaments are more likely
to extend to greater depth than shorter lineaments. A notable decrease in lineament density
occurs when only those lineaments of greater than five kilometres are considered. When
lineaments greater than 10 kilometres are considered, geophysical lineaments are dominant
with the surficial lineaments largely restricted to the Quetico Subprovince.

4.3.5 Erosion

There is no site-specific information on erosion rates for the Manitouwadge area. Past studies
reported by Hallet (2011) provide general information on erosion rates for the Canadian Shield.
The average erosion rate from wind and water on the Canadian Shield is reported to be a few
metres per 100,000 years. Higher erosion rates are associated with glaciations. The depth of
glacial erosion depends on several regionally specific factors, such as the ice-sheet geometry,
topography, and history, as well as local geological conditions, such as overburden thickness,
rock type and pre-existing weathering. Various studies aimed at assessing the impact of
glaciations on erosion over crystalline rocks reported average erosion rates varying from 10 or
20 metres, to up to 120 metres over three million years (Flint, 1947; White, 1972; Laine, 1980
and 1982; Bell and Laine, 1985; and Hay et al., 1989).

4.3.6 Seismicity and Neotectonics
4.3.6.1 Seismicity

The Manitouwadge area lies within the Canadian Shield, where large parts have remained
tectonically stable for the last 2.5 billion years (Percival and Easton, 2007). Figure 4-7 shows
the locations and magnitudes of seismic events recorded in the National Earthquake Database
(NEDB) for the period between 1985 and 2013 in the Manitouwadge area (Earthquakes
Canada, 2013). Two earthquakes with Nuttli magnitudes between 2.1 and 2.2 have been
recorded immediately north of Hillsport. Other seismic events in close proximity to the area have
epicentres seven kilometres to the east, near Granitehill Lake (magnitude 2.6) and 15
kilometres to the south (magnitude 2.1).

4.3.6.2 Neotectonic Activity

Neotectonics refers to deformations, stresses and displacements in the earth’s crust of recent
age or which are still occurring. These processes are related to tectonic forces acting in the
North American plate as well as those associated with the numerous glacial cycles that have
affected the northern portion of the plate during the last million years, including all the Canadian
Shield (Shackleton et al., 1990; Peltier, 2002).

The geology of the Manitouwadge area is typical of many areas of the Canadian Shield, which
has been subjected to numerous glacial cycles during the last million years. Post-glacial
isostatic rebound is still occurring across most of Ontario. Present-day uplift rates are about 10
millimetres per year near Hudson Bay, where the ice was thickest at the last glacial maximum
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(Sella et al., 2007). The uplift rates generally decrease with distance from Hudson Bay and
change to subsidence (one to two millimetres per year) south of the Great Lakes. Current rates
of isostatic uplift in the Manitouwadge area are not precisely known, although Lee and Southam
(1994) estimated that the land is rising at a rate of 2.9 millimetres per year at Michipicoten,
Ontario, some 150 kilometres to the southeast.

No neotectonic structural features are known to occur within the Manitouwadge area. McMurry
et al. (2003) summarized several studies conducted in a number of other granitic intrusions in
the Canadian Shield and in the crystalline basement in western Ontario. These studies found
that fractures below a depth of several hundred metres in plutonic rocks are ancient features.
Subsequent stresses, such as those caused by plate movement or by continental glaciation,
generally have been relieved by reactivation along the existing zones of weakness rather than
by the formation of large new fracture zones.

4.3.7 Hydrogeology

Information on groundwater in the Manitouwadge area was obtained from the Ontario Ministry of
the Environment (MOE) Water Well Record (WWR) database (MOE, 2013). The Township of
Manitouwadge obtains its municipal water supply from five drilled wells located within the
settlement area (Tourout and Richard, 2012). However, a small number of wells exist in the
Manitouwadge area serving individual private residences. The majority of the water wells are
located within the community of Manitouwadge. Figure 4-4 shows the location of water wells in
the Manitouwadge area. The MOE water well database contains a total of 50 water well records
for the Manitouwadge area for which useful information is available (wells with no recorded
depth are excluded). A summary of these wells is provided in Table 4-1 below.

Table 4-1: Water Well Record Summary for the Manitouwadge Area

Static Water
Total Well | Median L Tested Well | DePth to
Number Well (metres - . Top of
Water Well Type of Wells Depth Depth below Yield (litres Bedrock
(metres) per minute)
(metres) ground (metres)
surface)

Overburden 20 4.6t030.2 16.8 0910 11.0 68 to 2,795 N/A

Bedrock 30 1.81t0119.2 28.7 0.6 to 10.7 451027 010 29.6

4.3.7.1 Overburden Aquifers

There are 20 water well records in the Manitouwadge area that extract groundwater from an
overburden aquifer. Water wells confirmed to be developed in overburden are largely within
glaciolacustrine deposits that transect the central portion of the Township of Manitouwadge,
around the town site, and have depths of between 4.6 and 30.2 metres below ground surface
indicating that bedrock is at a greater depth (MOE, 2013). Wells terminating in sand and gravel
have reported test pumping rates of 68 to 2,795 litres per minute; however, these yields may not
be reflective of aquifer capacity as the wells primarily supply residences with limited demand.
Static water levels in the wells are shallow, ranging from 0.9 to 11 metres below ground surface.
The limited number of well records limits the interpretation of available information regarding the
extent and characteristics of overburden aquifers in the Manitouwadge area.
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4.3.7.2 Bedrock Aquifers

No information was found on deep bedrock groundwater conditions in the Manitouwadge area
at a typical repository depth of approximately 500 metres. Within the Manitouwadge area, 30
water wells are recorded as being developed in bedrock (MOE, 2013). These wells encountered
bedrock at depths ranging from 0 to 29.6 metres below ground surface and have maximum
depths of between 1.8 and 119.2 metres below ground surface. The Ontario Ministry of the
Environment (MOE) Water Well Records (WWR) indicate that no potable water supply wells are
known to exploit aquifers at typical repository depths in the Manitouwadge area or anywhere
else in northern Ontario.

4.3.7.3 Regional Groundwater Flow

There is little known about the hydrogeologic properties of the deep bedrock in the
Manitouwadge area, as no deep boreholes have been drilled for this purpose. Experience from
other areas in the Canadian Shield has shown that active groundwater flow in bedrock is
generally confined to shallow fractured localized systems, and is dependent on the secondary
permeability associated with the fracture network (Singer and Cheng, 2002). For example, in
Manitoba’s Lac du Bonnet batholith, groundwater movement is largely controlled by a fractured
zone down to about 200 metres depth (Everitt et al., 1996). The low topographic relief of the
Canadian Shield tends to result in low hydraulic gradients for groundwater movement in the
shallow active region (McMurry et al., 2003).

At greater depths, hydraulic conductivity tends to decrease as fractures become less common
and less interconnected (Stevenson et al., 1996; McMurry et al., 2003). Increased vertical and
horizontal stresses at depth tend to close or prevent fractures thereby reducing permeability and
resulting in diffusion-dominated groundwater movement (Stevenson et al., 1996; McMurry et al.,
2003). However, fracture networks associated with deep faults and shear zones will influence
advective groundwater flow around bodies of rock characterized by diffusion-limited conditions.

The exact nature of deep groundwater flow systems in the Manitouwadge area would need to
be evaluated at later stages of the assessment, through the collection of site-specific
information.

4.3.8 Hydrogeochemistry

No information on groundwater hydrogeochemistry was found for the Manitouwadge area.
However, available literature indicates that groundwater within the Canadian Shield can be
subdivided into two main hydrogeochemical regimes: a shallow, fresh water flow system; and a
deep, typically saline, water flow system (Singer and Cheng, 2002).

Gascoyne et al. (1987) investigated the saline brines found within several plutons of the
Canadian Shield and identified a chemical transition at around 300 metres depth marked by a
uniform, rapid rise in total dissolved solids and chloride. This was attributed to advective mixing
above 300 metres, with a shift to diffusion-controlled flow below that depth. It was noted that
major fracture zones within the bedrock can, where present, extend the influence of advective
processes to greater depths and hence lower the transition to the more saline conditions
characteristic of deeper, diffusion-controlled conditions.

Groundwater research carried out in AECL’s Whiteshell Underground Rock Laboratory (URL) in

Manitoba reported total dissolved solids values ranging from 3 to 90 grams per litre at depths of
300 to 1,000 metres (Gascoyne et al. 1987; Gascoyne, 1994; 2000; 2004). In some regions of

“ Nuclear Waste Management Organization



the Canadian Shield, total dissolved solids values exceeding 250 grams per litre have been
reported at depths below 500 metres (Frape et al., 1984).

4.3.9 Natural Resources

Information regarding the mineral resource potential for the Manitouwadge area was obtained
from a variety of sources, as described by AECOM (2014a). Figure 4-8 shows the areas of
active exploration interest based on active mining claims, as well as known mineral occurrences
identified in the Ontario Geological Survey Mineral Deposit Inventory Version 2 (MNDM, 2013).
There are currently no producing metallic mineral mines in the Manitouwadge area. However,
past-producing zinc-copper-silver operations located within the Manitouwadge greenstone belt
include the Big Nama, Geco, Will-Echo 1, 2 and 3, and Willroy mines. Metallic mineral
occurrences in the Manitouwadge area are numerous and include: copper; zinc-copper-silver;
copper-nickel; and copper-zinc. The potential for economically exploitable base and, possibly,
precious metal mineralization remains high, and mineral exploration is active (MNDM, 2013).

The Ontario Ministry of Natural Resources (MNR, 2013) records indicate that 18 sand and
gravel pits are licensed under the Aggregate Resources Act in the Manitouwadge area. Nine of
the pits are located within the Township of Manitouwadge, with the others scattered across the
Manitouwadge area where they are a source of material for the construction and maintenance
of forestry roads. The potential for a building stone extraction in the Manitouwadge area has
been recognized, and regional investigations of the bedrock have been conducted and reported
on by the Ontario Geological Survey (Hinz et al., 1994). While the potential for a building stone
quarry in the Manitouwadge area exists, past exploration activity has been limited. To date, no
reports of kimberlite intrusions, with which diamonds are associated, have been reported in the
Manitouwadge area. No record of peat extraction exists for the Manitouwadge area. Organic
deposits in the area are of small to moderate size and appear to hold limited potential for
development (Monenco Ontario Limited, 1981).

The Manitouwadge area is located in a crystalline rock geological setting where the potential for
petroleum resources is negligible and where no hydrocarbon production or exploration activities
are known to occur.

4.3.10 Geomechanical and Thermal Properties

There is no readily available geomechanical information on the potentially suitable bedrock units
in the Manitouwadge area. However, there is a fair amount of data from comparable geologic
units in the Canadian Shield that can provide insight into the possible rocks mass properties in
the Manitouwadge area (AECOM, 2014a). There are also no site-specific thermal conductivity
values for the Manitouwadge area. Some useful generic comparisons are provided in a
summary of thermal conductivity values for two granitic intrusions of the Canadian Shield in the
main geoscientific suitability report (AECOM, 2014a). Site-specific geomechanical thermal and
thermal properties of the potentially suitable geological units within the Manitouwadge area
would need to be investigated during subsequent field evaluations stages.

44 Potential Geoscientific Suitability of the Manitouwadge Area

This section provides a summary of how key geoscientific characteristics were applied to the
Manitouwadge area to assess whether it has the potential of containing general areas that are
potentially suitable for hosting a deep geological repository (Section 4.4.1). The potential of
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identified areas to ultimately satisfy all geoscientific evaluation factors and safety functions
outlined in NWMO's site selection process is also described (Section 4.4.2).

441

Potential for Finding General Potentially Suitable Areas

The potential for finding general areas that are potentially suitable for hosting a deep geological
repository was assessed using the key geoscientific characteristics briefly described below.

Geological setting: Areas of unfavourable geology identified during the initial
screening (Geofirma, 2013) were not considered. Such areas include rocks of the
Manitouwadge greenstone belt and its detached fragments in the area, which were not
considered suitable due to their heterogeneity, structural complexity and potential for
mineral resources. Small plutons and gabbroic bodies spatially associated with the
greenstone belt were not considered due to their small size which would limit their
ability to host a repository. Metasedimentary rocks in the Quetico Subprovince, the
Black-Pic batholith, and Fourbay Lake pluton in the Wawa Subprovince were
considered as potentially suitable host rocks. Within these units, the geophysical data
was examined (PGW, 2014), such that areas with "quiet" aeromagnetic signatures
were favoured. These units were further evaluated on the basis of the subsequent
considerations.

Structural Geology: Areas within or immediately adjacent to regional faults were
considered unfavourable. The main structural feature in the Manitouwadge area is the
Quetico-Wawa subprovince boundary, which cross-cuts the Manitouwadge area
(Figures 4-3 and 4-9). It is characterized as a regional shear zone with a belt of
deformation of about 15 kilometres on either side (Williams et al., 1991). The thickness
of potentially suitable units was also considered when identifying suitable areas.
Metasedimentary rocks in the Quetico are estimated to be about 7.5 kilometres thick.
Although the thickness of the Black-Pic batholith and the Fourbay Lake pluton are
unknown, both are expected to extend well below the planned repository depth of
approximately 500 metres. Hence depth was not a differentiating feature.

Lineament Analysis: In the search for potentially suitable areas, there is a preference
to select areas that have a relatively low density of lineaments, particularly a low
density of longer lineaments, as they are more likely to extend to greater depth than
shorter lineaments (Section 4.3.4.2). For the purpose of this assessment, all
interpreted lineaments (fractures and dykes) we conservatively considered as
conductive (permeable) features. In reality, many of these interpreted features may be
sealed due to higher stress levels at depth and the presence of infilling.

Overburden: The distribution and thickness of overburden cover is an important site
characteristic to consider when assessing amenability to site characterization of an
area. For practical reasons, it is considered that areas covered by more than two
metres of overburden deposits would not be amenable to trenching for the purpose of
structural mapping. This consideration is consistent with international practices related
to site characterization in areas covered by overburden deposits (e.g., in Finland;
POSIVA, 2007). At this stage of the assessment, preference was given to areas with
greater mapped bedrock exposures. The extent of bedrock exposure in the
Manitouwadge area is shown on Figure 4-4. Areas mapped as bedrock terrain are
assumed to be covered, at most, with a thin veneer of overburden and are therefore
considered amenable to geologic mapping.
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e Protected Areas: All provincial parks and conservation reserves within the
Manitouwadge area were excluded from consideration in the selection of potentially
suitable areas. Five protected areas were identified as being completely or partially
within the Manitouwadge area. These features occupy a combined total of
approximately 175.7 square kikometres (Figure 4-1). The Kwinkwaga Ground Moraine
Conservation Reserve accounts for the majority of this total as it covers an area of
126.5 square kilometres.

e Natural Resources: The potential for natural resources in the Manitouwadge area is
shown on Figure 4-8. As noted above, the Manitouwadge greenstone belt has known
potential for exploitable natural resources and was not considered due to its
unfavourable geology. Gabbroic plutons were also excluded from consideration based
on their potential to host base metal and/or PGE mineralization. The mineral potential
of the potentially suitable geological units identified above is considered to be low. At
this stage of the assessment, areas of active mining claims located in geologic
environments judged to have low mineral resource potential were not systematically
excluded.

e Surface Constraints: Areas of obvious topographic constraints (density of steep
slopes), large water bodies (wetlands, lakes), and accessibility were considered for the
identification of potentially suitable areas. The Manitouwadge area is moderately
rugged as bedrock dominated regions have a knobby topography with local areas of
significant relief present across the area (Figure 4-2). The distribution of lakes is
relatively uniform across the Manitouwadge area; only in a few areas of limited extent
would the concentration or size of water bodies affect the placement of general
potentially suitable areas. Wetlands occur in the central part of the Manitouwadge
area, while those in the remainder of the region are mostly of limited size.

The consideration of the above key geoscientific characteristics and constraints revealed that
the Manitouwadge area contains at least four general areas that may warrant further
consideration. Two of these areas are located within the Black-Pic batholith, one in the
metasedimentary rocks of the Quetico Subprovince and one in the Fourbay Lake pluton.
Interpreted surficial and geophysical lineaments are shown in Figures 4-5 and 4-6, respectively.
The other key geoscientific characteristics are shown on Figure 4-9 and Figures 4-10 to 4-12 for
each identified general potentially suitable area.

At this early stage of the assessment, the boundaries of the identified general potentially
suitable areas are not yet defined. The location and extent of specific potentially suitable areas
would need to be refined through more detailed assessments and field evaluations.

4.4.1.1 Potentially Suitable General Areas within the Metasedimentary Rocks of the Quetico
Subprovince (Figure 4-10)

The northern half of the Manitouwadge area is underlain by metasedimentary rocks of the
Quetico Subprovince covering 1,740 square kilometers. As discussed in Section 4.3.2, the
metasedimentary rocks are mostly composed of metasedimentary gneisses and migmatites
(i.e., highly metamorphosed sedimentary rocks that underwent partial melting). These
metasedimentary rocks have an estimated thickness of at least 7.5 kilometres (Percival, 1989)
and are 2.698 to 2.688 billion years old (Zaleski et al., 1999).

The metasedimentary rocks of the Quetico Subprovince have low potential for natural
resources, and are mostly free of protected areas and significant surface constraints (i.e.,
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topography and large water bodies). Therefore, identification of potentially suitable areas within
the metasedimentary rocks of the Quetico Subprovince was mainly based on geological setting,
structural geology (e.g., setback from the subprovince boundary), overburden cover, and
lineament analysis.

The assessment of the key geoscientific characteristics identified one general potentially
suitable area in the metasedimentary rocks in the northwest part of the Quetico Subprovince
(referred to herein as the northwest Quetico area). The potentially suitable area extends
southward from the northern Manitouwadge area boundary to approximately two kilometres
south of Bishop Lake, between Ramsay Lake to approximately five kilometres west of Lauri
Lake (Figure 4-10). This potentially suitable area is mapped entirely as metasedimentary rock;
however, interpretation of the geophysical data suggests some uncertainty regarding the
lithological homogeneity (PGW, 2014). The magnetic signature over the northwest Quetico area
is considered as being somewhat noisy; a detailed interpretation is hampered by the fact that
the area is covered by a low resolution geophysical survey. The potentially suitable area is on
the northern flank of a gravity high that occupies the central part of the metasedimentary rocks
of the Quetico Subprovince in the Manitouwadge area (PGW, 2014). While no mapped faults
are present in this general potentially suitable area, the Wawa-Quetico subprovince boundary
lies 22 kilometres to the south, and the Gravel River Fault lies 17 kilometres to the northwest.

The identification of the northwest Quetico area was based, in part, on the analysis of
interpreted lineaments completed by SRK (2014). Within the northwest Quetico area, magnetic
lineaments shorter than 10 kilometres in length are largely lacking (Figure 4-6), reflecting the
low resolution of available aesromagnetic data. The sparseness of the magnetic lineaments is
reflected in the fact that the spacing between geophysical lineaments ranges from two to seven
kilometres, greater than in other parts of the Manitouwadge area. The dominant geophysical
lineament orientation in the northwest Quetico area is northwest (SRK, 2014).

The assessment of potentially suitable areas within the metasedimentary rocks of the Quetico
Subprovince also took into consideration interpreted surficial lineaments. The surficial
lineaments, in contrast to the geophysical ones, have a relatively uniform distribution across the
metasedimentary rocks of the Quetico Subprovince with the exception of the area around
Hillsport, where thicker overburden is present (Figure 4-4). The northwest Quetico area displays
a low to moderate apparent surficial lineament density (Figure 4-5). At this desktop stage, it is
uncertain whether surficial lineaments represent real bedrock structure and how far they extend
to depth, particularly in the shorter lineaments.

Figures 4-5 and 4-6 also show lineaments classified by length (one kilometre, five kilometres,
and 10 kilometres). The density of lineaments in the northwest Quetico area decreases only
slightly when the less than one kilometre long lineaments are not considered, indicating their
small population. A notable decrease in density occurs when the lineaments less than five
kilometres in length are not considered. The filtering out of the less than10 kilometres long
features results in another marked decrease in density.

The Manitouwadge area contains numerous mapped and interpreted dykes as it lies within
regional dyke swarms. Although a large number of these dykes are identifiable in the
geophysical data in the Manitouwadge area, there still remain some uncertainties regarding the
distribution and structural impact of the dykes. The assessment revealed that that dykes tend to
have well-defined orientations, consistent with the geological history of the area (SRK, 2014).
However, there remain some uncertainties regarding the nature and distribution of the dykes.
For example, the potential existence of thin dykes, which are too small to be identified with any
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confidence from the geophysical data, cannot be ruled out. Another aspect of uncertainty
associated with the presence of dykes relates to understanding the extent of damage to the host
rock as a result of dyke emplacement. It is well understood, but not easily quantifiable from
geophysical data alone, that dyke propagation will induce damage to the host rock within an
envelope around the dyke that varies with the size of the intrusion (e.g., Meriaux et al., 1999).

The northwest Quetico area consists entirely of Crown Land and does not contain any protected
areas (Figures 4-1 and 4-10). The area contains no mineral occurrences and the potential for
economic mineralization is considered low. The area is free of active mining claims (Figures 4-8
and 4-10) and contains no mineral occurrences. Approximately 45 per cent of the northwest
Quetico area is mapped as bedrock drift complex in which drift cover is thin and outcrops are
expected to be common (Figure 4-4). The remainder of the area is covered by a veneer of
ground moraine (till) that, while obscuring the bedrock, is believed to be relatively thin, although
zones of thicker deposits can be expected. The northwest Quetico area is well-drained by
several streams, rivers, and lakes. Approximately five per cent of the area is covered by water
bodies (AECOM, 2014b). Relief in the area is low to moderate, although bedrock knobs are
found in areas of bedrock-dominated terrain (Figure 4-2). Access to the northwest Quetico area
is by logging roads running westward from the Caramat Industrial Road (Figure 4-1).

Inherent uncertainties remain in relation to the potential influence of the regional features, such
as the Gravel River fault and subprovince boundary, the potential presence of smaller-scale
dykes not identifiable on aeromagnetic data, and the potential damage of the host rock due to
dyke emplacement. In addition, uncertainty remains in relation to the litholithic homogeneity at
a local scale, particularly the varying degree of metamorphism that the metasedimentary rocks
may have experienced.

4.4.1.2 Potentially Suitable General Areas within the Black-Pic Batholith (Figure 4-11)

The Black-Pic batholith is a 2.720 to 2.689 billion year old granitic intrusion covering the majority
of the southern half of the Manitouwadge area, where it occupies 1,607 square kilometres. As
discussed in Section 4.3.2, the batholith is a large multiphase intrusion that is predominantly
composed of tonalite, with associated granite-granodiorite phases. In the area west and
northwest of the Manitouwadge synform, it contains migmatized supracrustal rocks. The
thickness of the batholith in the Manitouwadge area is not known but regional geologic models
of the area (e.g., Lin and Beakhouse, 2013) suggest it may extend to a considerable depth.

The Black-Pic batholith has low potential for natural resources, and is mostly free of protected
areas and significant surface constraints (i.e., topography and large water bodies). Identification
of potentially suitable areas within this intrusion was mainly based on geological setting,
structural geology (e.g., setback from the Wawa-Quetico subprovince boundary), lineament
analysis, and overburden cover.

Two general potentially suitable areas were identified in the Black-Pic batholith. One potentially
suitable area was identified in the south-central part of the batholith (Figure 4-11). Referred to
herein as the south-central area, it extends from the north end of Kaginu Lake southward to the
boundary of the Manitouwadge area, between Barehead Lake and Poshtar Lake. The other
potentially suitable area in the Black-Pic batholith is positioned in the southeastern quadrant of
the Manitouwadge area (Figure 4-11). Referred to herein as the eastern area, it is bounded by
Macutagon Lake, Jembi Lake, Gum Creek, and Bissonnette Lake.
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Both general potentially suitable areas have relatively good bedrock exposure and are removed
from the subprovince boundary. The northern boundaries of the areas are proximal to portions
of the Manitouwadge greenstone belt, but the lack of mineral occurrences, despite decades of
exploration, suggests a low probably of economic resources. The south-central area contains
several north-trending mapped faults of limited length along its northern boundary that extend
into the Manitouwadge greenstone belt and one northeastern-trending fault parallel to, but east
of, the Black Creek (Figure 4-11). The eastern area contains a single northwest-trending fault,
although another fault outside the area parallels its western boundary.

The magnetic signature over the area is relatively quiet for the south-central area and
moderately noisy for the eastern area. Subtle variations in magnetic responses and foliation
across the potentially suitable areas may suggest heterogeneities within the batholith. A
regional gravity low is present across the southern portion of the Black-Pic batholith, covering
the majority of the general potentially suitable areas, suggesting that the intrusion may be
somewhat thicker in this region (PGW, 2014).

The analysis of interpreted lineaments enables additional insight to be gained into the two
general potentially suitable areas in the Black-Pic batholith. Thin overburden cover and areas of
outcrop combined with the high resolution geophysics enabled a detailed assessment of the
bedrock structure of the Black-Pic batholith. The two areas identified in the south-central and
eastern portions of the Black-Pic batholith have a low to moderate density of geophysical
lineaments, several of which are interpreted as dykes (Figures 4-6). Interpreted dykes within the
two areas are generally consistent with those indicated on published maps (Figure 4-3). The
spacing between the longer geophysical lineaments (i.e., greater than 10 kilometres) in the two
general potentially suitable areas ranges between approximately 0.5 and four kilometres;
shorter lineaments have a closer spacing (SRK, 2014). The dominant orientation of longer
geophysical lineaments in the batholith is northwest and northeast.

Figure 4-5 shows the surficial lineament density to be generally low to moderate throughout the
batholith, including the south-central and eastern areas. However, surface lineament density is
notably low in a northeast-trending band centred on Black Creek, likely due to thicker
overburden cover, and in the eastern area north of Jembi Lake. At this desktop stage, it is
uncertain whether surficial lineaments represent real bedrock structures and how far they
extend to depth, particularly in the shorter lineaments.

Figures 4-5 and 4-6 also show lineaments classified by length (one kilometre, five kilometres,
and 10 kilometres). The figures show that the density of lineaments across the Black-Pic
batholith decreases very slightly when the less than one kilometre long lineaments are not
considered and decrease notably when the lineaments less than five kilometres are not
considered. There is another visible decrease in the lineament density from filtering out the less
than 10 kilometres long features

As noted in the discussion of the metasedimentary rocks of the Quetico Subprovince, all the
Manitouwadge area, including the Black-Pic batholith, contains numerous mapped and
interpreted dykes as the area is within regional dyke swarms (Figures 4-3, and 4-6). Within the
two general potentially suitable areas, northwest-oriented dykes interpreted from the surficial
data were generally consistent with mapped dykes. Although a small number of northeast
trending dykes were identified from the surficial data sets, the agreement with mapped dykes
was poor. The previously noted uncertainties regarding the identification, distribution and
structural impact of the dykes would need to be assessed during subsequent site evaluation
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stages. This would include an understanding of the indigenous fracture pattern within and
adjacent to each dyke and the related effects on the bulk thermal conductivity of the bedrock.

The general potentially suitable areas identified in the Black-Pic batholith are mostly on Crown
Land and do not contain any protected areas (Figure 4-1). The areas are free of active mining
claims as depicted on Figure 4-8. The south-central and eastern portions of the Black-Pic
batholith are well-drained by numerous streams, rivers, and lakes. The south-central area is
within the Pic tertiary watershed, which drains to Lake Superior, and has permanent water
bodies that occupy approximately 12 per cent of the land surface. The eastern area straddles
the continental divide with the northern and central parts of area being in the Nagagami tertiary
watershed and draining northward. The remainder of the area is divided between the White and
Pic tertiary watersheds and drains southward to Lake Superior. Approximately 18 per cent of the
area is covered by water bodies (AECOM, 2014b). Relief in both general potentially suitable
areas is modest; however, steep slopes of varying heights frequently occur in areas of bedrock-
dominated terrain. The Black-Pic batholith’s south-central area is easily accessible by Highway
614 and numerous secondary roads and trails. Access to the potentially suitable eastern area in
the batholith is via a major logging road and some trails (Figure 4-1).

The uncertainties associated with the two general areas identified in the Black-Pic batholith
relate to the presence and nature of dykes, and the potential effect that the Wawa-Quetico
subprovince boundary may have on the structural geology and fracture network. In addition, the
characteristics and potential impact of the mapped faults in the areas would require further
assessment.

4.4.1.3 Potentially Suitable General Areas within the Fourbay Lake Pluton (Figure 4-12)

The Fourbay Lake pluton is located in the southwestern corner of the Manitouwadge area and
covers 65 square kilometers (Figure 4-3). The pluton is described by Milne (1968) as consisting
of granodiorite and by Beakhouse (2001) as quartz monzodiorite. The pluton has been age
dated at 2.678 billion years old (Beakhouse, 2001). The thickness of the pluton is not known but
it is expected to be well beyond the planned repository depth (approximately 500 metres) based
on the interpretation of regional gravity data (PGW, 2014) and the regional geological model for
the area (Santaguida, 2002; Muir, 2003). The pluton is completely surrounded by the Black-Pic
batholith.

The Fourbay Lake pluton has low potential for natural resources, and is mostly free of protected
areas and significant surface constraints (i.e., topography and large water bodies). Identification
of potentially suitable areas within this intrusion was mainly based on geological setting,
structural geology, lineament analysis, and overburden cover.

One general potentially suitable area was identified in the central portion of the Fourbay Lake
pluton in an area centred between two northwest-trending mapped faults. The area is roughly
40 kilometres south of the Wawa-Quetico subprovince boundary (Figure 4-12). The magnetic
signature of the Fourbay Lake pluton presents a strong contrast with the surrounding gneissic
tonalite of the Black-Pic batholith. The pluton is also associated with a weak gravity high and
relatively high response in three radioelements (PGW, 2014).

The identification of the Fourbay Lake pluton potentially suitable area was based, in part, on the
analysis of interpreted lineaments using high resolution geophysical survey coverage and
satellite data sets (SRK, 2014). The area has a low to moderate apparent geophysical
lineament density (Figures 4-6 and 4-12) with the longer geophysical lineaments (i.e., greater
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than 10 kilometres) oriented northwest and northeast, having a spacing of approximately five
kilometres. The Fourbay Lake pluton potentially suitable area also has a low to moderate
apparent surficial lineament density. As is previously noted, there is a degree of uncertainty as
to whether the surficial lineaments represent bedrock structures extending to depth.

Figures 4-5 and 4-6 also show lineaments classified by length (one kilometre, five kilometres,
and 10 kilometres). As is the case with other general potentially suitable areas in the
Manitouwadge area, the removal of the less than 1 kilometre lineaments has little effect on the
density given the low number of features of this length. Lineament density decreases
significantly after the filtering of the lineaments of less than five kilometres with a further slight
reduction with the removal of the lineaments less than10 kilometres in length.

A number of northwest- and northeast-trending dykes have been interpreted as crossing the
Fourbay Lake general potentially suitable area (Figure 4-6). The previously noted uncertainties
regarding the identification, distribution, and structural impact of the dykes would need to be
assessed during subsequent site evaluation stages. Additional uncertainty exists with regard to
the indigenous fracture pattern within and adjacent to each dyke and their effects on the bulk
thermal conductivity of the bedrock. The ambiguity of the lithology (granodiorite or quartz
monzodiorite) raises additional uncertainty concerning the thermal conductivity of the host rock.

The Fourbay Lake pluton potentially suitable area consists entirely of Crown Land. Also, it does
not contain any protected areas, although the Isko Dewabo Lake Complex Conservation
Reserve is adjacent to the southeast (Figure 4-1). The Fourbay Lake pluton is deemed to have
low potential for natural resources as no mineral occurrences or mining claims are documented
on or in the vicinity of the intrusion (Figure 4-8). The Fourbay Lake pluton potentially suitable
area is free of active mining claims and contains no mineral occurrences (Figures 4-8 and 4-12).
The Fourbay Lake pluton potentially suitable area is well-drained by streams, rivers, and lakes,
is located within the Pic tertiary watershed and drains to Lake Superior. Approximately five per
cent of the area is covered by water bodies (AECOM, 2014). The terrain over the pluton is
classified as bedrock-drift complex indicating that the overburden is generally thin and outcrops
are common (Figure 4-4). The pluton has few significant surface constraints as the size and the
density of lakes are low, and relief is generally moderate, although steep-walled bedrock valleys
are common. Access to the pluton is by logging roads branching off Highway 614 to the east
and the Caramat Industrial Road to the north (Figure 4-1).

Uncertainties associated with the general area in the Fourbay Lake pluton relate to its small
size, the presence and nature of dykes, and the potential effect that the Wawa-Quetico
subprovince boundary may have on the structural geology and fracture network. In addition, the
characteristics and potential impact of the nearby northwest-trending mapped faults would
require further assessment.

4.4.1.4 Other Areas

While the northwestern portion of the metasedimentary rocks of the Quetico Subprovince in the
Manitouwadge area has a lower lineament density, the north-central and northeastern portions
of the subprovince (i.e., east of the Caramat Industrial Road) may have general potentially
suitable areas in areas of thin overburden. More detailed aeromagnetic surveys or field
investigations may be required to address questions regarding lithological homogeneity (PGW,
2014) and to determine if this aspect of the rock would pose a significant concern to the siting of
a deep geological repository for used nuclear fuel. It may also be possible to identify general
potentially suitable areas in the Black-Pic batholith outside those portions of the intrusion
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described in Section 4.4.1.2, specifically in zones of bedrock dominated terrain (Figure 4-4) with
a lower lineament density relative to other parts of the Manitouwadge area. Given the
geographic extent of the Manitouwadge area, it may be possible to identify additional general
potentially suitable areas. However, the four general areas identified are those judged to best
meet the preferred geoscientific characteristics outlined in Section 4.4.1, based on available
information.

4.4.2 Evaluation of General Potentially Suitable Areas in the Manitouwadge Area

This section provides a brief description of how the four identified potentially suitable areas were
evaluated to verify if they have the potential to satisfy the geoscientific safety functions outlined
in NWMQO's site selection process and discussed in Section 4.2. At this early stage of the site
evaluation process, where limited geoscientific information is available, the intent is to assess
whether there are any obvious conditions within the identified potentially suitable areas that
would fail to satisfy the geoscientific safety functions.

4.4.2.1 Safe Containment and Isolation of Used Nuclear Fuel

This function requires that the geological, hydrogeological, chemical and mechanical
characteristics of a suitable site: promote long-term isolation of used nuclear fuel from humans,
the environment and surface disturbances; promote long-term containment of used nuclear fuel
within the repository; and restrict groundwater movement and retard the movement of any
released radioactive material. This requires that the repository be located at a sufficient depth,
typically around 500 metres, in a sufficient rock volume with characteristics that limit
groundwater movement.

As discussed in Section 4.3.2, available information reviewed as part of this preliminary
assessment indicates that the thicknesses of the metasedimentary rocks of the Quetico
Subprovince, Black-Pic batholith, and Fourbay Lake pluton in the Manitouwadge area are
unknown but are estimated to be well in excess of one kilometre. The metasedimentary rocks of
the Quetico Subprovince may achieve a thickness of greater than 7.5 kilometres (Percival,
1989) away from the subprovince boundary. The Black-Pic batholith is believed to extend to a
considerable depth based on its size and an understanding of the regional geologic history and
structure. No information exists on the thickness of the Fourbay Lake pluton, but its areal extent
and late stage emplacement suggest that it is likely to extend well below typical repository depth
(approximately 500 metres). Therefore, the depth of the rock in the four potentially suitable
areas would contribute to the isolation the repository from human activities and natural surface
events.

Analyses of lineaments interpreted during this preliminary assessment (Section 4.3.4.2) indicate
that the four general potentially suitable areas in the Manitouwadge area warrant further
consideration as they have the potential to contain rock volumes of sufficient size to host a deep
geological repository. The existence of a high resolution magnetic/electromagnetic geophysical
survey covering the majority of the Manitouwadge area, and lack of widespread areas of thick
overburden, allowed a detailed assessment of lineament distribution. The distribution of
lineament density as a function of lineament length over the potential host rocks shows that the
variable density and spacing of shorter brittle lineaments is strongly influenced by geophysical
data resolution and, to a lesser degree, by the amount of exposed bedrock. By classifying the
lineaments according to length, this local bias is reduced and the spacing between lineaments
increases as shorter lineaments are filtered out. Longer lineaments are more likely to extend to
greater depth than shorter lineaments. All four general areas exhibit lineament spacing
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between longer lineaments (i.e., those longer than 10 kilometres) on the order of two to greater
than or equal to five kilometres, suggesting there is a potential for there to be sufficient volumes
of structurally favourable rock at typical repository depth. All four general areas are located
away from regional deformation zones, such as that associated with the Wawa-Quetico
subprovince boundary. However, the potential impact of this deformation zone on the four
potentially suitable areas needs to be further assessed.

As discussed in AECOM (2014a), there is limited information on the hydrogeologic properties of
the deep bedrock in the Manitouwadge area. However, as discussed in Section 4.3.7.3,
available information for similar geological settings in the Canadian Shield indicates that active
groundwater flow within structurally bounded blocks tends to be generally limited to shallow
fracture systems, typically less than 300 metres. At greater depths, hydraulic conductivity tends
to decrease as fractures become less common and less interconnected. Experience from other
areas also shows that ancient faults and fractures similar to those in the Manitouwadge area are
often sealed by infilling materials, which results in a much reduced potential for groundwater
flow at depth.

Information on other geoscientific characteristics relevant to the containment and isolation
functions of a deep geological repository, such as the mineralogy of the rock, the geochemical
composition of the groundwater and rock porewater, and the thermal and geomechanical
properties of the rock is limited for the Manitouwadge area. The review of available information
from other locations with similar geological settings did not reveal any obvious conditions that
would suggest unfavourable mineralogical or hydrogeochemical characteristics for the granitic
rocks in the four general potentially suitable areas identified within the Manitouwadge area
(AECOM, 2014a).

Dykes associated with Matachewan, Biscotasing and Marathon dyke swarms have been
mapped and/or were identified during the lineament analysis of the Manitouwadge area. At this
desktop stage of the investigation, information about the hydraulic and thermal conductivity
properties is lacking, and there is uncertainty as to whether the existence of dykes will have a
positive or negative impact on the thermal conductivity of the surrounding host rocks. In
addition, the potential existence of thin/narrow dykes, which are too small to be identified with
any confidence from the geophysical data, or the presence of damage to the host rock (i.e.,
additional smaller lineaments) associated with dyke emplacement cannot be ruled out at this
time. These aspects of uncertainty would require additional investigation.

4.4.2.2 Long-term Resilience to Future Geological Processes and Climate Change

This safety function requires that the containment and isolation functions of the repository are
not be unacceptably affected by future geological processes and climate changes, including
earthquakes and glacial cycles. A full assessment of these processes requires detailed site-
specific data that would be typically collected and analyzed through detailed field investigations.
The assessment would include understanding how the site has responded to past glaciations
and geological processes, and would entail a wide range of detailed studies involving disciplines
such as seismology, hydrogeology, hydrogeochemistry, paleohydrogeology and climate change.
At this desktop preliminary assessment stage of the site evaluation process, the long-term
stability function is evaluated by assessing whether there is any evidence that would raise
concerns about the long-term stability of the four general potentially suitable areas identified in
the Manitouwadge area.
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The Manitouwadge area is located in the Superior Province of the Canadian Shield, where large
portions of land have remained tectonically stable for the last 2.5 billion years. Although a
number of low magnitude seismic events (i.e., less than magnitude three) have been recorded
in the surrounding region, there are no recorded earthquakes with the Manitouwadge area
(Figure 4-7).

Nearby regional features include the Gravel River fault (approximately17 kilometres) and the
Wawa-Quetico subprovince boundary, which is within the Manitouwadge area (Figure 4-3). The
east-west-trending Wawa-Quetico subprovince boundary that transects the Manitouwadge area
is characterized as a regional shear zone. However, the four identified general areas lie away
from the subprovince boundary and its associated zone of deformation. A number of smaller
faults are identified on the published bedrock geological maps covering the Manitouwadge area,
including several mapped faults in the metasedimentary rocks of the Quetico Subprovince, the
Black-Pic batholith, and the Fourbay Lake pluton (Figure 4-3). The structural geology of the
Manitouwadge area and associated fracture network would require further assessment.

The geology of the Manitouwadge area is typical of many areas of the Canadian Shield, which
has been subjected to numerous glacial cycles during the last million years. Glaciation is a
significant past perturbation that could occur again in the future. However, as discussed in
Section 4.3.6.2, findings from various studies conducted in other areas of the Canadian Shield
suggest that deep hydrogeological and hydrogeochemical conditions in crystalline formations,
particularly plutonic intrusions, have the potential to remain largely unaffected by past
perturbations such as glacial cycles. As discussed in Sections 4.3.5 and 4.3.6.2, other related
long-term processes such as glacial rebound (land uplift) and erosion are expected to be low
and unlikely to affect the long-term performance of a repository in the Manitouwadge area.

4.4.2.3 Safe Construction, Operation and Closure of the Repository

There are few surface constraints that would limit the construction of surface facilities in the four
general potentially suitable areas identified in the Manitouwadge area. The areas are
characterized by low to moderate topographic relief and each contains enough surface land
outside protected areas and major water bodies to accommodate the required repository
surface facilities.

From a constructability perspective, limited site-specific information is available on the local rock
strength characteristics and in-situ stresses for the potentially suitable geologic units in the
Manitouwadge area. However, as discussed in section 4.3.10, there is a fair amount of
information at other locations of the Canadian Shield that could provide insight into what might
be expected for the Manitouwadge area in general. Available information suggests that granitic
and gneissic crystalline rock formations within the Canadian Shield generally possess good
geomechanical characteristics that are amenable to the type of excavation activities involved in
the development of a deep geological repository (AECOM, 2014a).

The four general potentially suitable areas are situated in areas having a reasonable amount of
outcrop exposure. At this stage of the site evaluation process, it is not possible to accurately
determine the exact thickness of the overburden deposits in these areas due to the low
resolution of available data. However, it is anticipated that overburden cover is not a limiting
factor in any of the identified general potentially suitable areas.
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4.4.2.4 Isolation of Used Fuel from Future Human Activities

A suitable site must not be located in areas where the containment and isolation functions of the
repository are likely to be disrupted by future human activities. These include areas containing
economically exploitable natural resources or groundwater resources at repository depth.

In the Manitouwadge area, the Manitouwadge greenstone belt and gabbroic intrusions have the
greatest mineral potential with exploration active in both of these geologic settings. No
economic or significant mineralization has been identified to date in the metasedimentary rocks
of the Quetico Subprovince, the Black-Pic batholith, or the Fourbay Lake pluton within the
Manitouwadge area. A number of active mining claims exist in the central and eastern portions
of the metasedimentary rocks of the Quetico Subprovince; however, only a few scattered
mineral occurrences are recorded and, in general, the potential for economic mineralization is
considered low.

The review of available information did not identify any groundwater resources at repository
depth for the Manitouwadge area. As discussed in Section 4.3.7, water wells in the
Manitouwadge area obtain water from overburden or shallow bedrock sources with well depths
ranging from 4.6 to 119.2 metres. Experience from other areas in the Canadian Shield has
shown that active groundwater flow in crystalline rocks is generally confined to shallow fractured
localized systems (Singer and Cheng, 2002). Records contained in the Ontario Ministry of
Environment databases indicate that no potable water supply wells are known to exploit aquifers
at typical repository depths in the Manitouwadge area or anywhere else in northern Ontario.
Groundwater at such depths is generally saline and very low groundwater recharge at such
depths limits potential yield, even if suitable water quality were to be found.

4.4.2.5 Amenability to Site Characterization and Data Interpretation Activities

In order to support the case for demonstrating long-term safety, the geoscientific conditions at a
potential site must be predictable and amenable to site characterization and data interpretation.
Factors affecting the amenability to site characterization include: geological heterogeneity;
structural and hydrogeological complexity; accessibility, and the presence of lakes or
overburden with thickness or composition that could mask important geological or structural
features.

As described in Section 4.3.2, the bedrock in the two general potentially suitable areas identified
in the Black-Pic batholith are interpreted as granodiorite gneiss with potential for homogeneity
that will not be difficult to characterize. A similar situation exists for the Fourbay Lake pluton as it
is described as a uniform granodiorite or quartz monzodiorite. While bedrock in the general
potentially suitable area identified in the Quetico Subprovince is mapped entirely as
metasedimentary, there is uncertainty on the lithological homogeneity based on interpretation of
magnetic data. Also, lithological characteristics of the metasedimentary rocks in this area may
be more complex due to the variable degree of metamorphism and migmatization they have
experienced. However, at this stage of the assessment, such uncertainties are not considered
to pose an impediment to site characterization.

Interpreted lineaments represent the observable two-dimensional expression of three-
dimensional features. The ability to detect and map such lineaments is influenced by
topography, the character of the lineaments (e.g., their width, orientation, and age), and the
resolution of the data used for the mapping. Two factors significantly influenced the lineament
interpretation for the Manitouwadge area: the majority of the area is covered by a high
resolution geophysical survey; and the bulk of the area has bedrock at or near surface.
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Together, these allow a detailed assessment of the lineament distribution and length. The fact
that the northern edge of the Manitouwadge area has only lower resolution geophysical
coverage is compensated, in part, by areas of outcrop and thin drift that enable the recognition
of lineaments from satellite imagery and by the topographic data. The orientation of lineament
features in three dimensions represents another degree of structural complexity that will require
assessment through detailed site investigations in future phases of the site selection process.

The identification and field mapping of structures is strongly influenced by the extent and
thickness of overburden cover and the presence of large water bodies. The Manitouwadge area
is characterized by very good bedrock exposure over the identified general siting areas. These
areas are dominated by exposed bedrock or a thin till veneer. There are also limited surface
water bodies in the four general siting areas. All four general potentially suitable areas can be
accessed via forest roads and trails. In the case of the northwestern part of the
metasedimentary rocks of the Quetico Subprovince, this road network is within one kilometre of
an all-weather road to the east of the area. The south-central part of the Black-Pic batholith has
relatively well-developed road network, including Highway 614 along its western boundary. The
eastern portion of the batholith is bisected by a northward-trending logging road.

4.5 Geoscientific Preliminary Assessment Findings

The objective of the Phase 1 geoscientific preliminary assessment was to assess whether the
Manitouwadge area contains general areas have the potential to satisfy the geoscientific site
evaluation factors outlined in NWMOQO's site selection document (NWMO, 2010).

The preliminary geoscientific assessment built on the work previously conducted for the initial
screening (Geofirma, 2013) and focused on the Township of Manitouwadge and its periphery,
which are referred to as the “Manitouwadge area” (Figure 4-1). The assessment was conducted
using available geoscientific information and key geoscientific characteristics that can be
realistically assessed at this early stage of the site evaluation process. Where information for
the Manitouwadge area was limited or not available, the assessment drew on information and
experience from other areas with similar geological settings on the Canadian Shield. The key
geoscientific characteristics used relate to: geology; structural geology and distribution of
lineaments; distribution and thickness of overburden deposits; surface conditions; and the
potential for economically exploitable natural resources. The desktop geoscientific preliminary
assessment included the following review and interpretation activities:

e Detailed review of available geoscientific information such as geology, structural
geology, natural resources, hydrogeology, and overburden deposits;

¢ Interpretation of available geophysical surveys (magnetic, gravity, radiometric);

e Lineament studies using available satellite imagery, topography and geophysical
surveys to provide information on the characteristics such as location, orientation, and
length) of interpreted structural bedrock features;

e Terrain analysis studies to help assess factors such as overburden type and
distribution, bedrock exposures, accessibility constraints, watershed and subwatershed
boundaries, groundwater discharge and recharge zones; and

e The identification and evaluation of general potentially suitable areas based on key
geoscientific characteristics and the systematic application of NWMO's geoscientific
site evaluation factors.

The Corporation of the Township of Manitouwadge, Ontario — FINDINGS FROM PHASE ONE STUDIES “




The desktop geoscientific preliminary assessment showed that the Manitouwadge area contains
at least four general potentially suitable areas that have the potential to satisfy NWMO'’s
geoscientific factors. Two of these potentially suitable areas are located within the Black-Pic
batholith in the south central portion of the Manitouwadge area, one in the metasedimentary
rocks of the Quetico Subprovince in the north, and one in the Fourbay Lake pluton in the
southwest of the Manitouwadge area. Given the geographic extent of the Manitouwadge area,
there may be additional areas that are also potentially suitable for hosting a deep geological
repository.

The four general potentially suitable areas in the Manitouwadge area have a number of
geoscientific characteristics that are favourable for hosting a deep geological repository. The
geological units appear to have sufficient depth and lateral extent. The four areas identified
have a low potential for natural resources, good bedrock exposure and limited surface water
constraints, making the areas amenable to geological site characterization activities. In addition,
three of the areas are covered by high resolution geophysical surveys.

While the identified general potentially suitable areas appear to have favourable geoscientific
characteristics, there are inherent uncertainties that would need to be addressed during
subsequent stages of the site evaluation process. The main uncertainties relate to the influence
of regional structural features, the presence of numerous dykes, and the variable degree of
metamorphism that the metasedimentary rocks experienced in the past.

The identified potentially suitable areas are located away from regional structural features, such
as the Gravel River fault and Wawa-Quetico subprovince boundary. However, the potential
impact of these regional features on the suitability of the areas needs to be further assessed.
The Manitouwadge area contains numerous dykes. While the spacing between mapped and
interpreted dykes appears to be favourable, the potential presence of smaller dykes not
identifiable on geophysical data, the potential damage of the host rock due to the intrusion of
dykes, and the hydraulic properties of the dykes would need to be assessed. In addition,
uncertainty remains in relation to the lithological homogeneity at a local scale, particularly the
varying degree of metamorphism that the metasedimentary rocks may have experienced.

Should the Township of Manitouwadge be selected by the NWMO to advance to Phase 2 study
and remain interested in continuing with the site selection process, several years of
progressively more detailed studies would be required to confirm and demonstrate whether the
Manitouwadge area contains sites that can safely contain and isolate used nuclear fuel. This
would include the acquisition and interpretation of higher resolution airborne geophysical
surveys, detailed geological mapping and the drilling of deep boreholes.

“ Nuclear Waste Management Organization
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5. PRELIMINARY ENVIRONMENT AND SAFETY ASSESSMENT

5.1 Environment and Safety Assessment Approach

The objective of this preliminary assessment is to assess the potential to ensure the health and
safety of people and the environment within the Manitouwadge area, and to explore the
potential to manage any environmental effects that might result from the Adaptive Phased
Management (APM) Project. This is achieved by considering the following questions:

1. Is there anything in the natural environment that would preclude siting the repository
somewhere in the Manitouwadge area?

2. If the repository is located somewhere in the Manitouwadge area, would environmental
effects that could not be managed be likely to occur during siting, construction,
operation, or decommissioning and closure of the repository?

3. If the repository is located somewhere in the Manitouwadge area, would postclosure
health or environmental effects that could not be managed be likely to occur?

The assessment presented here takes into account the following factors:

e Safe containment and isolation of used nuclear fuel;

e Safe construction, operation and closure of the repository; and

e Potential to avoid ecologically sensitive areas and locally significant environmental and
cultural features.

The assessment is conducted at a desktop level (i.e., based on readily available information). It
is expected that surface natural environment information is not uniformly available within the
Manitouwadge area, so that a lack of identified features in some locations could simply be due
to data limitations. It is also clear that there is limited information at typical repository depths,
which limits the ability to make substantive comments on postclosure safety beyond those
presented in the geoscientific assessment (Chapter 4). It is intended that suitability of potential
siting areas will be further evaluated in a staged manner through a series of progressively more
detailed scientific and technical studies. As part of these future activities, discussions with
interested communities, First Nation and Métis communities in the area, and surrounding
communities, as well as field studies, would be undertaken to aid in the characterization of
environmental conditions.

The Initial Screening criteria include that there must be sufficient available land and that the
available land must be outside protected areas, heritage sites, provincial parks and national
parks (NWMO, 2010). This chapter begins to provide information on environmental features in
the Manitouwadge area that may help inform the identification of potential suitable sites during
subsequent stages of the site selection process.

The information presented in this chapter includes the following:
e General description of the environment;
e Assessment of potential effects on people and the environment in various project

phases through closure and monitoring; and
e Assessment of postclosure safety aspects.
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5.2 Description of the Environment

The environment and safety assessment is conducted within a defined geographic area around
Manitouwadge, referred to as the “Manitouwadge area”. For the purpose of this preliminary
assessment, the area considered is the same as that selected for geoscientific assessment
shown on Figure 4-1.

A detailed description of the environment for the Manitouwadge area is provided in Golder
(2014). Summary information is presented here.

5.2.1 Communities and Infrastructure

Figure 5-1 shows the location of Manitouwadge within the regional area. Figure 5-1 also shows
the infrastructure and major land use within the Manitouwadge area, including the locations of
parks, protected lands and Crown reserve lands.

The Township of Manitouwadge is approximately 373 square kilometres in size (LIO, 2013),
with a population of 2,105 (Statistics Canada, 2013). The settlement area of Manitouwadge is
near the northeastern end of Lake Superior approximately 420 kilometres east of Thunder Bay
and 445 kilometres north of Sault Ste. Marie, based on distances along major roads. More
information on the Manitouwadge area is provided in Chapter 7.

There are a number of Aboriginal communities and organizations in the Manitouwadge area
including the Ojibways of Pic River (Heron Bay), Ojibways of Pic Mobert, Ginoogaming First
Nation, and Long Lake #58 First Nation. Métis Councils in the area include the Thunder Bay
Métis Council, Greenstone Métis Council, and Superior North Shore Métis Council.

The main transportation route is Highway 614 which passes south to north from the
Trans-Canada Highway (Highway 17) into Manitouwadge. Local logging roads cover much of
the Manitouwadge area. A Canadian National (CN) railway passes through the northeast corner
of the Manitouwadge area, passing through the settlement area of Hillsport. One 115-kilovolt
electrical transmission runs from the southwest corner of the Manitouwadge area, through the
community of Manitouwadge and into the settlement areas of Willroy and Geco. A second
transmission line of unknown voltage runs from Manitouwadge eastward towards Hornepayne.
The Manitouwadge airport is located southwest of Manitouwadge along Highway 614 (NRCan,
2009a). There are no gas pipelines in the Manitouwadge area (NRCan, 2009b). There are two
operating landfills (MOE, 2013a) and a waste water treatment plant within the Manitouwadge
area.

There are no provincial parks within the Manitouwadge area, however, there are two
conservation reserves (the Isko Dewabo Lake Complex Conservation Reserve and the North
Thornhen Lake Moraine Conservation Reserve) located partially within the Manitouwadge area.

The Ontario Archaeological Sites Database identifies two known archaeological sites in the
Manitouwadge area. The first archaeological site is a campsite of unknown cultural affiliation or
time period located 24 kilometres northeast of Manitouwadge. The second site is an Archaic
campsite, located on the southwest end of Ramsey Lake and on the west side of an outlet to
White Otter River (von Bitter, 2013). The Archaic campsite is also a federally designated historic
site (Parks Canada, 2013). There are no provincially designated historic sites within the
Manitouwadge area (OHT, 2013; MTCS, 2013). The presence of local heritage sites would need
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to be confirmed in discussion with the community and First Nation and Métis communities in the
area.

Trapline Licence Areas are located throughout most of the Manitouwadge area, outside
Conservation Reserves and communities.

As discussed in Section 4.3.7, water wells in the Manitouwadge area obtain water from the
overburden or shallow bedrock. The Ontario Ministry of the Environment (MOE) Water Well
Information System (WWIS) database contains 52 records in the Manitouwadge area, of which
only 50 provide useful information on depth to bedrock, yield and other relevant parameters.
These 50 water wells range from 1.8 to 119.2 metres in depth (MOE, 2013b). No potable water
supply wells are known to exploit aquifers at typical repository depths in the Manitouwadge area
or anywhere else in northern Ontario. The Township of Manitouwadge obtains its municipal
water supply from groundwater.

5.2.2 Natural Environment

As described in Chapter 4, the Manitouwadge area lies in the Abitibi Upland physiographic
region, a broadly rolling surface of the Canadian Shield bedrock that occupies most of north-
central Ontario. Topography in most of the Manitouwadge area is modestly rugged, with
elevations ranging from about 482 metres above sea level to the west of the settlement area of
Manitouwadge to about 195 metres above sea level in the Nama Creek valley to the southwest
of Manitouwadge.

Geologically, the Manitouwadge area straddles the boundary between the Quetico and Wawa
Subprovinces, which are part of the western region of the Superior Province of the Canadian
Shield. Metasedimentary rocks of the Quetico Subprovince extend over the northernmost part of
the Manitouwadge area. The central part of the Manitouwadge area is dominated by rocks of
the Manitouwadge greenstone belt which extends from the central part of the Township of
Manitouwadge to the east of the Manitouwadge area. The Black-Pic batholith extends over the
southernmost part of the Manitouwadge area. There are also several relatively small felsic
intrusions in the Manitouwadge area, including the Fourbay Lake pluton, the Loken Lake pluton,
the Rawluk Lake pluton and the Dotted Lake pluton (Williams and Breaks, 1996).

The Manitouwadge area has a temperate continental climate, with cold winters and mild
summers. Most precipitation falls in the late spring into early fall in the form of showers and
thunderstorms associated with traversing weather systems. Prolonged periods of extreme cold
can also be experienced in the