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Executive Summary

The Nuclear Waste Management Organization
(NWMO) of Canada was established under the Nuclear
Fuel Waste Act (NFWA) of 2002 to investigate
approaches for managing Canada’s used nuclear fuel.
Presently, the NWMO is the sole organization that
oversees the management of spent nuclear fuel in
Canada. On January 24th, 2020, the NWMO
announced Teeswater and Ignace as the two remaining
potential host areas in the site selection process for the
construction of a deep geological repository location for
spent nuclear fuel from reactors in Ontario and New
Brunswick. The deep geological repository project is
projected to cost $23 billion dollars and take 40 years to
complete, hence the significant discussion, research,
and time spent in considering sites. Moreover, the
NWMO is committed to only developing the repository
in an area where the hosts are ‘informed and willing.’

This report compiles research from various
primary and secondary sources to identify potential
risks to the proposed deep geological repository.
Additionally, this report provides mitigation strategies to
neutralize the risks and allow for improvement.

This document features four sections:

1. Economic and Financial Risks
A broad overview of the operations of the NWMO and
how it might impact the repository project.

2. Technological Risks
An investigation into the technological trends relating to
the transfer and storage of spent nuclear fuel which may
present security concerns

3. Health Risks
An examination of the risks that the spent nuclear waste
might pose to the health of the communities involved
through passive and acute exposure to radiation,
including the use of the Hanford Site as a case study.

4. Social Risks
An analysis of how the outlook regarding the repository
and nuclear fuel might generate social trends in
surrounding communities.

Page 4

Political Risk Assessment: NWMO’s Deep Storage Repository



Economic and Financial Risks

Operational Risks

For any company like the Nuclear Waste
Management Organization (NWMO) dealing with a
used nuclear fuel project and long-term time frame, the
costs of long-term waste management approaches will
be high. Considering the perplexity of developing and
implementing a waste management system, the many
indirect factors, including the court of public opinion,
and the exceptionally grand time frame for completion,
a complete specification of all relevant cost issues is
very challenging. In other terms, any cost estimate will
be subject to a great deal of uncertainty.

The NWMO has provided a gross simplification
of a life-cycle cost approach that includes:

e “processing and packaging costs of spent fuel

before shipment to retrievable storage
permanent disposal facilities;
e development and construction costs of

storage/disposal facilities;

e transportation costs, from the reactor facility
through to the ultimate disposal location,
including any interim storage stops in between;

e interim storage costs between current on-site
storage and eventual disposal, as applicable;

e costs of depositing the waste in the disposal
site;

e monitoring and security; and,

e costs of ultimately closing and decommissioning
the disposal site.™

The NWMO believes that the eight-bullet list is critical to
achieving the “polluter-pays” principle, which ensures
that future generations are not faced with the unfair
financial burden of managing nuclear waste whose
electricity production benefits were enjoyed by previous
generations.

The NWMO Board comprises nine Directors,
including Wayne Robbins as Chair, Laurie Swami as
President and CEO, and Glenn Jager acting as Vice-
Chair. The remaining seven directors are Jason
Nouwens, Lesley Gallinger, Sean Granville, Ronald L.
Jamieson, Josée Pilon, and Beth Summers. The Board
is responsible for overseeing the corporate
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management and leading the strategic direction. Fiscal
responsibility is of utmost importance, especially given
the size and duration of the project.

In March 2021, NWMO (the “Organization”)
released its annual report for 2020. The independent
auditor’s report conducted by Deloitte LLP on February
16, 2021, concluded that the accompanying
consolidated financial statements as of December 31,
2020, present fairly, in all material respects, the
financial position of the Organization and the results of
its operations and its cash flows for the year then ended
in accordance with Canadian accounting standards for
not-for-profit organizations.?

Ensuring Funding is in Place

Generally speaking, financial risk refers to the
possibility of losing money on an investment or
business venture. Funding risks are associated with a
project’s cash flow from higher costs or lack of funds. In
the case of NWMO, Canadians have high expectations
that the money necessary to pay for the long-term care
of Canada’s used nuclear fuel will be available when
needed.

The Nuclear Fuel Waste Act (NFWA) requires
the major owners of used nuclear fuel in Canada to fund
the planning, development, and implementation of the
project. The major owners are Ontario Power
Generation, NB Power, Hydro-Québec, and Atomic
Energy of Canada Limited. These companies are
required to establish independently managed trust
funds and make annual deposits to ensure the money
to fund this project will be available when needed.® In
2002, these funds were established and annual
contributions have been made by each waste owner
since. At the end of 2020, the total value of these funds,
including investment income, was approximately $5.4
billion (balance estimates are rounded to the nearest $
million). This grand sum is in addition to other
segregated funds and financial guarantees the
companies have set aside for nuclear waste
management and decommissioning.
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The Act also requires the NWMO to maintain a
funding formula and define the number of deposits to
trust funds required by each company on an annual
basis. The NFWA explicitly addresses the future
financial obligations expected for managing used fuel
over the long term. The box below describes the
requirements of the Act.

“Requirements of the NFWA (2002)

The NWMO is required to provide a range of financial
information in each of our annual reports following the
government’s decision, as defined in subsection 16(2) of
the NFWA.

16(2) Each annual report after the date of the decision of
the Governor in Council under section 15 must include:

(a) the form and amount of any financial guarantees that
have been provided during that fiscal year by the nuclear
energy corporations and Atomic Energy of Canada
Limited under the Nuclear Safety and Control Act and
relate to implementing the approach that the Governor
in Council selects under section 15 or approves under
subsection 20(5);

(b) the updated estimated total cost of the management
of nuclear fuel waste;

(c) the budget forecast for the next fiscal year;

(d) the proposed formula for the next fiscal year to
calculate the amount required to finance the
management of nuclear fuel waste and an explanation of
the assumptions behind each term of the formula; and

(e) the amount of the deposit required to be paid during
the next fiscal year by each of the nuclear energy
corporations and Atomic Energy of Canada Limited, and
the rationale by which those respective amounts were
arrived at.”*

In addition to trust fund contributions, the major
owners are also responsible for funding the NWMQO'’s
annual operating budget and are required to provide
financial guarantees that are dedicated to nuclear waste
management and decommissioning to the Canadian
Nuclear Safety Commission (CNSC) as per the Nuclear
Safety and Control Act (NSCA).
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Ensuring adequacy and sustainability of

funding mechanisms

From a political stakeholder standpoint, the
nuclear repository project presents some significant but
manageable risks regarding the stability of agreements
with political stakeholders in the community and any
surrounding nearby indigenous communities. It cannot
be emphasized enough to ensure political stakeholder

Figure 2: Options for spent nuclear fuel disposal in Canada
relationships are in good standing with the community
and any indigenous peoples before this project begins.®

A major risk associated with this project is the
absence of contingency plans to get all people living in
the vicinity of this repository to get to safety without
becoming displaced persons. To mitigate this risk, the
Nuclear Liability and Compensation Act has provisions
to protect those who are involved if there is a nuclear
incident. The 16th provision of the act under the
liabilities section protects people from economic,
physical, and psychological harm.® This will mitigate the
risk by making sure community stakeholders feel
protected. This law will also prove to give these people
peace of mind. The other mitigation strategy employed
by the NWMO is ensuring the hosting community and
nearby indigenous communities undertake host-ships
voluntarily. This means that these people know what
they have agreed to and understand the risks of this. It
is extremely important to make sure they have all the
information and the decision is made in a democratic
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way using a referendum due to the small population size
of each municipality.” This risk could be mitigated by
making this an official community decision and making
a stern request that all community members aged 18+

Technological Risks

Waste Transportation and Security

Spent nuclear fuel has a long half-life and thus
remains radioactive for thousands of years.
Consequently, the waste that is intended to be stored in
the deep geological repositories would be of interest to
bad actors - within Canada and outside. The nuclear
material being stored in most deep geological
repositories are high or intermediate-level waste.®
Intermediary nuclear material is less radioactive than
high-level waste, however, it is still hazardous and
requires safety precautions.® High-level nuclear waste
is the material that has been processed in nuclear
reactors. This material is highly radioactive and requires
extreme caution in handling and storing.° In addition to
containing radioactive material, used nuclear fuel also
contains mercury, which is chemically hazardous and
used in weapons systems.!!

Although the material being stored in the DGR
would need to undergo significant reprocessing in order
to be used by hostile actors, it does not entirely
neutralize the threat these actors pose. Hostile actors
may take action if they think gaining access to the
materials stored in the DGR would benefit them in any
way. Whether the risk of attack from hostile actors is
significant or not, concern from the public will remain
present. Therefore, the security of the DGR plants, and
the security of the used fuel containers (UFC) during the
transportation is a top priority. Historically,
transportation of spent nuclear fuel in countries heavily
reliant on nuclear energy, like France, has been
successful. This is due to the safety systems and
technology in place. In the case of France, safe
transport is ensured by confirming all equipment used
in the process undergoes rigorous testing to ensure all
standards and requirements are met. Additionally,
emergency management plans are in place to deal with
any unexpected situation that arises. Finally, all
operators undergo education and training to ensure
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vote, which can be promoted through promotional
campaigns.

their ability to safely handle the radioactive material and
implement all security planning.? Due to the success of
France's nuclear transport, the model should be
implemented in the transport of UFCs to DGR sites in
Canada. This would entail implementing a strict
verification regime to regulate and monitor the entire
process from the nuclear plant to repository. Equipment
must be tested and maintained properly, emergency
contingency plans must be in place and operators must
have the proper training. In regards to the security of the
UFCs, once they are being stored at the DGR, the plant
must be adequately equipped to deal with actors who
may want to gain access to the facility or compromise
the security of the UFCs. This should include physical
barriers such as walls and fencing, in addition to
technological barriers restricting access and surveilling
the facilities. Access to the facility should be highly
regulated and monitored.

WNOO1
~N~oo,

e

Figure 3: Options for spent nuclear fuel disposal in Canada

Susceptibility to Cyber Influence

In ensuring an adequately secured facility in the
modern age, it is necessary that the DGR plant relies
on computer technologies to maintain and protect the
nuclear waste stored within. However, in the use of such
information and communication technology, the facility
becomes vulnerable to cyberattacks. In the past,
cyberattacks on other nuclear facilities have come from
bad actors within and outside the state.'®* These actors
have successfully compromised the safety systems,
leaving facilities vulnerable. This is increasing the
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concern that extremists could turn individuals working
in the facilities who could help them to gain access to
the cyber systems.* Due to the hazardous nature of the
material being stored in the DGR, the safety and
security implications should the facility experience a
cyberattack are severe.

One way to safeguard against individual
workers' choices is to ensure that all processes require
two operators rather than one. Additionally, to reduce
the risk of a cyberattack on the DGR, the NWMO should
ensure that they are hiring qualified candidates to
maintain and update the technology used in the facility.
This could help ensure that security features are
regularly updated and developed to be more advanced.
In hiring, the NWMO should utilize the creativity and
innovation of new graduates from related fields and
draw

Figure 1: Potential control system vulnerabilities
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employment of ‘white hat’ ethical hackers would help
identify areas of weakness and ensure that they are
updated to maximize security. Moreover, the facility
should have thorough emergency response plans,
including but not limited to safeguards built in that rely
on brick and mortar defenses in case cyber protections
were compromised. Physical defenses, such as
additional barriers and gates that automatically
lockdown at signs of attacks should be implemented.
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Figure 4: System vulnerabilities in nuclear controls
applicants from top programs. The facility should also
invest in hackathons, where participants try to find
weaknesses in the defenses of the DGR systems. The
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Public Health Risks

Similarly to other energy sources, nuclear
energy and its radioactive waste pose health risks to the
people in the area. This section will be a risk
assessment of the health of the inhabiting Teeswater
and Ignace populations. Radioactivity has the potential
to contaminate food and water resources which could
negatively impact consumers. Excess passive
radioactive emissions over a long period of time from
nuclear waste can increase the risks of radiation-related
diseases such as cancers. If there is a malfunction of
storage then acute risks to local populations may be
present. While nuclear energy has appealing impacts,
nuclear waste stored improperly poses significant
adverse impacts to the local populations.

Hanford Case Study

Hanford is a nuclear production and waste
storage site that was constructed during the second
world war as a part of the Manhattan Project. It is
located on a desert plateau near the Columbia River,
one of Washington’s main waterways, in the southern
area of Washington State. Over its lifetime, the facility
produced 70 million gallons of high-level radioactive
waste that was evaporated into solid states and placed
into steel tanks.'® These tanks were then placed
underground beneath relatively loose soil. Due to the
lack of safety measures at the site, high-level nuclear
waste and other chemicals have leaked into the
surrounding soil and the Columbia River. “Other high-
level waste tanks have also leaked. Between August
1958, and this June [1973], an estimated 422,000
gallons containing more than half a million curies
seeped out of 15 other tanks, all of which have since
been ‘"retired".®* According to Washington state’s
Environmental agency, over one million gallons of
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nuclear waste have leaked into the soil with tank B-109
being the latest tank to deteriorate.'” With Hanford
housing about 60% of the United State’s nuclear waste,
it is one of the most contaminated sites in the world.*8

Hanford demonstrates that improperly stored nuclear
waste can cause immense damage to the surrounding
environment and its inhabiting p

\ A A N

Figure 5: The Hanford nuclear rooduction and wast
Passive Radiation Exposure

The human body is accustomed to low levels of
passive radiation and can withstand periodic incidents
of elevated radiation exposure, though not without long-
term impacts at higher doses. Different types of
radiation exposure have varying levels of danger due to
the broad spectrum in emission energy and
distribution.’® For example, Gamma radiation poses
more risk than alpha or beta radiation.?’ The proposed
nuclear waste site would house spent nuclear fuel rods
which are considered High-Level Waste (HLW). These
rods emit more radiation than less radiative low or
intermediate-level waste. Due to the higher

e

e storage site
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radioactivity, HLW poses more risk to public health
newly spent nuclear fuel spends years in wet pools
located in on-site storage facilities as the most
dangerous radiation depletes.?* The old fuel that would
be placed in permanent underground storage would not
be as unstable as newly spent fuel. This means that the
risk to the local communities from passive radiation
would be lessened. Natural background radiation varies
from 1.5 to 50 millisieverts (mSv/yr) and these levels do
not pose a heightened risk to populations.??> However,
even low doses of radiation can increase risks to
vulnerable groups such as pregnant women, older
people, and children, as well as the
immunocompromised.?® To compound the impact of
passive radiation, the location of the nuclear storage
site being underground presents a risk of radiation
leaking into the surrounding rock and local water
sources. radioactive soil or rock leaks into the food
supply. Consumption of irradiated food or water can
lead to detrimental health effects relating to radiation
ingestion. This is an especially crucial variable to
consider for the proposed Ighace site due to its
proximity to lake George. While passive radiation in the
environment does not pose a major public health risk,
added radiation from an improperly constructed nuclear
waste site can increase rates of cancer and other health
issues. This causes a health domino effect that can
impact the health of the local population.

There are ways to mitigate the risks of passive
radiation. To prevent excess radiation, steps can be
taken before and during the construction of the nuclear
waste deposit to ensure that the materials used to shield
the radiation, such as the steel and concrete cube, is
well constructed and effective at blocking radiation. This
requires at least 510 millimeters of high-density
concrete lined with 12.7 millimeters thick steel plate in
accordance with CSA standards.”® 2 To prevent
destabilization or degradation of the deposit tunnel,
inspections should take place every 7 years by nuclear
engineering specialists. The location of the deposit is
also crucial to containing radiation. The nuclear deposit
site should be constructed in dense and non-porous
rocks that do not contain much water. This will lower the
amount of radiation that leaks into the local water
system. Construction of residential neighborhoods
should be prohibited in an area of 2.5 kilometers
surrounding the nuclear deposit site. In addition,
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updated radiation measurement systems should
monitor the amount of environmental radiation to
ensure that it does not reach a concerning level.
Measures must be taken in order to ensure that passive
radiation levels do not elevate to mitigate the risks of
cancer later in life. If properly constructed, a nuclear
waste deposit site, such as the geographic deposit
reservoir proposed, should not significantly add to the
already present environmental radiation levels.

Acute Exposure Risk

While much more uncommon, the risk of an
acute radiation leak occurring from a storage site
malfunction is still present. Vulnerable areas of the
reservoir such as the disposal tunnel, may pose a
potential for structural instability and result in leakage.?®
If leakage does occur due to negligence or structural
instability, large amounts of radiation could be released
which would have an immediate impact on the
surrounding populations. When exposed to radiation,
the radioactive particles impact the body’s cells causing
damage to structures such as DNA. This can increase
the risk of developing cancers later on in life. If enough
radiation impacts the cells, they will die, causing the
affected person to experience symptoms of radiation
sickness. Symptoms of radiation sickness can include
burns, nausea, intestinal and bone damage, and
eventful death.?” If a leak occurs in the nuclear waste
site, it is paramount that actions be taken to reduce the
amount of radiation affected populations are exposed
to.

Political Risk Assessment: NWMO’s Deep Storage Repository



In the event of a radiation leak, an early warning
system with preset evacuation and decontamination
protocols should be implemented and reviewed every

Types of Radiation and Biological Effects

* a-particles
- Two protons plus two neutrons
- Helium (He) nuclei
- Charged particles (2+)

© m— &

High ionization density

* B-particles
- Electrons (or positrons)
- Charged particles (- or +)

—_—--)

Low ionization density [ o' ]

* y-rays and X-rays @ SV
Low ionization density/high

- Electromagnetic waves (photons) !
penetrating power

@-/

High ionization density

* Neutron beams
- Neutrons
- Uncharged particles

Figure 6: Biological effects due to different forms of radiation exposure
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Social Risks

Demographic Risks

In terms of demographics, both villages have a
small population of working-class individuals. In
Teeswater, the population in 2016 was 995 people with
an average age of 42.7 years old.?® Whereas the 2016
population of Ignace is slightly larger at 1,202 with an
average age of 46.8 years.®® Most families in both
communities live in single-family detached homes,
small apartments, or motorhomes with an average
household size of 2.3 and 2.1 for Teeswater and Ignace
respectively.3® Data suggests that both towns are
composed of mostly married couples with some families
having children. The average annual income for
Teeswater is 38,000 CDN while Ignace is 30,000CDN a
year which is within the range of the national average
for 2016. Most people in Teeswater speak English
primarily with a small percentage speaking French and
a few others speaking languages such as German or
Spanish. In Ignace, the primary language is English with
the nearby reservation leading to some indigenous
languages being spoken. From evaluating Teeswater,
apart from the remoteness of the town limiting access
to public goods, the population does not seem to be at
elevated risk due to marginalization. Ignace has some
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years. Areas should be evacuated by sections with
those living downwind of the nuclear site being
evacuated first. At least more than one evacuation route
should be available to facilitate swift evacuations and
avoid backups. This will decrease the amount of time
people are exposed to radiation, thus lowering the
health impact. Hospitals nearest to the nuclear waste
site should have updated equipment and staff training
to treat radiation poisoning. Along with evacuation
protocols, all residents within 5km of the nuclear waste
site and all nuclear site staff should have access to
potassium iodide pills in case of exposure.? Due to the
location of the nuclear waste site being underground
with standard construction, the risk of radiation
exposure to residents and staff is very low, and there
are easy solutions to prevent or counteract the impacts
of radiation.

demographic complications due to the Wabigoon Lake
Ojibway Nation reserve with a population of 184 people
located 35km away from the proposed nuclear storage
site.® The marginalization of First Nations in Canada
has resulted in a lack of accessible resources for
reservations, placing the local population in the reserve
at higher risk. Considering the demographic data of
both of the drilling sites in Teeswater and Ignace, the
smaller population size and non-reserve status of lands
around Teeswater suggest that the site of Teeswater
would pose a less immediate base risk to the
population.

Unwillingness of Local Community to

Accept Nuclear Repository

One of the guiding principles of the NWMO
regarding its implementation plan for the long-term
storage of nuclear waste requires that the management
facility is located in an “informed and willing host
community.”® Hence, the population residing at the
proposed deep geological repository site must have
enough of an understanding of the project and its likely
impacts to be well-informed and to demonstrate a

Leadership & Democracy Lab, University of Western Ontario



willingness to accept.®* This has been a source of
conflict for the NWMO in its proposed repository sites,
Teeswater and Ignace. Despite attempts to present the
safety protocols taken, many members of the proposed
host communities and other localities and groups
continue to display resistance. For example, a resident
of Ignace was cited expressing their abhorrence
towards the NWMO proposal, saying, “no matter how
safe the project is [...] the very idea of Ignace as a
nuclear waste ‘dump’ will sully its name.”® Rejection is
widespread due to large coalitions of protest groups,
such as Nuclear Free North - who demand that the
proposal to ‘abandon’ nuclear waste in Northern Ontario
be done away with as a whole.*® The NWMO has made
appeal attempts by demonstrating the technical
success of the project; however, opposition persists due
to the lack of communication between the experts
involved and the community that will be impacted.®’

One way to reduce the disconnect between the
NWMO and local community members is to facilitate
more open communication forums. These would be
similar to a ‘town hall’ for residents of the township
wherein the repository is located, where they are able
to express their concerns and feedback in a direct
fashion, and on a regular basis. By ensuring that public
input is consistently included in the NWMO project,
community members will feel less isolated, and thus be
more open to acceptance.

Population Loss in the Community

In ensuring a successful implementation plan, it
is necessary that the proposed repository site
contributes to the continued socioeconomic success of
the surrounding community. Residents of the proposed
repository sites fear that they will face a decrease in
investment and economic development from new
industries, due to investors not wanting their products
and services to be tainted by being associated with
nuclear waste. Members of these communities also
express similar fears of property devaluation, increased
costs of living, decreased livelihoods, and an increase
in crime as a result of being a host for nuclear waste.
Both fears could lead to population loss to neighboring
municipalities.>®

One way to mitigate potential population loss
due to the perceived negative socioeconomic
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consequences of the repository site is to increase public
awareness of employment and development
opportunities that this project will bring to the
community. As shown, the project expects to create
jobs for many decades; the construction, operations,
extended monitoring, and decommissioning phases are
projected to create approximately 900, 1000, 260, and
420 jobs per year, respectively, in both skilled and semi-
skilled areas.®® To better amplify these opportunities to
the public, the NWMO can mirror the American National
Nuclear Security Administration (NNSA). Their job fair
was marketed as a networking opportunity, wherein the
‘next generation’ of nuclear experts were to meet with
hiring managers across all areas of the nuclear sector.
It successfully demonstrated the future of nuclear
energy as innovative and contributive to socioeconomic
development nationwide.°

Persistence of Nuclear Stigma

The stigma surrounding nuclear energy
significantly contributes to the difficulty in finding a
location for any new developments - whether it be a
power plant, a waste management facility, or even sites
for nuclear research and development.*! The negative
connotation of nuclear energy as being ‘dangerous’ can
persist due to a lack of public understanding of nuclear
energy and a lack of transparency within the industry.
More needs to be done to break down the secrecy
barriers and increase the level of available information
for public use to prevent public mistrust from
contributing to a slowing of decision-making in the case
of the NWMO.#?

The Fukushima nuclear disaster is a relevant
example that reveals how mismanagement and secrecy
in the nuclear energy industry contribute to the
continued existence of nuclear stigma. Although a
natural disaster brought about the 2011 nuclear
accident, poor risk management and a lack of proper
communication between the Tokyo Electric Power
Company (TEPCO), the government, and the public
contributed to the magnitude of the catastrophe and the
inadequate crisis response. This was a breeding ground
for mistrust among Japanese citizens, facilitating
widespread misinformation on nuclear energy.”® A
decade later, nuclear stigma is still prevalent, primarily
maintained by misinformation and sensationalization -
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particularly surrounding the health risks of radiation
exposure from Fukushima. For example, in 2018, a
pamphlet was distributed in Minamisoma city, one of the
regions most impacted by Fukushima, wrongly claimed
that the prevalence of thyroid cancer and leukemia had
increased by approximately 30 and 10 percent,
respectively. Despite the information contained in this
brochure being proven inaccurate, it was still widely
received, even reaching national attention via social
media. Due to the mishandling of the crisis, there is a
lack of valuable epidemiological data on the incidence
rate of cancers post-Fukushima, which allows for false
information and consequently, public mistrust of nuclear
energy to continue to spread.*

To mitigate the consequences of nuclear stigma
in the NWMO project, it is crucial to ensure that all steps
are communicated fully to the public. The NWMO can
mirror the French transparency framework for nuclear
energy to do so. This framework includes The ASN
which is an independent administrative authority that
publishes relevant information on inspection results,

Figures

Figure 1. Miller, Scott. “South Bruce Residents 'Push
Back' against Nuclear Waste Opposition.” London.
CTV News, July 2, 2020.
https://london.ctvnews.ca/south-bruce-residents-push-
back-against-nuclear-waste-opposition-1.5008497.

Figure 2. Sellin, Patrik, and Olivier Xavier Leupin.
“The Use of Clay as an Engineered Batrrier in
Radioactive-Waste Management — A Review.”
ResearchGate, March 2014.
https://www.researchgate.net/figure/Two-options-for-
disposal-according-to-the-Canadian-concept-the-
containers-will-be-placed_fig2_260877239.

Figure 3. “Spent Fuel and Nuclear Byproducts.”
Canadian Nuclear Association, August 21, 2020.
https://cha.ca/reactors-and-smrs/spent-fuel-and-
nuclear-byproducts/.

Figure 4. “Cyber Security at Civil Nuclear Facilities —
Understanding the Risks.” World Economic Forum.
Accessed August 6, 2022.
https://www.weforum.org/agenda/2017/11/cyber-

Page 13

reactor outages, incident and accident reports, and
much more. There are also local information
committees, which monitor the impact of nuclear
facilities and report their findings to the surrounding
population. In addition, they implemented a High
Committee for Transparency and Information on
Nuclear Security, a think tank that produces opinion
pieces that facilitates debate on issues in France’s
nuclear energy sector. Finally, any person in France is
entitled to obtain any documents held by the ASN and
information about the environmental impacts of nuclear
energy held by authorities.*® By increasing
transparency in the NWMO through this framework,
public mistrust in nuclear energy that upholds
stigmatizing beliefs would reduce.

security-at-civil-nuclear-facilities-understanding-the-
risks.

Figure 5. Gallucci, Maria. “A Glass Nightmare:
Cleaning up the Cold War's Nuclear Legacy at
Hanford.” IEEE Spectrum. IEEE Spectrum, October 8,
2021. https://spectrum.ieee.org/hanford-nuclear-site.

Figure 6. “Types of Radiation and Biological Effects.”
Types of Radiation and Biological Effects [MOE].
Ministry of the Environment. Accessed August 6, 2022.
https://www.env.go.jp/en/chemi/rhm/basic-info/1st/01-
03-07.html.

Leadership & Democracy Lab, University of Western Ontario



Citations

! Charles River Associates Limited, Economic and Financial Aspects of the
Long-Term Management of High-Level Nuclear Waste: Issues And
Approaches, NWMO Background Papers. NWMO, 2004. p. 12

2 Robbins and Swami. Guided by Science. Grounded in Knowledge.
Committed to Partnership - Annual Report 2020. March 2021,
https://www.nwmo.ca/~/media/Site/Reports/2021/03/15/20/13/2020-
NWMO-Annual-Report.ashx?la=en.

% Nuclear Waste Management Organization. Funding Canada’s Plan for the
Safe, Long-Term Management of Used Nuclear Fuel. March 2021,
https://www.nwmo.ca/~/media/Site/Files/PDFs/2021/03/15/20/30/Backgrou
nder-2021--Funding-Canadas-plan-for-the-safe-longterm-management-of-

used-nuclear-fuel--EN.ashx?la=en

4 Robbins and Swami. Guided by Science. Grounded in Knowledge.
Committed to Partnership - Annual Report 2020.

5 Nuclear Waste Management Organization, “Who We Are | NWMO,”
Nwmo.ca, 2010, https://www.nwmo.ca/en/ABOUT-US/Who-We-Are.

5 The Government of Canada, “Nuclear Liability and Compensation Act,” 16
§ (2015), https://laws-lois.justice.gc.ca/eng/acts/N-28.1/FullText.html.

7 Matthew McClearn, “South Bruce, Ignace Take Different Routes to Gauge
Residents’ Views on Nuclear Waste Facility,” The Globe and Mail, December
15, 2021, https://www.theglobeandmail.com/canada/article-south-bruce-
ignace-take-different-routes-to-gauge-residents-views-on/.

8 Roche, Pete, et al., The Global Crisis of Nuclear Waste (Greenpeace
France, 2018), https://www.greenpeace.org/static/planet4-belgium-
stateless/2019/03/f7da075b-18.11.gp-report-global-crisis-of-nuclear-
waste.pdf 17

9 Roche, The Global Crisis of Nuclear Waste 17
10 Roche, The Global Crisis of Nuclear Waste 17
1 Roche, The Global Crisis of Nuclear Waste 17

12 Safety of the Transport of Radioactive Materials for Civilian Use in France,
Institut de Radioprotection et de Sdreté Nucléaire, 2015,
https://www.irsn.fr/EN/publications/technical-publications/Documents/IRSN-
Report_Transports-events-France-2012-2013.pdf 20

13 Security of Nuclear Facilities.” World Nuclear Association, August 2020,
https://world-nuclear.org/information-library/safety-and-
security/security/security-of-nuclear-facilities-and-material.aspx

14 “Security of Nuclear Facilities” 2020

15 Gillette, Robert. “Radiation Spill at Hanford: The Anatomy of an Accident.”
Science 181, no. 4101  (1973):  728-30, pg 728
http://www.jstor.org/stable/1736803.

16 Gillette, Robert. “Radiation Spill at Hanford: The Anatomy of an Accident.”,
pg 729.

17 Bradbury, Randy, and Ryan Miller. “Ecology Tracking Hanford Waste Tank
Leak.” April 29 - Ecology tracking Hanford waste tank leak - Washington
State Department of Ecology. Department of Ecology News Release, April
29, 2021. https://ecology.wa.gov/About-us/Who-we-
are/News/2021/Ecology-tracking-Hanford-waste-tank-leak.

18 Dininny, Shannon. “U.S. to Assess the Harm from Hanford.” seattlepi.com.
Seattle Post-Intelligencer, The Associated Press, May 9, 2017.
https://www.seattlepi.com/local/article/U-S-to-assess-the-harm-from-
Hanford-1233257.php.

19 Feinendegen, Ludwig E.*; Cuttler, Jerry M.t Biological Effects From Low
Doses and Dose Rates of lonizing Radiation: Science in the Service of

Page 14

Protecting Humans, a Synopsis, Health Physics: June 2018 - Volume 114 -
Issue 6 - p 623-626 doi: 10.1097/HP.0000000000000833

20 Radiation effects on humans. Atomic  Archive, 2020.
https://www.atomicarchive.com/science/effects/radiation-effects-
human.html.

2 “High-Level Radioactive Waste.” Canadian Nuclear Safety Commission,
Government of Canada, May 4, 2021.
http://nuclearsafety.gc.ca/eng/waste/high-level-waste/index.cfm.

2 Feinendegen, Ludwig E.*; Cuttler, Jerry M.t Biological Effects From Low
Doses and Dose Rates of lonizing Radiation: Science in the Service of
Protecting Humans, a Synopsis, Health Physics: June 2018

% “Radiation Emergencies.” Centers for Disease Control and Prevention.
Centers for Disease Control and Prevention, August 6, 2021.
https://www.cdc.gov/nceh/radiation/emergencies/index.htm.

% “Regdoc-1.2.1, Guidance on Deep Geological Repository Site
Characterization.”  Canadian&nbsp;Nuclear  Safety&nbsp;Commission.
Government of Canada, January 15, 2021.
http://nuclearsafety.gc.ca/eng/acts-and-regulations/regulatory-
documents/published/html/regdoc1-2-1/index.cfm.

% “How Is Used Nuclear Fuel Stored Today?” The Nuclear Waste
Management Organization (NWMO). Nuclear Waste Management
Organization, 2022. https://www.nwmo.ca/en/Canadas-Plan/Canadas-
Used-Nuclear-Fuel/How-Is-It-Stored-Today.

% Alainachi, Michael. “(PDF) Understanding and Mitigating of Geo-Risks of
Nuclear ...Alainachi.” ResearchGate. Geotechnical Hazards and Risks
Conference- University of Ottawa, December 2014.
https://www.researchgate.net/publication/269278756_Understanding_and_
Mitigating_of_Geo-risks_of Nuclear_Wastes_Disposal.

27 Radiation effects on humans. Atomic Archive, 2020.

2 “Radiation Sickness.” Mayo Clinic. Mayo Foundation for Medical Education
and Research, November 7, 2020. https://www.mayoclinic.org/diseases-
conditions/radiation-sickness/diagnosis-treatment/drc-20377061.

2 Government of Canada, Statistics Canada. “Census Profile, 2016 Census
Teeswater, Retired Population Centre [Designated Place], Ontario and
Canada [Country].” Census Profile, 2016 Census - Teeswater, Retired
population centre [Designated place], Ontario and Canada [Country].
Government of Canada, June 18, 2019.
https://www12.statcan.gc.ca/census-recensement/2016/dp-
pd/prof/details/page.cfm?Lang=E&amp;Geol=DPL&amp;Code1=350250.

%0 Government of Canada, Statistics Canada. “Census Profile, 2016 Census
Ignace, Township [Census Subdivision], Ontario and Ontario [Province].”
Census Profile, 2016 Census - Ignace, Township [Census subdivision],
Ontario and Ontario [Province]. Government of Canada, October 27, 2021.
https://lwww12.statcan.gc.ca/census-recensement/2016/dp-
pd/prof/details/page.cfm?Lang=E&amp;Geol=CSD&amp;Code1=3560001
&amp;Geo2=PR&amp;Code2=35&amp;SearchText=Ignace&amp;SearchT
ype=Begins&amp;SearchPR=01&amp;B1=All&amp;GeolLevel=PR&amp;G
eoCode=3560001&amp; TABID=1&amp;type=0.

31 Teeswater Census 2016, Government of Canada

82 Government of Canada, Statistics Canada. “Census Profile, 2016 Census
Wabigoon Lake 27, Indian Reserve [Census Subdivision], Ontario and
Ontario [Province].” Census Profile, 2016 Census - Wabigoon Lake 27,
Indian reserve [Census subdivision], Ontario and Ontario [Province].
Government of Canada, October 27, 2021.
https://lwww12.statcan.gc.ca/census-recensement/2016/dp-

pd/prof/details/page.cfm?Lang=E&amp;Geol=CSD&amp;Code1=3560057
&amp;Geo2=PR&amp;Code2=35&amp;SearchText=Wabigoon+Lake+27&

Political Risk Assessment: NWMO’s Deep Storage Repository


https://www.nwmo.ca/en/ABOUT-US/Who-We-Are
https://laws-lois.justice.gc.ca/eng/acts/N-28.1/FullText.html
https://www.theglobeandmail.com/canada/article-south-bruce-ignace-take-different-routes-to-gauge-residents-views-on/

amp;SearchType=Begins&amp;SearchPR=01&amp;B1=All&amp;GeoLevel
=PR&amp;GeoCode=3560057&amp; TABID=1&amp;type=0.

% “Guiding Principles: NWMO.” The Nuclear Waste Management

Organization

(NWMO). Accessed January 24, 2022.

https://www.nwmo.ca/en/Site-selection/About-the-Process/Guiding-

Principles.

34 “Canadian Environmental Law Association (CELA).” Accessed January

24,  2022.

https://cela.ca/wp-content/uploads/2021/03/Nuclear-Waste-

Ignace-Willingness-March-23-PDF.pdf.

% Ramana, M.V. “Shifting Strategies and Precarious Progress: Nuclear
Waste Management in Canada.” Energy Policy 61 (2013): 196-206.
https://doi.org/10.1016/j.enpol.2013.05.085.

% We the Nuclear Free North. Accessed January 24, 2022.
https://wethenuclearfreenorth.ca/.

57, “#615_2 ... - The Nuclear Waste Management Organization (NWMO).”

Accessed

January 24, 2022.

https://www.nwmo.ca/~/media/Site/Files/PDFs/2015/11/04/17/31/615_2-
3KeySociallssuesRelatedtoNuclearWasteorWhatDoCanadiansWanttoDoAb
outNuclearWaste.ashx?la=en.

38 “Deep Geologic Repository Joint Review Panel - Ceaa.gc.ca.” Accessed

January

24, 2022.

https://www.ceaa.gc.ca/050/documents/p17520/100522E.pdf.

3 “Project Economics: Employment.” Accessed January 24, 2022.
https://www.nwmo.ca/~/media/Site/Files/PDFs/2016/03/21/10/52/EN_Econ
omicBenefits_Hornepayne.ashx?la=en

40 “NNSA Hosting Virtual Job Fair for Nuclear Security Enterprise on June
23.” Los Alamos National Laboratory . Accessed January 24, 2022. NNSA
hosting virtual job fair for Nuclear Security Enterprise on June 23.

41 “(PDF) Stigma and the Stigmatization of Place: A Paper ...” Accessed

January

24, 2022.

https://www.researchgate.net/publication/306108427_Stigma_and_the_Stig
matization_of_Place_A_Paper_commissioned_by_the_Canadian_Nuclear_
Safety_Commission_Final_Report.

42 “Deep Geologic Repository Joint Review Panel - Ceaa.gc.ca.” Accessed

January

24, 2022.

https://www.ceaa.gc.ca/050/documents/p17520/100522E.pdf.

43 Journal, The Asia Pacific. “Mismanaging Risk and the Fukushima Nuclear
Crisis.” The Asia-Pacific Journal: Japan Focus. Accessed January 24, 2022.
https://apjjf.org/2012/10/12/Jeff-Kingston/3724/article.html.

4 Sawano, T, A Ozaki, A Hori, and M Tsubokura. “Combating ‘Fake News’
and Social Stigma after the Fukushima Daiichi Nuclear Power Plant
Incident—the Importance of Accurate Longitudinal Clinical Data.” QIM: An

International

Journal of Medicine 112, no. 7 (2019): 479-81.

https://doi.org/10.1093/gjmed/hcz049.

4 “Nuclear Regulation : Transparency of Nuclear Regulatory ...” Accessed

January

24, 2022. https://www.oecd-

nea.org/upload/docs/application/pdf/2019-12/6256-transparency-nra.pdf.

Page 15

Leadership & Democracy Lab, University of Western Ontario



Bibliography

Alainachi, Michael. “(PDF) Understanding and Mitigating of Geo-Risks of
Nuclear ...Alainachi.” ResearchGate. Geotechnical Hazards and Risks
Conference- University of Ottawa, December 2014.
https://www.researchgate.net/publication/269278756_Understanding_and_
Mitigating_of_Geo-risks_of_Nuclear_Wastes_Disposal.

Bradbury, Randy, and Ryan Miller. “Ecology Tracking Hanford Waste Tank
Leak.” April 29 - Ecology tracking Hanford waste tank leak - Washington
State Department of Ecology. Department of Ecology News Release, April
29, 2021. https://ecology.wa.gov/About-us/Who-we-
are/News/2021/Ecology-tracking-Hanford-waste-tank-leak.

“Canadian Environmental Law Association (CELA).” Accessed January 24,
2022. https://cela.ca/wp-content/uploads/2021/03/Nuclear-Waste-lgnace-
Willingness-March-23-PDF.pdf.

Charles River Associates Limited, Economic And Financial Aspects Of The
Long-Term Management Of High-Level Nuclear Waste: Issues And
Approaches, NWMO Background Papers. NWMO, 2004. p. 12

Péaez Victor, Maria, Key Social Issues Related To Nuclear Waste, Or What
Do Canadians Want To Do About Nuclear Waste?, NWMO Background
Papers. NWMO, 2003.

Dininny, Shannon. “U.S. to Assess the Harm from Hanford.” seattlepi.com.
Seattle Post-Intelligencer, The Associated Press, May 9, 2017.
https://www.seattlepi.com/local/article/U-S-to-assess-the-harm-from-
Hanford-1233257.php.

Guiding Principles: NWMO.” The Nuclear Waste Management Organization
(NWMO). Accessed January 24, 2022. https://www.nwmo.ca/en/Site-
selection/About-the-Process/Guiding-Principles.

“Deep Geologic Repository Joint Review Panel - Ceaa.gc.ca.” Accessed
January 24, 2022.
https://www.ceaa.gc.ca/050/documents/p17520/100522E.pdf.

Kingston, Jeff. “Mismanaging Risk and the Fukushima Nuclear Crisis.” The
Asia-Pacific Journal: Japan Focus. Accessed January 24, 2022.
https://apjjf.org/2012/10/12/Jeff-Kingston/3724/article.html.

“NNSA Hosting Virtual Job Fair for Nuclear Security Enterprise on June
23.” Los Alamos National Laboratory . Accessed January 24, 2022. NNSA
hosting virtual job fair for Nuclear Security Enterprise on June 23.

McClearn, Matthew. “South Bruce, Ignace Take Different Routes to Gauge
Residents’ Views on Nuclear Waste Facility.” The Globe and Mail,
December 15, 2021. https://www.theglobeandmail.com/canada/article-
south-bruce-ignace-take-different-routes-to-gauge-residents-views-on/.

Pete Roche, Bertrand Thuillier, Bernard Laponche, Miles Goldstick, Johann
Swahn, Hideyuki Ban and Robert Alvarez, The Global Crisis of Nuclear
Waste. Greenpeace France, 2018.
https://www.greenpeace.org/static/planet4-belgium-

Page 16

stateless/2019/03/f7da075b-18.11.gp-report-global-crisis-of-nuclear-
waste.pdf

Leiss, William. Stigma and the Stigmatization of Place: A Paper
Commissioned by the Canadian Nuclear Safety Commission Final Report,
2013.
https://www.researchgate.net/publication/306108427_Stigma_and_the_Stig
matization_of _Place_A_Paper_commissioned_by the_Canadian_Nuclear_
Safety_Commission_Final_Report.

“Nuclear Regulation : Transparency of Nuclear Regulatory ...” Accessed
January 24, 2022. https://www.oecd-
nea.org/upload/docs/application/pdf/2019-12/6256-transparency-nra.pdf.

Ramana, M.V. “Shifting Strategies and Precarious Progress: Nuclear
Waste Management in Canada.” Energy Policy 61 (2013): 196—206.
https://doi.org/10.1016/j.enpol.2013.05.085.

Sawano, T, A Ozaki, A Hori, and M Tsubokura. “Combating ‘Fake News’
and Social Stigma after the Fukushima Daiichi Nuclear Power Plant
Incident—the Importance of Accurate Longitudinal Clinical Data.” QIM: An
International Journal of Medicine 112, no. 7 (2019): 479-81.
https://doi.org/10.1093/gjmed/hcz049.

We The Nuclear Free North. Accessed January 24, 2022.
https://wethenuclearfreenorth.ca/.

“Radiation Risk and Safety.” The Nuclear Waste Management Organization
(NWMO). https://www.nwmo.ca/en/Canadas-Plan/Canadas-Used-Nuclear-
Fuel/Radiation-Risk-and-Safety.

Safety of the Transport of Radioactive Materials for Civilian Use in France,
Institut de Radioprotection et de Sireté Nucléaire, 2015.
https://www.irsn.fr/EN/publications/technical-publications/Documents/IRSN-
Report_Transports-events-France-2012-2013.pdf

“Security of Nuclear Facilities.” World Nuclear Association, August 2020.
https://world-nuclear.org/information-library/safety-and-
security/security/security-of-nuclear-facilities-and-material.aspx

Nuclear Waste Management Organization. “Who We Are | NWMO.”
Nwmo.ca, 2010. https://www.nwmo.ca/en/ABOUT-US/Who-We-Are.

The Government of Canada. Nuclear Liability and Compensation Act, 16 §
(2015). https://laws-lois.justice.gc.ca/eng/acts/N-28.1/FullText.html.

“High-Level Radioactive Waste.” Government of Canada, Canadian
Nuclear Safety Commission, May 4, 2021.
http://nuclearsafety.gc.ca/eng/waste/high-level-waste/index.cfm.

Feinendegen, Ludwig E.*; Cuttler, Jerry M.t Biological Effects From Low
Doses and Dose Rates of lonizing Radiation: Science in the Service of
Protecting Humans, a Synopsis, Health Physics: June 2018 - Volume 114 -
Issue 6 - p 623-626 doi: 10.1097/HP.0000000000000833

Gillette, Robert. “Radiation Spill at Hanford: The Anatomy of an Accident.”
Science 181, no. 4101 (1973): 728-30.
http://www.jstor.org/stable/1736803.

Government of Canada, Statistics Canada. “Census Profile, 2016 Census
Teeswater, Retired Population Centre [Designated Place], Ontario and
Canada [Country].” Census Profile, 2016 Census - Teeswater, Retired
population centre [Designated place], Ontario and Canada [Country].
Government of Canada,

“How Is Used Nuclear Fuel Stored Today?” The Nuclear Waste
Management Organization (NWMO). Nuclear Waste Management
Organization, 2022. https://www.nwmo.ca/en/Canadas-Plan/Canadas-
Used-Nuclear-Fuel/How-Is-It-Stored-Today. June 18, 2019.

Political Risk Assessment: NWMO’s Deep Storage Repository



https://www12.statcan.gc.ca/census-recensement/2016/dp-
pd/prof/details/page.cfm?Lang=E&amp;Geol=DPL&amp;Codel1=350250.

Government of Canada, Statistics Canada. “Census Profile, 2016 Census
Ignace, Township [Census Subdivision], Ontario and Ontario [Province].”
Census Profile, 2016 Census - Ignace, Township [Census subdivision],
Ontario and Ontario [Province]. Government of Canada, October 27, 2021.
https://www12.statcan.gc.ca/census-recensement/2016/dp-
pd/prof/details/page.cfm?Lang=E&amp;Geol=CSD&amp;Codel1=3560001
&amp;Geo2=PR&amp;Code2=35&amp;SearchText=lgnace&amp;SearchT
ype=Begins&amp;SearchPR=01&amp;B1=All&amp;GeolLevel=PR&amp;G
eoCode=3560001&amp; TABID=1&amp;type=0.

Government of Canada, Statistics Canada. “Census Profile, 2016 Census
Wabigoon Lake 27, Indian Reserve [Census Subdivision], Ontario and
Ontario [Province].” Census Profile, 2016 Census - Wabigoon Lake 27,
Indian reserve [Census subdivision], Ontario and Ontario [Province].
Government of Canada, October 27, 2021.
https://www12.statcan.gc.ca/census-recensement/2016/dp-
pd/prof/details/page.cfm?Lang=E&amp;Geol=CSD&amp;Code1=3560057
&amp;Geo2=PR&amp;Code2=35&amp;SearchText=Wabigoon+Lake+27&

Page 17

amp;SearchType=Begins&amp;SearchPR=01&amp;B1=All&amp;GeoLevel
=PR&amp;GeoCode=3560057&amp;TABID=1&amp;type=0.

Radiation effects on humans. Atomic Archive, 2020.
https://www.atomicarchive.com/science/effects/radiation-effects-
human.html.

“Radiation Emergencies.” Centers for Disease Control and Prevention.
Centers for Disease Control and Prevention, August 6, 2021.
https://www.cdc.gov/nceh/radiation/emergencies/index.htm.

“Radiation Sickness.” Mayo Clinic. Mayo Foundation for Medical Education
and Research, November 7, 2020. https://www.mayoclinic.org/diseases-
conditions/radiation-sickness/diagnosis-treatment/drc-20377061.

“Regdoc-1.2.1, Guidance on Deep Geological Repository Site
Characterization.” Canadian Nuclear Safety Commission. Government of
Canada, January 15, 2021. http://nuclearsafety.gc.ca/eng/acts-and-
regulations/regulatory-documents/published/html/regdoc1-2-1/index.cfm.

Leadership & Democracy Lab, University of Western Ontario



	Executive Summary
	Technological Risks
	Public Health Risks
	Social Risks
	Figures
	Citations

