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INTRODUCTION
The Arctic Council was established in 1996 as a high-level forum to provide a means for promoting cooperation,
coordination, and interaction among the Arctic States, with the involvement of the Arctic indigenous communities
and other Arctic inhabitants on common Arctic issues. Members of the Arctic Council are the eight Arctic
States: Canada, Finland, Iceland, the Kingdom of Denmark, Norway, the Russian Federation, Sweden, and the
United States of America. Organizations representing Arctic Indigenous peoples are Permanent Participants
in the Council. In addition, there are several observers including non-Arctic states, Intergovernmental and
interparliamentary organizations, and non-governmental organizations. The work of the Council is primarily
carried out by Working Groups (WGs).
The Emergency Prevention, Preparedness and Response (EPPR) WG contributes to the prevention, preparedness
and response to environmental emergencies, search and rescue, radiological and nuclear incidents, and other
accidents in the Arctic. With its extremes of temperature, snow, ice and permafrost, winter darkness, remoteness,
and sparse and limited amount of infrastructure, protecting the Arctic’s people and environment poses challenges
not faced in other parts of the world. These harsh conditions may increase risks and impacts and hinder response
activities. Actions for prevention, preparedness and response must be pre-planned and adapted to the conditions
and remoteness of the Arctic. Consequently, international co-operation is of major importance to minimizing the
impact of emergencies in this area. While not an operational response organization, members of the EPPR WG
conduct projects to address gaps, prepare strategies, share information, collect data, and cooperate with relevant
partners on capabilities and research needs in order to prepare for future challenges and maximize the use of
available resources in the Arctic.
To implement the EPPR’s mandate and the EPPR’s strategic plan framework regarding radiological and nuclear
emergencies, the EPPR Expert Group in Radiation (RAD EG) was formally established in December 2019. A key
responsibility of the RAD EG is to determine and assess the risks associated with potential radiological/nuclear
(RN) events, which could initiate an RN emergency within the Arctic. The project “Radiological/Nuclear Risk
Assessment in the Arctic (EPPR RAD EG Risks project)” was approved by EPPR in 2020. The project has utilized
and complements previous and existing work under the EPPR WG ARCSAFE project, the Arctic Council Arctic
Monitoring and Assessment Programme (AMAP) WG, and other relevant national or international entities, thus
ensuring synergy and avoiding duplication of work. The project was funded by the Norwegian Ministry of
Foreign Affairs, with in-kind contributions from all Arctic States.
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WHY IS RADIATION A CONCERN IN THE ARCTIC?
The presence of radioactive and/or nuclear material in or near the Arctic poses a risk for incidents or accidents
that may affect Arctic inhabitants and their communities, the Arctic environment, and Arctic industries, including
traditional livelihoods such as fisheries and local food sources.
Potential radiological or nuclear contamination may arise from both remote sources and local hazards.
Contamination from remote sources, like Chernobyl or Fukushima, may be brought to the Arctic through ocean
currents or via the atmosphere, but are not addressed herein since the level of contamination involved (as
shown historically) would not necessitate an emergency response in the Arctic (although national monitoring
operations would be established to ensure levels of contamination remained below national health thresholds).
Local sources of potential radiological contamination exist because of past dumping activities, orphaned sources,
storage of waste, the transport of nuclear material through or near the Arctic, or the existence of nuclear power
plants within, or in near proximity to, the Arctic region.
RN material has the potential to concentrate in the local food chain and may lead to elevated human exposures.
The presence of RN materials released following an accident could also have a dramatic impact on the economy
of the impacted region, making their products unsellable or their tourism industry untenable. Figure 1 illustrates
the potential pathways for RN material to enter the body.

Figure 1: Potential Pathways for Radiation Exposure
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GOAL
The goal of this project was to develop a consensus report identifying radiological/nuclear materials and
activities (identified herein as initiating scenarios) that may impact the Arctic within the next 10 years, and the
risks associated with these potential emergency initiating scenarios. To achieve this goal a questionnaire and
interviews were used to solicit expert opinions from all Arctic States through their RAD EG members, related
to the risk associated with each initiating scenario as they see it in their respective countries. Thus, due to the
nature of the qualitative analysis, an initiating scenario that is considered a high risk in one or more States may
be considered a low risk to the Arctic as a whole. The consensus report is a deliverable from the EPPR WG and
forms a basis for future work to ensure existing emergency preparedness and response in the Arctic meets the
identified risks.
For the purpose of this project, the geographical boundary of the Arctic was defined as described by the AMAP
WG1, and the different Arctic States’ Arctic areas as identified in accordance with the Arctic States search and
rescue (SAR) areas according to the Arctic SAR Agreement2 (see Figure 2 and Figure 3).
This document is a summary of the full technical report that will be published at a later time.

Figure 2: Geographical area of the EPPR Radiological / nuclear risk assessment in the Arctic project

1

https://www.amap.no/about/geographical-coverage

2
Agreement on Cooperation on Aeronautical and Maritime Search and Rescue in the Arctic, http://hdl.
handle.net/11374/531
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Figure 3: SAR Areas of Responsibility

INITIATING SCENARIOS
An initiating scenario is one where a hazard, in this case RN associated materials or activities, have become an
immediate risk to the Arctic so that emergency response organizations must take action to mitigate a potential
RN emergency, regardless of the sequence of actions (or inactions) that lead to the event. For the purposes of this
discussion, the initiating scenario is related to the potential release of radioactive materials into the environment.
Eleven potential initiating scenarios were considered and are briefly described below. The 11 initiating scenarios
examined are:
• Nuclear power plant (NPP) accident – An accident involving a land-based nuclear power plant used to generate
electricity for use by the general population (>300 MWth);
• Small modular reactor accident – An accident involving a next generation nuclear power plant used to generate
electricity for a small town or localized industry (<300 MWth). Although not strictly an SMR, due to the size of
its reactors, the floating NPP Akademik Lomonosov is captured in this category when generating power at its
intended long-term site (i.e. not in transit);
• Nuclear powered vessel accident – An accident involving the nuclear reactor onboard a nuclear powered
vessel;
• Transit of a floating NPP accident – An accident involving a floating nuclear power plant while in transit to/
from its intended long-term site;
• Recovery of nuclear reactor cores from the ocean floor accident – An accident involving a nuclear reactor that
is being recovered from the ocean floor to eliminate the potential for a future release into the ocean;
• A waste storage facility accident – An accident involving spent nuclear fuel or radioactive waste that results in
a release to the environment;
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• Transport of nuclear materials at sea – An accident involving the shipment of nuclear materials at any stage
in its cradle-to-grave lifecycle;
• Unintentional contamination accident – An accident involving a lost or stolen source that has its containment
compromised, resulting in the contamination of local individuals and/or the environment;
• Radiological dispersal device – A deliberate event where RN material is primarily distributed through the
use of explosives with the intent to contaminate a target area and expose individuals to an elevated dose of
radiation;
• Radiological exposure device – A deliberate event where RN material is used to expose an individual to an
elevated dose of radiation. The source’s containment may or may not be intact; and
• Loss of medical isotope containment accident – This accident involves the loss of containment of a medical
isotope, either while in transit from the manufacturer to a hospital, or from within the hospital itself, resulting
in an inadvertent exposure to the public.
Each of the proposed initiating scenarios contains its own complex characteristics and inherent perceived risks.
The specifics of exactly how an initiating scenario would unfold were not examined in the report (i.e., no failure
mechanisms were examined).
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RISK ASSESSMENT
To determine the risk for each initiating scenario, a qualitative assessment was conducted using a questionnaire,
telephone interviews, open source information and draft document feedback from Arctic State experts through its
members of the RAD EG. The Arctic States experts were asked to rate each initiating scenario, both the likelihood
and the consequence of each initiating scenario on a scale of one to five, specifically as each initiating scenario
would impact their country’s Arctic region. A risk level was assigned to each based on those results (low risk,
moderate risk, high risk or extreme risk). Risk assessment is one part of the risk mitigation process, which is
illustrated in Figure 4.
It must be emphasised here that respondents were asked to examine the impact of an initiating scenario on their
own Arctic region. This resulted in a sample size of nine respondents (two for the Kingdom of Denmark with
responses from Greenland and the Faroe Islands). The small sample size and the focus on national Arctic regions
potentially skewed the results of the qualitative assessment. For example, if a specific initiating scenario has no
likelihood of happening in a specific state’s Arctic region, (e.g. an NPP accident affecting Iceland), then the risk is
zero. On the other hand, the likelihood and consequences for an Arctic region containing an NPP would produce
a significantly different result, especially when considering the large footprint of an NPP accident. However,
there is only one NPP in the Arctic (the Kola NPP near Murmansk). This means that a severe accident would have
to happen at that specific NPP for there to be an impact on the Arctic that could threaten human life and the
environment.

Figure 4: Risk Mitigation Process
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Table 1 illustrates the colour codes used to visualize the risk, along with the definitions for each risk level.
It should be noted that the risk assessments contained herein do not reflect the ability of any nation to respond to
these initiating scenarios, which is a direct reflection of their preparedness and response capabilities (see Figure
4).
Table 1: Risk Associated Colour Codes with Definitions

Risk Level

Low Risk

Moderate Risk

Definition
Low Risk — Plans for these events must exist and
awareness of the initiating scenario must be maintained
and monitored in case the risk increases, but no further
action is immediately required to address the event.
Moderate Risk – These initiating scenarios should be
planned for in detail. This is the minimum goal for high
and extreme risk activities or events.

High Risk

High Risk – Active measures must be introduced to lower
the risk immediately.

Extreme Risk

Extreme Risk – These events should be stopped immediately
and not restarted until the risk returns to low or moderate.

PERCEIVED RISK
This document provides a qualitative analysis of risks from the proposed initiating scenarios. Even though the RAD
EG was asked to rate likelihood and consequences on a scale from 1 to 5, this is still a qualitative assessment, not
a statistical analysis of probability, as risk evaluation is inherently influenced by factors such as experience and
differences in risk perception and risk culture which may differ between expert respondents (as well as between
expert respondents and Arctic inhabitants). However, in an emergency involving RN material, any objective
analysis almost becomes irrelevant in light of public fear and anxiety associated with unknowns surrounding
radiation and radioactive contamination. This fear is perpetuated by inaccurate reporting and social media posts.
As a result, Arctic States would be faced with massive public pressure and concern, regardless of the actual risk.
Thus, while a situation may not be deemed an emergency by a government organization, it may be perceived
as an emergency by the public, and the public will judge the responding agencies on the basis of their own fear.

REPORT FINDINGS
The report findings are summarized in Table 2. In addition to identifying the risk of each initiating scenario,
the complete report analyzed whether the risk was increasing or decreasing over the next 10 years, while also
identifying the states most likely to be impacted. It should be noted that some individual States may consider an
initiating scenario to be a higher risk than is reflected in the table, while others may be completely unaffected,
resulting in an overall lower risk to the Arctic as a whole.
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Table 2: Initiating Scenario Risk Assessments

Moderate and Increasing Risk Initiating Scenarios
Initiating Scenario: Nuclear powered vessel accident
Risk: Moderate

Risk Trend: Increasing due to increased
traffic and new construction.

Nuclear powered vessels have access throughout Arctic waters,
and new construction will increase NPV traffic in the Arctic. An
accident involving an NPV could happen in any Arctic location
with accessible waterways. NPV reactor sizes vary from 60
MWth to 800 MWth and the vessel would have to experience
a severe accident (i.e. fuel failure and loss of containment) to
impact the Arctic.
States whose Arctic areas are potentially impacted: Canada,
Iceland, Kingdom of Denmark, Norway, Russian Federation, USA.

Initiating Scenario: Transit of a floating NPP accident

Risk: Moderate

Risk Trend: Increasing due to new
construction

Floating NPP are not self-propelled but rely on sea-going tugs
to move them between their normal place of operation and
refueling sites (up to thousands of kilometers exposed to Arctic
weather conditions).
States whose Arctic areas are potentially impacted: Norway,
Russian Federation

Low and Increasing Risk Initiating Scenarios
Initiating Scenario: Small modular reactor accident
Risk: Low

Risk Trend: Increasing due to new
construction.

The potential for the deployment of SMR in the Arctic within
the next ten years is low (based on the regulatory requirements
for licencing and the time to develop installations for the SMR).
However, this risk requires future analysis since the risk trend is
increasing and may change once SMR begin to be brought online
in the Arctic. Due to similarities in reactor output and its potential
for wider use in the Arctic, a floating NPP is also captured in this
category when generating power at its intended long-term site.
States whose Arctic areas are potentially impacted: Canada,
Russian Federation, United States of America
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Initiating Scenario: Transport of nuclear materials accident
Risk: Low

The transport of nuclear materials through Arctic waters will
increase as SMR and floating NPP (FNPP) are deployed to provide
power to remote Arctic communities.

Risk Trend: Increasing due to demand
from new SMR and FNPP.

States whose Arctic areas are potentially impacted: Canada,
Iceland, Kingdom of Denmark, Norway, Russian Federation, USA

Low and Decreasing/Not Changing Risk Initiating Scenarios
Initiating Scenario: Loss of medical isotope containment
Risk: Low

Risk Trend: Not changing

Past events demonstrate that the loss of a medical isotope
containment usually results in the over exposure of the intended
patient and does not result in significant consequences for the
public or the environment.
States whose Arctic areas are potentially impacted: All

Initiating Scenario: Nuclear power plant accident

Risk: Low

Risk Trend: Decreasing due to improved
safety measures, the fact that there is only
a single NPP facility in the Arctic and that
no more are planned for the Arctic.

This scenario hypothesizes a severe accident at the Kola NPP in the
Russian Federation, leading to an offsite release of contamination.
It has been assumed that reactor safety has increased after the
lessons learned from Fukushima Daichi accident. An additional
consideration for this initiating scenario is that no new NPP
are currently planned for the Arctic. While the footprint of a
severe NPP accident could extend hundreds of kilometers from
the initiating NPP, the consequences for the majority of Arctic
Council States would be relatively low (hence the low risk). For
the potentially impacted States, the consequences of a severe
accident would be much higher, particularly at the accident site
and in the region(s) affected by the released plume.
States whose Arctic areas are potentially impacted: Finland,
Norway, Russian Federation, Sweden
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Initiating Scenario: Recovery of nuclear reactor cores from ocean floor accident

Risk: Low

Risk Trend: Overall Decreasing due to the
removal of a potentially significant source
of future
contamination from Arctic
waters.

This risk has a limited time duration (potentially limited to a
few years once it begins). This operation would only begin after
extensive planning and oversight by the responsible authorities
within the Russian Federation. The reason this risk may be
considered to be decreasing is due to the fact that removal of
the reactors from the ocean floor will reduce the risk that they
will leak into the environment in the future. Retrieval of these
sources will eliminate 90% of potential future contamination in
the Arctic from these sources.
States whose Arctic areas are potentially impacted: Russian
Federation

Initiating Scenario: Waste storage facility accident
Risk: Low

Risk Trend: Decreasing due to improved
design and safety features in new builds.

Since the only waste storage facilities of concern are in the
Russian Federation, this scenario is considered a low risk for most
Arctic States. New waste storage facilities are being constructed
in Russia and incorporate the latest design and safety features.
States whose Arctic areas are potentially impacted: Russian
Federation

Initiating Scenario: Unintentional contamination accident

Risk: Low

Risk Trend: Decreasing due to reduction
in orphaned sources and improved
awareness in general public.

This scenario could happen in any of the Arctic States, and it has
the potential to arise spontaneously, thus enhancing public fear
(e.g. the Goiânia incident in Brazil). However, efforts to secure
radioactive materials have mitigated the risk substantially and
the general public’s awareness of the dangers of radiation have
increased over the past decade, which should reduce the risk of
an accidental contamination accident.
States whose Arctic areas are potentially impacted: All

Initiating Scenarios Associated with Criminal/Terrorist Activity
Initiating Scenario: Radiological dispersal device
Risk: Low

Risk Trend: Not changing

The consequences of an RDD may be due to the perceived risk
since this type of event is intended to frighten the public and limit
access to critical infrastructure (e.g. business districts). Hence,
the consequences may include the requirement to monitor/
decontaminate large portions of the population (regardless
of their location at the time of detonation) as well as severe
economic impacts.
States whose Arctic areas are potentially impacted: All

Radiological / nuclear risk assessment in the Arctic | 2021

13

Initiating Scenario: Radiological exposure device

Risk: Low

Risk Trend: Not changing

Unlike an RDD, an RED does not intentionally proclaim its
presence. It can be deployed at a location and remain there
indefinitely, until symptoms begin to manifest in the targeted
individual or members of the public. Once discovered the public
will begin to panic and the consequences could be similar to an
RDD.
States whose Arctic areas are potentially impacted: All

Akademik Lomonosov by Rosenergoatom http://stock.rosenergoatom.ru
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CONCLUSION
None of the potential initiating scenarios were qualitatively rated as more than a moderate risk. A moderate risk
event requires preventative measures, and government preparedness and necessitates response capabilities to
be established. It does not require that the activities generating the risk stop or that drastic measures be taken
to eliminate the risk, as it does for extreme risk activities. History has also shown that a low probability event
tends to happen from time to time. Therefore, events also with a low risk (low probability and moderate/high
consequence) should be considered.
Each Arctic State will be affected differently by a radiological/nuclear emergency within its Arctic region. This is
in part based on the size of its Arctic region, its societal, environmental, and economic sensitivity to an accident,
the number of communities that may be impacted, its level of preparedness, and its ability to respond to an
initiating scenario. This report is a first step that can be used by the Arctic States to identify potential radiological/
nuclear threats and to inform their prevention, preparedness, response and recovery efforts.

NEXT STEPS
The present consensus report on the risk potential for emergencies due to radioactive/nuclear materials
and activities that pose a threat in the Arctic will form a basis for future work to ensure existing emergency
preparedness and response in the Arctic meets the identified risks. It is hoped that this report will initiate
increased cooperation and dialogue between the Arctic States to handle a potential incident.
Risk management is the process comprising prevention, preparedness, and response, which allows the risks
from an initiating scenario to be mitigated and managed. In the absence of a strong risk management process,
the possibility that the consequences of an initiating scenario are worse than they should be is greatly increased.
Also, to ensure continued improvement, the risk management process must be monitored and regularly
evaluated. Finally, risk characterization is completed by assessing the risk (likelihood vs. consequences) against
organizational preparedness, as illustrated in Figure 4.
Now that the risk of each initiating scenario has been analyzed, albeit qualitatively, an assessment of the
preparedness of Arctic Council States could be conducted to complete the risk characterization process. As such,
the EPPR may develop an assessment of the risk management aspects of an RN emergency while maintaining
an understanding of evolving initiating scenarios, assessing the emergency response management capabilities
and determining where effort is required to maximize preparedness to minimize consequences. This requires
long-term commitments and goals to strengthen the capability and capacity to respond to an RN emergency by
each Arctic State.
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