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Acronyms, Abbreviations and Specific Expressions

AECL Atomic Energy of Canada Limited

CANDU Canadian Deuterium-Uranium

CMD Commission member documents are prepared for Commission Tribunal
hearings and meetings by CNSC staff, proponents and intervenors (each
CMD is assigned a specific identification number)

CIHT CANDU Industry Integration Team

CNSC The Canadian Nuclear Safety Commission as an organization

CNSC staff The staff of the Canadian Nuclear Safety Commission

COG CANDU Owners Group Inc.

Commission Tribunal
CNS
CSA
EMO
FERP
FNEP
IAEA
IFB
ICRP
INES
IRRS
ISR
LCH
NBEMO
NEA

NPP
NRCan
NSCA
OPG
PMUNE-G2
PAR
PSA
PSR
SAM
SAMG
WANO

The tribunal component of the Canadian Nuclear Safety Commission
Convention on Nuclear Safety

Canadian Standards Association

Emergency Management Ontario

Federal Emergency Response Plan

Federal Nuclear Emergency Plan

International Atomic Energy Agency

Irradiated fuel bay

International Commission on Radiological Protection

International Nuclear Event Scale

Integrated Regulatory Review Services

Integrated safety review

Licence condition handbook

New Brunswick Emergency Measures Organization

Nuclear Energy Agency (an agency of the Organization for Economic Co-
operation and Development)

Nuclear power plant

Natural Resources Canada

Nuclear Safety and Control Act

Ontario Power Generation Inc.

Plan des mesures d’urgence nucléaire externe a la centrale Gentilly-2
Passive autocatalytic hydrogen recombiner

Probabilistic safety assessment

Periodic safety review

Severe accident management

Severe accident management guidelines

World Association of Nuclear Operators
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Introduction

Nuclear regulation in Canada

Canada has modern and clear federal legislation, the Nuclear Safety and Control Act, at the heart of its
nuclear regulatory framework. This Act establishes the Canadian Nuclear Safety Commission (CNSC) as
the nuclear regulator in Canada.

The Act empowers the CNSC to establish a comprehensive licensing and compliance system to protect
the health and safety of persons, national security, and the environment. It also requires the nuclear
industry to protect its workers and the public from unacceptable levels of radiation. The Act is modern,
robust, enabling legislation that sets out the legal framework for regulating the Canadian nuclear industry.
All persons wishing to carry out nuclear related activities in Canada are required, by law, to have a
licence from the Commission Tribunal®. The Commission Tribunal has the authority and flexibility to
rapidly amend licences to impose additional requirements that are aligned with modern standards, thus
contributing to the continuous safety improvement of the nuclear industry. This is regarded as a strength
of the Canadian system.

Section 9 of the Nuclear Safety and Control Act clearly sets out the objectives of the CNSC as follows:
e to regulate the development, production and use of nuclear energy and the production,
possession and use of nuclear substances, prescribed equipment and prescribed information in
order to
e prevent unreasonable risk to the environment and to the health and safety of persons
associated with that development, production, possession or use
e prevent unreasonable risk to national security associated with that development,
production, possession or use
e achieve conformity with measures of control and international obligations to which
Canada has agreed
e to disseminate objective, scientific, technical and regulatory information to the public concerning
the activities of the Commission and the effects, on the environment and on the health and
safety of persons, of the development, production, possession and use of nuclear substances,
prescribed equipment and prescribed information

The mandate of the CNSC is fulfilled by the work of the Commission Tribunal (up to seven members
charged with making the regulatory decisions). The members of the Commission Tribunal are chosen
based on their credentials, and are independent of all political, governmental, special-interest group or
industry influences. The members are appointed by the Governor in Council (Cabinet) of Canada, for
terms not exceeding five years, and may be reappointed. One member of the Commission Tribunal is
designated as both the President and the Chief Executive Officer of the CNSC, as an organization.

It is important to note that the promotion of nuclear power is not part of the CNSC’s mandate.
Furthermore, the CNSC is an independent agency of the federal Government of Canada and is
independent of all organizations that promote, or that are directly involved in the production of, nuclear
power.

Additional general information on nuclear regulation in Canada is provided in Canada’s national report to
the Fifth Review Meeting of the CNS. General conclusions regarding the regulatory framework that

! Canadian Nuclear Safety Commission, or CNSC, refers to the total organization. The Tribunal component,
sometimes referred to as the Commission, is referred to as the Commission Tribunal in this report to distinguish it
from the CNSC as a whole.
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stemmed from the review that followed the Fukushima crisis are described below in the subsection
“Observations on the Canadian nuclear regulatory framework”.

Nuclear power plants in Canada

Of the 22 nuclear reactor units in Canada, 17 are currently producing power. Their locations within
Canada are shown in the map below. Three reactor units are under refurbishment — two at Bruce A and
the single unit at Point Lepreau. Two units at Pickering A are in a safe storage state. The operation of
these reactors is governed by nuclear power plant (NPP) operating licences for seven distinct sites, which
are operated by four licensees as shown in the table on the following page.

The NPPs in Canada use pressurized heavy water reactors of the CANDU design. Important aspects of
the design are described in section 2 of this report. A full description of CANDU reactors was provided in
the Canadian reports to the first and second review meetings of the CNS.

Locations and basic information on NPP sites in Canada

Newfoundland
and Labrador

Quebec

Ontario

Gentilly-2

Brunswick

B Scotia

Bruce A& B

Point Lepreau

Darlington

Pickering A& B
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NPP Site Province Licensee # Reactors | First criticality *
Bruce A Ontario Bruce Power 4 1976-1978
Bruce B Ontario Bruce Power 4 1984-1987
Darlington Ontario OPG 4 1989-1993
Gentilly-2 Quebec Hydro-Québec 1 1982
Pickering A Ontario OPG 4 ** 1971-1973
Pickering B Ontario OPG 4 1982 - 1985
Point Lepreau New Brunswick | Energie NB Power 1 1982

*  For the multi-unit NPPs, the date range for first criticality indicates that the construction of the units proceeded over a
period of several years.

** Two units at Pickering A are operating and two are defuelled and are in safe storage.

Initial response to Fukushima — the CNSC and other federal organizations

Immediately after the incident, the CNSC:

e activated the CNSC Emergency Operations Centre (EOC) and staffed it 24/7 to monitor the
emergency, assess early reports and provide timely, accurate information to Canadians

o performed inspections and walkdowns at nuclear facilities to assess the readiness of mitigating
systems

o requested Canadian licensees of Class I nuclear facilities and uranium mines and mills to review
the lessons learned

e convened the CNSC Fukushima Task Force to evaluate the operational, technical and regulatory
implications of the accident for NPPs

Other federal organizations, including the Department of Foreign Affairs and International Trade
(DFAIT), Health Canada/Public Health Agency of Canada, and Public Safety Canada also activated their
emergency operations centres to coordinate the federal response to the emergency.

Activation of the CNSC Emergency Operations Centre

Following notification of the Fukushima Daiichi nuclear accident, by midday, March 11, staff from the
CNSC’s Nuclear Emergency Organization (NEO) assembled in the EOC to assess the situation in Japan
and develop the strategy for the Canadian response. For 23 days, CNSC staff worked in the EOC 24/7 to
monitor and assess the situation in Japan. CNSC specialists provided expertise in the fields of reactor
technology, accident progression and radiation protection.

The CNSC’s NEO monitored the situation in Japan in close collaboration with other Government of
Canada departments and agencies, and nuclear regulators from the United States, United Kingdom and
France, as well as with the International Atomic Energy Agency (IAEA).

Federal government response

Federal organizations including the CNSC’s NEO, Health Canada’s Radiation Protection Bureau, Public
Health Agency of Canada and Environment Canada—Canadian Meteorological Centre supported the
Canadian DFAIT Japan Crisis Team on a daily basis by providing timely and accurate information and
advice to Canadians in Japan and in particular to the Canadian ambassador and his staff in Japan.
Information was posted on the Web sites of the CNSC, DFAIT, Health Canada and Public Health Agency
of Canada to provide a consistent, objective and credible source of information for the Canadian public,
CNSC staff and other government departments. Coordinated efforts were also undertaken to monitor the
Canadian environment and address issues of public concern.
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CNSC inspections of Canadian NPPs

Immediately after the Fukushima Daiichi event, CNSC site staff performed walkdowns at Canadian NPPs
to verify the licensees’ emergency preparedness for external hazards and severe accidents so that the
CNSC could reassure the Commission Tribunal and Canadian public that certain aspects that had
contributed to the events in Japan had been specifically verified. These aspects included: seismic, fire,
backup power availability and condition, hydrogen igniters, and irradiated fuel bays (IFBs).

The readiness of emergency staff and installed equipment was verified and no actions were assigned to
the licensees as a result of these inspections.

CNSC staff also verified the licensees’ assessment of the capability of:

e provisions to mitigate consequences of external events that may lead to beyond-design-basis
accidents

o installed equipment and associated procedures to mitigate conditions that result from beyond-
design-basis accidents

e provisions to mitigate station blackout conditions, including robustness of backup power and the
emergency power supply systems

e provisions to rapidly reduce reactor power to match the station power demand following a loss of
offsite power

e battery backup and fuel supply to emergency generators

CNSC staff also confirmed the licensees’ identification of:
¢ important equipment needed to mitigate consequences of external events
e any potential scenarios that could compromise the equipment’s function during seismic events

CNSC staff were satisfied with the short-term actions taken by licensees.

Regulatory request to licensees

Subsection 12(2) of the General Nuclear Safety and Control Regulations places an obligation on
licensees to respond to a request from the Commission Tribunal, or a person who is authorized by it, to
“conduct a test, analysis, inventory or inspection in respect of the licensed activity or to review or to
modify a design, to modify equipment, to modify procedures, or to install a new system or new
equipment”.

In accordance with this provision, the CNSC Executive Vice-President and Chief Regulatory Operations
Officer wrote to all Class I nuclear facilities on March 17, 2011, directing the licensees to review initial
lessons learned from the earthquake in Japan and re-examine the safety cases of NPPs, in particular the
underlying defence-in-depth concept, and report on implementation plans for short-term and long-term
measures to address any significant gaps. The focus of the review was:

o external hazards such as seismic, flooding, fire and extreme weather events

e measures for the prevention and mitigation of severe accidents

e emergency preparedness

Letters similar to the 12(2) letters were also sent to the licensees of other facilities and activities.

The CNSC Fukushima Task Force

The CNSC Fukushima Task Force (the Task Force) was set up to evaluate operational, technical and
regulatory implications of the Fukushima accident on Canadian NPPs. It was also tasked with reviewing
NPP licensees’ responses to the “12(2)” letters described above. The Task Force Chair was tasked with
reporting the results of the Task Force review to the Executive Vice-President and Chief Regulatory
Operations Officer of the CNSC and the Commission Tribunal. While other federal organizations
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involved in the emergency response undertook comprehensive lessons-learned reviews, the following
focuses on the work of the Task Force.

The mandate of the Task Force was to:

o review submissions from licensees who had been directed under the 12(2) letters to re-examine
the safety cases of their respective NPPs; underlying defence in depth against external hazards;
severe accidents; and emergency preparedness

e assess available technical and operational information regarding Fukushima and identify a high-
level set of lessons learned

e develop recommendations for short-term and long-term measures to address any shortcomings at
CANDU reactors, and recommend whether design or operational modifications, including
supporting research, are needed

e determine priorities for implementation of corrective actions from lessons learned and the need
for further examination

o develop recommendations, as appropriate, for potential changes to CNSC regulatory requirements,
inspection programs and policies for existing Canadian NPPs and new builds

The Task Force developed Nuclear Power Plant Safety Review Criteria to define measurable expectations
for each area of the assessment and aid the systematic identification of findings. The criteria were
developed for application to Canadian NPPs and the nuclear regulatory framework but reflected
international lessons and observations drawn from Fukushima. The criteria were applicable to the
licensees’ activities, the CNSC’s activities, and the CNSC’s regulatory framework and covered the
following review elements:

station design for external hazards

impacts of beyond-design-basis accidents

SAM measures for beyond-design-basis accidents, including severe accidents

emergency planning and response

regulatory framework and processes

The criteria generally exceeded the applicable requirements and expectations of the current CNSC
regulatory framework.

Using the criteria, the Task Force assessed the substantial submissions provided by the licensees and also
undertook a preliminary review of the regulatory framework for existing NPPs and potential new builds
in Canada. The CNSC reviewed additional plans and concurred that the proposed enhancements have the
potential to improve safety at the NPPs.

The Task Force summarized its assessments in the CNSC Fukushima Task Force Report. The findings
applied to both licensees of operating NPPs and also any new build in Canada. The findings can be
categorized into four groups:

e defence in depth

e emergency preparedness

e regulatory framework and processes

¢ international co-operation

The report was presented to the CNSC Executive Vice-President and Chief Regulatory Operations Officer
on September 28, 2011, who accepted the conclusions and recommendations. The ensuing CNSC
Management Response to the CNSC Fukushima Task Force Report (CNSC Management Response) set
out the timeline in which all actions needed to address the recommendations of the Task Force were to be
completed. Both of these documents were issued for public comment in October 2011.

Following the comment period, the CNSC developed the Draft CNSC Staff Action Plan by translating the
key recommendations in the CNSC Fukushima Task Force Report into specific actions on licensees and



May 2012 INFO-0835, Canadian National Report for the Second Extraordinary Meeting of the CNS

the CNSC to strengthen defence in depth, enhance emergency response, improve the regulatory
framework and enhance international collaboration. In line with the CNSC Management Response, the
actions were categorized as either short-term (one-year timeframe), medium-term (two-year timeframe),
or long-term (three-year timeframe).

The Draft CNSC Staff Action Plan was issued for public comment in December 2011. Following
consideration of the comments received from the public and stakeholders, the Draft CNSC Staff Action
Plan was revised and reissued for public and stakeholder comment in March 2012. Upon completion of
this second round of consultation, the draft document was revised to take into consideration all feedback
from the public and stakeholders and to incorporate the recommendations of the External Advisory
Committee (see below). The revised draft document was renamed the CNSC Action Plan and was
presented for acceptance on May 3, 2012 at a public meeting of the Commission Tribunal. The meeting
was open to the public through the CNSC’s public webcast system, and provided opportunities for
interested parties and stakeholders to intervene in the discussions. Experts from other government
departments (Health Canada, Public Safety Canada and Natural Resources Canada) also participated.

Among other actions, the CNSC Action Plan assigned the CNSC to lead the preparation of this report, in
conjunction with the licensees and other stakeholders, and participate at the Second Extraordinary
Meeting of the CNS (Action 13.1).

Initial response to Fukushima — licensees

Since original construction, the NPP licensees in Canada have made many safety improvements based on
CNSC requirements, industry research, national and international operational experience and generally
rising public expectations. In particular, licensees of those NPPs that have undergone refurbishment have
performed a systematic review against modern standards, as part of the re-licensing process, and have
made modifications that reduce the likelihood and consequences of severe core damage and a large
release of radioactive materials.

The licensees responded comprehensively to the CNSC’s request for information and plans, in response
to Fukushima, to improve the safety of NPPs for beyond-design-basis accidents. Guided by the Task
Force safety review criteria, the licensees have performed detailed assessments against the lessons learned
from the Fukushima accident and have proposed, or are evaluating, a number of further safety
enhancements, such as additional coolant injection points, additional hydrogen mitigation, and additional
onsite and offsite power supplies and pumps. Some NPPs have implemented modifications to improve
defence against extreme natural events (notably flooding), and have accelerated the implementation of
passive autocatalytic hydrogen recombiners (PARS) and of severe accident management guidelines
(SAMG).

Independent assessments of the CNSC’s regulatory response to Fukushima

Integrated Regulatory Review Service mission

At the time of the accident at Fukushima, Canada and the IAEA were already planning an IRRS mission
to Canada for late 2011. The purpose was to follow up on the CNSC’s progress to address findings from
the assessment of Canada’s nuclear regulatory framework during the initial IRRS mission to Canada in
2009. The CNSC decided to increase the scope of its follow-up IRRS mission in December 2011 to
include the recently developed “Fukushima module”, thereby providing a review by international nuclear
regulatory experts of the CNSC’s response to Fukushima.

The IRRS peer review report for the follow-up mission was provided to the CNSC in January 2012.
Among other observations, the IRRS mission concluded that the CNSC’s regulatory response to
Fukushima was prompt, robust and comprehensive and identified the following good practice that should
be used by other regulatory bodies. Its report stated:
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“The CNSC has performed a systematic and thorough review of the implications and the lessons
learned from the TEPCO Fukushima Daiichi accident for the safety of the Canadian NPPs,
making full use of all the information available, including the review of the actions taken by other
international nuclear regulators. The CNSC has set up an Action Plan for addressing all the
findings and recommendations arising from the review conducted under the CNSC Fukushima
Task Force. The Task Force Report has been made publicly available.”

In addition, the mission report identified three other specific findings (two recommendations and one
suggestion) that were relevant to the CNSC’s response to Fukushima and which were aligned with the
recommendations of the Task Force. These IRRS findings are cited in this report under the appropriate
topic to help support the conclusions herein.

The CNSC accepted all the findings in the peer review report for the follow-up IRRS mission and
provided management responses to all the recommendations, suggestions and good practices. The
management responses described clear timelines and deliverables and assigned responsibilities as needed
so that each recommendation and suggestion for improvement can be effectively addressed. The CNSC
management responses to the IRRS findings are being addressed directly by the CNSC Action Plan.

External Advisory Committee

The President of the CNSC established an External Advisory Committee (EAC) in August 2011 to assess
the organization’s processes and responses in light of the lessons learned from Fukushima. The EAC
comprised independent experts in energy, innovation, engineering, governance and safety from outside of
the nuclear sector. It performed its assessment independently from the IRRS review and the Task Force
review.

The EAC reviewed the CNSC’s processes including the immediate response to the Fukushima incident,
its connections with the rest of government and international organizations and its interactions with the
Canadian nuclear sector and its regulated industries. It also reviewed the CNSC’s communications with
affected stakeholders, including governments, other nuclear regulators and the public. Finally, the EAC
assessed the implications on the CNSC’s regulatory approaches from the international response to
Fukushima, such as international stress tests and the IAEA Action Plan.

In its report to the CNSC in April 2012, the EAC concluded that the CNSC acted promptly and
appropriately in the early stages of the Fukushima crisis and followed an appropriate process as it
responded over time. The report included nine recommendations that complemented the findings of the
Task Force. The CNSC accepted all the findings in the committee’s report.

The EAC’s recommendations can be sorted into three categories:
o application of Fukushima lessons learned to non-NPP facilities
e recommendations that align with actions already identified in the CNSC Action Plan
e communication and public education

Regarding the first category, note that the CNSC, following Fukushima, requested information from the
licensees of all major facilities (not just NPPs). Following its review, the CNSC concluded that any
lessons learned from Fukushima that are applicable to major facilities other than NPPs will be followed
up through routine compliance and licensing activities.

The recommendations in the second category were well aligned with the existing Task Force
recommendations and have been addressed by making a few, simple changes to the CNSC Action Plan.
The EAC’s recommendations included several related to emergency preparedness that echo the
observations made in section 5 of this report.

Regarding the third category, the EAC recommended that the CNSC develop a comprehensive
communication and education strategy that includes tools such as social media and expands partnerships
and relationships with various science media organizations that have the ability to inform the public on
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nuclear safety. The following briefly describes tools and strategies already used, as well as enhancements
that will address this recommendation.

Social media tools have been added or are being added, including a CNSC Facebook page that was
launched in February 2012. New Web content will better cover all safety-significant aspects of the
operation of nuclear facilities, including measures to deal with nuclear emergencies. The CNSC has
already initiated regular updates on current topics of interest to the public and stakeholders, including the
CNSC Action Plan and emergency preparedness.

Online educational initiatives on the nuclear fuel lifecycle, nuclear safety and other nuclear-related topics
include “Educational Resources” and “CNSC On-Line”. At “CNSC 101 Information Sessions”, held for
stakeholders across the country, CNSC staff explain to Canadians how the nuclear industry is regulated.

As a direct result of Fukushima, the CNSC has also expedited development of a “crisis Web site”.

More CNSC specialists will be trained in the next year on communicating with stakeholders, with an
emphasis on crisis communications. The CNSC worked with the Science Media Centre of Canada during
the crisis on the effectiveness of communication of its trained subject matter experts and is considering
further partnerships with similar institutions.

CNSC Communications representatives will meet with international peers and make presentations at fora
to exchange best practices and lessons learned from Fukushima, such as the Nuclear Energy Agency’s
“Crisis Communications Workshop” and the IAEA International Experts’ Meeting on “Enhancing
Transparency and Communication Effectiveness in the Event of a Nuclear or Radiological Emergency,
both being held this spring.

Observations on the Canadian nuclear regulatory framework

CNSC regulatory requirements are set out in legislation, regulations, licences and regulatory documents.
Guidance on how applicants and licensees can meet regulatory requirements is provided in guidance
documents. Info-documents provide more general information on the regulatory regime and processes for
the broader public. The Task Force examined all these elements and found that there is no need to revisit
the structure of the regulatory framework as a result of the lessons learned from Fukushima.

The Canadian regulatory framework is strong and comprehensive and is effectively applied, even for
severe accidents. This finding is consistent with a finding by the initial IRRS mission to Canada in 2009,
which stated: “The Canadian legislative and regulatory framework is comprehensive, with an appropriate
range of instruments allowing for an effective application of the legal regime.”

The Task Force also reviewed the CNSC’s key regulatory processes (e.g., relating to licensing,
compliance, and maintaining and enhancing the regulatory framework).

Nuclear Safety and Control Act and other legislation

The Nuclear Safety and Control Act establishes the CNSC as the clear authority for nuclear safety in
Canada. The Act is briefly described earlier in this introduction.

Other areas of jurisdiction in Canada also govern nuclear-related activities. For these, legislation is
established to set the relevant requirements. Provisions are in place (e.g., memoranda of understanding,
committees) with the other authorities to ensure that all responsibilities are borne by the appropriate body
and no ambiguity or overlap exists. Examples of such areas of jurisdiction are emergency preparedness,
transportation of dangerous goods, and environmental protection. Some key authorities whose
responsibilities interface with those of the CNSC are described in sections 4 and 5 of this report.

The Task Force found that the Nuclear Safety and Control Act is sound and does not need revision.
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Regulations under the Nuclear Safety and Control Act

The Nuclear Safety and Control Act authorizes the Commission Tribunal to make regulations. Some of
the regulations relevant to this report are the:

e General Nuclear Safety and Control Regulations

e Class I Nuclear Facilities Regulations

e Radiation Protection Regulations

The Task Force reviewed the regulations under the Nuclear Safety and Control Act and found that overall
the regulations are sound. No changes to the General Nuclear Safety and Control Regulations were
identified as a result of its review.

Class | nuclear facilities are defined in the Class | Nuclear Facilities Regulations and, in addition to
NPPs, cover facilities such as small reactors, fuel processing plants and nuclear waste facilities.
Paragraph 6(c) of the Class | Nuclear Facilities Regulations requires an applicant for a licence to operate
an NPP to submit with its application, among other things, a final safety analysis report demonstrating the
adequacy of the NPP design. The tools and methodologies used in licensees’ safety analysis reports are
proven according to national and international experience, and validated against relevant test data and
benchmark solutions.

Specific recommendations related to changing regulations are discussed under relevant topics in this
report. For example, possible modifications of the Class | Nuclear Facilities Regulations related to offsite
emergency plans are discussed in section 5 of this report, while those for the Radiation Protection
Regulations are discussed in section 3. These changes are not needed immediately.

Licensing and the CNSC’s licensing process

As mentioned above, the Nuclear Safety and Control Act authorizes the Commission Tribunal to establish
classes of licences and, therefore, the CNSC has the authority and flexibility to rapidly amend licences.
The CNSC has used the licence renewal process (typical licence duration is five years) and amendments
to impose additional requirements that are aligned with modern standards, thus contributing to the
continuous safety improvement of the NPPs. This is regarded as a strength of the Canadian system. The
Fukushima review during the IRRS follow-up mission to Canada also found that the “CNSC has
adequately addressed the authorization process in its review of the implications of the lessons learned
from the TEPCO Fukushima Daiichi accident.”

The NPP operating licences cite various CNSC regulatory documents, as well as some nuclear standards
issued by the Canadian Standards Association (CSA). Two of the CNSC regulatory documents cited in
the licences that are relevant to the general content of this report are S-99, Reporting Requirements for
Operating Nuclear Power Plants, and S-294, Probabilistic Safety Assessment (PSA) for Nuclear Power
Plants.

To meet the operating licence requirement that cites S-99, a licensee must, within three years of the date
of the last submission of the NPP description and final safety analysis report, submit a report that consists
of an updated NPP description and an updated final safety analysis. This report must include the
following information:
e adescription of the changes made to the site, structures, systems and components (SSCs) of the
NPP, including any changes to the SCCs’ design and design operating conditions
o safety analyses that have been appropriately reviewed and revised, and that take into account the
most up-to-date and relevant information and methods, including the experience gained and
lessons learned from the situations, events, problems or other information reported pursuant to
S-99

All Canadian NPPs are required by their operating licences to have a site-specific Level 2 PSA to meet
CNSC regulatory standard S-294.
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Other regulatory documents cited in the NPP operating licences are discussed in specific, relevant
sections of this report. General comments on the Task Force’s review of the CNSC’s regulatory
documents are provided below.

The CNSC is currently revising the format of the NPP operating licences to more comprehensively cover
the safety and control areas that describe how the NPPs are operated safely. The CNSC is also revising
the content of those licences to minimize the number of administrative amendments that are sometimes
required in the older format of the licence. In parallel with this, each NPP operating licence is to be
supported by a licence condition handbook (LCH) that describes the compliance verification criteria that
will be used to confirm safe operation. Generic templates for both the NPP operating licence and LCH
have been approved for use to optimize consistency among NPP operating licences. As NPP operating
licences are renewed, the templates are used to develop the licence and the LCH for that NPP. The Task
Force considered the merit of accelerating the conversion of the remaining licences that are still in the old
format to the new format. Given that the licensees are already moving to implement the programs needed
to meet the new requirements and, given the considerable effort required to prepare or revise the LCH for
each licence, the Task Force found instead that the remaining NPP operating licences should be amended
to the new format when the licences are next renewed. It is expected that all NPP operating licences will
be renewed in the new format with an accompanying LCH, to match the existing templates, by

October 2014.

The Task Force found that two new safety requirements should be added to the NPP operating licence
template. They are related to accident management (see section 3) and public information programs (see
section 5).

The Task Force reviewed the regulatory and guidance documents published by the CNSC that are
referenced in the NPP operating licence or LCH. This is a significant number of documents and includes
CNSC regulatory standards S-99 and S-294, which are mentioned above. The overall finding was that
there is no need to revisit the regulatory framework in order to identify the minimum, necessary and
sufficient number of regulatory and guidance documents (RDs and GDs) to support the NPP regulatory
program. Should the framework be revisited in the future, the Task Force found, the NPP operating
licence and LCH templates should be used as the basis for identifying needs for RDs or GDs. The NPP
operating licences and LCHSs currently contain some regulatory requirements or expectations that are not
found in RDs or GDs; when the framework is revised, the opportunity should be taken to remedy this.

The Task Force also found that certain, specific regulatory documents should be updated on a priority
basis (see sections 2 and 5). The Task Force found that other existing regulatory documents should be
updated during their next scheduled revision.

Compliance process

The Task Force reviewed the CNSC’s programs that verify compliance by licensees with regulatory
requirements. The CNSC conducts inspections, reviews, performance assessments and event follow-up to
verify compliance. The Task Force found that CNSC staff should review the compliance program for
needed improvements once the identified changes to the regulatory framework have been implemented.
This review will include updating the baseline compliance program, under which satisfactory
performance of all safety and control areas is verified regularly. In particular, enhanced focus is
anticipated on:
e licensees’ accident management programs and provisions, including NPP accident manuals and
procedures
o “operational” aspects of nuclear safety, to maintain regulatory overview of the design capabilities
to provide fundamental safety functions such as control of fission reaction, cooling of fuel
(including in the IFBs) and confinement of radioactivity
¢ holistic evaluation of the overall NPP safety case against modern standards and best practices

10
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Integrated safety review and periodic safety review

In recent years, as some of the older reactors approached the end of their design life, licensees have
applied for life extension for their NPPs. As a prerequisite, licensees are required by CNSC RD-360, Life
Extension of Nuclear Power Plants, to conduct an integrated safety review (ISR). As part of the ISR,
licensees perform a review of the NPP against modern standards and practices. Identified gaps are
reviewed and practicable upgrades are incorporated into the integrated improvement plan. The licensees
are expected to fill the gaps as far as reasonably practicable.

As a prerequisite to refurbishment, ISRs have been completed for Point Lepreau, Gentilly-2 and Bruce A,
with similar reviews performed for Pickering. The refurbishment of Point Lepreau is particularly
interesting because the Fukushima accident occurred during its refurbishment. Several of the potential
safety improvements identified by the Task Force had been or were already being implemented by Point
Lepreau as part of its refurbishment (which explains why Point Lepreau is further advanced than some of
the other NPPs with respect to implementing certain recommendations in the CNSC Action Plan). This
reinforced the effectiveness of the ISR process as a mechanism for identifying and prioritizing tangible
safety improvements.

Given that ISRs provide an opportunity to re-evaluate the entire safety case for an NPP, the Task Force
considered that such reviews should be done regularly for all NPPs by means of periodic safety reviews
(PSRs). Like the ISR, the PSR would involve a systematic and comprehensive comparison against
modern standards and technological developments that assures continued plant safety and viability of the
licensing basis. A 10-year frequency, in line with international practice, is judged reasonable and could be
integrated into the licensing process. The CNSC Action Plan assigned an action to the CNSC to consider
the development of a regulatory framework for the implementation of the PSR process (Action 11.1). A
Commission member document (CMD), Implementation of Periodic Safety Reviews for Licensing of
Nuclear Power Plants, is being prepared. That document seeks the Commission Tribunal’s approval to
incorporate the PSR approach by modifying the regulatory framework and developing the necessary
requirements.

About this document

The main body of this report is broken down into six sections — one for each of the six topics suggested
by the current General Committee of the CNS:

External events

Design issues

Severe accident management and recovery (onsite)

National organizations

Emergency preparedness and response and post-accident monitoring (offsite)

International co-operation

ok

Wherever applicable, the findings of the Task Force and the IRRS follow-up mission to Canada are cited
in this report to corroborate or add insight to the information in this report. Parenthetical references to
actions (e.g. Action X.Y) are citations of specific actions in the CNSC Action Plan.

Per the request from the General Committee of the CNS, tables are provided in appendix A that
summarize the activities taken by the licensees and the CNSC, in response to Fukushima, under each of
the six topics.
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Topic 1 — External Events

1 External Events

1.1 Overview

The licensees have demonstrated that external hazards are addressed in the NPP safety cases. The hazards
considered are specific to each site and include seismic, flood, extreme weather events and events caused
by human activities (e.g., explosions). As part of the follow-up to Fukushima, the licensees also examined
events more severe than those that have historically been regarded as credible and their impact on the
NPPs. The Task Force assessed the magnitudes that had been considered in the design-basis and beyond-
design-basis analyses of external hazards. Although the magnitudes were generally based on applicable
codes and standards at the time of construction, the rationale for the magnitude selected for beyond-
design-basis hazards was not always documented adequately.

Immediately following the accident at Fukushima, the CNSC performed inspections at all NPPs to assess
the readiness of systems that mitigate the effects of a severe accident caused by an extreme external event.
These inspections covered seismic preparedness, firefighting capability, backup power, hydrogen
mitigation and spent fuel cooling. As mentioned in the introduction, the 12(2) letters sent to the licensees
requested information specific to external hazards such as seismic, flooding, fire and extreme weather
events. The CNSC developed its Nuclear Power Plant Safety Review Criteria to help guide the licensees’
assessment of capability to respond to external events more severe than have been previously considered.

All licensees provided, in their responses to the 12(2) letters from the CNSC, information on the
following:

hazard analysis and specific hazards of interest

analysis of design-basis events

analysis of beyond-design-basis accidents

probabilistic safety assessment

The Task Force recommended that the licensees should conduct more comprehensive assessments of site-
specific external hazards to demonstrate that:
a) considerations of magnitudes of design-basis and beyond-design-basis external hazards are
consistent with current best international practices
b) consequences of events triggered by external hazards are within applicable limits

The licensees are conducting or have conducted more comprehensive assessments of site-specific external
hazards by using methods that include PSAs. The licensees are also taking actions to improve safety
margins for external events.

A table is provided in appendix A that summarizes the actions related to external events that have been
taken by the licensees and the CNSC in response to Fukushima.

1.2 Background

The NPPs in Canada are all of CANDU design. They were designed and constructed from the 1960s to
the 1980s based on standards available at that time. External hazards are addressed in the reactor safety
cases, which are specific to each site — they include seismic, flood, extreme weather events including high
winds, and events caused by human activities (e.g., explosions).

Canadian NPPs are located well within the North America tectonic plate, and no NPPs are located near a
subduction tectonic plate boundary (as is the case in Japan). The closest tectonic plate boundary is the
Mid-Atlantic Ridge. Canadian NPPs are located in areas of much lower seismic risk than Fukushima. The
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design bases for Canadian NPPs have typically included design-basis earthquakes with a recurrence
interval of 1,000 years.

Analyses of floods for Canadian NPPs have typically included design-basis rainfall or water levels based
on a recurrence frequency of 100 years or the highest historical numbers.

All NPP licensees are required, via their operating licences, to update their safety analysis reports every
three years (see “Observations on the Canadian nuclear regulatory framework” in the introduction for
general information on the safety report). This update includes consideration of any relevant, new
techniques or information, which could include new data or insights related to external events.

All Canadian NPPs are required by their operating licences to have a site-specific Level 2 PSA, updated
every three years, to meet CNSC regulatory standard S-294, Probabilistic Safety Assessment (PSA) for
Nuclear Power Plants. This standard requires consideration of all internal events and external hazards in
the PSA. Licensees are explicitly required to perform fire, flood and seismic assessments with a
methodology that is acceptable to CNSC staff.

Licensees also have to perform a site-specific external hazards screening to identify other hazards that
may require a PSA or a bounding analysis. Further, the licensees must consider combinations of events,
including consequential and correlated events. Examples of consequential events include external events
(such as a cooling water intake blockage caused by severe weather) and internal events (such as a fire
caused by an earthquake); examples of correlated events include heavy rainfall concurrent with a storm
surge or high winds caused by a hurricane.

The ISRs conducted before refurbishing reactors involve an assessment against modern standards (see
“Observations on the Canadian nuclear regulatory framework”). This assessment includes modern
requirements related to consideration of external events.

CNSC regulatory document RD-310, Safety Analysis for Nuclear Power Plants, provides a modern,
comprehensive treatment of external and internal events and accidents. RD-310 is in the process of being
implemented at existing NPPs.

1.3 Activities by the CNSC
The Task Force confirmed the general adequacy of the safety cases of the NPPs for external events.

The Task Force confirmed that the NPPs that were reassessed as part of refurbishment activities were
reviewed for external hazards, and their design bases are, to the extent practicable, in line with modern
standards and practices.

For NPPs that have not been refurbished, the Task Force concluded that the magnitudes of the external
events considered in the designs comply with the standards applicable at the time of original licensing and
are generally very conservative. However, the rationale for the magnitudes selected for beyond-design-
basis hazards was not always documented adequately. Further, the scope of the assessments and event
magnitudes considered were below modern international best practice. Although there are no external
events that require immediate action by the CNSC or licensees, the Task Force found that the licensees
need to identify the gap between the design basis and modern practice, demonstrate how the gap is being
addressed, and confirm that the consequences of these external events are within applicable limits. A
specific finding was that the assessment for the design-basis and beyond-design-basis tornado hazard is
weak at some NPPs.

The Task Force concluded that the screening of external hazards and bounding analyses are in different
states of development for each NPP, such that analysis of all external hazards is not complete at all NPPs.
This is to be expected, as it was known that some NPPs will not be in full compliance with S-294,
Probabilistic Safety Assessments (PSA) for Nuclear Power Plants until 2014. The Task Force reviewed
the relevant results and plans submitted by the licensees related to PSA. The Task Force concluded that
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the proposed approaches will provide a consistent and up-to-date review of all external hazards for all
NPPs. The Task Force determined that the time scale proposed by the licensees to complete the analyses
is acceptable.

The CNSC Action Plan assigned an action to licensees to complete the review of the basis of each
external event to which the plant may be susceptible. The review should be against modern, state-of-the-
art practices for evaluating external event magnitudes and corresponding design capacity (Action 2.1).
This includes, but is not limited to, earthquakes, floods, tornadoes and fires. The action will cover both
the events that were part of the original design basis and those that are identified in subsequent screenings
and analyses (e.g., consequential events). The work will involve re-evaluation of event magnitudes,
application of PSA, deterministic analyses of representative severe core damage accidents, and
assessment of whether the design protection against each event is sufficient.

The CNSC Action Plan assigned an action to licensees to continue implementing RD-310, Safety Analysis
for Nuclear Power Plants (Action 2.2). The CNSC is tracking the progress of the licensees’
implementation of RD-310, Safety Analysis for Nuclear Power Plants, through the working group
discussed in subsection 1.4 below. In March 2012, the CNSC published a companion guidance document,
GD-310, Guidance on Safety Analysis for Nuclear Power Plants.

14 Activities by licensees

The NPP licensees, in their responses to the 12(2) letters from the CNSC, re-confirmed the general
adequacy of the safety cases of their NPPs. This included the analysis of design-basis accidents in the
safety report. The predicted consequences for design-basis accidents also provide bounding estimates for
the consequences of the external hazard accident scenarios within the design basis. The licensees also
examined events more severe than those that have historically been regarded as credible and their impact
on the NPPs.

The NPP licensees re-confirmed that the risk posed to Canadian NPPs from tsunamis are negligible. All
Canadian NPPs except Point Lepreau are located beside lakes and rivers, and the risk of tsunamis has
been assessed to be very low. For Point Lepreau, which is located on a bay on Canada’s east coast, the
licensee studied the threat of tsunamis during plant siting and determined that the storm surge caused by
the maximum probable hurricane bounded that of a tsunami. That analysis considered a category-2
hurricane on the Saffir-Simpson Hurricane Scale. Considering Fukushima, and accepting an increased
frequency of hurricane occurrence and the potential for stronger storms, the licensee more recently
assessed the storm surge level with a high-end category-4 hurricane. The licensee concluded that the site
would still not be overtopped by waves. The Task Force accepted this assessment.

Some of the NPPs that have been subject to ISRs for refurbishment projects were reassessed for external
hazards, especially for seismic hazards. Seismic margin assessments (SMAS), or seismic PSAs, were
conducted to assess the safety margin based on earthquakes with a 10,000-year recurrence interval. Other
external hazards, including floods and high winds, were also assessed in ISRs. Where vulnerabilities were
identified, modifications were performed where warranted such that refurbished plants exceed or
approach modern standards.

The licensees are addressing Action 2.1 by reviewing the bases of external events and completing or
updating PSAs. The licensees have performed, or are planning to perform, deterministic analyses for
representative severe core damage accidents.

The licensees are expanding the application of PSA to analyze specific hazards. All NPP licensees have
submitted to the CNSC their methodologies on external hazards screening and bounding analysis.
Pickering A (Canada’s oldest operating NPP) and Bruce A completed SMAS, using a review level
earthquake with a recurrence interval of 10,000 years. The Pickering A SMA was completed prior to the
unit’s return to service in 2004. The Bruce A SMA was completed prior to the return to service of units 3
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and 4 in 2004 and was completed for units 1 and 2 in 2006 in preparation for return to service. Point
Lepreau and Darlington have recently updated their PSAs to conform to the requirements of S-294,
Probabilistic Safety Assessments (PSA) for Nuclear Power Plants. Seismic and external flooding events
are among the events that have been assessed using modern-day methods. The other Canadian NPPs will
complete the upgrade of their PSAs by 2014.

Point Lepreau has included seismically induced fires and internal flooding in its Level 2 PSA.

Pickering A and B and Darlington are working in concert with the Electric Power Research Institute
(EPRI) to develop a PSA methodology to assess seismically induced fires and floods. Pickering and
Bruce are developing an assessment methodology for tornadoes as part of their PSA update projects.

Licensees are taking action to improve margins related to external events. For example, Point Lepreau is
installing flood protection for its secondary control area tunnel (also discussed in subsection 2.5.6.2) and
Darlington and Pickering A have installed and are installing, respectively, additional flood protection for
standby and emergency power generators (also discussed in subsection 2.5.2.2). Gentilly-2 is surrounded
by a dyke that was built in the mid—1990s for protection against flooding.

The CNSC and industry have co-sponsored a working group to guide the implementation of the new
CNSC regulatory document RD-310, Safety Analysis for Nuclear Power Plants. A gap assessment
between the requirements of RD-310 and the existing safety reports is either underway or planned. The
results from this gap assessment will be used to prioritize the update of the NPP safety reports to meet the
requirements of RD-310. A pilot project to analyze a design-basis accident according to the requirements
of RD-310 was recently completed. The lessons learned are being used to develop further guidance for
the implementation of RD-310.
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Topic 2 — Design Issues

2 Design Issues

2.1 Overview

The design basis for Canadian NPPs is comprehensive and the NPPs meet the design requirements. The
licensees have demonstrated that the consequences of design-basis accidents meet the established
acceptance criteria. Also, it has been confirmed that the risk to the Canadian public from beyond-design-
basis accidents is very low. This is due, in part, to the fact that CANDUSs have separate and diverse means
of passive cooling. The steam generators can provide sufficient cooling to prevent fuel damage (i.e.,
cooling is sufficient to enable returning the fuel to service). In the event the steam generators are
unavailable, the large inventory of cool water surrounding the fuel can provide passive cooling to prevent
accident progression. These features provide adequate time for long-term mitigation of accidents. Also,
CANDUSs have two groups of independent, physically separated, and diverse backup power and cooling
water systems. In all, there would be adequate time available for long-term mitigation of a beyond-
design-basis accident.

Immediately following the accident at Fukushima, the CNSC performed inspections at all NPPs to assess
the readiness of systems that mitigate the effects of a severe accident. These inspections covered seismic
preparedness, firefighting capability, backup power, hydrogen mitigation and spent fuel cooling. As
mentioned in the introduction, the 12(2) letters sent to the licensees requested information on measures
for the prevention and mitigation of severe accidents. The CNSC developed its Nuclear Power Plant
Safety Review Criteria to help guide the licensees’ assessment capability of the NPP design to respond to
external events more severe than have been previously considered.

All licensees provided, in their responses to the 12(2) letters from the CNSC, information on the
following:

design-basis accidents

consequential events

progression of beyond-design-basis accidents
backup services

containment venting

hydrogen management

coolant make-up

plant monitoring and instrumentation
irradiated fuel bays (IFBs)

The licensees have made many design-related safety improvements since original construction and are
making more. Some of these improvements have been made during refurbishment projects, as part of the
ISR process. Although the risk from beyond-design-basis accidents is very low, other modifications were
made in response to lessons learned from Fukushima to reduce the likelihood and consequences of severe
core damage and a large release of radioactive materials. The licensees are also performing additional
assessments to strengthen existing lines of defence by providing augmented capability to prevent fuel
failure, mitigate severe accidents and enhance emergency response.

The Task Force re