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Key:

General recommendation resulting from the 2012 Peer Review

I Peer Review: |

Recommendation resulting from the 2" extraordinary meeting of the Convention on
Nuclear Safety (CNS) 2012.

I cns: |

Recommendation specific to France, resulting from the 2012 peer review

ASN prescription or letter
ECS (stress test) / ASN letter

State of progress of requests submitted by ASN
Progress: Study expected before...
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INTRODUCTION

Background and conclusions of the 2013 and 2015 ENSREG seminars

On 26 April 2012, one year after the Fukushima Daiichi nuclear power plant accident, a joint
statement by ENSREG and the European Commission concluded the stress tests conducted
on the European nuclear power plants (NPPs). This statement emphasised the need to
implement an overall action plan to ensure that these stress tests would be followed by safety
improvement measures implemented in a consistent manner in each country.

The ENSREG global action plan required the nuclear safety regulator of each member country
to publish a national action plan by the end of 2012. In December 2012, ASN, the French
nuclear safety authority, published the action plan for France'. The national action plans then
underwent a peer review which concluded with a seminar organised by ENSREG in Brussels,
in April 2013.

For France, the seminar summary report in particular emphasized the comprehensive nature
of the action plan presented, the importance that ASN attaches to the transparency of the
stress tests process, the ambitious nature of the content and the implementation times for the
measures to improve safety in the NPPs decided on in the wake of the Fukushima Daiichi NPP
accident, and the consideration given to organisational and human factors, including conditions
regarding the use of subcontractors.

Following the seminar organised by ENSREG in the spring of 2013, the decision was taken to
produce a report, two years later, on the implementation of the measures carried out in each
country, on the occasion of a new seminar organised by ENSREG in 2015. For France, this
update mainly concerned the progress of the measures initiated for the various prescriptions
issued by the safety regulator (text in red).

Following this 2" seminar, the decision was taken to adopt a simplified European level peer
review process. It consists in updating the initial action plan and publishing it on the ENSREG
site, no later than at the end of 2017. The updated action plan will once again be presented on
the occasion of a meeting of the Working Group WG1 of ENSREG.

In this context, this document follows the same structure as the national action plans drawn up
by ASN in 2012 and 2015. Moreover, in accordance with the guidelines defined by the
ENSREG members for the updating of the action plans, France has voluntarily decided to
present the transposition of the WENRA reference levels for the existing reactors to its
regulatory framework.

The main changes in the national action plan for France established by ASN

ASN has supplemented the prescription it issued in 2012 by a set of resolutions dated
21 January 2014 aiming to clarify certain design provisions of the "hardened safety core"” (see
§ 1.1.1). ASN notes that to date EDF has met all the regulatory deadlines. These additional
prescriptions led to the examination of several dossiers, with a view to their review by the ASN
Advisory committees, since 2015. These examinations should continue in 2018 in order to look

Thttp.//www.french-nuclear-safety.fr/Information/News-releases/European-stress-tests-ASN-publishes-its-national-action-plan
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in detail at the various studies carried out by EDF and enable ASN to issue a position statement
on them.

The summary reports for France, resulting from the seminars organised by ENSREG in 2013
and 2015, underlined the ambitious nature of the deadlines for implementation of the measures
to improve the safety of the NPPs decided on following the Fukushima-Daiichi NPP accident.

To allow for the constraints associated with the engineering of these major works and the need
to introduce the corresponding safety improvements as early as possible, their implementation
is planned in three phases:

¢ Phase 1 was completed in 2015 with the deployment of operational mobile means;

¢ Phase 2 is in the course of deployment and will be completed in 2021;

e Phase 3 will then be implemented in conjunction with the periodic safety reviews.
The rest of this document specifies the various measures engaged on these subjects.

ASN will continue to be particularly vigilant in monitoring the implementation of all the
prescriptions it has issued and which are presented below. It will also continue to be actively
involved at an international level, particularly in the works undertaken at the European level on
the management of nuclear or radiological emergency situations.
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1 FOLLOW-UP OF THE RECOMMENDATIONS RESULTING FROM
THE EUROPEAN PEER REVIEW

Following the Fukushima-Daiichi NPP accident, ASN issued a number of resolutions on 5 May
2011 asking the licensees of major nuclear facilities to conduct stress tests.

These were carried out on the basis of specifications which were consistent with the ENSREG
specifications developed for the European stress tests.

The results of these stress tests were presented to the Advisory Committees for Reactors and
for Laboratories and Plants which met on 8, 9, 10 November 2011, and ASN issued a position
statement on them, on 3 January 2012. This position was itself examined under the European
stress tests which were completed in April 2012.

On the basis of the opinion of the Advisory Committee and the conclusions of the European
stress tests, ASN issued prescriptions in a series of resolutions dated 26 June 2012 requiring
EDF to set up:

> firstly,
» a hardened safety core of material and organisational provisions aimed at:
a) preventing an accident with fuel melt, or limit its progression,
b) limiting large-scale radioactive releases,
c) enabling the licensee to perform its emergency management duties.

= a local emergency centre allowing emergency management of the nuclear site as a
whole in the event of an extreme external hazard,

* a nuclear rapid intervention force (FARN) which, using mobile means external to the
site, can intervene on a nuclear site in a pre-accident or accident situation.

» and secondly,

= a set of corrective actions or improvements (notably the acquisition of additional
communication and radiological protection means, the implementation of additional
instrumentation, extensive consideration of internal and external hazard risks,
improvements to the management of emergency situations),

» studies of modifications and additional means enabling ASN to issue a position
statement on future safety options.

ASN notes that to date EDF has met its undertakings and all the regulatory deadlines
that have reached term.

Nevertheless, ASN has supplemented its requests with a set of resolutions dated
21 January 2014 aiming to clarify certain design provisions of the hardened safety core.

Generally speaking, ASN requests are part of a continuous process to improve safety with
regard to the targets set for the 3™ generation reactors and aim in addition to be able to cope
with situations far beyond those normally considered for this type of installation.

These requests are issued in application of the defence-in-depth approach and as such
concern measures to prevent and mitigate the consequences of an accident, based on both
additional fixed means and external mobile means planned for all the installations on a site
beyond their initial design basis.
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Given the nature of the works requested, the licensee must carry out studies for the design,
construction and installation of new equipment which first of all require time and secondly a
schedule to optimise their implementation on each NPP. Insofar as these major works are
carried out on nuclear sites which are in service, it is also necessary to ensure that the safety
of the power plants is not reduced during the work phases.

To take account of both the engineering constraints involved in these major works and the
need to introduce the post-Fukushima improvements as soon as possible, their implementation
by EDF is planned in three phases:

Phase 1 (2012-2015): deployment of temporary or mobile measures to enhance protection
against the main situations of total loss of the heat sink (“H1 situations”) or of the electrical
power supplies (“H3 situations”):

» reinforcing the existing on-site emergency equipment (pumps, generator sets, hoses,
etc.),

= installing medium-capacity ultimate backup diesel-generator sets,

= reinforcing the earthquake (SSE) resistance and flood resistance (maximum thousand
year flood) of the emergency management premises,

= installing tappings for connecting mobile equipment, particularly the FARN's equipment,
= deployment of the FARN,
= implementing an automatic reactor trip in the event of an earthquake,
= installing electrically backed-up level measurement instrumentation in the pools.
These temporary or mobile measures have been taken.

More specifically, since 31 December 2015, the gradually deployed FARN teams have the
capacity for simultaneous intervention on all the reactors of a site in less than 24 hours (up to
six reactors in the case of the Gravelines site). Operations can begin on a site within 12 hours
following mobilisation of the teams.

Phase 2 (2015-2021): implementation of definitive design and organisational means that are
robust to extreme hazards, notably the fundamental elements of the hardened safety core,
designed to respond to the main situations of total loss of the heat sink or electrical power
supplies beyond the baseline safety requirements in force:

» installation of a large-capacity ultimate backup diesel-generator set, including the
construction of a dedicated building before 31 December 2018,

= setting up of a dedicated ultimate water source,

= setting up of an ultimate water makeup source for each reactor (on the PTR reactor cavity
and spent fuel pit cooling and treatment system and the steam generators emergency
feed water supply systems) and each pool,

= reinforcing the earthquake resistance of the containment venting filter,

= installation of sodium tetraborate baskets to reduce the emission of gaseous iodine in a
severe accident situation on reactors that do not have SIC (silver-indium-cadmium alloy)
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control rod clusters,

= installation of the first protections against extreme flooding (high-intensity rainfall and
earthquake-induced rupture of tanks) in addition to the existing protected volume
measures,

» implementation of means for detecting reactor vessel melt-through or the presence of
hydrogen in the containment,

= jnstallation of the first devices which, in the event of a break in the transfer tube or the
pool compartment drainage pipes, prevent exposure of the fuel assemblies during
handling and enable them to be placed in a safe position using the emergency manual
controls,

= reinforcing the operating teams so that they are capable of managing all the extreme
situations studied in the stress tests,

= construction on each site of an emergency centre capable of withstanding extreme
external hazards (functionally independent in an emergency situation).

On the various sites, EDF has begun to implement a large part of the final measures recalled
above, more particularly the construction of buildings intended to house the high-capacity
ultimate back-up diesel generator sets, to raise the volume protection, to detect reactor vessel
melt-through and the presence of hydrogen, to install the sodium tetraborate baskets in the
reactor building sumps and to provide for an ultimate heat sink. ASN authorised these
modifications and is monitoring their implementation through its inspections.

Phase 3 (as of 2019 on the occasion of the periodic safety reviews): this phase
supplements phase 2, in particular to improve the level of coverage of the potential accident
scenarios considered. EDF indicates that these means have also been defined with a view to
continuing operation of the reactors beyond forty years:

= removal of the residual heat by the steam generators by means of an independent
ultimate backup feed water system supplied by the ultimate heat sink,

= addition of a new makeup pump on the primary reactor coolant system,

= finalisation of the ultimate makeup connections, through fixed systems, to the steam
generator auxiliary feed water supply system, to the PTR tank and to the spent fuel pool,

= installation of an ultimate instrumentation & control system and the definitive
instrumentation of the hardened safety core,

= installation of a reactor containment ultimate cooling system (that does not require
opening of the containment venting-filtration system),

= implementation of a solution for flooding the reactor pit to prevent corium melt-through
of the basemat.

These works are in line with the investigation being carried out into the proposals for
improvement of safety on the occasion of the various periodic safety reviews.

UPDATED NATIONAL ACTION PLAN OF THE FRENCH NUCLEAR SAFETY AUTHORITY — DECEMBER 2017 11/97



ASN position concerning the hardened safety core

The setting up of this hardened safety core, and the provisions of phases 2 and 3 in particular,
requires validation of the design hypotheses for the material provisions, verification that the
solutions proposed by the licensee will meet the safety objectives set and that they are
technologically achievable.

On the basis of the files transmitted by EDF and the studies carried out, ASN asked its Advisory
Committee for reactors (GPR) to submit its opinion on the more important points of these files.
To date, three meetings of the Advisory Committee have been held:

Extreme natural hazards (GP1)

The GPR was consulted on 28 January and 10 February 2016 concerning the definition and
justification of the natural hazard levels adopted by EDF for the hardened safety core of the
PWRs. On the basis of the stress tests specifications, the natural hazards considered are:
earthquake, flooding and “other natural hazards”. This review allowed the definition of the
hazard levels to be considered for the design of the hardened safety core and, on certain
points, led ASN to ask EDF for clarification.

Accident management (GP2)

The examination presented on 2 February 2017 focused primarily on the strategies for
management of accidents that can occur on the reactor and pool and on the functional
adequacy of the equipment (new or existing) for these accidents.

Severe accident management (GP3)

The examination presented on 7 July 2016, focused on the new measures proposed by EDF
to mitigate the short and long-term consequences of a core meltdown accident.

The GPR gave its opinion on the principle of these modifications, in relation to the objective of
integrating the lessons learned from the Fukushima-Daiichi NPP accident and the reduction in
the difference in the level of safety between the reactors in operation and the safety objectives
adopted for generation 3 reactors.

In this respect, the following were examined:

= the measures adopted to remove the residual heat from the reactor containment and the
functional and design requirements of the systems used (containment venting-filtration
system, containment ultimate spraying system, etc.),

= the measures adopted by EDF to limit as far as reasonably possible the risk of basemat
melt-through in the event of a core melt accident,

» the accident situations covered by the measures (robustness against hazards, situations
that might be excluded, etc.),

= the optimisation of the measures adopted to limit as far as reasonably possible
radioactive releases into the environment and the possibility of cliff-edge effects during
the progression of an accident.

This review enabled ASN to validate the principle of the new measures proposed by EDF in
order to mitigate the consequences of a core-melt accident; on certain points, ASN asked EDF
for clarifications and additional studies.
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Planned examination for the reactors in operation

ASN will issue a position statement on the basis of the files to be transmitted by EDF to clarify
the design of the systems and their implementation procedures. To date, a further four review
meetings to examine these files by the Advisory Committee for reactors are envisaged:

Severe accidents

The GPR will be consulted concerning the additional elements ASN asked EDF to provide
following the GPR meeting of July 2016 and concerning the baseline safety requirements
concerning severe accidents drawn up by EDF on the occasion of the periodic safety reviews.

Projected date of meeting: early 2019

Demonstration of accident coverage

ASN asked EDF to identify the main accident situations covered by the hardened safety core
according to the various deployment phases, the corresponding safety objectives, the control
strategy planned for these situations and the means provided for to support this strategy. On
the basis of the files to be transmitted by EDF, ASN will ask the GPR for its opinion.

Projected date of meeting: 2019

Ability to manage complex accident situations

The Fukushima-Daiichi NPP accident highlighted the difficulties inherent in the management
of a nuclear accident under extreme conditions (destruction of part of the facilities, loss of
backup and operational control systems, intervention in an irradiating environment,
management of any contaminated waters, etc.). Appropriate management of the accident is
dependent on the possibility of making efficient use of robust equipment and on the
management of the teams dealing with the situation. The GPR will be consulted on the
questions relating to the effectiveness of the material and organisational measures
implemented by EDF on each NPP site.

The following will be presented at this meeting of the GPR:

» the organisational and managerial measures planned by EDF to cope with a complex
accident situation (in particular the prioritised management of the different types of action
to be carried out on the NPP site, the procedures and the operational control guides, the
interfacing between the site's means and the means of the FARN),

= the sufficiency and robustness of the fixed and mobile equipment,

= the measures planned for human intervention in degraded conditions, the interfacing
between each site's own resources and the FARN resources, and the management of
contaminated waters.

Projected date of meeting: 2019

Summary of stress tests

It would in principle seem necessary to hold a GPR meeting, in the same way as for a periodic
safety review, to assess the actions resulting from the stress tests.

Projected date of meeting: 2019
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Ongoing examination of the Flamanville 3 EPR reactor

For the EPR reactor currently under construction in France, the definition of the extreme natural
hazards to be considered for the hardened safety core was examined within the framework of
GP1. These subjects are mainly tackled within the context of the (ongoing) examination of the
application for authorisation to commission this reactor.

1.1 NATURAL HAZARDS

1.1.1 Hazard frequency

Peer Review: The use of a return frequency of 10-4 per annum (0.1g minimum peak ground
acceleration for earthquakes) for plant reviews/back-fitting with respect to external hazards
safety cases.

CNS: Re-evaluating the hazards posed by external events, such as earthquakes, floods and
extreme weather conditions, for each NPP site through targeted reassessment of safety.

Recommendation specific to France resulting from the 2012 peer review

The review team recommends that ASN consider introducing probabilistic studies on the
seismic hazard in France for the design of new reactors and for the next seismic hazard
reviews for reactors in operation in order to have information on the probability of the event
(annual frequency of occurrence) and to establish more robust bases for defining the design-
basis earthquake.

ASN position and progress

The methodology used in France to assess external natural hazards is based essentially on a
deterministic approach. The most penalising historical event based on a given period of
observation - usually one hundred or one thousand years — is considered, to which large
conventional margins are added. This approach is supplemented by probabilistic safety
assessments (PSA) based on a systematic investigation of the accident scenarios to evaluate
the probability of them leading to unacceptable consequences.

The external hazards are periodically reassessed in the periodic safety reviews conducted
every 10 years. Moreover, the external hazards, particularly earthquakes and flooding, were
the subject of a targeted reassessment as part of the stress tests conducted in France in 2011.

In view of the available comparative data and the improvements made to the reactors during
the periodic safety reviews, implementation of the chosen methodology for earthquakes and
flooding leads to a very demanding level of safety for the identification of the need for and
nature of the modifications considered.

With regard to earthquakes, the methodology currently used to determine the seismic risk in
France complies with the methodology and criteria prescribed by the IAEA. In accordance with
the IAEA recommendations, it notably sets a minimum overall site response spectrum of 0.1 g
with infinite frequency. Within the framework of the ongoing periodic safety reviews (third safety
reviews of the 1300 MWe plant series), ASN has asked EDF to supplement this approach by
the use of probabilistic methods to complement the seismic hazard analysis.
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In 2013, the methodology proposed by EDF (to draw up an experimental seismic probabilistic
safety assessment for the Saint-Alban NPP) was reviewed by meetings of the Advisory
Committee, which concluded that work needed to be continued to achieve a method that was
usable for the forthcoming periodic safety reviews. The Advisory Committee more specifically
underlined the need for additional analyses concerning the seismic hazard assessment and
the definition of the various equipment and structure failure modes and the extent of the
equipment that must be covered by fragility curves taking into account the various failure
modes.

ASN moreover ensures that the overall seismic design or justification process for the facilities,
with regard to the definition of the hazard and the design and inspection methods for the
specific equipment and structures, is conservative and cautious. Where seismic risks are
concerned, the safety case comprises these two separate steps (the definition of the hazard
at the design stage and the control of systems, structures and components (SSC)); the
conservatism of the anti-seismic justification approach must be assessed on the basis of these
two steps. A specific feature of the French approach in the anti-seismic domain consists, as a
conservative measure, in not voluntarily using methods that allow the impact of the earthquake
on the equipment and structures to be minimised, even if these methods are founded on
experimental or scientific bases (for example, the non-use or partial use of behaviour
coefficients). The conservatism introduced by this decision allows a prudent definition of the
first areas of the facility that would be affected by an earthquake so that their reinforcement
can be requested.

In addition, within the framework of the post-Fukushima measures, ASN has asked EDF to
implement a hardened safety core of material and organisational provisions aimed at:

= preventing an accident with fuel melt, or limiting its progression,
= limiting large-scale radioactive releases,
= enabling the licensee to perform its emergency management duties.

Through a set of resolutions dated 21 January 2014, ASN set the seismic hazard to be
considered for the SSC of the hardened safety core, defined by a response spectrum, as:

= encompassing the safe shutdown earthquake (SSE) for the site, plus 50%,
= encompassing the probabilistic site spectra with a return period of 20,000 years,

= and taking into account the particular site effects, in particular the nature of the soil, in its
definition.

For the new hardened safety core SSC, the licensee adopts a spectrum higher than the
response spectrum defined above.

ASN has therefore introduced a probabilistic component with a return period of 20,000 years
into the definition of this hazard.

With regard to the flood risk, ASN published guide n° 13 in 2013 concerning? how to address
the external flood risk for nuclear facilities. The principles adopted for the drafting of this guide
follow on from those of RFS |.2.e® and the approach resulting from experience feedback from

2 http.//www.french-nuclear-safety.fr/References/ASN-Guides-non-binding/ASN-Guide-No.-13

3 Basic safety rule n° 1.2.e. of 12/04/1982 concerning consideration of the risk of flooding of external origin
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the Blayais site flood in 1999. This guide substantially reinforces the recommendations
concerning the protection of BNIs against flooding with respect to basic safety rule RFS 1.2.e.
The hazards to be taken into consideration are defined on the basis of in-depth knowledge of
the different areas concerned, hydrology and meteorology in particular; the guide thus
recommends considering 11 different hazards. It is based on deterministic methods,
incorporating margins and combinations integrated into the hazards, taking into account a
"probabilistic" exceedance target of less than 10 per year.

With regard to the other extreme climatic conditions, the return period considered for definition
of the hazard is more variable.

As part of the design approach for the hardened safety core, EDF specified the hypotheses it
was adopting for hazards other than earthquakes and flooding. The GPR was consulted on 28
January and 10 February 2016 regarding the risk levels of the extreme natural hazards
considered for the hardened safety core.

ASN notes that a WENRA sub-group has been set up to define a methodological framework
which could be utilised in the reference levels for consideration of natural hazards. ASN and
the IRSN are active members of this sub-group.

State of progress: in 2013 and in 2014, ASN completed the following:

It set the seismic level of the hardened safety core SSC (envelope of deterministic criteria and
a probabilistic definition with a return period of 20,000 years);

It published a new guide on how to address the external flood risk for nuclear facilities;

It adopted a position on the approach proposed by EDF for the probabilistic seismic safety
assessments;

It examined the necessary changes in the regulations to integrate the new WENRA reference
levels for external hazards.

In 2015 and 2016, ASN studied the proposals made by the licensees concerning the hazard
levels to be adopted for external natural hazards and the dimensioning of the hardened safety
core. It issued a position statement on these proposals and additional requests for certain sites
or for the definition of certain climatic hazards. It asked the licensees to deploy the hardened
safety core without delay, incorporating dimensioning margins.

1.1.2 Secondary effects of seismic events

Peer Review: The possible secondary effects of seismic events, such as flood or fire arising
as a result of the event, in future assessments.

The indirect (secondary) effects of seismic events have been examined as of the second 10-
yearly outage of the 900 MWe reactors during the periodic safety reviews. They were the
subject of French stress tests concerning: the "seismic interaction"* approach, the loss of the
off-site electrical power supplies, the conditions of site access after an earthquake, the fire and
explosion risks induced by an earthquake, and the flooding risks induced by an earthquake
(failure of dams, embankments, systems or equipment). The analysis of this work led ASN to

4 The purpose of the “seismic interaction” approach is to prevent damage to a necessa