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Multi-National Design Evaluation Programme

EPR Working Group

COMMON POSITION ADDRESSING FUKUSHIMA DAIICHI-RELATED ISSUES

Introduction:

The MDEP EPR Working Group (EPRWG) members, refete herein as “regulators”, consist of
members from the United States, the United Kingdémance, Finland, China, India and Sweden.
Because not all of these countries have compléadagulatory review of their EPR applications yeis
paper identifies common preliminary approaches ddress potential safety improvements for EPR
plants, as well as common general expectationsdarnuclear power plants, as related to lessonsdda
from the Fukushima Daiichi accident or Fukushimdidbérelated issues.

After the safety reviews of the EPR design applicest that are currently in review are completed, th
regulators will update this paper to reflect tregifety conclusions regarding the EPR design andthew
design could be enhanced to address Fukushima hbDedlated issues. The common preliminary
approaches are organised into five sections, nanefernal hazards, reliability of safety functipns
accidents with core melt, spent fuel pools, andrgerecy preparedness in design, supplemented by
appendices related to areas where further studies identified as necessary.

Context:

A severe accident involving several units took plat Japan at Fukushima Daiichi nuclear power plant
(NPP) in March 2011. The immediate cause of thedaot was an earthquake followed by a tsunami
coupled with inadequate provisions against the equsnces of such events in the design. Opportsnitie
to improve protection against a realistic desigsidbtsunami were not taken.

As a consequence of the tsunami, safety equipnmehtree related safety functions were lost at tlaatpl
leading to core damage in three units and subsdguenarge radioactive releases (INES 7).
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Several studies have already been performed terbatiderstand the accident progression and detailed
technical studies are still in progress in Japash eleewhere. In the meantime, on-going studieshen t
behaviour of NPPs in very severe situations, sintitaFukushima Daiichi, seek to identify potential
vulnerabilities in plant design and operation; toggest reasonably practicable upgrades; or to
recommend enhanced regulatory requirements andamggdto address such situations. Likewise,
agencies around the world that are responsibleefgulating the design, construction and operatibn o
EPR plants are engaged in similar activities.

Background information:

The Fukushima Daiichi accident demonstrates theortapce of reinforcing the Defence-in-Depth
principle, correctly identifying the external hadsrtheir magnitude, their credible combinationd tre
design provisions to protect the installation. T$tisuld be reflected in licensing requirementsaited in

the installation safety case and reviewed by aspeddent regulatory body. The accident also reiefbr
the need to have a comprehensive safety analyisig heth deterministic and probabilistic methodsin
complementary manner to provide a comprehensiveerage of all safety factors. In the safety
assessment, specific consideration needs to ba& givdoth multi-unit sites and to address long-term
measures protecting the plant.

One has to bear in mind that the specific naturéndividual events and challenges can never be
completely taken into account in design and opamatif a nuclear power plant (or indeed any other
industrial facility). However, a robust design bdiem Defence-in-Depth with sizeable safety margimd
diverse means for delivering critical safety fuono8 as well as flexible, symptom-based operator
response plans will help to address accidents liegarrent design basis (i.e. latest licensing hasis

The design, construction, manufacturing and iretialh of structures, systems and components should
rely on state of the art engineering measures affidisnt margin beyond the design criteria reqdifer

a design basis accident to avaliff edge effects'. Such an approach will help to ensure an appropriate
response, should a beyond design basis accidentr.odrovisions aiming at facilitating the
repair/recovery of impaired safety functions shalkb be considered.

! cliff edge effects are the effects of those hazards for which a mahintrease in the hazard's magnitude can havech migher impact. For
example, the external flooding hazard may havie lit no impact to a nuclear power plant below espribed flood level. However, a small
increase beyond that prescribed flooding leveld@upact many of the nuclear power plant’s fundiiand lead to a severe accident.
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Common Position:
EVOLUTIONARY IMPROVEMENTSIN SAFETY

I. The Fukushima Daiichi accident confirms the rel@menf the general safety objectives that have
been considered for Generation Ill reactors, suchthe EPR (lower probability of core melt,
limitation of releases, management of severe aotisieuations...).

As compared to most current operating reactorsE®#iR reactor contains additional safety measuieas. F
example, there are four redundant and independanstof safety systems, including emergency diesel
generator in each of the trains and additionally tiverse station black-out diesel generators. § lage
also systems to provide for severe accident managieeand protection against external events such as
earthquakes and flooding. Total loss of main higdtis also one of the design bases of the plant.

HAZARDS

II.  While acknowledging that external hazards are primasite dependent and that the adequacy of
the design has to be reviewed on a case-by-case bassidering the site characteristics, to date
regulators who have made safety findings in théeme\of their EPR design applications, find that
the safety systems of the generic EPR are desigmnegrotected to tolerate external and internal
events, mostly by applying adequate physical s¢jparand protection against dynamic loads.

The accident at Fukushima Daiichi has reinforceal ieed to undertake, as part of the safety review
process for nuclear EPR power plant applicationg;omprehensive analysis of external hazards,
including consideration of relevant combinatioregénts.

RELIABILITY OF SAFETY FUNCTIONS

lll. It is observed to date, from those regulators wheehmade safety findings in the review of their
EPR design applications, that since most EPR sdfatgtions depend on electric power that the
EPR reactors could suffer cliff-edge effects aftiefew hours following infrequent and severe
external hazards, particularly those involving ancoon-cause failure that results in long-term loss
of power and cooling. Those regulators acknowleiihge safety improvements have been proposed
to address those situations. Continued discussideiiled design, and analysis will be needed to
make final approvals of these improvements.

The key safety functions that should be protected raactivity control, reactor and spent fuel pool
cooling and confinement of radioactive materidiost safety functions of EPR depend on electrical
power, hence high reliability of power supplieseissential. This high reliability is expected to be
achieved through an adequate combination of rechaydand diversity.

Ensuring adequate protection, through appropriasggd, plant layout, electrical and physical setiama
and segregation, electrical isolation, etc. of plosver supplies against infrequent and severe esdtern
hazards is a lesson from the Fukushima Daiichidaetti
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Other actions for increasing the reliability of AGwer supply at an EPR plant should be considarel s
as provisions of long-term fuel and lubricating r@kerves for all emergency power units at theasitk
ensuring the possibility of using mobile power dypmits.

In spite of the reliability of the power supplies part of the Defence-in-Depth approach for ERRtp|

a mitigation strategy for long term loss of elemdfipower is needed for all reactor states fordeyaate
length of time. Example of arrangements used i suiategies are enhanced capacity of some critical
power sources, the possibility of providing suffici electrical power through mobile means and/er th
use of permanently installed power sources sufftbreindependent and adequately protected from
external and internal hazards, including infrequeamd severe external hazards. The fail-safe st#tus
safety related equipment in case of loss of poweply should be considered in the design taking int
account possibly contradicting requirements.

The Defence-in-Depth approach needs to be applg&xta the ultimate heat sink. The design of new
nuclear power plants needs to provide diverse maassure reactor and spent fuel cooling. Theofise

a secondary ultimate cooling water system is amei@ of diverse means to provide reactor and spent
fuel cooling for decay heat removal in case of @ilability of the primary cooling chain. Other wagt
strengthening Defence-in-Depth are e.g. by progidiortable means to inject water into the steam
generators, reactor coolant system, and make-ugr\ivdb the spent fuel pool.

ACCIDENTS WITH CORE MELT

The Fukushima Daiichi accident confirms the lessmarnt already from earlier NPP accidents that
potential accidents likely to lead to a core maledi to be considered in the design of NPPs. Safety
features which ensure the adequate integrity ofctrgainment in case of an accident leading tora co
melt need to be included in the design. These ffeatioeed to have adequate independence from the oth
provisions of the plant and they should also bedtiffe in case of external or internal hazardse Bl
containment design principles related to the FukmahDaiichi accident deal with provisions to avoid
over pressurisation (relying for example on comtent venting and/or containment spray systems),
hydrogen management and ultimate pressure stréengihch accidents. Consideration should also be
given to the possibility of hydrogen combustionside of the containment.

IV. The regulators recognise that the generic EPR desigcludes measures to mitigate the
consequences of severe accidents. The EPR desigfitbdrom reinforced measures to prevent
accident situations such as high pressure core,rgkibal hydrogen detonations and in-vessel and
ex-vessel steam explosions, which would lead tgelar early releases. Nevertheless, as some
severe accident management systems rely on ACiarad durrent (DC) power, at least after a few
hours, regulators recognise the need to reinforgisting or proposed provisions to increase the
time available before cliff-edge effect. Due coesition to those cliff edge effects is to be given
while tailoring long term loss of electrical powsiitigation strategies.
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SPENT FUEL POOLS

The Fukushima Daiichi accident also highlighted nieed to fully consider safety in the design ofrépe
fuel pools. This implies that single initiating exs, multiple failure events, internal hazards &l as
external hazards should be properly addressedrtitplar, the structural integrity of the spergifpools
needs to be ensured with adequate margin in casdearhal hazards.

Both the Defence-in-Depth approach and the premermf accidents with early or large releases dig fu
applicable for fuel storage pools. Once spentifual pool is overheated, it is very difficult togglict how
the accident develops, when significant fuel miglits to occur and how the molten fuel finally bedsa
To achieve a safe outcome, it is essential to enh integrity of the spent fuel pools, and tontain
sufficient water level in the pools.

EMERGENCY PREPAREDNESS IN DESIGN

The accessibility and habitability of the controlom, the emergency response centre, and the local
control points (locations for necessary manualoasti sampling and possible repair works) need to be
adequately protected against internal and extemaahrds. Suitably shielded and protected spaces to
house necessary personnel in severe accident immsdithould be considered for EPR plants.

In addition to the structures and fixed equipmergueing the safety functions, consideration shdngd
given to utilisation of mobile means for restorgafety functions. The implementation of these messu
should be independent, as far as practicable, fnommobile means, and the access to appropriate
locations to implement these measures should tshpesn due time.

The reliability and functionality of the on-site caroff-site communication systems need to consider
conditions relating to internal and external hagard

Instrumentation and controls should be designedimstdlled in the reactor building and the spert fu
pools to enable and support the accident managemeagures (refer to appendix 2).

Severe environmental conditions and possible degjiadof the regional infrastructure that may odour

a Fukushima Daiichi-like accident may impact theeggancy preparedness and should be considered in
the emergency planning. On multi-unit sites, thanplshould be considered as a whole in safety
assessments and emergency management and intesaotitween different units need to be analysed.
External events that may affect several units shbalidentified and included in the analysis. Esghtt

may simultaneously affect several units shouldXpi@tly considered in the emergency preparedness.

As these topics involve both design aspects amdsgitcific/licensee-specific provisions, the retprka
are still evaluating the design and organisatigmalisions which are normally part of the arrangetse
for commissioning of the plant.
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AREAS FOR FUTHER STUDIES BY EPRWG
Based on the issues explained above, the EPRW@eatketd consider some areas in EPR design in
greater depth to gain a better understanding ont ate possible differences between different EPR

evolutions (like Olkiluoto 3, Flamanville 3/Taishdn UK-EPR, US-EPR) in these particular areas of
design and to highlight possible recommended presti

In the June 2012 EPRWG's meeting, the followingaar®r further studies were identified:

« arrangements for long-term loss of electrical poygpplies and distribution systems) to
ensure long term decay heat removal (appendix 1);

» reliability and qualification of severe accidentmagement instrumentation (appendix 2);
* management of pressure in containment during segidents (appendix 3);

* long-term cooling of spent fuel pool; reliabilityf @ooling and makeup water systems,
instrumentation and hydrogen management (appendix 4

* management of primary circuit residual heat remaval sub-criticality (appendix 5).

The appendices will be updated as members’ sadetgws move forward.
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APPENDIX 1: LONG-TERM LOSSOF ELECTRICAL POWER

Definition

Long-Term Loss of Electrical Power (LTLEP) - A prabed loss of off-site power supplies combined
with a prolonged loss of on-site installed safetated power supplies.

New EPR Reactor Common Positionsfor LTLEP

I.  New reactor designs should incorporate multipleetayof defence-in-depth to protect against an
LTLEP for all modes of operation. Layers of defeagainst an LTLEP will typically involve robust,
permanently-installed equipment, robust and sepdydbcated mobile equipment, and adequately
trained personnel and resources to implement therkaof defence in a timely manner. New reactor
designs should have an assessment of the levetiefehce-in-depth for an LTLEP. Such an
assessment should consider (1) permanent and nmexdpiligment relied upon, (2) protection of such
equipment against external and internal eventscé®ability of the equipment to provide key safety
functions, (4) capability of personnel to utiliseetequipment in the time required, and (5) traoaiti
to other layers of defence when one layer of defénot available.

An LTLEP may be a result of an external or intereaént, whose cause, duration, and extent may be
difficult to predict and measure. It is importaatr fnew reactor designs to incorporate, to the éxten
practical, design features and procedural actioqdvide multiple layers of defence against an EPL
These provisions should address LTLEP common-cfaikee sources such as flooding, failures of
electrical switchgear, or fires. Design, plannirgnd preparation for an LTLEP will greatly assist
responders in the unlikely occurrence of such aentvThe value of planning and preparing for an
LTLEP is for plant operators to consider factorattivould affect their ability to maintain key safet
functions. Response to an LTLEP will require a cioration of installed plant features, procedures,
knowledgeable plant personnel, additional equipnuerdite and/or offsite, and offsite resourcesslt i
important for plant operators to understand theabdities of their equipment and personnel, means t
access reliable plant status/information, requi@éhg for actions, potential impediments to penfiathe
actions, and how to coordinate multiple activities.

II.  The design of the plant against external and irakavents is critical to protect against LTLEP.

Proper siting and design of the nuclear power plagainst external events such as earthquakes and
floods will greatly improve their capability to aidoan LTLEP. As demonstrated by other nuclear power
plants in Japan that experienced the same tsunatndith not experience an LTLEP, the siting, design,
and construction of a facility greatly affects thtcome of such an external event. Similar conchssi

can be drawn for internal events as well.

lll. Equipment that is used in the various layers ofded should be adequately protected and qualified
against potential hazards and events, includingsjgions for sufficient testing and maintenance.

Various hazards and events could disable multipleces of electrical power such as flooding, fises]
explosions resulting from internal or external égeMPPs are designed to withstand such events but

8
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there remains a remote likelihood that such evemttd exceed the design of one or more safety sgste
within the plant. To protect equipment against évehat are beyond the design basis of the plaid, i
important to design and locate additional equipnserh that a single event would not disable muatipl
layers of defence. Qualification should consisiretiepth design, testing, and operational followtap
demonstrate the ability of the equipment to proviilgh confidence that they will operate effectively
when required under design basis conditions. Egaiirehould at least be protected to the same degree
as main line safety systems, but depending oreglyabken (types and location of equipment) adatiio
protection may be necessary.

IV. The LTLEP mitigation strategy (including layers défence and protection of equipment) is
dependent on generic design aspects as well aslsiendent variables based on types of external
events that may occur.

The mitigation strategy should be tailored to céaljgof the generic design coupled with site sfieci
characteristics. For example, a plant locateddesert region and not near any large water soisdess
likely to experience significant flooding as comgrito a plant near a coast that has a historyuoftsis.
However, the plant located in the desert may erpes other events such as sandstorms or extrerhe hea
that the coastal plant is not expected to encounter

V. New reactors should consider support capabilityt #@uld assist the LTLEP mitigation strategy.

Support for personnel and equipment include acteptant areas, spare parts, and communication. For
example, mitigation strategies should consider setierough security doors, ability to obtain spaaes
from storage systems that normally use electroréama of access and retrieval, and mobile means of
communicating across the plant site as well as witternal resources. Consideration for personnel
protection should be included in the mitigatiorattgy.

VI. The balance of plant safety should be maintaineendddressing LTLEP mitigation.

As mentioned earlier, NPPs are designed to witdséatternal and internal events that could leadnto a
LTLEP. The likelihood of a new reactor experiencarg LTLEP should be very low when compared to
other events and hazards. Any mitigation stratefgiet TLEP should be weighed against the mitigation
of other events and hazards within the plant detigensure that the balance of plant safety is not
impacted by any design features, procedures, ioiricaused to address LTLEP.

EPR Common Positionsfor LTLEP

I.  To date, regulators who have made safety findingd 6LEP have found that the EPR design
appropriately accounts for external and internaleets to make the likelihood of an LTLEP
extremely low.

The original design and current siting requiremaritthe EPR is robust against external events asch
earthquakes, floods, and high winds, making thelililbod of an LTLEP from these events to be very
low. The EPR design incorporates principles suchhgsical separation, barriers, and design mamin t
reduce the impact of internal events. Regulatodsvemdors and its customers have discussed thgndesi
capabilities of the EPR and additional design nmamghd features have been added to enhance the
capability to mitigate Fukushima Daiichi-like event
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IIl. To date, regulators that have made safety findings LTLEP have found the approach of
permanently installed and mobile means by the EP8tgd to address LTLEP to be acceptable.
Continued discussions, detailed design, and aralysi be needed to make final approvals.

Regulators have reviewed the initial proposals IREAA and its customers to address LTLEP for the
EPR design. The proposals use permanently instatigioment and mobile means to provide multiple
layers of defence against an LTLEP. Regulators wdihtinue to review the proposals as licensing
documentation, detailed design, equipment, andepiaes are available. Regulators may require some
changes to mitigating strategies.

10
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APPENDIX 2: RELIABILITY AND QUALIFICATION OF SEVERE ACCIDENT
MANAGEMENT INSTRUMENTATION

General expectationsregarding sever e accident management instrumentation

The main objective of severe accident managemernt isaintain containment integrity and avoid
containment bypass in order to limit, as far assjlids, releases into the environment and consegsgenc
for the population. Several phenomena may indeeshtbn containment integrity in case of core melt
accident. In order to prevent these phenomenagcpkat safety features have been implemented in EPR
reactors. Nevertheless, these features are natisnffto totally eliminate the risk of such pheremon
and operator actions have a key role in the managenf the situation. Operating strategies shoeld b
adapted according to the accident progression.€efdrey, instrumentation in severe accident is of the
utmost importance to support the management fatitighreleases into the environment. It is necessar
to follow the accident progression in order to biedo predict possible developments and to deterifi
the situation can be considered as stabilised.

It is also essential to inform public authoritiesciase of severe accident in due time, in orddrttiey set

in place, if necessary, countermeasures for thelptpn.

For these reasons, the level of confidence in ¢werg accident instrumentation should be highs #l$o
expected that any instrumentation required to mfon decision making related to countermeasurds sha
be included in the design. Instrumentation shallapgropriately classified: it shall have relialyilit
commensurate with the function that it is required fulfill, it shall be adequately qualified for
environmental conditions, tested and inspectedgeally during the plant life.

Severe accident instrumentation should be qualifiegerform adequately for specified severe acdiden
conditions and mission time.

Safety classification should be commensurate wighctategorisation of the function to be performed.

Overview of EPR severeaccident 1 & C design

All relevant EPR 1&C designs have severe accidesmagement functions which are considered beyond
design basis or as design extension conditionsoimes member countries. The severe accident
instrumentation and controls (SA 1&C) are impleneghtin separate I&C systems for all EPR 1&C
designs, except the US EPR design. The FA3, TSNUEPR designs all have a similar dedicated
design for the SA I&C system. SA 1&C functional te@ments depend on the regulatory expectations in
each member country. The SA 1&C system performsitanng and control functions required for severe
accident management. Inputs are acquired direotiy ffield sensors or from isolated outputs of the
safety 1&C systems. Outputs are sent to the drivetrol modules or the priority actuation and cohtro
system for component actuation. The drive controtiates are provided to interface with the non-gafet
actuated equipment used for severe accident nidgigathe monitoring and service interfaces provade
communication path between the SA I&C and other I&Gtems. Redundant gateways are provided to
interface with the plant data network or bus.

11
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The regulators have identified small difference®agnEPR designs such as:

» instrumentation for detecting the IRWST sump filtérgging except for FA3 due to the different
FA3 IRWST sumep filter solution;

» two different solutions for detecting hydrogen witthe containment: temperature measurement
in the passive autocatalytic recombiners outlet3R4K) indicative of hydrogen recombination,
or hydrogen sampling (OL3, TSN, US) giving locatlhygen concentration. UK is also currently
discussing sampling of the containment atmosphetiegl accident condition;

» Sodium Hydroxide injection systeimstrumentation is only provided for those EPR glesi(FA3
and UK) for which system is provided to maintainlBMVST alkaline pH;

» the EPR Family is proposing to qualify the equiptrfen monitoring the IRWST water level and
temperature for OL3 and US. UK is currently distugshe provision of this capability;

» instrumentation for containment venting and filwatoperation is provided for OL3; the UK is
currently discussing the provision of filtered aintment ventilation and the relevant operational
capability;

» the US EPR design allocates severe accident instrtation to various 1&C systems and does
not have a dedicated SA 1&C system.

EPR Common Position

The duty of the instrumentation is described in R severe accident management guidelines
“Operating Strategies for Severe Accidents (OSSA)”:
» the generic EPR design utilises core exit tempegaaimd/or containment dose rate for entering
into OSSA,
» there is similar instrumentation for the core catcimonitoring, the containment dose rate
monitoring and for monitoring the threat of the @dnment over pressurisation among the
different EPR designs.

The regulators recognise that all EPR designs dachaeasures to prevent and mitigate the consegaience
of severe accidents. EPR designs employ a rangastfumentation to inform entry into a severe
accident, monitor the accident progression, angh@tithe management of the severe accident ingudin
assessment of threat to the containment. The msmtation also provides information to support
decisions for both on-site and off-site emergemsponse actions.

The licensees have made commitments to meet thdaters’ expectations that the severe accident
instrumentation and controls necessary to stayhenntitigation path, including their support systems

will be appropriately designed, qualified and poteel for severe accident conditions.

The national regulators are currently considerhmgjrtlicensees’ solutions and have yet to finalrssr
respective positions.

12
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APPENDIX 3: PRESSURE MANAGEMENT OF CONTAINMENT DURING
SEVERE ACCIDENTS

General expectations regarding containment integrity and reduction of radioactive releasesin case
of a severe accident

The importance of the integrity of the containmaata fundamental barrier to protect the people and
environment against the effects of a nuclear aatide well established. In this regard, an esskntia
objective is that the necessity for off-site commeasures to reduce radiological consequences be
limited or even eliminated. The design should pdevengineering means to address those sequences
which would otherwise lead to large or early reé=jseven in case of severe external hazards.

The plant shall be designed so that it can be livoiagp a controlled and stable state and the comient
function can be maintained, under accident conulition which there is a significant amount of
radioactive material in the containment, i.e. risglfrom severe degradation of the reactor cdrés |
expected that due consideration to these requiremerto be given while tailoring long term loss of
electrical power mitigation strategies.

In order to reliably maintain the containment kemrthe regulators believe that:

» Safety features specifically designed for fulfilirsafety functions required in core melt
accidents shall be independent to the extent resppracticable from the SSCs of the other
levels of defence;

» Safety features specifically designed for fulfilirsafety functions required in core melt
accidents shall be safety classified and adequajablified for the core melt accident
environmental conditions for the time frame for @hithey are required to operate. In the
light of the Fukushima Daiichi accident, the regoila believe that those safety features shall
be designed with an adequate margin as compatbe tevels of natural hazards considered
for the site hazard evaluation;

» The systems and components necessary for enshengphtainment function in a core melt
accident shall have reliability commensurate wiith function that they are required to fulfil.
This may require redundancy of the active parts;

e Containment heat removal, including corium coolidgying core melt accidents shall be
provided;

» It shall be possible to reduce containment pressueecontrolled manner in the long term
taking into account the impact of non-condensahkes;

» If a containment venting system is included in diesign, the safety margins in containment
shall be such that it should not be needed in #ny @hasesof the core melt accident, to
deal with the containment pressure due to the aglation of non-condensable gases;

» The containment venting system shall not be dedigisethe principal means of removing the
decay heat from the containment;

2 “Largeradioactive release”: a release for which off-site protective measunested in terms of times and areas of applicatoe insufficient
to protect people and the environmeifitafly radioactive release”: release for which off-site protective measures recessary but are unlikely
to be fully effective in due time.

3 Early phase is considered to last until the amofirddioactive material in the containment atmoseles decreased significantly.

13
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» The strength of the containment including the axagsenings, penetrations and isolation
valves shall be high enough to withstand, withisigft margins to consider uncertainties, all
applicable and probable static and dynamic loadsngucore melt accidents (pressure,
temperature, radiation, missile impacts, reactiamcds). There shall be appropriate
provisions to prevent the damage of the containrdeetto combustion of hydrogen.

In order to reduce the release of radioactive simosis, the regulators believe that the primary mean
should rely on provisions to minimise the amounfiggion products in the containment atmosphere and
to reduce the pressure inside the containment.

The containment penetrations should be surroungedebondary structures to prevent the potential
leakages from the containment to be directly reldds the atmosphere.

Main EPR design characteristics

The generic EPR design includes measures to ndtidpt consequences of severe accidents. The EPR
design includes measures to prevent accident isiigsasuch as high pressure core melt, global hyarog
detonations and ex-vessel steam explosions, comtainbypass, which would lead to large or early
releases. All EPR designs are equipped with a cateher, aiming to stabilise the situation in cake
vessel melt-through. The containment is designefate a global hydrogen combustion taking into
account the implementation of passive hydrogen mbdoers that limit the hydrogen risk. The
containment heat removal system (CHRS) / sevelideicheat removal system (SAHRS) is the primary
means, under severe accident conditions, of dralwada from the containment and maintaining the
pressure inside within the design limits. Its sugipg systems, i.e. dedicated cooling chain, arel th
ultimate diesel generator, are independent fronsyseems supporting the DBA safety functions.

Nevertheless, as some severe accident managenstéemsyrely on AC and direct current (DC) power,
regulators recognise the need to reinforce existingroposed provisions to increase the time abvigila
before cliff-edge effect that would occur. Due ddegation to those cliff edge effects is to be givehile
tailoring long term loss of electrical power mitigm strategies (refer to appendix 1).

EPR Common Position

The regulators acknowledge that, following FukushibDwiichi accident, in case of extended loss of AC
power and loss of ultimate heat sink, all venddilfias have provided measures to manage the press
within the containment. Presently, the differedidi@ing solutions have been proposed:

» CHRS/SAHRS containment spray using a portable pangpexternal water supply;

* CHRS/SAHRS containment spray and recirculationhef in-containment Refueling Water
Storage Tank (IRWST) water using the existing SAHRBnp, the existing SAHRS heat
exchanger with a portable source of cooling water;

* engineered filtered containment venting (FCV) systiesigned to cope with the release of
non-condensable gases accumulated in the containdoeimg the late phase of a severe
accident.

The different solutions proposed are deemed asysafiprovements to address severe accident sitgtio

combined with long term loss of electrical powene$e different solutions are currently being cosrsd
by the national regulators who have yet to finatissr respective positions.
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APPENDI X 4: LONG-TERM COOLING OF THE FUEL POOLS
Purpose
To identify common positions among the regulatessewing the EPR spent fuel pool (SFP) in order to:

1. Promote understanding of each country’s reguladesisions and basis for the decisions,

2. Enhance communication among the members and wi¢hret stakeholders,

3. Identify areas where harmonisation and convergeficegulations, standards, and guidance can
be achieved or improved, and

4. Supports standardisation of new reactor designs.

Discussion

On 11 March 2011, the Fukushima Daiichi nuclear growlant experienced a large seismic event
followed by a significant tsunami. The tsunami idated many of the facilities at the plant, inclgdin
many of the electrical power systems. As a resuithe earthquake and tsunami, Fukushima Daiichi
experienced a loss of all ac power for all uniteegt Unit 6, which had one air-cooled diesel getoera
still available. DC power was lost at Units 1 andu& to the tsunami, and it was subsequently lost a
units 3 and 4 at a later time due to the inabiityecharge the batteries. As a result of the elaemoss of
electrical power, core damage was experienced its Un2, and 3.

The Unit 4 spent fuel pool contained the highestt head of the six units with the full core presamthe
spent fuel pool and the refueling gates installdalwever, because Unit 4 had been shut down for more
than 3 months, the heat load was low relative & fhiesent in spent fuel pools immediately follogvin
shutdown for reactor refueling. Following the egtthke and tsunami, the operators in the Units 34and
control room focused their efforts on stabilisitg tUnit 3 reactor. During the event, concern grieat t
the spent fuel was overheating, causing a high-¢eatpre reaction of steam and zirconium fuel clagldi
generating hydrogen gas. This concern persistedapity due to a lack of readily available and reléa
information on water levels in the spent fuel podlelicopter water drops, water cannons, and cement
delivery vehicles with articulating booms were ugedrefill the pools, which diverted resources and
attention from other efforts. Subsequent analysienthined that the water level in the Unit 4 sifapt

pool did not drop below the top of the stored faletl no significant fuel damage occurred. The ldck o
information on the condition of the spent fuel ocbntributed to a poor understanding of possible
radiation releases and adversely impacted effeqiieritisation of emergency response actions by
decision makers. The Fukushima Daiichi nuclear pgalent accident also highlighted the importance of
appropriate safety in the design of the spent el and its associated systems, which should ensur
their system structural integrity, sub-criticaldf the spent fuel under all conditions, adequatgterm
cooling, and sufficient water level in the pools.

Regulators around the world are currently lookingreans to update requirements and guidance to
ensure the fuel stored in the SFP are properledtand that uncertainty about SFP condition doés no
become a source of distraction. The MDEP EPR Spesit Pool Technical Experts Ad-hoc Subgroup has
been charged with the task of evaluating commoritipns for the spent fuel pool systems of the EPR
new reactor design. The design is actively beingereed in China, Finland, France, the United
Kingdom, and the United States. India is a new nmamb the MDEP EPRWG and has not initiated a
formal review of the EPR at this time. Many of tMDEP EPR Spent Fuel Pool Ad-hoc Subgroup
members have been involved with their country’seligement of requirements and guidance. Therefore,
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the MDEP ERP SFP Ad-hoc TESG will meet and dis¢thescommon positions, recommendations, and
comments within this document.

Addressing requirements and guidance for the SER®g requires expertise from various technical
disciplines, expertise from regulators and the @tigy and careful consideration of all aspects lahp
safety. The common positions, recommendationscaniments are primarily applicable to the EPR new
reactor design, but the information is also appliedo other new reactor designs, and to a lesgeng
operating reactors. Specific common positionstierEPR design are identified within this document.

New Reactor Common Positionsfor SFP

I.  The SFP should be designed to maintain the staretldovered following the effects of such
natural phenomena as earthquake, tornado, hurricloed, tsunami, and seiches.

In the event of a natural phenomenon, the spehph@ must maintain its structural integrity in
order to ensure the stored fuel coverage. The desfighe SFP system should maintain the
minimum water level which is needed to ensure tamisshielding and SFP cooling. The seismic
design of the fluid retaining surfaces should pdevassurance that the SFP will maintain this
minimum water inventory following an SSE. The fluigtaining surfaces should be protected
from internally and externally generated missiles.

II.  The design should have the capability to providkeng water to the SFP.

During normal operation and following an accidec¢rsario, the decay heat generated from the
stored spent fuel causes the SFP water to evaparaém while the cooling system is in
operation. The rate of evaporative loses increadwn the cooling system is not in operation.
Eventually, makeup water will be required. The S§Rtem should have the capability of
providing makeup water to the SFP, the makeup wstarce, and the equipment necessary to
transfer the makeup water should be of the propismsc design criteria in order to ensure its
availability following a seismic event.

lll.  The SFP should be designed with adequate coolipglikty to ensure the safe storage of spent
fuel.

Under all conditions (normal operation or accideognario) the stored fuel will continue to
generate decay heat that must be removed. The IBftRdshave the capability to remove the
decay heat and prevent fuel uncovery.

V. SFP shall have reliable water level indication.

During and following an accident scenario, the SkBuld retain sufficient water inventory to
ensure proper radiation shielding and SFP coolugip shat no immediate action is required. In
the early phase of most accident scenarios, theatmpts attention should be focus on core
cooling, assessing the scenario and taking theeprsfeps to stabilise the unit. If there are no
reliable water level indications, like what happgnduring the Fukushima Daiichievent,
uncertainty of the SFP water level could divereatipn and resources from critical operations to
the SFP in order to verify pool levels.
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The design of the SFP system should provide safftty reliable instrumentation to monitor the

spent fuel pool water level from above the coobugtion elevation to the top of the stored fuel,
which should include a primary instrument chanmal a backup one. Both instrument channels
should be independent from each other. The perntigriaatalled instrument channels should be
powered by a separate power supply. The instaflatfothe water level instruments should be
protected from falling debris. The instruments dtidoe capable of withstanding design-basis
natural phenomena and should also be reliablenaparature, humidity, and radiation levels

consistent with the spent fuel pool water at saimmaconditions for an extended period. The
instrument shall be provided with backup power bijta until outside power can be restored.

EPR Reactor Common Positionsfor SFP

The SFP should be designed to maintain the staretddovered following the effects of such
natural phenomena as earthquake, tornado, hurricloed, tsunami, and seiches.

In the design of the EPR reactor system, the Skétaded inside the fuel building (FB). The FB
is designed to provide protection against natunahpmenon and/or seismic events. In the design
of the EPR reactor, the water level needed to opeh@ SFP cooling system is identified as the
minimum safety water level. The SFP fluid retainswgfaces are designed as seismic category |,
in order to ensure that the SFP will maintain sidfit water inventory. Piping systems that
connect to the pool above the minimum water lewglreach below this level are designed as
seismic category |, or are provided with an armghen device to preclude SFP drain down. The
SFP cooling system is designed as a safety rekstém, which means that the system is
designed to remain operational following a seismient. The system includes isolation
capabilities at the boundaries between seismisifieations.

The design should have the capability to provid&eng water to the SFP.

The EPR SFP has several make up paths and wateesavailable, depending on the scenario,
to replenish the SFP water inventory. These souncelside both seismic and non-seismic
qualified sources, with full seismic/safety relataold non-seismic/safety related paths; one of
these sources is the fire protection system. Th@def the EPR reactor also incorporates some
separate and independent hose connections, in twderovide make up water for the SFP.

The SFP should be designed with adequate coolipglikty to ensure the safe storage of spent
fuel.

The EPR SFP cooling system (SFPCS) has been wassi$ a safety related system. This
classifications means that the system componeatdesigned as seismic Category | components
that will remain operational following a seismiceet. The system is powered from safety related
sources, which include diesel backup power generalithe seismic classification of the fluid
retaining components ensures that sufficient wiaegntory is retained in the SFP to provide a
means to cool the fuel in the event the SFPCStismmediately available. The amount of time it
would take to heat up the SFP water inventory jgeddent of the heat load of the spent fuel
stored in the pool. At maximum heat load conditi¢fad core offload) the reactor core is empty
of fuel, therefore the protection of the SFP shdadda priority. If the reactor is in operation, the
heat load in the SFP is lower and the minimum wateentory is sufficient to keep the stored
spent fuel cool without requiring immediate acttormre-establish the active cooling.
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V. SFP shall have reliable instrumentation

The EPR SFP system design has four permanentbiletst seismically qualified, safety-related
wide range water level instruments which providdidgation and warning to alert the operators in
the main control room. Each level instrument haarge that spans from the top of the normal
operating level to below the top of the spent ftaelks. These instruments are powered from
safety related AC power and provided with backutpelg power, in the event that safety related
power is not available. The SFP level indication b& read at the control room. The low-low
SFP level signal will trip the SFP cooling systeamps to preclude unacceptable loss of water or
damage to the pumps. In addition, the design of BRR SFP system also includes
instrumentation to monitor the SFP water tempeeaturd the SFP area radiation level. Overall,
the design of the EPR SFP system has instrumemttdiononitor the pool water level, water
temperature, and area radiation level to provid#ication of the degradation of decay heat
removal capability and to warn personnel of potiytiunsafe conditions in the SFP area.
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APPENDI X 5:

MANAGEMENT OF PRIMARY CIRCUIT RESIDUAL HEAT REMOVAL AND

SUB-CRITICALITY

Common Positions agreed on the EPR Reactor for the management of primary circuit residual heat
removal and sub-criticality

Residual heat removal

In the context of this discussion, the scenaricsimred includes extensive loss of active safetyesys,

but does not include catastrophic failure of thgomprimary circuit pipework. It may include a smal
loss of coolant accident caused, for example, iyréaof the reactor coolant pump seals or a brakto

a small pipe connected to the reactor coolant systeurthermore, the event is assumed to impact
multiple units on the same site.

I.  Maintenance of adequate primary circuit inventasyaikey safety function that needs to be ensured
on the EPR following an extreme event such as oedwat Fukushima Daiichi.

Following a Fukushima Daiichi-type event at thee 9if any EPR power plant, it is essential that
decay heat from the reactor core should continueetsemoved and that following a leak in the
primary circuit, sufficient means remains availatileensure an adequate make-up capacity to the
primary circuit.

II. It is essential that a means (either installed ahife) is provided on the EPR to ensure adequate
cooling and inventory make-up to the primary citcui

There is a consensus amongst the regulators thedsitone means needs to be provided to ensure
adequate cooling and make-up in the EPR followhsy long-term loss of off-site power together
with failure of the Emergency Diesel Generators @lpand that it will be necessary to demonstrate
that this means is functionally capable of achigwuime key safety functions, even in case of severe
and rare external hazards.

In the EPR design, there are potentially a numbbeptions for ensuring adequate levels of cooling
and inventory make-up of the primary circuit foliogyy the loss of off-site power together with
failure of the EDGs. These include:

a. For Flamanville 3 EPR, EDF is setting up a so dafleardened safety core” of structures,
systems and components that is needed to fulfiittitee fundamental safety functions in
case of long-term loss of off-site power or heaksipotentially due to a rare and severe
external hazards. To remove residual power fromR@§, provisions should be defined, on
one hand to compensate the loss of water that malpb to a small break, on the other hand
to cool the RCS. Therefore, the installed Low Hezafety Injection (LHSI) trains in
Divisions 1 and 4 that are used to provide coolmg inventory make-up to the primary
circuit are part of the hardened safety core. Whierthe LHSI trains is provided by the
In-containment Refueling Water Storage Tank (IRWSWhen the RCS is pressurised, its
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power removal is provided by the emergency feegmaytstem (EFWS), also included in the
hardened safety core.

The ultimate heat sink function is provided by iémate Cooling Water System (UCWS),
with electrical power provided by the Ultimate Deé&enerators (UDGs). UCWS and UDGs
are also included in the hardened safety core.iftomg have been added (fuel transfer from
the EDGs fuel tanks to SBO fuel tanks, increasbatferies autonomy, possibility to fulfill
EFWS tanks using water basin located above stiia) to ensure plant autonomy until the
arrival of the Emergency Nuclear-Response Force désign of these systems is being
reviewed to ensure that the designs are “hardeagdinst the effects of extreme external
hazards; such as flooding and seismic events.

Similar features are under installation for the nésie EPR. In Finland same key safety
systems are also designed against the effectstrefnes external hazards and provisions will
be added to ensure plant autonomy.

b. Some designs are considering installation of aulkti diesel-driven Steam Generator (SG)
feed water pumps to provide SG cooling of the prinwrcuit following total loss of all AC
power. On the US version of the design, the punnpgige low pressure feed and so the SGs
are blown down to enable SG feed flow to be esthbll. In some designs the intention is to
provide high-pressure diesel-driven feed pumpsesthis avoids the need for SG blow down
in the short-term and in the long-term may avoil nieed to provide a mobile means to inject
borated water into the primary circuit.

c. In some countries, the Stand-Still Seal Systemlagmed to ensure that loss of coolant
accidents do not occur at the Reactor Coolant Psmajs; avoiding the need for short-term
inventory make-up. In others, additional meanspaoeided to inject coolant into the primary
circuit.

Sub-Criticality

Efficiency of the automatic scram of the reactoaisital function that needs to be ensured on the
EPR following an extreme event such as occurrédilatishima Daiichi.

It should be demonstrated that, in a postulatedishikna Daiichi-type event at the site of any EPR
power plant, the automatic scram would be ableperate. Due consideration should be given to
deformations of the fuel assemblies and/or conmpdls induced by an earthquake exceeding the
design bases.

Maintenance of adequate long-term control of subeality is a key safety function that needs to be
ensured on the EPR following an extreme event asidtcurred at Fukushima Daiichi.

Following every reactor trip, there is an eventtguction in the shutdown margin of the reactor
core due to the cool down of the reactor core (githee moderator density reactivity coefficient of
the core) and the decay of xenon. In the eventdilkaushima Daiichi-type event at the site of any
EPR power plant, it is essential that sufficienttdown reactivity margin is maintained, by
appropriate use of borated water injection and¢actor cool down.
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V. |Itis essential that a means (either installed avhife) is provided on the EPR to ensure adequate
long-term reactivity control.

Although the specific choice of which options amgplemented in a particular country will depend
upon national requirements, there is a consensoagshthe regulators that at least one means needs
to be provided to ensure the long-term controlesictivity on the EPR following the long-term loss
of off-site power together with failure of the ED@sd that it will be necessary to demonstrate that
this means is functionally capable of achievingkbg safety function.

On the EPR design there are potentially a numbeptibns for ensuring adequate long-term control
of reactivity following the loss of off-site pow&wgether with failure of the EDGs. These are:

a. Using the “hardened safety core” already discusdede. The make-up water taken from the
IRWST is borated and so provides a means of ergthiamlong-term control of reactivity.

b.  On the US version of the EPR, it is proposed tofiegrotection pumps or mobile pumps to
inject borated water directly into the primary ciitc

21



