atn EUROPEAN COMMISSION
* A RESEARCH DIRECTORATE-GENERAL
% %
ﬂ’i} ﬁf\*’ Directorate J : ENERGY
* Unit 4 :Nuclear Fission and Radiation Protection

Brussés, 26 March 20(8

Results and exploitation of FP-4 and FP-5research
in the area “Safety of Existing I nstallations’

G. Van Goethem, A. Zurita, P. Manolatos and S. Casdta
EC DG Reseach / Directorate J: Energy / Unit 4 : Nuclear Fisson and Radiation Protedion
Phonre: +32-2-2951424 Fax: +32-2-2954991 E-mail: georges.van-goethem@ceceu.int

ABSTRACT

In this paper an overview is given of the most important achievements of the reseach programme
cofinanced by the European Union (EU) in the aeaof LWR sdety over the FP-4 and FP-5 periods
from the end-use's point of view. The end-users are : the mntracting organisations (i.e. utilities and
as®ciated engineaing companies regulatory bodies and asociated tedhnicd sdety organisations,
manufaduring indwstry and as®ciated services), the non-contrading organisations (including
dedsion makers and opnion leaders) and the European Commisson.

BesdesCommunity reseach strategy and programme implementation aspeds in general, this paper
isfocusing on the S/IT achievements obtained by multi -partner projectsin the

. 7 clusters of multi-partner projeds in Euratom FP-4 (19941998): AGE for structural ageing,
INV and EXV for in-vessé core degradation and ex-ves®l molten corium coodlability, ST for
radiological source term, CONT for containment integrity, AMM for acddent management
measires ad INNO for innovative sdety fedures - the total cost of the 67 mutipartner
projects comprised in this Community reseach was € 71.3 million, out of which € 35.9
milli onwas ontributed by the EU budggt

. 3 clusters of multi-partner projeds in Euratom FP-5 (19982002 : PLEM for plant life
extenson and management; SAM for severe acddent management and EVOL for
evolutionary sdety concepts - the total cost of the 71 mutipartner projects comprised in this
Community reserch is € 85.4 million, out of which € 43.5 million is ntributed by the EU
budget.

The objedivesof this Community reseach are disaussal and a number of FP-4 and FP-5 projeds
are selected to demonstrate to what extent the proposed objedives were indeed met. Besdes
tedhndogical requirements, socio-emnomic apects ae becoming increasingly important due to the
level of pubic and pditicd aaeptance and to the eonamic pressire of deregulated eedricity
markets : thisis also dscussel. Finally the needs for EU-wide nuclear knowledge management are
disaussal and some conclusions ae drawn regarding past and future Euratom reseach of common
intered in the aeaof reactor sdety.
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INTRODUCTION
PRIORITIESOF EURATOM RESEARCH IN LWR SAFETY

The fundamental sdety oljedive for nuclea power plants (NPFs) consists in protecting the public
and the environment from the harmful effeds resulting from ionising radiations. Traditionally the
techndogica problems of nuclea reactor sdety are related to the 3 basic sdety functions, namely:
controlling the power, coding the fuel and confining the radiocadive material. In the relevant
Euratom reseach programme, the enphass was put urtill now on thesetechnologicd problems,
leaving man-machine and aganisational problemsto rational (plant dependent) research.

As arealt of a long seies of techndogica (both exprimental and theoreticd) reseach
programmes, conreded to plant operational feedbadk, the 3-levels defence-in-depth strategy was
developed against accidental radioactivity releases i.e.: (1) prevention d abnamal operation and
failures (quality control), (2) control of abnamal operation and detection d failures (surveillance
and protection), and (3) control of acddents within the design bads (safeguards g/stems). Usually
as®ciated with this gproad are the following concepts: (1) the multiple barrier desgn for the
confinement of radioactive material, (2) the protection and safeguard systems to ensure the integrity
of the barriers, and (3) the regulatory procedures (for example, the sfety analysis reports) to ensure
the hedth and sdety of the plant workers and d the popuation. The multiple barrier desgn consists
traditionnally in the foll owing three elements : fuel pin (primary barrier), RPV and reector coolant
system (se®ndary barrier), and containment building (tertiary barrier).

From an industrial and regulatory point of view, most of the techndogical problems seen to have
recived a dandard solution. Degite the historical sdety record of NPPs of Wedern design,
however, the key players believe that research is still needed to further increase bath the sdety and
the performancesof thesepower plantsin line with the steadily growing pressire of regulatory and
market forces asvell as of the puldic opinion. Reseach is gill needed, both at the plant dependent
level (short-term reailts expeded, national resarch) and at the generic level (medium- and long
term reallts expeded, EU and/or international reseach). The time period corregponding to medium-
and long-term is meant in terms of Euratom framework programme periods : medium isin the order
of 4 yeasandlongistwice asmuch.

The EU reseach activitiesdisaussed here ae naturally of the generic type. From a defence-in-depth
point of view, EU reserch is more pedficaly related to the ebove-mentioned level (2) and to a
new level, say (4), in line with the increasngly stringent safety requirements. From an end-usas
point of view, EU research isfocussing onthe ébove-mentioned multiple barrier desgn unar both
operational (PLEM cluster) and severe acident (SAM cluster) conditions, while exploring rew
sdety concepts of the evolutionary type (EVOL cluster).

What the contracting organisations in EU reador sdety reserch programmes are looking for,
beddesS/T disaussions, is an international « neutral » platform, bringing together players who have
not the oppatunity in their own courtry to discuss /T issuesof common intered (e.g. industrial
competitors or regulators versus utilitieg. Another benefit, appreciated in the current deregulated
electricity market, is to hea from ead ather about technical implementation d international s&ety
regul ations (socio-economic agpeds) and so to slowly come to a coommon sdety culture.

The EU establishes reseach priorities on the basis of disaussons with al international
organisations wncerned (e.g. IAEA [1] and OECD/NEA/CSNI [2],) and with all stakeholders
within the EU (e.g. the regulatory authorities [3], the utilities[4], and the industry [5]). Dedsions
abou framework programmes and implementation instruments (including cdls-for-proposds) are
then taken by the Commisgon after consultation d the various programme Committees



OBJECTIVES OF THE END-USERS, |.E. THE CONTRACTING ORGANISATIONS (E.G. UTILITIES,
REGULATORY BODIES AND MANUFACTURING INDUSTRY), THE NON-CONTRACTING
ORGANISATIONS AND THE EUROPEAN COMMISSION

As far aslevel 2 o the defence-in-depth is cncerned (i.e. surveillance and protedion), the FP-4
cluster AGE («structural ageing) and the FP-5 cluster PLEM (“Plant Life Extension and
Management”), were/are focusing onthe foll owing items: integrity of equipment and structure; on-
line monitoring and maintenance; organisation and management of saety. Most of this resarch is
of the operational type (as defined by A. Alonso, FISA-2001[6]) : no wonder then that industry (in
particular, the utilitieg — primarily interested in plant sdety and performance - is taking most profit
from this type of Community research, whenever the issues treded are nat requiring a prompt
solution (results expected in the medium-term). It is dea that Community reseach is not
appropriate for technicad problems requiring a quick solution - remember the well known slogan:
«Industry is intereded in goodsolutions in ore yea and ot in excellent solutions in ten years ».
Community research is nat aimed at providing « goodsolutions in one yea », rot only because of
the inherent inertia of international organisations but also because problems of the operational type
are usually plant dependent and commercialy sensitive in nature. On the other hand, Community
reserch may aim at providing «excellent solutions in ten yeas», egecially when it is related to
advanced innovative (asoppcsed to evolutionary) techndogies.

What utilities are primarily looking for in participating in Community reserch of the operational
type, seems to be a common gdatform for development of sdentific knowledge and exchange of
experimental fadlitieswith atwofold aim:

. EU integration : de-fragment the many existing governmental/induwstrial RTD programmesin
order to share RTD costs related to large experimental and rumerica simulation programmes
(inline with the EU pdlicy for FP-6 : the European Reseach Areg - « value for money ».

. EU knowledge management : give and take information about S/'T developments of common
interes amongst partners/competitors and dsaussindustrial applications throughou Europe
(in particular, whenever new national and/or EU pdlicies might affect their commercial
strategies.

Asfar aslevel (4) of the defence-in-depth is mncerned (i.e. severe aacident management), the FP-4
clusters INV and EXV (in-vessd core degradation and ex-vessé molten corium coolability), ST
(radiologicd source term), CONT (containment integrity), and AMM (accident management
measire§ and the FP-5 cluster SAM (“ Severe Acddent Management”), were/are focusing onthe
following items. asseswent of severe acident risks; severe acedent management measires Most
of this research is of the regulatory type (or confirmatory asdefined by A. Alonso, op.cit.) : no
wonder then that regulatory bodes(in particular, their as®ciated technicd sdety organisations) —
primarily intereded in plant sdety - are taking most profit from this type of Community research,
whenever the issuestreded are not requiring a prompt solution (reaults expeded in the medium-
term).

What regulatory bodes are primarily looking for in participating in Community reseach of the
confirmatory type, seems to be again a ommon datform for development of saentific knowledge
and exchange of experimental facilities bu with a dightly different twofold aim :

. EU integration : de-fragment the eisting retional/regulatory RTD programmes(in the sese
of the European Resarch Area) in ader to share the RTD costs nealed to improve
knowledge and padices of common interest, in particular, to get an «international
confirmation » to consolidate olutions for sdety cases

. EU knowledge management : give and take information about S/'T developments of common
interes amongst partners and disauss regulatory practices throughou Europe (in particular,
whenever new industrial and/or EU padliciesmight affed their regulatory strategies).
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Finaly, the adivitiesdealing with evolutionary sdety concepts ae put together in the FP-4 cluster
INNO (innowtive safety feaure9 and the FP-5 cluster EVOL (“Evolutionary Concepts”), focusing
on the following items: evolutionary sdety concepts (using, for example, passve sdety systems);
spedficaly in FP-5, advanced fuel tedhndogies (high burn-up and MOX fuel). Most of this
research is of the promotional type (or exploratory as defined by A. Alonso, op.cit.) : no wonder
then that industry (in particular, manufadurers and the assciated services) — primarily interested in
plant safety, performance and innovation - are taking most profit from this type of Community
reserch, espedaly when it comes to desgn new concepts far away from the market (results
expeded in the longterm). It is clea that this type of reador sdety resarch is usually more
appropriate for technical problems that can wait « ten years » to receive asolution.

What industry is primarily looking for in participating in Community reseach o the exploratory
type, seems to be a common gdatform for development of sdentific knowledge and exchange of
experimental fadlitieswith atwofold aim:

. EU integration : build up new common retional/indwstrial RTD programmes (in the sase of
the European Reseach Areg in order to share the RTD costs for aaquiring rew knowledge of
commoninteres and developing demonstration products or sevices

. EU knowledge management : give and take information abou some S/T bredthrougls
amongst partners/’competitors and disausspatential practical applications throughou Europe
(in particular, whenever new industrial and/or EU paliciesmight affed market oppatunities
in the far future).

As far asreseach pdicy goes the Commisgon interests, so to sa, are to maintain industrial
competitivenesswithin the EU. Asareminder, Title XV "Reseach andtechndogicd development”
of the Amsterdam Treay (1997, which provides the legal bass for Community reseacch in general,
states the following in its Articles 163 and 164 : « The Community shall have the objective of
strengthening the scentific and techndogical basesof Community industry and encouraging it to
beamme more competitive & international level, while promoting al the resarch adivitiesdeaned
necesary by virtue of other Chapters of this Treaty ».

Under FP-4 and FP-5, the Commisson wasinsisting onindustrial competitiveness & the basis for
Community reserch. Under FP-6, the Commisgon is alding ancther dimension: adudly, it is
propasing a frame (including implementation instruments), for the @nstruction d the European
Reseach Area (ERA / http://europa.eu.int/comm/reseach/eralledlet/en/index_en.html). As a
consagjuence, EU support will go preferably to proposals for RTD projeds (or «common
platforms ») demonstrating the threefollowing qualities:

. European common kenefit and added value (following the subsidiarity principle)

. integration at various levels (preferably durable - for example, crossdisciplinary work
programmes, mix of governmental and industrial budggts), and/or

. contribution to aher EU pdlicies such as aergy and internal market (« nuclear package »),
enlargement of the EU (ex-PHARE programme), protection d man and environment, etc.

More generaly, asfar asother padicies ae going,the Commisson interests ae expressal in various
« communicaions ». For example, regarding the energy policy, it is worth recling the airrent
debate dout the "Draft Proposd for a Courcil (Euratom) Diredive Defining the basic obligations
and cgeneral principles for the safety of nuclear ingtallations’. On 6 November 2002, the
Commisgon launched (amongst others) a propasal for aframework directive on sdety, laying davn
the basic obligations and genera principles oncerning the sdety of nuclear instalations during
operation and deacommissoning. This proposal was formally adopted by the Commisson on 3
January 2003 - see http://europa.eu.int/comm/energy/nuclear/nuclearsdety.htm. It will introduce
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common sdety standards and monitoring medchanisms to guarantee that common methods and
criteriawill be goplied throughou the enlarged Union. Worth mentioning in this ntext is also the
intereg of the EC for the WENRA adivitiesregarding the harmonisaion o sdety approades for
existing nuwclea power readors (see for example, their « Pilot Study onHarmonisaion d Reador
Safety in WENRA Countries» / WENRA = Wedern European Nuclear Regulators Association /
members =BE, FI, FR, DE, IT, ES, SE UK + regulators from the CEECs). Community reseach
might have aroleto pay astedhnical suppat in thesedebates dou reactor sdety standards.

In this paper, a number of projeds are seéected out of the dusters PLEM, SAM and EVOL in bah
FP-5 and FP-6 from the end-users point of view (i.e. the @ntracting aganisations: utilities
regulatory bodies manufaduring and sevice industry and the Commisgon itself). Some pradical
applications are given to ill ustrate the compliance with the (medium and/or longterm) needs of
these ed-users.

1. FP-4 AND FP-5 RESEARCH IN PLANT LIFE EXTENSION AND MANAGEMENT
(main end-users = utilities and associated engineering companies)

BACKGROUND

Nowadays, a large number of nuclear reactors have been operating for longer than 20 yeas. In the
EU only, atota of 65 reador units were put in commercial operation before 1980(and a total of 78
after this date). As a consequence, the nuclear industry is increasingly intereded in research
adivities amed at better understanding and managing materials aging phenomena (i.e. changes in
microstructural and medhanical properties due to irradiation, etc.). More importantly, the
optimisaion of the operational condtions of aged reactors (using, for example, appropriate
prediction tods for evaluating the sdety margins) and the dedsion process hout plant life
management (involving, for example, replacement of equipment) are becoming key issuesfor thase
in charge of plant safety and performance

Looking at the future of the nuclear power plants, there is a natural drive to extend their lifetime
where this can be adieved sdely, beaingin mind that the lifetime of a nuclea plant is definitely
limited by the ajing d nonreplaceable comporents li ke the nuclear reador pressure vessel (RPV).
Knowing that operating licensefor most courtrieswill broadly expire by 20152020, many utilities
and vendars of equipments nowadays ae very adive in improving techniquesto ensure both the
performances ad the sdety of their plants urtil this expiration date and even beyond it. Indeed
extending the life of unitsis usually considered a worthy invegment, depending onlicenserenewal
obtention aswell asreplacement equipment and operational safety requirements.

RTD nedlsin plant life extension and management

Following the recommendations of the Euratom programme committees ad in line with the

conclusons of other international organisaions (discussed ealier), it was decided to focus

Community reserch onthe sdety and performance of the RPV and reador coolant system (i.e. the

integrity of the seond barrier against radiological releasesunder operational conditions). Bearing in

mind the general objective of FP-5, i.e. economic competiti venessof techndogicd developments,

—which isthe dallenge facal egecialy by the nuclear utilities— the following issues ae requiring

nowadays particular attention:

» plant availability (ensure integrity of equipment and structuresthroughin-service inspedion as
well asrepair, replacanent and badk-fitting whenever needed);

» core optimisaion and increased plant efficiency (install ontline surveillance gstems and rew
control processes;

e standardisation d industrial norms and of quality requirements.
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Actualy two types of reseach are proposed in Community programmes: knowledge driven and
application diven. To uncderstand the behaviour of the seond larrier under operational condtions,
resarch o the fundamental (phenomenalogicd) type is needed. To monitor (and maintain) the
integrity of this barrier under operational condtions, reseach o the gplied (industrial) type is
needed.

The knowledge driven (phenomenological) reseach can be broadly divided in two classes

correpording to the loading term and the resporse of the RPV and reactor codant system,

regectively, that is:

» resarch related to determining the loads to the seond larrier, radiologicd, thermal (including
irradiation induced hea effeds) and mecdhanicd (pressrrisation proceses, and

» research related to the resporseof this barrier to theseloads, with the aim to predict the damage
dueto irradiation, stresses and strains.

To determine the loads to the barrier, it is necessary to investigate the thermo-hydraulicd, thermo-
mechanicd and dyramic condtions upon the barrier, taking into account the various material
properties with a view to predict the damage processesTo determine the reonrse of the barrier to
the a&ove-mentioned loads, it is necesary to investigate the micro- and maao-cracking d the
barrier subject to therma and/or dynamic loads and the subsequent damage or loss of medanical

properties

The gplicdion diven reseach can be broadly divided in two clases orregpondngto detection o

failures and to standardisation d quality requirements, respectively, that is:

» surveillance and protection (on-line monitoring) for the detedion o failures

» operationa sdety gudance and EU standardisaion for quality requirements (sdety culture in
general).

RTD nedals mvered by Community programmes

In the 31 projeds belonging to the dusters AGE and PLEM, the emphags of the work programme
Is on the reador’'s very high radioactive inventory which is perceived as apotential danger for
people and environment. Community research is conducted in preventive measires to ensure plant
integrity. Under FP-4 and FP-5, the foll owing threekey isaues have been identified:

. (1)_harsh environmental condtions put on structures and equipments (for example, reactor
pressire vessds with coolant at temperaturesof 290 T - 325 °C, presarresupto ~ 15.5MPa
and end-of-life irradiation dosesof ~ 10'° n/em?)

. (2) inspections, tests, maintenance and supervision aimed to monitor the behaviour of
comporents and structures ad/or to control the radiation effeds, while maximising the plant
performances

. (3) dissenination d safety culture, with emphags on the harmonisaion d bed pradices
through the drafting of European handbools for the benefit of both industry and sdety
authorities

No wonder that the main actors in the aea of “plant life extension and management” are the
European utilities or the as®ciated engineeering companies that is. EDF in France E.ON AG and
RWE AG in Germany; British Energy in the UK; ENDESA and IBERDROLA in Span,
VATTENFALL AB in Sweden; TRACTEBEL in Belgium; and FORTUM in Finland.

Under FP-5, the total EU budget to be gent for the 31 projeds in the duster PLEM amourts to
EUR 18.2 million, which represents rougHy half of the total value of these projects (EUR 35.4
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milli on). This might be mmpared to the total EU budget spent uncer the 4™ framework programme
19941998(FP-4) for the 11 projects in the AGE cluster, which wasEUR 2.1 milli on.

1.1 INTEGRITY OF EQUIPMENT AND STRUCTURESIN PWRSAND BWRS

Materials properties deteriorate during dant operation. Irradiation, corrosion and thermal fatigue
are phenomena participating in the “ageing” of the structural comporents in NPPs deaeasing thus
the sdety margins of the structures Dynamic loads (e.g. waterhammers in piping systems) are dso
deteriorating the dructures and equipments.

To prevent any in-seavice failure of the RPV andin general of the reador codling system, stringent
operational rulesare necessay, basd onthe understanding of the &ove phenomena, quantification
of their impad and their synergetic effed, aswell ason accurate evaluation of seety margins.

1.1.1 Measuring and understanding irradiation embrittlement, thereby contributing to
theimprovement of prediction toolsfor the residual lifetime of NPPs

One of the most important material properties for ensuring structural integrity is the fradure
toughress which measuresthe resistance of the material to the propagation d a hypothetica sharp
crack which in the sdety caseis (consavatively) assimed to be present in the pressure ves®l from
the time of its cnstruction.

In unrradiated sted, there is atrangition, as sted is waed down, from high toughnessto low
toughress This transition is accompanied by a dhange in the mode of fradure from ductile to
brittle. As the irradiation dcse increasesthe fradure toughness decreases with a shift of the
ductile-to-brittle transition towards the lower temperatures. At typicd operating temperatures it is
necesary to be in the upper region, away from any risk of brittle failure. By predicting the extent
of theirradiation induced shiftsit is passhble to modify the operating rules and the temperatures &
which the vessés actually operate, to ensure that they always operate in the ductile region.

Hence, duing operation of a nuclear power plant, changes to the fracture properties of the steels
(i.e. in particular, the fradure toughnessof the pressire vessd material) are followed as afunction
of the dose rate received by testing at regular intervals surveillance edmens, which are exposd,
inside the pressire vessl in locations doseto the vesséwall.

Irradiation embrittlement is the subjed of a number of different projeds, focusing on reactor
pressire vessd and internals ageing ageds.

¢ Reducetheuncertaintiesasociated with irr adiation induced RPV embrittlement; validate
measuring methods and produce data to evaluate the actual impact of irr adiation on
material toughness

Demonstration d the continued integrity of reador pressire vessels (RPVs) requires that the
ductile-to-brittle transition temperature (DBTT) of the RPV materials can be predicted as afunction
of irradiation expaosure. Irradiation-induced changesin the DBTT are conventionally monitored by
measiring the ift in transition behaviour acwording the o-cdled reference temperature
methoddogy - rather consevative - which makesuse of Charpy-V notch impad testing. The FP-4
REFEREE project, (Relation Between Different Measures of Exposure-Induced Shifts in Ductile-
Brittle Transition Temperature) undertook a cmparison d methods for measring irradiation-
induced shiftsin DBTT onfour diff erent materials that cover arange of diff erent reactor systems of
intereg within Europe. The obtained reaults were compared with existing data and predictive trend
curves to crossdedk with expectations. The disaussion of the results focused mainly on the
comparison ketween static and dynamic fradure toughresstransition temperature sifts aswell as
between fracture tougmess ad Charpy-V shifts. FP-5 project FRAME complements this effort by
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applying the Mager curve method that allows to measire directly the fradure toughress— as
oppcda to the aurrent pradice of indirect measurements. Data ae produced based on steds for
RPVs (BWR and PWR) but also on a seiesof mode all oys aeating thus an important database on
irradiation induced loseof toughress

Other projects in FP-5: PISA, PRIS, INTERWELD, complement this dfort by providing cata on
the irradiation effed to phospharous s@regation on gain boundries internal stresses eolution,
corrosion behaviour

Exploit better the rveillance materials, a concermn of both operators and regulatory
authoritiesfacing the continuous decreaseof surveillancematerials avail ability

Avail ability of surveillance materia is a eucial problem both for operators and authoritiesthat can
complicae, at lead, plant life assesment and even more life extension procedures

On this subjed, the FP-4 project RESQUE (Reconstitution Techniques Qualification & Evaluation
to Study Ageing Phenomena of Nuclear Pressire Vessé Materials) succealed a bregthrough ty
developing a sé of 'Recommendations for Reconstitution d Non-Irradiated and Irradiated Charpy-
size Spedmens strongy neealed to bah operators and authorities to cope with the unavoidable
continuows deaesse of surveilllance material availability. The provided guidelines and
recommendations through RESQUE all ow a potential use to qualify their reconstitution equipment
and cevelop a reoonstitution methoddogy. They aso identify a number of procedures and
limitations for the reconstitution process

Other projects in FP-5: ded directly or indirectly with the subjed asthe dready mentioned project
PRIS that has asa scondary objedive to validate amethod for optimised useof irradiated material
for mecdhanicd teding baseal on wse of miniaturised teg specimen that is of major importance for
both handing irradiated spedamens during teding and for surveillance material economy.

¢ Evaluate the actual irradiation doses epedally in reactors without surveillance
programme, using relatively smple laboratory teds

The irradiation ageing severity is function d the irradiation dosesreceived. Accurate evaluation o
the irradiation field is crucial for estimation d the material adual “age’. Bredthroughin the area
is expected by the FP-5 RETROSPEC projed. A method is being developed and validated for
retrospective dosimetry that is crucial for VVER readors withou surveillance programme. Codes
of pradicesfor usein laboratorieswith an average-level equipment are under development.

Other projects: AMES-Dosimetry, and MADAM (FP-4) projects supported the coll aborative dforts
of the AMES network on harmonising dasimetry pradices ad on aveloping a pilot data base for
dosimeter parameters and REDOS (FP-5) that aims & improving dasimetry for irradiated steel and
qualifying amethoddogy for radiation field parameters monitoring.

¢ Proposea EU strategy for materials testing reactors (MTR), including scenarios for task
sharing and renewal of their capacities

Most of the materials teding reactors (MTRS) will be more than 40 yeas old by 2010. The
objedive of the FP-5 network FEUNMARR is to determine the future European irradiation reeds
in MTRs. The following items ae wvered in the final report: materials and fuel for current and
future reactors, medicd applications and poductions, neutron keams for reseach, and daher
appli cations asneutron radiography and isotope production.

Worth mentioning here is the FP-5 network ITEM, aimed at developing multiscde numericd
simulation tods for the prediction of radiation effeds on materials. These tods known as “Virtua
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Ted Readors” (VTR) are beaoming increasingly important in view of the expeded insufficient
availability of ted readors and hd cdl facilitiesin the future.

1.1.2 Monitoring and understanding corrosion and thermal-hydraulics thereby
contributing to the optimi sation of operational conditi ons and to the improvement
of prediction todsfor the resdual lifetime of NPPs

A review of plant concerns has reveded that besdes embrittlement of the RPV, corrosion in
synergy with irradiation beaomes a important degradation medhanism epedally for internals. For
example, ageing d reector internalsisin amost al casesassociated with irradiation asssted stress
corrosion cracing (IASCC). For BWRs, in particular, the 2 major corrosion concerns at preseit are
cracking d the amre diroud/plate and possble aackingin the lower plenum region.

¢ Reducethe uncertaintiesassciated with corr osion medhanisms; validate testing methods
and produce eperimental data to evaluate the actual impact of corrosion on the integrity
of RPV and internals

The FP-4 shared-cost action DISWEC (Evaluation of Techniquesfor Assessng Corrosion Cracking
in Disgmilar Metal Welds) evaluated the suitability of various laboratory test methods to study the
degree of susceptibility of Bi-Metalic Weldments to an unacceptable environmentally asssted
craking (EAC) in savice ewironments. It provided a number of recommendations. The
availability of such recommendations is of benefit both, to pant operators, asguidance on the most
cost effedive means of obtaining the data necesay to validate plant comporents for sevice, and to
regulatory authoritiesto aid their judgement in the suitability of data underlying plant seety cass.

Other projects : within the FP-5 project CASTOC, environmentally assisted corrosion (EAC) of low
aloy steels, for RPV (PWR and BWR), under static and cyclic condtions is studied with the am to
improve sevice operation and code implementation. The dready mentioned FP-5 projeds PRIS
and INTERWELD, by prodwing data on the evolution d the microstructure and the internal
stressesof internals (austenitic sted) due to irradiation, provide important inputs for assessng their
susceptibility to stresscorrosion cracking after irradiation.

¢ Develop predictive tools for thermo-hydraulics problems (best-estimate numerical codes
for condensation-induced waterhammers and CFD for local boron dilution scenarios),
thereby contributing to the acceptance of numerical modelling in the industrial community

It is worth recalling that decisions @out repair/replacenent/back-fitting and operational
performancesunder the usual high safety standard conditions depend not only uponthe callenges
of irradiation or corrosion effeds on materials integrity but also uponthe dynamic loadings during
operation (generated, for example, by condensation induced waterhammers in pipes ad qoen
networks). The WAHALOADS projed is producing a numerical tool for the prediction d dynamic
fluid-structure interadions of direct intered to the contrading uilities ad engineeing companies
concerned with piping systems subject to extreme andtions.

The FP-5 projed FLOMIX-R is performing a se& of mixing experiments that are upported by CFD
cdculations. Emphagsis on slug mixing plenomenarelevant for locad boron dlution scenarios and
thermal fatigue. Improved measirement tedhniqueswith enhanced resolution in time and space ae
teded for mixing prenomena of dired interest to improve operational practices

1.1.3 Evaluate the safety margins, thereby contributing to the optimisation of
operational conditions and to the improvement of prediction tods for the resdual
lifetime of NPPs



Scientific knowledge progressbut also feed back from field experienceis mntinuausly taken into
acount and implemented in reviewing the sfety margins. This is of grea assistance to both
operators and authoritiesin charge of the evaluation d the plant sée remnant life.

o Develop new structural integrity procedures to improve the prediction of structural safety
margins

The positive dfed on materials behaviour of phenomena as onstraint or pre-stress warming
appeas to be quantifiable today. The FP-5 projects VOCALIST and SMILE ded with these
subjects ale to provide aguments for life extension. Obviously of high induwstrial interest the
projects involve dso regulatorsin order to make beg useof the reallts. A first issue of a “handbook
of bed practiceson constraint based structural integrity procedures” hasbeen produced.

¢ Develop proceduresfor crack growth assessent, supported by operational feedback

Bimetallic welds (BMW), conreding ferritic componrents with austenitic piping are used in safety
class gstems of all PWR and BWR plants. For PWRs, the BMWs of particular intereg are those
attaching the piping systems (made of stainless seel) to the various nozzlesof the RPVs, SG and
pressirizer. Because of their metallurgy, these weldments ae particularly prone to localised
cracking. The integrity of the BMWSs withou and with hypothetical cracks hasto be justified in all
condtionsfor thelife of the plant.

Two projeds were egecialy designed to support the assesgnent of the aacks identified in Bi-
Metalic Welds (BMW) in different US and European plants @ntributing in the large dfort of
edablishing sdety margins. The FP-4 projed BIMET (Structural Integrity of Bi-Metalic
Comporents) and its FP-5 successor ADIMEW. BIMET contributed to the development and
verification d analysis methods which desaibe the behavior of an external circumferential defed at
the surfaceof a Bi-Metalic Weld. ADIMEW appliesthese methods to an industrial scale testing.
Disgmilar metal welds, representative of a 16” diameter girth weld of a French pressirise, have
been fabricated with artificial defeds, and are teded under operating temperature (300°C) and
bending conditions. Different types of teding and analytical tods (fracture mecdhanics, resdual
stress measirement and cdculation, finite dement analysis, etc...) are used in arder to evaluate the
crack driving force It aims & providing “Recommendations for codes and standards on flaw
evaluation for Dissmilar Metal Welds”.

Ancther FP-5 projed THERFAT, was initiated after the Civaux-1 incident (May 1998. Such events
indicated that certain piping system Te€s ae susceptible to turbulent temperature mixing effeds
that canna be alequately monitored by common thermocoude instrumentation, puting the
reliability of integrity evaluation in doult. THERFAT propases to review field data and to perform
advanced thermohydrauli ¢ flaw simulations and stress ad fracture analysis. Critical elements of the
procedure ae investigated by targeted verification teds. “A European Methoddogy on Thermal
Fatigue” is under preparation, containing poposds for improved thermal fatigue assssment
procedures

1.2 ON-LINE MONITORING AND MAINTENANCE IN PWRSsAND BWRS

Developing rew NDT methods, or enhancing the detection capability of existing ones for early
detect and following damage is on the benefit of both utilities and regulators. Both of them also,
being the main concerned adors, follow with gred interest the aurrent debate on the potential
development of a risk-informed regulatory environment. Finally, maintenance is not ony a sfety
issue but also it is an important comporent of the e@namic performance.
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¢ Assessdetedion capabilities of existing NDTs for both reactor codant system and
containment building; benchmark and explore capabilities of new NDTs aimed at early
damage detedion

» Reactor coolant system integrity (second barr ier)

The FP-5 project SHQNAR ams to increase the sensitivity of ultrasonic methods on detecting
cracking in austenitic geels mainly by applying modern tedchniques for signal procesing to
eliminate sgnal noise.

The FP-5 projed LIRES is drealy on the point to develop a reference eledrode ale to operate in
the reector (BWR or PWR) within operational condtions to follow in situ the evolution d the
electro-chemicd potential and thereby the possbility for crad initiation. FRAMATOME and
STUDSVIK areintereded in its cmmerciali sation.

Other projects : AMESNDT (FP-4) suppated the ollaborative dforts of the AMES network in
identifying nondedructive techniques dle to early detect damage and GRETE (FP-5) by applying
thosequalified and promising techniquesto real ex-sevicematerials.

» Concrete mntainment integrity (third barrier)

The CONMOD projed isimproving the interaction d NDT and finite element cdculationsin order
to opimise maintenance adtivities for concrete ntainments. Emphags is placel on the
identificalion of passhle aitical defeds and damage mechanisms, using laboratory-scde and full -
scde experiments (for example, in Sweden's Barsebadk-1 reactor). It aims dso at standardisation of
the aoncrete teding proceduresthroughott the EU.

¢ Develop methods for quantitative risk analysis and evaluate their use as a dedsion support
tod in risk-informed environments (industrial or regulatory)

The EURIS FR4 projed suppated the ENIQ network eff orts to edabli sh a European methoddogy
for risk based assesment relevant for the needs of plant operators in order to identify sdety-
significant categories for power plant comporents, and to ogtimise the targeting d inspedions
whil st maintaining or even increasing the sdety. EURIS arrived to the positive mnclusion that the
explicit use of risk asa bags for determining in-sevice inspedion strategy within the European
nuclear industry isin aviable way forward and recommended an integrated programme to develop
the risk based phlosophy for introduction within the European community. “Guidelines for a
European framework for risk informed inspedion” were developed within this utilities driven
concerted action.

Other projects. The FP-5 project NURBIM develops improved procedures to identify where the
higheg likelihood d damage/failure is locaed in pant and provide quantitative measires of the
as®ciated risk. It focuses on the definition d best practice methodologies for performing risk-based
analysis and edablishing a sé of criteria for the accetance of risk quantities that can help
regulatory bodiesin Europe to accept risk basel inspection (RBI) as avalid tod for managing dant
sdety.

The FP-5 conceted adion SH (Evauation d Alternative Approaches for Assesment of sdety
Performance Indicators for NPP reviews and evaluates the gplication of sdety performance
indicators — in combination with ather todls, like PSA —in arder to maintain and improve sdety of
NPPs. It also recommends methods that can be used in a risk-informed regulatory system and
environment. An open workshopwill be organised for regulatory bodesand utilities
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¢ Develop tools for best maintenance procedures reducing unplanned outage time, thereby
increasing the eonomic performanceand safety of NPPs

The FP-5 projed ENPOWER develops weld repair proceduresand alternative post weld treaments
that minimise regdual stresses iad shorten repair time sces. Assessent methoddogy for treding
defeds in regdua stress fields will be refined to gve more acarrate and informed sentencing of
defeds in aging dant. “Guidelines for optimising weld repair procedures” ae being developed.
Development of advanced weld repair and assesment techndogieswill reduce unplanned outage
time and thereby increase the emnomic performance and sdety of the nuclear power induwstry. This
will also profit to ather sedors of the industry.

Other projects : the FP-5 projed VRIMOR developed innovative tools basal on virtual reality
suppat to the dedsion processrelated to inspection, operation, maintenance and repair of NPFs.

1.3 ORGANISATION AND MANAGEMENT OF SAFETY
¢ Evaluate reliability and implement digital instrumentation and control tods

From a tedhndogical point of view, one important chalenge in NPP modernisdion is the
implementation d digital instrumentation and control tools (substituting the original analog
systems) and the subsequent training required for the operating staff. Two projeds ae devoted to
software modernisation for plant sdety. BE-SECBS is deding with computer-basal systems
embedded in a nuclea installation to suppat 1& C functions important to sety. CEMSISis aming
at developing a sdety justification framework for the refurbishment of systems important to sdety
(SIS) that is accetable to different stakeholders (epedally licensing balies and uilities.

¢ Reducefrequency of safety incidents dueto organisational factors

Under FP-4, issleson aganisational matters were invedigated in several projects, in cooperation
with some of the RC driven networks. One example is the concerted action ORFA that looked at
organisational fadors and how they influence nuclear sdety. In many studiesit is recognised that
organisational fadors are often the root cause of incidents and accidents. However, there is
unfortunately no agreed and vali dated method for their assessment. Important issues for short-term
reserch are related to the identification and deseiption d thosefadors which define good padice,
the development of organisational self-assesment todls, the inclusion of organisdional fadors in
incident analysis, the definition d methods of how to maintain the corporate knowledge, etc.

The main oljedive of LEARNSAFE is to create methods and todls for suppating processs of
organisational learning at the NPP. This hasbeame increasngly important for the nuclear industry
in its aaptation to a changing pditical and econamic environment, changing regulatory
requirements, changing work force, changing techndogy and changing aganisation of NPPs and
power utilities The focus is onthe management of change.

1.4 SupPPORT TO EU ENLARGEMENT POLICY (EMPHASISON VVER SPECIFIC SAFETY ISUES)

As the EU enlargement proces is now well engaged, a number of Central and Eastern European
Courtries (CEECs) beame of particular interest, asfar asnuclear power production is concerned.
The Czed Repubic, Hungary, Slovakia and Slovenia, which are particularly active in FP-5, are
operating all together 16 nwclea units (15 VVERs-440and 1 PWR) with atotal capacity of 7.3 ret
GWe providing 30% of their electricity. Safe operation d theseinstal ations is for the European
energy pdicy maker at lea$ as important as this of the wedern techndogy designed reactors.
Development of a ammmon sdety culture is obviously a grea benefit to the European integration. A
number of concerted adions, by their spedfic conception focusing onintegration, provide a pedfic
suppat to the European reseach pdicy.
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¢ Harmonise VVER and PWR Codes and Procedures for plant life management and
participate in the development of a common safety culture

The FP-5 projed IMPAM-VVER is aldressing a sdety relevant issue identified in recent studies on
VVER sdety. It invedigates dfedive means and criteria for primary depressairisation during small
loss of codant accident (SBLOCA) including feed and bleed operation. The reaulting knavledge
will effedively contribute to the sdety in all VV ER courtries.

Two FP-5 concerted adions ae dedicaed in harmonising safety culture within an enlarged Europe.

The project VERSAFE brings together utilities from some of the Central and Eastern European
Courtries: common guidelines have been produced for the implementation d techniquesin two
areas plant modernisaion and severe acident management. VERLIFE is aeating a “unified
procedure for lifetime assessent of comporents and dping in VV ER type nuclear power plants”
basel, in a first step, on former Soviet rules and codes Later on, a critical analysis of passble
application to some PWR type comporents will be done, with the am to harmonise VVER and
PWR Codes and Procedures

¢ Integrate governmental (e.g. national regulatory, Euratom FP and TACIS / PHARE,
OECD/NEA) and industrial (in particular, private) funded R& D programs

ATHENA, the AMES thematic network on aging, aims, within the enlarged EU, at reaching a
consensus on important issuesthat have an impad on the life management of nuclea power plants.
ATHENA credes a sucture enhancing the allaboration between European funded R& D, national
programs and TACIS/PHARE programs. This is increasing greetly the return from the individual
projects and maximising the European added value.

More generaly, the objedivesof the FP-5 project EUROSAFE are to suppat the mnvergence of
nuclear and radiological sdety practices(sdety culture) in Europe, while developing the idea of a
European scientific andtechnical pool in the fields of reador seety and radiation protection.

2  FP-4 AND FP-5 RESEARCH IN SEVERE ACCIDENT MANAGEMENT
(main end-users=regulatory bodiesand associated T SOs)

BACKGROUND

The fisson poducts constitute the principal health hazard to the public, reailting from a severe
acddent. Therefore, the anounts and physico-chemicd forms of those materials releasd from the
reector (the radiological source term) are of grea safety significance. As areallt, the regulatory
authoritiesin some EU courtries are requiring to take into consideration as much as possble the
very unlikely severe beyond dedgnbads acidents (BDBAS). In the German licensing process for
example, BDBA evaluations ae necesary since 1 January 1994 to ensure that even extremely
unlikely events involving core melt-down would na require radical adions to ensure protection
against the damaging eff eds of ionising radiations outside the fence of the installation site. BDBAS
are dso a concern expressé by the utilities and by the desgnersivendars, asit is siown in the
disaussions aoundthe European Utility Requirements (EUR Document, last release in April 2001)
andin the MICHELANGELDO initi ative (started in Decenber 1996.

As aresult, it is envisaged by design to “practicdly eliminate’ situations and plenomena which

could leal to ealy failure of the mntainment system and subseguent uncontroll ed large releases of

fisson products into the eavironment. Examples of such situations are high-presaure gedion of

molten core (posgbly leading to dred containment heaing) and energetic in-vessd core debris

interadions with water (possbly leading to hydogen generation). For example, for such situations
13



in the containment, a hydrogen strategy is proposed, based principally on passve autocatalytic
recombiners (PARS) aimed at kegping the hydrogen concentration far from the aitical deflagration-
to-detonation transition (DDT) condtions. Other situations, then, such as low pressire wre melt,
shoud be dedt with — or “controlled” — by ensuring in the desgn that the decegy heat of the molten
core can be removed and that the vesse or containment can withstand the assciated loads.

To better understand the surce term behaviour and to develop appropriate prevention and
miti gation measires appropriate reseach is needed which combines eperimental investigations
and numericd modelling adivities suppated by a robust scding up strategy to extrapolate from
simulant to prototypical materials and from small-scale laboratory to full-scae reactor conditions.
Historicdly, since the acedents of TMI-2 (March 1979 and Chernoby-4 (April 1986, many
international RTD programmes have been focusing onthe development of akind o 4™ level to be
added to the 3 “standard” levels of the defence-in-depth strategy, mentioned in the Introduction.
The international PHEBUS HP programme, in particular, that waslaunched by IRSN (France) and
IS @-sporsored by the Euratom (EU contribution d EUR million 4.5 undr FP-5) and aher
partners, is the larges and most succes$ul in-pile experimental programme devoted to the urce
term behaviour: it is amed at bringing esseatial contributions to the knowledge on melt progression
and fisson poduct release Baseal on a sries of integral in-pile experiments using real core
materials, the PHEBUS FPprogramme evaluates the anount and reture of radioactive products that
could bereleaséd into the eavironment by occurrence of a core melt-down acddent.

More generaly, it is worth reclling that the Euratom research activitieson severe acadents have
interadions within various international frames e.g. with CSNI of the OECD/NEA, CSARP of the
U.S/NRC, IAEA and EC/ISTC. It is in particular naticeable that a new ISTC ‘Contad Expert
Group onCorium Management’ (CEG-CM) was launched by the EC in 2002 with the aim to
improve the interadion amongst EU and Russian severe actdent reseach teans and to make
recommendations on behalf of the EU for sdedion andfundng d reseach Fpropasals.

RTD nealsin severe accident management

Following the recommendations of the Euratom programme committees ad in line with the
conclusions of other international organisations (discussel ealier), it has been decided to focus
Community reserch on the integrity of the various barriers ajainst radiological releasesunder
extreme se&ere accident condtions.

Actually two typesof reseach are propcsal in theseCommunity programmes: knowledge driven
and application diven. To understand the behaviour of these barriers under extreme @ndtions,
research of the fundamental (phenomenadlogicd) type is needed. To maintain the integrity of these
barriers under these extreme @ndtions, resarch of the gplied (induwstrial) type is needed.

The knowledge driven (phenomendlogicd) research o the relevant projeds can be broadly divided
in two classes @rreponding to the loading term and the resporseof ead barrier, respedively, that
Is:

» research related to determining the loads to thesebarriers, both thermal (including irradiation
induced heat effeds) and medhanicd (slow and fad pressurisation proceses, and

* research related to the reorse of these barriers to these loads, with the aim to predict the
damage due to stresses and strains, and utimately the perforation d the barrier, and to develop
appropriate miti gation measires

To determine the loads to the various barriers, it is necessay to investigate:
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* the thermo-hydraulics condtions within the barrier (e.g. stratification and pdentia for criticd
concentrations), taking into accourt the hea contents of the various materials with a view to
predict the pressrisation processs, and

« the dynamic condtions uponthe barrier (e.g. in-ves®&l or ex-ves®l steam explosion, hydogen
explosion, missle impact).

To determine the regponseof the barrier to the @ove-mentioned loads, it is necesary to invedigate:

 the thermo-medanicd regponseof the barrier, and
e the micro- and maao-craking d the barrier subjed to thermal and/or dynamic loads and the
subsequent off-barrier release ratesof radiologicd mixtures.

The gplication diven resarch o the relevant projeds @an be broadly divided in two classes

correpording to risk assessent and to accident miti gation meagsires respedively, that is:

e P3A level 2 for the probabilistic evaluation of severe core damage axd/or large ealy
radioactivity releases

* Applicaion d deterministic and probabilistic tools for the development of SAM guidance

RTD neeals mvered by Community programmes

In the projects belongng to the dusters INV, EXV, ST, CONT, AMM and SAM, the anphass is
on the development of mitigative measiresin the very remote caseof severe acidents (level (4) of
defence-in-depth). Under FP-4 a particular effort was devoted to the understanding of BDBAS
throughthe 45 pojects of the 5 clusters INV (= IN-Ves®l core degradation), EXV (= EX-Vessd
acddent progresson), ST (= radiologica Source Term), CONT (= acaddent progresson in the
CONTainment building) and AMM (= Acddent Management Measures). This effort on severe
acddent analysis is continued under FP-5 in the duster SAM. Under FP-4 and FP-5, the following
two key issueshave been identified:

. (1) core degradation, corium formation in the reactor pressire vessé and its behaviour inside
and ouside the vessd (in particular upona re-cacher). Reseach is needed with the am of
evaluating the acodability of the melt and ensuring the containment integrity. Criteria for
deflagration and detonation proces®s in hydrogen/air/stean/dust mixtures dso are needed to
improve engineaed sdety systems and to better understand the capabilities of structures to
withstand dynamic loads. Finally, uncerstanding the release of radioactive materials from a
degrading core into the wadling circuits and the mntainment, usingin perticular the PHEBUS-
FPreallts, will enable to ogimisemitigation measires and to better predict the ourceterm.

. (2) improved methods and todls for severe accadent management and operator training that
make useof modern information and control systems and can hande uncertainties assciated
with man-madine interfacesin a dructured way. Reseach is needed to develop sdety
systems for present and future reactors, which enable to extend the grace period, i.e.: the
period duing a severe accdent when noadive interventionis neeled.

No wonder that the important adors in the aea “severe accident management” are the European
tedhnicd sdety organisations, working for the national regulatory bodes, that is principally: IRSN
in France GRS in Germany; universities aad CSN in Spain; NNC and HSE in the UK, SCK-CEN
and AVN in Belgium, universitiesand SK1 in Sweden and VTT in Finland.

Furthermore, the risks asociated to those phenomena can be reduced through appropriate SAM
measiresthat could be implemented through the improvement of new plant specific desgns (e.g.
ex-ves®l core cdchers) and for existing dants the development of both, engineered systems and
badfitting measires (e.g. techniques for removing the hydrogen risk in the containment or
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mitigation proces®s ajainst radiologicd relea®s). Development of specific operating emergency
proceduresis another expeded reault for current and future NPFs.

Generaly, the reailts from experimental invedigations and analyticd studies on severe acident
(SA) phenomena ntribute to improve the phenomena understanding (e.g. corium behaviour,
hydrogen explosions or radiologicd releaseg and to validate SA models and integral codes which
have an impad on the quality of safety assesments, reduce uncertaintiesin the quantification of
sdety margins and maintain readiness to reppondto emerging issues

Under FP-5, the total EU budget to be gent for the 23 projects in the cluster SAM amounts
approximately to EUR 15.3 milli on, which represeits roughly half of the total value of these
projects (EUR 28.2 milli on). This might be compared to the total EU budget spent under FP-4 for
the 45 projectsin the clusters INV, EXV, ST, CONT and AMM, which wasEUR 29 milli on.

2.1 ASESSMENT OF SEVERE ACCIDENT RISKS

The assesrent of severe acident risks and strategiesfor severe accdent management is addres®d
in several FP-4 and FP-5 projects.

¢ Reduce the uncertainties aswociated with severe acddent phenomena; produce
experimental data to evaluate the actual impact of the severeloadson the variousbarr iers,
thereby improving the evaluation of safety margins and maintaining the readinessto
respond to emerging SA isaues

The reallts obtained from severe accident (SA) experimental investigations and analyticd studies
contribute firstly to improve the phenomena understanding and to validate SA models and integral
codes which are usal to perform sdety studies, to quantify sdety margins and to maintain the
readinessto repondto emerging SA isalesor to spedfic SA scenarios. In thisregard, deterministic
and probabilistic (i.e. PSA) sdety assessents have in particular a dired regulatory impad, while
the reduction of uncertainties regarding sdety margins permits optimised quantifications of them
with a sgnificant impad on the nuclea industry, also in economicsterms.

This goal, the consolidation d the understanding d severe acedent phenomena, is aldresse by
spedfic experimental programmesin various projeds encompassng analyticd support for a wide
spedrum of phenomena, i.e. from core degradation, corium behaviour, hydrogen explosions to
radiological releases

¢ Understanding of core degradation phenomena and prediction of threadsto the RPV

The PHEBUS-FP programme evaluates through a seiesof integral in-pile experiments using red
core materials, the anount and rature of radioactive products, which could be releasal in case of
occurrence of a cre meltdown acddent in a LWR. In that frame, knowledge of various phenomena
were prototypicaly improved, i.e. the dadding oxidation and hydogen production were mupded
with degradation processes fission product release ad aerosol transport and deposition with
resuspension and vaporisaion in particular of cesum; and late phase of fuel degradation. Other
conclusions indicated the gronginfluence of iodine behaviour on source term miti gation strategies,
I.e. the formation d gaseous iodine beaoming insoluble in the simp water by readion with oxdised
soluble silver; organic iodines coming from reections between gaseus iodine with paints; and
various medhanisms governing the iodine volatility in the containment. Furthermore, a gecific
experiment wasdevoted to study the releasesof low volatile fisson products, actinides and uranium
from a debris bed; the physics of debris bed and the transition from debris bed to molten pool; as
well asther fisson product releass. It wasthe first interpretation for fuel degradation evidencing
the formation o an upper vault, a cavity and amolten paol.
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Several FP-4 projects adso suppated the PHEBUS FPprogramme delivering gained knowledge of
in- and ex-ves®l fisson poduct behaviour, vapou-agosol formation and behaviour, and
revaporization prenomena. In particular, the plant asgessment benchmark exercise STU (FP-4)
comprised many severe accdent scenarios over eight reference designs revealing that the main
uncertainties in PSA level-2 studies were the agosol behaviour in the containment and late
revaporization d the deposited radionucli des.

Knowledge on chemicd interadions between core materials and corium structures aswell ason
thermodyramic corium properties was gained in CIT, while COLOSS invedigated various core
degradation processs in the presence of high bun-up and MOX fuel with emphass on the
implementation in the various severe accdent codes for PWR, BWR and VVER reactors. These
procesgs included very spedfic knowledge on hgh bun-up and MOX fuel dislution, clad
rupture, oxidation o U-O-Zr mixtures and bunde experiments concerning B,C control rod
degradation and oxdation. Furthermore, the B,C-bunde degradation experiments for PWR/BWR
were crried out with the sane B4C control rod desgn and the sane bunde geometry asin the
Phébus FPT-3 test, providing in that way avaluable suppat for the preparation d that ted.

Moreover, spedfic late-phasephenomena in degraded core scenarios were dso largely understood
in line with the former COBE (FP-4), which extended the range of severe acident codesto be able
to properly model debris-bed and molten pool behaviour. The experimental parts of this activities
were suppated by comprehensive phasediagrams of the dements present in both, in- and ex-vessé
corium, basel on the development of the unified thermodyramic database NUCLEA and its
couding with severe acident codesdeveloped by the ENTHALPY .

In relation to the reector pressire vesse (RPV), the REVISA (FP-4) developed new knowledge on
damage, creg behaviour and size dfeds, concluding for various smulated LOCA scenarios that a
delayed pladic oollapseis the dominant vessé failure mode over creg damage. In thisline, damage
models and criteria for fail ure strain of essatial reactor comporents were developed with emphass
on the ultimate deformation capadty by applying unaxial and biaxia static and dynamic loads
within the frame of the LISSAC, which showed that plastic strains up to 20% may nat cause
extensive gructural RPV fail ure leading to corium releasefrom the RPV.

As @nsegjuence of core degradation phenomena and molten fuel coodlant interaction the Hydrogen
behaviour in the mntainment became an issue. In thisline, the hydrogen combustion kehaviour and
the arresponding loads in complex multi-compartment geometries ae experimentally investigated
in HYCOM by means of the large RUT fadlity (Kurchatov Institute, Mosamow), whose @mbustion
modes ae ranging from slow to fag turbulent deflagration.

¢ Developing an experimental/numerical code validation strategy for SA, based on a series
of separate dfectsand integral models amvering the entire pedrum

In relation to the impaa of modelling of new phenomena on severe accident calculations, numerous
sajuences (e.g. loss of SG feedwater, large break LOCA, station Hadkout) were performed in the
frame of COLOSS for different plant desgns with B,C control rods, i.e. 1300MW, French PWR,
BWR, VV ER-1000and EPR by means of various several SA codes Such models ae dso used for
a common code validation strategy for the European integral code ASTEC developed by EVITA,
which also ogimisesSAM strategiesin a variety of NPPs. Such development is taken also benefit
from dif ferent models developed in core degradation experimental adivities

Furthermore, also specific PHEBUS-FPreallts are goplied to SAM strategiesin PHEBEN-2, which
enables to improve the sdety margin cdculation tods by developing detailed models for separate-
effed tests and integral codes for full-scale plant analysis. In this line aad conneded to the
OECD/NEA International Standard Problem exercise (ISR46) devoted to the PHEBUS FPTF1 teq,
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THENPHEBISPis amed at validating various edfic and integral SA codeswith emphads onthe
identification of numericd model uncetainties

¢ Understanding corium stabilisation and codability both in-vessé (RPV melt retention)
and ex-vessel (containment melt retention)

As initiating boundiry condtion for corium stabilisation, STRATIEX (FP-4) asgsd, for bath in-
and ex-vessel scenarios, the conditions required for melt stratification by reviewing several
experimental programmes and thermal-hydraulic and thermochemicad models. In relation to
basemat integrity considerations, the corium stratification plays a crucial role regarding the layer
inversion expeded in a reactor pit through melt interadion with secrificial concrete layer and Zr
oxidation, that reducesthe liquidus temperature of the arium, in that way improving its $reading
on core-cachers.

The dficiency and reliability of various cre-catcher designs regarding the crium spreading and
hea transfer issieswasinvedigated in CSC (FP-4) throughexperimental and analyticd adivities.
They were focused on corium sprealing tests under dry and wet condtions with prototypical and
simulant materials and with dfferent substrata, aswell ason tests oriented to long-term corium
codlability by direct water contact, baseal on either floodng onthe top d the @rium or on an
aternative water injedion from the bottom. For the latter concept, the feasbility of the @re-catcher
coding from the bottom through codling tubes crossng the ceamic layer towards the sacificial
layer was demonstrated. Conseajuently, the re-cacher desgn concept for the European
Presarrised Reador (EPR) entered into atechnica and economicd optimisaion phaseby replacing
those oling tubesby different layers of porous @wncrete.

In thisline, severa large-sale reading teds with prototypicd molten corium of COMAS (FP-4)
showed a number of interesting results. the greading behaviour was dominated first by inertia
forces ad later by viscous forces mixed melts searated into haizontal metallic and oxde layers
even at small density differences which is aucia for desgning saaificia layers; the front
immobili sation was caised by melt bulk freezng and crust formation at the top and front surfaces
and the greaing length was independent of the type of substratum but dependent on the
temperature and metallic/oxide ratio for mixed melts. Consequently, the cnclusion for desgners
that spreading areas ca be completely covered by a sufficiently highreleasemelt rate isgoingto be
demonstrated in ECOSTAR, where the technicd feasbility of such ex-vessé mitigation measires
(core-catcher approad) and the validation o spreading codes ae the main gaals. Its experimental
adivities ae further addressng issuesrelated to melt dispersion, jet erosion, large-scde spreading,
corium solidificaion, interaction with structural materials, and codability approadches astop and
bottom flooding.

2.2 Muitigation of Severe Acddent Consequences(SAM Measures)
¢ Develop severe accident management strategiesto reduce the SA risk

The sope of severe acident management (SAM) isto contribute to the development of techniques,
for example, to pradicdly eliminate osme of thosephenomena or to develop mitigation strategiesto
control some of them. The assciated risks to those better-understood phenomena can be reduced by
means of appropriate SAM strategies Such measires have a dea impad on the nuclear industry
and could be implemented through aesgn improvements of new power plants (e.g. ex-vessel core
cachers), throughthe development for existing dants of both, badfitting measiresor engineaed
systems (e.g. techniquesfor removing the hydrogen risk in the cntainment or mitigation processes
against radiological release$ and implementation a optimisaion d SAM guidelinesor operating
emergency procedures In addition, the progress in numerical techniqguesaswell as the avail ability
of powerful and cost-effedive information technology systems assires more reliable information
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and helps to improve the diagnastic means aswell as the implementation d some acedent
management measires

¢ Assess reaticality risk in BWRs severe accident scenarios

Since melting and relocation d the @ntrol rods during the progression of a BWR core degradation
starts before the relocation d the fuel, there is aposshility of reaiticality occurrence during the
refloodng of a partly degraded core with mostly unbaated water. In this regard, in SARA (FP-4)
magnitudes and gadients of the posdble reaiticality transients were determined in order to asess
the impaad of such reaiticdity onthe acedent progression itsdf, epedaly on reaching a prompt
critical state of the re, which could lead to a large power excursion. As @nsejuence, various
SAM measireswere recommended, such as the increaseof boron injection system cgpadties, the
posshble limitation d the maximum refloodng rate, the delay in depressurisation d the primary
system, aswell asthe enhancing of the containment energy removal systems cgadty in order to
miti gate the longterm build-up o the mntainment pressire. This dudy of containment regponse
with early filtered venting wasbasel on a postulated reaiticality event performed for Olkil uoto-1/2
BWRs.

¢ Assesstsategiesfor molten corium retention within the RPV

The aeq behaviour of prototypic reador pressure vessels, timing and modesof its fail ure with and
withou penetrations, aswell asthe effeds of the melt pod stratification were investigated in ARV,
whose reallts indicated that there is no evidence of gap-coding effedivenessin a melt-pool
scanario, as well as that the temperature is the dominating parameter (more than vessd
penetrations) for the failure location. Furthermore, a rea®nable bads does «ist to accgt IVMR
(in-vessé molten retention) as SAM strategy for medium vessés, for instance VVER-440, in
particular for Dukovany and Paks NPPs. This anclusionis suppated by MVI (FP-4) that as®ssed
pod stratification considerations and showed the influence of the melt focusing effed on the vessl.

Furthermore, asseswent of various retention concepts, i.e. the pros and cons of internal and
external reactor vessd coding, were asss®d in EUROCORE aimed at adiieving consensus on
feasble and reliable industrial corium recvery concepts mnneded to the mentioned IVMR, the
corium-concrete interadion with water addition and ex-vessel sprealing techniques Particularly, a
spedfic in-vesse core retention approad, including internal core-cacher aspreventive SAM, was
analysed in IVCRS (FP-4), where uncertainties linked to the involved physical phenomena were
assesskand for which related patents were dso registered.

¢ Invedigateimpact on RPV of severe accident phenomena

Further to the high-temperature databasedeveloped for various ves®l steels, spedfic experiments
of RPVSA (FP-4) confirmed the formation o oxide melt crust proteding the lower head and the
penetration of corium into nazzles over long tube distances Furthermore, it was demonstrated
through specificaion d scding rules to prototypic dimensions, that the reador pressire vesd
upper head, with and withou control rod internals, withstands the dfeds of a molten slug impact
causal by apostulated in-ves®l steam explosion. On the other side, and further to the demonstrated
relevance of thermo-physical, medhanicd and chemicd properties MFCI (FP-4) showed that steam
explosion due to molten fuel codant interadions (MFCI) seens very unlikely with prototypical
corium, and that the energetic interaction involving reactor material would na jeopardise the
reector structure. The crium doesnot show patential to induce gortaneous dean explosion.

¢ Assesgeasibility of hydrogen mitigation concepts
Spedfic cdalytic coating materials were experimentally defined in the projed THINCAT as

complementary strategy to the ingtalation o passve autocaalytic recombiners (PARs) for
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hydrogen risk mitigation measiresin containments. Such materials could be located on thermal
insulation elements of the main codant loop comporents. The feashility and reliability of the
mentioned PARs from an industrial prospect were examined in PARSOAR, which compared
gualification teds and licensing procedures relevant to the hydrogen risk, under various severe
acadent conditions. A « Handbook ¢ beg practicesfor installation d PARs» wasproduced.

¢ Assessmpact on PSA studies emergency procedures and SAM guidelines

The longterm behaviour of a Dlidified core immersad in a water pool were examined by LPP,
which provided usdul kinetics data cncerning the relea® of fisson products and core materials
from in- and ex-vessel molten corium, aswell assensitivity studies adressing long-term coolabili ty
and impads on radiologicd source term in plant cdculations (EPR, Konva NPPs and VV ER-1000
Temelin NPP). The latest included PSA-1/2 evaluation and sdection d various sequences for
analysis of late-phasephenomena and fisson product behaviour and as®ssment of SAM strategies
aswell. Moreover, a better exploitation d volatile iodine mitigation processe wasinvegigated by
ICHEMM, which provides usdul kinetics data for destruction and transmutation reactions of
volatile forms of iodine. The impad on the iodine ource term cdculations regarding the formation
of iodine formation and dedruction, and the cdculated iodine urce term for various PSA-2
sajuencesdefined for the VVER-440/213 Dukovany NPP was assesd. In this regard, improved
cdculations of the iodine urce term were caried ou for sdeded sejuences (basel on PSA
studies) of Dukovany NPP (and possbly for VV ER-1000 Temelin NPP), whosereallts are oriented
to improve SAM strategiesor plant safety with resped to radioiodine releases

SGTR generated experimental data and validated transport models in order to assess and support
acddent management interventions in verticd and haizontal (VVERS) stean generator tube
rupture —SGTR- sequences including agosol deposition, leading to severe acadent condtions in
PWRs and VVER-440. As reallt, two types of acddent management procedures are foresen:
primary system depresarrisation and water floodng d the scondary circuit. Also new orientations
for the optimisdion (Loviisa Beznau and Borssée NPFs) or development (Dukovany NPP of
SAM guidelinesrelated to the tube rupture scenarios of steam generators of current nuclear power
plants have garted.

Finaly, the impaa of the SAM measureson the predicted radiologica releasesas well asthe basis
for an ouline methoddogy to define representative urce terms were evaluated in OPTSAM,
where a total of 24 aaident sequences ad topicd issues to predict baséine urce terms were
sdected, e.g. venting strategy, hydrogen management system, in-vessé retention, ex-vessd
floodng, bypassrelease ontrol, spray strategy, RCS depressrrisation, long term decay hed
removal from containment, and shutdown seguence. Those acdadent sequenceswere suppated by
several sengtivity analysesfor each baseca® of different NPPs. Cofrentes Barsebadk-2 and
Forsmark-1 asbailing water reactors, and Sizewell-B, Ringhals-2, CPl 900 MWe, Tihange, Konva,
Loviisa1/2, Paks and Temelin aspressirised water reectors. In thisline, various categoriesof SAM
objedives were defined in order to faalitate the interadion and cross-fertilisaion amongst the
mentioned dfferent NPP types dtrategies to protect the reactor coolant system integrity (incl.
RPV); strategiesto protect the containment integrity; hydrogen management strategy; and longterm
decay heat removal from the containment atmosphere.

The reallts are exploited for PSA studies even as sarting pant for a PSA level 3, and for
improving the suppating sdety case for SAM guidelines aswell. In particular, results were used to
verify the applicability of some measures defined in the SAM guidelines under preparation for
Temelin NPP. The SAM optimisaion, together with the definition d redistic ource term, is dso
usal in the update of PSA level 2 for Temelin NPP. Furthermore, reallts for the in-vessé retention
casesre used to reasessthe SAM guidelinesfor the LoviisaNPP, where dso the gray operation
would be reassesskin the anergency operational procedures(EOPs). Also source term information
is used in PSA2 evauation for shutdown states Furthermore, the feashility of a computerised
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operator-supporting todl for elementsin SA scenarios asthe severe acddent management guidelines
is dso being invedigated in SAMOS.

3  FP-4 AND FP-5RESEARCH IN EVOLUTIONARY SAFETY CONCEPTS
(main end-users = manufacturing industry and associated services)

BACKGROUND

It is worth recdling that there are currently 20 reactor units in construction in Eagern Europe and
the Russan Federation and 25 reactor units in construction in the rest of the world, with total
planned capadties of 16 and 21 net GWe, regedively. Some of thesereector units are of the
evolutionary type, i.e. with emphags on desgn simplificaion and enhanced man-madine interface
with the aim to further reduce any (severe) accident risk. In evolutionary LWR desgns, with their
emphads on desgn simplification and enhanced man-madine interface, the serere acadent risk
will be further reduced. Some of the innowative reactors rely mainly on passve prevention and
miti gation fedures and systems.

Part of Euratom co-spornsored research is devoted to the invedigation of phenomena assciated
with the use of passve systems in some evolutionary LWR desgns for decey hed removal (from
the mre region and from the cntainment building) and for other sdety measres (e.g.
depresarisation and injedion). The potential advantages of passive sdety systems (eg.
independence from external energy sources smpler desgn, less omplex instrumentation and
control) should be weighted against their potential disadvantages (e.g. reliance on small driving
forces limited operational flexibility, reduced in-savice testing capability, difficult diagncsis of
status, etc). This opens new areas of future reseach (e.g. passve g/stems reliability, systems
interadions, risk quantification, cost/benefit asessnent, etc.) whose reallts ould help to make
sound cedsions.

In addition, the coupling of different neutronics and thermal-hydraulics computer codes neeled for
this purpaose, enables to improve and/or validate the numerical models used in the existing thermal-
hydraulics computer codes and to extrapolate the reaults of the small-scde experiments towards
full-scale reador condtions.

Another area of interest for Euratom co-sporsored research in evolutionary reactors is the use of
MOX fuel which hasbeen used onindustrial level since 1982 in a number of EU power plants, for
example: upto 50% core loadingin 9 German readors, upto 30 % in 17 French reactors and upto
25% in 2Belgian reactors. High bun-up fuel is another matter of increasing interest — for courtries
like France who have achieved burn-up targets of nealy 50 GWd/t for standard fuel and 40GWd/t
for MOX fuel onan industrial scde.

RTD nealsin evolutionary concepts

Following the recmmmendations of the Euratom programme acmmittees ad in line with the
conclusions of other international organisations (discusseal ealier), it has been decided to focus
Community reserch on desgn simplification (including enhanced man-maaine interfaceg and ona
new generation d numerical simulation tools, with the aim to better estimate and further reduce the
severe accddent risk. Some of the innowative «simplified » reeactors rely mainly on passve
prevention and miti gation feaures ad systems.

Actualy two typesof reseach are propcsal in theseCommunity programmes: knowledge driven
and applicaion diven.
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To understand the behaviour of the passve sdety systems, knowledge driven (phenomenologicd)
resarch is needed. Thisis making useof the most important European thermal-hydraulicsfadlities
in Europe covering large-scale integral, large-scde searate-effed and small-scde separate-effed
teds. These programmes include both experimental and analyticd activities directed mainly to
invedigate the phenomena assciated with the useof passve g/stems for decey heat removal (both
from the core region and from the containment building) and for sdety measres (e.g.
depresarrisation and injedion) in advanced LWRs. Thes projects have dso provided a bank of
valuable independent experimental data dout different phenomena and agpeds, ready to be used by
reactor designers and code developers.

To ted the performance and the reliability of these passve sdety systems, application diven

reserch is nealed. The induwstria (application diven) reserch o the relevant projects has

contributed to demonstrate the feasbility and the dficiency of most of the pasive g/stems being

invedigated for different types of advanced LWRs, and in particular the ESBWR and SWR-1000

dedgns. In particular, the following aspeds have been thoroughly assesed:

» efficiency of pod immersed hea exchangers operating at low pressire

» efficiency of condensas with various geometricd tube arrangements for different stean/gas
mixtures

« performanceof gravity driven sdety injection systems

« performanceof single-stage ¢eam injedor systems.

The use of different neutronics and thermal-hydraulics @mputer codes (ATHLET, CATHARE,
TRAC, RELAPS, etc.) for pre and post-test calculations has been an important part of the work
programmes of theseprojeds. It has enabled to define better the test configuration and parameter
range extensions, to improve and/or validate the numericd models used in the eisting thermal-
hydraulics computer codes and to extrapolate the reaults of the small scde experiments towards full
scde reactor appli cations.

Finally, the realts of two concerted adions of this cluster have been of strategic importance for the
edablishment of an R&D Network on Safety-Related Innovative Nuclear Reactor Tednology
(SINTER projed) and for the identificaion d the Neels of the industry sedor related to the Next
Generation Readors (MICA project). Ancther study (INNO-HTR) is devoted to arevisitation d the
high temperature reactors (HTR) with a gecia view to co-generation and gdutonium burning
appli cations.

RTD neals mvered by Community programmes

In the projects belonging to the duster EVOL the anphasgs is on a new generation of readors
which shoud be cheaper, sder and more smple to operate, using, for example, passve (self-acting)
sdety systems. Under FP-5, the following two key issieshave been identified:

(1) cost and sdety advantages of evolutionary improvements in currently used nuclea technologies,
in particular those with the potential to significantly reduce the risk and consequences of human
error and public concerns éou nuclea techndogy (e.g. passive sdiety systems).

(2) understanding d the performance of high bun-up and MOX fuel under transient and accident
condtions as abagsfor lowering fuel costs, whil st maintaining a improving seety margins.

No wonder that the important actors in the area “evolutionary concepts” are the European
manufaduring industry and the assciated sevices

As far as passve sdiety systems in evolutionary LWRs ae mncerned, the anphass is on
understanding decay heat removal procesgs (both from the re region and from the containment
building) and developing sdety measures(e.g. depressirisation and injedion).
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Reseach is also conducted to improve ome techndogies (of interest for bath present and next
generation readors) that have potential cost and sdety advantages Under the eonamic pressure of
the manufacturing industry in a deregulated electricity market, many efforts ae naturally devoted to
the improvement of evolutionary safety concepts adapted to the new operational conditions (e.g.
related to reador badkfitting, paver upgades high bun-up, MOX fuel, etc).

Under FP-5, the total EU budget to be gent for the 17 projeds in the duster EVOL amourts to
approximately EUR 10 milli on, which represents rougHy half of the total value of theseprojeds
(EUR 21.8 milli on). This might be compared to the total EU budget spent under FP-4 for the 11
projectsin the INNO cluster, which wasEUR 4.8 milli on.

3.1 EVOLUTIONARY SAFETY CONCEPTS

The projeds in this area have dl a strong “numerical” flavor as progress in numerica modelli ng,
egedaly CFD (computational fluid dynamics) codes is needed to catch upwith the progressmade
recantly in experimental invedigations, epedally for passve systems.

¢ Reduce the uncertainties associated with passve deay heat removal systems related to
reactor coolant system (se®nd barr ier) and containment (third barr ier)

The FP-4 projed IPSS(Innovative Passve Safety Systems) produced a se of recommendations to
vendas and utilities for possble improvements in the design d passive sdety systems. As a
complement, the project BWRCA implemented and qualified computer codes useful for future
BWR plants.

The FP-4 poea TEPSS (Tedhndogy Enhancement for Passve Safety Systems)
hasleal to a sgnificant improvement of the techndogy base of the European Simplified Boiling
Water Reador (ESBWR).

The FP-4 project INCON (Innowetive Containment Codling for Double Concrete Containment)
confirmed the viability and the soundressof the propcsed Passve Containment Cooling System
(PCCS) desgns ansisting d three main integrated components. inner hea exchanger locaed
inside the primary containment, ouer hea exchanger and intermediate loop connecting the inner
and the outer hea exchangers.

The further use improvement and applications of CFD codesfor a wide range of condtions were
highly recommended in the conclusions of some final reports of FP-4.

Four FP-5 projects ae strongly related to the use development and improvement of three
dimensional (3-D) and computational fluid dyramics (CFD) codes The project ASTAR aims & the
development of advanced numericd methods for 3-D two-phaseflow simulation tools that might
lay the saentific and technical bags for a new generation of thermo-hydraulics mdes This soud
improve the modelling d sdety relevant phenomena related to the next generation d evolutionary
LWRs. The expeded outcome of the ECORA project is a comprehensive evaluation d CFD
software for applicaions in the primary system and the containment of nuclear readors, resulting in
recommendations for Bed Practice Guidelines and for necessey CFD software improvements. The
project aims dso at establishing a Network of European Centresof competence for appli cations of
CFD codesto reector sdety. In the concerted action EUROFASTNET a aitical assessment is made
of the nedds, in nuclea engineaing, for thermal-hydraulics R&D, with emphads on a wherent
balance between advanced CFD modelling and experimental validation using innowetive
instrumentation.
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Four other FP-5 projects addressthe improvement of analyticd todls. Two of them addressthe isue
of couding neutronics and thermal-hydraulics mdes The main ojedive of CRISUE-S is to
elaborate astate of the art report about the mupging of neutronics and thermal-hydraulics mdesfor
LWRs with emphags on the -called RIA (Readivity Initiated Accidents). The project should
provide recommendations to uilities ad regulators éou possble safety margins of existing
reactors and optimized acddent management. The VALCO projed is spedficdly aimed at the
validation (against experimental data) of couged neutronicsthermal-hydraulics cdes for VV ERs.
The work is baseal on reallts from an EU Phare projed (SRR1/95) which analysed transients
initiated by perturbationsin the VV ERs seondary circuit.

¢ Prepare the ground for a European strategy for next generation reactors (Michelangelo
initi ative) with emphasison HTRs

The FP-4 project SINTER (Safety-Related Innovative Nuclea Reactor Tedhndogy Elements —
R&D Network) has established on Internet a telecllaboration gatform, which providestools and
databases for information exchange on R&D adivities innovation ptentials, R&D fadlities and
documents —seehttp://w2ksrvx.ike.uni-stuttgart.de/sinter _neu.

The FP-4 projed MICA (Induwstrial needs in R&D for the Safety and the Competitivenessof the
next generation d reactors) showed the need for a real stable and longterm partnership of
European nuclear industry and research and the diversity of needs to be sdisfied by nuclear energy
and conseguently the diversity of technicd solutionsto be foundfor that purpose

The FP-4 project INNOHTR (Assessent of Safety and Innowtive Technology for HTR
Generating Plant) showed that there ae both econamic and social motivations for developing a
modern HTR techndogy. They have mncluded that modern HTRs have to be developed as ®onas
posshle in arder to keep this type of reador competitive in the long term, in comparison with gas
turbineswhich are still improving.

Three FP-5 projects ae addressng operational pradices and desgn improvement of LWRs. The
goal of the NACUSP project is to enhance the bagc understanding on BWRs thermal-hydraulics
stability issues uncer both forced and ratura-circulation condtions, through gneration d new
experimental data, elaboration d guidelines development of efficient models and validation d
computer codes The reaults of this project should improve operational flexibility and increase the
confidence level on the sdiety margins of the operating BWRs and future desgns.-The DEEPSS|
project proposesto develop and test an innovetive high-pressure geam injedor design and to ases
its potential applicaion in an Emergency Feedwater System (EFWS) of PWRs gean generators.
Applicationsto bah wedern and eagern (i.e. VV ER-440) typesPWRs are wnsidered. The purpose
of the FABIS projed to develop and ted a diverse fad-acting baon injedion system that can be
used in case of an anticipated transient without saam in the eisting and the future alvanced
BWRs. The main innovation d FABIS compared to similar existing designs is the use of stean for
the pressrisaion d the boron solution tank instead of nitrogen. In this project, the SWR 1000
concept from Framatome ANP has been sdeded asthe referencereactor

The objedive of the RMPS project is to propose a pedfic methoddogy to as®ss the thermal-
hydraulic reliability of passve g/stems. The main adivitiesare the identification and quantification
of the ourcesof uncertainties the propagation d the uncertaintiesthrough the thermal-hydraulics
models and the introduction d passve g/stems unreliability in the acident segquence analysis.

3.2 HicH BURN-UP AND MOX FUEL

This aea preseants projects of the FP-5 ony, becausethe FP-4 dd na include nuclea fuel related
reserch.
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¢ Quantify safety margins

The regulators need to know the safety margins by using fuels at higher burnup levels in terms of
fisson gasreleases md their scientific and technicd basis, as utilities requed approval of new
nuclear fuels and methods. Likewise, for utilities and vendarsit is dso very relevant to know which
margins ae available with regect to their manufaduring processesas well asto urderstand their
technicd basisin order to identify in which diredion further progress may be made to ogtimisefuel
and fuel cycle aswell. For thesereaons, the impad of the three projeds below is important for
both regulators and industry.

Effedively, the FP-5 projed MICROMOX includes eperimental teds aimed at understanding to
what extent the asfabricated microstructure of the MOX fuel influencesthe gasreleasein namal
and abnamal conditions & high burn-up. Different numerical codes ssmulating the thermo-
medchanicd behaviour of the fuel are benchmarked. This project is complemented by OMICO,
whosemain oljedive isto study and model the influence of microstructure and matrix composition
on fuel behaviour under normal and abnamal LWR operating conditions for various oxide fuels.
Furthermore, the FP-5 project VALMOX is oriented to the validation of MOX fuel cdculations at
high bun-up basel on avail able experimental data from LWRs using the JEFF nuclear database &
well asstate-of-the-art neutronics mdes First indications on sdety limits of the MOX fuelsin terms
of helium production are also expected.

¢ Extend safety assesmentsof nuclear fuel codes

The use of spedfic nuclear fuel codes for appropriate safety as®ssments has importance in
licensing processe®y comparing their application to submitted analyses of the vendors. In thisline,
the two projeds below are deding with further developments of determined nwclea fuel codes to
address pecific isaiesof the dadding materials of LWRs fuel assenblies.

In this regard, the FP-5 project EXTRA, is deding with the extension of the gplicability of the
TRANSURANUS fue code to VVER readors that contain niobium in their fuel cladding. This
extension is base on compilation and werification d experimental databases together with the
development of new models to simulate high temperature behaviour, cregp and fracture aiteria. The
use of this extended code has a peda role in the licensing procedures of Hungary and Slovak
Repulic in the sense that fuel vendors cary out fuel sdety computations, while the regulators
demand independent analyses for comparison. Consequently crosscheck computations ae going to
be performed by the extended code in bah countries In that way, the smulation o the VVER fuel
rods' performance under abnamal condtions and dedgn basis accidents is promoted widening also
the sope of licensing applications. On the other side, the FP-5 project SIRENA is developing, in
the antext of the previously mentioned ITEM network, a numericd simulation code to asses the
integrity of LWR fuel pin cladding manufadured with Zr-Nb all oys.

NUCLEAR KNOWLEDGE MANAGEMENT (indexes, education, e-science and Eurocour ses)

Improving knowledge or aaquiring new one, asit hasbeen dsaussal above, is naturaly inherent in
all FP-4 and FP-5 projeds. From a programme management point of view, however, this basc
objedive requires nowadays what is alled a knowledge management strategy. It is worth
presaiting first of al three FP-5 projeds of general intered that are ssmehow deding with nuclear
knowledge management, stretching aaossthe aeas overed by the three dusters PLEM, SAM and
EVOL, thereby contributing to the conservation d the nuclear expertise

The principal end-users of thesethree projects ae the dedsion makers intereded in knowingwho in
Europe is doing what in reador safety reseach, the acaemic community concerned with the
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deaease of financial and human resources and the developers of numericd simulation todls
intereded in virtual laboratories(e-science).

* JSRI (Joint Safety Reseach Index), a ancerted adion for the dissemination d information
abou the reador sdety reseach programmes in Europe (i.e. the so-cdled «centres of
excdlence») and their main achievements in the aeas overed by PLEM, SAM and EVOL (se2
homepage http://w2ksrvx.ike.uni-stuttgart.de/jsri/). Resarch projeds from 16 EU and CEE
courtries( + DG JRC) are described and rumerous expert names ae referred. This is auseul
management toad for decision makersintereded in the most recent RTD devel opments.

* ENEN (European Nuclea Educaion Network), an acompanying measire to pioneeg the
European areaof higher educaion in nuclear engineeaing, wsing the instruments proposed by the
Bologma declaration (1999). It is proposing a global strategy for quality control and mutual
acaeditation of Euromager grades and performing plot education sessions to test the proposed
scheme (see homepage http://wwwa3.sdkcen.be/enen). A durable legal structure is propcsel,
comprising more than 22 uriversities, representative of EU and CEE courtries

 CERTA (Consolidation of the Integral System Experimental Data Bases for Reador Thermal-
Hydraulic Safety Analysis), a thematic network for the presevation d the integral system
experimental data bases for reador thermal-hydraulic sdety analysis acquired by institutional
and indwstrial reseach organizations throughait the EU and CEE courtries (see homepage
http://lunar.jrc.it/stresaWebSite/). This web-based informatics platform is a etod that can be
extended to drive the exchanges of large datafiles needed for any joint distributed numerical
development, avoiding the giffnessof the gatic traditional centralised databank systems.

It is dear, however, that ared nuclear knowledge management strategy at the Community level is
still missng, i.e. a wherent durable EU approach and the appropriate implementation instruments
for adivities related to identificaion, aauisition, development, disssenination, use and
presevation of knowledge, as it is $hown in Table 1 (courtesy of NAGRA). To ogimise
dissemination, for example, athorough dsaussion with the owners of sdentific data and knav-how
is still needed, in particular to agree on acces rights for carrying out reseach activities and/or for
using the results (commercia exploitation and/or further reserch).

Worth mentioning in the context of dissenination are dso a seiesof FP-4 and FP-5 Eurocourses
co-organised by DG Reseach and national hosting organisaions, with the am to dsseminate
spedfic reeach results and/or to disauss the latest achievements in a given areg thereby
contributing to the objedives of “educaion and training”. The principal end-uses of these
Eurocourses are dudents (youngand dd!) aswell asdedsion makers interested in the latest S/'T
breathroughs.

Hereisthelist of Eurocoursesorganised under FP-4 with an attendance varying between 30and €
participants:

- inthe aeaof PLEM :

e Symposium on FP-4 projeds RESQUE and REFEREE (SCK-CEN, Mol, 57 September 200])

- inthe aeaof SAM :

* Analysisof severe acedentsin LWRs (UPM Madrid, 1317 October 1997)

- inthe aeaof EVOL :

* Advanced Nuclear Reador Desgn and Safety (GRS Garching/Munich, 17-21 May 1999)

Hereisthelist of Eurocoursesorganised under FP-5 with a smilar attendance:

- inthe aeaof PLEM :

* MASC: “Use and application d the mager curve method for determining fradure toughress
(co-organised by VTT, Finland, 12-14 June 2002
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