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Abstract

A part of the activities performed in the SARNETA2Swork package is to examine
the feasibility of achieving some degree of harmation in the future by development of
guidelines.

Thus, during the ERMSAR 2007 meeting, the statusa @éasibility study on level 2
PSA methods harmonization concerning the assessofiesime physical phenomena in a
level 2 PSA was presented. The following issuesewstlected: hydrogen combustion,
consequences of vessel failure, melt corium andreba interaction, iodine chemistry.

This paper reminds some elements of the work donthis subject and then presents
the progress made and the difficulties encountésetharmonizing level 2 PSA methods in
the frame of SARNET. It examines:

- Is the method applied to reach a certain levelayfrtonization to assess some physical
phenomena estimated applicable to all physical pimema to consider in the event tree?

- What method can be used to interface the leveldithe level 2 PSAs considering the
objectives of the level 2 PSA?

- What definition of final reactor states can be give a level 2 PSA and how the large
and the large early releases may be defined?

- The use of expert judgment in L2 PSA

Prospects concerning future work on harmonizatiomethods for level 2 PSA are given as a
conclusion, especially within the ASAMPSAZ2 projetthe 7" Euratom FP.

A - Background

In the first phase of SARNET Work Packages 5.1 & an understanding was reached
regarding the SARNET partners choices of methodoiogheir Level 2 PSAs, including the
assessment of uncertainties [1]. From these fitgtiss, there is a clear consensus that Level
2 PSA is regarded as having reached an accep&aé df maturity and the same general
approach has been consistently applied in the R8Aducted in EC member states.
Nevertheless, given the different national requeeta placed on Level 2 PSA, there are
appreciable differences in how these Level 2 PS&sirmplemented in practice in terms of
scope and content.

In particular, for the detailed evaluation of s@&vaccident phenomena, which is a key issue
for L2 PSAs, there is a clear recognition that gread and consistent prescription for how
analyses should be performed and, in particulaw bacertainty is accounted for, is still
lacking.

That is why, within the SARNET workpackage 5.1 &, the initial detailed comparison of
methodologies used by the Partners has been suppiednby a separate task examining the
feasibility and need for the harmonization of Levepractises in EC member states. The
paper describes the main outcomes of this actwiiyphin SARNET and suggests some

The 3°European Review Meeting on Severe Accident Res€&RMSAR-2008)
Nesseber, Vigo Hotel, Bulgaria, 23-25 Septembei8200



2/15

Session 4: L2 PSA methods harmonizatiénd\p

prospects to reach some progress in harmonizatitinthe ASAMPSA2 project of the'7
Euratom FP.

B — Method used by the SARNET Partners to progres®wards harmonization

The method used by the Partners was already dedcmbthe ERMSAR 2007 [1] and was
applied during the last periods of activity:

1) Identify the most important issues to be add@ss
2) For each issue, assess how the breakdown igtslkeissues can be achieved, given the
current knowledge basis,
3) For the selected issues, a pragmatic methodatayyinclude the following aspects:
Compile and review what has been done so far aseidoan this:
» Describe them in a qualitative way addressing thg ghysical and chemical
features,
» Identify what may be regarded as a good practm® the review,
» Derive general recommendations and, if possiblengtative values on how to
deal with the problem in a Level 2 PSA,
» ldentify how generic, or plant-type specific or migpecific the guidance is,
» Agree on common areas where further research/dawelot activities need to be
performed.
This methodology has been applied to some of tlyeidsies that should be addressed in a
level 2 PSA: hydrogen combustion, consequence &f Riture, lodine behaviour, MCCI,
interface between level 1 and level 2 PSA, debnitof final reactor states in level 2 PSA,
definition of large and large early release in I&®SA and partially to expert judgement.

C — Examples of outcome for L2 PSA harmonization sm SARNET activities

The following chapter summarizes some preliminagnatusions from the SARNET
activities related to L2 PSA harmonization.

C1 Physical phenomena
Hydrogen distribution and combustion

The method described above has been successfytlje@dpand has led to a set of 19
recommendations which concern:

- the different phases during which the hydrogen shlould be considered and the
different sources of hydrogen production to conside

- the necessity to take into account the possitlitpnultiple burns,

- aspecific (simplified) treatment of some contaimtrigy-pass situations,

- hydrogen distribution inside the containment (icldhg the definition of containment
zones, the characterization of the different miximgchanisms, the limitation of the use
of concentrations categories, flammability limitsdainerting efficiency, calculation
codes to use for supporting studies and the clarsiits of the nodalization to use),

- the way to consider the hydrogen passive autoytataécombiners efficiency,

- the conditions of hydrogen ignition to apply (igoit criteria, ignition sources, ignition
location...),
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- hydrogen combustion with the different regimesdasider, the question of combustion
completeness, the models or codes to use to adsepeak pressure for the different
regimes of combustion with the nodalization to use.

In addition, some conclusions have also been imecudn the different approaches for
uncertainties assessment. Those conclusions are @dneral and applicable to the
assessment of uncertainties for the different maysiphenomena. In addition, the
identification of key issues for uncertainty treatrh concerning hydrogen combustion was
also proposed.

To illustrate the kind of recommendation obtainede example concerning methods for the
assessment of the peak pressure resulting fronmdestion is given hereafter: 1 case of
no risk of deflagration to detonation transition (DDT) demonstrated by the sigma criteria use,
the peak pressure may be assessed on the base of adiabatic isochoric complete combustion
(AICC) peak pressure. In case of DDT risk, two methods may be used to assess the pressure
loads:

- combustion calculations using a lumped parameter model

- AICC model with corrective factors.
In case of detonation, the peak pressure may assumed on the base of:

- combustion calculations using a lumped parameter model,

- the Chapman Jouget pressure for detonation regimes. »

It was pointed out that the different recommendetiare rather general and that they give
orientations to perform the assessment but do net garticular figures or criteria to apply
which would be, in most cases, design dependenth®nontrary, it was also pointed out that
no PSA2 partner has already applied up to now hagetll the methods and advices indicated
in the different recommendations, and that the afetecommendations covers the most
difficult questions to address for the issue conedr

It was also concluded that the proposal of theof@ecommendations specific to hydrogen
distribution and combustion has been possible duee well established state of the art on a
majority of the different issues, the issue of igm being an exception for which R and D
efforts were estimated necessary to establish alevel of knowledge.

Consequences of RPV failure

The evaluation of this issue followed a similar eggezh and was performed under a
number of headings, including:

a. Conditions of RPV failure (including size and Idoatof vessel breach, conditions of
corium discharge to reactor cavity).

Vessel rocketing.

High pressure melt ejection (HPME) and direct comieent heating (DCH).

Ex-vessel steam explosion.

Specific design features, e.g. cavity door (or cseal) failure.

Event tree organization.

Principles of event tree modelling.

Uncertainties considered and methods for assessment

S@mPaon T
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In a similar way than for the hydrogen issue, a ¢etl4 recommendations was
established and covered the different headings ealeaeept the ex-vessel steam explosion
one for which no recommendation has been proposddRaand D efforts still estimated
necessary before to be able to propose enough teasimmendations.

It is interesting to note that one of the recomnadioths concerns the event tree
organization. It was noticed that, according tostae of knowledge (no coupled calculations
considering all the immediate consequences of seagissel failure), the different potential
consequences of the melt release in the reactotyd@essel rocketing, melt dispersal and
direct containment heating, cavity failure, ex-wssteam explosion, containment failure)
may be only assessed separately and lead to corssideessive events in the event tree. It
was then recommended to carefully take care, in dhent tree organization, of the
dependencies between the different phenomena.

As for hydrogen issue, some conclusions have aso Included on the different approaches
for uncertainties assessment. The identificatiorkedf issues for uncertainty treatment was
also proposed.

lodine behaviour

Although a similar approach was applied for iodbehaviour issue than for previous ones,
this approach did not lead to a set of recommeodstio consider when addressing the issue
in a level 2 PSA but rather led to produce elemeiisut how to reach the expected
harmonization. So, a potential harmonization apgio@as described and includes:

- Establishing the set of conditions necessary tdiffjuchemistry effects of only
secondary importance in a Level 2 PSA frameworke bhst approach for sequences
where such conditions can not be met remains wmnerHowever, the following
elements were suggested.

- Establishing a framework identifying key influendes the development of a general
simple modifying factor approach, e.g. reasonablwetping assumptions on
containment iodine speciation.

- Understanding the limitations of iodine models eutly used to support PSA studies

- Evaluating the above elements to ensure the appesa&re not divergent. Performing
benchmark analyses and sensitivity studies / uaicgyt analyses to understand the
implications of adopting iodine chemistry models.

This approach was submitted to the SARNET SouraenTWork Package and elements of
answers coming from this WP are expected to demaimstthe feasability of the
recommended approach.

MCCI

The evaluation followed a similar approach thantha other issues. Thus, the different
SARNET PSAZ2 partners described the methods they tssassess the MCCI issue in their
level 2 PSA.

On the basis of these descriptions, a list a ssies has been established, for which the
methods used by the different partners have bempaed.
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An analysis of the differences of partners appreaclwas done according to a
classification considering separately the diffeesnin:

- the assumptions on initial and boundary conditiased,

- the models included in the codes used,

- the assessment of the codes and of their limitation

- the interpretation of the experimental work,

- the quantification methods in the event tree,

- the results in function of plant properties or etderistics.

A set of recommendations have been derived from tbimparison extracting good
practices when considered as identified, or suggest set of methods when an unclear
advantage of one method compared to another oreaegp

The recommendations finally obtained concern:

- the different consequences of MCCI to investigate level 2 PSA,

- the careful evaluation of plant specific vulneraigis during the MCCI phase,

- the assessment of water presence in the cavitP¥tfRilure,

- the debris quenching at RPV failure,

- the representativeness of the severe accidentlaans as regards the MCCl initial

conditions,

- the physical models qualification,

- the uncertainty to associate to the calculatiossltg,

- the basemat failure before complete erosion dumetchanical effect,

- the conservative hypothesis to associate to mgitdooling,

- the conditions to consider for containment ovespugization,

- the most important uncertainties to consider.

Generalisation of the approach to all physical pheomena

As a conclusion, it may be pointed out that theliapfion of the methodology to different
physical phenomena, with different levels of mayurn the knowledge, leads to propose
finally

- set of general recommendations or advices abouth@ddress the issue,

- orto propose an approach to reach the harmonizeakpected.

One exception concerns the ex-vessel steam explassoe for which it may be estimated
than more effort would lead to a similar result.

This conclusion leads the different SARNET PSA2mens to consider as possible (but time
consuming) to apply the methodology to all différphysical phenomena represented in the
event tree.

C2 Interface between Level 1 and Level 2 PSA

Interface between level 1 and level 2 PSA seenigeta quite standardized part of a level 2
PSA: it consists of the binning of the level 1 PS#guences leading to core damage (CD) in
so-called Plant Damage States (PDS): each PDS g©Dpsequences from L1 PSA that are
supposed to have a similar accident progressiongltiie severe accident phase.
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This general principle is applied by all L2 PSA giigoners but when looking the details of
applications, some important differences are olegkrin that context, interface between level
1 and level 2 PSA has been identified by the SARNffticipants as an issue where
operational practices should be harmonized.

Like other issues, a questionnaire [2] has beared®nd a compilation of the answers has
been established. The identification of the beatfices and the proposal of recommendations
have not been fully achieved within SARNET but thikowing points may be mentioned:

* The scope of the existing L2 PSAs (and interfa@)es from one study to the other
(initial reactor state, internal events, externadrés ...) ;

* Two methods are used :

o0 in integrated project (level 1 and level 2), thensaprobabilistic tool is used
(mainly RiskSpectrum) and the notion of PDS is uded convenience
(regrouped sequences that similarly behave in th@aihment Event Tree) ;

o otherwise, in case of a non-integrated project, emiaformation has to be
transferred from level 1 PSA to level 2 PSA via dedinition of the PDS ;

* For most of non-integrated level 1- level 2 PS4 fbllowing approach is used :

o the level 2 PSA experts identify which informatianeeded in the severe
accident event tree ; in general 10 to 20 attrbate needed ;

o the level 1 event trees are extended with new hmazhts allowing the
calculation of the PDS attributes ;

o through the extension of the level 1 event trelec@le damage sequences are
broken down into the PDS.

o in theory, a very large number of PDS should baiokd ; but the application
of a reasonable cut-off frequency allows to keepasonable number of PDS ;

o the number of PDS generated is between 100 andu3@@he number of PDS
which are analysed in detail in level 2 PSA vafiesn 17 to 300 depending on
the level of detail (and resources) of the L2 PSA.

* The precise definition of core damage may vary feoreactor to another but for most
of SARNET participants, a significant fraction ofl IPSA core damage sequences
may lead to limited damage and minor consequenegy (imited release) ; in some
cases, L1 PSA conservatisms are identified and smgeences are not considered in
level 2 PSA ; for most of SARNET participants, thehievement of a L2 PSA
conducts to the update of the L1 PSA model;

* The precise definition of a limited core damagense¢o vary from one study to the
other and could be probably better harmonized ;

* The precise use of the notion of sequences oratatfioom level 1 PSA, and also the
treatment of system dependencies may vary from stndy to another and some
attempts of harmonization could be proposed ;

* The quantity of work needed to update the L1-L2rifatce obviously vary a lot from a
SARNET participant to the other, showing that gdp@aches are not comparable ;
harmonization may have sense by identifying thetmas allowing easy updates of
the L1-L2 interface.

All these points exhibit an interest for a moregse harmonization of methodologies for the
level 1 / level 2 interface. This harmonizationli finalized within the ASAMPSAZ2 project.
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C3 Definition of final reactor state in level 2 PSA

The definition of final reactor state is importamievel 2 PSA because the analyses are ended
when this state is reached. At the end of the tatiom, the quantitative results of a level 2
PSA can be expressed in terms of release categiiaeb release category corresponds to a
kinetics of radioactive release from the initiabbthe accident to the final reactor state.

A questionnaire has been established and 9 paitaees answered and provided their views
on this subject. The terms “plant safe state”, rfiplnal state” and “plant stable state” are
sometimes used in level 2 PSAs. The meanings cktherms were not well defined. The
SARNET participants worked up to the common un@eding and harmonized use of these
terms.

The following general summary can be drawn fromrésellts of the questionnaire survey [3]:

1. Alevel 2 PSA usually ends when no more signifiaahtases to the environment have to
be expected. “Significant” means that the amounfiggion products released to the
environment before reaching the stable state isast two orders of magnitude higher
than afterwards. Radioactivity release from thélstatate has no additional significant
health effects.

The final states of the PSA level 2 are given iniotgs forms, the participants mainly
used:

— the characteristics of radioactive release to therenment

— plant state, determined by the underlying accidequences.

In the performed level 2 PSAs, the time to reaéhdtable state varies between 48 hours
to 15 days (IRSN).

2. Differences can be observed as far as naming aérilestates is concerned. However, the
terms safe state or final safe state cannot beidenesl appropriate for use in a level 2
PSA. Use of the term of “final safe state” is neeis acceptable because there is always
some release of fission products into the atmogphrbest, a stable plant state without
very harmful impact on the environment can be redander such circumstances. It is
suggested that the term stable state be usedyifAdeo, one can consider partial or
limited core damage states as a subset of a gikhiestate.

3. In the level 2 PSAs in question the participantsally identified and considered the
systems and components necessary to maintain le stake after a severe accident. The
assumptions made in relation to the behaviour andetfing (failure and restoration) of
these systems under severe accident conditionsvdmaherary. Failure of these systems
as well as the circumstances and likelihood oforesion beyond design conditions have
to be further studied. Also, the physical modelscofe reflood and coolability of a
degraded core are in need of further examinationthErmore, iodine behaviour and the
impact of hostile environment on critical comporsecéan be considered as areas for more
detailed examination and improvement too.

The following recommendations have then been foatedl.

1. For a L2 PSA the severe accident progression shoelldnalysed until the plant stable
state is reached. Stable states are to be condidededefined as final plant states. Criteria
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to insure the stability of the state are that naerggnificant radionuclide release to the
environment is expected, the core/debris coolghgdiensured for long term.
2. The categorization of the final states should beedaccording to the:
» radioactive release into the environment (sourge teased) and/or
» the plant final states (sequence based).

3. The sequences with limited core damage are to hsidered as final plant state in L2
PSA to ensure completeness. All the core damageesegs of level 1 PSA should be
categorized into plant final states in L2 PSA

C4 Definition of large and large early release

Because it is difficult to make conclusions, espkgirisk informed decisions on a spectrum
of release categories, LERF (large early releasguigncy) or LRF (large release frequency)
are often used as a relevant result from L2 PSAs.

For an objective of harmonization it was consideasdrelevant to compare the different
practices of the SARNET participants. A questiommanvas elaborated and 11 of the
participants have answered from their local prastic

The analysis of answers was also completed by storlual description of the definitions of
LERF (or LRF), initially introduced in the USA anlden in other countries and international
organizations (IAEA).

The analysis has conducted the SARNET particip@antise following conclusions:

The introduction of large release, as characterlsgdhe LERF and LRF definitions, is

connected with the need to have a simple quanttatriterion to understand the results of
level 2 PSA, especially for risk informed decisiofi$is should complement the presently
used level 1 Core Damage Frequency, CDF, whichidelw used, but too far from the real

plant risk.

On the other hand, the only really complex evatwabf plant risk is level 3 PSA and large
release is only a surrogate for this evaluatioms Htill worthwhile having a widely accepted

definition of large release because:

— Level 3 PSA is a very complicated task, its inaduasin a flexible system like “living
PSA” is beyond existing potential,
— Many assumptions not connected with the plantrackided in level 3 PSA, whereas
large release is only related to the plant desigham-site accident management
For these reasons, level 3 is impractical for rigkrmed decisions of the plant operator, it
can be more used by regulatory body or authonisponsible for emergency planning.

The large release definition is connected with tyafpals and objectives. Comprehensive
evaluation of these goals and objectives wouldiregietailed consequence analyses, either a
complete level 3 PSA or at least an analysis oicatpon-stochastic health consequences in
the vicinity of the plant. Because of different &abconditions, experience and uncertainties
such a quantitative criterion prepared in one aguobuld not be directly transferred to
different countries, or even other sites withinoartry, and it would have to be updated often.

From the history of large release use in USA andaRd, it seems that even a definition
which was developed more on estimate of consegaenaa be linked with reasonable safety
goals and verified to fulfil the objectives relatedh them.
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This is the case of the two definitions cited ie ®ARNET report [4], which are the basis of
various precise definitions in individual countries

1)

2)

LERF - Early release of such magnitude, that early {stochastic) fatalities in the
plant environment can be expected. This is expdeasea release of iodine into the
off-site environment of more than 3% — 10% of tlerecinventory in the early
timeframe (i.e. before off-site countermeasures re@sonably be expected to be in
place). It is assumed that the release of otheolagically important species except
noble gases (with smaller health effects) will hethigher. Because the inventory is
dependent mainly on the reactor power, the realgm¢age of it should be based on
the criteria that the LERF means smaller activity"8i than 100000 TBq or other
radionuclide mixes with similar consequences. Basedavailable data, the most
significant isotopes will bé*1, and**3 (mostly as product of Te). “Early” means the
release before vessel bottom head failure or sh(@tlleast two hours) after it. In case
of channel type reactors, RBMK or CANDU, “early” sh@o be linked either to
scenario type or directly off-site emergency praced.

LRF - Release of such magnitude that extensive (@rgelareas) off-site measures
should not be foreseen; including sheltering, ea#on, resettlement and food
restrictions connected with significant economicpauts. If a release of this
magnitude is not reached, early fatalities shouéd riegligible and the off-site
measures to reduce late (stochastic) fatalitiesliamtéed to food restrictions. The
criterion is 0.05% to 0.1% of core inventory relesnto the off-site environment of
any radiologically important specie (except nokdseag), the usual reference isotope is
137Cs. Weighted mix of isotopes can be used as maeise. This definition should
not be denoted as LERF, but LRF, as it covers lalgoreleases. Like in the first case,
the important fraction of inventory is related teetreactor type, its power and also
burnup. For this reason 100-200 TBq-IEs is a more precise definition.

Regarding the general considerations mentionedeglibe SARNET participants have also
proposed some specific recommendations for L2 P@atitioners on this issue:

The precise definition of LERF or LRF noting botlagnitude and timing constraints
should be mentioned, even if its nature is notetves as a regulatory requirement or
safety objective.

Using both definitions LERF and LRF concurrentlypioves the insight into the
nature of risk, on the other hand, decisions aseee# based on only one criterion.

We should have always in mind that large or larggyeaelease represents a boundary
between “medium” and “unacceptably high” consegesnavhich is difficult to be
fixed, caution is needed when comparing it to antjtetive safety target,

When we speak about the LERF frequency or compaséh regulatory limits, the
mean value of LERF frequency should be used anditsrtainty mentioned.

Only on a special legal request some higher petedetg. 95 percentile) may be used
instead of mean value,

The lower large release definition (LRF) is suiafir new plant designs (Generation
llI+) where releases of the order of the higheinrdigbn are practically excluded by
the design,

The length of the “early” interval should be spestfmore exactly, especially when
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using the higher large release (LERF) definitiorerehit is the time between the “start
of warning time period” and the vessel bottom hizéidre + 2 hours.

— The “start of the warning time period” time is ribe time of initial event, but some
time when the control of the accident is lost arteesive core degradation becomes
probable; it should be harmonized with the stadfésite emergency.

C5 The use of Expert Judgement (EJ) in PSA level [3]

A lot of research done in the area of KnowledgecRslpgy between the 1950's and
thel1970’s showed all the problems that have expertieliver high quality opinions. All this
research triggered the design of protocols orietdaget distributions from individual experts
avoiding biases, especially overconfidence (tengearovide narrower distributions than
what could be expected from the actual expert'swkedge). An outstanding protocol
developed during the 1970’'s was the Stanford Rebed#mstitute (SRI) protocol; see
Merkhofer (1987).

In the early 1970’s, Prof. Rasmussen’s group watopeing the first large scale PSA with
formal treatment of uncertainties, the Reactor ya$tudy (reported as document WASH-
1400). This was the first time EJ was used in geacale application in the nuclear area.
Nevertheless, unaware of the large improvement®eeeth in this field, the way EJ was used
is what we could call Engineering Judgement (haffdbased distributions on scientific
literature review and the systematic used of spedistributions, as it is the case of the log-
normal distribution).

A huge step forward happened in the mid-1980’s. BNL/NUREG-1150 protocol was
developed at SNL as collaboration between sciesntistlicated to nuclear safety and experts
in the field of EJ. This protocol was planned a®ean to get a lot of information for large-
scale risk studies, as for example PSA for NPPsRartbrmance Assessments (PA) studies
for radioactive High Level Waste (HLW) repositorieand took as a reference the SRI
protocol. The steps of this protocol are the folllyf USNRC, 1990):

1. Selection of issues (Issues identified as key dumuttrs to risk are identified and

selected according to expected impact and probabiiteria)
2. Selection of experts
3. Training (experts are trained in order to avoidsbsgmand to help them giving answers
in probabilistic terms)

4. Presentation of issues (The target is getting umguolbis definitions for the
parameters whose uncertainty will be characterised)
Preparation and discussion of analyses
Elicitation of experts’ opinions (analysts get estpeopinions via a structured session)
7. Aggregation of results (Individual experts’ opingoare aggregated to get one single
distribution per parameter)
Review (by peers)
9. Documentation (all activities developed are docuedn every result must be

supported by documentation that explains how it el#ained)

o0

@

This protocol was successfully applied in the NUREIGO study, where PSA studies were
developed for five commercial US NNPs. Regardind\ R&/el 2, four expert panels were
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convened to study fourteen accident progressiomtagament loadings, and structural

response issues. Additionally, one more expert Ipaas convened to assess probability
distribution functions for eight uncertain paramsteslated to the source term. The NUREG-
1150 analysis staff and members of US National tatooies provided distributions, via

Engineering Judgement, for parameters that had hekyed of lesser importance. In fact
budged problems forced them to tackle via Engimgedudgement parameters that originally
should have been studied via EJ. Certainly the NGRES50 study has been the most
systematic EJ application ever done.

In the late 1990’s, a set of European organisatamseloped the ‘Benchmark Exercise on
Expert Judgement Techniques in PSA Level 2’ asrecexted action under the European
Commission Framework Programme 4; see Cojazzi amgli £2000). The targets of this
concerted action were to benchmark available EXopots in Europe by assessing
distributions for uncertain parameters (7) in aese\accident issue (fuel coolant interaction),
and to study the benefits of using these protoddisst of the protocols were essentially
based in the SNL/NUREG-1150 protocol, yet includspeecific features, one was based on
Knowledge Engineering and another one was esdgrdialEngineering Judgement protocol.
The key feature of this benchmark was that parasetesessed by experts were the real
results measured in an experiment (FARO test Layally performed at the JRC-Ispra
laboratories. Protocols were benchmarked on real claming from experiments relevant to
PSA level 2. Estimates provided by individual expersing no protocol, estimates provided
by the same experts participating in protocols aggdregated protocol estimates were
compared. Though results were not statisticallycimive in all areas of comparison, when
they were, aggregated protocol estimates provitdedbest results. This is an encouraging
result in favour using structured EJ protocols ageasonable way of getting input
distributions for PSA level 2.

SARNET WP5 gave us the opportunity to check thatuse of EJ has been become a normal
practice in European organisations dealing with R&&l 2 studies; all partners use EJ, either
implemented as a formal protocol or via Engineerihgdgement, to characterise the
uncertainty of some of the key parameters in thieidies.

D Conclusion - After SARNET, prospects within the SAMPSA? of the 7' Euratom FP

The effort achieved within SARNET workpackage WParid WP5.2 has shown that a
certain level of harmonization for level 2 PSA wasssible through a direct comparison and
analysis of Partners already existing methodolddys harmonization does not consist of a
precise definition of what must be done but insa d&if advices concerning the key issues and
existing methodologies that are considered as talskepby the Partners. This activity is also
a way for the identification of issues where R&Dolredge is still needed for a robust
quantification of risks.

Nevertheless, the SARNET activities have some s$indentified by the Partners and that
justify pursuing the efforts on harmonization:
» this activity was not identified at the beginninfgSARNET as a major output but only
as a feasibility study ; that is why, only a lintitpart of level 2 PSA issues has been
examined for harmonization,
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» the documentation produced within SARNET may besmmred as disparate and not
assembled in a unique guideline (it was not thigairmbjective),

* the SARNET activities did not provide interactiontwthe End-Users Community of
L2 PSAs (Safety Authority, TSO, Utility, Designek&gndors, Research Organizations
...) and had some limited views on application ofRRAs.

The identification of these limitations has helgedelaborate and propose the ASAMPSA2
project [9] in the framework of the"7Euratom FP. This new project includes an End-Users
group allowing an easy interaction with the techhgroups and will mainly cover Gen Il and
Gen Il and, to a limited extent, the Gen IV reasto

The way of working will be different with an attetpf exhaustive identification of issues
relevant for L2 PSAs and the resources of the ASSKP project will be allocated between
these issues. The Annexe 1 provides a draft plathedfguideline that will be elaborated
within ASAMPSA2. An important element of methodojogias added in the ASAMPSA2
project, i.e. to consider two “levels” of level ZR: the “limited scope” and the “full scope”
methodologies. This element is estimated to be yataaolve the difficulty of harmonizing,

considering the diversity of possible approaches.

The general methodology used within SARNET and desd in part B will be also applied
within the ASAMPSA2 and will be completed by a fsan applications of L2 PSAs.

The link between ASAMPSA2 and SARNET Il will be kepspecially to discuss the
conclusions in terms of further needs in severeaat R&D.

E - Conclusion

The SARNET activities on L2 PSA have provided afuistamework allowing exchanges
between some of the L2 PSAs practitioners in Eurgftaough a complete harmonization of
practices was not the initial objective, these véotis have shown that progress on
harmonization was achievable, either for the qdiaation of severe accident phenomena and
induces risks, or for the methodologies used ferrisk quantification.

The foundations for a new European project, ASAMRS#ave been raised ...
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ANNEX — DRAFT PLAN OF THE ASAMPSA2 GUIDELINES

The draft plan of the ASAMPSA2 guidelines is praddere for information.
It may evolve later but shows a lists of issuedeylarger than the points examined within
SARNET L2 PSA activities.

1 - Introduction
2 - Objectives and potential applications of L2 PSA
3 - General structure of a level 2 PSA and presentation of results
31 - L1-L2 PSA interface
32 - Accident Progression Event Tree (APET)
33 - Release Categories and result presentation
4 - Best practices for the Gen Il PWR, Gen Il BWR L2 PSAs. Extension to Gen Il reactors.
41 - L1-L2 interface.
42 - Human Factors
421 - Examples of human actions (from severe accident management guide, support of crisis
organization, systems recovery...)
422 - Methods for the human factor quantification
43 - Quantification of physical phenomena and containment loading
431 - Definition and calculation of representative thermal-hydraulics sequences for each PDS
432 - In-vessel core degradation
a - Core degradation
b - Induced-RCS rupture including Induced-SGTR
¢ - Hydrogen production
d - Restoration of core-cooling
e - Vessel cooling from outside
d - Consequences of in-vessel water injection (coolability, hydrogen production, RCS
pressurization ... )
e - Containment atmosphere composition (recombiners/igniter effect) and
containment pressurization
f - Containment venting
g - Hydrogen distribution/combustion
h - Corium criticality
i - In-vessel steam explosi on and consequences (leak in the RCS, vessel rupture,
containment rupture)
j- Vessel rupture (delay, break size ...)
433 - Vessel rupture phase
a - Direct Containment Heating, including H2 combustion and vessel uplift
¢ - Ex-vessel steam explosion
d - Corium criticality
434 - Ex-vessel phase (MCCI)
a - corium coolability
b - Basemat lateral and axial erosion
¢ - Impact of water injection
d - Production of steam and incondensable gases
e - H2/CO combustion
f - Evolution of containment atmosphere composition and long term pressurization
g - Containment venting
h - drywell erosion
i - poll scrubbing
h. - Melt propagation into ducts and channels
44 - Containment performance (tightness)
441 - Initial containment performance (pre-existing leakage)
442 - Failure of the isolation system
442 - Evaluation of containment performance in severe accident conditions
a - Quasi- static loading / dynamic loading - Structural response, structural
analyses, fragility curve (leak or break)
b - Specific issues : example the impact of a steam explosion in the vessel pit on the
overall structure behaviour)
¢ - drywell/supression pool performance
443 - Containment penetrations performance (tightness) in severe accident conditions
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444 - Identification of specific containment bypass ways (example: case of existing pipes in
the plant foundations, cavity door failure for VVER)
45 - Systems behaviour in severe accident conditions
451 - Sump recirculation, CHRS, Spray system
452 - RCS safety valves
453 - Steam Generator
454 - Instrumentation
455 - Pedestall cavity flooding systems
455 - H2 recombiners/Igniters
456 - Core catcher
457 - Reliability of passive systems
46 - Source term assessment
461 - Definition of release categories
a - identification of key parameters for source term assessment
b - example of release categories
C - screening frequency
462 - Group of fission products
463 - Source term assessment by integral codes
464 - Source term assessment by dedicated (fast-running) source term models
465 - Radiological consequences
47 - APET/CET
7 - Specific issues of Gen IV reactors
Appendices
List of plant data that should be available for the L2 PSA
Severe accidents codes
Event trees codes
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