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ASAMPSA2 PROJECT SUMMARY

The objective of the ASAMPSA2 project was to develop best practice guidelines for the performance and application
of Level 2 probabilistic safety assessment (L2PSA), for internal initiating events, with a view to achieve
harmonisation at EU level and to allow a meaningful and practical uncertainty evaluation in a L2PSA. The project has

been supported and funded by the European Comission in the 7" Framework Programme.

Specific relationships with communities in charge of nuclear reactor safety (utilities, safety authorities, vendors, and
research or services companies) have been established in order to define the current needs in terms of guidelines for
L2PSA development and application. An international workshop was organised in Hamburg, with the support of

VATTENFALL, in November 2008.

The L2PSA experts from ASAMPSA2 project partners have proposed some guidance for the development and
application of L2PSA based on their experience, open literature, and on information available from international
cooperation (EC Severe Accident network of Excellence - SARNET, IAEA standards, OECD-NEA publications and
workshop).

At the end of the ASAMPSA2 project, the guidelines have been submitted to an international external review open to
European nuclear stakeholders and organizations associated to the OECD-CSNI working groups on risk and accident
management. A second international workshop was organized in Espoo, in Finland, hosted by FORTUM, from 7 to 9t
of March 2011 to discuss the conclusions of the external review. This final step for the ASAMPSA2 project occurred
just before the Fukushima Daichi disaster (11t" of March 2011). All lessons from the Fukushima accident, in a severe

accident risk analysis perspective, could not be developed in detail in this version of the ASAMPSA2 guideline.

The first version of the guidelines includes 3 volumes:
- Volume 1 - General considerations on L2PSA.
- Volume 2 - Technical recommendations for Gen Il and Il reactors.
- Volume 3 - Specific considerations for future reactors (Gen IV).
The recommendations formulated in these 3 volumes are intended to support L2PSA developers in achieving high

quality studies and focussing time and resources on the factors that are most important for safety.

L2 PSA reviewers are another target group that will benefit from the state-of-the art information provided.

This first version of the guidelines is more a set of acceptable existing solutions to perform a L2PSA than a precise
step-by-step procedure to perform a L2PSA. One important quality of this document is that is has been judged
acceptable by organizations having different responsibilities in the nuclear safety activities (utilities, safety
authorities or associated TSO, research organization, designer, nuclear service company ...).

Hopefully it can contribute to the harmonization of the quality of risk assessments.
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Most activities related to the development of the guidelines were performed before the Fukushima Daichi accident.
Some complementary guidance for the assessment of severe accident risks induced by extreme events will be

developed in a follow-up European project (ASAMPSA_E).
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ASAMPSA2 CONCEPT AND PROJECT OBJECTIVE(S)

Members of the European community who are responsible for fission reactor safety (i.e.plant operators, plant
designers, Technical Safety Organisations (TSO), and Safety Authorities) have repeatedly expressed a need to develop
best practice guidelines for the L2PSA methodology which would have the aim of both efficiently fulfilling the
requirements of safety authorities, and also promoting harmonisation of practices in European countries so that

results from L2PSAs can be used with greater confidence..

Existing guidelines, like those developed by the IAEA, propose a general stepwise procedural methodology, mainly
based on US NUREG 1150 and high level requirements (for example on assessment of uncertainties). While it is clear
that such a framework is necessary, comparisons of existing L2PSA which have been performed and discussed in (6th
EC FP) SARNET L2PSA work packages, have shown that the detailed criteria and methodologies of current L2PSAs
strongly differ from each other in some respects. In Europe the integration of probabilistic findings and insights into
the overall safety assessment of Nuclear Power Plants (NPPs) is currently understood and implemented quite

differently.

Within this general context, the project objectives were not to share L2PSA tools and resources among the partners,
but to highlight common best practices, develop the appropriate scope and criteria for different L2PSA applications,
and to promote optimal use of the available resources. Such a commonly used assessment framework should support

a harmonised view on nuclear safety, and help formalise the role of Probabilistic Safety Assessment.

A common assessment framework requires that some underlying issues are clearly understood and well developed.

Some important issues are:
- the PSA tool should be fit for purpose in terms of the quality of models and input data;

- the scope should be appropriate to the life stage (e.g. preliminary safety report, pre-
operational safety report, living PSA) and plant states (e.g. full power, shutdown,

maintenance) considered;

- the objectives, assessment criteria, and presentation of results should facilitate the regulatory

decision making process.

The main feature of this coordination action was to bring together the different stakeholders (plant operators, plant
designers, TSO, Safety Authorities, PSA developers), irrespective of their role in safety demonstration and analysis.
This variety of skills should promote a common definition of the different types of L2PSA and so help develop

common views.

The aim of the coordination action is to build a consensus on the L2PSA scope and on detailed methods deemed to be
acceptable according to different potential applications. In any methodology, especially one developed from a wide
range of contributing perspectives, there will be a range of outcomes that are considered acceptable. To represent
this range, the project has initially considered a ‘limited-scope’ and a ‘full-scope’ methodology, based on what is

currently technically achievable in the performance of a L2PSA. In this respect it should be noted that what is
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technically achievable may not be cost effective, but for the purpose of this project it was taken to represent the
upper bound of what may be considered ‘reasonable’.

e ‘Limited-scope’ methodology

A limited description of the main reactor systems, associated with standard data on the reactor materials,
severe accident phenomenology and human actions reliability will lead to a simplified L2PSA. This ‘limited-
scope’ PSA would include some indication of the main accident sequences that contribute to the risk of
atmospheric releases due to a severe accident. For example, ‘limited-scope’ methods could apply to a L2PSA
performed with a limited number of top events in the event-tree and mainly dedicated to identification of
accident sequences which contribute to the Large Early Release Frequency (LERF). However such a L2PSA can
include very detailed and complex supporting studies for the quantification of these top events. Engineering
judgement may also help in the quantification of the top events of a limited scope L2PSA but the
justification of this engineering judgement is considered as a key issue.

. ‘Full-scope’ methodology

This method can utilise sophisticated methods that consider the full range of reactor initial states and
possible accidents together with detailed physical phenomena modelling and uncertainty analysis. As a
consequence these L2PSAs allow identification of the most sensible sequences with their probabilities of
occurrence (annual frequencies) and associated fission product release to the environment. These L2PSAs
also allow identification of the uncertainty range of the results, weak points in the reactor system and
operation, and the accident phenomena which would need further assessment to improve the relevance of
the results. In such a wide ranging L2PSA, the quantification of sequences leading to large early release is

not the only objective.

In reality, most current L2PSAs are at an intermediate level between these two approaches. However this
representation was recognised as a pragmatic way to organise the coordination action because it allowed discussion
on both simple and elaborated methodologies. It should be assumed that the need for application of an advanced
method is established from the results obtained by an earlier simplified study in regard to specific requirements of

the national safety authorities.

Evidently the second type of approach is time consuming and supposes a qualified dedicated team. Some applications
do not warrant this level of detail and additionally some small stakeholders (especially utilities) cannot afford this
level of commitment. The scope should be appropriate to the application and life stage under consideration and the
detailed methods should represent an acceptable balance between best practice and available resources. L2PSA

results obtained using differing approaches or for differing scopes should not be directly compared.

When developing the guideline it was found by the partners that a clear distinction between limited-scope and full-

scope was very difficult to formalize and it has been decided to present in the report, for each issue, some

recommendations that may refer to simplified or detailed approaches. The guidelines users are then supposed to

develop themselves a strategy to build a consistent set of L2 PSA event trees and supporting analysis.
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ASAMPSA2 CONTRIBUTION TO THE COORDINATION OF HIGH QUALITY
RESEARCH

As explained above, in spite of the availability of existing L2PSA guidelines, the recent comparisons of existing
L2PSA, performed and discussed in SARNET L2PSA work packages and also in CSNI workshops (Koln 2004, Petten 2004,
Aix en Provence 2005), have shown large differences in practical implementation of L2PSAs and integration of
probabilistic conclusions into the overall safety assessment of Nuclear Power Plants (NPPs).

The main contribution of the project should be the reduction of the lack of consistency between existing practices on
L2PSA in the European countries.

The project had strong links with SARNET (Severe Accident Network of Excellence) and took into account all

harmonization activities performed in other framework (IAEA,OECD-CSNI, WENRA, EUR, ANS, ASME ...).

ASAMPSA2 COORDINATION MECHANISMS

The ASAMPSAZ2 organisation of the coordination action was based on three working groups:

e A transverse group of End-Users, consisting of representatives of plant operators, plant designers,TSOs,

safety authorities, R&D organisations, and L2PSA developers. The objectives of this group were:

o to define and/or validate the initial needs for practical L2PSA guidelines for both ‘limited’ and
‘full-scope’ methods according to the different potential applications and specific End-User

needs at the beginning of the coordinated action;
o to provide a continuous oversight of the work of the Technical Group;

o to verify that any proposed L2PSA guidelines can fulfil the initial and evolving End-User needs if

required at the end of the coordination action;
o to propose any follow-up actions in collaboration with the Technical Group.

This group was coordinated by PSI and includes representatives from IRSN, NUBIKI, TRACTEBEL,
IBERINCO, VTT, AREVA GmbH, AMEC-NNC, FKA, CCA, VGB, FORTUM, and STUK.

e A technical Group in charge for the development of a L2PSA guideline for Gen Il and lll reactors ;

This group was coordinated by IRSN and includes representatives from GRS, NUBIKI, TRACTEBEL,
IBERINCO, UJV, VTT, ERSE, AREVA GmbH, AMEC-NNC, FKA, CCA, FORTUM, AREVA-SAS, and
SCANDPOWER.

e A technical Group in charge of the development of a L2PSA guideline (or prospective considerations) for

some specific Gen IV reactors.

This group was coordinated by CEA and includes representatives from IRSN, AREVA GmbH, ERSE,
ENEA, AMEC-NNC, NRG, and AREVA SAS.

The overall coordination of the ASAMPSA2 project was assumed by IRSN, including all administrative tasks and

relationship with EC services.
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SOME LIMITS OF THE ASAMPSA2 PROJECT

The number of issues that were addressed in the ASAMPSA2 project and discussed in the guidelines is very large.
Nevertheless, these best practice guidelines have to be considered as a set of acceptable existing solutions to
perform a L2PSA and not as a precise step-by-step procedure to perform a L2PSA.

The reader should be aware that issues such as external events, fire hazard, and ageing are not in the scope of this
first version of the guideline, consistently with the Grant Agreement with the European Commission. For these
topics, it was identified a needed for further harmonization activities during the End-Users final review. The

Fukushima accident has then further highlighted their importance. Additional developments are expected to be

included in any future updates of these guidelines.

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35

Rapport IRSN-PSN/RES/SAG 2013-177

10/222




Advanced Safety Assessment
ASAMPSA2 y
Methodologies: Level 2 PSA

_ EURATOM

VOLUME 1 CONTENT

ASAMPSAZ PrOJeCE SUMIMIAIY . v vtttitieteeeteeeiueteeetensnaaeeeeeesnnnseeesesnnnssesssesnnnssessessnnnsseesessnsnnsesesessnnnnnees 4
Y ey A =T o 1= 6
ASAMPSA2 Concept and ProjeCt ODJECTIVE(S) cuuueeetieriieteetieeiiiteetreeiieteeteesrneeeeeeesnnnseeesesssnnsseesessnnnnaees 7
ASAMPSA2 Contribution to the coordination of high quality research............cooiiiiiiiiiiiiiiiiiiiii it 9
ASAMPSA2 Coordination MECHANISIMS ...uuiiuuiitiitii ittt it et et eraeeaenes 9
LTI 0 13 2 O PPN 18
LB Ta ot o) o 22
1.1 The 3 levels of Probabilistic safety assesSmMENt....cuuuiiiiiiiii it e i et eeneeeaneeeanneeaanees 22
1.2 How to use the ASAMPSAZ gUIdelingS? ...uuuniiiiiiiiiiiii ittt ettt et teeeaeeeeesaaannasaeesessnnnsesseennnnes 23
LIS BN 2] =T =1 o= 25

2 Structure of a L2PSA and related activities ......coovviuiiieiiiiiiiiiiiiiiiiii e 26
2 IO =T 26
2.2 QUAlITY ASSUIANCE PrOgramMmO. .ttt iiiittttttteeiitteeeteeaeteeeteeanaeesseesnnnesessessnnssesesessnsssesessssnseseseennn 27
2.2.1 QA Programme: mManagemeENt @SPECES . ...ueeeerreennueeeereennneeeereennneneeeeeennnneessssennnneesssesnnneesssannnns 28
2.2.2 QA Programme: P OrmMaNCE @S PECES .t uutttttteeieeteeteeeieeeeeteeeraeeeeeeesssssesesessnssseseessnnssseseeannnes 31
2.2.3 QA Programme: @SSeSSMENT @SPECES. . tuuuuuetettreeeteereeenneeeereennnnneesseennnneessseennnneeessesnnneesssennnns 32

2.3 Plant familiarisation .....ooueeeiiieii i et et e e 32
2.4 Definition Of the L2ZPSA ODJECTIVES . nnueeetitiiiiii i eeiii et eeetiteeteeeaeeeeseeannaneeeseennnnnessssennnnnessenns 34
2.5 Accident sequences Analysis, Analysis of Phenomena, source term analysis .......ooeeeereieeriiierineernnneerannnnn. 35
2.6 CoNtAINMENE ANALY SIS .ttt ttteetteeteeeitteereerueeeeseennaeeeesseennannesssesnnnnnesssesssnneesssessnnnessssesnnnnasssnns 36
2.7 HUM@aN Reliability ANalySis ... uueieeiiiiiit ittt ettt ettt ettt e et eeeiiaeaeeeaeanaeaeeseennnaeeseesennseseseennn 36
2.8 SY S OIMS ALY SIS . 1 uutteetteeieteereeeneeeereeannnneeeseennnnneesseesnnnnesssssnsnnnesssesssnnsessssssnnnessssesnnnnasssnns 37
2.9 EVENE tre@ MOAEIIING. . . ettt ettt ettt ettt et et et e e aeeteateeeneesenaeeeaneesannnesaneeseaneesenneens 37
2.10 Quantification, Result Presentation and Interpretation........ooeeieriiiiiiiiiitiiiiiiireeiiieeeeeannneeeeanns 37
2 B T 0T o8 T3 = (o 38
2.12 Management of a PSA in support of the ObJeCtiVES ..uunuiiiiiiiiiiii it et reeereeeeeennnneaeeanns 40
2.13 INAEPENAENT FEVIEW . .etttettittetet ettt ettt ee ettt et eeaatetenaeeeaneesenateeaneesenneeseneesennnesennesesnnesenneens 41
2.14 Communication Of LZPSA FESULLS ....ovuviiniiiniiiiii i i e et aeaes 42
2 TN 2= =T =] ol 43

3 The current situation regarding L2PSA activities and appliCations......ceeviueeeiiiiiiiureeirerireeeerreerrneeeeeeeernnnees 44
3.1 IAEA reference documents and @CtiVitiES.....o.eiueiintiiniiiiii it 44
0 P 1o T 1T o 44
3.1.2 The general process of development of IAEA Safety Standards .........cceeveeiiiiiiiiiiiiiiiiiiiiieiireneennns 45
3.1.3 The safety guide on severe accident management ProgramiMe ......eeeieeerrereeereennneeeeeeeeannneeeeseennnneees 45
3.1.3.1 Concept of the Accident Management Programme.......c.eeeeuierieereneteraneereneeeeaneereneeeenneeseneeens 45

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35 Rapport IRSN-PSN/RES/SAG 2013-177 11/222



Advanced Safety Assessment
ASAMPSA2 y 7
Methodologies: Level 2 PSA

3.1.3.2 Development of an Accident Management Programme . ......eeiieeiieeeetieriineeeeeeeeineeeesessrneseeeenns 45
3.1.4 The safety guides on PSA performance and application ...........ceoiiiiniiiiiiiiiiiiiiiiiiiiiiii e e, 48
3.1.4.1 Safety Guide on Levell PSA and AppliCations .......ceiiiiiiiieiiiiiiiiiitieiiiieeteeeiieeeeeeasrnnneeeeanns 48
3.1.4.2 Safety Guide on Level2 PSA and AppliCations........cceiutiiniiiniii it eaees 49
3.1.4.3 Application of Level2 PSA for Severe Accident Management .....covveiiiiiiiiiieeiieriiieeeeeeeinnneeceanns 50
3.1.5 INSAG OCUMENES ..etueenntttt ettt ettt ettt ettt ettt e ettt eaaesaaeeneeanteanesaeeeneeaneeanesneesnneennns 50
3.1.6 Related JAEA SEIVICES. .o uuiniiittit ittt ettt ettt ettt ettt taesteantetaetaeenaeanaes 51
317 CONCIUSIONS . enntttttntet ettt ettt et ettt e et et eaaesaaeeneeenteanesaaeeneeenteanesneeenneanseenesnneenneennes 53
TR R 38 = =T = 3= 53
3.2 OECD/NEA/CSNI reference documents and activities........ovvvviiiiiiiiiiiiiiiiiiiiiiiiiiiiiin s 54
3.2.1 Technical Opinion Paper 0N LZ2PSA .....uiiiiiiiiii ittt ettt eeeiiraeeeeaaanneaeeeeesnnnaseseesnnnnnaees 56
3.2.2 Probabilistic Risk Criteria and Safety GOalS ......ovuiireitiiitiriiiiiiriitieitereneeeeaneereneeeasneeeenneeanns 57
02 = =T = 3= 58
3.3 EU references dOCUMENES ... ..ouiiuiitiitiiiiiiii ittt et ettt et aeiaea et et eneenenens 59
B3 T WEN R A L Lt e ettt ettt ettt e e e et e eaen 59
3.3.2 European utilities requirement for LWR reactors (EUR) ......uiiiiiiiiiiiiiiiiiiii it ieiieieeiieeenaeeaans 63
3.3.3 The Severe Accident Research NETwork of Excellence (SARNET) ...uieiiiiiiiiieiiiiiiiiieiiiiiiieeeeeaennnnaees 67
3.3.4 Nordic nuclear safety research (NKS) and Nordic PSA Group (NPSA) - Safety goals ......ccevvveviniiiiennnennn. 68
TR TR T =1 =T = 3= 71
3.4 NaAtioNal STEUALION v vuviniiii ittt 72
T g T 57U 0 PPN 73
TR 30 A = I (=T 10| o] (o 73
R T 131 = T N 74
R Ol T 0 ol 76
TR 30 T €T 5 - 11 Y PP 78
T B R 11 gV 79
T S0 A |- 12 P 81
3.4 8 Netherlands ...o.vvuiinii i e 81
3.4.9 SLOVAK REPUDLIK. . . ettt ettt et ettt ettt ettt et ettt et et eeeeeateseneeeennnesanaeeennnesennneenns 81
B0 Y o [ N 84
R T I a1 N 84
Tt 17 U N 86
0 2 1 B UL PPN 88
R O B = = =TT = 91
3.5 Impact of Fukushima accident on L2PSA ACHIVITIES ...uurireiii it e e e eeeeeeenneenans 92
4 Risk measures / safety indicators, Presentation and Communication of L2PSA results .......cccvveiiiinveerieiinnnnennnnn. 95
g T 10 a1 ot T 3 P 95
4.2 Frequencies of the failure of containment fUNCLIONS .. ..iiineiiiiiiiiiiii i i eeeireeeeeeennnnnaees 96

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35 Rapport IRSN-PSN/RES/SAG 2013-177 12/222



Advanced Safety Assessment
ASAMPSA2 y
Methodologies: Level 2 PSA

EURATOM

4.2.1 First containment function failure ..........oooviiiiiiiiiiiiiiiiii e 96
4.2.2 Dominant containment failure MOdE........ouiiuiiiii ittt ee e aeenes 96
4.2.3 Individual containment failure MOde........oouiiiiiiiiiiiiiii it 97
A = ==Y 3T =t 98
4.3 Frequency of release based Cat@QOMIES ......ueiiiiriiittetiiiiiietteetiieteeeeeerraeeeeeessnnseessesssnsseesessnnnneees 98
4.3.1 L2PSA with release calculations included in the APET ........ccoiiiiiiiiiii it eeeeeeaes 98
4.3.2 L2PSA with release calculations performed outside the APET quantification ........c.ccovvviiiiiiiiiiinnnnnn., 99
I T B 1= =14 =3 T =N 100
4.4 Frequency of “kinetics based” release Cat@gOories .....ueiiiiiiittetiiiiiiietieeiiiteetteerneeeeeeessrnsneeeeesnnnns 100
4.4.1 Based on containment failure time........oooiiiiiiiiiiiiiiiii 100
4.4.2 Based on the delay before obtaining an activity release limit ........ccciiiiiiiiiiiiiiiiiiiiiii e 101
4.5 Presentation of results - Containment MatriX.......o.ovviviiiiiiiiiiiiiiiiiiiiiiiir e 102
4.6 Diagrams freqUENCIES-CONSEQUENCES ...ttt et teeeietteeteeaiaeeeeseeernnseeesessnsseessessnsaseseeesssnssesesesnnnes 103
T TR I 1= =T =) Tl = 104
4.7 RANKING TN MK 4ttt iiiiiii ettt ettt ettt e et ee ettt eeesaaenaaaaeeseeannaaeessessnsesesssosnnnseseesesnnnes 105
4.7.1 FrequenCy X CONSEQUENCES . uuuuueteereennneeeereennnneeesseennnneeeseessnnnessseennnnnassssessnnnessesesnnnasssenns 105
4.7.2 Individual Contribution to the “source term” RisK .......ccocviiiiiiiiiiiiiiiiiiiiiiiiiiiii e 105
4.7.3 Robustness of the CONCLUSTONS ... ..o.viuiiniiniiiiiiiiiiiii e 105
T 0Tt | ol f = U PN 106
O T T 2 ol X N 106
4.8.2 Containment efficiency (short term, long terM ...)...iiuiiiiiiiiii i et ee e e eeeeeeanaeens 106
4.8.3 Atmospheric and lQUIA FElEaSES ....verreenetetteeiiitetteeereeeereeanaeeeeeeennnnneessessnnneessesennnnnessenns 107
TR = =4 =) 3 Tl 107

5 Complementary risk measures / safety indicators based on extended L2PSA .........ccoeiiiiiiiiiiiiiiiieeereeannnnnens 108
T Lo 10T o 108
5.2 release categories definition based on metrics of accident severity .....ccovviiiiiiiiiiiiiiiiiiiiiiireeiiieeeennn. 108
5.2.1 Categorisation based on projected doses calculations ........ccceiiiiiiiiiiiiitiiiiiiiiiiiiieeaieraneeeanns 111
5.2.2 Categorisation based on ground deposit of fisSSION ProdUCES ......uvveiriiiiiietiriiiiiieeeeirieeereeannneees 112
T B 1] = = o= 113
5.3 Specific information linked to emergency Planning ........c.eevreiiiitetireiiieeereerrereerreanneeeeseeesnnneeesenns 113
5.4 Diagrams Frequencies-CONSEQUENCES .....uiuunuuettttteteeteeeateeteeaaateeeteaaneteeeeeananneeeseeennnneeesens 113
6 A proposal for @ COMMON RiSK Tar@et .. ..uuuettieeiittteteeitteeereerneeeeeeessnnneesssessnnnneesesssnnnsessessnnsesesenns 114
6.1 Current Understanding of severe accidents Safety Criteria......coeeeeeireriiiiriieiiiiieiiriiierenereneenanees 114
6.2 Safety Goals and IAEA RECOMMENAAIONS. .. tevirettttteeiiteeereeiieeeeeeearneeeeseeennneeesesssnnsnesssssnnnnnees 115

6.3 Technical basis for levels of lodine releases: expected offsite consequences, and comparison to current safety

Lo {1 E o] o] o) 1= ot 1Y/ PP 121
6.4 COMMON RISK TAN@OT ... uttnteteetereteteteeeteeeaateraeeeaaneeraneeeeaneerenaeeeaneesennsesaneesennsesoneesennnesannes 122
6.5 Special remarks and CONSIAEIATIONS . ..uuueeitirerit et teeiiiteeereerreteeeeearnnneeeseeannneeesesssnnnnessessnnnneees 124

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35 Rapport IRSN-PSN/RES/SAG 2013-177 13/222



Advanced Safety Assessment

ASAMPSA2
Methodologies: Level 2 PSA —pitT

6.5.1 Releases through the GroUNd ......coviiiiiiiiiiiiii i ittt ittt e e iieeeeseeanataeeeesnnnnnesseennnnes 124
6.5.2 DESIGN DASIS LEAK ... etueentitiiii ettt et e et et aneae 124
6.5.3 Use Of the Safety Target. iiiii it it ettt ettt et eeeraeeeesaasnaeaessesnnnnnessenannnes 124

LT J = 1= =3 TN 125

A Y N Y o] o1t 1 [ 3 - PPN 126
7.1 L2PSA Quality and content for various End User Ne@dS.........ceiuiiieiiieiiitiiiiiiiiiieiitiie i eeneeeeeaaenns 126
7.1.1 To gain insights into the progression of severe accidents and containment performance..................... 126
7.1.2 To identify plant specific challenges and vulnerabilities of the containment to severe accidents........... 127

7.1.3 To provide an input to determining whether quantitative safety criteria which typically relate to large
release frequencies (LRF) and large early release frequencies (LERF) are met.......ccoevvviiiiiiiiiiiiniiiinnnnennns 127
7.1.4 To identify major containment failure modes and their frequencies, including bypass sequences; and to
estimate the corresponding frequency and magnitude of radionuclide releases ........c.coceeeviiiiiieininenannnnn. 128
7.1.5 To provide an input to the development of plant specific accident management guidance and strategies 128

7.1.6 To provide an input to plant specific risk reduction options, especially in view of issues such as ageing, plant

upgrades, lifetime extension, decision making in improvements, maintenance, and cost benefit analyses....... 129
I A 203 = =) Lol 129
7.2 Requirements for presentation Of reSULES. . ..uiiiii it it e et e ettt e teeeinaeaeseaaannaaans 129

7.3 Checking the validity of the conclusion regarding the known weakness of the tools, quantification that have

DEEN USEA. .. ettt ettt 130
7.4 Identification of containment failure modes, plant vulnerabilities, validation of the design...................... 131
7.4.1 ldentification of containment failure Modes.........ccovviiiiiiiiiiiiiiiiiii e 131
7.4.2 Identification of plant VUINErability .......ceirriiiiiiiiiiiii i et r ittt eeerereeereeannneeesnannnns 133
7.4.3 Validation Of The deSigN.....eineiiiit ittt ettt et et eeaateeeeerenaneraneesennnesanaeens 134
744 SUMMIAIY .« uuutttttteeneeeereennaeeesseeannaneessesnnnnnesssesnsnnnesssssssnnnesssesssnnnessssssnnsesssssssnnnnesssesnnns 134
2 T T -1 415 U= N 135
7.5 AsSESSMENT Of FELEASES .. euviiiiii it e 136
7.5.1 Strategies for different purposes / ENd USers NEEAS .......ccuuiiiiiiiiiiiiiiiiiiiiiiiiiereneeenneeraneenns 137
7.5.2 Calculation of source terms for representative severe accident SEQUENCES. ....cvvverrnrreerreennneeerreannnns 137
7.5.3 Grouping of fission products in source term CalCUlations .......coeeieretiriieeriiteriiereierenereneeraneenns 138
7.5.4 Source term assessment by iNt@Gral COAES .. .uuuuuritiriirii it teeeieeeereennneeeeseennnnneesssennnns 138
7.5.5 Additional issues for predicting releases to the environment .......c.cciiiiiiiiiiiiiiiiiiiiiiiiiieiiereaen. 139
7.5.5.1 Release in containment bYPass SEQUENCES ...evvenuuuteetreernereeereernneeeeeeeesnneeeesessnnneesssssnnnnaees 139
7.5.5.2 Release through an intact CONtAINMENT ..c..ueiiinniirii i e et eeeerereeeeaeeranneannns 139
7.5.5.3 Releases in basemat failure SEQUENCES .....veiireirueettieeiieteetreerrneeeereeesnneeeesesssnnneeesssennnnnees 140
7.5.5.4 Potential impact of severe accident management aCtioNS.....co.vveeetireeeriitereneereneeeeneerenneennns 140
7.5.6 Source term assessment by dedicated (fast-running) source term models ........c.oovviviiiiiiiiineereennnnns 141
7.5.7 Presentation of source term assessmMeNt reSULES........oueiuiiieiiieiiitiiiiiii it eaeaas 141
8 T8 30 =] =T = 3 141

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35 Rapport IRSN-PSN/RES/SAG 2013-177 14/222



Advanced Safety Assessment
ASAMPSA2 y 7
Methodologies: Level 2 PSA

7.6 Development or validation of severe acCident MEaASUIES. .....ueiiiiiietetiieiiiiteeteeaireeeeteeernnseeeresannnneees 142
7 Y0 I 141 o T 11T o N 142
7.6.2 Assessment of ManUal @CtIONS....ooueiuiitiintii ittt ittt enaeas 142
7.6.3 Examples of PSA application for accident mitigation Measures .........cveeiiiiiiiiiiiiiiiiiieineiieennenns 143

7.7 Plant management (inspection, reclassification of SYSTEMS) ...civiiiiiiiiiiiiiiiii it e e e eneeeees 144

7.8 Link between L2PSA and research programmes ..........ceeeeiueeintinetiieeieeiteanerneeenteanteaneraeeaneeeneeeneens 144
7.8.1 GeNEral diSCUSSION «e.uuinntintiintiit ittt ittt ettt et ettt etaettaetaeenteaneeraesaeenteaneenneens 144
7.8.2 Examples of topics of interest for complementary research activity.......c.cccviieiiiiiiiiiiiiiiiiiiiiinn. 144
8 TR6 =1 =T = 3T = 147

7.9 Capitalisation of knowledge - Living L2ZPSA -£raining .....ceeiuiiiiietiiittiiiteeiieeieiteeaneeeeneeeeeneeeenneenannes 147

A L0 31T =] g Ty VA o] =] o= =T [ 1= 147
728 {0 T 12 o T 13Tt 3 N 147
7.10.2 Uses of L2PSA to support emergency planning and emergency actions........c.ccvvviiiiiieeiiiiiiineeeeennnnns 148
7.10.3 SAM Issues to be addressed in L2PSA. ... ..o.iiuiiiiiiiiiiiiiiiii i e 148
28 LR 3= 13 1 5] U] PN 149

7 0 0t T T e 149
T.10.4.2 RODOS ... ettt ettt ettt ettt e e et e ettt et ettt e et a et et eaaaen 150

7 L0 T =3 = =] T = 151

8 Specific issues related to ShULAOWN SEatES . ..uuuiiiiiiiiiii it e it e e ettt teeeieeeeeeaaenaaeeseaannnes 152

TR0 1 o T 18T o o 152

8.2 Issues to be addressed N L2PSA.... ..ottt eae e 152
8.2.1 OPEN CONLAINMENT ...ettitiiieittetteeeiteeereeaaeeeeeaannneeesssennnneesssessnnnnessssssnnsesssssssnnnessssennnns 152
ST A 0 oY= 3 T 2 o N 154
8.2.3 System aVailability .. ..ceeeiiiiii i i e et e e et e e e e ee e e e e eenaanaeeeaeanaas 154
8.2.4 Success criteria for phenomena MitiGatioN.......cuiiiiiiiii i i e et eeiereneeeeaeeranaeens 154

8.3 Shutdown modelling in APET/CET ...uiuiiniiniiniitiitiitiitiit ittt ettt ra e ea et e e eaeaens 155

8.4 Source term evaluation for ShUEdOWN SEQUENCES .....cvuueiiiteiitiii ettt eeiteeaeerenaeeeaneerenneeeannes 155

LT T = = =] 3T = 155

BB o] 0= T | O PPN 157

9.1 Severe aCCideNts COUES. . ..uiiuiiitiit ittt ittt ettt ettt tra e et e taeetaeeraeeraeaneenaeens 157

L2 I N 1 O PPN 157
2R I P T o T 11Tt o 157
9.1.1.2 Description Of ASTEC V2.0 COA@. . .uutinnttrittiiittrenteteiteeeneerenateeaneeranatesaneesesneeseneesenneennns 157

B2 07 0 N 160
9.1.2.1 Thermal-hydraulic MOdelliNg........cuiiutiiiiiii it e et eertereeeeenneeeaneeranneenans 162
9.1.2.2 Core geometry and core melt MOdelling .....coviinniiiiiiiiiiiii it reeriereereearnneeeeaannnnneees 162
9.1.2.3 Other PhySiCal PrOCESSES . .. tuuuttretttetetertttetterereteeaateraeerenneeeaneerenneeseneesennseeeneesenneeenns 163
9.1.2.4 Radionuclide Dehaviour .......o.vviuiiiiiiiiii i e 163

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35 Rapport IRSN-PSN/RES/SAG 2013-177 15/222



Advanced Safety Assessment
ASAMPSA2 y 7
Methodologies: Level 2 PSA

0.1 3 MAAPA ettt et a e eaen 163
9.1.3.1 Thermal-hydraulic MOdelling.......couiiniiiniii i et e e e eeaeens 164
9.1.3.2 Core geometry and core melt MOdelling .....civiiniiiiiiiiiiiiii ittt e ettt teeriieeeeeaannnnnaees 165
9.1.3.3 Other PhySiCal PrOCESSES ... .cuuttnt ittt ettt et e eeteenteeaeeaeeeneeaneeanenns 165
9.1.3.4 Radionuclide Dehaviour ......couiiiuiiiiii i e 165

LT R B I Y PPN 166
9.1.4.1 Thermal-hydraulic MOAELlNG......uuiiiiiiiii i ittt eeiiee et reeraeeeeseasnnnnseeesssnnnnnees 166
9.1.4.2 Core geometry and core melt Modelling ........coiuiiiiiiiiiii i eeaeae 166
9.1.4.3 Other PhYSICAl PrOCESSES . i iittttttieeiittetteeereeeeeteernaseeesessnnesesseessnssseesesssnnsseesessnnnneees 166
9.1.4.4 Radionuclide BERAVIOUN .......ovviiiiiiiiiiii e e 167

L2 IR T =107 2 I PPN 167
9.1.5.1 Thermal-hydraulic MOdElliNg........uiiiitiiii i i e e e et eenaeeeeneeeenneeeaneeeanneeenns 168
9.1.5.2 Radionuclide behaviour ......couviieiiiii i e 168

9.1.6 RETEIEINCES .. uviiiii i e 170

B0 A e == o T 1= 170

207 200 T X N 170
20 2 I 141 o T 11T o 170
B A I A 0 T2 ] o o T 171
B I B X V7 T | =Tt 171
B B A D 1Y Ta 1V T L T L PPN 172
9.2.1.5 EVNTRE in the Belgian L2ZPSA UPate .....cocueiiieiiiiiiiiiiii it eeie e e e eenaeeeaneerenneenans 172
B2 2 T T o] of 13 o] T 172
BB A I A = = =T 3T =N 172

9.2.2 SPSA L2PSA COAR ..eiuinniititiit ittt ettt ettt ettt ettt et a e e e aeaes 173
9.2.2.1 CoNtaiNMENT @VENT trEES .. .uiiuiitti ittt ettt ettt ettt eeaesreeanaeenseanenns 173
B A A 1 11 == =Y o o 175
9.2.2.3 OLKIlUOLO T L2ZPSA MOAEL ...uviiniineiieiitiit ittt ittt ettt e e eeneeaaenae 176
B2 20 A o] of 13 o] T 184
BB A A T L= = =T 3T =N 184

L2020 T € N 185
9.2.3.1 DesCription Of KANT L.ttt et ettt e ettt et e e eeereateeaneerannnesaneesenaeesaneesenneennns 186
9.2.3.2 Study development MOAULE ......ueeiiiiiiitttieeiieeeteearnereeereenneneessessnnseeesesssnnnseessssnnnnnees 186
9.2.3.3 Study quantification MOAULE ........ceiieiiriiiii i ettt e et reeatereeerenneeeanearanneennns 188
9.2.3.4 Results post-treatment MOAULE .....oiiiiit ittt teerrereereeennneeeesesannnneeessesnnnnnees 189
9.2.3.5 FUIther iIMPIrOVEMENTS ... .eiiitiiiittiiit ettt teeterereeeeaateeaneerenneeeaneesenneeseneesenaeesaneesenneennns 189

9.2.4 Risk SpeCtrum PSA fOr L2PSA ... ettt eeiiitetteeereeeeeeeeananeeeeessnnaneesssssnnneessesesnnnneesenns 190
Bt T o )11 o 190
9.2.4.2 Integrated L1PSA and L2PSA MOAELS ....uuureiiiiiiiiittieeiiieetteerreeeeeeeenneeeesssssnnneesssssnnnnnees 190

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35 Rapport IRSN-PSN/RES/SAG 2013-177 16/222



Advanced Safety Assessment

ASAMPSA2
Methodologies: Level 2 PSA T

9.2.4.3 Use of RiskSpectrum for L2ZPSA analySeS . ....uuiveiiuettiieiiiteetieiiieeeeteeerrneeeeeessrnseeessssnnnneees 191
B = U | Ut 194

B A T 0o T U 13 [ 3 T~ 195

9.3 Some views on Integration of source term calculations in the APET ........coiiiiiiiiiiiiiiiiiiiiiiiieiie e 195
9.3.1 If APET includes source term CalCulation.......ouiiiiueietiiiiiiii it teeiireeeeeeineeeeeeeannnaneeeanns 196
9.3.2 IF APET does not include Source term CalCulation... .....eeeeeeeiriiiriieiiiiirii e eeeeereneeeeaneeeanaeens 204
R U o) =) o1 =] o 18 e = 34T ) PR 205
L I 1 Yo U Tt o 1 205
9.4.2 NUREG-1150 METROM. ...ttt ettt e et e et et e et eenteanesaneeeeenneenesanesnneanneeness 205
9.4.3 EU DeNChMArk @XEICiSe .. ..uueinniiii ittt ettt ettt et e et et e e eeeenteenesaneeneeeneeanens 206
9.4.4 ROAAM MEENOAOLOGY . . .. vttitiiiiiitt e iitiii ettt ettt e e tteeeeeteeaaateeseeaannasesssessnnesessesssnnsseesennn 207
LT R T o Vol U 13 o - N 207

B B TN 2] =T (= 3 Vol PN 207
9.4.7 Example: use of expert judgement for Belgian L2PSA ........viiiiiiiiiiiiiiiiiiiiii it ieii e eieeaeeeeanaeens 208
B S0 A0t T 131 oo 18 Tt o ot 208
9.4.7.2 Methodology for expert JUAZEMENT ... ..uiiitiiii it i e i e et ereteeeeeeenaeeeaneeeanneeanns 208

B B A B 2=y =] /=3 ol 213

9.5 Initial ASAMPSAZ ENA-USEIS SUINVEY .. .utinnitttittteitteteteeeantereneeeeaneeeeeeeeanessennsessnseesssseesnssssnnseesnnes 213
9.5.1 EXeCUtiVe SUMMAIY Of the SUINVEY ..uiiiiiiiii ittt et et e ettt teeeieeeeseeatnsaeseesannnsasseennn 213
9.5.2 Technical issues to be considered in the ASAMPSA2 guideling......cocviiiiiiiiiiiiiiiiiiiiii e eenaeens 218
LR T TN 2] ] (= 3 Vo= PN 222

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35 Rapport IRSN-PSN/RES/SAG 2013-177 17/222



Advanced Safety Assessment
ASAMPSA2 y

Methodologies: Level 2 PSA

_ EURATOM

GLOSSARY

AGR Advanced Gas-cooled Reactor

AlCC Adiabatic Isochoric Complete Combustion
ALARP As Low As Reasonably Practicable

AMP Accident Management Programme

APET Accident Progression Event Tree

ASAMPSA2 Advanced Safety Assessment Methodologies: PSA Level 2
ASAMPSA_E Advanced Safety Assessment Methodologies: Extended PSA
ASEP Accident Sequence Evaluation Program
ATHEANA A Technique for Human Event Analysis

ATWS Anticipated Transient Without Scram

BDA Boron Dilution Accident

BMMT BaseMat Melt-Through

BSL Basic Safety Limit

BSO Basic Safety Objective

BWR Boiling Water Reactor

BWROG Boiling Water Reactor Owners Group

CAHR Connectionism Assessment of Human Reliability
cCw Component Cooling Water

CDF Core Damage Frequency

CESA Commission Errors Search and Assessment

CET Containment Event Tree

CHF Critical Heat Flux

CHRS Containment Heat Removal System

CICA Important configurations of accident operation
CLI Criteria for Limiting Impact

CMFD Complex Multidimensional Fluid Dynamics

CPC Common Performance Conditions

CREAM Cognitive Reliability Error Analysis Method

CSN Nuclear Safety Council (Spanish regulator)

CSNI Committee on the Safety of Nuclear Installations
CST Condensate Storage Tank

DCH Direct Containment Heating

DF Decontamination Factor

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35 Rapport IRSN-PSN/RES/SAG 2013-177

18/222




Advanced Safety Assessment
ASAMPSA2 y

Methodologies: Level 2 PSA

_ EURATOM

DFC Diagnostic Flow Chart

DNBR Departure from Nucleate Boiling Ratio

EAM Early Accident Management

ECCS Emergency Core Cooling System

EFC Error Forcing Context

EOC Error of Commission

EOO Error of Omission

EOP Emergency Operating Procedure

ESF Engineered Safety Feature

ERMSAR European Review Meeting on Severe Accident Research
FCI Fuel Coolant Interaction

FEM Finite Element Model

FLIM Failure Likelihood Index Methodology

FP Fission Product

FSAR Final Safety Analysis Report

HAEA (NSD) Hungarian Atomic Energy Authority (Nuclear Safety Department)
HCLPF High Confidence of Low Probability of Failure

HEP Human Error Probability

HFE Human Failure Event

HHSI High Head Safety Injection

HORAAM Human and Organisational Reliability Analysis in Accident Management
HPME High Pressure Melt Ejection

HSE Health and Safety Executive (UK)

HRA Human Reliability Analysis

1&C Instrumentation and Control

IAEA International Atomic Energy Agency

ICRP International Commission on Radiological Protection

IE Initiating Event

ILRT Integrated Leak Rate Test

INSAG International Nuclear Safety Advisory Group

IPSART International Probabilistic Safety Assessment Review Team
IRWST In-containment Refuelling Water Storage Tank

IVMR In-Vessel Melt Retention

IVR In-Vessel Retention

L1PSA Level 1 PSA

L2PSA Level 2 PSA

LAM Late Accident Management

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35 Rapport IRSN-PSN/RES/SAG 2013-177

19/222




Advanced Safety Assessment
ASAMPSA2 y

Methodologies: Level 2 PSA —pitT

LDW Lower Drywell

LER Large Early Release

LERF Large Early Release Frequency

LLRT Local Leak Rate Test

LOCA Loss of Coolant Accident

LHSI Low Head Safety Injection

LMP Larsson Miller Parameter

LRF Large Release Frequency

LWR Light Water Reactor

MCCI Molten Core Concrete Interaction

MCS Minimal Cut Set

MDEP Multinational Design Evaluation Program

MERMOS Méthode d’Evaluation de la Réalisation des Missions Opérateur pour la
Sareté

NEA Nuclear Energy Agency

NKS Nordic Nuclear Safety Research

NPP Nuclear Power Plant

NPSAG Nordic PSA Group

NSC Nuclear Safety Codes

OECD Organisation for Economic Co-operation and Development

PAR Passive Autocatalytic Recombiner

PDF Probability Density Function

PORV Power Operated Relief Valve

PSA Probabilistic Safety Assessment

PSF Performance Shaping Factor

PSG Probabilistic Safety Goal

PWR Pressurised Water Reactor

QA Quality Assurance

R&D Research and Development

RCS Reactor Coolant System

RHWG Reactor Harmonization Working Group (within WENRA)

ROAAM Risk Oriented Accident Analysis Methodology

RPV Reactor Pressure Vessel

RST Reference Source Term

RWST Refuelling Water Storage Tank

RAMP Review of Accident Management

SA Severe Accident

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35 Rapport IRSN-PSN/RES/SAG 2013-177

20/222




Advanced Safety Assessment
ASAMPSA2 y 7
Methodologies: Level 2 PSA

_ EURATOM

SAD Strategy, Action, Diagnosis

SAG Severe Accident Guideline

SAM Severe Accident Management

SAMA Severe Accident Mitigation Alternatives

SAMG Severe Accident Management Guidelines

SAMDA Severe Accident Mitigation Design Alternative

SAP Safety Assessment Principle

SAR Safety Analysis Report

SARNET Severe Accident Research NETwork

SASS Severe Accident Safe State

SBO Station Blackout

SBLOCA Small Break LOCA

SCG Severe Challenge Guideline

SCST Severe Challenge Status Tree

SG Steam Generator

SGTR Steam Generator Tube Rupture

SHARP Systematic Human-Action-Reliability Procedure

SLI Success Likelihood Index

SLIM-MAUD Success Likelihood Index Method using the Multi-Attribute Utility
Decomposition

SOARCA State-of-the Art Reactor Consequence Analysis

SPAR-H Standardized Plant Analysis Risk - HRA

SRV Safety Relief Valve

TH Thermal hydraulic

THERP Technique for Human Error Rate Prediction

TOP Technical Opinion Paper

TOR Tolerability of Risk

TSC Technical Support Centre

TSO Technical Support Organisation

UA Unsafe Action

USNRC United States Nuclear Regulatory Commission

VEAM Very Early Accident Management

VF Vessel Failure

WENRA Western European Nuclear Regulators Association

WOG Westinghouse Owners Group

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35

Rapport IRSN-PSN/RES/SAG 2013-177

21/222




Advanced Safety Assessment
ASAMPSA2 y
Methodologies: Level 2 PSA

1 INTRODUCTION

The objective of the present guidelines is to identify some best-practices regarding Level 2 Probabilistic Safety

Assessment (L2PSA) development and applications. These guidelines propose a set of acceptable existing solutions to

perform a L2PSA instead of a precise step-by-step procedure.

It has been established through a collaborative effort of 21 European organisations and funded by the European
Commission in a perspective of harmonisation. At the beginning of the ASAMPSA2 project a survey and a workshop
were organised to identify the L2PSA End-Users needs in terms of guidance. The conclusions [2] have been summarised
in Appendix 9.5.

The present document takes into account some of the recommendations proposed during the external review and the

workshop organized at the end of the project ([3], [4]).

1.1 THE 3 LEVELS OF PROBABILISTIC SAFETY ASSESSMENT

A definition of the 3 levels of Probabilistic Safety Assessment can be found in IAEA Safety Standard SSG-4 [1].
“PSA provides a methodological approach to identifying accident sequences that can follow from a broad range of
initiating events and it includes a systematic and realistic determination of accident frequencies and consequences.
In international practice, three levels of PSA are generally recognised:
(1) In Level 1 PSA, the design and operation of the plant are analysed in order to identify the sequences of
events that can lead to core damage and the core damage frequency is estimated. Level 1 PSA provides
insights into the strengths and weaknesses of the safety related systems and procedures in place or
envisaged as preventing core damage.
(2) In Level 2 PSA, the chronological progression of core damage sequences identified in Level 1 PSA are
evaluated, including a quantitative assessment of phenomena arising from severe damage to reactor fuel.
Level 2 PSA identifies ways in which associated releases of radioactive material from fuel can result in
releases to the environment. It also estimates the frequency, magnitude, and other relevant characteristics
of the release of radioactive material to the environment. This analysis provides additional insights into the
relative importance of accident prevention, mitigation measures, and the physical barriers to the release of
radioactive material to the environment (e.g. a containment building).
(3) In Level 3 PSA, public health and other societal consequences are estimated, such as the contamination
of land or food from the accident sequences that lead to a release of radioactive material to the
environment.
PSAs are also classified according to the range of initiating events (internal and/or external to the plant) and plant
operating modes that are to be considered.”
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1.2 HOW TO USE THE ASAMPSA2 GUIDELINES?

The guideline includes considerations and technical recommendations on most topics that should be addressed in a
L2PSA. The technical recommendations are based on the authors experience (or open literature).They are supposed to
help the L2PSA developers or reviewers to improve the quality of the L2PSA they consider.

The ASAMPSA2 guidelines have to be considered as a technical complement of the other existing “high level”
guidelines like those of IAEA [1] or certain national guides. It proposes practical solutions and tries to define what
could / should be done to obtain a state-of-the-art study. It was not the intention of authors to define any

quantitative or qualitative safety requirement. This activity is the responsibility of the National Safety Authorities.

A wide group of institutions and authors has contributed to this document. The working modus of the project has been
to assign the drafting of individual sections to those partners which had particular knowledge in the respective issue.
This process naturally led to a compendium which tends to provide detailed elaborations and practical examples on
each issue rather than giving practical examples of a complete L2PSA, where an in-depth investigation of each and
every detail is neither necessary nor possible. Therefore, each section in this document to some extent represents
state-of-the art considerations, but it is not likely that there is a single L2PSA existing which covers all issues in such

detail.

The content of the guideline encompasses the very large number of issues that have to be examined in a L2PSA
depending on:
e the number of initiators and core damage sequences from the L1PSA,
e the plant design and it’s link with the physical phenomena that need to be considered,
e the L2PSA final application.
All issues may have not been discussed but the authors have tried to address as many topics as possible.
L2PSAs may support some important decisions regarding plant safety and management, for example:

e How far should reactors in operation (Gen IlI) be improved regarding the protection of population and
environment (accident prevention, accident consequences limitations), especially in relationship with plant
life extension decisions?

e Are the safety goals that have been assigned to a reactor been met?

In that context, the ASAMPSA2 partners have deemed it necessary to highlight discussions on the L2PSA applications.
This explains why the guideline distinguishes between general considerations regarding L2PSA (including applications)
and all technical issues.

All these considerations have been conducted by the ASAMPSA2 partners to separate the guidelines into 3 volumes:

Volume 1 - General considerations on L2PSA

This volume provides some general views on the management of a L2PSA, the existing background in many
countries or international organisations and discusses the link between L2PSA results and their final
application.

Volume 2 -Technical recommendations for Gen Il and lll reactors
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This volume provides recommendations regarding specific methods to be used in a L2PSA (L1/L2PSA
interface, accident progression event trees, release categories, human reliability analysis, etc) and
recommendations on studies that need to be performed to support a L2PSA (physical phenomena, system
behaviour, source term assessment).

Volume 3 - Specific considerations for future reactor (Gen IV)

This volume is more prospective but provides some interesting views on the applicability of existing L2PSA

approaches for BWR and PWR to four Gen IV concepts.

Many variations are possible in the precise way of developing and use of L2PSA and the authors hope that this
guideline will be useful either to efficiently develop new L2PSA or to improve existing ones.
The authors are aware that knowledge and methodologies may evolve in the near future but one should also consider
that more than 30 years of research on severe accident are now available for severe accident risk assessment.
Robust L2PSA regarding decision-making should now be the norm and hopefully this guideline will contribute to this
objective.
When using this guideline, the authors recommend successively examining the following points:
- What are the final applications of the L2PSA under consideration?
- Taking into account the final application and the plant design, what should the general features of the
study be? Considerations:
e Scope and level of detail,
e  Structure of the study: number of Plant Damage States, number of Release Categories, type
of probabilistic tools to be used, etc,
e Realism of the study: are conservative assumptions acceptable or not? Is the assessment of
uncertainties needed or not?
- What should the precise content of the study be? Considerations:
e List of physical phenomena that should be addressed,
e  List of systems that should be modelled,
e  List of human actions that should be modelled.
- How should each event be modelled? Considerations:
e Do the assumptions reflect the state-of-the-art knowledge?
e Are the dependencies between events correctly addressed?
- How relevant are the final conclusions of the study? Considerations:
e What would be the best methodology for presentation of final results for the considered
application?
e How robust are the results regarding uncertainties and simplifications (if any)?
e What emphasis should be placed on the L2PSA results, taking into account some
imperfections?
The guideline should provide useful information on all of these issues for either the L2PSA developers or the

reviewers.
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2 STRUCTURE OF A L2PSA AND RELATED ACTIVITIES

The intention within this chapter is to give an overview of a L2PSA project. All details on the different elements that

constitute a L2PSA can be found in the other chapters of the guideline.

2.1 OVERVIEW

L2PSA aims to quantify source term risk distribution of a Nuclear Power Plant. For this objective, frequency

distributions and associated source term distributions are calculated for a certain number of Release Categories (RC)

that cover all potential release modes from the plant (in the case of an accident) either combined or separately. The

methodology used is now standardised:

- L1PSA core damage sequences are gathered in Plant Damage States (PDS) if they are equivalent in terms
of severe accident progression and source term risk profile,

- For each selected PDS, several severe accident sequences paths are tracked with all their potential
branching with the aid of an Accident Progression Event Tree (also called Containment Event Tree - CET)
to quantify the frequency distributions for each Release Category,

- These assumptions of the Accident Progression Event Tree (APET), as well as the quantification of the
associated source term distributions, are supported by deterministic calculations with integrated severe
accident codes such as MAAP, MELCOR or ASTEC and with complementary codes to quantify source term
or the split fraction distributions used in the APET, as well as dedicated codes for some specific issues

(structural strength, steam explosion, hydrogen distribution in the containment ...).

This methodology needs the following activities to be performed:

1.

¥ 2 N o vk W N

Plant familiarisation;

Definition of the L2PSA objectives;

Accident Sequence Analysis, Analysis of Phenomena, Source Term Analysis;
Containment Analysis;

Human Reliability Analysis;

Systems Analysis;

Event tree Modelling;

Quantification of Event Trees ,Results, Presentation, and Interpretation;

Documentation.

Fig. 1 presents the different activities linked to L2PSA.
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Fig. 1 Overview of L2PSA Project Activities

l

2.2 QUALITY ASSURANCE PROGRAMME

The QA program could be defined as a three steps approach:

- Some procedures must be elaborated for the project management organization (responsibilities of
decision-making committees, project leader, key experts or units involved in the L2PSA team, advisory
committee ...), for the documentation management (templates for the documents, verification process)
and, if needed, for the methodologies to be applied for the technical work,

- During the project, the technical work itself must be documented in a clear and traceable way. In
addition to that, each document produced must undergo the verification process established in the
first step,

- At the end of the project or at each major step, an independent review of the work performed should
be carried out. This review should assess the technical aspects (PSA techniques, modelling of physical
phenomena), the QA program followed during the project and the credibility of the results.

In addition, the QA program should be established in such a way to maintain all knowledge and justifications of

probabilistic assumptions during the plant life and to allow periodic update of the L2PSA.

The L2PSA team should establish how it will ensure the quality of each L2PSA related task (as each task needed to
construct the L2PSA model should be documented, this step is equivalent to establishing a verification process of the
documents produced). The methodologies for the different tasks must be established and documented (such as the
methodologies for the quantification process, the use of expert judgement (if needed) for the quantification of

uncertain events, the Human Reliability Analysis ...). Those methodologies should be compliant with international best
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practices as presented in these guidelines, or in other guidelines such as [5] and [6] but have to be relevant with the

objectives assigned to the L2PSA.

The Quality Assurance (QA) programme for a L2PSA encompasses all the activities which are necessary to achieve the
appropriate quality, that means, an end product which adequately meets the objectives and fulfils the scope of the
L2PSA.
The QA framework, in relation with [9], should be implemented on three main aspects:
1.  MANAGEMENT:
The management aspects include the development, implementation and maintenance of the QA programme,
training and qualification of staff, PSA documentation and configuration control, and non-conformance control
and corrective actions.
2. PERFORMANCE:
The performance aspect deals with the work process and how it is carried out under controlled conditions.
3. ASSESSMENT:
The assessment aspect comprises measuring the effectiveness of management processes and the adequacy of

work performance.

The functional requirements and rigour of a QA programme apply universally, independently of the organizations
involved and the structure of the PSA team. QA for a PSA project should not be seen as a static task which, once
established, can be applied in a schematic fashion. It should be performance oriented, efficient and open for
improvements in an ordered manner.

Given below, are some details on the three main aspects of the QA framework (based on [10]).

2.2.1 QA Programme: management aspects

The responsible organization should develop and implement a QA programme which includes details on how the work
of the PSA project is to be managed, performed and assessed. It covers the organizational structure, functional
responsibilities, levels of authority and interfaces for those managing, performing and assessing the work. It addresses
management measures, including planning, scheduling and resource considerations as well as working procedures that
provide guidance on actual work performance. The documentation structure of a QA programme for a PSA project is
illustrated in Fig. 2. Particular attention should be given to the following areas:

Development of a thorough understanding by the PSA team of design and operational features of the plant

and access to complete plant information;

Clearly defined objectives and purpose of the PSA;

A PSA project plan including a project approach with a clear definition of the scope, type and depth of

analysis;
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- Appropriate selection and identification of the methodology and data to be employed; Organization,
qualification and commitment of the project team and expertise and skill of task leaders and individual
analysts;

- Appropriate document and configuration management;

- Thorough control with respect to interfaces between tasks and staff involved in the PSA;

- A comprehensive technical review programme.

The QA programme should cover all the envisaged phases of the PSA project and the associated management controls.
This includes, for example, QA planning, information control, organization and training, and it should provide for the
assessment of all the functions. Organizational responsibilities and authorities for the conduct and approval of
activities affecting quality should also be defined. General guidance for the programme can be found in Section 2 of
the Safety Standard "Quality assurance for nuclear power plants and other nuclear installations” and Section 3 of the

Safety Guide Q1, both contained in 50-C/SG-Q [9].

Description of OA programme for PSA
e Quality PSA policy statement
* Missions and objectives
e  Users and clients of the PSA

Oll;?'flll:?(':l‘Yl'\fl‘ES PSA QA management
* Management procedures
e Resources
¢ Organizational structure
MANAGEMENT o TFunctional
CONTROL responsibilities
e Job descriptions
e Interface arrangements
Detailed working documents
WORK IMPLEMENTATION *  Task procedures

o Plans and schedules
s Documentation
e Review procedures

Fig. 2 Typical documentation structure of the QA programme for PSA

The QA programme description should establish a basis for the PSA project management by including the following:

a. A statement of the overall QA programme of the responsible organization. This paragraph states which overall
QA programme applies. Possible interfaces with other QA programmes should be addressed.

b. A statement of the PSA project objectives and requirements. This part should summarize the objective, scope
and users of the PSA in terms of the results to be obtained and the uses to which the results are to be applied,
the level of detail to be modelled, overall detail required in the results, and any special features required. This
information is typically contained in more detail in the PSA project plan. This item can be replaced by a

reference to the project plan.
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Organization, responsibilities and resources for the project. Describe in detail the functions, authority,
responsibilities and accountabilities of units and individuals within the organization. The interactions among the
groups involved in the PSA project and with other groups, for example the review organizations, are to be
established. A description of the PSA project organization should be included.
For a nuclear power plant at operation, an ideal L2PSA team composition can be [5]:
- Operators and operational analysts: Specialists in the design and operation of the plant and key
containment systems, the emergency operating procedures and the severe accident management
guidelines.
- Specialists in phenomena analysis : Specialists in severe accident phenomena, containment performance,
uncertainties associated with severe accidents, chemical and physical processes governing accident
progression, containment loads, releases of radionuclides and computer codes for the analysis of severe
accidents.
- Structural specialists: Specialists in the structural design, the pressure capacity and the failure modes of
the containment.
- Other PSA specialists: Specialists in event tree analysis, fault tree analysis, human reliability analysis,
uncertainty analysis, statistical methods, processes for expert elicitation and judgement, PSA computer
codes and L1PSA.
Integration of QA programmes. These include the QA programmes associated with portions of the overall
programme delegated to participants for implementation. They cover the responsibilities in each organization or
group for the delivery of the different work packages. The QA programme may also consider other items which
can affect the quality of the PSA, including purchasing of items and services (e.g. consulting contracts). The
responsible organization should retain the overall responsibility for the implementation and effectiveness of the
PSA QA programme.
The lines of internal and external communications and interface arrangements. This includes the co-ordination of
activities required among the different organizations and groups and defines the interfacing between the
constituent parts of the analysis.
Requirements for staff training and special expertise. The training of staff and levels of expertise required to
achieve the appropriate quality for each activity should be described and substantiated.
Working documents. The QA programme description should include a commitment to develop the necessary
working documents.
Assessment. The QA programme should summarize the processes for evaluating the PSA work in relation to the
following characteristics:

- Completeness

- Consistency

- Accuracy
An important element of this assessment is review at the various levels and stages of the work performed. If

necessary, the activities should also include details of the QA for the software used in the PSA.
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i. Documented review process. Review processes should be spelled out in a document to this effect. For each

review findings and the resolution process should be documented.

2.2.2 QA Programme: performance aspects

A carefully developed L2 PSA project plan represents a key management tool for the performance of a PSA. The PSA
project plan contains concise descriptions of the project philosophy (e.g. reasons for performing the study),
assumptions regarding intended applications, objectives, scope of work, technical approach, review and verification
programme, cost estimate, schedule, work breakdown structure, organization and staffing, and project

communications.

A PSA project is comprised of several individual tasks of different analytical activities. The relationship between tasks
and the inputs and outputs of each task is described through a task flow structure. In the PSA project plan the overall

PSA project is divided into several interrelated work tasks [Volume 1, Chapter 2.1].

QA of the overall PSA work should be accomplished through QA of the task flow structure and of the individual and
integrated work products. Each task is supported by a task plan and corresponding task instructions which identify the
data and information input, technical approach with analysis techniques and methods and task output. The form and
content of the output are described in the task instructions. The task instructions also inter-relate the information
flow between tasks and ensure that the task output is suitable for input to other designated tasks; this requires the

adequate definition of interfaces.

The basis for QA of a PSA project derives from (a) QA of the task inputs (i.e. technical basis), (b) QA of the task
performance, and (c) QA of the task output at the completion of the task. QA for each task will entail:

Verification of compliance with the task instruction;

Verification of the technical accuracy of results;

Compliance with the required form and content for input to other tasks.

QA of information inputs requires that either (a) the information be subject to a QA process prior to being released for
use, or (b) that information extracted from a recognized, published source be evaluated for applicability to the
specific PSA. In the event that desired data does not meet either of these requirements, the quality of the data must
be established by some means satisfactory to the project prior to its use in the PSA.

All computer codes used in the development of the PSA must be verified and validated, either in the course of their
development or by the PSA group. Computer codes that are purchased commercially may be verified and validated by
the code developer. For software that is not commercially procured but, for example, written internally in the PSA

organization, a verification/validation and QA process should be performed.
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2.2.3 QA Programme: assessment aspects

Reference should be made to Ref. [9], which describes the approach for self-assessment and independent assessment
of the performance of the QA programme including organizational details. Measures should be in place for evaluating
the PSA work in relation to the following characteristics:

Completeness;

Consistency;

Accuracy;

Document control;

Configuration control.

This evaluation includes reviews at various levels and stages of the work performed. The activities should also include
details of the QA of the software used in the PSA if necessary. It should include procedures for verification,
documentation, and control of the software, whether procured from an external source or developed within the
organization. These procedures will apply to both the computer programs used in the analysis and the models and

data stored in electronic form.

2.3 PLANT FAMILIARISATION

It is important that plant characteristics of significance for accident progression are identified and described in

support of the L2PSA. Reference [6] provides an example of key plant and/or containment design features that are

significant to the progression and mitigation of severe accidents, which is reproduced and completed in Table 1.

Table 1 Example of key plant and/or containment design features [6]
Key plant and/or containment design feature Comment
Reactor type BWR/PWR/other

Power level

Actual thermal power

Fuel/cladding type and mix

Oxide, mixed oxide/Zr, etc.

Reactor coolant and moderator type

Water, heavy water, others

RCS coolant/moderator volume

As designed and fabricated

Accumulator volume and pressure set point

Actual operational values

Containment free volume

As built

Containment design pressure/temperature

As designed

Containment structure

Steel, concrete

Operating pressure, temperature

Actual operational values

Hydrogen control mechanisms

Inerter, ignitors, recombiners, others

Mass of fuel

Actual operational values

Mass of cladding material

Actual operational values
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Key plant and/or containment design feature Comment
Control rod type and mass Actual operational values
RCS depressurisation devices/procedures Specify set point /procedures
Pressure relief capacity Actual operational value
Suppression pool volume Water and atmosphere volumes
Containment cooler capacity and set points Actual operational values
Concrete aggregate Specify chemical content
Cavity/path way, pedestal design Possibility of core melt dispersion
Flooding potential of cavity/pedestal Flooded, dry
Sump(s), volume and location(s) Specify details
Proximity of containment boundaries Relative to reactor vessel
Accident consequences limiting design features like | Specify location/procedures
venting procedure and vent location
Containment geometry Compartmentalisation
Description of containment penetrations As designed and included operating experience
Description of containment isolation systems As designed and included operating experience
Containment vulnerability to different phenomena First by expert judgement then supported by
specific studies
Basemat features (concrete composition, thickness, | This specific information may not be available in
existence of bypass ways like control access) the basic documentation of the plant.
Design limits of materials As designed, for comparison with severe accident
conditions.
External events impact Seismic, flooding and impact
Potential for containment bypass Penetrations/interfaces

More data is needed to analyse the severe accident progression including Emergency Operating Procedures, Severe
Accident Management Guidelines, systems, automatic actions, core composition, and containment integrity.

Since L2PSAs cover sequences beyond design, the plant’s documentation sometimes does not easily reveal issues of
interest in L2PSA. A typical example is the existence of drain lines, pump sumps, ventilation ducts, concrete
composition or penetrations in the bottom part of the containment where corium might be present. Such details are
important for the containment’s ability to withstand corium attack, but the documentation of details could be so poor
that visiting critical areas is needed. It is very helpful to have a qualified system of photographs or videos to avoid

time consuming plant inspections which may be difficult due to safety and security concerns.
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2.4 DEFINITION OF THE L2PSA OBJECTIVES

The definition of the L2PSA objectives should be one of the first tasks to be performed before developing or updating

a L2PSA. A list of general PSA applications has been proposed in the L2PSA IAEA safety standard [1] and is reproduced

hereafter:

(1)

(2)

(3)

4)

(5)

(6)

(7)
(8

to provide a systematic analysis to give confidence that the design will comply with the general safety
objectives;

to demonstrate that a balanced design has been achieved such that no particular feature or PIE (postulated
initiating event) makes a disproportionately large or significantly uncertain contribution to the overall risk,
and that the first two levels of defence in depth bear the primary burden of ensuring nuclear safety;

to provide confidence that small deviations in plant parameters that could give rise to severely abnormal
plant behaviour (‘cliff edge effects’) will be prevented;

to provide assessments of the probabilities of occurrence of severe core damage states and assessments of
the risks of major off-site releases necessitating a short term offsite response, particularly for releases
associated with early containment failure;

to provide assessments of the probabilities of occurrence and the consequences of external hazards, in
particular those unique to the plant site;

to identify systems for which design improvements or modifications to operational procedures could reduce
the probabilities of severe accidents or mitigate their consequences;

to assess the adequacy of plant emergency procedures;

to verify compliance with probabilistic targets, if set.”

The same IAEA safety standard [1] provides a formulation of general L2PSA objectives;

“A L2PSA covers the progression of events that would occur in nuclear reactors following accident sequences that

have led to significant damage to the reactor core. The main objective of the analysis is to determine if sufficient

provisions have been made to manage and mitigate the effects of such an accident. These provisions could include:

e Systems provided specifically to mitigate the effects of the severe accident such as molten core
retention features, hydrogen mixing/recombiners or filtered containment venting systems;

e The inherent strength of containment structures or capability for radioactive material retention
within a confinement building, and the use of equipment provided for other reasons for accident
management;

e Guidance to plant operators on severe accident management.”

It also provides examples of more precise applications that could be assigned to a specific L2PSA:

“To gain insights into the progression of severe accidents and containment performance;
To identify plant specific challenges and vulnerabilities of the containment to severe accidents;

To provide input into the resolution of specific regulatory concerns;
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e To provide an input into determining whether quantitative safety criteria that typically relate to large
release frequencies (LRFs) and large early release frequencies (LERFs) are met;

e To identify major containment failure modes and their frequencies and to estimate the corresponding
frequency and magnitude of radionuclide releases;

e To provide an input into the development of off-site emergency planning strategies;

e To evaluate the impacts of various uncertainties, including assumptions relating to phenomena, systems and
modelling;

e To provide an input into the development of plant specific accident management guidance and strategies;

e To provide an input into plant specific risk reduction options;

e To provide an input into the prioritisation of research activities for minimization of risk significant
uncertainties;

e To provide an input into the Level 3 PSA consistent with the PSA objectives;

e To provide an input into the environmental assessment for the plant.”

It may be difficult to precisely define the objectives that could be assigned to a L2PSA because they must depend on
the local regulatory context, the type of plant (Gen I, Ill, IV for example), and the specifics of the particular site.
Many variations exist in the practical way of presenting the results of a L2PSA, as explained in Chapters 4 and 5.
Chapter 3.4 presents information related to the practices of different countries and how they differ. Chapter 3.3 also
describes the position of international organisations like WENRA.

This information could then be used to help define precise objectives associated with a L2PSA for a specific plant.
Once these objectives have been defined the L2PSA scope, content, and methodology can be defined.

Chapter 6 proposes a tentative definition of a harmonised safety goal that may be applied for all plants.

2.5 ACCIDENT SEQUENCES ANALYSIS, ANALYSIS OF PHENOMENA, SOURCE
TERM ANALYSIS

To develop a L2PSA, a good understanding of how the plant behaves in an accident is necessary. Deterministic
calculations of accidental transients (thermal hydraulic and source term) may need to be performed to support the
Accident Progression Event Tree (APET) model development. Thermal-hydraulics calculations of accident transients
can help to group L1PSA sequences into the Plant Damage State (PDS) that will show the same accident progression in
the APET.

It is necessary to identify important phenomena for accident progression and release categories during the plant
familiarisation phase. Some phenomena are a natural part of the sequence development whilst others are threats to
the containment integrity. All must be taken into consideration in the development of the APET nodes. It is necessary
to perform deterministic studies to quantify the impact of each event or phenomena on accident progression and
containment integrity and some specific methodologies have to be used to correctly handle the dependencies

between the events and to assess the uncertainties. The accident sequence analysis should provide enough
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information to design the APETs. More specific methods, like Success Block Diagrams (SBDs), can also be used to help
in this process.

More information and recommendations regarding accident sequence and phenomena analysis are provided in Volume
2, chapter 4.

For a L2PSA it is necessary to estimate the amplitude and kinetics of radioactivity for all of the accident sequences
considered in the study. This source term analysis needs development and the application of appropriate

specifications for modelling of the plant and all release paths. Details are provided in Volume 2, chapter 7.

2.6 CONTAINMENT ANALYSIS

The plant familiarisation should provide a general description of the containment and should help to define the
different containment failure modes. The containment analysis should include:

e The potential for loss of containment leak tightness due to phenomena (pressure peak for example): fragility
curves are generally applied for the intact containment shell as well as for all major imperfections (such as
penetrations) and the associated break size,

e The potential for containment isolation failure,

e The potential for containment bypass (interfacing system-LOCA, steam generator tube rupture for PWRs).

The analysis of an un-isolated containment can be based on fault trees, identifying all penetrations and systems
connected to these, availability of isolation valves, assessment of the reliability of the isolation signals and the
isolation components, and considering the contribution from any inadvertent openings.

Information and recommendations regarding containment analysis are provided in Volume 2, chapter 5.

2.7 HUMAN RELIABILITY ANALYSIS

The plant familiarisation will include information about the plant emergency organisation (operator, local emergency
teams, national emergency teams) and important operator actions, related emergency operating procedures and
response to severe accidents. Examples of areas of importance for accident management by the operators are:

e Pressure control/relief in the primary system before vessel failure,

e Containment cooling,

e Hydrogen management,

e Containment pressure relief strategy,

e Mitigation of radionuclide releases to environment.
The Human Reliability Analysis (HRA) in L2PSA aims to quantify the probability of failure of each operator action that
should be performed during a severe accident sequence.
Operator actions modelled in the L1PSA sequences have to be identified and the potential impact from a Level 2
perspective has to be investigated. There may be addition of more actions, change of time available or time windows
for performing the actions. One factor to consider is if an action may prevent vessel failure but would not prevent

core damage in a L1PSA perspective.
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Operator actions that are part of the L2PSA accident sequences development affecting the timing, consequences, etc.
are identified. The actions are described concerning their importance which is defined according to when they occur
and the phase of accident sequence development. Factors which affect the probability of failure of the various
actions are also identified and described.

The human error probabilities (HEPs) and related uncertainties are evaluated with a suitable consistent method for
actions in the combined L1 and L2 PSAs.

Considerations of any dependencies are described - between events in both the L1 and L2PSA, and between events in
the L2PSA.

The potential of recovery (repair) of failed equipment may be looked at. This may be more important for dominating
sequences where the accident evolves slowly but radiological conditions have to be taken into account and modify the
probability of success in comparison with assumptions that may be used in L1PSA.

The human actions basic events are introduced into the PSA model fault trees and event trees and should include
consideration of any backup provided by a crisis team and the national organisation.

All details regarding Human Reliability Analysis are provided in Volume 2, Chapter 3.

2.8 SYSTEMS ANALYSIS

Systems analysis is performed for L1PSA functions/systems that need to be updated with regard to L2PSA and for new
functions and systems in the L2PSA. The input to systems analysis is from the accident sequence analysis that
identifies functions/systems and their success criteria in different accident sequences.

The systems analysis task also interacts with the human reliability analysis task for analysis of system specific operator
actions. The specifics of each severe accident have to be taken account.

Details are provided in Volume 2, chapter 6.

2.9 EVENT TREE MODELLING

Once all information is available the event tree and fault tree models are created:
o Assignment of plant damage states to the L1PSA sequences,
e Additional modelling of bridge trees (if bridge tree technique is used),
o Necessary updating of L1PSA part of the model (event trees, system fault trees, basic events),
e Additional system fault trees development for the L2PSA,
e Definition of release categories,
e Creation of APET/CET structure including release categories as end states in the L2PSA event tree sequences.

Details are provided in Volume 2, chapter 2.

2.10 QUANTIFICATION, RESULT PRESENTATION AND INTERPRETATION

The purpose of the quantification of the PSA model is to obtain results in terms of the frequency distributions for all

release categories and any intermediate results of interest. This includes specific results such as:
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e The plant damage states total frequency and contribution arising from different initiating events in the L1PSA
part (minimal cut-sets),
e The release categories of total frequency and contribution which have arisen from different initiating events
/ plant damage states and specific events resulting from the severe accident progression.
In some studies, the quantification can include the calculation of amplitude and kinetics of release for each individual
sequence or for each release category.
The individual sequences from L1PSA or the PDS can be quantified separately which can help in determining which
sequences that are most important for each plant damage state and release category.
It may also be of interest to calculate the fault tree top events representing functions and systems in the L2PSA (1)
event trees.
In addition to point values, both importance and uncertainty analysis and separate analysis of sensitivity cases should
be quantified.
It must be noted that the setup of the quantification is intimately related to the PSA modelling approach and the
software probabilistic tool being used as explained in Volume 2, chapter 2.
The results to be presented in a L2PSA project depend on the objectives of the study. This aspect is detailed in

Volume 1 chapters 5 and 6.

2.11 DOCUMENTATION

The documentation of a L2PSA usually follows the different tasks and activities that are performed in the project. A
considerable quantity of information can be associated with a L2PSA. For the sustainability of the study and also to

allow external review, the documentation is considered a crucial element of the L2PSA quality.

The L2PSA documentation should contain all of the detailed information that would be needed to reconstruct the PSA
study. To the extent possible, all of the intermediate analyses, rationales for probabilistic estimates and supporting
calculations should be documented, either as appendices or as internal reports. All working papers and computer code
inputs and outputs not included in the formal documentation for external use should be retained in a traceable

format.

Some parts of the documentation may be intended for use within the operating organization, while other parts of the
documentation may be intended for wider external use. Some of the users, for example the public, might use,
primarily, the summary report of the PSA, while others might use the full PSA documentation, including the computer

model.

As recommended in [5], the L2PSA documentation should be divided into three major parts, namely:
a. Summary report;
b. Main report;

c. Appendices to the main report.
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The summary report should be designed to provide an overview of motivations, objectives, scope, assumptions, results

and conclusions of the PSA and potential impacts on plant design, operation and maintenance. The summary report

generally is aimed at a wide audience of reactor safety specialists and should be adequate for high level review. Other

aspects of the summary report are described in [8].

A tentative outline for a L2PSA summary report is given below:

— Introduction,

—  Plant Description,

—  Methods/Procedures/General assumptions and limitations,

—  Synthesis of L2PSA Accident Sequences Analysis:

L1PSA / L2PSA Interface,
CET/APET Development,

Release categories definition,

—  Synthesis of Containment Performance Analysis,

—  Synthesis of Phenomena Analysis,

—  Synthesis of integral accident progression Analyses,

—  Synthesis of Systems Analysis,

—  Synthesis of Human Reliability Analysis,

—  Synthesis of Source Term Analysis,

—  Synthesis of PSA Event Tree Modelling,

—  Synthesis of the quantification of frequency and source term distribution,

— Results Presentation and Interpretation, including sensitivity studies/uncertainties treatments,

—  Conclusions and Recommendations,

—  Appendices with details on all different supporting analyses such as:

Thermal hydraulics,
In-vessel core degradation,
Hydrogen combustion,
Containment strength,
Containment bypass,
MCCl,

Source Term assessment.

An outline of the main report should also be provided in the summary report, to guide reviewers to sections where

additional details and supporting analyses are included. The summary report should be prepared by an individual who

has an excellent overview of the entire PSA study. It should be prepared after the entire documentation has been

completed and reviewed by individual task leaders and/or analysts for correctness and consistency.

Technical report ASAMPSA2/ WP2-3-4/D3.3/2013-35 Rapport IRSN-PSN/RES/SAG 2013-177 39/222



Advanced Safety Assessment
ASAMPSA2 y
Methodologies: Level 2 PSA

The main report should give a clear and traceable presentation of the complete PSA study, including clear statements

of all assumptions, rationales and plant specific aspects affecting the results."

The supporting documentation should be drafted with the objective to maintain all knowledge and justifications of
probabilistic assumptions during the plant life. Periodic update of this documentation should be managed in relation

to the update of the L2PSA.

2.12 MANAGEMENT OF A PSA IN SUPPORT OF THE OBJECTIVES

The management tasks of a L2PSA project are:
e Definition of scope and objectives of the L2PSA,
e Planning. This includes resource allocation, securing of resources, and coordination of different specialists,
o Development of project specific instructions and methodology guidelines,
e Follow-up of project performance,
e Review.
The definition of scope and objectives of the L2PSA project at the beginning of the project is of vital importance since
it will have a major impact on the resources and competencies that are required, and also the time schedule and
eventually the cost.
It is therefore very important to identify the objectives necessary to satisfy the stakeholders (the regulator, the
owner, the local organisation). These objectives are then essential for defining the scope of the project:
e Plant status (the plant design at a specific date to be analysed, or several designs if the L2PSA is an input to
choice of design features),
e Sources of radioactivity (the core,