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0 PROJECT SYNOPSIS 
 

 

 
 
 
 

 

 
 
Project objective 
 
The objective of this project is to continue strengthening and enhancing the 
effectiveness of the nuclear safety regime in Hungary and to improve the organisation 
and the performance of the Nuclear Safety Directorate of the Hungarian Atomic Energy 
Authority. 
 
The specific area of the project is the application of probabilistic safety assessment 
methodology in the field of severe reactor accidents (Level 2 PSA). The HAEA will 
benefit from the assistance of the Consortium of Western Regulators (CWR) with the 
following specific objectives in mind: 
 
− review of selected parts of the Level 2 PSA for the Paks NPP  
− strengthening of the HAEA capabilities in the field of Level 2 PSA and severe 

reactor accident analysis. 
 
Project tasks  
  
The project is divided in the following tasks: 
 

1. collection of information (Task 1); 
2. preparation of review plan(Task 2); 
3. overall review (Task 3); 
4. detailed review (Task 4); 
5. review of actions based on Level 2 PSA (Task 5). 

 

 

 

 

Project starting date: 12 December 2003 
Project finishing date: 30 October 2004 

Project title :  TSO Support in assessment of level 2 PSA for VVER 
  440/213, Hungary 
 
Project number : PHARE  HU0111-01 
 
Country :  Hungary 
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1 EXECUTIVE SUMMARY 
 
The objective of this project was to continue strengthening and enhancing the 
effectiveness of the nuclear safety regime in Hungary and to improve the expertise and 
the performance of the Nuclear Safety Directorate of the Hungarian Atomic Energy 
Authority (HAEA), especially in the application of probabilistic safety analysis methods 
to evaluate the frequency and magnitude of the release of radioactive substances in 
severe reactor accidents (Level 2 PSA).  
 
The specific objectives of the project were drawing up a review plan for the Level 2 
PSA of the Paks Nuclear Power Plant (NPP), overall review and detailed review of the 
Level 2 PSA, review of actions based on Level 2 PSA, and also transferring know-how 
to the HAEA to improve its capabilities for carrying out similar reviews in the future. 
The project also included peer review of the HAEA self-assessment report in the field of 
Level 2 PSA application. 
 
The review covered about one thousand pages of Paks Level 2 PSA reports and two 
hundred pages of regulatory documents which were translated into English within the 
project. The most important Level 1 PSA documents were also translated and used as 
supporting documents, but their review was not within the scope of this project. 
 
The review procedures were based on IAEA-TECDOC-1229 “Regulatory review of 
probabilistic safety assessment (PSA) Level 2” and on the experience of the 
participating organisations (STUK, AVN, GRS, VTT and Serco Assurance). The review 
covered topics ranging from the general approach to the detailed technical reports. Issue 
lists with several hundred questions were submitted to the PSA Production Team for 
answering. The most important questions were discussed with the PSA Production 
Team in the project workshops and written answers to the issue list were also received. 
 
The findings based on the review of the Level 2 PSA reports and on the answers 
provided by the PSA Production Team are presented in the technical reports of Tasks 3, 
4 and 5 (Overall review, Detailed review and Review of actions based on Level 2 PSA). 
Section 4 of this report includes lists of important findings selected from the task 
reports. This report also includes a list of recommendations to HAEA, based on the 
work done in all tasks of the project (section 5 of this report). 
 
The Review Team made the following general observations regarding the Level 2 PSA: 
 
 

• The methods and computer codes used in Paks Level 2 PSA are in general 
appropriate, but documentation is not always detailed enough for the Review 
Team to make conclusions on the treatment of specific issues. 

 
• In addition to full power operation Paks Level 2 covers shutdown states and 

spent fuel pool accidents. This exceeds the scope of many other Level 2 PSAs. 
However, the accident sequences in the shutdown modes and in spent fuel pool 
are not analysed with the same degree of efforts as accident at power operation. 
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• Uncertainty analysis of Level 2 PSA has been deferred to later studies. Results 
of the uncertainty study would be essential, if the Level 2 PSA is used to justify 
decision making on severe accident management issues. 

 
• No significant error or omission has been found in the PSA regarding the basic 

approach, taking into account the limited approach without uncertainty analysis. 
 

• Regarding the self-assessment report by HAEA, the Review Team’s main 
observation was that HAEA has not issued guidelines or specific requirements 
how to perform Level 2 PSA. The lack of specific guidelines seems to have 
contributed to some organisational deficiencies of the Level 2 PSA study.  

 
According to the Review Team's assessment, the main implications for application of 
the Level 2 PSA are as follows: 
 

1. There is an insignificant contribution from high pressure scenarios and 
containment bypass sequences. The assumptions on which this is based (in 
particular reliability of emergency procedures) seem to be not well founded. If 
the assumptions are not valid, this could result in a significant increase of large 
early releases.  

 
2. Recovery is an essential contributor to accident mitigation (more pronounced for 

Paks than in most other PSAs). The calculation of the recovery probabilities 
does not apply appropriate models for human reliability, and the analysis relies 
exclusively on the MAAP model. Possible variations of assumptions would lead 
to a different probability for reactor pressure vessel failure and associated 
consequences.  

 
3. Assumptions on hydrogen production and hydrogen ignition (index and 

probability) contain significant uncertainty. Alternative assumptions could lead 
to different containment loads (magnitude and time) and containment failure 
(see below).  

 
4. The calculated peak pressure due to hydrogen burns is close to the estimated 

containment failure pressure. Therefore, small variations in the containment 
failure pressure, which could well be founded on existing uncertainties, could 
lead to significant changes in the related failure probabilities.  

 
5. Even if the code user is experienced, MAAP (and any other code) will calculate 

results which are subject to large uncertainties. These uncertainties are not 
discussed in the present documentation. If uncertainties were taken into account, 
this could lead to different sequences (e.g. due to different hydrogen generation) 
and/or to different source terms.  

 
6. The application of MAAP to open reactor vessel situations is innovative. 

According to the PSA production team, the results are reliable. However, 
missing detailed information prevents a more comprehensive review. The 
reactor hall is represented by a single node in these calculations. If the 
atmosphere in the reactor hall is analysed in more detail, this could change the 
releases in shutdown and spent fuel pool accidents significantly. 
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7. As the accidents in shutdown and in the spent fuel storage pool turn out to be 

risk dominant, adequate preventive and mitigative accident management 
strategies should be developed as they are presently completely missing. The 
preventive accident management measures should reduce the overall frequency 
of this type of accidents by, for example, ensuring system availability. The 
mitigative accident management should subsequently reduce any resulting 
(early) releases. 

 
8. Although, the available documentation contained some useful considerations 

concerning mitigative accident management, it is striking that in none of the 
available references an overall approach to mitigative accident management has 
been included.  

 
9. The proposals on mitigative accident management measures are consistent with 

the PSA results, but they are not supported by quantitative evaluations of their 
potential benefit in the available documentation. The review team wishes to 
emphasize that the present Level 2 PSA does not form an adequate basis for 
making detailed decisions on severe accident management strategies or 
measures.  

 
10. The emergency operating procedures that are currently implemented in Paks are 

no longer applicable as soon as core damage has been diagnosed: presently no 
adequate accident management guidance is available at Paks for mitigating the 
consequences of severe accidents. 

 
It is important that these points are taken into account before making decisions based on 
the Level 2 PSA. The above issues also demonstrate that an uncertainty and sensitivity 
analysis is very important.   
 
The Review Team compiled a list of forty recommendations to HAEA, corresponding 
to the main observations of the review. The observations and recommendations 
presented in Section 5 of this report are grouped under the following nine topics (Tables 
5.1-5.9): 
 

1. General observations and organisational issues 
2. Level 1 – Level 2 interface 
3. Integral code calculations with MAAP 
4. Detailed thermodynamic analyses 
5. Containment performance analysis  
6. Probabilistic framework 
7. Source term analysis 
8. Proposed actions based on Level 2 PSA 
9. Documentation and quality assurance. 

  
Most of the observations are related, on a more detailed level, to the main implications 
1- 10 listed above. The corresponding recommendations include specific suggestions for 
actions to be taken by HAEA. 
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2 LIST OF ABBREVIATIONS 

 
AVN Association Vinçotte Nucleaire (Belgium) 
CDF core damage frequency 
CFD computational fluid dynamics 
CET containment event tree 
CFCU Central Finance and Contracts Unit, National Development Office of 
 Hungary  
CWR Consortium of Western Regulators 
ECCS  emergency core cooling cystem 
GRS Gesellschaft für Anlagen- und Reaktorsicherheit mbH (Germany) 
HAEA/NSD Hungarian Atomic Energy Authority/ Nuclear Safety Directorate 
IAEA International Atomic Energy Authority 
EOP emergency operating procedure 
L2 PSA Level 2 PSA 
MAAP  Modular Accident Analysis Program 
NPP nuclear power plant 
OPM overall project manager (of the consultant) 
PAO program authorising officer (of CFCU) 
PAR passive autocatalytic recombiner 
PDS plant damage state 
PSA probabilistic safety assessment 
RPV reactor pressure vessel 
SAM  severe accident management 
SPO senior program officer 
STUK Radiation and Nuclear Safety Authority (Finland) 
TOR, ToR terms of reference 
VTT Technical Research Centre of Finland 
VVER Russian type pressurized light-water reactor (vodo-vodyanoy 
 energeticheskiy reaktor) 
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3 SUMMARY OF PROJECT SINCE START 
 
General information 
 
The project contract was signed with the Central Finance and Contracts Unit (CFCU) of 
Hungary on 28 November 2003 and the commencement date was set as 12 December 
2003. The Inception Meeting was arranged in Helsinki on 15-16 December. The 
Inception Report was finalised and distributed in April 2004. A project progress 
meeting was arranged in connection with Workshop 3 on 27 May 2004. The final 
meeting was arranged on 18 - 19 October 2004 in Helsinki. 
 
Three-Monthly Progress Reports covering the periods 12 December 2003 - 31 March 
2004, 1 April - 30 June and 1 July - 30 September were submitted with the 
corresponding interim invoices. Ten short Monthly Management Reports were 
submitted. 
 
Subcontracts were concluded with VEIKI Safety Engineering Co. and with TK 25 Bt. 
for translating documents needed for the review from Hungarian into English.  
 
A subcontract was concluded with VEIKI Safety Engineering Co. for providing answers 
to Paks NPP Level 2 detailed issue lists produced during the review. 
 
The project comprised the five tasks described below. A special feature of the project 
was that all the tasks were concerned with different phases of the review of the Level 2 
PSA. Therefore the tasks were closely related and consecutive. Four workshops were 
arranged. Each workshop was concentrated on the results of one task and on the 
preparation of the following task(s). The last workshop was common to Tasks 4 and 5. 
 
 
Task 1, Collection of Information 
 
Workshop 1 was arranged in Budapest 28-30 January 2004. Translation of Level 2 PSA 
reports, related regulatory documents and supporting Level 1 PSA documents from 
Hungarian into English was completed in June 2004.  
 
In March 2004 HAEA opened an FTP site on its server for electronic distribution of 
project material. The translated documents, a number of other source documents and 
documents produced in the project were made available to the project team and HAEA 
on the site. 
 
 
Task 2, Preparation of Review Plan 
 
Workshop 2 was arranged in Budapest 22-25 March 2004.  
 
The review plan was finalised after the workshop. Task 2 was completed and the Task 
Report was distributed in June. 
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Task 3, Overall review 
 
The overall review started at the end of March 2004 after Workshop 2. The work was 
based on a detailed task plan drawn up by GRS. 
 
HAEA produced a self-assessment report in April and the Review Team drafted a 
review report on the self-assessment report. 
 
Workshop 3 was arranged on 24-27 May 2004 in Budapest. A preliminary Paks Level 2 
PSA issue list was drawn up and distributed prior to the workshop. The questions in the 
preliminary issue list were prioritized and discussed with the Paks Level 2 PSA 
production team. The preliminary findings of the review were presented in the 
Workshop. Answers to the Task 3 issues were received in July 2004. 
 
Drafts of the task report and the technical reports were produced in August 2004 and 
finalised in September after comments from HAEA. 
 
 
Task 4, Detailed review 
 
Task 4 was started in Workshop 3 on 24-27 May 2004. The detailed review was carried 
out in June - September according to a detailed plan drawn up by Serco Assurance. 
Answers to the preliminary Task 4 issue list were received in early August. A list of 
additional Task 4 issues was compiled and sent to HAEA and to VEIKI in August 
(consolidated issue list on 2 September). Answers were received on 13 September and 
evaluated by the Review Team.  
 
The results of Task 4 were presented to a broader audience of HAEA staff in Workshop 
4 on 20-23 September 2004 in Budapest. The workshop also included final discussions 
with the PSA Production Team. 
 
The Task 4 technical report draft was drawn up and sent for comments to HAEA on 8 
October 2004. The report was finalised taking into consideration the comments made by 
HAEA representatives and the discussions in the Final Meeting on 18-19 October in 
Helsinki. 
 
 
Task 5, Review of actions based on the results of Level 2 PSA 
 
A schedule for Task 5 was agreed in Workshop 3. The final list of Task 5 issues was 
compiled and sent to HAEA and VEIKI in August 2004. Answers were received on 13 
September and evaluated by the review team. 
 
Workshop 4 on 20-23 September 2004 in Budapest (common workshop with Task 4) 
included final discussions with the PSA Production Team and presentation of the task 
results to a broader audience of HAEA staff.   
 
The Task 5 technical report draft was drawn up and sent for comments to HAEA on 8 
October 2004. The report was finalised taking into consideration the comments made by 
HAEA representatives and the discussions in the Final Meeting. 
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4 OVERALL REPORT ON THE TOTAL PROJECT 
 

Objectives of the project 
 
The objectives of the project are stated in Chapter 2 of the Terms of Reference (ToR). 
The specific objectives are defined as: 
 
1. Peer review of regulatory requirements and practices in the use of PSA and specifically 

Level 2 PSA; 

2. Review of the methodology followed for Level 2 PSA studies available for Paks NPP. 

3. Overall assessment of the available parts of the Level 2 PSA and identification of 
missing information. 

4. Establishing the methodology to be followed by HAEA/NSD in a review of the Level 
2 PSA. 

5. Review of some Level 2 PSA reports submitted to HAEA/NSD within the project 
period, including, wherever feasible and available, comparison with results of similar 
NPPs. 

6. Competence development in the HAEA/NSD in the field of Level 2 PSA application, 
e.g. in the assessment of severe accident management strategies. 

7. Identification of overall conclusions for the Final Report. 

In Chapter 4 of the ToR a number of lessons learned from previous co-operative 
projects are presented, including: 
 

• Review and assessment work, instead of training and lecturing, is preferred. 
• Practical topics are preferred, instead of policy making. 

 
The scope and activities of each task are defined in Chapter 5 of the Terms of Reference 
(Annex II of the Contract). In Annex III of the Contract (Organisation and 
Methodology) task objectives are defined on the basis of the information in the Terms 
of Reference. The objectives were further specified in the Inception Report based on the 
discussions with the Beneficiary in the Inception Meeting and in Workshop I. 
 
 

Task 1, Collection of Information 
 
The objectives of Task 1, as defined in the Inception Report, were to collect the 
information necessary for the review of Paks Level 2 PSA and, on the other hand, 
collection of guides and good practices on performing and reviewing Level 2 PSA. The 
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selection of documents to be translated as well as the translation and distribution of the 
documents were also specified as activities of Task 1. 
 
Generic information sources and relevant plant documents and analyses were identified 
and listed in appendices of the technical task report. This task was carried out by STUK 
(task leader), GRS and HAEA. The translation of Hungarian documents into English 
was arranged in cooperation by STUK and HAEA. 
 
A project FTP site was built by HAEA to contain all technical and administrative 
documents of the project. The site also constituted a list of the documents produced 
during the lifetime of the project. 
 
Workshop 1 was arranged in Budapest 28-30 January 2004. Paks NPP had submitted 
the Level 2 PSA report to HAEA shortly before the workshop. The main topics of the 
Workshop were:  
 

• general presentation of Paks Level 2 PSA and its regulatory use by Paks and 
HAEA experts 

• selection of  PSA reports and regulatory documents for translation 
• finalisation of task descriptions  
• discussions on Task 2 (preparation of review plan). 

 
An English summary of the Paks Level 2 PSA was distributed at the Workshop. 
Selected Level 2 PSA reports (1000 pages), related regulatory documents (220 p.) and 
some supporting Level 1 PSA documents (320 p.) were translated. 
 
The main technical document produced in Task 1 is “Structuring of Information which 
is necessary for the PSA Level 2 review of the Paks 440/213 NPP”. This report lists 
some important questions that need to be answered in Level 2 PSA and relevant source 
documents. It also presents Hungarian documents selected for translation into English. 
The document was distributed as a working issue (version 13 February 2004). It was 
updated during the project and distributed as a final version at the end of the project. 
 
The objectives specified in ToR and Inception Report were fulfilled in Task 1. 
However, the material describing good review practices in EU countries was mainly 
presented in Task 3 documentation in the report “Regulatory review of Level 2 PSA”. 
 

Task 2, Preparation of Review Plan 
 
The objectives of Task 2, as defined in the Inception Report, were to draw up a review 
plan for of the Paks NPP Level 2 PSA, and to transfer know-how to the HAEA in order 
to enhance its capabilities to plan comparable reviews in the future.  
 
The main participating organisations to Task 2 were STUK (Task leader) and Serco 
Assurance. Comments to the review plan were received from all other participating 
organisations and from the HAEA.  
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The basic document for preparation of the review plan was the IAEA-TECDOC-1229, 
“Regulatory review of probabilistic safety assessment (PSA) Level 2”. It was also 
agreed that the structure of the plan should be suitable for future Level 2 PSA 
applications, and that detailed application instructions specific for the HU0111-01 
project should be given.  
 
The first draft of the review plan was prepared by STUK and Serco Assurance and sent 
for comments prior to the Task 2 Workshop. The draft was discussed at the Task 2 
Workshop by HAEA and the project team. The plan was completed based on the 
recommendations given at the workshop. The final version of the plan was completed 
on April 23, 2004.  
 
The Task 2 Workshop was arranged at HAEA, Budapest, on 22-25 March 2004 
including discussion of the Review Plan, presentation of the Paks Level 2 PSA by the 
production team, discussion of the detailed work plan for Task 3 and a visit to the Paks 
NPP to familiarise the Review Team with the plant. 

 

The main output of Task 2 is the review plan. The applicability of the review plan was 
tested in Tasks 3, 4 and 5. More detailed task plans were prepared for these tasks on 
the basis of the review plan produced in Task 2.  

 
As an observation based on the experiences from Tasks 3-5 it was noted that the formal 
division of the review in the tasks “overall review” and “detailed review” with 
comparable volume and separate reporting is not generally recommendable. The overall 
review is a necessary part in the review process but it should be a preliminary phase of 
the review, not a separate task. The results of the overall review could be reported as a 
working document and, where appropriate, be included in the final review report. In this 
project, the planning was to some extent guided by the task definitions and reporting 
requirements presented in the Terms of Reference. 
 
 

Task 3, Overall review 
 
Overall review of Paks Level 2 PSA 
 
The objectives of the task are defined in Annexes II (ToR) and III of the Contract. 
Based on the discussions in the inception meeting the objectives were further specified 
in the Inception Report as:  
 

• to perform an overall assessment on Level 2 PSA for the identification of 
possible deficiencies in the analysis methods or in the events and phenomena 
covered, sources of data including expert judgment, validation and verification 
of computer codes, quality assurance system used, etc. It is understood that the 
assessment of the quality assurance system does not refer to the formal 
certification of organizations involved, but rather to the efforts to achieve the 
technical and scientific state of the art. 
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• to verify the level of detail of Level 2 PSA paying attention to 
interdependencies (support systems, human actions, etc.) 

 
• a peer review of regulatory practices based on the HAEA self-assessment report 
 
• to compare the methods and results with Level 2 PSA studies for other VVER 

440/213 plants where relevant information is publicly available. 
 

The overall review was carried out according to the review plan drawn up in Task 2 and 
the detailed plan prepared at the beginning of the task. 
 
A major effort within the Task 3 activities has been the set-up of a list of technical 
issues with regard to the assessment of the PSA. A draft of this list was sent in May to 
the PSA production team. This list was further developed in Workshop 3. Since the list 
is large (60 pages with about 240 questions) a ranking was introduced defining whether 
the issues should be addressed within Task 3 (overall review) or somewhat later in Task 
4 (detailed review).  
 
The issues ranked Task 3 were discussed with the PSA production team during the 
workshop. The Review Team updated the issue list during the workshop, taking into 
account the oral answers given by the PSA production team. Some of the issues were 
closed. However, most of the issues remained. The updated issue list was given to 
HAEA on 27 May 2004 to be forwarded to the PSA production team. The Review Team 
produced a preliminary short summary of its findings and presented it to HAEA for 
internal use.  
 
On 5 July 2004, the first set of answers by the PSA production team to the issue list 
became available on the HAEA server. These answers were taken into account in the 
Task 3 technical report. The final version of this report was completed by the 
responsible partner (GRS) in August 2004. 
 
The following main findings and conclusions were made in the overall review: 
 
• The final report of the Paks Level 2 PSA is an adequate fulfilment of what is 

generally required from a summary report. There is however one exemption from 
this positive judgement, namely it does not contain a ‘map’ for the other 
documentation belonging to the PSA. The available numerous reports give the 
impression that similar work had sometimes been done – or at least documented - in 
parallel, or that more recent work did not make use of previous achievements. The 
documentation should include a part clearly stating which reports or results or 
arguments are to be considered final and which have been intermediate products.  

 
• It is highly appreciated that apart from full power states the Paks PSA covers 

shutdown states and spent fuel pool accidents. This exceeds the scope of many other 
PSAs. Comparatively little effort has been spent, however, on the latter sequences 
and unfortunately they turned out to contribute dominantly to high consequences. It 
is recommended that all accident sequences with potentially high consequences be 
analysed with the same scrutiny.  
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• No significant error or omission has been found in the PSA regarding the basic 
approach, taking into account the limited scope without uncertainty analysis. 
However, there are some particularities which might turn out to be disadvantageous 
when the PSA will be further developed. Among these are: 

 
− There is a strict limitation of analyses to plant damage states which are 

considered significant.  
− The results of integral code MAAP are adopted without uncertainty 

consideration. 
− Some crucial assumptions on conditional probabilities are not justified. 
− The event tree is very small and consideration of details has been deferred to 

separate analyses. 
 

• The Review Team expects that a future uncertainty analysis for the PSA will have to 
be more than just a shift within the present picture. Instead it would probably mean a 
significant reframing of the analysis. 

 
• The proposals on mitigative accident management measures are consistent with the 

PSA results, but they are not supported by quantitative evaluations of their potential 
benefit. The Review Team recommends to perform additional deterministic analyses 
including the proposed accident management measures and to make probabilistic 
evaluations which would determine the effect on release frequencies or other 
characteristic results. Without such additional information it is not possible to make 
“risk informed decisions” about additional measures. 

 
 
Peer review of HAEA self-assessment report 
 
In connection with Task 3, HAEA produced a self-assessment report on “Regulatory 
practices of the HAEA NSD in the application of PSA methodology”. This self 
assessment report and the approaches for reviewing a Level 2 PSA in Germany, 
Finland, the United Kingdom and Belgium were reviewed in Subtask 3.1. These 
activities were reported in “Regulatory Review of Level 2 PSA” which was produced 
by the Review Team and discussed in Workshop 3. The final version was released by 
the responsible partner (AVN) in July 2004. 
 
According to the project objectives, methods and results of Level 2 PSA studies for 
other VVER 440/213 plants were compared to the Paks approach, where relevant 
information is publicly available. This topic is covered in the report on “Regulatory 
Review of Level 2 PSA” as well. 
 
The following main findings and conclusions were made in the overall review: 
 
• It was noticed that presently there is no formal requirement on how to perform or 

how to review a PSA Level 2 in Hungary. The HAEA report is therefore a collection 
of suggestions and useful references that form the basis for any future requirements. 
However, the following references provide an insight in the future requirements: 
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− NSC-3_eng.doc: Chapter ‘3.5.4. Probabilistic Safety Assessment’ of the 
Volume III of the draft Nuclear Safety Codes 

− RIMAN-2_eng.doc: Regulatory review of probabilistic safety assessment 
(PSA) models, Methodical Guide, Rev.0.1, Ri-Man Engineering Office Ltd. 

− RIMAN-3_eng.doc: Description of Regulatory Requirements for PSA 
Models and Studies, Establishing Study, Rev.0.1, Ri-Man Engineering Office 
Ltd. 

 
• The NSC-3 document is rather complete in the listing and formulation of the 

requirements. However several important improvements can be made as already 
outlined and suggested in the RIMAN-3 document. An overall review indicates it to 
be very valuable. It contains in our view the following essential suggestions for 
improvement of the NSC-3 document: 

 
− Regarding the validity of the analyses, the updating of the analyses in 

accordance with the modifications implemented in the plant can and, in our 
opinion, should be required. Indeed, if this actualisation did not take place, 
then the PSA analyses would not be valid for the improved and actual state 
of the nuclear power plant and as a result the plant does not possess the 
required PSA analysis. 

 
− The requirement that in the frame of the Level 1 PSA the calculations 

concerning the external effects and the internal effects shall be carried should 
be extended to the Level 2 PSA analyses and all possible operating modes of 
the plant. 

 
− The requirement that only reliable and authentic data should be used should 

be completed with the requirement or the recommendation concerning the 
application of the different types of data sources. 

 
• The RIMAN-2 document is well structured and provides a complete overview of the 

review of both the Level 1 and a Level 2 PSA. Although the document presents all 
the necessary steps for both the Level 1 and the Level 2 review, it seems to lack 
sufficient detail to be used as a guideline while conducting reviews. Both IAEA-
TECDOC-1135 and -1229 contain definitely more detail and are much more 
suitable as a methodological guide. It is noted as surprising that neither of the IAEA 
TECDOCs appear as references in either of the RIMAN documents. Overall, 
however, it can be stated that the proposed approaches are consistent with the 
summary of the western regulatory approaches. 

 
• One of the purposes of this report has been to collect the approaches for reviewing a 

Level 2 PSA in Germany, Finland, the United Kingdom and Belgium. As it turns 
out all approaches are quite similar and are mostly based on the principles and 
methodology described in the IAEA-TECDOC-1229. Therefore the conclusion can 
be drawn that the approach that would combine the common elements of all partners 
is best described in chapter 6 of the peer review report. 
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Task 4, Detailed review 
 
The objectives of Task 4 as defined in the Inception report were: 
 

• to perform a detailed review of the Paks Level 2 PSA in order to judge whether 
there is a sound basis for decision-making based on the PSA results (or, if 
further work is required, to check if this is recognised within the PSA ). 

• to make comparisons with other PSAs where possible and relevant. 
 
Summary of Activities 
 
Task 4 was started in Workshop 3 on 24 - 27 May.  A schedule for the task was agreed 
in the workshop and a detailed task plan was drawn up by Serco Assurance (final 
version 1 July 2004).  
 
The Detailed Review followed on from the Overall Review discussed above.  Following 
the initial review of the Level 2 PSA documentation for the Overall Review, a large 
number of issues and questions were raised (about 240).  The Review Team identified a 
number of these issues to be addressed in Task 3, while the rest were assigned to 
Task 4. Following discussions with the Level 2 PSA Production Team at the third 
Workshop held from 24 – 27 May 2004, this list was transmitted to the PSA Production 
Team on 27 May 2004.  Responses were requested (and received) to the Task 3 issues 
by 1 July 2004 – these responses were taken account of in the Task 3 report.  Responses 
to the Task 4 issues raised at this time were requested by 23 July 2004, and received on 
30 July 2004.  In practice the response to these Task 4 issues was obtained at the same 
time that the Task 3 report was being finalised, so the Task 3 Technical Report in some 
areas does already take account of the responses.  The Review Team members reviewed 
the responses and either closed the issued or addressed further comments to the PSA 
Production Team. 
 
Essentially the same team that performed the Overall Review was responsible for the 
Detailed Review.  A plan for the Detailed Review, based on the Task 2 report, was 
prepared and agreed.  The PSA Production Team’s responses to the Task 4 issues were 
reviewed.  The issue owner either closed the issue or sought further clarification.  All 
the Level 2 PSA supporting documents that had been translated into English were 
reviewed by at least one member of the team (some of these were reviewed for Task 5, 
which is reported separately).  Revised issue lists (updated and new issues) were 
supplied to the Level 2 PSA Production Team in August 2004.  VEIKI were contracted 
by the Review Team to provide answers, which were received on 13 September 2004.  
The Review Team has subsequently assessed these responses – issues have been closed, 
or remain open.   
 
The review and responses have been used to develop the assessment. The remaining 
open issues are classified as “Major” and “Minor”.  This classification is intended to 
assist the Regulatory Body in any future interactions with Paks NPP concerning this, 
and future, Level 2 PSAs. 
 
A number of areas were identified in the Overall Review as requiring a more detailed 
review.  These were: 
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• Hydrogen generation, ignition and combustion 

• Level 1 – Level 2 interface 

• MAAP calculations – requires additional information 

• Structural calculations – requires additional information 

• Open reactor analysis 

• Spent fuel pool analysis 

• Recovery assessment (ECCS (Emergency Core Cooling System)) 

• Comparison with assumptions in other PSAs with regard to above key topics 

 

In most cases the review was performed based on the supplied reports and the responses 
to the issues raised.  However, the vast majority of the original Containment 
Performance issues resulting from the review were not addressed directly by the PSA 
Production Team (as the original subcontractor is no longer involved with the project). 
Consequently, to try and address the original issues relating to Containment 
Performance presented in Task 3, a review of relevant supporting documentation was 
undertaken by Martin Bleackley (Serco) in Budapest 20-23 July 2004.  This 
documentation, which was brought from Paks, was made available at the offices of 
VEIKI. 
 
It was also suggested that a working meeting to review MAAP assumptions and 
calculations to a greater extent than was possible based on the provided documentation 
would be beneficial.  However, VEIKI reported that they did not have the material in a 
suitable form for review and it was not possible to arrange such a meeting within the 
timeframe of the project. 
 
A first draft of the technical report was compiled and circulated to Review Team 
members on 16 September 2004.  This was used to prepare for Workshop 4, which was 
held in Budapest from 20 to 23 September 2004.  During this meeting the Issue List was 
reviewed and the main findings in each area discussed.  These findings were presented 
to the PSA Production Team on 22 September 2004. The PSA Production Team 
accepted most of the comments made, but asked the Review Team to re-consider their 
assessments in a number of areas.  This was done and the updated technical report was 
issued on 8 October 2004 to HAEA.  
 
Main conclusions 
 
The detailed review confirmed the main conclusion of the overall review: 
 

No significant error or omission has been found in the PSA regarding the basic 
approach, taking into account the limited scope without uncertainty analysis1. 

                                                 
1 The terms “uncertainty”, “uncertainty analysis” and “sensitivity analysis” are used throughout this 
report.  Uncertainty usually refers to lack of knowledge about physical processes.   The possible 
approaches to uncertainty and sensitivity analyses are discussed in Appendix 1 of Task 4 Technical 
Report. 
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However, a number of issues were identified regarding the detailed elaboration, the 
most significant of which (selected on the bases of the quality and reliability of the 
results of the Level 2 PSA) are listed below:  
 
Level 1 – Level 2 Interface 
 
1. The plant damage states arising from the Level 1 PSA for Paks showed an 

insignificant contribution from high pressure scenarios and containment bypass 
sequences. It has not been the task of this review to verify the Level 1 PSA.  The 
assumptions on which these results are based (in particular reliability of emergency 
procedures such as primary depressurisation and manual isolation of containment) 
seem to be not well founded.  It is highly recommended to verify these assumptions 
before any major conclusions are drawn from either the Level 1 or Level 2 PSAs. 

 
 
Use of MAAP4 
 
2. In contrast to many other PSAs, the PSA Production Team have used the results of 

an integral code (here MAAP4) directly in the quantification process and have not 
considered uncertainties in the MAAP predictions.  The Review Team accepts that 
MAAP4 is one of the codes representing the state of the art, but considers that the 
Level 2 PSA documentation should discuss sources of uncertainty in the MAAP 
results and allow for these in the quantification.  

 
3. In general, the containment nodalisation used in MAAP4 calculations is rather 

coarse.  This is particularly important for the hydrogen issue.  The validity of related 
MAAP4 results should be checked by performing sensitivity analyses with refined 
containment nodalisation.  This issue is also being addressed using CFD 
(Computational Fluid Dynamics) models in an ongoing Phare project. 

 
4. More detailed documentation on MAAP analysis results should be given in the Paks 

Level 2 PSA. The lack of analysis results prevents a thorough and detailed review.  
 
Containment Fragility Analysis 
 
5. No assessment of the integrity of the containment liner acting as a hermetic seal or 

its anchorage is presented.  This is a major omission that prejudices the results of the 
fragility analysis – in particular whether the liner would be expected to remain intact 
up to gross failure of a concrete wall. 

6. Most questions raised on the fragility analysis were not answered by the PSA 
Production Team. The Review Team has the impression that there is too little 
‘ownership’ of the analysis performed by a foreign consultant within the PSA 
Production Team.  

7. The relatively small leakage area used in the source term evaluations is not 
consistent with the failure mode of the containment described in report [B2]. 

 
Containment Event Tree Quantification 
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8. The calculation of the equipment recovery probabilities used in the Level 2 PSA is 
not explained sufficiently and it does not apply appropriate models for human 
reliability. 

 
9. The estimation of successful recovery of core cooling needs more justification. The 

MAAP4 model is not a sufficient tool to be used singularly for estimating the 
coolability of a highly damaged core. There are no reliable calculation tools for 
estimation of melt pool coolability e.g. in the pressure vessel lower head.  Because 
of this, it is advisable to take less credit for late reflooding. 

 
10. The justification for the ignition probabilities is relatively weak – uncertainty here is 

likely to have a major effect on the calculated containment failure frequencies. Since 
hydrogen combustion is an important jeopardy to the containment integrity, more 
accurate analyses on hydrogen distribution and combustion should be carried out 
(CFD analyses). In these analyses it is important that hydrogen releases from the 
pressure vessel (including reflooding situations) and from the cavity are properly 
taken into account.  

 
11. It would be preferable for the fragility curve used in the quantification to include 

modelling as well as properties uncertainties. 
 
12. For spent fuel storage pool accidents, the major issues with respect to the CET 

quantification are the quantification of operator errors and the treatment of the error 
for the local operator actions.  The quantification of operator errors is not clear in 
the Level 2 PSA documentation. Furthermore, local operator actions are referred to, 
but their treatment is completely missing. 

 
Source Term Analysis 
 
13. More detailed results on source term analyses should be added to the Level 2 PSA 

documentation. The chemical form, particularly the assumed formation of organic 
and elemental iodine, should be discussed in the documentation. 

 
Documentation and Quality Assurance 
 
14. Better quality assurance in reporting is highly recommended.  This should address 

the following aspects: 
- There should be a hierarchy of Project Documentation with the Summary 

(Final) Report at the top level.  The Summary Report should include a 
Roadmap of the other Level 2 PSA documentation. 

- Lower level reports should be updated to be consistent with the Final Report.  
Historical reporting of the project, as was done by the PSA Team, is not 
appropriate for a submission to a regulator, or for review.  The reader should 
be made aware of the status of earlier reports and calculations. 

- Calculations referred to in the PSA should be performed under configuration 
control and the model and results should be available for review on request. 

- Independent verification of the published reports is essential – this should 
lead to trapping of inconsistencies and typographical errors. 
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Overall Results 
 
15. Because of the uncertainties related to hydrogen ignition and containment fragility, 

the evaluated frequency for early containment failure has considerable uncertainty. 
 
 
For further development of the Level 2 PSA it is noted that: 
 
1. The number of plant damage state attributes is rather limited. It is recommended to 

consider whether the addition of the accident initiator type and a regrouping of the 
ECCS attributes could alleviate concerns and confusion. 

 
2. Within the Paks PSA Level 2, the recovery of safety systems after onset of core 

degradation is an important contributor to mitigation of the accident progression. 
The present set of plant damage state attributes is not well suited to transfer the 
necessary information from the PSA Level 1. It is recommended to consider 
additional pertinent attributes. 

 

3. There are no major issues concerning the probabilistic modelling framework related 
to the current Level 2 PSA.  However, it is recommended that if Paks NPP propose 
to submit an uncertainty or sensitivity study, then they should prepare a 
methodology document for prior discussion with HAEA that should include 
discussions of any modifications to the probabilistic modelling framework.   

 
 
 Compliance with objectives  
 
The work performed was compliant with the objectives.  In practice, all the Level 2 
PSA reports that had been provided in English (which included all the supporting 
reports, apart from those judged by the PSA Production team to be no longer relevant) 
were reviewed, usually by at least two reviewers from different organisations.  The 
Review Team used its knowledge of other Level 2 PSAs when performing the review.  
The issues raised by the Review Team were classified to identify those most significant 
for the integrity of the PSA process.  In some areas, particularly the MAAP analyses, 
the depth of review was limited by the information available to the Review Team.  In 
these circumstances the Review Team, besides assessing the material that was available, 
has provided guidance to HAEA on the information a Regulatory Body should be 
expecting and on the review process.  
 
As stated above, the overall objective of the detailed review was to determine whether 
the Paks Level 2 PSA provided a sound basis for decision-making.  It was concluded 
that the lack of a sensitivity/uncertainty analysis compromised the PSA from this 
perspective.  However, it is understood that this deficiency, which is recognised by the 
PSA Production Team will be rectified in due course.   
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Task 5, Review of actions based on the results of Level 2 PSA 
 
The overall objective of Task 5 according to the Inception Report was to judge whether 
sound conclusions and recommendations for decision-making are made on the basis of 
the Level 2 PSA results regarding the risk level, the vulnerabilities of the plant, severe 
accident management strategies and the need for plant modifications. 
 
Therefore an assessment was made of the actions suggested by the Paks NPP on the 
basis of the Level 2 PSA as well as an assessment of the possible recommendations 
based on the findings of the project, including:  
  

• needs for further research and/or analyses 
• changes of the plant or emergency operating procedures, accident management 

guidelines and other documents and identification of other modifications in the 
plant  

• definition or development of the uses of the Level 2 PSA (evaluation of off-site 
emergency planning strategies, resolution of specific regulatory concerns etc.) 

• comparison of actions to those taken or planned in comparable plants, if 
information is available. 

 
The first draft of the review plan was prepared by Michel Van haesendonck (AVN) and 
sent for comments prior to the Workshop common for Tasks 4 & 5. The draft was 
discussed at the Workshop 4 by HAEA and CWR representatives. The Task 5 technical 
report has then been completed based on the recommendations given at the workshop. 
The final version of the report is dated October 8, 2004. 
 
Main Conclusions 
 

1. As the accidents in shutdown and in the SFSP turn out to be risk dominant 
adequate preventive and mitigative accident management strategies should be 
developed as they are presently completely missing. The preventive accident 
management measures should reduce the overall frequency of this type of 
accidents by, for example, ensuring system availability. The mitigative accident 
management should subsequently reduce any resulting (early) releases. 

 
2. Although, the available documentation contained some useful considerations 

concerning mitigative accident management, it is striking that in none of the 
available references an overall approach to mitigative accident management has 
been included. As a result, several questions remain unanswered: 

 
• How can one be sure that all threats have been dealt with? 
• What are the symptoms that will be used to diagnose a threat? 
• Is there a priority among the actions to be taken? And if so, on what 

basis? 
 
 

3. In short, it appears that some essential steps in the development of a mitigative 
accident management approach are missing. It is recommended that upon 
completion of the uncertainty analysis the PSA results are used to clearly 
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identify the most important threats. Subsequently, overall strategies should be 
defined to address those threats, symptoms for diagnosis should be chosen and 
detailed actions should be developed for all plant operational states. 

 
4. The proposals on mitigative accident management measures are consistent with 

the PSA results, but they are not supported by quantitative evaluations of their 
potential benefit in the available documentation. The review team wishes to 
emphasize that the present L2 PSA does not form an adequate basis for making 
detailed decisions on severe accident management strategies or measures. As 
soon as sufficient uncertainty analysis have been performed, it might be 
considered sufficient as one of the elements that form the basis for an SAMG 
approach. 

 
5. Successful implementation of mitigative accident management requires a careful 

examination of all severe accident phenomena that could occur and how they 
can be mitigated. A careful analysis should thus be made of the diagnosis of the 
severe accident phenomena and adequate parameters that will serve as 
symptoms will have to be defined. Adequate strategies will have to be developed 
with corresponding actions. A careful evaluation is required about which severe 
accident issues to address first and which actions to implement first.   

 
6. It should be emphasized that as the EOPs which are currently implemented in 

Paks are no longer applicable as soon as core damage has been diagnosed, 
presently no adequate accident management guidance is available at Paks for 
mitigating the consequences of severe accidents. 

 
7. As has already been mentioned, some consideration of accident mitigation 

approaches is given in the Final Summary Report [FR1] and in its supporting 
documentation, notably [C2] and [C6]. It should be noted that these references 
were prepared at different times ([C2] in November 2000, [C6] in March 2003, 
and [FR1] in December 2003). In line with the procedure adopted throughout the 
Level 2 PSA, the earlier reports were not updated as the project proceeded.   

 
Paks NPP Co. will develop further the proposals for severe accident mitigation.  It 
is anticipated that reports covering this work will be submitted to HAEA in the 
future.  None of this recent work was available for review within this project. Due 
to the interim status of the work under review, the main purpose of the review team 
is to provide initial feedback to Paks and provide HAEA with an approach for when 
they come to assess the final plant submissions. 

 
Therefore, based on the proposed measures in the available documentation, the 
recommended further actions for the mentioned strategies in [FR1] are: 

 
• Cooling of reactor pressure vessel bottom by flooding from below (i.e. external 

vessel cooling): 
− Perform deterministic analyses for coolability (heat transfer inside and 

outside vessel, convective heat transfer outside vessel away from reactor 
cavity) 

− Determine success probability for coolability including human actions 
and system reliability. 
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• Installation of igniters and recombiners for hydrogen control: 
− Calculate effect of recombiners on containment atmosphere and 

introduce this into the existing analysis. 
• Filtered venting: 

− Thermodynamic analyses, including ignition possibility in venting 
system and consequences of hydrogen burn in the venting system 

− Analyses of success probability 
− Introduce this procedure into event tree analysis. 

 
 
 

Technical Coordination 
 
Technical coordination included general planning and administration of the project, and 
specifically arranging the Inception Meeting, Progress Meeting and Final Meeting and 
preparation of the following reports in co-operation with the task leaders: 
 

• Inception Report 
• three Three-Monthly Progress Reports 
• ten short monthly management reports 
• Final Report. 

 
In addition, preparation of the contracts with project partners and Hungarian 
subcontractors for translations and for preparing answers to issue lists were included in 
the technical coordination.  
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5 MAIN IMPLICATIONS AND RECOMMENDATIONS TO HAEA 
 
The Review Team compiled a list of main implications of the review for the Paks NPP 
and a list of recommendations to the Hungarian regulatory body HAEA/NSD.  
 

Main implications 
 
The main implications are as follows: 
 

1. There is an insignificant contribution from high pressure scenarios and 
containment bypass sequences. The assumptions on which this is based (in 
particular reliability of emergency procedures) seem to be not well founded. 
If the assumptions are not valid, this could result in a significant increase of 
large early releases. (see observation/recommendation 2.2) 

 
2. Recovery is an essential contributor to accident mitigation (more pronounced 

for Paks than in most other PSAs). The calculation of the recovery 
probabilities does not apply appropriate models for human reliability, and 
the analysis relies exclusively on the MAAP model. Possible variations of 
assumptions would lead to a different probability for reactor pressure vessel 
failure and associated consequences. (see observation/recommendation 2.4 
and 4.1) 

 
3. Assumptions on hydrogen production and hydrogen ignition (index and 

probability) contain significant uncertainty. Alternative assumptions could 
lead to different containment loads (magnitude and time) and containment 
failure (see below). (see observation/ recommendation 4.1 and 4.5) 

 
4. The calculated peak pressure due to hydrogen burns is close to the estimated 

containment failure pressure.  Therefore, small variations in the containment 
failure pressure which could well be founded on existing uncertainties could 
lead to significant changes in the related failure probabilities. (see 
observation/recommendation 5.1 and 5.5) 

 
5. Even if the code user is experienced, MAAP (and any other code) will 

calculate results which are subject to large uncertainties. These uncertainties 
are not discussed in the present documentation. If uncertainties were taken 
into account, this could lead to different sequences (e.g. due to different 
hydrogen generation) and/or to different source terms. (see observation/ 
recommendation 3.2) 

 
6. The application of MAAP to open reactor vessel situations is innovative. 

According to the PSA production team, the results are reliable. However, 
missing detailed information prevents a more comprehensive review. The 
reactor hall is represented by a single node in these calculations. If the 
atmosphere in the reactor hall is analysed in more detail, this could change 
the releases for shutdown and spent fuel pool accidents significantly. 
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7. As the accidents in shutdown and in the spent fuel storage pool turn out to be 

risk dominant, adequate preventive and mitigative accident management 
strategies should be developed as they are presently completely missing. The 
preventive accident management measures should reduce the overall 
frequency of this type of accidents by, for example, ensuring system 
availability. The mitigative accident management should subsequently 
reduce any resulting (early) releases. 

 
8. Although, the available documentation contained some useful considerations 

concerning mitigative accident management, it is striking that in none of the 
available references an overall approach to mitigative accident management 
has been included.  

 
9. The proposals on mitigative accident management measures are consistent 

with the PSA results, but they are not supported by quantitative evaluations 
of their potential benefit in the available documentation. The review team 
wishes to emphasize that the present Level 2 PSA does not form an adequate 
basis for making detailed decisions on severe accident management 
strategies or measures.  

 
10. The emergency operating procedures which are currently implemented in 

Paks are no longer applicable as soon as core damage has been diagnosed, 
presently no adequate accident management guidance is available at Paks for 
mitigating the consequences of severe accidents. 

 
 
The above issues demonstrate that an uncertainty and sensitivity analysis is very 
important.  However, adequate uncertainty and sensitivity analyses might be difficult to 
achieve with the present approach, applying a small containment event tree for each 
Plant Damage State (PDS). 
 

Recommendations 
 
The Review Team compiled a list of recommendations to HAEA/NSD. They are based 
on the findings of the review and on the experiences of the Review Team from other 
Level 2 PSA studies in European countries. The recommendations are given below in 
Tables 5.1 - 5.9, and they are grouped under the following topics: 
 

1. General observations and organisational issues 
2. Level 1 – Level 2 interface 
3. Integral code calculations with MAAP 
4. Detailed thermodynamic analyses 
5. Containment performance analysis  
6. Probabilistic framework 
7. Source term analysis 
8. Proposed actions based on Level 2 PSA 
9. Documentation and quality assurance. 
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The recommendations were presented to HAEA in Workshop 4 in September, with the 
exception of the last group. 

 

Table 5.1 General observations and organisational issues 

 Observation Recommendation to HAEA 

1.1 HAEA has not issued guidelines or 
specific requirements how to perform the 
PSA L2. This contributes to the 
organisational deficiencies of the study 
(see below).  

Issue guidelines how to perform and 
how to document the PSA.  

1.2 It is highly appreciated that apart from 
full power states shutdown states and 
spent fuel pool accidents are covered as 
well. 

Require that accident sequences in 
shutdown modes and in spent fuel 
pool be analysed with the same 
degree of effort as accidents at power 
operation. 

1.3 The PSA production and documentation 
process has not always been controlled 
strictly. 

Require updating of the 
documentation; ask for a consistent 
set of reports. Issue guidance for 
reporting. 

1.4 Uncertainty analysis has been deferred to 
later studies. 

Require uncertainty and sensitivity 
analysis, including uncertainties 
about the frequency and kind of plant 
damage states.  

1.5 Efforts to validate the MAAP code for 
the Paks application have been made 
(EU-PHARE-project). It has not been 
possible for the Review Team to obtain 
these sources. Presently an EU-funded 
project is underway for the hydrogen 
issue.  

Require that existing pertinent 
documentation (e.g. from EU-funded 
projects) becomes available within 
the PSA. 
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Table 5.2 Level 1 – Level 2 interface 

 Observation Recommendation to HAEA 

2.1 The basic concept for the Level 1 - Level 
2 interface agrees with the general 
practice in most PSA Level 2 and with 
pertinent guidelines.  

none 

2.2 There is an insignificant contribution 
from high pressure scenarios and 
containment bypass sequences. The 
assumptions on which this is based (in 
particular reliability of emergency 
operating procedures) seem to be not 
well founded.  

The reliability of primary and 
secondary depressurisation as a 
preventive accident management 
action should be thoroughly checked 
(this is a Level 1 issue). 

2.3 The number of plant damage state 
attributes is rather limited. This leads to 
the necessity to transfer information (e.g. 
on recovery possibility) from Level 1 to 
Level 2 in an additional way, thereby 
compromising the concept of Level 1- 
Level 2 interface. 

Require a clear and logic Level 1-2 
interface. Suggest the addition of the 
accident initiator type and a 
regrouping of the ECCS attributes to 
alleviate concerns (e.g. regarding the 
recovery issue) and confusion 
(regarding the ECCS attributes). 

2.4 Recovery is an essential contributor to 
accident mitigation (more pronounced 
for Paks than in most other PSA). The 
calculation of the recovery probabilities 
does not apply appropriate models for 
human reliability. 

Require state-of-the-art models for 
human reliability. 

 

 

Table 5.3 Integral code calculations with MAAP 

 Observation Recommendation to HAEA 

3.1 MAAP is one of the codes representing 
the state of the art. It is, however, not 
possible to draw the general statement 
that the MAAP code with user flexibility 
will produce reliable results.  

Encourage that the know-how of the 
code users is always kept up-to-date. 
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 Observation Recommendation to HAEA 

3.2 Even if the code user is experienced, 
MAAP (and any other code) will 
calculate fission product release results 
which are subject to large uncertainties. 
These uncertainties are not discussed in 
the present documentation. 

Require that the uncertainties of the 
MAAP results should be discussed 
and taken into account throughout 
the study. 

3.3 A review or assessment of many specific 
assumptions of the MAAP calculations 
is not possible because details are not 
presented. 

Require more complete 
documentation of MAAP 
assumptions and model 

3.4 A detailed review of the MAAP 
calculations was difficult because only 
limited information was provided. 

The MAAP analyses should be better 
documented. 

3.5 In general, the containment nodalisation 
seems to be rather coarse. 

 

Require that the appropriateness of 
the nodalisation will be proven (e.g. 
ask for a parameter variation with a 
higher node number or by 
comparison with CFD model). A 
more detailed containment 
nodalisation scheme is probably 
needed, especially with regard to the 
Hydrogen distribution. 

3.6 The application of MAAP to open 
reactor vessel situations is innovative. 
According to the PSA production team, 
the results are reliable. However, 
missing detailed information prevents a 
more comprehensive review. The reactor 
hall is represented by a single node in 
these calculations. 

Encourage research and development 
in this field. Ask for a more detailed 
documentation of the existing 
analyses.  

Request justification for existing 
models or more detailed nodalisation 
of the reactor hall. 
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Table 5.4 Detailed thermodynamic analyses 

 Observation Recommendation to HAEA 

4.1 The hydrogen generation and the 
coolability of a partly destroyed core 
inside the RPV is an issue with 
significant uncertainty. The Paks 
approach (=simply applying MAAP) 
seems not to be appropriate.  

Require use of broad uncertainty 
bands for reflooding conditions. The 
study and documentation should be 
updated accordingly. 

4.2 Presently flooding of the reactor cavity 
is not implemented. Therefore issues 
related to ex-vessel FCI (e.g. RPV 
bottom failure mode) are not very 
relevant, and consequently have not been 
addressed in detail.  

 

Before cavity flooding is 
implemented, the ex-vessel FCI issue 
should be elaborated in more detail. 

4.3 No physically based analyses are 
provided in support to exclusion of 
energetic in-vessel FCI. There is only a 
reference to a generic overview report.  

Require physically based arguments, 
taking into account VVER-440 
peculiarities (elements below the 
core).  

4.4 The possibility and consequences of 
standing flames has not been mentioned 
in the PSA. The PSA team asserts that 
they cannot contribute significantly to 
risk. 

Require documentation on the issue 
of standing flames.  

4.5 There is insufficient technical evidence 
and justification for selection of used 
model and parameters for hydrogen 
ignition. It has to be admitted that this 
issue is not solved satisfactorily in most 
PSAs. However the hydrogen issue is 
very crucial for the Paks containment 
failure.  

More elaborate justification for 
selection of model and parameters 
should be required. This is 
particularly important when 
decisions on additional hydrogen 
mitigation measures are due. Require 
that hydrogen ignition issues be 
included in uncertainty analyses. 
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 Observation Recommendation to HAEA 

4.6 The effect of unborated water entering 
the primary system during a steam 
generator leak and subsequent accident 
management has allegedly been shown 
to be negligible in a PHARE project 
(PH2.08/95) which is not part of the 
PSA documentation.  

Require documented justification for 
insignificant influence of this issue.  

4.7 The results for concrete erosion due to 
CCI have not been shown or discussed in 
the documentation.  

 

The documentation should be 
upgraded with results of concrete 
erosion phenomena. The melt pool 
depth under various accident 
conditions should be elaborated. 

 
 

Table 5.5 Containment performance analysis  

 Observation Recommendation to HAEA 

5.1 In general, the methods and assumptions 
which were applied for the evaluation of 
the containment performance are 
adequate.   However, it has been difficult 
to get responses to issues raised on the 
fragility analysis. 

Since the analyses have been done by 
an external contractor, access to the 
person in charge should be assured. 

5.2 The liner is an important issue, but not 
sufficiently covered in the analysis.  

Require analysis of liner integrity 
and liner failure mode. 

5.3 It is stated that no assessment has been 
made of the liner anchorage. The liner 
anchorage system is, however, one detail 
that cannot be ignored in the failure 
assessment of a concrete containment 
building. 

Require analysis of containment 
failure mode taking into account the 
liner anchorage.  
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 Observation Recommendation to HAEA 

5.4 There is no justification that containment 
overpressure failure leads to 0.05 m2 
leakage (as assumed in subsequent 
analyses), rather than a substantial 
structural failure of the bubbler tower 
wall. 

Require further discussion of 
potential containment failure 
mode(s) 

5.5 The fragility curve currently does not 
make allowance for the modelling 
uncertainty.  Further there is no 
justification of the modelling uncertainty 
– this might be expected to be higher for 
the complex Paks containment than 
assumed in studies of Western 
containments. 

Ask for uncertainty assessment.  

 

 

 

Table 5.6 Probabilistic framework 

 Observation Recommendation to HAEA 

6.1 In the approach chosen for the Paks PSA 
the individual analyses for each plant 
damage state are the central elements, 
and consequently the event tree is rather 
simplistic. This is in contrast to many 
other PSA where the event tree is in the 
focus. Given the limited approach 
without uncertainty analysis, this may be 
appropriate. 

It is to be expected that future 
refinements (e.g. uncertainty 
analysis, additional Level 1 
sequences) might be difficult to 
accomplish with this approach. Ask 
the PSA team for their respective 
strategy.  

6.2 In general the RiskSpectrum code used 
in the Paks PSA is suitable for Level 2, 
if its limitations are taken into account 
(transfer of information from Level 1 to 
Level 2 is partly insufficient). A more 
elaborate event tree approach (see 
recommendation above) might be 
beyond the RiskSpectrum capabilities. 

If a more elaborate event tree 
approach is chosen, suggest using 
other codes, like EVNTRE, that are 
purpose-built for Level 2. Otherwise, 
require the PSA team to prove that 
RiskSpectrum renders correct results 
for more elaborate event trees. 
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Table 5.7 Source term analysis 

 Observation Recommendation to HAEA 

7.1 Issues such as the molten core concrete 
interaction (MCCI), the treatment of 
iodine chemistry, the aerosol retention in 
the bubbler tower water trays and the 
application of the containment spray 
model are not discussed in the 
documentation. 

Because all these issues are 
important when source term is 
calculated, careful investigation of 
these issues should be required.  

7.2 In the open reactor situation air 
oxidation is an unresolved issue (e.g. 
increased heat production of air/Zr 
oxidation and Ru-oxides).  

The Review Team recommends 
further research in this field, because 
shutdown sequences contribute 
significantly to the overall risk. 

7.3 Spray water will be taken from the 
sump, which may be highly 
contaminated, thus adding radioactive 
material to the source term.  

Effect on source term of 
contaminated sump water used for 
spray system should be evaluated. 
Further deposition of fission products 
during various transport phases into 
atmosphere should be investigated. 

 

 

Table 5.8 Proposed actions based on Level 2 PSA  

 Observation Recommendation to HAEA 

8.1 The proposed accident management 
measures which are described in the 
final report are consistent with the 
results of the presently existing PSA.  

Before additional measures (except 
any which are obviously beneficial) 
will be implemented, uncertainty and 
sensitivity analyses including the 
effects of these measures should be 
performed 

8.2 Simplistic scoping calculations were 
performed concerning hydrogen 
generation during quench. These should 
not be used to draw conclusions about 
the implementation of accident 

Perform best estimate analyses as 
well as uncertainty and sensitivity 
analyses before drawing conclusions 
on AM measures. 
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 Observation Recommendation to HAEA 

management measures. 

8.3 Shutdown and spent fuel pool accidents 
turn out to be risk dominant. However, 
for these sequences there are suggestions 
for accident prevention only, not for 
mitigation.  

Ask for proposals for accident 
prevention and mitigation for 
shutdown and spent fuel pool 
accidents. 

8.4 Material presented in Level 2 PSA and 
associated documents does not include 
deterministic or probabilistic assessment 
of proposed accident management 
measures. 

Require such assessments in support 
of proposed solutions 

8.5 Repeatedly reference is made to EOPs in 
documents discussing mitigative 
accident management measures, 
although EOPs are not suited for this 
purpose. 

Ask for proposed accident 
management measures beyond EOPs 
once core damage has been diagnosed 
(core exit thermocouple temperature 
indication above 550 oC). 

8.6 An overall approach for dealing with 
accidents after core damage would 
include:  

• the selection of parameters for 
diagnosis 

• the definition of strategies 

• the development of detailed 
measures 

These issues are currently all missing. 

Request NPP to define overall 
approach for dealing with accidents 
after core damage including: 

• the selection of parameters for 
diagnosis 

• the definition of strategies 

• development of detailed 
measures 
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Table 5.9 Documentation and quality assurance 

 Observation Recommendation to HAEA 

9.1 The PSA production and documentation 
process has not always been strictly 
controlled, e.g. inconsistencies within, 
and between, reports have been found.  
The Review Team recommends that the 
documentation be updated, and that a 
consistent set of reports be made 
available.   

Issue guidance for reporting, 
including the requirement to observe 
appropriate quality assurance 
procedures. . Require that the 
documentation be updated, and that a 
consistent set of reports be made 
available. 

9.2 A detailed review was sometimes 
prevented because assumptions and 
results were not presented in sufficient 
detail. 

Require fully comprehensive 
documentation. 

 

9.3 Some key documentation, e.g. on MAAP 
validation, was not available to the 
Review Team, and so could not be 
reviewed. 

Require that HAEA (at least) has 
access to all relevant material. 

 

 

6 CONCLUDING REMARKS  
 
The objectives of the project, as defined in the Terms of Reference, could be met and 
the deliverables could be produced within the available time.  
 
To evaluate the strengths and weaknesses of the project and the external problems and 
opportunities encountered, some special characteristics of Level 2 PSA are worth 
noting.  
 
Level 2 PSA and its review are highly multi-disciplinary activities. The Review Team 
must include expertise in thermal hydraulics, materials engineering, fission product 
chemistry, aerosol physics, structural mechanics, power plant process technology, plant 
operation and probabilistic modelling.  
 
Level 2 PSA documentation is quite extensive, typically about 1000 pages. 
Nevertheless, the documentation cannot be made exhaustive, and for detailed review 
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access to references and technical working documents as well as discussions with the 
PSA production team are required. As the needs for additional information come up 
during the review and the collection of the information takes time, the review process 
generally tends to be lengthy. 
 
The following positive factors contributing to the success of the project could be 
identified: 

 
• The main objectives of the project were well defined. 
• Funding was adequate compared with the objectives. 
• The global price contracting provided flexibility in the allocation of resources 

during the project.  
• The organisations participating in the review had sufficient capabilities and 

experience in the fields relevant to the project. 
• Co-operation between the PSA Review Team, the Beneficiary and the Level 2 

PSA production team (Paks NPP and its consultants) was in general working 
well. Members of the Level 2 PSA production team participated in workshops 
and provided answers to extensive issue lists at short notice. 

 
Some challenges and negative factors affecting the project could also be identified: 
 

• The schedule of the project was dictated by the completion of the Paks Level 2 
PSA and the contracting procedure, and by the end of the EU programme 
disbursement period at the end of November 2004. Consequently, the project 
schedule was pressing. 

• The Level 2 PSA study was not available during project planning and tendering. 
At the early stages project planning had to be made on a very general level. 

• Due to the pressing schedule the Review Team could not pursue some topics as 
thoroughly as would have been possible otherwise. 

• Independent modelling of the plant for confirming calculations was not 
considered possible with the required schedule. The possibility of contracting 
some calculations (sensitivity studies) from the Paks PSA production team was 
discussed (although not required by the Terms of Reference) but could not be 
arranged due to their lack of resources and/or limitations set by computer 
programme licences.  

• Some references of the Level 2 PSA turned out to be proprietary, and their 
release could not be arranged within the available time.  

 
However, considering the final outcome and conclusions of the project, the above 
negative factors had only a minor impact. 
 
Comparison of the methods and results with other Level 2 PSA studies for VVER 
440/213 plants, where possible, was given as one objective of the project. However, this 
was done only on a general level as detailed information was not publicly available or it 
was not relevant due to fundamental differences in the plant regarding severe accident 
behaviour. 
 
A LOGFRAME matrix summarising the essential aspects of the project was provided in 
Annex 6 of the Inception Report to be used in support quality management and 
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evaluation of the project. The required results and outputs were provided; the specified 
reports were produced and the workshops and meetings were arranged. The assumptions 
were found to be realistic and the risks identified in the LOGFRAME matrix were not 
realised to a significant extent. There were some problems, for example, in obtaining all 
the translations with the desired schedule, but in the end they did not affect the project 
results.  
 
The immediate objectives of the project specified in the LOGFRAME matrix were: 

−  Strengthening HAEA capabilities in the application of probabilistic methods in 
the analysis of severe accidents (Level 2 PSA) 

− Evaluation of Paks Level 2 PSA and the actions based on it. 
 
These immediate objectives of the project were achieved. The wider objectives were 
defined as “To continue strengthening and enhancing the effectiveness of the nuclear 
safety regime in Hungary and to improve the organisation and the performance of the 
Hungarian Atomic Energy Authority (HAEA) in the framework of Hungary's 
commitment to address all the recommendations of the EU council”. At this stage it is 
difficult to evaluate to what extent they have been achieved, but the Review Team trusts 
that the project has made a positive contribution also to the wider objectives. 

 
According to discussions with HAEA representatives, the results of project can be used 
in practice to support regulatory activities. The Paks NPP has some ongoing activities 
for augmenting the current Level 2 PSA, for example uncertainty analysis, and future 
regulatory decisions may results in further activities. Consequently, some form of 
follow-up of the project would be beneficial. 
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7 APPENDICES 

Appendix 1: List of reports issued in the project 
 

Technical coordination 

Minutes of the inception meeting, Helsinki, 15-16 December 2003 

Minutes of the progress meeting, Budapest, 27 May 2004 

Minutes of the final meeting, Helsinki, 18-19 October 2004 

1st Three-Monthly Progress Report, May 2004 

2nd Three-Monthly Progress Report, July 2004 

3rd Three-Monthly Progress Report, October 2004 

Final Report, October 2004 

 

Task 1 Collection of information 

Workshop 1 report, Budapest 28-30 January 2004 

Structuring of Information which is necessary for the PSA Level 2 review of the Paks 
440/213 NPP, Task 1 technical report, February/September 2004 

Task 1 report, Collection of information, September 2004 

 

Task 2 Preparing of review plan 

Workshop 2 report, Budapest, 22-25 March 2004 

Task 2 report, Preparing of review plan, June 2004-09-07 

Review plan (Task 2 technical report), April 2004 

 

Task 3 Overall review 

Workshop 3 report, Budapest, 24-27 May 2004 

Task 3 (overall review) technical report, August 2004 

Subtask 3.1 (Regulatory Review of Level 2 PSA) technical report, July 2004, including 
“Regulatory practices of the HAEA NSD in the application of PSA methodology”, 
HAEA self-assessment Report for the PHARE Project: HU01.11-01, April 2004, and its 
peer review. 

Task 3 report, Overall review, September 2004 

 

Working documents not specified in ToR 

HU0111-01 Task 3 detailed planning of subtasks, March 2004 
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Preliminary short summary of the findings of the Review Team presented to HAEA for 
internal use during the Task 3 workshop (appendix II in Task 3 workshop report) 

Issue list compiling the findings of the Review Team (working document), the version 
dated 27 May 2004 has been forwarded to the PSA production team to prepare written 
answers. The issue list was forwarded to Task 4 of this project for further assessment.  

A first set of answers by the PSA production team, made available on the HAEA FTP 
site on 5 July 2004 

 

Task 4 Detailed review 

Workshop 4 report, Budapest, 20-23 September 2004 (common with Task 5) 

Task 4 (Detailed review) technical report, October 2004 

Task 4 report, October 2004 

 

Working documents not specified in ToR 

Task 4 issue list with answers by the Paks Level 2 PSA production team, October 2004 

HU0111-01 Task 4 – Detailed Planning (final), July 2004 

 

Task 5 Review of actions based on Level 2 PSA 

Workshop 4 report, Budapest, 20-23 September 2004 (common with Task 4) 

Task 5 technical report, October 2004 

Task 5 report, October 2004 

 

Working documents not specified in ToR 

Task 5 issue list with answers by the Paks Level 2 PSA production team, September 
2004 
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Appendix 2: List of Meetings and participants 
 
 
Inception meeting, Helsinki, STUK, 15-16 December 2003 
Participants 
STUK:  Jorma Sandberg, Ilkka Niemelä, Risto Sairanen, Jorma Rantakivi, 
 Reino Virolainen (15/12/03), Ilari Aro 
AVN: Pierre Mignot  
GRS:  Horst Löffler 
Serco: Brian Turland 
VTT: Seppo Vuori (15/12/03), Jukka Rossi (16/12/03) 
HAEA: F. Adorján, Geza Macsuga 
 
Workshop 1 (Collection of Information), Budapest, HAEA, 28-30 January 2004, 
Participants  
STUK: Ilkka Niemelä, Risto Sairanen, Jorma Sandberg 
GRS: Horst Löffler 
Serco: Brian Turland 
HAEA: Geza Macsuga, Ferenc Adorján, Gyorgy Kapocs, Iván Lux (welcome) 
 
On 30 January, members of the PSA production team were present, i.a.: 
J. Elter , J. Gado, A. Bareith, Z. Techy. 
 
 
Workshop 2 (Preparing of review plan), Budapest, HAEA, 22-25 March 2004 
Participants 
STUK: Risto Sairanen 
AVN: Michel Van haesendonck 
GRS:  Horst Löffler 
Serco: Brian Turland, Martin Bleackley (March 23-24) 
VTT: Ilona Lindholm 
HAEA: Geza Macsuga, Ferenc Adorján 
 
 
Workshop 3 (Overall review), Budapest, HAEA, 24-27 May 2004 
Participants 
STUK: Jorma Sandberg 
AVN: Michel Van haesendonck 
GRS:  Horst Löffler, Martin Sonnenkalb (24-26 May) 
Serco: Brian Turland 
VTT: Jukka Rossi 
HAEA: Geza Macsuga, Ferenc Adorján 
 
On May 25, the following staff from the PSA production team were present: 
Z. Karsa, A. Bareith, Z. Techy, G. Lajtha, J. Elter. 
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Progress Meeting, Budapest, HAEA, 27 May 2004 
Participants: 
STUK: Jorma Sandberg 
GRS:  Horst Löffler 
Serco: Brian Turland 
HAEA: Geza Macsuga, Ferenc Adorján 
 
 
Workshop 4 (Detailed review / Review of actions based on Level 2 PSA), Budapest, 
HAEA, 20-23 September 2004 
Participants 
STUK: Jorma Sandberg 
AVN: Michel Van haesendonck,  
GRS:  Horst Löffler 
Serco: Elizabeth Allen, Brian Turland,  
VTT: Ilona Lindholm 
HAEA: Geza Macsuga, Ferenc Adorján 
 
On 22 September, the following staff from the PSA production team were present: 
J. Elter, E Holló, Z Hózer, Z. Karsa, G. Lajtha, L Maroti, Z. Téchy. 
 
On 23 September, 11 additional staff from HAEA were present. 
 
Final meeting, Helsinki, STUK, 18-19 October 2004 
Participants 
STUK:  Jorma Sandberg, Ilari Aro (18 Oct.) 
AVN: Michel Van haesendonck 
GRS:  Horst Löffler 
Serco: Brian Turland 
VTT: Ilona Lindholm, Jukka Rossi (18 Oct.) 
HAEA: F. Adorján, Geza Macsuga 
 
 
The minutes of the Inception Meeting, Progress Meeting and Final Meeting are attached 
as Appendices 4-6 and the workshop reports are included in the corresponding Task 
Reports. 
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Appendix 3: List of documents provided by the Beneficiary 
 

Regulatory practices of the HAEA NSD in the application of PSA methodology, HAEA 
self-assessment Report for the PHARE Project: HU01.11-01, April 2004 

 

Paks Level 2 PSA documents translated in the project 
A1 Definition of Plant Damage States, 
 VEIKI report 20.22-016/A1, November 2000 
A4, A5 A4. Supplementing event trees with the fault models of systems ensuring 
 the containment function 
 A5. Determination of input data of calculations, 
 VEIKI report 22.11-214/A4, A5, May 2002 
A6 Determination of PDS frequencies, Revision 1, 
 VEIKI report 22.11-214/A6, October 2002 
A7 Treatment of occurence probability and uncertainty of physical phenomena, 
 VEIKI report 21.11215/A7,  June 2002 
A8-9 Probabilistic evaluation of Containment Event Trees, 
 VEIKI report 21.11-215/A7, March 2004 
A10 Probabilistic analysis of sequences leading to the failure of fuel stored in 
 the spent fuel storage pool, VEIKI report 22.11-214/A10, October 2002 
 
C2 Ensuring the cooling of the molten core by injecting water into the reactor 
 vessel, KFKI AEKI report, Revision 1, January 2001 
C2/2b Supplementary accident management possibilites for cooling the molten 
 core, KFKI AEKI report, June 2002 
C2/2d Hydrogen production during the flooding of the damaged core 
 KFKI AEKI report, November 2001 
C5 Feasibility study of ex-vessel cooling, VEIKI report 20.22-016/C5, 
 September  2001 
C6 Specification of groups of accident management measures, VEIKI report  
 22.11-215/C6, November 2002 
D4-5-6 Analysis of environmental consequences, Revision 1, KFKI AEKI report, 
 April 2003 
D7 Analysis of environmental consequences, (Filtered venting cases),  
 KFKI AEKI KVSZ-2003-778/00/01/000 report, July 2003 
E1 Containment Event Trees and severe accident analyses, 
 VEIKI report 20.22-016/E1, October 2001 
E2/1 Activity transport calculations, Part I, KFKI AEKI report, July 2001 
E2/2 Activity transport calculations, Part II. Source term and environmental 
 consequences, KFKI AEKI report, October 2001  
E3 Determination of containment loads, VEIKI report 21.11-215/E3, June 
 2002 
E4 Calculation of source terms for accidents starting at nominal power,  
 VEIKI report 21.11-215/E4, October 2002 
E5 Calculation of source term for accidents starting from shut down states, 
 VEIKI report 21.11-215/E5, November 2003 
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E6 Calculation of source term for the failure of fuel stored in the spent fuel 
 storage pool, Revision 2, KFKI AEKI report, May 2003 
Paks Level 2 PSA documents originally in English: 
FR1 Final Report on PSA-2 of Paks NPP, AEKI, VEIKI  
B1 Paks NPP Containment Overpressure Evaluation Guidelines 
 EQE International Report, February 2001 PA Rt. 
B2 Paks NPP Containment Overpressure Evaluation, ABS Consulting 415047-
 R-001, November 2002 PA Rt. 54 
 
 
Paks Level 1 PSA documents translated in the project: 
VEIKI-2  PPSA-1 Main Report (nominal power) 
VEIKI-5  PPSA-1 Description of Results 
VEIKI-6  SPSA-1 Main Report (low power and shut down states) 
 
 
Regulatory documents translated in the project: 
RIMAN-1  Guidelines for preparation of PSA models, tools and studies 
RIMAN-2  Regulatory review of PSA models 
RIMAN-3  Extension of the Nuclear Safety Codes with PSA related requirements 
NSC-3  PSA related requirements in the Nuclear Safety Codes new version 
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Appendix 4: Minutes of the Inception Meeting 
 
MINUTES OF THE INCEPTION MEETING OF THE PHARE PROJECT  
HU0111-01, TSO SUPPORT IN ASSESSMENT OF LEVEL 2 PSA FOR  
VVER 440/213, HUNGARY 
 
 
Time:  December 15 - 16, 2003 
Place:  STUK, Laippatie 4, 00880 Helsinki, Finland 
 
Participants STUK:  Jorma Sandberg, Ilkka Niemelä, Risto Sairanen, Jorma 
Rantakivi, 
  Reino Virolainen (15/12/03), Ilari Aro 
 AVN: Pierre Mignot (from 14 o´clock 15/12/03) 
 GRS:  Horst Löffler 
 Serco: Brian Turland 
 VTT: Seppo Vuori (15/12/03), Jukka Rossi (16/12/03) 
 HAEA: Ferenc Adorjan, Geza Macsuga 
 
 
General  
 
The main objectives of the meeting were: 
 

− to introduce the participating contractor organizations (STUK, 
AVN, GRS, VTT and Serco Assurance) and their key experts 
as well as the beneficiary (HAEA) counterpart experts 

− to receive technical information and schedules from HAEA and 
specifically to hear their expectations on the project 

− to agree on the content of work to be performed, the experts in 
charge of the tasks, the schedules of meetings, workshops and 
activities, including the possible changes and additions to the 
TOR and Annex III  

− to discuss the organizational aspects in order to have a 
successful development of the project in conformity with the 
contractual and administrative requirements. 

 
Mr. Sandberg, as project leader of the CWR, welcomed the participants to the inception 
meeting. All participants presented themselves. Mr. Sandberg presented the contractual, 
financial and administrative aspects. Mr. Sandberg reminded that the project contract 
was signed on November 27, 2003 but at that time some documents related to the 
financial condition of the participating organisations were missing but they have been 
sent by 9 December. The CFCU has informed STUK that the the project can be started. 
 
Since the contract is a global price contract the administrative and financial supervision 
is carried out by STUK instead of the Hungarian CFCU. The normal Phare regulatory 
assistance project practices are followed concerning supervision of working time with 
time sheets and each organization follow their own travel rules concerning travel taking 
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into account that economy class air tickets should be used when possible. For the 
contract budgeting calculations, per diems given by European Commission have been 
used.  
 
The estimate for manpower distribution and the cost breakdown for each member of the 
consortium was presented. No changes were suggested to the preliminary distribution 
agreed in the tendering phase. Since HAEA could not yet present the material to be 
assessed, there is still a need to estimate the manpower distribution between the tasks 
when the material will be available.  
 
The participants asked STUK to send a letter as soon as possible to give official 
information on the start-up of the project. Mr. Sandberg promised to do so. The copy of 
contract with the CFCU was distributed.  
 
Mr. Sandberg pointed out that the key issue in the global price contract is the acceptance 
of the agreed deliverables by the HAEA and the CFCU. He emphasized that each 
member of consortium shall make sure that the content and quality of deliverables are 
excellent and reflect the latest Western European practices. 
 
Messrs. Macsuga and Adorjan, as a beneficiary representatives, presented HAEA 
expectations for the project. Mr. Adorjan said that the level 2 PSA (probabilistic safety 
analysis) will be delivered to the HAEA before the end of 2003 (Unit 2 of PAKS NPP). 
He described the development of PSA in Hungary since Agnes project in 1994. Main 
contractor for PSA level 2 analyses to be assessed by the CWR is the KFKI Atomic 
Energy Research Institute and its subcontractor is VEIKI. Mr. Adorjan said that the 
timing for the Phare project is very good from the HAEA point of view. Translation of 
material will be organized with the high priority. The work will be distributed so that 
the main part of material is ready before the end of March and so that in Task 2 meeting 
in March there is available all the materials that are needed for work planning.   
 
The content of work and schedules for the work were discussed task by task. The 
preliminary dates of meetings are given in appendix 1. The meeting agenda is presented 
in the appendix 2. The main conclusions are as follows: 
 
 
Task 1 Collection of information and Task 2 Preparing of review plan 
 
The schedule of work was discussed. It was agreed that the first meeting in Task 1 in 
Hungary will be held 28-30 January 2004. The PAKS and its contractor representatives 
will be invited to the meeting. It was agreed that the CWR representatives in the Task 1 
and 2 prepare for the meeting a list of issues to be covered in the review process to 
reflect the best practices in the field. It was agreed that the basic approach to be used as 
a starting point is the approach described in the IAEA-TECDOC-1229. HAEA will 
comment the list produced by the CWR and the PAKS and its contractor representatives 
prepare presentations for the meeting so that the topics listed will be covered.  
 
The availability of comparable level 2 PSA studies will be examined. 
 
The date of  Task 2 Workshop was agreed as week March 22 - 25. 2004. 
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The availability and translation of level 2 PSA and other relevant documents was 
discussed. The HAEA will search suitable translators. 
 
It was agreed that task leaders will prepare preliminary agendas of all workshops for the 
Task 1 Workshop in January. 
 
 
 
Task leader of Task 1 is Mr. Ilkka Niemelä (STUK) and that of Task 2 is Mr. Risto 
Sairanen (STUK). 
 
Task 3 Overall review (task leader Mr. Horst Löffler, GRS) 
 
Some inconsistencies were found in the Activities descriptions in the TOR and Annex 
III and the following points should be added under the Activities heading in Annex III: 
 

- evaluation of the adequacy of the level 2 PSA, including methods, phenomena, 
sensitivity and uncertainty analyses, use of expert judgement 

- verification of the level of detail 
- comparison with other appropriate level 2 PSAs as far as information is 

available. 
 
 
GRS will set up a table on the distribution of subtasks consistent with Task 4 (draft to 
be commented in March in Task 2 Workshop). 
 
HAEA will provide a self assessment report on PSA practices. 
 
Preliminary date of Task 3 Workshop  was set as 24-27 May followed by the Project 
Progress Meeting on  28 May in Hungary. The workshop will include discussions with 
the experts who have carried out the level 2 PSA studies for Paks. 
 
 
Task 4 Detailed review (Task leader Mr. Brian Turland, Serco Assurance) 
 
As Paks level 2 PSA material is not yet available, the activities of Task 4 were 
discussed on general level only. Task 4 workshop was agreed to take place on 
September 20-24, 2004. The workshop will include presentations intended for HAEA 
inspectors. 
 
 
Task 5 Review of actions based on level 2 PSA (Task leader Mr. Michel Van 
Haesendonck, AVN) 
 
According to the HAEA experts, the task should cover mainly the actions suggested by 
the utility based on the results of the level 2 PSA study. The work can be done in 
parallel with Tasks 3 and 4. 
 
The workshops of Tasks 4 and 5 will be combined. 
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Mr. Mignot pointed out that the task leader will be Mr. Van Haesendonck from AVN. 
 
Final meeting 
 
The date of the Final Meeting was agreed as October 27-28, 2004 in Helsinki. The draft 
final report should be submitted to the HAEA and CFCU about two weeks before the 
Final Meeting. 
 
 
Inception report 
 
The structure of the inception report was discussed. Mr. Mignot presented the contents 
of a Phare project Inception Report drawn up by AVN. 
 
STUK will prepare a draft of the Inception Report and distribute it by e-mail to the 
project participants for comments. The final Inception Report will be submitted by the 
end of January. 
 
 
 
Jorma Sandberg   Ferenc Adorjan 
CWR Project Leader   HAEA Project Coordinator
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Appendix 1 
 
TENTATIVE DATES FOR MEETINGS AND WORKSHOPS 
 
 
Workshop 1  28-30 January 2004  Hungary 
 
Workshop 2  22-25 March 2004  Hungary 
 
Workshop 3  24-27 May 2004  Hungary 
 
Project Progress Meeting  28 May 2004   Hungary 
  
 
Workshops 4  and 5 20-24 September, 2004  Hungary 
 
Final meeting 27-28 October 2004   Helsinki 
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Appendix 2 
 
AGENDA OF THE INCEPTION MEETING, PHARE HU0111-01 
 
Monday, December 15, 2003 
 
10:00  Welcome and presentations  

10:30  Overview of the project: objectives, tasks, deliverables, meetings, 

administration 

11:15 Break 

11:30 Presentation by HAEA: The Paks plant and PSA  

12:30 Lunch at STUK cafeteria 

13:30 Task 1, Collection of information , Task Leader STUK (objectives, 

definition of 

  deliverables, distribution of work, workshop)  

14:30 Break 

14:45 Task 2, Preparing of review plan, Task Leader STUK 

15:15 Contractual and financial questions - STUK, AVN, GRS, VTT, Serco  

 (Possibility for technical discussions on Tasks1 and 2, Niemelä, Sairanen, 

Adorjan,  Macsuga) 

17:00 End of day 1 meeting 

19:30 Dinner  

 

Tuesday, Dec. 16, 2003 

9.00 Task 3, Overall review, Task leader GRS 

10:00 Break 

10:15 Task 4, Detailed review, Task Leader Serco Assurance 

11:15 Task 5, Review of actions based on level 2 PSA, Task Leader AVN  

12:00 Lunch at STUK cafeteria 

13:00 Inception Report and Project Manual 

14:30 Closing remarks 

15:00 Finalisation of minutes 

16:00  End of day 2 meeting 
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Appendix 5: Minutes of the Progress Meeting  
MINUTES OF THE PROGRESS MEETING -PHARE HU0111-01, TSO SUPPORT 
IN ASSESSMENT OF LEVEL 2 PSA FOR VVER 440/213  
 
Time:  27 May 2004, 13:00 - 16:00  
Place:  HAEA, Budapest 
Participants: STUK:  Jorma Sandberg 
 AVN: Michel Van Haesendonck 
 GRS:  Horst Löffler 
 Serco: Brian Turland 
 VTT: Jukka Rossi 
 HAEA: Ferenc Adorján, Geza Macsuga 
 
 
1 OVERVIEW OF PROJECT PROGRESS 
 
Project coordination 
 
Jorma Sandberg (OPM) gave a short overview of project progress. The project 
commencement date was 12 December 2003 and the Inception Meeting was arranged 
on 15-16 December in Helsinki. Project duration is 11 months. 
 
The Inception Report was finalised in March 2004 and submitted officially in April. The 
first Three-Monthly Progress Report for the period 12 December 2003 - 31 March 2004 
was submitted by e-mail on 21 May and paper copies will be mailed as required in ToR. 
Feedback from HAEA concerning project reporting would be welcome for preparing 
subsequent reports. 
 
The first interim invoice and the first Three-Monthly Progress Report have been sent to 
Mr. Lux of HAEA in accordance with the Contract. 
 
Notification on the change of Task 5 leader and the non-key expert list were sent to 
HAEA for acceptance in March but no answer has been received yet. 
 
Task 1 (Collection of information) 
 
The majority of project source material has been collected and translated. Some Level 1 
PSA reports are still under translation with deadline at the end of May. 
 
Task Report 1 is being finalised and will be submitted when all the translations have 
been received. Workshop 1 report and the technical report on the project source material 
have been drawn and are available on the project FTP site. They were also distributed as 
annexes to the first Three-Monthly Progress Report. It was noted that the technical 
report may be updated later based on the information gathered during the project. 
 
Task 2 (Preparing of review plan) 
 
Workshop 2 Report and the Review Plan have been drawn up and distributed through 
the FTP site and as annexes to the first Three-Monthly Progress Report. The Task 
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Report in being finalised. Minor updates to the Review Plan will possibly be made later 
based on the information becoming available during the project. 
 
Tasks 3, 4 and 5 
 
Task 3 is presently going on with deadline at the end of July. Tasks 4 and 5 are starting. 
 
  
PLANNING FOR THE REMAINDER OF THE PROJECT 
 
The OPM presented briefly the financial situation of the project and the indicative 
allocation of man-days to the participating organisations. 
 
The project has some uncommitted funds reserved originally, e.g., for possible 
sensitivity calculations to be contracted from VEIKI and for contingencies. 
 
Project funds will probably not be needed for the sensitivity calculations as, according 
to the discussions in Workshop 3, VEIKI is not willing to carry out them.  
 
The Paks NPP and VEIKI representatives pointed out in Workshop 3 that answering the 
issue lists produced in the project is time-consuming, and they would not like to commit 
themselves to answering an indefinite number of questions. The possibility of 
contracting VEIKI to provide written answers to the issues list was discussed. The OPM 
and HAEA representatives will examine the possibilities for such a contract 
(administrative questions, the opinions of the Paks NPP and VEIKI). 
 
It also seems to be possible to allocate some additional working days to the participating 
organisations for work which was not foreseen at the planning stage. Financing is 
available for a possible technical visit by individual experts to the Paks NPP on 
structural analyses. 
 
The possibility of translating the main technical reports to Hungarian with project funds 
was mentioned. The OPM will examine the possibilities. 
 
 
DATE OF FINAL MEETING 
 
The date of the Final Meeting was changed. The new date is 2-3 November 2004. 
 
The deadline for submitting the Draft Final Report to HAEA for comments was set as 
12 October 2004. Detailed deadlines for Task 3, 4 and 5 activities were agreed in 
Workshop 3 immediately before the Progress Meeting and will be presented in 
Workshop 3 Report. 
  
 
Jorma Sandberg   Ferenc Adorján 
OPM    HAEA Project Coordinator 
 
Appendix: Agenda of Progress Meeting 
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Appendix 1 
 
 
 
AGENDA OF PROGRESS MEETING 
 
PHARE PROJECT HU0111-01, TSO SUPPORT IN ASSESSMENT OF LEVEL 2 
PSA FOR VVER 440/213, HUNGARY 
 
Time:  27 May 2004 (new time agreed in Workshop 3) 
Place:  HAEA, Budapest, Hungary 
 
 
 
Overview of project progress 
 
 - Project coordination 
 - Task 1 (Collection of information) 
 - Task 2 (Preparing of review plan) 
 - Additional comments on Tasks 3, 4 and 5 covered in Workshop 3 
 - Reporting    
 - HAEA feedback  
 
  
Planning for the Remainder of the Project 
  
 - Resources available 
 - Local subcontracting (calculations, written answers to the issues list) 
 - Resources required by the Review Team 
 - Schedule 
 - HAEA expectations 
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Appendix 6: Minutes of the Final Meeting  
 
 
MINUTES OF THE FINAL MEETING - PHARE HU0111-01 
TSO SUPPORT IN ASSESSMENT OF LEVEL 2 PSA FOR VVER 440/213  
 
Time:  18-19 October 2004  
Place:  STUK, Helsinki, Finland 
 
Participants: STUK:   Jorma Sandberg, Ilari Aro (on 18 Oct.) 
 AVN:  Michel Van haesendonck 
 GRS:   Horst Löffler 
 Serco Assurance: Brian Turland 
 VTT:  Ilona Lindholm, Jukka Rossi (on 18 Oct.) 
 HAEA:  Ferenc Adorján, Geza Macsuga 
 
 
1 Overview of the project  
 
The OPM Mr. Sandberg wished the participants welcome and presented an overview of 
the project situation. The Inception Report, three Three-Monthly Progress Reports, nine 
short Monthly Management Reports and Draft Final Report were submitted in 
accordance with the Terms of Reference. Task 2 report was submitted in June, but it 
will be also appended to the Final Report. Task 1 and 3 reports with annexes have been 
submitted by e-mail in early October, and the hardcopies of these reports have been 
printed. The signed originals of the technical reports and task reports will be kept in the 
project archives. 
 
Task 4 and 5 reports with annexes are to be finalised by 22 October and the Final 
Report by 25 October based on discussions in the final meeting. 
 
The Final Report with task reports as annexes and the final invoice should be submitted 
to Mr. Lux (Senior Programme Officer) by the end of October, the target date for 
sending them by a courier service is 26 October 2004. The full distribution of the hard 
copies of the reports and the CD-ROMs will take place a few days later after copying 
them. 
 
Three interim invoices have been submitted and payment for the first invoice has been 
received. The process for interim payments to project partners has been started.  
 
 
2 Tasks 4 and 5  
 
The Review Team and representatives of the Beneficiary discussed the draft technical 
reports of Task 4 (Overall review) and Task 5 (Review of actions based on Level 2 
PSA). A number of clarifications to the text were agreed and a few points requiring 
further editing were identified. The updated Task 4 and 5 technical  reports will be 
submitted by Serco Assurance and AVN to Mr. Sandberg by 22 October 2004. 
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The Task Reports of Tasks 4 and 5 were also discussed. Mr. Sandberg will update Task 
Report 4 based on the modifications to the executive summary of the technical report to 
be submitted by Serco Assurance on 22 October. AVN will submit an updated Task 
Report 5 to Mr. Sandberg by 22 October.  
 
It was pointed out that the modifications should be included in the technical report, its 
executive summary and in the task report.   
 
 
3 Review of draft Final Report 
 
The Beneficiary representatives emphasized that the wording of the findings and 
recommendations should be clear and understandable also to readers not familiar with 
the details Level 2 PSA methods.  
 
In the review of the draft Final Report special attention was given to the executive 
summary and on Section 5 including the main implications and  observation and 
recommendations to HAEA. 
 
It was emphasized that the text and the modifications in all the relevant places (technical 
reports, their executive summaries, task reports, Final Report and its executive 
summary) should be compatible. 
 
A number of clarifications to the text were agreed and some points requiring further 
editing were identified. Mr. Sandberg will finalise the report by 25 October based on 
material from AVN and Serco Assurance to be sent by 22 October. 
 
 
4 Feedback on the project 
 
According to the Beneficiary’s representatives the project has been considered 
important and the results can be used to support regulatory activities. It was noted that 
there are some ongoing activities augmenting the current Level 2 PSA of the Paks NPP, 
for example uncertainty analysis, and future regulatory decisions may results in further 
activities. Consequently, some form of follow-up of the project would be beneficial. 
 
Mr. Sandberg expressed his thanks to all the participants for their contribution to the 
project and for their dedication in meeting the deadlines of the project. 
 
 
 
 
 
 Jorma Sandberg   Ferenc Adorján 
 STUK    HAEA 
 
 
 
Appendix: Final meeting agenda 
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Appendix:  FINAL MEETING AGENDA, PHARE HU0111-01 
 
 
 
Time:  18-19 October 2004 
Place:  STUK, Laippatie 4, 00880 Helsinki, Finland, meeting room 5373, 5th 
floor 
 Monday afternoon at Stor Kroksnäs Manor, Porvoo 
 
Monday, 18 October 2004 
 
9:30  Opening,  Overview of the project status (STUK)  
10:00 Review and finalisation of Task 4 reports (Serco Assurance) 
    - including review of corresponding parts of the Final Report  
    - break 10:45 - 11:00  
12:15 Lunch at STUK cafeteria 
13:00 Transportation to afternoon session (incl. stop in Porvoo)  
16:00 Coffee  
16:30 Presentation of the Final Report (STUK) 
17:00 Beneficiary’s views (HAEA) 
17:30 Feedback on the project 
    - challenges and opportunities, lessons learned, needs for project follow-
up  
19:00 Dinner 
21:00 Return to hotel (22:00) 
   
Tuesday, 19 October 2004 
 
9:00 Review and finalisation of Task 5 reports (AVN) 
    - including corresponding  parts of the Final Report  
10:30 Break 
10:45 Review of the draft Final Report - Tasks 1, 2 and 3, Summary of the 
project, Conclusions  and Recommendations, Executive summary (STUK) 
12:30 Lunch at STUK cafeteria 
13:30 Final discussion 
14:00 Closing remarks and finalisation of minutes 
14:30  Discussions among consortium partners (if required) 
16:00 End of meeting  
 
 
 



 
HU0111-01                                FINAL REPORT                       Draft 3, 8 October 2004 
______________________________________________________________________ 

55 
   

 
 

8 LIST OF ANNEXES 
 
Annex I: Task 1 Report  
 
Annex II: Task 2 Report 
 
Annex III: Task 3 Report 
 
Annex IV Task 4 Report 
 
Annex V: Task 5 Report 
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