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Abstract 

Main objectives of the WGRisk CAPS on the probabilistic safety analysis for advanced reactors 
which was approved by the OECD/NEA CSNI in June 2008, are to (a) characterize the ability of 
current PSA technology to address key questions regarding the development and licensing of 
advanced reactor designs; (b) characterize the potential value of advanced PSA methods and 
tools; and (c) develop recommendations to CSNI for any needed developments. For this purpose, 
the two following subtasks have been set up: (a) A survey of participating countries regarding the 
state of PSA technologies for advanced reactors and (b) Organization of an international 
workshop for detailed follow-up discussions related to the topic. In order to meet the objectives 
of the CAPS, the questionnaires to elicit the respondents’ viewpoints had been distributed to the 
WGRisk member countries during the period of 2009 to 2010, and answers from the twelve 
countries (13 organizations) have been collected until February 2010. This paper summarizes the 
current status of the answers to the questionnaires and the international status and insights into 
PSA technologies for advanced reactors. 
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1.  Introduction 

1.1  Background 

In June 2008, a WGRISK-proposed task on PSA of advanced reactors was approved by CSNI. (The 
CSNI Activity Proposal Sheet, CAPS) The approved task involved the two following sub-tasks:  
 

 A survey of participating countries regarding the state of PSA technologies for advanced 
reactors; 

 Organization of an international workshop for detailed follow-up discussions related to the topic. 
 
The objectives of the “CAPS on PSA for advanced reactors” are as follows: 
 

 To characterize the ability of current PSA technology to address key questions regarding the 
development and licensing of advanced reactor designs 

 To characterize the potential value of advanced PSA methods and tools 
 To develop recommendations to CSNI for any needed developments 

 
In order to meet the objectives of the CAPS, the questionnaires to elicit the respondents’ viewpoints 
had been distributed to the WGRisk member countries during the period of 2009 to 2010, and answers 
from the twelve countries (15 organizations) (see Table 1) have been collected until February 2010. 
This paper summarizes the answers to the questionnaire and the international status and insights into 
PSA technologies for advanced reactors.  
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Table 1. Respondents to the Questionnaires 

Countries Member Organizations Respondents E-mail 
Belgium Bel V De Gelder Pieter pieter.degelder@belv.be 

Tractebel Engineering (TE) 
China Institute of Nuclear and New 

Energy Technology (INET) 
Jiejuan TONG tongjj@tsinghua.edu.cn 

Czech 
Republic 

State Office for Nuclear 
Safety 

Miroslav Svab miroslav.svab@sujb.cz  

Finland STUK Jorma Sandberg jorma.sandberg@stuk.fi 
VTT Holmberg Jan-Erik  jan-erik.holmberg@vtt.fi 

France IRSN LANORE Jeanne-Marie jeanne-marie.lanore@irsn.fr 
CEA 

Italy ENEA Luciano Burgazzi luciano.burgazzi@bologna.enea.it 
Japan Japan Atomic Energy 

Agency (JAEA) 
Kenichi Kurisaka kurisaka.kennichi@jaea.go.jp 

Korea Korea Atomic Energy 
Research Institute (KAERI) 

Sang-Hoon Han shhan2@kaeri.re.kr 

Slovakia UJD Jan Husarcek Jan.Husarcek@ujd.gov.sk  
Slovenia Slovenian Nuclear Safety 

Administration (SNSA)  
Djordje Vojnovič  Djordje.Vojnovic@gov.si 

UK Health & Safety Laboratory Shane Turner Shane.Turner@hsl.gov.uk 
USA USNRC Jeffery Wood Jeffery.Wood@nrc.gov 

 

1.2  Objectives and Scope 

The answers to the aforementioned questions cover a wide spectrum of reactor types and related 
development programs. However, the main concerns of this report are primarily limited to common-
interests of the member countries which are necessary to be discussed in the CAPS workshop. That is, 
 

 Ability of current PSA technology to address key questions for advanced reactors; 
 Potential benefits of advanced PSA methods and tools; 
 Recommendations to CSNI. 

1.3  Structure of the Report 

The collected responses on questionnaire for advanced reactors were spanned wide spectrum of points 
for discussion. In order to draw out common-interest issues among the member countries, it is 
primarily necessary to clearly give the definition and developmental status of advanced reactors as a 
starting point for an effective discussion on the task. Those questions for advanced reactors were 
mentioned as a key point in the questionnaire responses. It was expected that by the foregoing 
approach the difference between PSA technologies for different reactors could be reduced. As the 
result, common issues for the advanced reactors were identified. The structure of this report has been 
rearranged as follows:  
 

1. Introduction 
2. Ability of current PSA to address key questions for advanced reactors 
3. Potential benefits of advanced methods and tools 
4. Potential recommendations for CSNI 
Appendix A: Questionnaires and compilation of responses (to be provided later) 



 NEA/CSNI/R(2012)2 

291 
 

2.  Ability of the current psa to address key questions for advanced reactors 

2.1  Definition of Reactors and Developmental Status 

There is currently a wide spectrum of advanced reactors in the state of proposed and developmental 
status, but the underlying definitions of advanced reactor seem not to exist. This means that the key 
questions for advanced reactors could be differentiated according to their definition and relevant 
terminology, and thus they should be the primary topics to be discussed in the workshop. This report 
does not provide a specific classification of advanced reactors to avoid distracting arguments over 
correctness and completeness, etc. The reactors nominated as advanced reactors from the 
questionnaire responses are listed in Table 2 to support the foregoing process. 

Table 2. Reactors Nominated as Advanced Reactors in Questionnaires 

Category Lists of Reactors Nominated for Answering Questions 
Non LWRs SFR, FBR, JSFR, Lead Fast Reactor, GFR, GTMHR, PBMR, VHTR 
LWR Types SWR1000, OPR1000, APR1400, EPR, EPR1600, AP1000, ESBWR ABWR, 

APWR, VVER MIR-1200, AES-2006 
SMR Types SMR, SMART 

2.2  Key Questions Distributed to Member Countries 

While many applications of PSA for advanced reactors seem to be made with current PSA 
technologies, a few countries are considering the development of PSA technologies specialized for the 
advanced reactors.  This means that many portions of the current PSA technologies can be applied to 
advanced reactors except for some specific issues to advanced features (e.g., the reliability of passive 
systems). However, further efforts to apply the PSA technologies to advanced reactors are required 
because the design and development stages of some advanced reactors (e.g., Gen IV reactors) were not 
clear making the application of the advanced PSA technologies difficult. For reference, the key 
questions which were posed to advanced reactors from member countries were briefly introduced in 
the questionnaire to help answers the questions in Table 3. The identification of those questions 
reflects positions of the regulatory body of each member country. The current regulation which is 
based on the deterministic approach may require a little effort on a development of PSA technologies 
for advanced reactors. The current regulation framework which is currently being shifted to the risk-
informed approach (employing both deterministic and probabilistic viewpoints) may require a further 
improvement of the existing PSA technologies from which more reasonable decision-making could be 
made for the plant risk in a integrated way. Since the risk-informed approach adds the probabilistic 
insights for their safety evaluation to the existing deterministic viewpoints, key issues to be discussed 
in the workshop should reflect the following aspects:  
 

 Scope and quality of the PSA insights which are required in the decision-making process for 
advanced reactors; 

 Coincidence of the deterministic principle (e.g., defense-in-depth) with PSA insights in the 
regulation framework; 

 Risk metrics specific to advanced reactors as compared to the existing ones (e.g., CDF/LERF) 
and the relevant physicochemical characteristics. 

 
Specifically, the following issues could be discussed in the workshop: 
 

 Scheme to determine technical acceptability of PSA for advanced reactors, which is closely 
related to the preparation of PSA standard to check the quality of PSA and provide its 
implementation process, together with the well-establishment of surrogate risk metrics for 
advanced reactors; 



NEA/CSNI/R(2012)2 

292 
 

 Aggregation of the risk from different hazard types for the inclusion of external hazards into 
internal hazard. 

 
The key questions collected from the member countries were rearranged so that only technical ones 
without considering the regulation aspects were classified for the CAPS objectives. The underlying 
questions are as follows:  
 

 Further improvement of the existing methods (including modelling and analysis of the physical 
behaviour which is required to determine the PSA information); 
- Applicability of new methods for PSA tools (Non ET/FT methods)   
- Combination of deterministic and probabilistic analysis results 
- Containment performance including severe accident phenomena and their countermeasures 
- Source terms and off-site probabilistic consequence analysis 

 Specific issues on advanced reactors PSA; 
- Identification and quantification of initiating events including events classification 

(AOO/DBA/BDBA) 
- Reliability database for new SSCs and features 

 Reliability of passive systems by new methods including the aforementioned combined 
approaches 

 Reliability of digital I&C systems including new EOP under new design features 
- Human reliability under new design features 

 Application of risk information in the design stages. 

Table 3. Typical Issues with Which Should be Considered within the Framework of PSA 

Category Specific Issues which should be resolved  
PSA scope - Hazard types: Internal events, External events (fire, flooding, seismic, etc) 

- Operating Modes: Full power PSA, Low power and shutdown PSA 
PSA 
framework 

- The applicability of the current PSA frameworks (e.g., Level 1, 2 and 3 PSA). 
- The definition of risk metrics such as plant damage states (incl. core damage state). 
- The appropriate methods, models, and tools for the assessment (including source 

term release categorization and consequence analyses) 
- The quality of PSA implementation is a supplemental issue in company with PSA 

scope 
Specific 
technical 
issues 
 

- Reliability database for advanced reactors (e.g., Initiating events, SSCs, CCF etc) 
- Reliability of passive systems 
- Reliability of Digital I&C systems 
- Human reliability under new advanced design features such as a digital man-

machine interface 
- Containment/confinement performance including severe accident phenomena and 

their countermeasures 
- Deterministic source terms assessment 
- Treatment of multiple reactor modules 

2.3  Ability of the Current PSA Technologies 

Although there is a large spectrum of the current PSA technologies which can be defined according to 
their quality, there seems to exist only small problems associated with practical application of the 
current PSA technologies to PSA for advanced reactors. For the time being, however, the specific 
technical issues to each of the distinctive features of advanced reactors have to be resolved with the 
current PSA capabilities. For instance, 
 

 Reliability of passive systems; 
 Treatment of severe accidents and their countermeasures; 
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 Reliability of new SSCs (new features, digital I&C etc) and their treatments; 
 Uncertainty and sensitivity. 

 
Additionally, special issues on the nuclear safety (e.g., aircraft crash, physical protection, etc) are 
raised as an extended scope of PSA. To resolve these special issues, deterministic approaches for 
physical/mechanical analysis could be required as a basis of PSA implementation.  
 
A major trend of the PSA technologies for fleets of the existing reactors is to extend the PSA scope 
and to require a precise quantification of uncertainty to reduce an unnecessary burden to conservatism. 
It is also expected that PSA technologies for advanced reactors be in the same line with the existing 
reactors. For the time being, the current PSA technologies will also be used in the PSA for advanced 
reactors without a greater change. This reflects the current situation that some issues on PSA for 
advanced reactors have not been clearly defined yet. It is expected that a development of PSA 
technologies for advanced reactors will be improved according to the development status of advanced 
reactors. Since it is expected that the risk-informed concept will be actively used in the design stage of 
new and advanced reactors, it is necessary to draw out and discuss the relevant issues in the workshop.  
 
Finally, it is noted that specific PSA technologies have been developed for some advanced reactors 
such as a VHTR (including relevant risk metrics), although this is a subsidiary part on the 
development of new PSA technologies thus for.  

3.  Benefits of advanced methods and tools 

3.1  Advanced Methods and Tools in Use 

Advanced methods and tools currently exist for the improvement of PSA technologies. Some portions 
of them involve means to more explicitly tie the phenomenological modelling and uncertainty 
assessment into the PSA, e.g., RMPS, MOSAIQUE, SM2A, and DDETs. While those methods have a 
potential value to their application for advanced reactors, there is no clear guidance on how to apply 
PSA for advanced reactors yet. However, the foregoing items could be considered potential areas to 
discuss further in the workshop.  
 
The remaining issues to discuss in the workshop are mainly related to the phenomenological models 
themselves. For example, containment performance including severe accident phenomena, source 
terms risk, and their countermeasures could be critical in determining the risk of advanced reactors. 
The forgoing topics could be involved in the realm of PSA where they can be used to more explicitly 
tie phenomenological modelling in the PSA, an otherwise deterministic area. Currently, there seems 
not exist any consensus on how to take into account severe accident phenomena for some advanced 
reactors and on the level of depth to take into account. From the viewpoint of plant risk, they should 
be included as topics for discussion in the workshop.  

3.2  Further Development of Methods and Tools 

The following issues on PSA for advanced reactors require further developments of the relevant 
methods and tools: 
 

 Identification and quantification of initiating events including events classification (AOO/ DBA/ 
BDBA); 

 Reliability database for new SSCs and features; 
- Passive systems by new methods including the aforementioned combined approaches 
- Digital I&C systems including new emergency operation under these new circumstance 

 Human reliability under new advanced design features; 
 The application of risk information into their designs. 
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Table 4 shows more detailed questionnaires prepared for respondents, based on the foregoing 
issues. 

Table 4. Key Questionnaires Prepared for Respondents 

Category Key Questionnaires 
Improvement of 
estimation 
methods 

Applicability of new methods for PSA tools (Non ET/FT methods) 
Combination of deterministic analysis and probabilistic analysis 
Containment performance including severe accident phenomena and their 
countermeasures 
Source terms and off-site probabilistic consequence analysis 

Specific issues 
on advanced 
reactors PSA  

Identification and quantification of initiating events including events 
classification (AOO/DBA/BDBA) 
Reliability database for new SSCs and features 
Passive systems by new methods including the aforementioned combined 
approaches 
Digital I&C systems including new emergency operation under these new 
circumstance 
Human reliability under new advanced design features 

The application of risk information into their designs 

4.  Potential recommendations for CSNI 

4.1  Activities of Other International Organizations 

There have been a number of international activities on PSA for advanced reactors, such as:  
 

 The IAEA is developing a proposal for a Coordinated Research Program (CRP) on passive 
systems reliability; 

 The CNRA has formed a Working Group on the Regulation of New Reactors (WGRNR); 
 The Generation IV International Forum (GIF) conducts an assistance group as the Risk and 

Safety Working Group (RSWG) for the risk-informed safety evaluation of Gen-IV reactors. 
 
The understanding of the state of art for the improvement of PSA technology to be drawn from the 
foregoing activities will help to establish and refine the research and development roadmaps or 
programs of each country. In addition, the present CAPS will effectively guide the relevant 
international cooperation, and the relevant findings and insights regarding PSA technologies will be 
worth coordinating the future activities of advanced reactors PSA. 

4.2  Topics for Discussion in the Workshop  

Potential topics for discussion in the present CAPS workshop may include: 
 

 Clearer definition of ‘technical issues’ and survey of specific research items that need to be 
addressed; 

 Application of PSA to advanced reactors, extent to which ongoing R&D should address future 
issues where additional work is needed, and with what priority; 

 Potentially beneficial international cooperative activities. For examples, 
- Reactor-specific accident phenomena and issues, 
- Establishment of reactor-specific reliability databases, 
- Redefinition of risk metrics and their evaluation methods, 
- Feasibility of technical neutral framework to advanced reactors. 
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