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EXECUTIVE SUMMARY 
 

 
 
 
The Fukushima Dai-ichi accident triggered discussions about the significance of external hazards and their 
treatment in safety analyses. In addition, stress tests results have shown vulnerabilities and potential of 
cliff-edge effects in plant responses to external hazards and have identified possibilities and priorities for 
improvements and safety measures' implementation at specific sites and designs. 
 
In order to address these issues and provide relevant conclusions and recommendations to CSNI and 
CNRA, the CSNI Working Group on Risk Assessment (WGRISK) directed, in cooperation with the CSNI 
Working Group on Integrity and Ageing of Components and Structures (WGIAGE), a workshop entitled 
“International Workshop on PSA1 of Natural External Hazards Including Earthquakes”, hosted by UJV 
Rez, on June 17-19, 2013, in Prague, Czech Republic. 
 
The key objectives of the workshop were to collect information from the OECD member states on methods 
and approaches being used, and experience gained in probabilistic safety assessment of natural external 
hazards, as well as to support the fulfillment of the CSNI task on “PSA of natural external hazards 
including earthquakes.” These objectives are described more in detail in the introduction in Chapter 1 of 
this report. 

 
The workshop was built upon previous relevant WGRISK and WGIAGE activities, including a Specialists 
Meeting on Seismic Probabilistic Safety Assessment (SPSA) of Nuclear Facilities (2006, Jeju Island, 
Korea), Workshop on Recent Findings and Developments in Probabilistic Seismic Hazards Analysis 
(PSHA) Methodologies and Applications (2008, Lyon, France), a report on Probabilistic Safety Analysis 
(PSA) of Other External Events Than Earthquake (2009) and other activities and publications. The 
WGRISK activities preceding the workshop and leading to the decision to organize it are described in 
Chapter 2 of this report. 

 
The focus of the workshop was on external events PSA for nuclear power plants, including all modes of 
operation. The workshop scope was generally limited to external, natural hazards, including those hazards 
where the distinction between natural and man-made hazards is not sharp (e.g., external floods caused by 
dam failures). The participation was open to experts from regulatory authorities and their technical support 
organizations, research organizations, utilities, nuclear power plant (NPP) designers and vendors, industry 
associations and observers from OECD NEA member countries. The detailed information about the 
presentations, discussions, and results of the workshop is presented in Chapter 3 of this report. 
 
Some general conclusions were agreed on during the workshop, which are presented in the following 
paragraphs. 

 
 The lessons learned from the Fukushima Dai-ichi reactor accidents and related actions at the 

national, regional, and global level have emphasized the importance to assess risks associated 
 
 

1 In this report, the terms Probabilistic Safety Analysis (PSA) and Probabilistic Risk Analysis (PRA) are used 
interchangeably. 
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with external hazards, including combinations of those hazards, and their impacts. It is important 
that such an analysis covers not only individual plant units, but also the site as a whole, including 
all dependent effects and impacts. 

 
 While systematic approaches for addressing external hazards in PSA currently exist and there is a 

well-developed state-of-practice (e.g., with respect to external flooding, seismic, high winds), 
additional work is needed; for example, the use of conservative approaches to address 
uncertainties might be practical, but more realistic evaluations provide better view on the real 
problems. 

 
 Some methods and guides are available for seismic hazard determination, identification of 

external hazards, screening2 of external events for detailed consequence analysis, including 
several lists of screening criteria. However, additional development is also needed in area of 
consensus standards and guides; for example IAEA continues developing the methodological 
support for external hazards analysis. 

 
 The major areas of concern in external hazards studies are: 

 
1. Scope of the PSA for external events in terms of plant operation regimes (e.g., full power, 

low power and shutdown operational states), 
 

2. Combinations of external hazards impacts, 
 

3. Multi-unit impacts, and 
 

4. Screening procedure for site specific hazards. 
 

 
 The following are significance technical/methodological challenges for external hazard PSA: 

 
1) Fragility analysis of non-seismic external hazards, 

 
2) Correlation effects and consequent damage scenarios, 

 
3) Human Reliability Analysis (HRA) for external events PSA, 

 
4) PSA mission times for long-term external event scenarios, and 

 
5) Significance and magnitude of the effects of climate changes on the hazard frequencies and 

magnitudes. 
 

 The following aspects are considered to be important good practice attributes for external hazard 
modeling in PRA: 

 

 
1) Critically challenging assumptions, 

 
2) Calibrating models, 

 

 
2 In this context, the term screening refers to a systematic process that distinguishes items that should be included or 

excluded from an analysis based on defined criteria. 
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3) Accounting for underlying physical processes, 
 

4) Fully treating dependencies, 
 

5) Involving multidisciplinary teams, and 
 

6) Promptly and broadly disseminating information. 
 
Recognizing the impetus for action provided by actual operational events (including the Fort Calhoun 
flooding3 as well as the Fukushima Dai-ichi reactor accidents), it has been noted that WGRISK can provide 
stronger (and better-focused) cases for action by increasing its use of operating experience feedback. 
Among other things, this could imply strengthening ties with associated international working groups, 
particularly the NEA/Committee of Nuclear Regulatory Authorities (CNRA) Working Group on Operating 
Experience (WGOE). 
 
An additional action for WGRISK suggested by our review concerns the tracking of past 
recommendations. It appears that increased efforts by the WGRISK leadership to systematically track and 
dispose report recommendations would help ensure that each task performed by the group more strongly 
supports the group’s overall objectives, and would help WGRISK improve its strategic planning processes. 

 
Detailed information about the conclusions made during the workshop is presented in Chapter 4 of this 
report. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 See U.S. Nuclear Regulatory Commission Event Notification Number 46929, dated June 6, 2011 for additional 
information    (http://www.nrc.gov/reading-rm/doc-collections/event-status/event/2011/20110606en.html#en46929     ) 
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1. Introduction  

1.1 Background 

External hazards (both natural and man-made ones) have been addressed in many past PSAs. Nevertheless, 
the Fukushima Dai-ichi reactor accidents have raised many questions, including the probabilistic treatment 
also of combined causal or consequential hazards, the treatment of plant response (including the possibility 
of multi-unit effects, of extended duration scenarios, and of post-core damage complications affecting 
accident management), and the identification and assessment of effective mitigation strategies and accident 
management measures. Moreover, there are large variations across member countries regarding 
requirements and practices. 

In order to address these issues and provide relevant conclusions and recommendations to CSNI and 
CNRA, the CSNI Working Group on Risk Assessment (WGRISK) directed, in cooperation with the CSNI 
Working Group on Integrity and Ageing of Components and Structures (WGIAGE), a workshop entitled 
“International Workshop on PSA of Natural External Hazards including Earthquakes”, hosted by UJV Rez, 
on 17-19 June 2013, in Prague, Czech Republic. 

The workshop focusing on natural external hazards facilitated the discussion of these issues and the 
identification/promotion of good practices. In doing so, it supported the treatment of specific concerns 
raised in:  

 A recent CNRA Senior Task Group on the impact of the Fukushima Dai-ichi reactor accidents  
regarding risk assessment of external initiating events, technical approaches for assessing 
external hazards other than earthquake, such as tsunami, tornados, floods, etc., and 

 NEA documents in terms of initiating event assessment, identification of cliff-edge effects, 
assessment of accident management approaches, etc. 

The workshop was built upon previous, relevant WGRISK and WGIAGE activities, including a Specialists 
Meeting on Seismic Probabilistic Safety Assessment (SPSA) of Nuclear Facilities (2006, Jeju Island, 
Korea), Workshop on Recent Findings and Developments in Probabilistic Seismic Hazards Analysis 
(PSHA) Methodologies and Applications (2008, Lyon, France), and a report on Probabilistic Safety 
Analysis (PSA) of Other External Events Than Earthquake (2009) [1], [2], [3]. The workshop was also 
coordinated with relevant international workshops and conferences, notably the Probabilistic Safety 
Assessment and Management (PSAM) Topical Conference held on April 15-17, 2013 in Tokyo, with a 
focus on the Fukushima event, as well as with relevant IAEA activities (e.g., the recent initiative to expand 
the current TECDOC on PSA quality to include internal and external hazards). It was expected that the 
workshop output would be also useful to the CNRA Working Group on Regulation of New Reactors as it 
develops a report on siting for new reactors. The results of the workshop are also likely to be useful to the 
recently established CSNI Task Group on Natural External Events (TGNEV). 

1.2 Objectives of the Workshop 

As stated in the CSNI Activity Proposal Sheet (CAPS) WGRISK (2012)-1, “Workshop on PSA of Natural 
External Hazards Including Earthquakes”,” the key objectives of the workshop were to collect information 
from the OECD member states on methods and approaches being used and experience gained in 
probabilistic safety assessment (PSA) of natural external hazards. 
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The main objectives of the CSNI task have been defined as follows: 

 to share methods, good practices and experiences among member states on PSA analysis for 
natural external hazards, 

 to support assessment of current state of probabilistic analyses of natural external hazards, 

 to support re-evaluation of PSAs for natural external hazards, in particular as a tool to address 
the lessons to be learned from the Fukushima Dai-ichi reactor accidents, 

 to evaluate use of PSA in identification/justification of appropriate mitigation and accident 
management measures in the frame of post stress test implementation programmes, 

 to identify new potential topics for further WGRISK and WGIAGE activities in this area. 

The information obtained as a result of the workshop should give better understanding and interpretations 
of subjects, topics and issues connected with external hazards analysis. This report comprising comments 
on good practices and experiences in member states, including lessons learned from the experience of the 
Fukushima Dai-ichi reactor accidents, was prepared based on information presented and discussed during 
the workshop. 

1.3 Organization of the Workshop 

The focus of the workshop was on external events PSA for nuclear power plants (NPP), including all 
modes of operation. The workshop scope was generally limited to external, natural hazards, including 
those ones, where the distinction between natural and man-made hazards is not sharp (e.g., external floods 
caused by dam failures); see also the List of External Hazards in ANSI/ANS-58.21-2003 [4]. Fires 
(including external fires) were not included in workshop scope, because Fire PSA was the subject of a 
separate planned WGRISK workshop1. 

The main part of the workshop (June 17-19, 2013) included an opening session, technical sessions devoted 
to technical presentations made by the participants on the topics outlined below, facilitated discussion 
sessions, and a concluding session. All of the workshop participants were welcomed to take part in the 
discussions and to formulate conclusions and recommendations. On Thursday June 20, 2014, a specific 
writing session restricted to the session chairs/co-chairs was organized with the goal to prepare an initial 
draft of this report, which would summarize the important ideas declared during the workshop and would 
provide a list of conclusions and recommendations for identifying possible further actions of WGRISK and 
WGIAGE. 

1.4 Topics of the Workshop 

The workshop scope included the following topics: 

 Analysis of natural external hazards potential  

o Process of identification, screening and grouping of external events, 

                                                      
1 Under CAPS WGRISK (2012)-2, “Workshop on FIRE PRA in Member Countries,” a workshop is to be held in 

April 2014 in Garching, Germany on the state-of-the-art methods for quantitative fire risk assessment of NPPs and 
associated applications  
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o Estimation of potential for external event occurrence, including specific features of 
estimating the frequency of low probability events related to meteorological hazards of very 
high intensity (extrapolations from available data), 

o Potential of consequential events/hazards, 

o Potential of the occurrence of events caused by combined external hazards or by 
combinations of external and internal hazards, 

o Treatment of uncertainties in hazard assessment, 

o Data on natural hazards; 

 Analysis and modeling of NPP response to natural external events – general common features 

o Analysis and modeling of plant response to external hazards (including fragilities of systems, 
structures, and components (SSC)), 

o Treatment of multiunit effects of external hazards (including effects on onsite spent fuel and 
waste storage facilities), 

o Analysis of local and broad effects of external hazards, including long-term loss of the 
electrical grid and the final heat sink, 

o Addressing specific features of plant operation regimes in analysis and modeling (including 
low power and shut down operations), 

o Evaluation of the effectiveness of measures to be taken in anticipation of gradually 
developing external hazards, 

o Human factors in plant response to external events (including effects of multiple units and 
events combinations), 

o Approaches to extended duration scenarios involving external events, (including events 
involving a stabilized but damaged plant), 

o Modeling of plant response to the events caused by combined external hazards, 

o Level 2 PSA  aspects of external hazards risk analysis including evaluation of accident 
management measures in case of external events, 

o Treatment of uncertainties and sensitivity analysis in PSA for external hazards, 

 Specific features of analysis and modeling of particular natural external hazards 

o Specific features of seismic risk analysis (floor spectra, spatial interactions, associated 
hazards as seismically induced internal/external floods, fires, etc.), 

o Specific features of flooding risk analysis (floods caused by dam failures, analysis of 
combined flooding loads - e.g., storm surge plus precipitation induced flooding, etc.), 
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o Modeling and quantification of risk related to specific meteorological external hazards 
(extreme winds/tornadoes and wind-driven missiles, extremely high/low temperature, 
extreme precipitation/snow, low water level, draught, lighting, sand storm, etc.), 

o Modeling and quantification of risk related to other external hazards (electromagnetic 
inference, biological events, etc.), 

 Use of external events PSA in risk-informed decision making 

o Applications of external events PSA methods and models in regulatory oversight, 

o Use of external events PSA in risk-informed safety management by the licensees and other 
non-regulatory applications of external events PSA, 

o Treatment of external events PSA uncertainties in risk-informed decision making, 

 Fukushima Dai-ichi reactor accidents – lessons learned and measures (to be) taken 

o Re-assessment of external hazards risk in view of Fukushima accident, 

o How external events PSA is being used in the implementation process of appropriate safety 
measures following the Stress Tests or other NPP re-assessments, 

o New standards development (an example - Tsunami PRA Standard development by the 
Atomic Energy Society of Japan). 

The participation was open to experts from regulatory authorities and their technical support organizations, 
research organizations, utilities, NPP designers and vendors, industry associations and observers. 
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2. Recent WGRISK Activities Preceding Organization of the Workshop  

Prior to the Fukushima Dai-ichi reactor accidents in March 2011, WGRISK had sponsored or co-sponsored 
a number of PSA related activities. These activities also included several projects and workshops, which 
were completely or partially devoted to external events risk:  

 A 2006 workshop on seismic hazards and PSA (co-sponsored with the CSNI Working Group on 
Integrity of Components and Structures – WGIAGE) [1], 

 a 2008 survey project addressing the treatment of non-seismic external events in PSA [3],  

 a periodic survey of member country uses of PSA (last updated in 2012 based on information 
collected in 2010) [5].  

During its 2006 Annual Meeting, WGRISK held an organized technical discussion on the PSA treatment 
of non-seismic external events. This discussion resulted from the need to review external hazards PSAs for 
both existing and new reactors. Other motivating factors were the potential implications of recent natural 
catastrophes, not only for nuclear energy, but across technologies and ongoing discussions concerning 
climate change. As a result of this technical discussion, WGRISK, with CSNI approval, initiated several 
projects during the next years, in which the issue of external hazards/events risk played a major or at least 
significant role.  

The description of the most important WGRISK activities in the following paragraphs is based on the 
information presented in the paper [6]. 

2.1 WGRISK Workshop on Seismic Hazards PSA 

On November 6-8, 2006, WGRISK and WGIAGE held a jointly organized specialist meeting on Seismic 
PSA for nuclear facilities. The meeting, which was held in Jeju, Korea, was co-sponsored by the 
OECD/NEA, the IAEA, the Korean Atomic Energy Research Institute (KAERI), and the Korea Institute of 
Nuclear Safety (KINS). For WGRISK, this meeting represented the latest in a series of activities on 
seismic PSA, including the development of a state of the art report in 1998 [7], a workshop held in Tokyo 
in 1999 [8], and the writing of a technical opinion paper in 2002 [9]. 

The main objectives of the meeting were to review recent advances in the methodology of seismic PSA, to 
discuss practical applications, to review the current state of the art, and to identify methodological issues 
where further research would be beneficial in enhancing the usefulness of the methodology. The meeting 
also included discussions of the Seismic Margin Assessment (SMA) methodology. The topics covered by 
the meeting included the regulatory framework for and objectives of seismic PSA (and SMA), lessons 
learned from such studies, and seismic PSA methodological issues. The meeting also included extended 
discussions on seismic hazard and fragility analyses. 

The participants in the meeting agreed that seismic PSA was in widespread use by plant designers, 
operators and regulators, that applications were increasing (as compared to the situation in 1999), and that 
seismic PSA may contribute to understanding of seismic risk, understanding of the significance of design 
shortfalls, prioritizing improvements, evaluating and improving regulations, and modifying plant design 
bases.  

Methodological weaknesses of current seismic PSA were identified during meeting in Jeju in three 
important areas:  
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 Probabilistic seismic hazard analysis – PSHA (with emphasis on the analysis of areas with low-
to-moderate seismicity),  

 Human reliability analysis (HRA) in seismic PSA (including both physical effects, e.g., 
equipment damage, loss of local and site access, consequential fires, multiple unit impacts; and 
mental effects, e.g., conflicting organizational goals, staff concerns with family impacts, etc.), 

 Correlations between the fragilities of systems, structures, and components treated in seismic 
PSA (notably the difficulties in assessing such correlations).  

According to the recommendations of the Jeju Workshop, WGIAGE organized a workshop on Recent 
Findings and Developments in Probabilistic Seismic Hazards Analysis (PSHA) Methodologies and 
Applications in Lyon, France in 2008 [2] 

The key technical issues regarding the treatment of low likelihood/high consequence natural events and of 
operator actions, illustrated later by the Fukushima Dai-ichi reactor accidents and post-accident 
investigations, were identified as challenges already in this meeting. Two papers regarding multi-unit 
seismic PSA [10], [11] provided demonstrations of practical approaches focused on propagating the 
correlation of seismic hazards and fragilities leading to the conclusion that upcoming analyses would need 
to extend the presented approaches to address modeling concerns illustrated later by the Fukushima Dai-
ichi reactor accidents, including direct interactions between units and human related interactions. The 
meeting also included a paper on the treatment of seismic aftershocks [12], similarly to the case of the 
multi-unit analyses representing an advance on a difficult topic.  

The meeting did not make significant mention of seismically induced tsunami, but this topic, which was 
identified as important at a 2005 workshop on external flooding hazards organized by the IAEA (see [13]) 
remained of interest for the next WGRISK activities. On the other hand, although the meeting papers made 
little mention of HRA for seismic PSA, important HRA challenges were discussed during the meeting and 
became a key element for future development.  

2.2 WGRISK Survey Project on Non-seismic External Events 

The objective of the project, which is described in detail in the final report [3], was to review the methods 
for risk analysis of off-site external events other than earthquake as well as the results and the insights 
developed in these analyses in order to present a basis for advances in the area. The project scope was 
limited to non-seismic external events to avoid overlap with the WGRISK activity on seismic PSA 
discussed in the previous chapter. It did, however, include seismically generated tsunamis. As typical for 
WGRISK activities, the work involved the development and issuance of a questionnaire for WGRISK 
members and a number of meetings of principal task participants.  

The questionnaire included 17 questions (two questions added later) addressing such matters as regulatory 
requirements, the scope of analyses, analysis methods, and results. Responses were received from 12 
countries: Belgium, Canada, Chinese Taipei, Finland, France, Germany, Japan, Korea, Mexico, the Slovak 
Republic, Switzerland, and the United States. The final report was prepared for CSNI approval in March 
2009. 

Based on the questionnaire responses and subsequent discussions, the project participants concluded that 
external events were playing an increasing role in PSA and that there was a general trend in regulatory 
requirements towards consideration of all hazard categories (internal and external). Detailed analyses for 
some plants have shown that the contribution from non-seismic external events can be significant. The 
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frequency and intensity of extreme weather events, and consequently their risk significance, may be 
affected by natural climate variability and by human-induced global warming. 

The main general report’s recommendations were to follow research on climate change and its effects 
(including potential effects on nuclear power plants, such as those being studied by IAEA), to re-evaluate 
the situation on external events PSA in a few years and to encourage analysis of operational events caused 
by external hazards. 

With respect to the methods and practice of PSA, the report identified and discussed most of the PSA-
related technical issues later highlighted by the Fukushima Dai-ichi reactor accidents, including: 

 the potential hazard posed by tsunamis (and, in particular, seismically-induced tsunamis), 

 the combined treatment of external hazards associated with a single event, 

 the estimation of the frequency-magnitude relationship for extreme phenomena, including 
associated uncertainties, 

 the treatment of dependent failures caused or influenced by an external event, 

 the effects of external hazards on plant operators, 

 multi-unit effects and,  

 modelling very long duration scenarios. 

As can be seen from the detailed information about the Prague workshop, which is the main issue of this 
report, most of the early identified topics became an important issue of the discussions in Prague. 

2.3 WGRISK Task on PSA Use and Development  

The results of information exchange during the WGRISK annual meetings, complemented by a detailed 
questionnaire, have been compiled in a CSNI report entitled “The Use and Development of Probabilistic 
Safety Assessment” first issued in 2002 [14], then updated in 2007 [15] and in 2012 [4]. The task was 
carried out in cooperation with the IAEA thus providing better overview on PSA worldwide. The area of 
external events was also covered by the report to some extent – both in the common part (general 
conclusions) and in the quoted contributions of the individual participants in the effort.  

For the most recent edition, detailed responses were prepared by about 20 countries on the following 
important PSA aspects: PSA framework and environment, numerical safety criteria, PSA standards and 
guidance, status and scope of PSA programs, PSA methodology and data, PSA applications, results and 
insights from PSA, future development and research (most of them also including the case of external 
events analysis). The compilation provides reference information to both PSA practitioners and others 
involved in the nuclear industry. Appendix A of this unique compilation characterizes the scope and use of 
PSA performed for each plant in most of the WGRISK member countries (including the extent to which 
specific PSA developed for operating NPPs address the external hazards).  

It should be noted that the contents of this report were generated either prior to the March, 2011 accidents 
at the Fukushima Dai-ichi nuclear power station or as the accidents were unfolding (and related 
information was still developing). Although some important details about the accidents are still unknown, 
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it is clear that lessons from the accidents raise challenges to the use and development of PSA in WGRISK 
member countries. 

Several insights were drawn from the updated report, particularly oriented to the extensions of the scope of 
the PSAs performed in the member countries (including the area of external hazards). It appears that many 
countries are heading towards a ”Living PSA” including both Level 1 and Level 2, for both full power and 
shutdown plant operational states, and both internal and external hazards and events.  

The following general remarks noted in the report can be seen as important for characterization of situation 
in PSA development and applications worldwide (with specific focus on external events): 

 All the PSA developments and applications already described in the previous versions of the 
report are still valid and regularly improving/increasing. This applies to the importance of the 
PSA framework, the number of studies carried out, the PSA scope (including assessment of 
external hazards), the number of applications (for design and operation safety improvements), 
and the volume of ongoing research. It can be noted that although PSA methods and applications 
have made real progress during these last years a significant level of development is still in 
progress.  

 The development of new and advanced designs has led to a more rapid development in particular 
fields. Examples include the definition of a more formal framework, more precise safety goals, 
efforts relating to the importance of external hazards and to new specific problems like reliability 
of digital systems and reliability of passive systems. A tendency towards harmonization (in goals 
and approaches) clearly appears (significantly supported by IAEA effort).  

 WGRISK was expected to use the results of this report, as moderated by Fukushima response 
activities, to monitor the conduct of its ongoing activities, and to promote and implement new 
international collaborative efforts within the framework of the CSNI. 

The survey report and its predecessors routinely discuss key topic areas highlighted by real accidents. For 
example, it provides an overview of research and development activities conducted by the members and 
other participating countries in such relevant areas as external hazards analysis (also mentioning ongoing, 
pre-2011 work regarding probabilistic tsunami hazard assessment), HRA, Level 2 PSA, and Level 3 PSA. 
Although details are not provided, the descriptions are sufficient to indicate areas of emphasis or lack 
thereof. For example, the descriptions appear to indicate that particular combinations of topics (e.g., HRA 
for particular external events) had not been emphasized by national programs up to new. 

The aim of the PSA use and development report was to give an overview of the existing situation. 
However this overview with real examples is useful for encouraging further scope extension, especially for 
new plants. For future updates of the report, WGRISK is planning to identify what would be the impact of 
the Fukushima accident on PSA use and development in member countries, in order to share and to support 
the most interesting practices. Particular attention would be given to post-Fukushima plant safety 
modifications (many of them addressing external events scenarios) underlined by PSA results. 

2.4 WGRISK Most Recent Activities Related to External events PSA  

In consideration of insights and lessons learned from the Fukushima Dai-ichi reactor accidents and 
subsequent national stress tests, WGRISK has performed a number of tasks. One of them was the 
preparation of the workshop on “PSA of Natural External Hazards Including Earthquakes”, which is the 
main topic of this report. The objectives of this workshop were defined based on concise discussions 
regarding the significance of external hazards and their treatment in safety analyses. Additional 
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background has been provided by the stress tests results, which have shown vulnerabilities and the 
existence of cliff-edge effects in plant responses to external hazards and have identified the potential and 
priorities for improvements and safety measures for specific sites and designs.  

It was discussed and decided that the workshop would focus on natural hazards and would facilitate the 
discussion of these issues and the identification and promotion of good practices. The main objectives of 
the workshop were proposed as:  

 to support assessment of current state of probabilistic analyses of natural external hazards and 
combinations of these with other hazards and initiating events, 

 to support re-evaluation of PSAs for natural external hazards, in particular as a tool to address the 
lessons to be learned from Fukushima accident,  

 to evaluate use of PSA in identification or justification of appropriate mitigation and accident 
management measures in the frame of post stress tests implementation programmes, and  

 to share methods and good practices and experiences among member states on PSA analysis for 
natural external hazards, in particular on accident mitigation measures.  

The June 2013 Prague workshop on external hazards did not address Fire PSA as this is a topic of a 
parallel WGRISK activity. An international workshop on Fire PSA in Member Countries will be held in 
April 2014 and hosted by GRS in Garching, Germany, as a follow-up of a former WGRISK activity. This 
workshop will be the latest in a series of WGRISK activities on that topic, including a state-of-the-art 
report developed in 2000 [16] as a result of the first WGRISK workshop on fire risk [17], and a Technical 
Opinion Paper on the subject [18].  

The first fire workshop [17] clearly demonstrated the need for continually improving methods and data for 
fire risk assessment. A follow-up workshop, carried out again as a WGRISK task in 2005, provided 
insights on the developments and the progress reached at that time. However it also demonstrated that there 
were still challenges in predicting fire risk, and this resulted in several fire related activities the Nuclear 
Energy Agency (NEA). The reactor accidents at Fukushima Dai-ichi and the consequential stress tests have 
increased the already strong level of attention on dependent hazards (including fire), and have strengthened 
discussions on addressing event combinations (e.g., seismically -induced fires) in safety analyses including 
PSA. In this way, the area of external hazards was strongly cross-connected with fire risk analysis issues. 

Main objective of the newly planned workshop on Fire PRA is to develop recommendations regarding a 
potential future update of the state-of-the-art report on fire risk analysis including further development of 
methods for fire risk analysis, collection of operating experience and processing of data to be used in Fire 
PRA applications. This covers in particular supporting probabilistic assessment of fire events during all 
plant operational states from start of operation up to the longer lasting post-commercial operating phases 
and re-evaluation of fire PSA, e.g. as a tool to address the lessons learned from the post-Fukushima 
investigations and stress tests with respect to fire hazards and, particularly, their combinations with other 
external hazards.  

Finally, it should be pointed out that WGRISK will be starting another external hazards related activity on 
PSA insights relating to the loss of electrical sources. The motivation for this activity is provided, in part, 
by post-Fukushima discussions on defense-in-depth and the importance of ensuring the robustness of 
safety functions (especially electrical sources and heat sink). WGRISK considers that PSA is an excellent 
tool for providing insights related to the potential consequences (e.g., core damage, large releases) of the 
loss of a function, and relating the defenses aiming to avoid these consequences with a quantitative 
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appreciation of their importance. The use of (external events) PSA results could provide a useful measure 
of defense-in-depth in case of loss of a safety function. The new WGRISK activity will survey member 
countries and other participating organizations on specific aspects of this topic. 

The main PSA issues identified within recent WGRISK efforts have been strongly connected with the 
external events issues. These issues have included:  

 the hazards and likelihoods of extreme natural phenomena (including seismically induced 
tsunamis), 

 the combined treatment of all external hazards associated with an external event,  

 the treatment of dependent failures caused or influenced by an external event, 

 the effect of external hazards on plant operators and severe accident mitigation, 

 multi-unit effects.  

Moreover, in the CSNI framework, WGRISK could provide a contribution to the newly created Task 
Group on Natural External Events for including a risk aspect.  
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3. Summary of the Workshop on PSA of Natural External Hazards 

The workshop included an opening session, six sessions with participant presentations followed by short 
discussion, and two facilitated discussion sessions. The contributions presented were devoted to new 
methodological developments, projects with external hazards analysis activities, interesting aspects of 
external hazards analysis and expected challenges for future analyses. 

3.1 Opening Session 

The opening session consisted of three presentations: 

 N. Siu (NRC, USA): Overview Notes: Workshop on Probabilistic Flood Hazard Assessment 
(PFHA) and PSAM Topical Conference in Light of the Fukushima Dai-ichi Accident, 

 K. Hibino (IAEA): Safety Assessment of Multi-unit NPP Sites Subject to External Events, 

 J. Misak (UJV Rez, Czech Republic): Lessons learned from the EU Stress Test Evaluations with 
Regard to External Hazards. 

The aim of the first presentation was to present objectives and main observations from two recent 
important events: 

 a multi-agency PFHA workshop, which was organized by the NRC in Rockville, MD, USA on 
29-31 January 2013 with the aim to share information on extreme flood assessments and PSA, 
and to discuss ways to develop PFHA for PSAs; this workshop highlighted commonalities 
between the PFHA and PSA communities, the complementarity between deterministic and 
probabilistic approaches, the need for multi-disciplinary teams, and the need for imagination 
when performing PFHA; and 

 the PSAM Topical Conference held in Tokyo, Japan, on April 15-17, 2013 and dedicated to 
sharing lessons and on-going activities relevant to the Fukushima Dai-ichi reactor accidents; in 
particular the lessons for safety professionals and risk-informed decision makers (e.g., the need to 
challenge assumptions and to listen to experts and interact with international community). 

One notable observation was the recurring nature of some of these issues as many relevant conclusions had 
been made following previous operating events (e.g., after the Blayais flooding event in 1999) [19].  For 
example, the Blayais event highlighted the possibility that a common mode of degradation of the safety 
level could simultaneously impact all the units at a site, weaknesses in the site protection against external 
flooding and the need to manage the release of water collected in the flooded facilities.  This underscores 
the need to fully consider the lessons learned from operating experience. 

The general objective of the second presentation was to discuss the need to develop, within the IAEA’s 
extrabudgetary effort, detailed guidance, methods and tools for assessing multi-unit site safety against 
multiple external hazards, in particular to establish a framework for conducting a PSA of external hazards 
affecting a multi-unit site. It was pointed out that the following known technical issues are not supported 
by the existing guides: 

 identification of initiating events (IEs) that impact more than one unit, 

 modelling of plant response to external events, in general, 
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 treatment of common cause failure (CCF), 

 treatment of HRA, 

 treatment of fragility correlation for single and multiple hazards, 

 definition of risk metrics. 

A flow chart for overall approach was presented, starting from selection of PRA and risk metrics up to 
combination of event sequence frequencies and consequences into Level 3 risk metrics. During the 
discussion, the importance of coordination of research and application effort was addressed (including 
coordination of activities with IAEA). 

The last presentation was oriented to critical review of the lessons learned from the European Union (EU) 
Stress Test focusing on NPP robustness against external hazards. These lessons addressed: 

 organization of the stress tests, 

 scope and objectives of the stress tests,  

 peer review findings, recommendations and implications on the design in the area of external 
hazards,  

 further studies recommended in the area of external hazards and PSA,  

 relevant research areas identified by the SNETP Task Group in response to Fukushima accident. 

Some important conclusions were made in the final part of the presentation: 

 Vulnerability to the Fukushima Dai-ichi reactor accidents caused by external hazards and 
including their secondary effects was underestimated, 

 Lessons learned from Fukushima Dai-ichi reactor accidents, from the EU Stress Test and from 
peer reviews are to be reflected in safety improvements of operating plants and considered in new 
designs, 

 while no completely new phenomena were revealed from the Fukushima Dai-ichi reactor 
accidents, improvements in specific research areas (including external hazards and use of PSA) 
should be considered with high priority, 

These three presentations showed that efforts had been devoted to address at national and at international 
levels the lessons from Fukushima Dai-ichi accident, in particular in the area of external hazard PSA. 
While these efforts are noteworthy, they have demonstrated the technical and resource challenges 
associated with this area. Therefore, continued coordination at the international level is recommended to 
coordinate these efforts in order to optimize resources and technically address the topic of “External 
Hazard PSA” taking into account lessons learned from the Fukushima accident and subsequent 
complementary safety assessment. 

NEA/CSNI/R(2014)9



 24

3.2 Session 1 - Analysis of Natural External Hazards Potential 

Four papers were presented in Session 1. Two papers focused on the identification and screening of 
relevant hazards and their combinations, One of them (J. Helander, Fennovoima) treated a new site while 
the other one (H. Kollasko, AREVA) was more general. These papers had similarities in the approach 
described. One paper treated seismic hazard assessment for NPP sites (L. Pecinka, UJV Rez) and one paper 
described a mathematical method for estimating the probabilities of a combination of correlated external 
hazards (L. Burgazzi, ENEA). 

The first paper was presented by L. Burgazzi, ENEA, Italian National Agency for New Technologies, 
Energy and Sustainable Economic Development, and the topic of it was “Implementation of PSA models to 
estimate the probabilities associated with external event combination”. In the light of the Fukushima 
accident, correlated hazards are of special interest in PSA for external hazards. A mathematical method for 
modeling correlations was proposed in the presentation and an illustrative example was presented. The 
method is based on joint probability distributions and covariance matrices. 

The second paper was presented by J. Helander, Fennovoima Oy, Finland with the topic “External hazard 
identification, screening and studies for a new plant site”. The process of screening external hazards for a 
new NPP site in northern Finland was described. The paper presented a list of Finnish and international 
guides and standards useful in evaluating external hazards, including, among others, Finnish regulatory 
YVL Guides, IAEA Safety Guides, and ASME standards. In addition, a methodology was presented how 
to identify and screen in/out site-specific hazards in new nuclear power plant project. Applying the 
screening criteria to a list of about 60 external hazards resulted in list of 12 relevant events for the 
Hanhikivi site requiring further studies. 

The third paper was presented by H. Kollasko, AREVA and the topic of it was “Probabilistic Analysis of 
External Events with Focus on the Fukushima Event”. The external event screening analysis was described 
in the paper as a method to evaluate the design against external hazards and especially beyond design 
external hazards. As a result of the screening analysis, those external hazards are identified, which need to 
be analyzed in detail as a Design Extension Hazards (DEH) either in the probabilistic safety analysis or by 
margin assessments to demonstrate robustness of the design. 

The effects of single and combined external events need to be analyzed. In light of the Fukushima Dai-ichi 
reactor accidents, the focus has shifted to the identification of relevant combinations of external hazards for 
which the effect of the combination of events is more severe than a simple summation of the events taken 
individually due to additional correlated effects. However, identification of these event combinations can 
be hindered if certain external hazards are screened out early in the assessment process.  Furthermore, 
when external hazards are screened out individually, these hazards are often omitted during data collection. 
From the perspective of identification of potential relevant event combinations, this lack of data may 
constitute a drawback as vital information may not be available. It is therefore important to ensure that the 
full spectrum of hazards is included in the process of analysis of combinations. However, it was noted that 
some guidelines do not allow screening of certain hazards, especially earthquakes, as these hazards are 
applicable to nearly all sites and they are subject to specific regulations. 

To cover an important case of a transient induced by combined hazards, the correlation mechanisms with 
the potential to induce hazards to the plant and effects on safety functions need to be investigated in detail. 
Because these types of accident sequences are often associated with a combination of low frequency 
external events, the screening process should consider the potential for inducing a large early release.  
Therefore, screening should be based on LERF (large early release frequency) and not on CDF (core 
damage frequency). 
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The effects of beyond design external events may aggravate the performance of possible accident 
management actions to cope with hazard induced unavailability of safety systems. Such actions are: 

 actions to refill water storages and fuel oil storages for beyond design mission times, 

 actions to start back-up systems,  

 actions to recover failed/damaged components. 

In addition the Fukushima Dai-ichi reactor accidents have shown that the analysis of beyond design 
external hazards must take into account severe damage on the plant infrastructure and the public 
infrastructure for the analysis. Offsite support, e.g. delivery of diesel fuel oil or make-up water, which is 
usually credited in safety analyses as available, may not be possible at all, or at least much more difficult to 
be managed.  

As discussed by the author, a systematic approach to external events screening provides a means for early 
demonstration of plant robustness regarding external hazards and combinations of them. Site specific 
information e.g., data on strength and frequency of beyond design external events, is an important basic 
input to the external events screening analysis. This input is needed as early as possible for new projects in 
order to have any potential site specific issue taken into account in the early phase of the project and 
reflected in plant design. The experience from the ongoing projects has shown that it is not always possible 
to receive this information in adequate level of detail. As a consequence, the external hazards screening 
often involves engineering judgment. Caution has to be paid that the assumptions applied are properly 
documented to allow later check or revision, e.g., in the frame of periodic safety reviews.  

The last paper was presented by L. Pecinka, UJV Rez, a.s. and the following topic was addressed “Seismic 
Hazard Assessment for NPPs in Czech Republic”. The Czech Republic is a country with a very low 
seismicity. For the evaluation of seismic hazards of two operating NPPs with VVER type reactors, the 
IAEA Safety Guide 50-SG-S1 “Earthquakes and associated topics in relation to nuclear power plant 
siting” [20] had been used and the peak ground acceleration value has been established as 0.1 g.  However, 
a higher level of seismic safety for nuclear power plants is now required after the Fukushima event, which 
is reflected in the IAEA Safety Guide SSG-9 [21].  Safety Guide SSG-9 represents the collective 
knowledge gained from recent significant earthquakes and includes new methods for probabilistic seismic 
hazard analysis and strong motion simulation.  This safety guide will be applied to new two units planned 
to be built on the Temelin site. 

The following observations can be made on the basis of the presentations in Session 1, although generally 
applicable conclusions cannot be based just on four papers for such a wide topic: 

 Methods and guides are available for 

 seismic hazard determination, 

 identification of external hazards 

• list of potential hazards, 

 screening of external hazards for detailed PSA 

• lists of screening criteria, 
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 mathematical treatment of probabilities of correlated hazards. 

 Identification of correlations between external hazards is important. 

 Useful hazard estimates can be determined with current methods. 

 However, hazard estimates are often little supported with site specific data. 

 Data is usually available for a period of the order of 100 years (or less). 

 Screening criteria typically approach the value of 1E-08/year. 

 Strong extrapolation using extreme value distributions inducing high uncertainty is necessary. 

 When engineering judgment is applied, the associated uncertainties have to be understood and 
addressed. 

The information about the analyses of external hazard potential and on the related uncertainties, screening 
of hazards etc. was also included in more general papers presented in the other sessions, for example in 

 Estimation of frequency of occurrence of extreme natural external events of very high intensity on 
the base of (non)available data by J. Holý (ÚJV Řež) et.al. (Session 2), 

 Seismic Hazard Assessment and Uncertainties Treatment: Discussion on the current French 
regulation, practices and open issues by C. Berge-Thierry, CEA-Saclay, France (Session 2). 

3.3 Session 2 - Specific Features of Analysis and Modeling of Particular Natural Hazards to be 
Improved 

Four papers were presented in this session related to specific features of analysis and modelling of 
particular external hazards. 

The first paper “Estimation of frequency of rare natural external events of very high intensity on the base 
of (non-)available data” by J. Holy (UJV Rez, Czech Republic), was devoted to the use of information 
from the design basis for natural external hazards for assessing initiating events frequency in PSA. Sparse 
historical  data were analyzed with different probabilistic distributions and a Gumbel distribution 
was proposed as the best choice for the mathematical model of the potential to reach extreme parameters of 
high wind and heavy snow (in agreement with IAEA recommendations). The reason to select the 
distribution was that the other distributions under testing (three-parameters lognormal) provided unrealistic 
non-corservative estimates of parameters of external events with return period of 10 000 years.  The 
conclusion is that the selection of probabilistic distribution and careful selection of the most suitable data 
source are important for more realistic assessment of external events frequency. 

The second paper “External hazards in the PRA of Olkiluoto 1 and 2 NPP units - accidental oil spills” by 
L. Tunturivuori (TVO, Finland) presented the analysis of oil spills accidents with a functional and 
probabilistic approach (fault trees), taking into account the possible scenarios and the oil spills 
arrangements at Olkiluoto. This detailed approach led to a realistic assessment of the frequency and 
consequences of the oil spill event. It has made possible to evaluate the impact of the arrangements 
implemented by TVO, particularly to perform some safety improvements (installation of oil booms, 
automatic alarm). 
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The third paper “Current status and issues of external event PSA for extreme natural hazards after 
Fukushima accident” by In-Kil Choi (KAERI, Korea) outlined the important effort of Korean nuclear 
industry to improve the resistance of NPPs against large earthquakes and tsunamis. The paper described 
collection and use of specific data, risk assessment of the effects of several safety improvements, and 
research activities concerning earthquake and tsunami as well as other external hazards. The paper 
concluded that current more realistic assessment of external hazards risk allows evaluating the effective 
safety improvements notably after Fukushima. 

The fourth paper “Realistic modeling of external flooding scenarios” by J. L. Brinkman (NRG, 
Netherlands) presented an analysis of external flooding in the Netherlands, with a detailed analysis of the 
real effects of the water level on flood protections (dikes, dunes, …), and the identification and 
probabilistic assessment of relevant scenarios. The analysis provided realistic evaluation of critical 
flooding level and the effects of protection measures. The paper provided a detailed discussion of 
important flooding induced failure modes of protective systems (not just overtopping) and pointed out a 
number of drawbacks of deterministic approaches to flooding protection, observing that scenarios 
involving less than design basis flooding levels could be important contributors to risk. 

Although very different in scope and topics, these four papers had similarities in the objectives. The main 
idea was to develop methods and studies aiming to obtain more realistic risk assessments, neither too 
optimistic nor too conservative. These more realistic evaluations provide a better view on the real problems 
and also a better view on the impact of safety improvements. In fact, some safety improvements could not 
be covered with a too simplified and conservative approach (protection against oil spills in Finland, against 
tsunami in Korea, against external flooding in the Netherlands).  

3.4 Session 3 - Practices and Research Efforts on Natural External Hazards PSA 

There were four presentations in this session, one presentation by U.S. NRC, one presentation by GRS 
from Germany and two presentations by IRSN from France. 

N. Siu from U.S. NRC made a presentation titled “Consideration of external hazards and multi-source 
interactions in the U.S.NRC’s site level 3 PSA project”. U.S.NRC launched a project in September 2011 to 
evaluate the total risk at a selected reference NPP (the Vogtle plant) according to the entire initiators, 
including external hazards. The scope of this risk evaluation was given as “reactor in all operational 
modes, including full power, low power and shutdown modes, spent fuel pool and dry cask storage, where 
all the internal and external hazards are considered”. As part of this study, an Integrated Site Risk Analysis 
(ISRA) addressing the combinations of and interactions between the different sources of radiological risk 
(reactors, spent fuel pool (SFP), dry casks) is underway. A number of modeling and implementation 
challenges were identified. The former include the problem of combinatorial explosion associated with the 
need to treat multiple sources over extended periods of time. 

S. Sperbeck from GRS made a presentation titled “Recent research on natural hazards PSA in Germany 
and future need”. The German PSA Guide and its supplementary technical documents on PSA methods 
and data require PSA to be carried out within the periodic safety review (PSR). Since 2005, this also 
covers probabilistic analyses for some internal and external hazards. After the Fukushima Dai-ichi reactor 
accidents, it has been recommended that the safety assessment of a NPP does also contain a comprehensive 
Level 1 PSA for all internal and site-specific external hazards, so-called Hazards PSA (HPSA) and a 
methodology to perform HPSA is being developed accordingly. A systematic method aimed at identifying 
important hazard combinations and associated dependencies among PSA initiating events was presented. 
Hazard Equipment Lists (HEL) and Hazard Dependency Lists (HDL) were introduced, as a part of the new 
methodology, for all hazards which have to be analyzed in detail. These lists are used for a systematic (and 
partly automatic) extension of the fault trees in the Level 1 PSA quantification model. 
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P. Dupuy from IRSN made a presentation titled “Treatment of the loss of ultimate heat sink initiating 
events in the IRSN PSA”. The total loss of ultimate heat sink event was recognized to be induced by 
external hazards and affecting all the site’s units, considering the event at Cruas-4 in 2009 and the 
Fukushima Dai-ichi reactor accidents. The PSA model for total loss of ultimate heat sink was updated to 
reflect such items as longer recovery time of the heat sink, multi-unit impact, associated design 
improvement and symptom-based emergency procedures. After this update, the core damage frequency for 
the initiating event “loss of heat sink during full power operation" was reduced from 6.1E-06/r.y. to 5.5E-
07/r.y. The dominant accident sequence in the updated PSA corresponds to exhaustion of the secondary 
water reserves before heat sink recovery, which is a sequence involving multi-unit considerations and 
models. 

G. Georgescu from IRSN made a presentation titled “PSA modeling of long-term accident sequences”. In 
French PSAs, even before the Fukushima Dai-ichi accidents, long-term accident sequences were taken into 
account. However, in the short-term, IRSN intends to enhance the modeling conditions of the “long-term” 
accident sequences induced by loss of the heat sink and/or the loss of external power supply. In past 
studies, a mission time longer than 24 hours was already assumed, and as long as 192 hours in the 
Flamanville-3 EPR’s “extreme wind” Level 1 PSA study. IRSN intends to promote a generic study which 
could be used as a benchmark methodology for assessing of the long-term accident sequences, mainly 
generated by external hazards and their combinations. 

As described above, in the USA, Germany and France, PSA studies for long-term accident sequences 
caused by various external hazards are being promoted. The study challenges include: 

 Scope of the PSA: reactor in full power, low power, shutdown states, SFP and dry cask storage, 

 combination of external hazards, 

 mission time for long duration scenarios, 

 multi-unit impacts, 

 establishing screening procedures for analysis of site specific hazards. 

3.5 Session 4 - Modeling of NPP Response to Natural Hazards in PSA 

Session 4 was dedicated to those papers discussing examples of PSA projects from four different countries, 
where external hazards were modeled. Three papers concerned NPPs and one paper was devoted to a spent 
fuel interim storage facility.  

The first presentation was made on the topic “External Events PSA for the Paks NPP (2012)” by T. 
Siklossy from NUBIKI, Hungary. The Hungarian nuclear safety regulatory body requires a risk assessment 
of external hazards beyond the design basis, up to the cut-off frequency of 1E-07 per reactor year. A 
quantitative risk assessment of external (not screened out) hazards was performed and plant CDF for some 
hazard categories were enumerated. The unscreened hazard categories included earthquakes, extreme 
winds, rainfall, snow, extremely high and low temperatures, frost and ice formation, as well as lightning, 
tornado, and blockage of water intake filters. The current PSA models include wind, snow and frost 
hazards for which plant CDF was calculated. Plant risk due to extreme rainfall and lightening was found 
insignificant. The scope of analysis includes shutdown states, as well as at-power operation. Unresolved 
issues and the needs for follow-up analyses were identified and proposed. 
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The second presentation was made by T. Kozlik, KKG, Switzerland on “Treatment of external events in 
the linked event tree methodology for Goesgen-Daeniken NPP”. This PWR type plant has an integrated 
PSA model based on the “linked event tree methodology”. The model is run by RISKMAN software which 
quantifies Level 1 and Level 2 PSA models for internal and external events. The scope of the external 
hazards analysis includes seismic events, extreme winds and tornados, external floods, and service water 
intake flooding. Other external hazards were screened out. The paper provided some details of the external 
flooding modeling and data used. After recent plant modifications, which included flood barriers, the CDF 
(and LERF) from external flooding were estimated to be negligible. There is an ongoing study aiming on 
reevaluation of seismic hazards in Switzerland (the PEGASOS refinement project). 

The third presentation was made by M. Jaros, UJV Rez on the topic ”External events analysis in PSA 
studies for Czech NPPs”. In this presentation, external event analyses in PSAs of two NPPs - Dukovany 
and Temelin, were described. For both plants, external hazards have been gradually incorporated into the 
PSA models in the last decade. In 2008, the following external hazard categories were screened in for 
analysis in the NPP Dukovany PSA: storms, extreme high/low temperatures, extreme snow and wind, 
tornados and seismic events. Recently, a revision of the past selection and screening of external hazards for 
detailed analysis was done using the new EPRI methodology released in 2012 [22]. For the Temelin NPP, 
the screened in hazards (other than seismic) were found to be negligible contributors to plant risk. 

The last presentation was made by T. Puukka, TVO, Finland, on the topic “The probabilistic risk analysis 
of external hazards of an interim storage for spent nuclear fuel in Olkiluoto.” This work is an example of 
non-reactor external hazards modeling. The study started in 2012, following the responses to the 
Fukushima event. A detailed analysis has been carried out, and 13 hazards (sea-related and others), and 
seismic events were included. Quantitative results were produced. Based on the results, specific 
improvements in the plant design were proposed. 

The following observations can be made from the papers presented and the subsequent workshop 
discussion: 

 External hazards have been modeled in various NPP PSAs over the last decade, including events 
during shutdown and low power operation. 

 Many examples of plant (reactor and non-reactor) improvements due to external event analyses 
do exist. 

 Some organizations plan to use the external events (EE) PSA to quantify the impact of post 
Fukushima actions. 

 All organizations intend to develop EE PSA in a more systematic manner. 

 Level 2 EE PSA has not been systematically included into the scope of external events analysis. 

 Possible subjects for international cooperation should be discussed (such as screening, for 
example - criteria and results). 

3.6 Session 5 – Seismic Risk Analysis 

In the fifth session five contributions of four countries and one of the IAEA were presented. In this chapter, 
they are summarized first per contribution in an extended way followed by a summary of the major overall 
conclusions from this session. 
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The presentation “Guidance on implementing seismic PSA” by O. Coman, IAEA, was devoted to 
development of guidelines for implementation of a seismic PSA. If successful, these guidelines can close 
an important gap. ASME/ANS PRA standards and the related IAEA Safety Guide (IAEA NS-G-2.13 [23]) 
describe capability requirements for seismic PSA in order to support risk-informed applications. However, 
practical guidance on how to meet these requirements is limited. Such guidelines could significantly 
contribute to improving risk-informed safety demonstration, safety management and decision making. 
Extensions of this effort to further PSA areas, particularly to PSA for other external hazards, can enhance 
risk-informed applications. 

The presentation “Seismic hazard assessment and uncertainties treatment regarding French regulation” by 
C. Berge-Thierry, CEA, France  started with the fact that, based on the lessons learned from the Fukushima 
accidents, seismic design and safety analyses have been reviewed extensively in France, e.g. as a part of 
the EU Stress Test. Within this review, a thorough examination of current regulations and practices in 
seismic hazard assessment for NPP sites in France was made; several technical issues were identified that 
have to be further dealt with. In particular, the necessity of a full scope probabilistic seismic hazard 
assessment (PSHA) has been pointed out with an emphasis put upon including and quantifying the effects 
of epistemic uncertainties. Since national experience may be insufficient to fully cope with this task, the 
importance of international co-operation was highlighted in the presentation. It is recommended to further 
study in more details whether the new findings can be generalized and postulated as valid for other 
member states with NPP sites of moderate or low level of seismicity. 

The presentation “Level-1 seismic probabilistic risk assessment for a PWR plant” by K. Kondo, JNES, 
Japan, was oriented to the development of seismic PSA models and risk quantification in pilot study for a 
Japan PWR. The probability of simultaneous correlated failures for multiple components has been 
evaluated in the study by using the power multiplier (PM) method presented in NUREG/CR-4840 [24]. 
The difference in CDF between the case of conventional PM and that of PM = 1 (complete dependence) 
was found quite small, only 3 %. However, the influence of PM on CDF increased up to 20 % if the impact 
of emergency core cooling system (ECCS) piping fragility was neglected. In the future, more realistic 
evaluations of correlated simultaneous failures are seen as desirable. It is noted, that a 20 % change in the 
CDF estimate can be expected at maximum in this seismic PSA. 

The fourth presentation was “Seismic PRA of a BWR Plant” by M. Nishio, JNES, Japan, which described 
the seismic PSA performed for a BWR-5 plant and evaluated the dominant accident sequences leading to 
core and/or primary containment vessel (PCV) damage, in order to identify dominant scenarios of severe 
accidents. The analytical models and the results of Level 1 seismic PSA were presented. The initiating 
events with dominant contributions to CDF include the loss of all alternating sources of electric power 
(station blackout) and large LOCA. The most important accident sequence is the simultaneous occurrence 
of station blackout and large LOCA. Plant CDF can be lowered substantially by increasing the seismic 
capacity of the diesel generators. Follow-on activities to this seismic PSA may include (1) removal of some 
unnecessary conservatism, (2) refinement of success criteria for plants systems in response to seismic-
induced transients and (3) inclusion of seismically induced tsunami in the analysis.  

The last presentation was “Seismic design of non-reactor nuclear facilities” by M. Mummert, NUKEM, 
Germany. In M. Mummert’s proposal for a systematically structured approach to seismic safety and 
seismic classification of non-reactor nuclear facilities, an observation was made indicating less rigorous 
design and less safety analyses for such facilities in comparison to nuclear power plants. Although this 
finding cannot be fully generalized on the basis of isolated observations, the importance of external 
hazards PSA for non-reactor radiological sources has to be stressed. The Fukushima experience clearly 
confirms the validity of this finding. In the member states, a continuous development has been addressed in 
the scope of PSA over the past decades in terms of operating modes, initiating events/hazards and 
radiological sources. It is suggested that a full scope PSA should be pursued in all these aspects. 
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Some general conclusions can be drawn from the results and findings reported in the papers of Session 5. 
These conclusions address various technical issues of seismic risk analysis. Some of them may contribute, 
in a broader sense, to help advancing PSA for other types of external hazards, and risk-informed decision 
making involving considerations of risk from external hazards: 

 IAEA is developing a “how to do” document on implementing seismic PSA in order to provide 
technical guidance helping to meet the requirements of the ASME/ANS PRA standard [25] and 
IAEA Safety Guide NS-G-2.13 [23] for the support of risk-informed applications. 

 Implementation guidance for a broader scope of external hazards PSA as well as IAEA’s efforts 
to help with the extension of PSA models for internal and external hazards should contribute to 
improving risk-informed safety demonstrations, safety management and decision-making, 

 Comprehensive and critical reviews of seismic hazard assessments (SHA) have been found of 
paramount importance in France, which can be valid also for other countries to identify and close 
gaps in methodology including NPP sites with moderate or low seismicity, 

 An important response of the French authority and utilities to the Fukushima accident is an 
improvement of the Complementary Safety Studies (CSS) in order to complete the scenario 
based approach by probabilistic seismic hazard assessment (PSHA) with appropriate treatment of 
epistemic uncertainties, 

 Based on the results and findings from developing seismic PSA models for selected Japanese 
plant designs, the need to improve the quantification of correlated simultaneous failures has been 
highlighted. 

 The risk from seismic induced hazards has to be considered as well. Accordingly, the Atomic 
Energy Society of Japan (AESJ) is developing guidelines on tsunami PSA. Seismically induced 
consequential hazards may be an important risk factor even if the site is not vulnerable to tsunami 
with seismic induced fires and flooding being examples that typically need to be accounted for in 
a seismic PSA. 

 The use of a structured and systematic approach to seismic design and safety analysis is 
indispensable to ensure sufficient defense of non-reactor nuclear facilities against earthquakes. 

3.7 Session 6- Use of external events PSA with the focus on regulatory body role 

The papers of Session 6 gave an overview of the regulatory approach in Germany, USA, Canada, Japan 
and Finland regarding the PSA requirements and the development of regulation, focusing on external 
hazards and the impact of the Fukushima Dai-ichi accidents. 

M. Krauß, BfS, Germany, described in his paper “Actual regulatory developments concerning the 
implementation of probabilistic safety analyzes for external hazards in Germany” how the recent activities 
in the context of the Fukushima Dai-ichi reactor accidents, such as the WENRA and new IAEA safety 
requirements and EU Stress Test, have influenced the revision of the German national nuclear safety 
regulations, completed in 2012. Additionally, the recommendations and guidelines of the German Nuclear 
Safety Standards Commission (KTA) and the expert group FAK PSA, an advisory board of the Federal 
Ministry of Environment, Nature Conservation and Nuclear Safety (BMU) led by the Federal Office for 
Radiation Protection (BFS), will provide new updates to the regulation in 2014. The activities of the 
updates have been focused to the natural hazards “earthquake” and “flooding” in the German regulations. 
However, explicit consideration of all natural hazards is required. 
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The second paper titled “Incorporation of All Hazard Categories into U.S. NRC PRA Model” by S. 
Sancaktar discussed how the U.S.NRC has incorporated additional hazard categories into a set of nuclear 
power plant PRA models (Standardized Plan Analysis Risk, SPAR models) prepared by the NRC’s Office 
of Nuclear Regulatory Research since 2004. Currently, there are 18 SPAR-AHZ models addressing 
additional hazard categories such internal flooding and fires, seismic and wind-related hazards. These 
models allow the U.S. NRC risk analysts to make independent quantitative estimates of event and plant 
risk. 

Two additional activities being pursued currently at the U.S. NRC may further improve the completeness 
of the SPAR-AHZ models: 

 A better process to evaluate, and, if appropriate, include the impact of multiple and concurrent 
events in a PRA model, with emphasis put on seismically induced fire and flooding events, 

 a Level 3 PRA model study that includes multi-unit, multi-source events (e.g. spent fuel pool and 
storage casks, in addition to the reactor) covering all operational modes and hazards (see Section 
3.4 of this report). 

M. Xu from the Canadian Nuclear Safety Commission (CNSC) introduced CNSC’s Fukushima Actions 
Items (FAI) with respect to external hazards evaluation: FAI 2.1.1 Re-evaluation of external hazards and 
FAI 2.1.2 Re-evaluation of design protection against external hazards. Seismic events, external floods, 
high winds and consequential hazards are to be considered. These two FAIs also require the Canadian 
licensees to evaluate the cliff-edge effects corresponding to the WENRA Stress Test specifications and the 
U.S. NRC approach. 

The fourth paper titled “Strategies towards Enterprising Development and Application of External Events 
PRA Standards in Japan” by K. Kondo, JNES discussed the background and development of PRA 
standards (Levels 1, 2 and 3) in Japan with the focus on external hazards PRA standards. A standard for 
procedures of seismic PRA was issued in September 2007, implementation standards for tsunami in 
February 2012 and the standard for internal flooding in November 2012. The development of standards is 
ongoing, including new standards for fires and quality of PRA, and additional revisions of the existing 
standards to cover consequential events and shutdown states. Japanese experts strongly emphasize the 
importance of the assessment of external hazards. 

The fifth paper titled “The Role of External Events PSA in the Finnish Regulatory Approach“ by J. 
Sandberg, Radiation and Nuclear Safety Authority (STUK), Department of Nuclear Reactor Regulation, 
Finland gave an overview of the Finnish regulatory basis on PSA with the focus on external hazards. PSA 
has widely been used in Finland to support regulatory decision making since the late 1980es. Seismic 
hazards, harsh weather conditions and other off-site external hazards were included in the PSA models of 
the operating units in the 1990es and several updates and extensions have been carried out since then. For 
new units, a preliminary full scope PSA is required in the design phase, which shall be refined during 
construction. PSA and, in particular, external hazards PSA has proven to be an important tool in safety 
management and regulation in Finland. The licensee’s positive attitude has resulted in long-term 
commitment on development and application of PSA, active development of PSA methods, and 
additionally created in-house expertise and understanding of plant and site specific issues. 

The following main conclusions can be drawn based on the presented papers:  

 Although probabilistic methods for assessing risks of internal events have been commonly 
required on regulatory basis, requirements for addressing external hazards were mainly restricted 
to the assessment of seismic impact on the plant. 
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 Lessons learned from the Fukushima Dai-ichi reactor accidents and related actions at national, 
European and global level have emphasized the importance to assess risks associated with all 
natural hazards, combinations of those and their impact on plant sites with several units. 

 Based on the papers of the workshop, regulators in many countries have taken actions to include 
external seismic risk, external flooding, and (to some, generally different level, the other external 
hazards) in PSA practices and safety regulations; national safety requirements have been re-
evaluated and development is still ongoing. 

 Finland is an example of a country having long traditions and broad experience in requiring and 
using external hazards PSA including seismic, external flooding and other natural hazards, as an 
integral part of PSA and decision making. 

3.8 Facilitated Discussions 

Two facilitated discussions were held during the workshop on the following general topics: 

 Where do we stand in risk analysis of external events? 

 Findings and good practices for external events analysis. 

The first discussion was facilitated by J. Holy, the second one by N. Siu. 

3.8.1 Status of External Hazards PSA – Selected Topics 

Regarding the status of external hazards PSA, important aspects of the following topics were addressed in 
the discussions: 

 vulnerability and fragility analysis, 

 PSA modeling and analysis of strong external events impacting more than one unit located at a 
plant site, 

 specific features of plant operation regimes (low power and shutdown) analysis, 

 human reliability analysis, 

 extended duration scenarios, 

 combined external hazards, and 

 climate change. 

Vulnerability and fragility analysis 

The simple concept of fragility (as a scalar) is very useful in seismic PSA, but can be more problematic in 
other situations where the hazard needs to be characterized by a number of parameters. For example, the 
treatment of wind-driven missiles needs to consider speed and angle, as well as the physical characteristics 
of the missile. As another example, a detailed treatment of floods needs to consider, in addition to water 
level, such things as dynamic forces, persistence, and the potential for clogging. In addition, new 
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challenges have to be addressed also in the area of fragility analysis of (non-seismic) events as extreme 
snow, extreme wind, extremely heavy rain and other external hazards. 

The vulnerability and fragility analysis should address correlation effects and consequent damage (e.g., the 
impact of generated missiles). However, both methodological support and the volume of useful 
information defining good practices are very limited. There is a need for methodological improvements 
and guidance to address a these issues.  

More generally, there is a need for methodological developments and associated PSA guides and standards 
to address non-seismic fragilities. Generic and hazard-specific guidance could help, for example, PSA 
analysts attempting to develop fragilities for lightning-induced events based on information provided in 
industrial standards for lightning protection. 

There is a need for an authoritative, common source of information (e.g., references or a database) on 
fragilities covering the wide range of external hazards that need to be considered. 

Multiunit effects 

Multi-unit effects analysis is another area requiring consideration of the correlation of component failures 
due to the shared characteristics of similar components located at different units impacted by the external 
event.  Methodological support is limited, and some guide or standard would be extremely useful. 

Consideration of the potentially site-wide effects of external hazards also brings some new specific 
methodology issues, particularly related to dependency, human factors, success criteria etc. 

Limitations in plant resources to manage multiunit events should be addressed carefully (as there may be 
no help available from another unit on site). 

The establishment of appropriate safety goals for multiunit events remains a challenge (albeit a challenge 
not unique to external hazards PSA). 

External events PSA for various operation regimes and non-reactor sources of risk 

A number of workshop presentations indicated some degree of coverage of external hazards analysis for 
non-power modes of operation and some papers explicitly addressed analyses for storage facilities. It is 
important to look beyond reactors when assessing the risk from external hazards. 

From a Level 2 PSA perspective, it is important to recognize that for some non-reactor sources (e.g., spent 
fuel pools) physical barriers to radiological release (e.g., a fuel handling building) may be damaged by an 
external event. 

Human reliability analysis in external events PSA 

HRA methodologies developed and used in internal events analysis will have to be modified for intended 
applications in external events PSA. This big challenge will include not only quantification, but also task 
analysis and modeling, including addressing new performance shaping factors (in applications of 
generation 1 HRA methods) or new elements of the error forcing context (in applications of generation 2 
HRA methods).  

In general, external events PSA may need to put more emphasis on organizational and managerial aspects 
of plant response than PSA for internal events. Instead of a fixed, well elaborated (control room) 
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environment, the key human actions may be performed under highly dynamic and not very crew friendly 
circumstances.  

The strong call for harmonization of HRA methods used worldwide has resulted in such international 
activities as the International Empirical HRA Study [26]. Harmonization efforts should be extended to 
cover HRA performed within external events PSA. 

Long duration scenarios and the most suitable scope of the model in external events PSA 

A clear treatment of long duration scenarios needs a clear definition of what is meant by “long duration.” 
This definition is dependent on the definition of what is considered to be a safe and stable state, and also on 
the purpose of the analysis. Regarding purpose, for example, the analysis timeframe for a baseline PSA 
analysis used to support routine risk-informed applications may differ from that for an analysis performed 
to identify potential vulnerabilities at a damaged site (actual or hypothetical).The time duration of accident 
scenarios modeled and quantified in an external events PSA significantly influences the scope of the 
analysis and the resources needed. Due to the potentially large-scale onsite and off-site consequences of 
external events that can hinder recovery efforts, the common assumption of a 24 hour mission time frame 
needs to be re-examined. 

The length of the time interval modeled in various PSAs, and even in the same PSA for different external 
initiating events, should not be fixed as constant; rather it should be established in accordance with the 
character of the scenario. In principle, the scenario should be modeled up to the point where the final plant 
status (as defined in PSA) can be clearly put into one of a number of pre-defined categories (stabilized 
plant, core damage etc.). However, such an approach can lead to a difficult analysis involving explicit 
modeling of a very long time interval. 

Long-term scenarios represent a specific problem for HRA. The challenges include the treatment of 
organizational response, for which current methods are still rudimentary.  

Plant response to the events caused by combined external hazards 

As also recognized in a number of workshop presentations, it is important to address combinations of 
external hazards in external events analysis. Given the multiplicity of potential combinations, such an 
analysis should be carried out in systematic manner (e.g., by matrix of possible external events 
combinations). Examples of systematic approaches to identification of risk important combinations of 
external hazards were presented in Session 1 and Session 3 of the workshop. 

It is also important to recognize the potential risk significance of consequential hazards induced by the 
external event. It was noted that seismically-induced fires and floods are being addressed in Canadian 
PSAs. 

Screening methods play a large role in external events PSA. Systematic approaches that search for and then 
screen, as appropriate, potentially important combinations of external hazards are needed. 

Climate change effects 

Although there was general agreement that climate change and its implications for external events PSA 
was an important discussion topic, there were mixed views regarding the urgency of its explicit treatment 
in PSA. 

As also discussed at the NRC’s PFHA workshop (see Section 2.1), estimates of the frequency-magnitude 
relationship for extreme, natural meteorological events are subject to very large uncertainties, even when 
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climate change is not taken into consideration. Climate change considerations introduce additional 
uncertainty that may or may not be significant.  

Further, it was emphasized that addressing climate changes in external hazards PSA represents a major 
challenge for the process of deriving (external hazard induced) initiating event frequencies. Addressing 
climate change means adding (at least) one more parameter into the frequency model and this parameter 
has to be estimated on the basis of available data.  

Recognizing the potential importance of climate change effects on some risk-informed decisions (e.g., 
those requiring consideration of risk projections for extended time periods), it was suggested that WGRISK 
continue to monitor the state of the science, possibly addressing the topic through a technical discussion at 
an upcoming annual meeting. This suggestion echoes a similar recommendation made in the 2009 
WGRISK report on PSA for non-seismic external events [3]. 

As indicated by an NEA representative, the NEA opened a new project addressing economic and safety 
consequences of climate changes in operation of nuclear power plants in the future [6]. The plan for this 
new project that addresses safety aspects does not specifically identify PSA as a subject to pursue. 
However, the idea that PSA may be usable tool has been supported in climate change project meetings. 

3.8.2 Good Practices in External Events PSA 

Regarding good practices for external events PSA, the workshop participants identified the following: 

 challenge assumptions, 

 calibrate models, 

 account for underlying physical processes , 

 ensure treatment of dependencies, 

 work in multidisciplinary teams, 

 disseminate information. 

 
A number of these were illustrated with practical examples in the workshop presentations or discussions. 

Challenge assumptions 

Most of current external event PSAs start with a standard list of events (e.g., see NUREG-1407 [27], 
ASME/ANS Ra-2009a [25], and IAEA Specific Safety Guide SSG-3 [28]) and then screen out events that 
are unlikely to be important risk contributors. The analysis should consider whether these standard lists 
should be supplemented by more recently identified potential hazards (e.g., coronal mass ejections). The 
analysis should also pay strong attention to combinations of events, especially when these events are 
correlated. Examples of such combinations were presented by a number of papers during the workshop. 

The analysis should search for conditions that would make a situation worse and those that could increase 
dependencies between the external hazard and mitigating actions. As an example of the first, reduced 
staffing or even attention levels during night shifts could slow the identification and notification of offsite 
emergencies. As an example of the second, the occurrence of a storm could increase the likelihood of an 
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offshore shipping accident and also increase the failure probability for deploying booms intended to protect 
against oil spills. 

The analysis should consider the effects of potentially relevant trends. In the case of external event PSA, 
these include changes in weather due to climate change, changes in relevant transportation patterns (e.g., 
shipping loads and frequency, commercial aircraft routing), and changes in plant technology (e.g., 
increased use of digital technology, increasing the potential vulnerability to electromagnetic disturbances). 
Particular attention should be paid to the effects of these trends on combinations of external hazards. 

Calibrate models 

Given the relatively short historical record available and the need to estimate the likelihood of external 
hazards with long return periods, the analysis should include all relevant evidence, including paleo 
evidence when available. 

In some situations (e.g., regarding flow from breached dams), experimental data are available and should 
be factored into the analysis. 

A number of external hazards PSAs have been performed worldwide. It would be useful to compare 
analyses performed for similar hazards (e.g., lightning) to develop lessons (e.g., regarding the screening, or 
not, of such hazards) useful for other analyses.  

Account for underlying physical processes 

It is important to ensure that the probabilistic models used in PSA appropriately reflect the underlying 
physics of the situation. Thus, for example, a fragility analysis for a watertight door should account for the 
dynamic forces acting on that door – a tsunami will likely present a very different situation than a pipe 
break. 

Although the binary logic modeling approach used in most PSA models is extremely useful, care must be 
taken that it not be used to oversimplify the performance or communication of an analysis.  For example, 
as explained by Brinkman (see Section 3.3), overtopping is just one failure mode for a dyke. In fact, it isn’t 
the most likely failure mode. Combined with the fact that a plant’s response will differ with different 
flooding levels, the intuitive notion of a flooding “cliff edge” needs to be employed with caution. 

As previously discussed, external hazards often are characterized by multiple parameters.  These 
parameters, some of which may affect operator actions, should be treated explicitly in a detailed external 
hazard PSA. 

A number of external hazards (e.g., riverine flooding) can involve significant build-up times before 
dangerous hazard levels are reached.  Treatment of the associated warning time can improve the realism of 
the analysis. 

Functional analysis can be performed to assess PSA mission times.  Such an analysis is not yet routinely 
performed but is needed to provide a stronger basis for, or replacement of, generic values (e.g., 24 hours, 
72 hours) used in most current PSAs. 
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Ensure treatment of dependencies2 

Seismically induced fires and floods provide particularly challenging examples of potentially dependent 
events. Guidance for performing quantitative analysis has been developed by EPRI and used in Canada. 

Other, well-recognized hazard combinations that can lead to dependent failures include storm-driven high 
winds and flooding (e.g., Blayais, 1999) and earthquakes and tsunamis (e.g., Fukushima, 2011).  Sperbeck 
(see Section 3.4) presented a systematic method aimed at identifying important hazard combinations and 
associated dependencies among PSA initiating events. 

Work in multidisciplinary teams 

The complete treatment of external hazards involves multiple scientific and engineering fields. 
Multidisciplinary teams are needed to ensure appropriate use of the results from these fields in an external 
event PSA. In addition to experts on hazards and fragilities, these teams should include participants with 
expertise in plant operations, who will have first-hand knowledge regarding how a plant is expected to 
respond to an external event, as well potentially direct experience with actual events. 

It should be recognized that some technical disciplines have approaches and perspectives that are not 
entirely consistent with the needs of an external events PSA. For example, some flooding hazards experts 
do not support the development of predictions for floods with return periods much greater than the 
available historical record (perhaps as supplemented with paleo evidence). 

Disseminate information 

To assist with the continued improvement and harmonization of external events PSA, it is important that 
the PSA community continue and even enhance efforts to share information on methods, models, tools, 
data, and results. 

Because external events PSA deals with a wide range of hazards, an analysis requires input from many 
technical communities.  It is therefore important that the external events PSA community be kept aware of 
developments in other, related communities, even in cases where the developments involve deterministic 
analyses (e.g., numerical predictions of tsunami heights). 

Similarly, because other technical communities will benefit from knowing how their models and analyses 
are used in external events PSA, it is important that these communities be kept aware of external events 
PSA developments.  

Intermediate results of external events PSA (e.g., the frequency and consequences of extreme flooding 
events) can be useful to non-nuclear risk managers. Even in cases where an external event is demonstrated 
to pose an insignificant threat to a nuclear facility, consideration should be given to sharing pertinent 
information with organizations with relevant risk management responsibilities. 

                                                      
2  Editors’ Note: the proper treatment of dependencies is widely recognized as being fundamental to PSA and 

much of the workshops’ discussions addressed different aspects of this topic. Due to time limitations, the 
facilitated discussion did not address additional, specific good practices beyond the few identified in this 
section. 
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3.8.3 Other Discussion Points 

Particularly in the Post-Fukushima era, the examples of successful and useful applications of PSA are very 
valuable. A number of such examples was presented in papers during the workshop and further commented 
during facilitated discussions: 

 In one case (the flood induced biofouling and loss of ultimate heat sink at Cruas 4 in 2009 – see 
Dupuy paper, Section 3.4), emergency operating procedure changes suggested by a pre-event 
PSA led to improved management of the actual event, 

 The papers presented in the workshop provided numerous examples where external events PSA 
was used to support plant design and operations improvements, 

 The workshop papers and discussions also provided numerous examples where deterministic 
analyses of external hazards led to improvements; this illustrates the complementarity of the 
probabilistic and deterministic approaches and the value of a risk-informed approach to decision 
making. 
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4. Conclusions and Recommendations  

The following conclusions can be made based on workshop presentations, discussions during particular 
sessions, including final and opening sessions, and two facilitated discussions. 

4.1 Status of External Hazards PSA Including Recent Developments 

Regulatory Framework  

Lessons learned from the Fukushima Dai-ichi reactor accidents and related actions at national, European 
and global level have emphasized the importance to assess risks associated with external hazards 
(including combinations of these hazards) and their impacts on a plant site (possibly with several units). 

Regulators in most countries have taken actions to include seismic and flooding risk, and, to some level, 
some other specific external hazards in national PSA practices and safety regulations. The development of 
systematic approaches for addressing external hazards completely in PSA practices is still ongoing. 

An important response of the French authority and utility to the Fukushima accidents is an improvement of 
the Complementary Safety Studies (CSS) in order to complement   the scenario based approach by 
probabilistic seismic hazard assessment (PSHA). The existing national safety requirements have been re-
evaluated and revised on the basis of recent experiences regarding consideration of multi-unit effects, 
duration of an event, and fuel storage facilities. 

Finland represents an example of a country having long traditions with good experiences in requiring and 
using external hazards PSA including seismic, external flooding and other external hazards, as an integral 
part of the PSA and decision making. 

The current role of external hazards PSA in the regulatory framework varies from country to country 
depending on the local conditions, operating experiences and the type of relevant hazards. In some 
countries adequate deterministic requirements for protection against earthquakes or other external hazards 
did not exist when the operating reactors were built and the external hazards have been later analyzed in 
the PSA framework. In other countries the emphasis has been on deterministic design requirements. 

Models, methods, tools and data 

Useful hazard estimates can be determined with current methods and used in applications in the processes 
of risk oriented decision making.  

Development of methods and preparation of studies aiming to obtain realistic risk assessments, neither too 
optimistic nor too much conservative, is a key issue. These more realistic evaluations would provide a 
better view on the real problems and also a better view on the interest of safety improvements.  

In fact, some recent safety improvements could not be performed with a too simplified and conservative 
approach. Protection against oil spills in Finland, against tsunami in Korea, against external flooding in the 
Netherlands can serve as suitable examples. These case studies give examples of successful PSA 
applications proving that detailed realistic analyses are needed. 

Standards and guidance 

Recently developed methods and guides are available for seismic hazard determination, identification of 
external hazards and screening of external hazards for detailed consequent analysis. Several lists of 
screening criteria are available. The methods of Probabilistic Seismic Hazards Assessment (PSHA) have 
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been developed and used in practice for several decades and they have been well documented and 
described in relevant Standards. 

Risk from seismically induced hazards has to be considered as well. Accordingly, AESJ has developed a 
standard on tsunami PSA [29]. Seismically induced consequential hazards may be a risk factor for those 
sites that are not sensitive to tsunami. Seismically induced fires and flooding are examples that typically 
need to be accounted for in a seismic PSA. 

Comprehensive and critical overviews of seismic hazard assessments (SHA) have been realized as 
important in France, which can be valid also for other countries. IAEA is developing ”how to do” 
document on implementing seismic PSA in order to provide technical guidance to help to meet 
requirements IAEA Safety Guide NS-G-2.13 in support of risk-informed applications. IAEA activities aim 
at integrating PSA models for internal and external events/hazards that also should contribute to improving 
risk-informed safety demonstration, safety management and decision-making.  

Good practices 

The following external hazards PSA good practices were demonstrated by the presentations made during 
this workshop (and applicable to PSA in general, not just for external hazards PSA). 

 Challenging assumptions, 

 calibrating models, 

 accounting for underlying physical processes, 

 treating dependencies , 

 involving multidisciplinary teams, 

 disseminating information promptly and broadly. 

Applications 

External hazards analysis methods have been used recently to evaluate operating NPP units and to identify 
needs for modification of plant systems and procedures as well as to support design of new plants 

The external hazards risk contribution has been modeled in many NPP PSA (at least for some external 
hazards) over the last decade, including events occurring during shutdown and low power operation. 

Examples of external hazards analyses and plant reactor (and non-reactor) improvements following the 
results of the analyses were given during this workshop. Details can be found in Appendix 3 of this report. 
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4.2 Challenges in External Hazards Analysis Methods and Organization 

Methodological and technical challenges 

In general, there are a number of significant technical challenges for external hazards PSA covering 
various areas of PSA, which include, for example:  

 multi-unit impacts,  

 combination of external hazards, 

 fragility analysis of non-seismic external hazards, 

 correlation effects and consequent damage scenarios, 

 HRA for external hazards PSA, including organizational and managerial aspects, 

 mission times for long-term scenarios, 

 effects of climate change on the derivation of hazard frequencies and magnitudes, 

A significant challenge is data analysis, particularly estimation of the initiating event frequency. For many 
hazard estimates, observational data (sometimes including paleo information) data are commonly 
available, usually for a period of the order of 100 years. However, risk-related screening criteria can be far 
beyond the range of observation. As a consequence, strong “distant” extrapolations using extreme value 
distributions are necessary, typical resulting in high uncertainty in the final quantitative results. 

Identification of correlations between external hazards is another important point. The combinations of 
simultaneous or successive external hazards may result in increased loadings on SSCs or they may 
simultaneously endanger diverse safety systems. Formal mathematical methods to treat the probabilities of 
correlated hazards are available but the quantification of the model parameters is a big challenge. 

Based on the results and findings from seismic PSA models developed for selected Japanese plant designs, 
the need to improve the quantification of correlated simultaneous failures has been highlighted.   

Scope and organizational challenges (topics suitable for international cooperation) 

There are still some challenges ahead in a scope of external hazards PSA, e.g. SFP and dry cask storage 
have not been systematically addressed yet so as Level 2 external hazards PSA. Screening criteria and 
results (of the screening) have not been harmonized over the subjects participating in external hazards 
analysis and to some difference from internal events PSA, external hazards related operating experience 
has not been more systematically interchanged between utilities. 

Use of a structured and systematic approach is indispensable to ensure sufficient defense of non-reactor 
nuclear facilities against earthquakes. A seismic classification for non-reactor nuclear facilities is being 
proposed and discussed nowadays. 

The broad scope and organizational challenges appear to be: 
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 increasing the scope of external hazards PSA to match internal events (recognizing resource 
limitations);  

 ensuring appropriate interactions with the appropriate scientific/technical communities;  

 ensuring appropriate use in safety-related decision making, including challenges related to quality 
and acceptance of external hazards PSA.  

4.3 General Conclusions Regarding the Future Role of WGRISK  

The contributions presented and the discussions organized during the international workshop on PSA of 
Natural External Hazards Including Earthquakes, hosted by UJV Rez, on June 17-19, 2013, in Prague, 
Czech Republic, provided valuable input for strengthening the role of WGRISK in supporting the 
development and application of probabilistic safety assessment and risk-oriented decision making methods 
in the area of external hazards. 

The workshop supported the key general objectives of current WGRISK activities carried out in the frame 
of the CSNI task on “PSA of Natural External Hazards Including Earthquakes”, i.e. to collect and 
exchange information from OECD member states on the methods and approaches used in probabilistic 
safety assessment in this area. It is obvious that the orientation of WGRISK to such an important topic 
should continue in the future. Since the development of systematic approaches for addressing external 
hazards completely in PSA practices is still ongoing and will not be finished soon, WGRISK can play 
useful role in the process of comparison and harmonization of the approaches used by the research and 
development teams in the individual OECD member countries. 

Although the area of natural external events is very broad and covers many themes, some of them should 
be given priority. Concrete examples of such topics include: external hazards impact on the plant operated 
in low power or shutdown regimes, impact of combined and induced external hazards, modeling of long-
duration scenarios, where the uncertainty of scenario progression and final plant status is high, and the 
impact of severe natural external events on sites with several units. 

A successful solution of these challenges and the development of appropriate user-friendly approaches can 
increase the credibility of PSA as a tool covering not only internal events, but also more complex impact of 
natural events of high intensity. This should be done in such a way that both the needs of utilities and 
regulatory bodies are taken into consideration. The lessons learned from the Fukushima Dai-ichi reactor 
accidents and related actions at national, regional, and global level may be also included into the 
knowledge base used in support of external hazards analysis. For example, one lesson is that the analysis 
and data should not be limited only to individual plant units; information is needed regarding the site as a 
whole, including all dependent effects and impacts. 

Recognizing the impetus for action provided by actual operational events (including the Fort Calhoun 
flooding as well as the Fukushima Dai-ichi reactor accidents), it has appeared that WGRISK can provide 
stronger (and better-focused) cases for action by increasing its use of operating experience feedback. 
Among other things, this could imply strengthening ties with associated international working groups, 
particularly the NEA/Committee of Nuclear Regulatory Authorities (CNRA) Working Group on Operating 
Experience (WGOE). 

An additional action for WGRISK suggested by the review concerns the tracking of past recommendations. 
It appears that increased efforts by the WGRISK leadership to systematically track and disposition report 
recommendations would help ensure that each task performed by the group more strongly supports the 
group’s overall objectives, and would help WGRISK improve its strategic planning processes. 
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In general, due to high importance of external hazards risk analysis, a WGRISK should consider initiating 
further activities in this area. For example, a future task to cover (partly or completely) the area of man-
induced external hazards, which has been shown in some plant specific studies to be an important 
contributor to risk, could be considered.   

Given the current pace of activity in this area, ways for WGRISK to continue information sharing on topics 
connected with natural external events should be considered.  One possibility is to update the information 
contained in CSNI NEA report “Probabilistic Safety Analysis of other External Events than Earthquake” in 
March, 2009 [2] by gathering new information via a survey questionnaire. As new important events have 
happened since that time, including the Fukushima Dai-ichi reactor accidents, such an update could 
provide new valuable information and conclusions regarding external events.  

Moreover, in the CSNI framework, WGRISK could provide a contribution to the newly created Task 
Group on Natural External Events for including a risk aspect.  

Finally, it should be pointed out that WGRISK is, first and foremost an information sharing entity. The 
group does not take actions that directly affect nuclear safety, nor does it develop safety standards used by 
member organizations to ensure safety. However, of course, the information developed and shared by 
WGRISK is potentially useful to both of these activities. It appears that strengthening WGRISK’s ties with 
IAEA (which participates in WGRISK meetings) and other standards-setting organizations could help 
WGRISK (both in ensuring use of its products and in identifying areas of need) and these other 
organizations (by providing information supporting improved standards and guidance). 
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