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1. Probabilistic Risk Assessment (PRA) 
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 Generally speaking, risk assessment  can be divided into a four-step process： 

① Hazard identification 
The process of determining whether exposure to an agent can cause an increase in the incidence of 

a health condition (cancers, birth defects, etc.). 

② 
Dose-response 

assessment 

The process of characterizing the relation between the dose and the incidence of an adverse health 

effect. 

③ Exposure assessment 
The process of measuring or estimating the intensity, frequency, and duration of human exposures to 

an agent currently present in the environment or of estimating hypothetical exposures that might arise 

from the release of new chemicals into the environment. 

④ Risk Characterization 
The process of estimating the incidence of a health effect under the various conditions of human 

exposure described in exposure assessment. 

National Research Council, “Risk Assessment in the Federal Government: Managing the Process,” Red Book, National Academy Press,1983.  

Risk Assessment 

A risk assessment is a qualitative or quantitative characterization of the potential health 

effects of particular substances on individuals or populations. (Definition in the Red Book)* 

*The National Research Council's "Risk Assessment in the Federal Government: Managing the Process,”  or Red Book, 1983, provides the foundation for risk assessments 

made by U.S. federal agencies and is used in the following government bodies: CPSC, NRC, FDA, OSHA, DOA, DOD, DOE, EPA 

 The Red Book points out the following regarding the uncertainties of risk assessments. 

– Ｔhe basic problem in risk assessment is the sparseness and uncertainty of the scientific knowledge of the health hazards addressed, 

and this problem has no ready solution. 

– The most productive way to address uncertainties is to recommend the following approaches to government bodies. 

• Implementation of procedural changes to ensure that individual assessments routinely take full advantage of the available 

scientific knowledge 

• Development and use of uniform inference guidelines 

• Creation of a mechanism that will ensure orderly and continuing review and modification of risk assessment procedures as the 

scientific knowledge base expands 

• Build a framework that allows for continual improvements of risk assessment methods in a methodical manner with each 

improvement made to the scientific knowledge of hazards  

3 



Shosuke Narumiya, "Comprehensive Risk Assessment of Nuclear Plants," 2013 Fall Conference, Atomic Energy Society of Japan. 

Risk Assessment and PRA (Probabilistic Risk Assessment） 
Analysis using the risk triplet  

According to Kaplan and Garrick, risk analysis offers answers to the following three questions. 

What can go wrong? 

What is the likelihood of that happening? 

What are the consequences? 

 Depending on the type of the event, risk assessment may require a probabilistic assessment, a hazard analysis, or PRA. Among the 

accident scenarios that arise from a given event, there are some whose risks can be assessed only through structural strength evaluation or 

relative allocation analysis. Meanwhile, PRA is suitable for events too complex to project the accident sequence. 

 PRA is useful for complex and diverse accident sequences, especially those that include internal floods and fires triggered by 

earthquakes and the combination of an earthquake and tsunami accompanied by fires. 

 PRA is a method to quantitatively assess the safety and reliability of large, complex systems such as nuclear power plants, airplanes, and 

space rockets by evaluating all potential accidents through the quantification of their frequency and of their impact using a probabilistic 

approach. The “risk” determined with both then serve to consider the degree of safety.  

 The benefit of PRA 

 Can achieve results that take into account uncertainties. 

 Can assess the interaction among facilities within a large system. 

 Can comprehensively assess multiple accident scenarios. 

 

 Issues related to PRA 

 Results show a great degree of uncertainty. 

 Cannot link with actual data, as PRA handles events that 

rarely occur. 

 Not well received, as PRA handles negative phenomena, 

such as failures and damages. 

NRC uses PRA as a method to answer these three questions in a systematic manner. 

 These questions allow the NRC to understand likely outcomes, sensitivities, areas of importance, system 

interactions, and areas of uncertainty, which the staff can use to identify risk-significant scenarios. The NRC 

uses PRA to determine a numeric estimate of risk to provide insights into the strengths and weaknesses of the 

design and operation of a nuclear power plant.  (Source: NRC website's glossary) 
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Release of radioactive material 

 to the environment 

Impact on the general public 

and the environment 

Level 3 PSA 

Level 2 PSA 

Reactor containment 

Reactor pressure vessel 

Reactor  

core 

Core damage 

Level 1 PSA 

Earthquakes, 

tsunamis, 

etc. 

Equipment failures, 

human errors 

Fires 

PRA   considers various events that lead to core damage 

Internal events: Caused by events that occur within a system (equipment failures and human errors). 

External events: Caused by events that occur outside the system. Fires that occur inside a building are 
            categorized as external events, as they occur outside the system. 

External hazards:  Natural hazards:  earthquakes, tsunamis, volcanoes, typhoons, etc. 

             Human hazards:  airplane crashes,  ship collisions, etc. 

Internal hazards:   internal fires, internal floods,  fall of heavy objects, etc. 

Summary of PRA for Nuclear Power Plants ①  

5 Shosuke Narumiya, "Comprehensive Risk Assessment of Nuclear Plants,"  2013 Fall Conference, Atomic Energy Society of Japan. 



Summary of PRA for Nuclear Power Plants  ② 

• Japan (the former Nuclear Safety Commission) 

– Level 1 PRA: Evaluate the accident sequence leading to core damage at nuclear power plants and evaluate 

the frequency of its occurrence. 

– Level 2 PRA: In addition to Level 1, identify the accident scenario in which a large amount of radioactive 

materials are released from the containment vessel. In addition, project  the thermal hydraulic stability in the 

reactor coolant system and in the containment vessel, as well as the behavior of radioactive material. Based 

on these, assess the type, amount, and frequency of the radioactive material released to the environment.  

– Level 3 PRA: In addition to Level 2, evaluate the migration of the radioactive material released from the 

nuclear facility in light of the weather and other conditions. At the same time, assess the health impact on 

the general public from exposure to radiation from the radioactive material in the environment. 

 (Source) Nuclear Safety Commission, "Measures Taken by Related Organizations in the Introduction of Risk 
Informed Safety Regulations and Future Issues and Directions," September 20, 2007 

• IAEA 

– Level 1 PRA: Provide information on design vulnerabilities and methods to prevent accidents that could lead 

to core damage (that could lead to significant emission of radioactive material and could impact human 

health and the environment). 

– Level 2 PRA: Provide information on the relative degree of impact on the accident sequence leading to core 

damage in the context of the severity of possible emission of radioactive material, information on weakness  

of severe accident mitigation and management actions, and methods to improve the weakness. 

– Level 3 PRA: Provide information on the relative impact of the actions for preventing and mitigating 

accidents in the context of the negative health impact on the power plant workers and the general public, 

and in the context of the contamination of the soil, the air, the water, and farm produces. In addition, Level 3 

PRA provides information on the relative effectiveness of accident management in emergency planning. 

 (Source)  IAEA, Specific Safety Guide on Development and Application of Level 1 and Level 2 PRA (SSG-3 
and 4), 2010 
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 (Source)  Taketoshi Taniguchi, "Basis of Nuclear  Safety: The Objectives and Principals of Nuclear  Safety," Symposium of the Standard Committee of the Atomic Energy Society of Japan, 2013, with additions by the secretariat.   

Risk Governance Framework 

PRA is a tool used to evaluate a nuclear plant from a risk management perspective. 
 (Source) NRC Meeting Summary, “Review of Draft NUREG-2122, Glossary of Risk-related Terms in Support of Risk-Informed Decision Making,” June 5, 2012. 
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Risk Decision & 
Implementation of Actions 

Generation of Knowledge & 
Assessment 

ＰＲＡ 

Pre-assessment 

Risk management Risk Appraisal 

Risk characterization and Judgment 

-Problem Framing 

-Early Warning (investigation of new hazards) 

-Screening 

-Determination of Scientific Conventions 

Implementation: 
-Option Realization 

-Monitoring & Control 

-Feedbacks from Risk Mgmt. Practice 

Decision making: 
-Option Identification & Generation 

-Option Assessment 

-Option Evaluation & Selection  

Risk Evaluation: 
-Judging the Tolerability & 

Acceptability 

-Need for Risk Reduction 

Measures 

Risk Characterization: 
-Risk Profile 

-Judgment of the Seriousness of 

Risks 

-Conclusions & Risk Reduction 

Options 

Risk assessment 
- Hazard Identification & Estimation 
- Exposure & Vulnerability Assessment 
- Quantitative & Qualitative Risk Estimation 

-Selection of Technologies 

-Potential of Alternatives 

-Risk-Benefit Comparison 

-Political Priorities 

-Potential of Compensation 

-Conflict Management 

-Potential of Social 

Mobilization 

 

Communication 
 

Concern Assessment 
- Risk Perceptions 

- Social Concerns 

- Socio-Economic 

impacts 
Risk profile: 

- Estimated risk values 

- Confidence intervals of the 

estimate values 

- Hazard characteristics 

- Psychological recognition of 

risks 

- Scope of legalization 

- Social and economic 

consensus 

Judgment of the seriousness: 

- Compliance with the legal 

requirements 

- Risk trade-offs 

- Impact on fairness 

- Social acceptance 
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International Atomic Energy Agency (IAEA) 
 

• PRA is an important analytical tool to guarantee the safety of nuclear power plants. The use of PRA 
is highly recommended for safety issues. 

• Established international standards based on positive cases around the world.  

• These standards and guidelines are used as basic references to review the PRA of the 

nuclear power plants of the member countries (IPSART: International Probabilistic Safety 
Assessment Review Team)  

   →Advantages (good practices/performance) and improvement proposals  

          (suggestions/recommendations) are given 

 

SF-1  Fundamental Safety Principles 

GSR General Safety Requirements 

SSR Specific Safety Requirements 

GSG General Safety Guide 

SSG Specific Safety Guide 

Other technical documents 

SF-1  "Fundamental Safety Principles" (2006) 

 

GSR Part 4 "Safety Assessment for Facilities and Activities" (2009) 

SSR-2/1 "Safety of Nuclear Power Plants: Design" (2012) 

SSR-2/2“ Safety of Nuclear Power Plants: Commissioning and Operation" 

(2011) 
 

SSG-3 "Development and Application of Level 1 Probabilistic Safety 

Assessment for Nuclear Power Plants" (2010) 

 -Operation status: Full-power operation, low-power operation, and suspended  

 -Internal events: Random equipment failures and human errors 

 -Internal hazards: Internal fires and floods, and turbine missiles 

 -External hazards: Natural phenomena (e.g., earthquakes, strong winds, external 

floods) and human errors (e.g., airplane collisions, accidents at nearby industrial 

facilities) 

 

SSG-4 "Development and Application of Level 2 Probabilistic Safety 

Assessment for Nuclear Power Plants" (2010) 
TECDOC-1511"Determining the Quality of Probabilistic Safety Assessment (PSA) 

for Applications in Nuclear Power Plants" (2006) 

TECDOC-72"Probabilistic Safety Assessment for Seismic Events" (1993) and 

others 

Items related to PRA Hierarchical structure of  IAEA  standards 

The Use of PRA by the International Atomic Energy Agency (IAEA)  ① 



IAEA's Safety Fundamentals 

•  To determine whether radiation risks are as low as reasonably achievable, all such risks, whether arising from 

normal operations or from abnormal or accident conditions, must be assessed (using a graded approach) a priori 

and periodically reassessed throughout the lifetime of facilities and activities.  

IAEA's General Safety Requirements 

• The safety assessment has to include a safety analysis, which consists of a set of different quantitative analyses 

for evaluating and assessing challenges to safety in various operational states, anticipated operational 

occurrences and accident conditions, by means of deterministic* and also probabilistic methods. 

• The objectives of a probabilistic safety analysis are to determine all significant contributing factors to the 

radiation risks arising from a facility or activity, and to evaluate the extent to which the overall design is well 

balanced and meets probabilistic safety criteria where these have been defined. 

 

  *Deterministic method: A method to design, construct and operate facilities with established design policy, safety   

   criteria and operation rules defined to ensure safe enough margin. 
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The Use of PRA by the International Atomic Energy Agency (IAEA) ② 



IAEA Safety of Nuclear Power Plants: Design (Specific Safety Requirement – 2/1) 

    A probabilistic safety analysis of a plant must be conducted to fulfill the following objectives: 

• To present a systematic analysis to offer a sense of reliability in terms of the design's conformance to general 

safety goals. 

• To demonstrate that the plant was designed in a balanced manner, in order to prevent the special characteristics 

or the assumed initiating events contributing to an unreasonably large extent/ significant uncertainty to the risk in 

its entirety, and to withstand major loads on the first and second layers of defense in depth,. 

• To ensure that small deviations in plant parameters do not lead to serious and abnormal plant behavior (cliff-

edge effect). 

• To assess the risk of potential serious core damage and the risk of a required external emission over a short 

period to limit the impact on areas outside the plant (in particular, emissions related to an early failure of the 

containment vessel). 

• To assess the potential and the impact of external hazards particular to the plant. 

• To identify a system in which a plant could reduce the probability of a severe accident and alleviate its impact 

through making design changes and improving the operational process. 

• To assess the appropriateness of the emergency planning of a plant. 

• To verify that the goals in terms of probability (if any) are observed. 

 

IAEA Safety of Nuclear Power Plants: Commissioning and Operation  (Specific Safety Requirement – 2/2) 

• The scope of the safety review shall include all safety related aspects of an operating plant. To complement 

deterministic safety assessment, probabilistic safety assessment (PSA) can be used for input to the safety 

review to provide insight into the contributions to safety of different safety-related aspects of the plant. 
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• IAEA 

– A major advantage of PSA is that it provides an explicit framework for the analysis of uncertainties in risk 

estimates.  

– The identification of sources of uncertainty and an understanding of their implications on the PSA model and 

its results should be considered an inherent part of any PSA. 

  

• NRC 

– When building a PRA, the reliability of the knowledge used in defining the models and the parameters must 
be indicated.   

 

– Points out that uncertainties are roughly grouped into two categories 

• Aleatory: Associated with the random nature of events. It cannot be reduced in an analytical model and 

the PRA model is an explicit model of the random processes. 

• Epistemic: Arise from incompleteness in the knowledge to represent plant behavior in the PRA model 

and the degree of belief in the validity of the PRA. These can be further categorized as follows. 

– Completeness: Whether all applicable items have been covered.  

– Parameters: Whether the uncertainty of the parameters has been identified and its spillover effect 

has been considered. 

– Model: Whether the uncertainty of the model has been identified and whether its impact has been 

assessed.  

– In implementing risk-informed decision-making, it is important to recognize the existence of these 

uncertainties and take actions appropriately.   

 

 

 (Source) IAEA Safety Guide SSG-3 

PRA and Uncertainties 

 (Source) ASME/ANS RA-Sa-2009  

 (Source) NUREG-1855, Rev.1  
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2. The Use of PRA in Each Country 

12 

 The Use of PRA in the U.S. (In the Regulatory 

Process and Voluntary Measures Taken by the 

Industry) 

 Specific Cases of Use in the Regulatory Process 

and Other Processes in Each Country 

 Division of Roles in Using PRA in Each Country 



• 1975: NRC's "The Reactor Safety Study" (WASH-1400) 

– Presented a methodological framework to make a probabilistic quantitative assessment 

of accident risks of nuclear power plants. 

– Projected the occurrence of accidents such as the Three Mile Island (TMI) Accident. 

• 1979: Three Mile Island Accident 

–  The PRA method gained recognition and risk assessment research on severe accidents 

beyond design basis accidents began to get into full swing. 

• From around 1984,industry proposed the use of Risk Informed Regulation, RIR,  to NRC 

– Since the TMI Accident, stronger regulations resulted in a significant increase in plant 

operation costs. The industry began to think that regulations that contribute less in terms 

of safety ought to be relaxed and that resources ought to be allocated to more important 

risk-reducing activities. 

– NRC were demanded to cut the budget and downsize the organization by the 

government, and were criticized for tending to focus too much on compliance to the 

regulations. In addition, they were criticized for lacking objectivity and transparency in 

their assessment process under the regulations. 

– NRC and industries shared the opinion that the previous regulations were too 

conservative. 

The Use of PRA in the U.S.①: History (1) 

  (Source) Nuclear Safety Commission, "Measures Taken by Related Organizations in the Introduction of    
           Risk Informed Safety Regulations and Future Issues and Directions," September 20, 2007 
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• 1986 NRC announced the Policy Statement on Safety Goals 

– Assessment of the internal and external events at individual plants and risk assessment 

research targeting representative facilities (NUREG-1150) 

– Through interaction between NRC and the industry, the knowledge on risks was shared and 

the work done toward the introduction of RIR came to prove effective. 

• 1988 NRC required each operator to conduct an assessment of the internal events at each 

power plant (IPE: Individual Plant Examination) 

– The operators complied up to 1991. 

• 1991 NRC required each operator to conduct an assessment of the external events at each 

power plant (IPEEE: Individual Plant Examination for External Events)  

– The operators complied up to 1997. 

• 1995 NRC's issued the Policy Statement on Use of PRA Method in Regulatory Activities 

– Introduced a Reactor Oversight Process,  ROP, which changes the involvement of the 

regulation in accordance of the performance of the plant operation. 

– A regulatory guideline, Reg. Guide 1.174, that leverage risk information (RIR) was issued. 

The Use of PRA in the U.S. ②: History (2) 
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  (Source) Nuclear Safety Commission, "Measures Taken by Related Organizations in the Introduction of    
           Risk Informed Safety Regulations and Future Issues and Directions," September 20, 2007 



• The use of PRA technology should be increased in all regulatory matters in a manner that 

complements the NRC’s deterministic approach and supports the NRC’s traditional defense- 

in–depth philosophy. 

• PRA should be used to reduce unnecessary conservatism associated with current regulation  

and to support the proposal for additional regulatory requirements as necessary. 

• PRA evaluations in support of regulatory decisions should be as realistic as practicable and 

appropriate supporting data should be publicly available for review. 

• The safety goals and subsidiary numerical objectives are to be used with appropriate 

consideration of uncertainties associated with the risk assessment in making regulatory 

judgments. 

• Implementation of the policy statement will improve the regulatory process through safety 

decision making enhanced by the use of PRA insights; through more efficient use of agency 

resources; and through a reduction in unnecessary burdens on licensees.  

(Source) NRC, “Use of Probabilistic Risk Assessment Methods in Nuclear Regulatory Activities; Final Policy Statement”, 60FR42622, August 

16, 1995.  

The statement called for the use of probabilistic risk assessments (PRA) in 

all regulatory decision making, including risk assessment 

The Use of PRA in the U.S.③: PRA Policy Statement in 1995 
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Risk-informed and Performance-based 

regulations  

Licensees work to improve the plant 

performance because they can choose more 

flexible options using risk information as long 

as they achieve a certain level of performance. 

Thus NRC offers incentives for licensees to 

voluntarily improve safety without intervening 

through regulations. 

Risk-informed Regulations 

In addition to deterministic analysis and 

engineering judgments, these regulations make 

(risk-informed) decisions based on the 

knowledge obtained from PRA 

Performance-based regulations 

Regulations that offer flexibility to the licensees 

by setting the performance standards that can 

be objectively measured. The specific methods  

to achieve the performance are not regulated. 

NRC Regulations 

＋ 

＝
 

 (Source) 2013 ANS Utility Working Conference 

The Use of PRA in the U.S. ④: Risk-informed and Performance-based Regulations  



• Assessment of backfitting at the time of rulemaking 

– When imposing backfitting, a change in the ΔCDF (change in Core Damage Frequency) and 

the Conditional Containment Failure Probability (CCFP) before and after the rulemaking is  

estimated to determine the applicability of backfitting. 

• Team categorization in additional inspections 

– When an event occurs at a power plant, in addition to the deterministic standards, NRC makes 

an assessment using the Conditional Core Damage Probability (CCDP) and assigns an 

additional inspection team (focuses on the areas likely to cause the event). 

• Reactor Oversight Process (ROP) 

– The Performance Indicators (PI) and the assessment results of inspection findings thorough 

the Significance  Determination Process (SDP) of a power plant are used to categorize the 

performance in four colors and to determine the regulatory action. NRC imposes a greater 

scope of regulatory inspections on power plants with performances degradation trends.  

Licensees end up defraying more resources (time and inspection fees) to receive NRC's 

inspections when the performances deteriorate. This provides an incentive for licensees to 

maintain the performances of the plants. 

• Application of plant-specific changes to the licensing basis 

– Changes to the CDF and to the LERF with the changes to the licensing basis are considered in 

reviewing the risk-informed applications. 
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The Use of PRA in the U.S. ⑤: Specific Examples of Use 

  (Source) Nuclear Safety Commission, "Measures Taken by Related Organizations in the Introduction of    
           Risk Informed Safety Regulations and Future Issues and Directions," September 20, 2007. 
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The Principles for Licensing Basis Changes 

• Meets the current regulations and is consistent with 

a defense-in-depth philosophy. 

• Maintains sufficient safety margins. 

• An increase in risks due to proposed changes 

should be small and consistent with the intent of 

NRC’s Safety Goal Policy Statement. 

• The impact of the proposed changes should be 

monitored using performance measurement 

strategies. 

 (Source: NRC Reg. Guide 1.174, Rev.2) 

Reference: Specific Cases of  Application of Plant-specific Changes to the Licensing Basis 

In an application of plant-specific changes to the licensing basis, the appropriateness of the changes will be determined with risk information. 

 (1) Quantitative assessment using PRA of increased risks after the changes are made 

   ΔCDF: Increase or decrease in the frequency of core damage after the change 

   ΔLERF: Increase or decrease in the frequency of large early release after the change 

 (2) The appropriateness of the changes is judged by determining how much these risks contribute to the safety goal figures (see the graph below) 

Examples 

Was able to objectively verify whether changes to the licenses, etc. would not result in 

greater risks, thereby allowing more flexibility in the plant's operation and maintenance. 

• Change of the frequency of In-Service Tests 

(IST) of valves and pumps  

• Change of the inspection scope for the In-

Service Inspection (IPI) of piping 

• Extension of the Tech. Spec. Allowed 

Outage Time (AOT) 

• Recategorization of structures, systems, 

and equipment 

ΔCDF  

(per 

reactor 

year) 

ΔLERF  

(per 

reactor 

year) 

Region 1 

-No Changes Allowed 

Region 1 

-No Change Allowed 

Region 2 

-Small Changes 

-Track Cumulative Impacts 

Region 2 

-Small Changes 

-Track Cumulative Impacts 

Region 3 

-Very Small Changes 

-Track Cumulative Impacts 

Region 3 

-Very Small Changes 

-Track Cumulative Impacts 

CDF (per reactor year) 

LERF (per reactor year) 

Acceptance guidelines for  

Core Damage Frequency (CDF) 

Acceptance guidelines for Large 

Early Release Frequency (LERF) 

 (Source) Nuclear Safety Commission, "Measures Taken by Related Organizations in the Introduction of    
         Risk Informed Safety Regulations and Future Issues and Directions," September 20, 2007. 



• Existing plants 

– No comparison is made between individual plants and the safety goals. 

– In order for the NRC to verify the effectiveness of its regulations, it makes sure that the 

results of the PRA applied to a few representative plants are much lower than the 

performance goals. 

 

• New plants 

– Conformance is reviewed based on SRP 19.0 "PRA and Severe Accident Evaluation for New 
Reactors" 

 The risk associated with the design compares against the NRC’s performance goals. 

 (1) Core Damage Frequency (CDF) <1×10-4/reactor years 

 (2) Large release frequency ＜1×10-6/reactor years 

 In addition, compare the design against the containment performance goals. 

 (1) A deterministic goal that containment integrity be maintained for approximately 24 

hours following the onset of core damage for the more likely severe accident challenges. 

 (2) A probabilistic goal that the Conditional Containment Failure  Probability (CCFP) be 

less than approximately 0.1 for the composite of all core damage sequences assessed 

in the PRA 

 However, since performance goals are not regulatory requirements, applicants should 

not discuss the numbers to meet the goal. Rather, the applicant should compare its PRA 

results and insights against these goals and address how its plant features properly 

balance severe accident prevention and mitigation. 

 

 

The Use of PRA in the U.S. ⑥: Verification of Conformance with Safety Goal and 

Performance Guidelines 
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Nuclear Energy Institute (NEI) 

• NEI represents the whole nuclear industry and works in collaboration with the NRC. When relaying the industry's response to the 

NRC's regulations, the NEI mainly exchanges information with the Nuclear Reactor Regulation (NRR) of NRC.  Leveraging the 

knowledge of risk at major power plants, NEI gives briefings to the NRC. 

• NEI prepares the industry's guidance documents, negotiates with the NRC, and receives its endorsement. 

    Example:NEI00-02 PRA peer review process, NEI00-04 10CFR50.69 SSC categorization guideline 

American Society of Mechanical Engineers (ASME),  

American Nuclear Society (ANS) 

• Develop the PRA standards. 

    Example: ASME/ANS RA-Sa-2009 

 

Owners' groups (PWROG, BWROG) 

• Support pilot programs and develop guidelines. 

 

Reference: Institute of Nuclear Power Operations (INPO） 

• Assesses the performance of each power plant using the PI  

（Performance Indicator） data submitted by the operators 

• Collects equipment failure data for each power plant and maintain 

them in a closed database (EPIX）. NRC has signed an 

agreement with the INPO and accesses the EPIX database. 

EPIX's data is not used directly for PRA, but is used when 

verifying the appropriateness of PRA data. 

• Develop guidance materials for facility reliability programs, etc. 

Collaboration among parties in the risk-informed regulations  
 

 (Source) Nuclear Safety Commission, "Measures Taken by Related 

Organizations in the Introduction of   Risk Informed Safety Regulations 

and Future Issues and Directions," September 20, 2007 

The Use of PRA in the U.S. ⑦: Roles in Implementing PRA in Each Organization 

Electric Power Research Institute (EPRI）  

• Offers practical guidance and develops PRA methods. 

• Collaborates with NRC's Office of Nuclear Regulatory Research (RES).     

    Examples: PSA application guides, risk assessment methods during outage, fire PRA methods, earthquake screening methods,  

         and others 

Policy-making and arrangements 

Discussion 

Exchange of 
information 

Internal events External events 
Standards 

Implemen-
tation 

guidelines 

Risk-informed Regulation 
  Maintenance Rule,   

  10CFR50.65 a(4), etc. 



• Made it possible to concentrate regulatory and maintenance 

resources on components and systems more important to 

safety. 

• The use of risk information created opportunities for a greater 

exchange among the regulatory bodies, the industry, and the 

general public. It also improved the objectivity and 

transparency of the regulatory process. 

• The operators became able to build their own knowledge of 

risks and became more persuasive in demanding 

rationalization of the regulatory requirements. 

• The capacity factor of the nuclear power plants improved. 

The Use of PRA in the U.S. ⑧: Effects of Risk Information 

 (Source) Nuclear Safety Commission, "Measures Taken by Related Organizations in the Introduction of Risk Informed Safety 

               Regulations and Future Issues and Directions," September 20, 2007 
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• 1990: Implementation of Level 1 PRA at 900MeW and 1300MWe PWR 

– An operator (EDF) implemented PRA to reduce risks related to dominant contributing factors 

• 2002: ASN's Fundamental Rule of Safety (RFS) 

– While in the past the regulatory agency, ASN, was not as aggressive as the U.S. NRC in 

adopting PRA, in 2002, it issued RFS for the use and the expansion of PRA, having in mind 

that the role of PRA in regulatory processes would become greater. 

– Development of standard PRA models common to reactor types was required among 

others. 

• 2003: ASN required the implementation of Level 2 PRA and fire PRA on 900MWe PWR (34  

          reactors) during Periodic Safety Reviews (PSR)  

• 2008: ASN required the implementation of Level 2 PRA and fire PRA on 1300MWe PWR (20  

          reactors) 

• 2012: In a ministerial order issued on February 7, 2012, which stipulated the general rules on 

base nuclear installations (BNI), ASN stipulated the introduction of PRA as a supplement to the 

existing deterministic method. 

‒ Nuclear power safety must be proven by carefully following through the deterministic 

processes. (Article No. 3.2, I) 

– In addition, nuclear power safety must be proven by including a probabilistic assessment of 

accidents and their impact. This excludes cases in which an operator proves that the 

procedure is inappropriate. (Article No. 3.3)  

 

 

 

The Use of PRA in France ①: History (1) 
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Nuclear Safety Authority (ASN) 

• The details of PRA are decided through exchanges between the operator (EDF) and the ASN. 

• Implementation of Level 1 PRA is required from the operator following the schedule listed below: 

⁻ During the design and authorization stages (1,450MWe PWR and EPR only) 

⁻ During Periodic Safety Reviews (PSR) 

 

Electricity of France (EDF) 

• The only electricity company in France to operate nuclear power plants, EDF monitors the safety of each of 

its power plant within the framework of a single company. 

• It develops a standard PRA model for each plant series (900MeW, 1,300MWe, and 1,450MWe-level PWR). 

• It has also built SAPHIR (Single Operating Feedback Reference Collection System), a system that collects 

data on equipment failures. 

 

French Institute for Radiological Protection and Nuclear Safety (IRSN) 

• A technical support organization for ASN that conducts and manages research and development. 

• A detailed exchange of technical opinions is constantly going on between EDF and IRSN for all aspects of 

the PRA application. 

• To assess EDF's PRA, IRSN developed its own PRA model. 

 

 

 

The scope of ASN and the operator's responsibilities 

 (Source: ASN annual report, 2011) 

Major 

operators:  

EDF, CEA, 

ANDRA, 

AREVA 

Defines general safety and radiation 

protection objectives 

Reviews the proposed procedures 

Proposes procedures for 

achieving the objectives 

Implements the approved 

provisions 

Supervises the implementation of the provisions 

ASN 

The Use of PRA in France ②: Roles in Implementing PRA in Each Organization 



• 1972: The Robens Report 

– Laws and regulations on a patchwork basis became too many and too complex, and 

have failed to keep up with technological and social changes. As a result, the 

responsibility, autonomy, and voluntary initiatives taken by the operators have been 

neglected. Based on the acknowledgment that compliance to the laws and regulations 

no longer leads to a decline in disasters, the report proposes a shift from an approach 

that focuses on "legal compliance" to one that upholds “self-regulating systems." 

• 1974: The enactment of the Health and Safety at Work Act and the establishment of the  

Health and Safety Executive (HSE) 

• 1979: The Announcement of the Safety Assessment Principles (SAP)  

– "As Low As Reasonably Practicable: ALARP” 

– Although SAP did not make clear requirements, trial runs of PRA were made based on 

agreements between the operators and the regulatory bodies from the beginning 

• 1982: At the public hearing of Sizewell B, the UK's first light water reactor, the vendor (WH) 

submitted a Level 2 PRA and the regulatory body (National Radiological Protection Board) 

submitted a Level 3 PRA.  

– These were submitted to the public hearing to alleviate the concerns of the local 

residents over the construction of Sizewell B, the first light-water reactor in the UK. 

• 1987: Level 1 PRA was listed in the operator's pre-construction safety report (Sizewell B) 

• 1992: Level 3 PRA was listed in the operator's pre-operation safety report (Sizewell B) 

– Including PRA for during outage and  external events. 

The Use of PRA in the U.K. ①: History (1) 
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 (Source) Nuclear Safety Commission, "Measures Taken by Related Organizations in the Introduction of Risk Informed Safety 

               Regulations and Future Issues and Directions," September 20, 2007 



• 1992: HSE announced the "Tolerability of Risk at Nuclear Power Facilities," (ToR) 

and released the revised SAP.         

– Quantitative goals were presented (the ToR-ALARP framework) within the 

frameworks of the “Basic Safety Limits,” the standards that should be met for 

authorization, and the “Basic Safety Objectives”, the standards at which further 

risk reduction would not be required by regulations. 

– In addition to the existing deterministic safety assessment, the regulations also 

required PRA (Level 3 PRA). 

• 1994: Sizewell B began operation 

• 2001: HSE issued a handbook explaining the concept of ToR-ALARP to  UK 

citizens (R2P2*) 

         

* Reducing risks, protecting people, HSE's decision-making process. 

The Use of PRA in the U.K. ②: History (2) 
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 (Source) Nuclear Safety Commission, "Measures Taken by Related Organizations in the Introduction of Risk Informed Safety 

               Regulations and Future Issues and Directions," September 20, 2007 



• After Sizewell B began its operation in 1994, PRA was renewed and used in 

processing applications to change the licensing basis. 

– The PRA method is decided at the discretion of the operator. PRAs are 

implemented based on the IAEA documents. 

– The operator developed and maintains databases of equipment failures. 

 

• The following operational changes have been made based on the PRA results. 

– To make design changes that fulfill the ToR, reactor shutdown functions of 

Reactor Protection Systems and Chemical and Volume Control System, core 

cooling functions of Component Cooling Water System and the charging 

systems and containment isolation functions were reinforced. 

– In making changes to the technical specifications with risk information, the 

refueling interval was extended from 18 months to two years. In addition, 

changes were made to the Allowed Outage Times (AOT, or the period during 

which one of any redundant components is not in stand-bay condition for 

safety reasons following a failure, recovery from a failure, or other reasons) 

were extended and the degree of fuel enrichment was increased.  

Use of PRA in the U.K. ③: Specific Examples of Use 
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 (Source) Nuclear Safety Commission, "Measures Taken by Related Organizations in the Introduction of Risk Informed Safety 

               Regulations and Future Issues and Directions," September 20, 2007 
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The Use of PRA in Finland: History 

• 1984: A regulator, STUK, required plant-specific Level 2 PRA for existing 

plants  

• 1987: In the regulatory guide, YVL 2.8, STUK stipulated the “Probabilistic 

Design Objectives” 

– The “Probabilistic Design Objectives” were developed to set the 

standards to be fulfilled during the design phase of a new reactor. The 

existing reactors are required to fulfill them to the best extent possible. 

• 1989: The operators submitted Level 1 PRA to STUK for all existing 

reactors (Louviisa-1/2 and Olkiluoto-1/2) 

– Subsequently, Level 1 PRA models have been updated and expanded 

to cover fires, internal floods, earthquakes, severe weather conditions, 

and reactor shutdowns. It eventually also expanded the scope to Level 

2 PRA. 

• 2004: An operator submitted a design-phase PRA for the new reactor 

Olkiluoto-3 

– Level 2 PRA, including external events. 



The Use of PRA in Japan ①: History (1) 
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Although Periodic Safety Reviews (PSR) were conducted to comprehensively assess 

Accident Management (AM) preparations, safety and other matters related to nuclear 

power plants, the implementation of PRA remained "strongly recommended" but was not 

required by regulations.  

Preparation of AM: 

• 1992: The Ministry of International Trade and Industry required the operators to report on implement PRA for each nuclear 

reactor, prepare AM, and report the results 

       ("Policies on Accident Management and Future Measures") 

• 1994: The Ministry of International Trade and Industry judged that the AM investigation reports submitted by the operators 

were technologically sound, and demanded the preparation of AM 

       ("Report on the Preparation of Accident Management at Light-water Nuclear Power Plants“) 

• 2002: The Nuclear and Industrial Safety Agency verified the status of the operators' preparation for AM and its effectiveness 
        (“Evaluation Report on the Results of the Preparation of Accident Management at Light-water Nuclear Power Plants") 

Implementation of PSR: 

• 1992: The Agency for Natural Resources and Energy ordered the operators to conduct PSR about every ten years for quality 

assurance and requested to report the results. The assessment, including PRA, was to be made as a voluntary safety 

measure implemented by the operators themselves, not a legal requirement. 
          (Fourth Public Service Department of the Agency for Natural Resources and Energy, No. 281) 

• 2003: Quality assurance was repositioned as an activity to be overseen by safety regulations from voluntary initiatives. The 

law requires that PSR be conducted, but the results need not be reported to the country, which one verifies conformity to the 

regulations by performing a safety inspection.  PRA remained a voluntary measure as before. 
         ("The Regular Assessment of Light-water Nuclear Power Plants") 

           Guidelines on PSR: 

• 2008: In the Nuclear and Industrial Safety Agency's guideline on the implementation of Periodic Safety Reviews for 

commercial nuclear reactor facilities, the implementation of PRA remained voluntary as before. 

• 2009: The standards for Periodic Safety Reviews of  nuclear power plants (Atomic Energy Society of Japan) were issued 
In light of the fact that the existing PSR's were not effective, but also in consideration of the lessons learned from the Fukushima 

disaster, revisions are currently being made. 



The Use of PRA in Japan ②: Its Role Under the New Regulations 
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The Nuclear Regulatory Authority is currently considering the use of PRA based on the 

following approaches. 

Implementation and submission of safety improvement assessments ： 

• To improve the safety of power plants, the operators must assess the safety of the power 

plants and disclose the results on their own, during the periods stipulated by the regulations.  
(“Law for the Regulations of Nuclear Source Material, Nuclear Fuel Material and Reactors”, Article 43, Item 3, Sub-item 29) 

• As an organization, the objectives of safety improvement assessment must be established 

appropriately and measures must be implemented. PRA is being considered to be updated in 

every 5 years. 

      (“Guideline for the Assessment  of Safety Improvement of the Commercial Nuclear Power Facilities (Draft)“, August 2, 2013) 

• The Commission is currently considering ways to ensure the quality of PRA in reference to 

"Quality Guideline of PSA of Nuclear Power Plants (Trial Version),” NISA, 2006, which 

stipulates the basic requirements on a trial basis to ensure the quality of PRA required in 

using risk information.  
        (“Guideline for the Assessment  of Safety Improvement of the Commercial Nuclear Power Facilities (Draft)“, August 2, 2013) 

 

Selection of accident sequences for assessing the efficacy of measures taken against severe 

accidents: 

• The selection of accident sequences in conducting an efficacy assessment will be 

implemented by PRA, etc. to assess internal and external events (where applicable) of 

individual plants.  
        ("Standard Evaluation  Methods to Evaluate the Efficacy of Actions to  Prevent Core Damages and Containment Vessels Failures"    

         (Review Guide) (Draft).” June 3, 2013) 

 



3. Developments After the Fukushima  

  Daiichi Nuclear Power Station Accident 
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Developments After the Fukushima Daiichi Nuclear Power Station Accident: ① 

United States - 1 
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Safety improvement measures and the industry's voluntary initiatives after the Fukushima Daiichi Nuclear 

Power Station Accident 

• Before NRC's inspection (Temporary Instructions TI 2515/183 and TI2515/184) in April and May 2011, a voluntary 

safety verification (plant walk through based on IER L1-11-1, March 15, 2011)  led by INPO was conducted. 

• Before NRC’s issuance of the proposed regulatory policy (SECY-11-0124, September 9, 2011),  

NEI/INPO/EPRI/licensees jointly formed the Fukushima Response Steering Committee to develop a scheme for 

improving safety in the entire industry ("The Way Forward: U.S. Industry Leadership in Response to the Accidents at 

the Fukushima Daiichi Nuclear Power Plant," released in June 2011). The NEI exchanged opinions with the NRC in 

a public meeting on August 31, 2011 and submitted public comments to the NRC on September 2, 2011. 

• Before NRC decided to take a regulatory action (NTTF 

recommendations, Order on March 12, 2012), the NEI 

submitted desirable measures and a counterproposal 

against the NRC's proposal after due consultations with 

the NRC. For example, the NEI presented the FLEX 

concept in a letter dated December 16, 2011 and showed 

that risk can be reduced significantly by implementing 

FLEX (see figure on the right). 

FLEX: Diverse & Flexible Coping Strategy 

NTTF Rec. 4: Measures against prolonged station blackout 

• The FLEX approach was published as NEI 12-06 in August 

2012. 

 (Source) NEI Letter, "An Integrated, Safety-Focus Approach to 

Expediting Implementation of Fukushima Daiichi Lessons 

Learned," December 16, 2011 



NRC's requirements for seismic reevaluations 
 

NRC's regulatory actions (recommended by NTTF) after the Fukushima Incident; one of the items that must be undertaken without delay 

Required the licensees to reevaluate the seismic hazards, as well as the necessity of improving the structures, systems, and components. 

 
 

  Step1：Characterize site seismic hazards 

                    Screening by comparing the ground motion response spectrum (GMRS) and safe shutdown  

                    earthquake ground motion (SSE)  

                    Central and Eastern U.S. plants due to March 2014; Western U.S. plants due to March 2015 
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GMRS＜SSE GMRS＜SSE 

High-frequency sensitivity analysis 

Assessment of facilities subject to 

impact 

 

NRC: Reevaluation of the licensing 

basis 

   Step 2: Prioritization, Seismic risk assessment (seismic PRA or seismic margin analysis) 

                Identify risk contributors and determine seismic CDF  

                High priority< 3 years; Others < 4 years 

Terminate the evaluation 

GMRS>SSE over a high 

frequency range 

NRC: Regulatory actions, as necessary,  Backfit process, Update licensing basis 

Developments After the Fukushima Daiichi Nuclear Power Station Accident: ① 

United States - 2 
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NRC’s Level 3 PRA project 

• 1990: NRC's PRA research since NUREG-1150 

− Reflected the improvements made to the operation, maintenance, training, and manuals, etc., 

understanding of severe accidents, and the PRA technology 

− Assessed the practical potential of full-scope Level 3 PRA that covers items that had not 

been assessed 

• 2010: The NRC staff proposed a scoping study to evaluate feasibility of Level 3 PRA project  

    The Commission directed the staff to provide options for proceeding the project 

• 2011: The NRC staff provided options for proceeding the project to the Committee      

      The Committee approved the full-scope Level 3 option 

− In collaboration with the industry,  

full-scope level 3 PRA planned to be  

implemented over a period of 4 years   

• September 2012: Progress report 

− Selected Vogtle-1/2 (WH-PWR)  

as a pilot plant 

Nuclear 

reactor 

Spent fuel 
- SF Handling 

- SF pool 

- Dry cask 

Other sources 
- New fuels 

- Radioactive waste 

* Scope of some plants did not include external events  

 (Source) SECY-12-0123, September 13, 2012 

The scope of the 

Level 3 PRA 

project 

Developments After the Fukushima Daiichi Nuclear Power Station Accident: ② 

United States - 3 



Developments After the Fukushima Daiichi Nuclear Power Station Accident③: 

France, the U.K, and Finland 

34 

France 

• In anticipation of the results of the stress tests, IRSN applied Level 2 PSA to 900MWe PWR and 

assessed the robustness of the plants against severe events, and the improvement measures to be 

implemented before the next PSR. 

 

UK 

• ONR prepared a Lesson Learned report and made the following recommendations on PRA. 

− The nuclear industry ought to verify whether an adequate Level 2 PSA is in place at all nuclear 

power facilities where accidents which would cause serious external impacts could occur, and 

reevaluate any additional severe accident measure is needed with the result of Level 2 PRA. 

PRA models should consider events beyond design bases and cover external events within all 

ranges, including the extended mission time.  

• Sizewell B (EDF Energy) 's Level 2 PRA covers events beyond design bases and the 

recommendations above had already been met. 

 

Finland 

• Information related to the PRA of external events was leveraged to assess earthquakes, floods, and 

extreme weather conditions during stress tests. 

• STUK assessed the efficacy of improvement measures in light of stress tests by using PRA. 

 

Reference: Stress tests after the Fukushima Accident 

Conducted by European countries under the guidance of EU/EC. In response to the Fukushima accident, 

conditional risks were assessed by projecting the station blackout, loss of ultimate heat sink, flooding 

and earthquakes without considering the probability of their occurrence. 



4. Comparison of Measures Taken for PRA 

in Each Country  
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PRA in Each Country ① 
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• When comparing the development of the standards, which provide flame of procedures, Japan advances in 

some aspects.  In the U.S. and European countries, however, the standards are developed after amassing 

experience. Even if there are no standards, these countries have a great amount of practical experience. 

• European countries tend to use international standards such as those made by IAEA, rather than developing 

their own national standards. A project for developing a Level 2 best practice guideline that covers the entire 

EU has been implemented. 

Japan U.S. France* U.K.*  

(Sizewell-B) 

Finland* IAEA 

Standards 

Level 1 

(at-power, 

internal) 

-Implemented during AM study (1992 -

1994) 

-Has been Implemented in the PSR (1992-) 

every 10 years 

-Atomic Energy Society of Japan (AESJ) 

standard (2008, being revised) 

-Already implemented 

-ASME/ANS RA-Sa-2009 

-Already 

implemented 

-Already 

implemented 

-Already 

implemented 

 

50-P-4 (1992) 

was revised to 

SSG-3 (2010) 

Level 2 

(at-power, 

internal) 

 

-Implemented during AM study (1992 -

1994) 

-Has been Implemented in PSRs (1992-) 

every 10 years, up to Level 1.5 (source 

terms are not assessed) 

-AESJ standard (2008) 

-Already implemented, up to Level 

1.5 (source terms are not assessed) 

-ASME/ANS RA-Sa-2009 

-ANS/ASME-58.24-201xLevel2 

(under development) 

-Already 

implemented 

-Already 

implemented 

 

-Already 

implemented 

 

50-P-8 (1995) 

was revised to 

SSG-4 (2010) 

Level 3 -Preliminary implemented at representative 

plants (internal and seismic) 

-AESJ standard (common for internal and 

external events) (2008) 

-Implemented at representative 

plants 

-ANS/ASME-58.25-201xLevel3 

(under development) 

-Not implemented -Already 

implemented 

-Not implemented 

 

50-P-12 (1996) 

PRA 

quality 

-AESJ standard (under development by 

reviewing corresponding sections in various 

PRA standards) 

-ASME/ANS RA-Sa-2009 -Mutual reviews 

between the 

operators and 

regulatory bodies 

-Review by 

regulatory bodies 

-Review by 

regulatory bodies 

TECDOC-1511 

(2006) 

Peer 

reviews 

-AESJ standard (same as above) 

-JANSI guideline (2009) 

-NEI 00-02 (2000) In some cases, peer reviews within Europe or IAEA reviews have 

been conducted 

None 

*Europe does not use its own standards, and references 
the IAEA standards, etc. as needed. 
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Japan U.S. France* U.K.* 

 (Sizewell-B) 

Finland* IAEA 

Standards 

Internal floods -Not implemented 

-AESJ standard  (2012) 

-Already implemented at 

many plants, up to Level 1.5 

-ASME/ANS RA-Sa-2009 

-Already implemented for 

1300MW class and EPR 

-Not implemented for 

900MW class and N4 

-Already 

implemented, up 

to Level 3 

 

-Already 

implemented, up 

to Level 2 

 

SSG-3 

SSG-4 

Internal fires -Not implemented 

-AESJ standard (under deliberation) 

-Already implemented at 

many plants (simplified 

methods are also accepted), 

up to Level 1.5 

-ASME/ANS RA-Sa-2009 

-Already implemented for 

all plant classes 

-Already 

implemented, up 

to Level 3 

 

-Already 

implemented, up 

to Level 1 

 

SSG-3 

SSG-4 

 

Earthquakes and 

tsunamis 

 (Floods) 

-Preliminary implemented at 

representative plants (Level 1) 

-After the revision of seismic design 

review guide (2006), NISA ordered 

industry to evaluate the residual risk of 

earthquake, which had started (tsunami is 

not included) 

-Earthquakes: AESJ standard (2007, 

being revised) 

-Tsunamis:  AESJ standard (2011, being 

revised to incorporate tsunamis combined 

with earthquakes) 

-Internal floods combined with 

earthquakes (under deliberation) 

-Earthquakes: Implemented 

at 37 reactors, up to Level 

1.5 

-Floods:Implemented at 15 

reactors, up to Level 1.5 

-Detailed research scheduled 

-ASME/ANS RA-Sa-2009 
-ANS/ASME-58.24-201x 
Level 2 (under investigation) 

-Earthquakes have been 

implemented for1300MW 

class; Not implemented 

for others 

-Floods have not been 

implemented 

 

-Earthquakes 

have been 

implemented, up 

to Level 3 

-Floods have not 

been 

implemented 

 

-Earthquakes 

have been 

implemented, up 

to Level 1 

-Floods have not 

been 

implemented 

 

SSG-3 

SSG-4 

TECDOC-724 

(earthquakes) 

(1993) 

Strong winds -Not implemented -Implemented at 16 reactors, 

up to Level 1.5 

-ASME/ANS RA-Sa-2009 

-Not implemented -Already 

implemented, up 

to Level 3 

-Not 

implemented 

 

SSG-3 

SSG-4 

 

Outage -Has been Implemented in PSRs (1992-), 

up to Level 1 

-AESJ standard (2010) 

-Not implemented (scheduled 

for investigation) 

-ANS/ASME-58.22-201x 

(under investigation) 

-Already implemented for 

all plant classes, up to 

Level 1 

-Already 

implemented, up 

to Level 3 

-Already 

implemented, up 

to Level 1 

 

SSG-3 

SSG-4 

 

Multi-unit site 

SFpools 

AM 

Multiple and 

accompanying 

events 

-Multi-unit seismic PRA and SF pools are 

being considered in the effort to revise 

seismic PRA standard 

-The issue of multiple and accompanying 

events will be discussed in the standard 

for selection of an assessment method 

-Not implemented (scheduled 

for investigation) 

 

 

-Not implemented -Not 

implemented 

-Not 

implemented 

 

None 

PRA in Each Country ② 

*Europe does not use its own standards, and references 
the IAEA standards, etc. as needed. 


