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• PSA applications in IAEA publications

• Taxonomy of PSA applications

• Brief overview of PSA applications

• Quality of PSA models for applications

Outline of Presentation
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PSA applications in IAEA publications
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Hierarchy of IAEA Safety Standards
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PSA applications in IAEA publications

GSR Part 4 SSR-2/1 SSR-2/2

SSG-3 SSG-4

IAEA –

TecDoc-1804

Supporting documents 

(TECDOCs, Safety Reports)

SF-1
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The fundamental safety objective is 

to protect people and the environment from 

harmful effects of ionizing radiation

Principle 6: Limitation of risks to individuals

“Measures for controlling radiation risks must ensure 

that no individual bears an unacceptable risk of harm”

Implications:

1) Risk associated with nuclear installations needs to be assessed

2) Guidance (criteria) for ‘unacceptable risk’ need to be established

3) Relevant measures (design features and procedures) provided

Relevant Statements from IAEA Safety Standards
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• Safety assessment shall include a safety analysis, which consists of a set of 

different quantitative analyses for evaluating and assessing challenges to 

safety by means of deterministic and also probabilistic methods

• Deterministic and probabilistic approaches have to complement one another 

PSA applications in IAEA publications:           

Safety Requirements on Safety Assessment (1/2)

• PSA to determine all significant contributing factors to the 

radiation risks arising from NPP

• PSA insights: system performance, reliability, interactions and 

weaknesses in the design, the application of defence-in-depth, 

and risks, that it may not be possible to derive from a 

deterministic analysis.

The results of the safety assessment shall be used to make decisions 

in an integrated, risk informed approach, by means of which the 

results and insights from the deterministic and probabilistic 

assessments and any other requirements are combined in making 

decisions on safety matters in relation to the facility or activity.
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PSA applications in IAEA publications:           

Safety Requirements on Safety Assessment (2/2)

Overview of Safety Assessment Process
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PSA shall be carried out throughout the design process to ensure that all 

safety requirements are met throughout all stages of NPP lifetime 

PSA applications in IAEA publications:              

Safety Requirements on NPP Design

• PSA shall be used in NPP design to:

– Establishing balanced NPP design

– Implement measures to avoid cliff-edge effect

– Compare with risk criteria (probabilistic safety goals)

• PSA is used also for selection postulated IEs & DEC 

scenarios to be considered in NPP design (identification of 

input for deterministic analyses) 

• PSA is used also for supporting NPP system, structures and 

components (SSCs) safety classification 
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• To complement deterministic safety assessment (inter alia

while conducting periodic safety review)

PSA applications in IAEA publications:                        
Safety Requirements on NPP Commissioning and Operation

• PSA is to be used to determine frequency of maintenance, 

testing, surveillance and inspection of individual SSCs 

• PSA shall be used, as appropriate, to demonstrate that the 

risks are not significantly increased due to maintenance 

activities

• Quality of PSA models shall be ensured for PSA 

applications
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PSA applications in IAEA publications: 

Safety Standards on Level-1&2 PSA 

• Various PSA applications are presented in Section 10 of SSG-3 

and Section 8 of SSG-4

• In PSA applications described in SSG-3 & SSG-4  insights from 

PSA should be used as part of Integrated Risk informed decision 

making (IRIDM) process considering:

– Mandatory requirements

– Insights from deterministic considerations 

(e.g. on Defence in Depth)

– other applicable information (e.g. cost–

benefit analysis, inspection findings, 

operating experience, doses to workers)
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– Provides an approach and detailed guidance for achieving the 

technical quality of PSA needed to support various PSA 

applications

– Covers a full-scope Level-1 PSA for NPPs

IAEA-TECDOC-1804

Attributes to full-scope L1 PSA for Applications in 

Nuclear Power Plants

• Provides comprehensive list of 

PSA Applications with brief 

description of each PSA application 

• 6 categories and about 40 specific 

applications
IAEA-TECDOC-1511

2006 

IAEA-TECDOC-1804

2016 
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• Safety assessment: to assess the overall safety of the plant and to 

develop an understanding of the main contributing to risk 

(understanding  risk profile)

• Design stage: to provide support for design improvements during 

design and pre-operational stage

• NPP operation: to provide support for plant daily operation 

(excluding permanent changes to design or operation practice)

• Permanent changes to operating NPP: to assess the safety 

significance of proposed permanent changes to the plant SSCs or 

operating procedures (help for Decision Making)

• Oversight activities: to support plant performance monitoring 

(both regulatory and industry)

• Evaluation of safety issues: risk significance

Taxonomy of PSA applications
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Brief description of PSA applications



Specific PSA applications
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Discussion on PSA applications

• Further discussion on PSA applications is provided 

by the six categories and groups (where applicable) 

mentioned earlier

• The following aspects will be highlighted to 

characterize PSA applications:

– Main Contents / goals of the application

– Notes on the Use of PSA to support the application
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Category 1. Safety assessment

1) Assessment of the Overall Plant Safety

2) Periodical Safety Review 

Main contents:

• Identification and ranking of important design and operational 

features

• Identification and ranking of dominant accident sequences, 

systems, components, human interactions and dependencies 

important for safety

• Comparison of the results against Safety goals

Use of PSA:

• Risk contributors and importance information is used to develop 

risk insights
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Category 2. Design evaluation

Risk-informed support for decisions made during NPP 

design

Main contents:

• Identification of design weaknesses and effective areas for improvement 

in view of plant risk 

• Investigation of design options 

• Development of reliability targets for SSCs

• Risk significance of deviation from revised deterministic rules

Use of PSA: 

• Additional assumptions are needed (lack of design details)

• Uncertainties are larger than for as-built plant
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Category 3.1. NPP Operation: 

NPP Maintenance

1)  Maintenance program optimization

2)  Risk informed support for plant ageing management program

Main Contents: 

• Assessment, optimization and establishment of maintenance 

plans and procedures in view of plant risk

• Modelling of aging effects in PSA and identification of the 

ageing vulnerabilities among SSCs 

Use of PSA:

• PSA model should be capable to include aging phenomena and 

component lifetime considerations

• PSA results can be used to 

– Optimize maintenance and ageing management programs
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Category 3.2. NPP Operation:                                           

Accident Mitigation and Emergency Planning

1) Development and improvement of EOPs and SAMGs

2) Support for accident management and emergency 

planning 

Main Contents:

• Systematic assessment of plant vulnerabilities used to establish the 

EOPs, SAMGs and emergency planning

Use of PSA: 

• L2 PSA is required to address severe accident mitigation strategies,

• Prioritize procedural changes 

• Understand accident progression and success strategies



24

Category 3.3. NPP Operation:

Personnel Training

1) Improvement of operator training program

2) Improvement of maintenance personnel training program

3) Improvement of plant management training program

Main Contents:

• Improvement of operator and maintenance staff training programs 

based on insights and information from the PSA

• Providing plant management with the integral understanding of the 

techniques, applications and implications of PSA

Use of PSA: 

• L1 PSA covering all operating and shutdown modes and both internal 

and external plant hazards is required

• PSA results can be used to focus on potential risk significant accident 

sequences, operator actions, maintenance activities
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Category 3.4 NPP Operation:                                                

Risk-based Configuration Control / Risk Monitors

1) Configuration planning (e.g., support for plant maintenance/tests)

2) Real time configuration assessment and control

3) Exemptions to TS and justification for continued operation

Main Contents: 

• The reduction of risk peaks and the control of the cumulative or 

average risk (e.g., Risk Monitor) 

Use of PSA:  

• Can provide useful support to TS exemption justifications

– The purpose of TS framework is to keep plant features within the 

licensing basis 
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Category 4.1. Permanent Changes to the 

Operating Plant: Plant Changes

1) NPP upgrades and plant modifications

2) Life time extension

Main Contents:

• Identification of weaknesses and effective areas for 

improvement in plants design and operational features 

• Providing additional information for regulators while 

licensing the lifetime extension 

Use of PSA:

• Change in CDF used to justify acceptable risk impacts and to 

determine risk significance 

• Involves modelling of aging effects in PSA
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Category 4.2. Permanent changes to the 

operating plant: TechSpec Changes

1)  Determination and evaluation of changes to AOTs

2)  Risk informed optimisation of TS

3)  Determination and evaluation of changes to STI

4)  Risk informed in-service testing (IST)

5)  Risk informed in-service inspections (ISI)

Main Contents:

• Optimization of the STIs vs impact on equipment reliability

• Re-evaluation of required actions in TS based on risk

• Optimization of AOT period for each SSC 

• Support the IST programme vs relative risk significance 

• Ranking the elements for inspection 

Use of PSA: 

• To estimate the risk significance of the changes in TS
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Category 4.3 Permanent changes to the operating 

plant: Graded QA

1) Equipment risk significance evaluation

2) Evaluation of risk impact of changes to QA requirements

Main Contents: 

• Determination of the relative safety significance of plant equipment

Use of PSA: 

• Risk importance measures of affected SSCs (e.g. F-V, RAW) are used to 

classify the risk and safety significance of SSCs 

• Change in risk metrics (∆CDF, ∆LERF) are used to determine the risk 

significance and risk acceptability of the proposed change
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Category 5.1. Oversight Activities: 

Performance Monitoring

1) Planning and prioritization of inspection activities

2) Long-term risk-based performance indicators

3) Short-term risk based performance indicators

Main Contents: 

• Regulatory and industry inspections on risk significant issues and 

equipment

• Monitoring plant behaviour in order to update the calculated average CDF 

Use of PSA: 

• PSA provides information on changes in CDF due to plant events              

and risk associated with planned activities

• The PSA results can be used to determine the appropriate set of 

performance indicators
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Category 5.2. Oversight Activities:                               

Performance Assessment

1) Assessment of inspection findings

2) Evaluation and rating of operational events

Main Contents: Self-explanatory 

Use of PSA:

• Estimation of risk-significance associated with inspection findings

• PSA based extrapolation of operational events to accident scenarios 

with serious consequences

– Can provide an estimate, in terms of a conditional probability, of 

the available margin for an accident with unacceptable 

consequences

– The PSA model must be capable of evaluating the appropriate 

impacts assessed for the event
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Category 6.1 Evaluation of Safety Issues:             

Risk Evaluation

1) Risk evaluation to identify and rank safety issues

2) Risk evaluation of corrective measures

Main Contents: 

• Identification or evaluation of risk-significance of the plant specific 

and generic safety  issues

• Determination of the risk-effective corrective measures

Use of PSA:  
• Based on PSA insights corrective measures regarding safety issues are 

developed
– Change in risk metrics (∆CDF, ∆LERF) are used to determine the 

risk significance and risk acceptability of the proposed change 
based on risk characterization

• PSA is used for evaluating the relative importance of existing and new 
safety issues
– Contributors to risk and risk importance measures are used to 

identify and rank safety issues
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Category 6.2 Evaluation of Safety Issues: 

Regulatory Decisions

1)  Long-term regulatory decisions

2)  Interim regulatory decisions

Main Contents: 

• Maintaining or reducing risk level

Use of PSA:  

• to guide long term prioritization of regulatory objectives and 

requirements, and of related safety research 

• to alleviate a regulatory concern, while longer term solutions can be 

evaluated 

• Issues that typically require an interim decision

– Need for regulatory action in response to an event 

– One-time exemptions from TS 

– Temporary modifications to hardware or procedures



33

Quality of PSA models for PSA applications

IAEA –TecDoc-1804
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PSA quality ↔ PSA applications

• PSA applications and RIDM require that PSAs used to 

support those applications have certain characteristics: 
– Scope;

– Degree of detail;

– Technical adequacy of the modelling;

– Capability and flexibility,

– Quality and type of the data used,

– Assumptions made in modelling important aspects

• Features of a PSA that are necessary to support specific 

applications vary with the application

• Need for a basis for judging the technical quality of the 

PSA used to support an application

34
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Framework of PSA technical quality
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PSA elements and associated abbreviations
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Quality of Level 1 PSA: Attributes

37
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Mapping the special attributes of PSA elements to PSA applications (those attributes should be assured 

before using the PSA model for particular application)

Quality of Level 1 PSA: Attributes

38
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General procedure for 

determination of technical 

quality of PSA for 

applications



40

Quality: PSA review

• It is a widely accepted practice for the organization 

conducting a PSA to commission an independent peer 

review of the PSA from an outside body, sometimes from a 

different State, to provide a degree of assurance that the 

scope, modelling and data are adequate 

• The experts involved in the review of the PSA should not 

be engaged in any activities relating to performance of the 

PSA under consideration and should represent an 

organization that is independent of the developer of the 

PSA
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PSA applications: summary

• Enhancement of safety decision making by 

complementing the traditional deterministic 

approach with a systematic probabilistic approach 

that is consistent and predictable

• Efficient use of regulatory resources and reduction 

in unnecessary burden on licensees

• Continued focus on aspects that contribute to risks 

of NPP operation 

• Requires maintaining updated risk analyses models, 

tools, and understanding of risk implications of plant 

design features and processes incorporating 

operating experiences



Thank you for your attention

Questions?


