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FOREWORD 

 

 

Probabilistic safety assessment (PSA) of nuclear power plants (NPPs) complements 

the traditional deterministic analysis and is widely recognized as a comprehensive, structured 

approach to identifying accident scenarios and deriving numerical estimates of risks dealing 

with NPP operation and associated plant vulnerabilities. Increasingly, during the last years, 

PSA has been broadly applied to support numerous applications and risk-informed decisions 

on various operational and regulatory matters. The expanded use of PSA in the risk-informed 

decision making process requires that PSA possess certain features to ensure its technical 

consistency and quality.  

 

This publication is aimed to further promote the use and application of PSA 

techniques in Member States. The publication provides a comprehensive list of PSA 

applications and describes what technical features (termed ‘attributes’) of a PSA should be 

satisfied to reliably support the PSA applications of interest. A consideration has been also 

given to the basic set of attributes characterizing a ‘base case PSA’ that is performed with the 

purpose of assessing the overall plant safety.  

 

This publication can support PSA practitioners in appropriate planning of a PSA 

project taking into account possible uses of the PSA in the future. The publication can be also 

used by reviewers as an aid in assessing the quality of PSAs and judging the adequacy of a 

PSA for particular applications. In addition, it is also foreseen to use the publication to 

support the independent peer reviews conducted by the IAEA in the framework of the 

International Probabilistic Safety Assessment Review Team (IPSART) safety service. 

 

The IAEA acknowledges the work of all of the participating experts and wishes to 

thank them for their valuable contribution to this publication. The IAEA would like to 

especially thank K. Fleming of Karl N. Fleming Consulting Services (USA), R. Gubler of 

Ingburo Dr. Reinhard Gubler (Switzerland), P. Hellstrom of Relcon (Sweden), A. Lyubarskiy 

of SEC NRS (Russian Federation), G. Parry of the US NRC (USA), and G. Schoen and 

R. Schultz of HSK (Switzerland), for the active support and effective contribution to the 

IAEA project on development of this TECDOC. 

 

The IAEA officer responsible for the preparation of this publication was I. Kouzmina 

of the Division of Nuclear Installation Safety. 
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1. INTRODUCTION 

 

1.1. Background 

 

To date, probabilistic safety assessments (PSAs) have been performed for the vast 

majority of nuclear power plants (NPPs) worldwide and are under various stages of 

development for most of the remaining NPPs. PSA provides a comprehensive, structured 

approach to identifying accident scenarios and deriving numerical estimates of risks. In 

addition to the traditional deterministic analysis, it is a powerful tool for identification of 

significant accident sequences1 and associated plant vulnerabilities dealing with the design 

and operation of the plant. General guidance on performance and independent verification of 

the safety assessments for NPPs, both deterministic and probabilistic, is provided in the IAEA 

Safety Standards, e.g. in Ref. [1]. 

 

PSA is increasingly being used in many countries, in a complementary manner to the 

traditional deterministic analysis and defence-in-depth considerations, as part of the decision 

making process to assess the level of safety of nuclear power plants and to support various 

risk-informed applications. Regulatory bodies in many countries require that a PSA be 

performed for licensing purposes. PSA has reached the point where, if performed to 

acceptable standards, it can considerably influence the design and operation of nuclear power 

plants. The quality of PSA is then becoming a matter of the ‘robustness’ of the decisions.  

 

In order to promote the use and application of PSA techniques in Member States, the 

IAEA has developed detailed technical guidance on how to carry out PSA for nuclear power 

plants. There are publications describing the overall process and procedures of performing a 

PSA (see Refs [2-4]). For specific PSA areas or tasks where it was felt that more detailed 

guidance is needed, separate publications have been produced, such as for common cause 

failure (CCF) modelling (see Ref. [5]) or human reliability analysis (HRA) (see Ref. [6]). The 

publications provide information and recommendations and reflect accepted practices 

consistent with the knowledge at the time they were written. Reference [2], for example, 

provides procedures for conducting Level-1 PSAs for internal events for full power initial 

conditions in accordance with the state of the art of PSA in the beginning of nineties. That 

publication has been successful in helping to standardize the framework, terminology, content 

and format of documentation of PSAs in IAEA Member States, while providing for flexibility 

to introduce new and alternative methods. 

 

Increasingly, during the last years PSA has been broadly applied to support numerous 

applications, such as risk-informed changes to technical specifications, risk-based plant 

configuration control, maintenance program optimization, etc. The IAEA has developed a 

technical document (see Ref. [7]), which summarizes information on up-to-date PSA 

applications and includes technical and methodological aspects, examples, and limitations, as 

well as the regulatory perspective on the use of PSA and numerical goals and acceptance 

criteria for decision making.  A number of applications require specific features of the PSA 

and of certain PSA elements. A Technical Committee meeting, held in Vienna, May 28–

June 1, 2001, on quality and consistency of PSAs identified the need for guidance on a 

                                                           
1
 In this publication, it is assumed that the user will define an objective criterion to identify what is a significant accident 

sequence. An example of such a criterion is the following: a significant accident sequence is one of the set of sequences, 

defined at the functional or systemic level, that, when ranked in decreasing order of frequency, comprise a significant 

percentage (e.g. 95%) of the core damage frequency (CDF), or that individually contributes more than a measurable 

percentage (e.g. 1%) to CDF.  

 

1
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process to review a PSA to determine its technical adequacy for addressing specific 

applications, or in other words, to provide guidance to assure that a PSA is of sufficient 

quality to support the application. The same idea was highlighted at the Conference on 

Topical Issues in Nuclear, Radiation and Radioactive Waste Safety (IAEA, September 2001) 

that emphasized the necessity to ensure a high quality of PSAs for the support of risk-

informed decision making. The meaning of ‘high quality’ in this context was meant to be 

different for each PSA and to be defined as being commensurate with the intended use of a 

PSA. The present publication is a response to those recommendations. 

The publication takes into consideration the advanced worldwide experience in the 

area of PSA quality assessment and verification, and in particular the ASME Standard for 

Probabilistic Risk Assessment for Nuclear Power Plant Applications (Ref. [8]). The starting 

point for the development of the technical attributes presented here in Sections 4 through 12 

as the basis for the assessment of technical adequacy of a PSA was the set of requirements for 

the Capability Category II PSA presented in the ASME Standard (Capability Category II 

requirements are representative of currently accepted good industry practices in the USA.) 

1.2. Objectives of the report 

Various applications of PSA require that PSAs used to support those applications have 

certain characteristics in terms of their scope, degree of detail, technical adequacy of the 

modelling, the capability and flexibility to perform the required calculations, the capability to 

support interpretation of the results, the quality and type of the data used, and of the 

assumptions made in modelling important aspects. The features of a PSA that are necessary to 

support specific applications vary with the application. This report provides information 

regarding the features, written in the form of attributes of the major PSA elements, which are 

appropriate for carrying out various PSA applications.  In so doing, this publication provides a 

basis for judging the quality of the PSA used to support an application as discussed in the next 

section. General attributes are formulated for a ‘base case PSA’ that in the framework of this 

publication is defined to be that PSA that is used to assess the overall plant safety level. 

Special attributes are provided for specific applications where appropriate. 

The notion of ‘PSA quality’ should be distinguished from the notion of ‘quality 

assurance’. ‘PSA quality’ for a specific purpose refers to the technical adequacy of the 

methods, level of detail and data used to develop the PSA model. In order to assure that the 

chosen methods and data are used, applied, and documented in an adequate and controlled 

manner, a dedicated quality assurance programme needs to be established that also addresses 

applications of PSA. How to set up and effectively apply an appropriate quality assurance 

programme for PSA and its applications is described in the publication ‘A framework for a 

quality assurance programme for PSA’, IAEA-TECDOC-1101, Ref. [9]. As distinct from that 

publication, the present TECDOC focuses on the technical information regarding approaches, 

methodology and data to obtain appropriate technical PSA features for specific applications. 

Thus, for a specific PSA application with a particular PSA, the approach provided in the 

publication can be used as a basis to formulate a specific technical framework for carrying out 

the PSA application. For these reasons this publication concentrates on technical PSA aspects. 

In Figure 1 the overall framework for the assurance of the quality of PSA results for 

applications is shown identifying the roles of the existing IAEA publications and the present 

publication. 

It is expected also that the publication will provide a technical framework for the PSA-

related services and International Probabilistic Safety Assessment Review Team (IPSART) 

2
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missions being conducted by the IAEA on request of Member States, in addition to the 

existing guidelines, i.e. Ref. [10].  
 

1.3. Quality of a PSA for an application 
 

For the purposes of this publication, PSA quality is defined in general terms in the 

following way:  

 

“In the context of an application, the PSA is of an appropriate quality if it conforms 

to a set of attributes that are appropriate for the application.”   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Framework of PSA quality and supporting IAEA publications. 

 

The key to defining quality then is in the definition of the attributes. The attributes that 

are required for a particular application depend on the purpose and characteristics of the 

application.  When used as an input to a decision, the attributes required are a function of the 

process for decision making, and in particular address the acceptance criteria or guidelines 

with which the PSA results are to be compared.  The acceptance criteria are generally in the 

form of a numerical value associated with a specific metric. Examples of metrics are the 

absolute value of, or increase in, core damage frequency, and importance measures. The 

metrics commonly used are defined in Appendix I to this publication. The PSA has to be 

capable of evaluating the appropriate metrics for each application. However, the method for 

performing the comparison of the results of the PSA with the criterion also has an impact on 

the attributes required. For example, the criterion may require use only of a mean value, or it 

may require the full characterization of uncertainty as a probability distribution on the value 

of the metric. Thus identifying the additional attributes requires an understanding of the 

method proposed for generating and using the PSA results. 
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Two types of attributes are defined in this publication: 

- General attributes, which apply for a typical ‘base case PSA’ (for the definition of a 

‘base case PSA’ see the discussion below). The general attributes apply for all PSAs and 

applications. 

- Special attributes, which generally provide enhanced capabilities supporting certain 

applications of a PSA. Special attributes may not be met in a ’base case PSA’.  

 

The purpose of a ‘base case PSA’ is the assessment of the overall plant safety as 

described for example in Appendix II of this publication.  Thus, the set of general attributes 

describing the technical features of a ‘base case PSA’ in this publication corresponds to the 

PSA application ‘Assessment of the Overall Plant Safety’. The general attributes represent a 

fundamental set of attributes that can be recognized as being associated with the performance 

of a technically correct PSA in accordance with the present state of the art methodology and 

technology. According to Ref. [10], “the current state of the art of PSA is defined by the way 

PSAs have been practically performed in recent years by Member States according to existing 

guidelines and using accepted methodologies and techniques.” To summarize, it is understood 

in this publication that the general attributes represent a minimum set of the attributes needed 

to perform a state of the art PSA with the aim to assess the overall plant safety. State-of-the-

art is taken to be synonymous with generally accepted good practice. 

 

Special attributes provide elevated capabilities in terms of resolution, specificity, 

scope, realism, and less uncertainty for aspects of the PSA needed to support specific 

applications, but still corresponding to the current state of the art. Special attributes are 

defined in such a way that, when they are met, the corresponding general attributes will 

certainly be met. Different PSA applications may require different special attributes.  

 

Special attributes may arise because of the need to model specific impacts of changes 

proposed by the application, which may require a higher level of detail for certain elements 

than required for the base case as defined in this publication. In addition, special attributes 

may be required to address unique acceptance criteria for the application.   
 

On the other hand, there might be applications for which not all the attributes would 

need to be met, or for which some attributes can be relaxed. These are applications for which 

either the risk information required is limited, or for which the approach to decision making 

compensates for a lesser level of detail or plant-specific fidelity in the PSA by making a more 

conservative decision than would be the case for the more detailed, plant-specific model. An 

example of the latter is an application that addresses relaxation of requirements on 

components considered to be of low safety significance. Use of a more detailed and more 

plant-specific PSA would allow more components to be classified as low safety significant, 

when compared with what would result from use of a less detailed model. However, even in 

this case, the PSA used to support that application must be technically adequate.   

 

For many applications, the acceptance criteria may require the consideration of all 

contributors to risk. It is recognized that specialized PSA methods are needed to perform the 

analysis of core damage resulting from internal hazards, such as internal fires and floods, or 

external hazards, such as earthquakes, high winds, etc., and from different plant operating 

modes, such as low power and shutdown modes. These specialized analyses are identified in 

4

This publication has been superseded by IAEA-TECDOC-1804



   

 

this publication as being separate modules2 of a PSA.  The scope of a PSA is defined by the 

modules it contains. 

 

Which attributes are met determines to some extent the role the PSA can play in the 

decision making process.  When it is clear that the confidence in the accuracy of the PSA 

results is high, the PSA can play a significant role. When confidence in the accuracy is less, it 

must play a lesser role.  However, in either case, the PSA still has to have a quality 

commensurate with its role.  What makes the distinction between these cases is that those 

attributes that enhance realism are not necessary met in the latter case. 

 

When using information presented in this publication, it is proposed that in case a PSA 

analyst considers that an application does not necessarily require compliance with a general or 

special attribute or attributes, this should be reliably justified in terms of the analysis 

consistency and absence of impact of a missing attribute(s) on PSA results and insights used 

for decision making. 
 

1.4. Scope of the report 

 

The detailed IAEA PSA procedures mentioned above (Refs [2-4]) mainly concentrate 

on general features and content of PSAs. In these publications, a limited consideration is 

given to the particular features of PSA conditioned by specific PSA applications. It should be 

also mentioned that a number of approaches and techniques described in these procedures, in 

particular in the Level-1 PSA procedure (see Ref. [2]), have been further developed, so the 

present publication takes into account the current state of the art regarding various aspects 

related to PSA methodologies. 

 

In recognition of the different levels of maturity in the state of the art for the various 

PSA modules, and due to a comprehensive amount of information to be covered, the scope of 

this publication is restricted to a Level-1 PSA for at power operation for internal events 

caused by random equipment failures and operator errors. Consideration is not given to other 

sources of radioactivity except for the reactor core. Level-2 PSA, internal fires and floods, 

external hazards like earthquakes, tornadoes, and other natural and man-induced hazards are 

not included in the scope of this publication, and neither is PSA for the shutdown and low 

power operation modes. These PSA modules could be covered in separate publications later. 

However, it should be specifically pointed out that applications may require that the scope of 

the PSA is complete in terms of consideration of all relevant contributors to plant risk and 

analysis levels.  It is not the intent of this publication to address what has to be done to 

compensate for the limited scope of the PSA in these circumstances. Nor does this publication 

attempt to describe what has to be done to compensate for attributes that are not met. These 

considerations are left to the decision-makers. However, Appendix II provides a general 

discussion regarding what PSA scope and risk metrics may be needed for specific 

applications. 

 

An emphasis is made on describing the attributes of a ‘base case PSA’ being 

fundamental for other considerations relating to specific PSA applications. The publication 

concentrates also on describing the appropriate features and attributes of PSA and of PSA 

elements and relates them to specific applications by indicating additional features and 

characteristics important from the viewpoint of specific applications. Only a summary of PSA 

                                                           
2
 A PSA module is a probabilistic safety analysis, which addresses a certain type of hazard (e.g. high winds, earthquakes, 

internal fires), plant operating mode (full power, low power, shutdown), radioactivity source (reactor core, spent fuel pool), 

and analysis level (Level-1, Level-2, Level-3).   

5
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approaches, techniques, and tasks is given. The publication provides information on what has 

to be done rather than how it should be done. Thus, regarding detailed procedures for PSA 

tasks, reference is made to the appropriate available PSA procedures and the publication is 

not intended to replace them.  

 

1.5. Structure of the report 

 

Because this report is oriented towards supporting applications of PSA, first, an 

overview of current applications is given in Section 2. Section 3 introduces the main PSA 

elements, and provides a description of the process one should follow to determine whether 

the PSA is of an appropriate quality for an application of interest. The attributes of the PSA 

elements are provided in Sections 4 through 12 separately for each PSA element, covering 

both general attributes (applicable for the ‘base case PSA’), and application-specific ones (i.e. 

special attributes). Section 13 discusses the special attributes appropriate for PSA applications 

and outlines a practical procedure for determination of the special attributes relevant for the 

application of interest. It also provides a table mapping the special attributes to the PSA 

applications. Conclusions are provided in Section 14. Appendix I provides definitions of the 

risk metrics referred to in the publication. Appendix II provides summary information on PSA 

applications, including their general description, applicable risk metrics, remarks on use of 

PSA models to support specific applications, and examples. Appendix III presents a table 

linking the PSA elements discussed in Sections 4 through 12 to the list of PSA tasks from the 

IAEA Procedure Guide on Level-1 Internal Event PSA (see Ref. [2]). 

 

1.6. Applicability 

 

There are three major limitations regarding the applicability of this publication which 

are as follows: 

 

1. The information presented is directed towards PSA and PSA applications for nuclear 

power plants. Thus, this publication is not directly applicable for research reactors, for 

example. 
 

2. The publication focuses on PSA and PSA attributes for vessel type light water reactors 

(LWRs), although a vast majority of general and special attributes are applicable for 

other reactor types as well. The applicability of the PSA element descriptions and of 

PSA attributes given in this publication for nuclear power plants with other reactor types 

is discussed below.  
 

3. The publication is focused on PSA approaches, modelling and data for a typical ‘mature’ 

nuclear power plant, which has been in operation for a number of years without major 

changes in the plant. The applicability of the PSA elements descriptions and of PSA 

attributes given in this publication for nuclear power plants in other stages of the plants 

lifetime is discussed below. 

 

1.6.1.  Applicability for reactors other than vessel type LWRs 
 

The present predominant reactor types for nuclear power plants are vessel type LWRs. 

PSA approaches and techniques have therefore been mostly developed and applied for this 

kind of NPPs. For this reason the publication focuses on PSA and PSA attributes for vessel 

type LWRs. Most of the PSA approaches and techniques can also be applied and used for 

other reactor types such as gas cooled reactors and CANDU (i.e., data analysis, human 

reliability analysis, systems analysis, etc.). Therefore, the attributes described in this 

6
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publication apply as well for these reactor types. There is however one area regarding PSA 

approaches and techniques where there is a significant difference. The concept of core 

damage as an accident sequence end state for Level-1 PSA and as a rough measure for 

consequences is a useful concept for vessel type LWRs. The physical background for this 

concept is that for the compact cores of current vessel type LWRs once there is loss of 

cooling to substantial portions of the core and associated fuel damage it is likely that the 

whole core is affected and a substantial part of the fission product inventory is released from 

the fuel. 

For reactors with physically well-separated fuel channels and comparatively large 

cores, damage might be restricted to individual fuel channels, small portions of the core, parts 

of the core or may extend to the entire core. Accordingly, several Level-1 fuel or core damage 

end-states have been defined and used in PSAs for such reactors to reflect the significantly 

different fractions of the fuel or core affected during different accident scenarios. The 

physical reason for this distinction and refinement of core damage are specific features of the 

reactor and system design, e.g. the design of coolant piping and the connection of emergency 

core cooling system (ECCS) trains to the coolant piping. The refined definition of core 

damage then allows obtaining a useful consequence measure in terms of the Level-1 PSA by 

distinguishing scenarios with significant consequences from those with low consequences but 

elevated frequencies. In turn such definition of core damage categories requires interpretation 

and adaptation regarding the description of PSA tasks and associated attributes as given in 

this publication. 

It should be pointed out however that analytical and in particular experimental 

information on details of the accident progression in the beyond design accident range is 

limited for other reactor types if compared to vessel type LWRs. This may also affect the 

formulation of safety function success criteria and delineation of accident sequences. 

Therefore, accident progression and the characterization of Level-1 end states for reactor 

types other than vessel type LWRs should be regarded as being still under development. 

1.6.2. Applicability for NPPs in different stages of the plant’s lifetime 

In order to provide a comprehensive description of PSA tasks and associated attributes 

the publication is focused on PSA approaches, modelling aspects, and data for a typical 

‘mature’ nuclear power plant, which typically has been in operation for a number of years 

without major changes in the plant. It is recognized that significant differences exist regarding 

PSA approaches, modelling aspects, and data for different stages of the plants lifetime. The 

reason why this publication concentrates on PSA for a ‘mature’ nuclear power plant is that 

only at this stage the full range of PSA techniques can be applied including evaluation and use 

of a reasonable amount of operational experience data from the plant itself. During the design 

stage of a plant, for example, detailed information on design and operational features might be 

limited and no operational experience data from the plant is available. For a completely new 

design even applicable experience data from comparable plants might not be available. A 

number of attributes formulated in this publication for a ‘mature’ NPP therefore require 

interpretation and adaptation when applied for an NPP in an earlier life stage.  

PSA techniques can be used beginning at an early design stage of a plant. At this time 

even the conceptual design of engineered safety features (ESFs) might not be entirely fixed, 

e.g. the number of redundant trains in an ECCS. Diverse ECCSs might be under consideration

for a particular emergency core cooling function. In these situations, PSA techniques can be

used to support conceptual decisions. However, there are major differences in PSA

approaches, techniques and data as listed below:
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• Detailed design information on systems and their support systems might not or only 

partially be available. This missing information can be bridged by related assumptions 

for PSA purposes. 

• Detailed operating procedures are not available. Information from similar NPPs might 

be used instead. 

• No or only generic operational experience is available. 

• Information on thermal hydraulic analyses, accident progression, accident scenarios 

might be limited. 

• Completeness of initiating events is difficult to ascertain. 

• Limited information on man-machine interface (MMI) and on training of operating staff 

is available. 

• Limited information on maintenance practices and procedures. 

• Equipment location information is limited or missing (important for CCF modelling and 

modelling of secondary effects). 

• Details on technical specifications (TSs) are missing or limited. 

 

In summary, a considerable number of attributes which apply for a PSA for a ‘mature’ 

plant do not strictly apply for a plant in the design stage, simply because the required 

knowledge and data are not yet available. Accordingly, simplifications and assumptions need 

to be made to bridge the missing information. Furthermore, the applicability and adequacy of 

the assumptions themselves could be limited, introducing elements of variability and 

uncertainty even if not directly visible or stated. A typical example for a new NPP concept in 

an early design stage are the advanced reactors incorporating new concepts for safety features, 

e.g. passive systems, where even the assessment of thermal-hydraulics and consideration of 

reliability aspects are still under development and where operational experience is not 

available.  

 

Uncertainty inherent in PSA models and results for a reactor in the design stage needs 

to be fully addressed if the PSA is used for decision making. One way to deal with these 

uncertainties in the early stages of plant life is to use PSA in a relative way, e.g. by comparing 

different design variants using similar models and assumptions. Another useful approach is to 

check the robustness of results by changing the assumptions to see how the results are 

affected by such changes. 

 

During the further development of the plant, increasing details on design and 

operational features of the plant become available. This progress is then usually reflected in 

refining PSA models, which in turn reduces associated variabilities and uncertainties. 

 

Even for a ‘mature’ plant, there might be major backfits or major changes regarding 

the plants design and operational features. A major change in this sense would be a significant 

redesign of the core, including redesign of protection instrumentation and control (I&C) and 

of ESFs. This in turn would mean that the PSA would need to be redone because such a major 

change is likely to change the entire PSA model structure and because similar conditions 

would apply again for parts of the plant or for the entire plant as during the design stage, 

which has to be reflected in the PSA techniques and data. 
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2. OVERVIEW OF PSA APPLICATIONS 

 

2.1. PSA application categorization 

 

Since the beginning of the nineties, PSA techniques have been used increasingly 

widely in many countries in the risk-informed decision making process in NPP design, 

operation, and licensing activities. IAEA-TECDOC-1200 (see Ref. [7]), published in 2001, 

identified a number of PSA applications.  In this publication, some additional applications 

have been identified, and the PSA applications have been categorized in the following way 

according to their purpose: 

1. Safety assessment: to assess the overall safety of the plant and to develop an 

understanding of the main contributors to risk   

2. Design evaluation: to provide support for design evaluation 

3. NPP operation: to provide support for day-to-day operation of the plant (not including 

permanent changes to design or operational practices) 

4. Permanent changes to the operating plant: to assess the safety significance of 

proposed permanent changes to the plant design, hardware, or administrative controls 

(e.g. operating procedures, the licensing basis) as an aid to decision making 

5. Oversight activities: to support plant performance monitoring and assessment (both 

regulatory and industry) 

6. Evaluation of safety issues: to evaluate safety issues 

 

Several application groups can be defined under the six categories based on a more 

specific consideration of the purpose and subject of PSA applications. Table 2.1 provides a 

list of PSA application categories, groups within the categories, and specific applications 

within the groups.  

  

2.2. PSA results and metrics used in decision making 

 

In order to use a PSA in the decision making process, it is necessary to define what 

results are needed, and define criteria these results may be compared with. In some cases, the 

results may be qualitative, but in most cases, the results are quantitative. In such cases, some 

parameters that can be calculated using the PSA model are defined, which are referred to as 

metrics.  Typically, used metrics are importance measures, core damage frequency (CDF), 

large early release frequency (LERF), conditional core damage probability (CCDP), 

quantitative health objectives (QHO), etc. The metrics most commonly used are defined in 

Appendix I. Although analysis of the LERF and the QHO typically are not in the scope of a 

Level-1 PSA (and this publication), these metrics can be derived and used in the decision 

making process in many PSA applications and therefore for the sake of completeness are also 

addressed in Appendixes I and II of this publication. It should be noted that some PSA 

applications require a wider PSA scope, e.g. emergency planning would require in principle a 

full-scope Level-3 PSA. The PSA scope and metrics used in decision making provide an input 

to the definition of application-specific PSA quality requirements. In the decision making 

process the evaluated metrics are compared against some decision criteria that need to be 

established. The various forms that such decision criteria can take are discussed elsewhere 

(e.g. see Ref. [7]).  

9

This publication has been superseded by IAEA-TECDOC-1804



Table 2.1 PSA Applications  

Application Category Application Group Specific Application 

1.1  Assessment of the overall plant safety 

1.2  Periodic safety review 

1. SAFETY

ASSESSMENT

1.3  Analysis of the degree of defence against assumed 

terrorist attack scenarios 

2.1  Application of PSA to support decisions made during 

the NPP design  (plant under design) 

2. DESIGN

EVALUATION

2.2  Assessment of the safety importance of deviations 

between an existing plant design and updated/revised 

deterministic design rules 

3.1.1  Maintenance program optimization  

3.1.2  Risk-informed house keeping 

3.1  NPP 

maintenance 

3.1.3  Risk-informed support for plant ageing management 

program 

3.2.1  Development and improvement of the emergency 

operating procedures 

3.2.2  Support for NPP accident management (severe 

accident prevention, severe accident mitigation) 

3.2  Accident 

mitigation and 

emergency 

planning 

3.2.3  Support for NPP emergency planning 

3.3.1  Improvement of operator training program 

3.3.2  Improvement of maintenance personnel training 

program 

3.3  Personnel 

training 

3.3.3  Improvement of plant management training program 

3.4.1  Configuration planning (e.g. support for plant 

maintenance and test activities) 

3.4.2  Real time configuration assessment and control 

(response to emerging conditions) 

3.4.3  Exemptions to TS and justification for continued 

operation 

3. NPP OPERATION

3.4  Risk-based 

configuration 

control/ Risk 

Monitors 

3.4.4  Dynamic risk-informed TS 

4.1.1  NPP upgrades, back-fitting activities and plant 

modifications 

4.1  Plant changes 

4.1.2  Lifetime extension 

4.2.1  Determination and evaluation of changes to allowed 

outage time and changes to required TS actions 

4.2.2  Risk-informed optimisation of TS 

4.2.3  Determination and evaluation of changes to 

surveillance test intervals 

4.2.4  Risk-informed in-service testing (IST) 

4.2  Technical 

specification 

changes 

4.2.5  Risk-informed in-service inspections (RI-ISI) 

4.3.1  Equipment risk significance evaluation  

4. PERMANENT

CHANGES TO

THE OPERATING

PLANT

4.3  Establishment of 

graded QA 

program for SSC  
4.3.2  Evaluation of risk impact of changes to QA 

requirements  
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Application Category Application Group Specific Application 

5.1.1  Planning and prioritization of inspection activities 

(regulatory and industry) 

5.1.2  Long term risk-based performance indicators 

5.1  Performance 

monitoring 

5.1.3  Short term risk based performance indicators 

5.2.1  Assessment of inspection findings 

5.  OVERSIGHT 

ACTIVITIES 

5.2  Performance 

assessment 
5.2.2  Evaluation and rating of operational events 

6.1.1  Risk evaluation of corrective measures 6.1  Risk evaluation 

6.1.2  Risk evaluation to identify and rank safety issues 

6.2.1  Long term regulatory decisions 

6.  EVALUATION OF 

SAFETY ISSUES 

6.2  Regulatory 

decisions 
6.2.2  Interim regulatory decisions 
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3. PROCEDURE TO ACHIEVE QUALITY IN PSA APPLICATIONS 

 

This section is devoted to the description of the general approach for the presentation 

of information in the publication including definitions of PSA elements and attributes, the 

coding scheme for naming general and special PSA attributes, and how the publication can be 

applied for the purpose of assessing and enhancing the PSA quality. 

 

3.1. PSA elements and attributes 

 

The PSA features (termed ‘attributes’ in this publication) are provided for the nine 

PSA elements that comprise an internal events, at-power, Level-1 PSA. The PSA elements 

identify the major analysis areas. It should be noted that while the nine PSA elements are 

identified, this division is to some extent arbitrary because all the analysis areas are 

interconnected and influence each other.  

 

The PSA elements and associated abbreviations used in this publication are the 

following: 

 

1. Initiating Events Analysis IE (Section 4) 

2. Accident Sequence Analysis AS (Section 5) 

3. Success Criteria Formulation and Supporting Analysis  SC (Section 6) 

4. Systems Analysis SY (Section 7) 

5. Human Reliability Analysis HR (Section 8) 

6. Data Analysis DA (Section 9) 

7. Dependent Failures Analysis DF (Section 10) 

8. Model Integration and Core Damage Frequency Quantification MQ (Section 11) 

9. Results Analysis and Interpretation  RI (Section 12) 

 

Each PSA element is described in a separate section of the publication as indicated 

above including a description of the objectives of the analysis relating to the PSA element, a 

list of major analysis tasks, and tables describing general and special attributes for the tasks.  

 

The general and special attributes are defined as follows: 

 

• General attributes describe the main features of the analyses, documentation, and data to 

be considered in the ‘base case PSA’. These features are described based on the state of 

the art, as defined by generally accepted good practice, of a PSA constructed to evaluate 

the core damage frequency. 

 

• Special attributes describe information on specific features of PSA elements to be 

satisfied in order that the PSA could be considered as appropriate for a specific 

application. 

 

It is assumed that the general attributes characterise a contemporary state of the art 

Level-1 internal events at-power PSA performed with the aim to assess the overall NPP 

safety. Special attributes provide elevated capabilities within particular PSA elements to meet 

special features of PSA applications. Sections 4-12 present general and special attributes for 
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the nine PSA elements listed above.  An identifier is assigned to each general and special 

attribute in accordance with the coding scheme provided in Section 3.2. Several special 

attributes may be defined for a general attribute. They are provided together: special attributes 

underneath of the corresponding general attribute. The tables include the identifiers of general 

attributes in the first column (‘GA’ in the table heading), the description of general attributes 

and, where appropriate, the identifiers/descriptions of the associated special attributes (in 

Italics) in the second column, as well as rationale/comments/examples for general attributes 

and special attributes (in Italics) in the third column. 

 

If a PSA meets solely the general attributes, it would not necessarily mean that the 

PSA could be used consistently and reliably for any PSA application, e.g. the applications 

listed in Section 2. Sometimes, special attributes may be important to enhance the depth and 

level of detail of the analysis in specific areas to facilitate the use of PSA for specific 

applications. Section 13 discusses what special attributes are appropriate for particular 

applications and how to determine them. 

 

It should be noted that the PSA results used in the decision making process might be 

adequate even if certain attributes are not met or not met fully. However, this would generally 

require that either a demonstration that the attribute is not required to produce the results 

needed to support the application, or that the decision has compensated for this failure to meet 

the attribute, by, for example, restricting the scope of the application to that supported by the 

PSA results. The methods by which this may be demonstrated are not within the scope of the 

publication.     

 

3.2. Coding scheme for attributes identifiers  

 

(1) General attribute 

 

 The identifier of a general attribute is represented by the following string: 

 

XX-YNN, 

 

where: 

XX – the identifier of a PSA element as provided in Section 3.1 (IE, DA, etc.); 

Y – a letter (in alphabetic order) designating the task within the PSA element; 

NN – a two-digit number designating the sequential number of the general attribute within 

Task ‘Y’. 

 

Example:  IE-A01 - this is the identifier of the first general attribute for Task ‘A’ of the PSA 

element ‘IE’. 

  

(2) Special attribute 

 

The identifier of a special attribute represents the following string: 

 

XX-YNN-SM, 

 

where:   

XX-YNN – the identifier of the general attribute, for which a special attribute is provided; 

S – the letter ‘S’ indicating that a special attribute is defined for General Attribute 

‘XX-YNN’; 
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M – an one-digit number designating the sequential number of the special attribute 

relating to the considered general attribute. 

 

Example:  IE-A01-S1 - this is the identifier of the first special attribute related to the first 

general attribute for Task ‘A’ of the PSA element ‘IE’. 

 

3.3. Connection to IAEA PSA guidelines 
 

The PSA elements #1 through 9 applicable to a Level-1 at-power internal event PSA 

are principally addressed in the IAEA Level-1 PSA Procedure Guide (see Ref. [2]). In order 

to provide a link between that publication and the present publication, a mapping of the PSA 

tasks from Ref. [2] to the PSA elements considered in this publication is provided in 

Appendix III.  

 

There are also several IAEA publications providing more details on the following PSA 

elements: 

 

• Human Reliability Analysis (Ref. [6]) 

• Initiating Events Analysis (Ref. [11]) 

• Dependent Failures Analysis (Ref. [5]).   

 

3.4. The procedure for use of the TECDOC 
 

This publication has two major uses: 

 

(1) Support the PSA review as carried out by the IAEA within IPSART missions and as 

part of other activities. 

 

(2) Support the use of PSA applications in planning of a PSA project, to make sure that 

appropriate quality of the Level-1 internal events PSA is achieved, or assessing the 

applicability of an existing PSA intended for use in an application. 

 

The general procedure of application of the approach provided in this publication for 

assessing and enhancing the PSA quality involves consideration of general and special 

attributes. The following three major steps are involved: 

 

STEP (1) For the PSA application, a consideration needs to be given to plant design and 

operational features affected by the application (and related PSA models). PSA 

scope and results/metrics required for the application have to be determined. In 

case the scope and results/metrics are insufficient, there may be a need to refine, 

complete, or upgrade the PSA. For instance, in case an application (e.g. severe 

accident management) requires Level-2 PSA results, but these are not available, an 

extension of the PSA scope would be needed. Alternatively, the developer could 

provide supplementary arguments/analysis/data to bridge limitations, or restrict the 

scope of the application to that supported by the PSA.  
 

STEP (2) For each PSA element, a determination needs to be made whether the general 

attributes provided in Sections 4-12 characterizing a ‘base case PSA’ have been 

met. If not, refinements should be considered for the PSA to bring it in compliance 

with the general attributes. Alternatively, the developer could provide a 

supplementary justification to demonstrate that the general attributes not met are 

not required for the application. 
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STEP (3) For the PSA application, a determination needs to be made whether the special 

attributes needed for this PSA application have been met. Section 13 of this 

publication should be consulted regarding the practical steps for identification of a 

set of special attributes of the PSA elements relevant for the application of interest. 

A determination needs to be made whether the special attributes have been made. 

If not, refinements should be considered for the PSA to bring it in compliance with 

the special attributes.  

 

The procedure for determination of quality of PSA for applications is illustrated in 

Figure 2.  For Steps 2 and 3 depicted in the figure, this publication covers only a Level-1 

internal events at-power PSA. In case a PSA includes more PSA modules (e.g. internal floods, 

fires, shutdown PSA, etc.), other publications should be consulted regarding the technical 

features of the analyses, e.g. Ref. [8] for internal floods, Ref. [12] for external hazards.  
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Fig. 2. General procedure for determination of quality of PSA for applications. 
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4. PSA ELEMENT ‘IE’: INITIATING EVENTS ANALYSIS 

 

4.1. Main objectives 

 

The initiating events analysis is a highly iterative, multi-purpose task, which provides 

the basis for the PSA and ensures its completeness. The risk profile can be incomplete and 

distorted if important initiating events (IEs) are omitted or incorrectly included in the IE 

groups.  

 

The main objectives of the initiating events analysis are as follows: 

 

• to identify a reasonably complete set of the events that interrupt normal plant operation 

and that require successful mitigation to prevent core damage, so that no significant 

contributor to core damage is omitted; 

 

• to group initiating events to facilitate the efficient modelling of plant response and 

initiating events frequency assessment while providing sufficient resolution regarding 

modelling of accident sequences (events included in the same group have similar 

mitigation requirements, or are bounded by the limiting mitigation requirements for the 

‘representative initiating event’ for the group); 

 

• to provide estimates for the frequencies of the initiating event groups using information 

available and associated estimation techniques. 

 

Important aspects of the IE analysis are the following: 

• Initiating event definition is correct and complete. 

• Initiating events are identified taking into account all plant configurations possible at 

power operation. 

• IEs are grouped in a consistent manner such that any event in the group has the same or 

less demanding mitigation requirements than initiating event chosen as the IE group 

representative for further modelling. 

• Methods used for the estimation of the IE frequencies are clearly distinguished for the 

cases when: 

- Estimation is based on plant specific or generic, or both kinds of statistical 

information. 

- Estimation is based on system models (mainly refers to system initiators and 

includes checking system failures which may create an initiating event). 

- Estimation for rare events, which is based on expert judgment or use of specific 

methods (e.g. structural mechanics analysis, etc.)  

• Uncertainties in the IE frequencies are understood, evaluated, accounted for, and 

documented. 
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4.2. Initiating events analysis tasks and their attributes 

 

The main tasks for the PSA element ‘IE Analysis’ are listed in Table 4.2. Tables 4.2-A 

through 4.2-H present the description of general and special attributes for these tasks.  

 

Table 4.2 Main Tasks for IE Analysis 

Task ID Task Content 

IE-A Identification of IE Candidates (Preliminary Identification of IEs) 

IE-B IE Screening and Final IEs List Identification 

IE-C IEs Grouping 

IE-D Collection and Evaluation of Generic Information for IE Frequencies 

Assessment 

IE-E Collection of Plant-Specific Information 

IE-F Handling the Effects of Plant Modifications 

IE-G IE Frequencies Quantification 

IE-H Documentation  
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5. PSA ELEMENT ‘AS’: ACCIDENT SEQUENCE ANALYSIS 

 

5.1. Main objectives  

 

The objective of the accident sequence (AS) analysis is to ensure that the response of 

the plant’s systems and operators to an initiating event is reflected in the assessment of CDF 

in such a way that:  

• Significant operator actions, mitigation systems, and phenomena that influence or 

determine the course of sequences are appropriately included in the accident sequence 

model and sequence definition. 

• Plant-specific dependencies due to initiating events, human interfaces, functional 

dependencies, environmental, and spatial impact, and common cause failures are 

reflected in the accident sequence structure.  

• The individual function successes, mission times, and time windows for operator 

actions for each critical safety function modelled in the accident sequences reflects the 

success criteria evaluated in accordance with the attributes of Section 6 of this 

publication. 

• End states are clearly defined to be either a core damage or successful prevention with 

the capability to support the interface between Level-1 and Level-2 PSA. 

 

The important aspects of AS analysis are the following: 

• Clear definition of success and non-success end states  

• Comprehensive list of key safety functions and systems performing the functions 

• Realistic accident progression identification  

• Clear presentation of AS models 

• Completeness of AS models 

• Justification for end states for all ASs. 

 

5.2. Accident sequence analysis tasks and their attributes 

 

Table 5.2 lists the main tasks for the PSA element ‘AS Analysis’. Tables 5.2-A 

through 5.2-E present the description of general and special attributes for these tasks.  

 

Table 5.2 Main Tasks for AS Analysis 

Task ID Task Content 

AS-A 
Selection of a Method and Provision of Related Tools for Accident Sequences 

Modelling  

AS-B Definition of Success and Non-Success End States and Key Safety Functions 

AS-C Accident Sequences Progression Identification and AS Models Development  

AS-D Accident Sequence Success Criteria Definition 

AS-E Documentation 
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6. PSA ELEMENT ‘SC’: SUCCESS CRITERIA FORMULATION AND 

SUPPORTING ANALYSIS 

 

6.1. Main objectives 

 

The main objective of the success criteria formulation task is to determine for given 

initiating events what represents a successful or unsuccessful plant response and to translate 

this information into detailed plant system and operator action success criteria. Thermal 

hydraulic analyses simulating the course of accident sequence progression and other 

assessment means are used for this purpose. These analyses and assessments are called in this 

section supporting analyses for the success criteria formulation. 

 

As a first task core or fuel damage or other unsuccessful accident sequence end states 

are defined in order to provide the basis for the derivation of detailed success criteria for 

safety related functions or human interactions. The description of the formulation of success 

criteria and of related attributes in this section is limited to success criteria required for a 

Level-1 PSA.   

 

Success criteria regarding the plant response to initiating events are used to specify 

whether safety related functions meet the requirements to prevent damage to the core or 

mitigate significant releases of radioactivity. These safety-related functions in terms of a PSA 

may be functions of operating systems, front line safety systems, I&C, support systems, 

structures, components, and operator actions. For operator actions success criteria are 

characterized by statements that certain actions are successfully carried out within a defined 

time window. 

 

Success criteria are used to construct the logic PSA model, including for example the 

determination of event tree branch point probabilities and probabilities for other events in the 

logic model. They also determine the required number of trains of a safety related system. 

Top-level safety related function requirements are translated into the requirements for systems 

performing that function, a process, which is continued down to support systems. Event tree 

branch point probabilities also may reflect operator actions with their specific success criteria, 

e.g. a time window. Other operator actions may be modelled at the system level. There is 

therefore a close connection between HRA (Human Reliability Analysis), systems analysis, 

and success criteria formulation. 

 

6.2. Success criteria formulation and supporting analysis tasks and their attributes 

 

Table 6.2 lists the main tasks for the PSA element ‘Success Criteria Formulation and 

Supporting Analysis’. Tables 6.2-A through 6.2-C present the description of general and 

special attributes for these tasks.  

 

44

This publication has been superseded by IAEA-TECDOC-1804



   

 

Table 6.2 Main Tasks for Success Criteria Formulation and Supporting Analysis 

Task ID Task Content 

SC-A Definition of Overall and Detailed Success Criteria 

SC-B Thermal Hydraulic Analyses and other Assessment Means Supporting the 

Derivation of Detailed Success Criteria 

SC-C Documentation 
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7. PSA ELEMENT ‘SY’: SYSTEMS ANALYSIS 

 

7.1 Main objectives 

 

The objectives of the systems analysis element are to identify and quantify the causes 

of failure for each plant system represented in the initiating event analysis and accident 

sequence analysis in such a way that: 

• For each safety function in accident sequence models, system models are developed 

with account for success criteria. 

• System-level success criteria, mission times, time windows for operator actions, 

different initial system alignments and assumptions provide the basis for the system 

logic models as reflected in the model.  A reasonably complete set of system failure 

and unavailability modes for each system is represented. 

• Human errors and operator actions that could influence the system unavailability or 

the system’s contribution to accident sequences are identified for development as part 

of the HRA element. 

• Intersystem dependencies and intra-system dependencies including functional, human, 

phenomenological, and common-cause failures that could influence system 

unavailability or the system’s contribution to accident-sequence frequencies are 

identified and accounted for. 

 

7.2. Systems analysis tasks and their attributes 

 

Table 7.2 lists the main tasks for the PSA element ‘Systems Analysis’. Tables 7.2-A 

through 7.2-D present the description of general and special attributes for these tasks.  

 

Table 7.2 Main Tasks for Systems Analysis 

Task ID Task Content 

SY-A System Characterisation and System Boundary Definition 

SY-B Failure Cause Identification and Modelling 

SY-C Identification and Modelling of Dependencies 

SY-D Documentation  
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8. PSA ELEMENT ‘HR’: HUMAN RELIABILITY ANALYSIS 

 

8.1. Main objectives  

 

The objective of the human reliability analysis is to incorporate in the PSA model the 

impact of plant personnel actions on risk.  The personnel actions considered are of two types: 

the first type includes those associated with the performance of surveillance testing, 

maintenance, and calibration, often referred to as pre-initiating event actions; the second type 

includes those associated with responses to plant disturbances as outlined in emergency and 

off-normal operating procedures or their equivalent, often referred to as post-initiating event 

actions.  When constructing the PSA model these translate into the assessment of what in 

Safety Series No. 50-P-10 (Ref. [6]) are referred to as Type A and Type C human action 

events.  When constructing models to estimate frequencies for the support system initiating 

events (Type B human action events), both types of actions are considered. 

 

The important HRA topics are: 

 

- The identification of the specific human activities whose impact should be included in the 

analysis; 

- The representation of the impact of success or failure to perform those activities correctly 

in the accident sequence models (e.g. event trees) and the supporting system reliability 

models (e.g. fault trees); 

- The estimation of the probabilities of the logic model events (sometimes called human 

failure events [HFEs] or human errors [HE]) representing the contribution of the 

operators’ failure to perform the required actions correctly as specific modes of 

unavailability of the component, system, or function affected. 

 

The analyses on the above topics should be performed using a systematic process and 

in such a way that the plant-specific and, where necessary, accident scenario specific factors 

are taken into account. In addition, the dependency between the human failure events should 

be properly characterized and taken into account to ensure that the accident sequence 

frequency estimations are performed correctly. 

 

8.2. Human reliability analysis tasks and their attributes  

 

Table 8.2 lists the main tasks for the PSA element ‘Human Reliability Analysis’. 

Tables 8.2-A through 8.2-I present the description of general and special attributes for these 

tasks. 
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Table 8.2 Main Tasks for Human Reliability Analysis 

Task ID Task Content 

Pre-initiating event HRA 

HR-A Identification of Routine Activities 

HR-B Screening of Activities 

HR-C Definition of Pre-initiator Human Failure Events 

HR-D Assessment of Probabilities of Pre-initiator Human Failure Events 

Post-initiating event HRA 

HR-E Identification of Post-Initiator Operator Responses 

HR-F Definition of Post-initiator Human Failure Events 

HR-G Assessment of Probabilities of Post-initiator Human Failure Events 

HR-H Recovery Actions  

Documentation 

HR-I Documentation  
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9. PSA ELEMENT ‘DA’: DATA ANALYSIS 

 

9.1. Main objectives 

 

The objective of the data analysis is to provide estimates for the parameters, called 

reliability parameters, of the reliability models specified under systems analysis. The 

reliability models serve to determine the probabilities of the basic events representing specific 

equipment failures and unavailabilities. Reliability parameters typically include: 

 

- Failure rates 

- Probabilities for failure on demand 

- Unavailabilities due to maintenance or test, or 

- Test and maintenance frequencies and repair, test, and maintenance durations 

- Mission times as specified in systems analysis 

- Common cause failure (CCF) model parameters. 

 

Important aspects and characteristics of reliability parameters are the following: 

 

a) Parameters, whether estimated on the basis of plant-specific or generic data, or both, 

appropriately reflect design and operational features of the plant. 

b) Component or system unavailabilities due to repair, test and maintenance are properly 

accounted for. 

c) Uncertainties in the data are understood and accounted for. 

 

Note: The parameters of reliability models as discussed here should not be mixed up 

with the parameters of probability distributions used to describe the uncertainty of reliability 

parameters. 

 

9.2. Data analysis tasks and their attributes  

 

Table 9.2 lists the main tasks for the PSA element ‘Data Analysis’. Tables 9.2-A 

through 9.2-H present the description of general attributes and special attributes for these 

tasks.  
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Table 9.2 Main Tasks for Data Analysis 

Task ID Task Content 

DA-A Reliability Model Parameter Identification 

DA-B Component Grouping for Parameter Estimation 

DA-C Collecting and Evaluating Generic Information 

DA-D Plant-Specific Data Collection and Evaluation 

DA-E Derivation of Plant-Specific Parameters, Integration of Generic and Plant 

Specific Information 

DA-F Derivation of Plant-Specific Parameters for Common Cause Failure Events 

DA-G Handling of Reliability Parameters Affected by Plant Changes, Handling of 

New Equipment 

DA-H Documentation  
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10. PSA ELEMENT ‘DF’: DEPENDENT FAILURES ANALYSIS 

 

10.1. Main objectives  

 

The objective of the dependent failure analysis is to support other PSA elements with 

dependent failure information and assure that all possible dependencies are correctly 

considered. Correctly modelling dependencies is essential to the development of the PSA 

model. The dependent failure analysis tasks provides the vehicle for confirming that all 

dependencies, including subtle dependencies, are included in the PSA, either by explicit 

modelling or by common cause failure modelling. Dependent failures to be considered and 

analysed are: 

  

- Design related dependencies 

- Operational related dependencies  

- Physical dependencies 

- Initiator related dependencies  

- Residual dependencies (common cause failures) 

 

It should be noted that the dependency analysis is exercised as part of almost all other 

PSA elements. The categories of dependencies and PSA elements in which they are addressed 

are provided in Table 10.1. Dependencies that arise from area events (e.g. internal fires and 

floods) and external initiating events (e.g. earthquakes, high winds) are not included here 

since they are outside the scope of this publication.   

 

Table 10.1 Dependence Categories and PSA Elements 

Dependence 

Type 

Dependence 

Category 
Analysis Procedure or Method PSA Elements 

Functional 

dependencies 

Development of accident sequences 

Development of success criteria 

Accident sequence 

analysis 

Success criteria  

Systems analysis 

Support system 

dependencies 

Development of system models Systems analysis 

Accident sequence 

analysis (large event tree 

approach) D
es

ig
n

 R
el

a
te

d
 

Shared 

component 

dependencies 

Development of system models Systems analysis 

O
p

er
a
ti

o
n

s 

R
el

a
te

d
 

Human action 

dependencies 

Development of accident sequences 

Human reliability analysis 

Modelling of support state initiating 

events 

Initiating events analysis 

Accident sequence 

analysis 

Systems analysis 

Human reliability 

analysis 
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Dependence 

Type 

Dependence 

Category 
Analysis Procedure or Method PSA Elements 

Common 

environmental 

effects 

Development of accident sequences 

Development of system models 

Accident sequence 

analysis  

Systems analysis 

P
h

y
si

ca
l 

Dynamic effects Physical analyses Initiating events analysis 

(pipe breaks) 

In
it

ia
to

r
 Common cause 

initiating events 

Analysis of operating experience, 

insights from other PSA studies, link 

from functional dependencies 

Use of fault tree models 

Initiating event analysis 

Systems analysis 

R
es

id
u

a
l 

D
ep

en
d

en
ci

es
 Common cause 

failures 

Definition of CCCGs 

Use of accepted CCF model 

Systems analysis 

Data analysis 

 

 

10.2. Dependent failure analysis tasks and their attributes  

 

Table 10.2 lists the main tasks for the PSA element ‘Dependent Failure Analysis’. 

Tables 10.2-A through 10.2-G present the description of general and special attributes for 

these tasks.  

 

Table 10.2 Main Tasks for Dependent Failure Analysis 

Task ID Task Content 

DF-A Design Related Dependency Analysis 

DF-B Operations Related Dependency Analysis 

DF-C Physical Dependency Analysis 

DF-D Common Cause Initiating Event Analysis 

DF-E Common Cause Failure Analysis 

DF-F Subtle Interactions 

DF-G Documentation 
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11. PSA ELEMENT ‘MQ’: MODEL INTEGRATION AND CDF QUANTIFICATION 

 

11.1. Main objectives  

 

The main objective of the model integration and quantification process is to develop 

an integrated plant-specific PSA model that will be used to estimate the core damage 

frequency and to develop an understanding of the contributors to core damage model (see also 

Section 12). The following principles should be met: 

 

• The PSA model reflects the current design, operational practices (procedures, 

configuration strategy), and the operational experience. 

• The parameter uncertainties are considered in the model. 

• The quantification is performed correctly, taking into account the dependencies discussed 

in Section 10. 

• The results are reviewed to ensure that the solution reflects the plant characteristics. 

• Illogical or incorrect minimal cutsets are removed. 

• Recovery actions are applied to minimal cutsets that are assessed to be too conservative, 

as needed. 

 

11.2. Model integration and CDF quantification tasks and their attributes  

 

Table 11.2 lists the main tasks for the PSA element ‘Model Integration and CDF 

Quantification’. Tables 11.2-A through 11.2-D provide the description of general and special 

attributes for these tasks.  

 

Table 11.2 Main Tasks for Model Integration and CDF Quantification 

Task ID Task Content 

MQ-A Integrated Model 

MQ-B Requirements on the Quantification 

MQ-C Review and Modification of the Results 

MQ-D Documentation  
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12. PSA ELEMENT ‘RI’: RESULTS ANALYSIS AND INTERPRETATION 

 

12.1. Main objectives  

 

The objective of the results analysis and interpretation activity is to derive an 

understanding of those aspects of plant design and operation that have an impact on the risk.  

In addition, an important part of this task is to identify the key sources of uncertainty in the 

model and assess their impact on the results.   

 

Uncertainties can be thought of as being of three main types: 

• Parameter uncertainty:  these are uncertainties in the values of the initiating event 

frequencies, component failure probabilities, human error probabilities, etc.  These 

uncertainties can be propagated through the analysis to generate an assessment of the 

uncertainty on the overall quantitative results using standard methods. Parameter 

uncertainties are addressed in Section 11. 

• Model uncertainty:  There are questions with how to model certain failures (e.g. RCP 

seal LOCAs), or how to represent the impact of plant conditions on system success 

criteria, for example, for which there is no universally accepted approach. Typically, in 

PSAs, these model uncertainties are dealt with by making assumptions and adopting a 

specific model.  In relatively rare cases, alternate models may be incorporated into the 

PSA, weighting each model by a probability representing the degree of belief in that 

model as being the most appropriate. 

• Completeness uncertainty:  This is the most difficult to deal with as it represents those 

contributors to risk that are not included in the model. If the PSA model only includes 

internal initiating events at power, the contributors to risk not modelled include external 

events, and alternate modes of operation. At a more subtle level, typically PSAs do not 

include contributions from errors of commission.   

 

The significance to risk of individual contributors (initiating events, accident 

sequences, functional failures, system failures, component failures, human failures, etc.) are 

explored to derive an understanding of the risk profile of the plant, i.e., what is the impact of 

various aspects of plant design and operation on risk.  The impact of uncertainties and 

assumptions on the PSA results are addressed in order to determine the robustness of the 

conclusions concerning the risk profile. The analytical tools used for the analysis of results 

are importance analyses and sensitivity analyses. 

    

12.2. Results analysis and interpretation tasks and their attributes  

 

Table 12.2 lists the main tasks for the PSA element ‘Results Analysis and 

Interpretation’. Tables 12.2-A through 12.2-C present the description of general and special 

attributes for these tasks.  
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Table 12.2 Results Analysis and Interpretation Tasks 

Task ID Task Content 

RI-A Identification of Significant Contributors  

RI-B Assessment of Assumptions  

RI-C Documentation  
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13. DETERMINATION OF SPECIAL ATTRIBUTES FOR PSA APPLICATIONS 

 

 

As mentioned earlier in the publication, it is assumed that general attributes described 

in the publication characterize a contemporary state of the art PSA performed with the aim of 

assessing the overall NPP safety. The special attributes provide elevated capabilities within 

particular PSA elements to meet special needs of PSA applications. 

 

In order to indicate what specific features of PSA are needed for particular PSA 

applications, Tables 13.1 through 13.6 were developed that provide information in a 

structured form on which special attributes are appropriate for the applications included in the 

PSA application categories defined in Section 2 and briefly described in Appendix II. The 

special attributes in these tables are distinguished as ‘essential’ and ‘supplemental’.  

 

An essential special attribute emphasises a feature of a PSA element that is 

considered to be important to generate the results needed to reliably support the PSA 

application. Failure to meet an essential special attribute may preclude meaningful use of the 

study for an intended application. 

 

Supplemental special attributes are those that are not necessarily important for a 

specific application but could further enhance the usefulness of the PSA by providing a 

greater level of detail, or improving confidence in the results. In general, it is expected that 

failure to meet a supplemental attribute does not have a significant impact on the overall 

results of the PSA application, but may limit the fidelity of the study for certain applications. 

 

In the frame of this publication, it is difficult to foresee all possible PSA application 

cases and their specific features. Therefore, the division into essential and supplemental 

special attributes is to some extent subjective but it is included here to provide a general 

orientation on the importance of the special attributes in relation to PSA applications. It 

should be also noted that there are cases when the same special attribute could be considered 

as essential for some of the applications and supplemental for the others. 

 

Table 13.7 provides a mapping of the special attributes of the PSA elements to the list 

of PSA applications presented in Section 2 thus providing an overview of what sets of the 

special attributes are appropriate for each application.  

 

The following steps provide a practical approach to using the information presented in 

this publication to determine the special attributes appropriate for the application of interest: 

 

STEP (1) Identify the PSA application category(s) and specific application(s) from the list 

presented in Section 2. If needed, consult Appendix II to get supporting 

information characterizing PSA applications.  

 

STEP (2) Consult Table 13.7 for the set of identifiers of essential and supplemental special 

attributes relevant for the application.6 If several applications are planned, the 

corresponding attributes have to be selected and considered jointly.  

 

                                                           
6
 In Table 13.7, the identifiers of essential special attributes are provided in bold underlined font. The identifiers of 

supplemental special attributes are provided in regular font.  
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STEP (3) Consult relevant information presented in Tables 13.1-13.6 in order to get 

understanding of what features of the PSA could be achieved if the special 

attributes are met. 

 

STEP (4) Consult Section 3.1 to get information on which sections of the publication address 

the selected special attributes.7 

 

STEP (5) Consult corresponding Sections 4-12 of the publication to get information on the 

content of the special attributes and the features of PSA elements needed to meet 

them. 

 

                                                           
7
 The first two letters of the identifier of a special attribute indicate the corresponding PSA element.  
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Table 13.1 Safety Assessment  

SA Identifier Relevance to Specific Applications in the Category  

Essential Attributes 

IE-F04-S1 The time trend analysis in relation to IEs provides important information for insights regarding 

the plant behaviour if changes in the number of specific events are observed at the plant 

(Application 1.2). 

DA-E01-S1 A time trend analysis is important for the assessment of aging effects of the equipment and 

allows for gaining a realistic risk estimate for operating plant (Application 1.2).   

Supplemental Attributes 

IE-H02-S1 The availability of information on IEs in the form of an electronic database is useful for periodic 

PSA updating, which is often part of the periodic safety review (Application 1.2).  

IE-A06-S1 Explicit consideration of IEs caused by operator errors, especially those with severe 

consequences, helps to gain additional insights regarding the plant protection against malevolent 

acts (Application 1.3). 

IE-B01-S1 Reconsideration of the events (especially those with severe consequences), which were screened 

out based on low frequency in the ‘base case PSA’, helps to gain additional insights regarding the 

protection of the plant against malevolent acts (Application 1.3). 

AS-C02-S1 Plant-specific realistic thermal hydraulic analyses are useful to assure a realistic representation of 

the specific plant features influencing the accident progression (Application 1.2). 

AS-C04-S1 Analysis of the defence against malevolent acts may be enhanced by a thorough consideration of 

possible mitigation strategies taking into account the impact of malevolent acts for Application 

1.3. 

AS-C12-S1 Detailed modelling of ATWS sequences provides a better understanding of the impact of reactor 

protection system failures in the plant risk profile (Application 1.2).  

AS-C15-S1 An expanded graphical representation of the accident progression is helpful for documenting the 

accident sequence models, as well as for understanding, updating, and use of the PSA for 

Applications 1.2 and 1.3. 

SC-B01-S1 The use of proven computer codes and realistic models help to avoid conservative and 

simplifying success criteria which may mask out the differences or effects of changes 

(Application 1.2). 

HR-G04-S1 The time windows for operator actions that are based on plant-specific thermal-hydraulic 

analyses provide a more realistic input in the HRA and thus promote getting plant-specific 

insights dealing with operator performance (Application 1.2).   

DA-H02-S1 A periodic safety review requires an update of the reliability parameters, which in turn is 

facilitated by plant equipment failure data that are electronically retrievable and an evaluation 

that is retrievable and reproducible (Application 1.2). 

DF-F01-S1 A structured identification and consideration of subtle interactions based on historical 

information from other plants is helpful for the completeness of the PSA model used for realistic 

estimation of changes in plant risk (Application 1.2). 

DF-G01-S1 A relational database containing information on different dependencies and their interconnections 

is helpful for providing the completeness of the PSA model used for realistic estimation of 

changes in plant risk (Application 1.2). 
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Table 13.2 Design Evaluation  

SA Identifier Relevance to Specific Applications in the Category 

Essential Attributes 

SY-C07-S1 Realistic estimation of the failure probabilities in specific system conditions provides important 

information for insights regarding the plant behaviour for newly designed NPPs (Application 2.1) 

or provides a better understanding of the deviations between an existing plant design and revised 

design-related rules (Application 2.2). 

SY-C14-S1 

SY-C15-S1 

Consideration of inter-system common cause failures and more detailed modelling of CCF are 

important for realistic estimation of the plant risk for newly designed NPPs (Application 2.1); it 

provides also a better understanding of the deviations between an existing plant design and 

revised design-related rules (Application 2.2). 

DA-F01-S1 Decisions on the number of redundancies and diversities to be included in the design require a 

detailed modelling of CCFs (Applications 2.1 and 2.2). 

DA-C02-S1 For newly designed plants, when plant-specific data are not available, the choice of generic data 

becomes important for justifiable risk results (Application 2.1).  

Supplemental Attributes 

IE-A06-S1 Explicit consideration of IEs caused by operator errors helps to get additional insights regarding 

deficiencies in the control room design, plant procedures, and operator training. This additional 

consideration may be used for improvement of the design (Application 2.1). 

IE-C02-S1 

IE-C02-S2 

More detailed grouping of the events at the design phase helps to identify and eliminate 

deficiencies in the systems design (Application 2.1). 

AS-B03-S1 

AS-C02-S1 

AS-C03-S1 

AS-C14-S1 

Use of best estimate codes, plant specific t/h analyses, and best estimates of important modelling 

parameters may help to gain additional insights for evaluation of design features and possible 

alternatives (Application 2.1). 

AS-C12-S1 Detailed modelling of ATWS sequences provides support for the evaluation of the effectiveness 

of reactor protection system design from the risk perspective (Application 2.1).  

AS-C15-S1 An expanded graphical representation of accident progression is helpful for documentation of 

accident sequence models, as well as for understanding, updating, and use of the PSA 

(Application 2.1). 

SC-B01-S1 The use of proven computer codes and realistic models help to avoid conservative and 

simplifying success criteria which may mask out differences or effects of changes (Application 

2.2). 

SY-B13-S1 Revisiting the components screening process promotes a more realistic estimation of the risk for 

newly designed NPPs at different stages of the design (Application 2.1) and a better 

understanding of the deviations between an existing plant design and revised design-related rules 

(Application 2.2). 

SY-B15-S1 A detailed modelling of the components promotes a better appreciation of the risk impact of 

constituting parts of components for newly designed NPPs (Application 2.1) and provides a 

better understanding of the deviations between an existing plant design and revised design-

related rules (Application 2.2). 

HR-E01-S2 A search for plant states that could lead to conditions conducive to errors of commission can lead 

to the identification of defences to prevent such occurrences (Application 2.1). 

DF-F01-S1 A structured identification and consideration of subtle interactions is helpful for modelling 

dependencies for newly designed NPPs (Application 2.1) and assessing the safety importance of 

deviations between an existing plant design and updated/revised design-related rules (Application 

2.2). 
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SA Identifier Relevance to Specific Applications in the Category 

DF-G01-S1 A relational database containing information on different dependencies is helpful for providing 

the completeness of the PSA model used for the assessment of safety importance of deviations 

between an existing plant design and updated/revised design-related rules (Application 2.2). 

MQ-B03-S1 

MQ-B03-S2 

MQ-D01-S1 

Use of reduced truncation values for quantification of the whole PSA model or in relation to the 

particular IEs of major interest may be useful for the assessment of safety importance of 

deviations between an existing plant design and updated/revised design-related rules (Application 

2.2). 
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Table 13.3 NPP Operation  

SA 

Identifier 
Relevance to Specific Applications in the Category 

Essential Attributes 

IE-B01-S1 It is important to reconsider the events screened out based on low frequency that are impacted by 

the equipment subjected to the TS exemption (Application 3.4.3). 

IE-F04-S1 Time trend analysis is essential to assess the impact of components aging, which may be the 

cause for the changes in the number of IEs (Application 3.1.3). 

AS-B03-S1 

AS-C02-S1 

AS-C03-S1 

AS-C14-S1 

Use of best estimate codes, plant specific t/h analyses, and best estimates of important modelling 

parameters is essential for adequate modelling of accident scenarios being addressed in the 

emergency operating procedures for Applications 3.2.1, 3.3.1, and 3.4.2. 

 

AS-C04-S1 

AS-C05-S1 

AS-C06-S1 

Incomplete modelling of accident progression dealing with requirements of plant emergency 

procedures may cause incomplete or inadequate coverage of accident scenarios for Applications 

3.2.1, 3.3.1, and 3.4.2. 

SY-B08-S1 The possibility to effectively handle maintenance basic events allows assessment of the impact of 

maintenance program optimization (Application 3.1.1), impact of improvements in maintenance 

personnel training program (Application 3.3.2), and is essential for the real time configuration 

assessment and control, configuration planning, exemptions to TS, justification for continued 

operation, and dynamic risk-informed TS (Application Group 3.4).  

SY-B08-S2 Modelling of test and maintenance unavailabilities at train level is needed for the real time 

configuration assessment and control, configuration planning, exemptions to TS, justification for 

continued operation, dynamic risk-informed TS, and maintenance program optimization 

(Application 3.1.1 and Application Group 3.4). 

SY-B08-S3 Symmetric models are needed for Risk Monitor type applications in order to avoid overestimation 

or underestimation of specific plant configurations (Application Group 3.4). 

SY-B13-S1 

SY-B15-S1 

Maintenance program and ageing management may include more components than those already 

modelled in the system models and the models would need to be extended to the level of detail 

needed for the assessment of the impact of maintenance program optimization (Applications 3.1.1 

and 3.1.3). 

SY-B16-S1 Time-dependent modelling is needed for application dealing with changes to test activities 

(Application 3.4.1). 

HR-G02-S1 The capability of the HRA method used to evaluate the impact of procedure changes is essential 

for Applications 3.2.1 and 3.2.2. 

HR-G04-S1 The time line for the human interactions for dominant ASs defined based on realistic plant-

specific thermal-hydraulic analyses is essential for the development and improvement of  

emergency operating procedures and improvement of operator training programs (Applications 

3.2.1 and 3.3.1). 

DA-B01-S1 Too broad grouping of components will prevent the identification of specific features of members 

of the group, which is of importance to maintenance planning and configuration control activities 

(Applications 3.1.1 and all of Application Group 3.4). 

DA-D05-S1 Realistic representation in the model of surveillance tests and planned maintenance activities is 

essential for maintenance program optimization and configuration planning (Applications 3.1.1 

and 3.4.1). 

DA-E01-S1 The time trend analysis is essential for activities dealing with optimization of plant aging 

management program (Application 3.1.3). 

MQ-C02-S1 A more detailed modelling of specific system configurations (e.g. maintenance on specific trains) 

is important for maintenance program optimization (Application 3.1.1) and all Risk Monitor type 

applications (Application Group 3.4). 
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SA 

Identifier 
Relevance to Specific Applications in the Category 

Supplemental Attributes 

IE-A06-S1 1) Changes in the maintenance program may impact the probability of operator errors leading to 

IEs. It is worthwhile to assess the influence of this particular aspect (Application 3.1.1).  

 

2) It is useful to consider the IEs caused by operator errors to avoid adverse impact of changes in 

maintenance, tests, and training activities (Applications 3.3.1, 3.3.2, and 3.4.1), as well as to 

identify and assess the events caused by operator errors that may initiate an accident sequence 

with severe consequences (Applications 3.2.2 and 3.2.3). 

 

3) It is useful to consider IEs caused by human errors while developing management training 

program (Application 3.3.3). 

IE-B01-S1 1) Previously screened IEs caused by equipment failures may appear in the list with a higher 

frequency due to changes in the maintenance program (Application 3.1.1). 

 

2) It is useful to re-consider low frequent events that have a potential to cause un-mitigated 

releases (Applications 3.2.2 and 3.2.3). 

IE-F04-S1 The time trend analysis is useful in assessing the impact of changes in the maintenance, test, and 

training activities on the occurrence of IEs (Applications 3.3.1, 3.3.2, 3.3.3, and 3.4.1). 

IE-H02-S1 An electronic IE database is helpful in assessing the impact of components aging, which may be 

the cause for the changes in the number of IEs (Application 3.1.3).  

AS-B03-S1 

AS-C02-S1 

AS-C03-S1 

AS-C14-S1 

Use of best estimate codes, plant specific t/h analyses, and best estimate of important modelling 

parameters is useful for realistic modelling of accident scenarios being used for the improvement 

of management training programs based on plant-specific PSA insights (Application 3.3.3). 

AS-C04-S1 

AS-C05-S1 

AS-C06-S1 

A more complete modelling of accident progression dealing with requirements of plant 

emergency procedures is useful for the improvement of management training programs 

(Application 3.3.3). 

AS-C15-S1 An expanded graphical representation of accident progression is helpful for documentation of 

accident sequence models, as well as for understanding, updating, and use of the PSA for 

Applications 3.3.1, 3.3.2, 3.3.3, and 3.4.2. 

SY-B08-S1 

SY-B08-S2 

The possibility to effectively handle test and maintenance basic events may be useful for the 

improvement of operator training programs (Application 3.3.1). 

SY-B13-S1 

SY-B15-S1 

Improvement of operator training programs may ask for inclusion of more components than those 

already modelled in the system models (Application 3.3.1). 

HR-D06-S1 An identification of past problems can help to identify improvements in maintenance practices 

(Applications 3.1.1 and 3.3.2). 

HR-E01-S1 

 

Modelling of the actions to recover from the equipment failure to automatically initiate or change 

state may be useful for assessing specific impacts of changes in emergency operating procedures 

(Application 3.2.1). 

HR-E01-S2 Identification of the conditions and plant status conducive to errors of commission could reduce 

the potential for such errors (Application 3.3.1). 

HR-G04-S1 Improvement of the management training program would benefit from a more realistic HRA that 

use the time windows for operator actions which are based on plant-specific thermal-hydraulic 

analyses (Application 3.3.3).   

DA-D05-S1 Realistic representation in the model of surveillance tests and planned maintenance activities is 

useful for getting insights for improvement of operator and management training programs 

(Applications 3.3.1 and 3.3.3). 

DA-F01-S1 Detailed modelling of CCFs reflecting the combinations of redundancies/diversities would lead to 

a more accurate analysis to support plant configuration control (Application Group 3.4). 
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SA 

Identifier 
Relevance to Specific Applications in the Category 

DA-F02-S1 Since CCFs often have a major impact on system unavailability, particularly in highly-redundant 

systems, a more realistic and specific modelling of CCF events would improve the plant 

configuration control applications (Application Group 3.4). 

DF-F01-S1 

DF-G01-S1 

A structured identification and consideration of subtle interactions and availability of a relational 

database containing information on different dependencies is helpful for maintenance program 

optimization (Application 3.1.1), support for plant ageing management program (Application 

3.1.3), development and improvement of the emergency operating procedures and NPP accident 

management (Applications 3.2.1 and 3.2.2). Availability of a database containing information on 

different dependencies provides possibility to efficiently maintain a living PSA model for Risk 

Monitor type applications (Application Group 3.4). 

MQ-C02-S1 A more detailed modelling of specific system configurations (e.g. maintenance on specific trains) 

is helpful for the improvement of operator and management training programs (Applications 3.3.1 

and 3.3.3). 
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Table 13.4 Permanent Changes to the Operating Plant  

SA Identifier Relevance to Specific Applications in the Category  

Essential Attributes 

IE-A06-S1 It is important to verify that the changes to TS (e.g. transfer of equipment maintenance from 

shutdown to power operation) do not impose additional unacceptable risk caused by introducing 

a potential for new IEs due to operator errors (Applications 4.2.1 and 4.2.2). In addition, an 

understanding of how human errors during testing contribute to initiating event frequencies and 

component failures is needed to balance the positive and negative aspects of surveillance testing 

(Application 4.2.3). 

IE-F04-S1 

IE-H02-S1 

The time trend analysis in relation to IEs and the incidence database are essential for the 

decisions on NPP upgrades, back-fitting activities, plant modifications, and life-time extension 

(Application Group 4.1). 

AS-B03-S1 

AS-C02-S1 

AS-C03-S1 

AS-C14-S1 

Use of best estimate codes, plant specific t/h analyses, and best estimates of important modelling 

parameters is essential for adequate modelling of the accident scenarios being addressed in the 

emergency operating procedures (Application 4.1.1). 

SC-B01-S1 The use of proven computer codes and realistic models helps to avoid conservative and 

simplifying success criteria; this is essential for the assessment of the effects of changes 

(Application 4.1.1). 

SY-B08-S1 The possibility to effectively handle maintenance basic events allows assessing the impact of 

changes to the allowed outage time and required TS actions (Application 4.2.1). 

SY-B08-S2 A detailed maintenance model allows an assessment of the impact of changes to the allowed 

outage time and required TS actions (Application 4.2.1). 

SY-B08-S3 Symmetric models are essential for realistic evaluation of changes to AOT, required TS actions, 

surveillance test intervals, as well as for the equipment risk significance evaluation and 

evaluation of changes to QA requirements (Applications 4.2.1, 4.2.2, 4.2.3, 4.3.1, 4.3.2). 

SY-B16-S1 Time-dependent failure models allow for the assessment of impact of NPP upgrades (Application 

4.1.1), changes to the allowed outage time and required TS actions, changes to surveillance test 

intervals (Applications 4.2.1, 4.2.2, 4.2.3), and risk-informed in-service testing (Application 

4.2.4). 

SY-C01-S1 PSA applications dealing with optimization of ISI require adequate modelling of the impact of 

pipe ruptures if the latter are included in the model (Application 4.2.5). 

DA-C02-S1 Use of generic sources of data for reliability parameters for new equipment should be justified 

(Application 4.1.1). 

DA-E01-S1 A time trend analysis to explore the existing trends in the reliability parameters is important for 

Application 4.1.2. 

MQ-C02-S1 A more detailed modelling of specific system configurations is important for applications dealing 

with changes in TS (Application Group 4.2). 

Supplemental Attributes 

IE-A06-S1 Analysis of the IEs caused by operator errors is useful to estimate the impact of changes in the in-

service testing or plant modifications (Application 4.1.1 and 4.2.4). 

IE-B01-S1 NPP upgrades and changes in in-service testing may increase the frequency of previously 

screened low frequent events (Applications 4.1.1 and 4.1.2). 

IE-C02-S1 

IE-C02-S2 

Merging of the IE in a single group may mask the impact of plant modifications or changes in 

testing/inspections activities (Applications 4.1.1, 4.2.4, and 4.2.5). 

IE-F04-S1 The time trend analysis in relation to IEs provides helpful information for decision making about 

equipment risk significance (Applications 4.1.2, 4.3.1, and 4.3.2). 

IE-H02-S1 An electronic IE database is useful for Applications 4.1.1, 4.1.2, 4.3.1, and 4.3.2.   

AS-C04-S1 Incomplete modelling of accident progression dealing with requirements of plant emergency 
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SA Identifier Relevance to Specific Applications in the Category  

AS-C05-S1 

AS-C06-S1 

procedures may cause incomplete or inadequate coverage of accident scenarios for Application 

4.1.1. 

AS-C15-S1 An expanded graphical representation of accident progression is helpful for documentation of 

accident sequence models, as well as for understanding, updating, and use of the PSA for 

Application 4.1.1. 

SY-B06-S1 

 

Modelling of pipe failures in the PSA provides the possibility to more precisely assess the 

importance to risk of particular pipelines/pipe segments that would give a more robust input to 

the applications dealing with optimization of ISI (Application 4.2.5). 

SY-B08-S1 

SY-B08-S2 

A realistic representation of test and maintenance unavailabilities in system models is useful for 

risk-informed in-service testing (Application 4.2.4). 

SY-B13-S1 Other components than those originally modelled may need to be included in the PSA 

(Applications 4.1.1, 4.2.1, 4.2.2, 4.2.3, 4.2.5, 4.3.1, 4.3.2).  

SY-B15-S1 

SY-C15-S1 

A deeper level of model resolution down to the level of details needed to assess the impact of 

specific changes associated with the application may be needed (Applications 4.1.1, 4.2.1, 4.2.3, 

4.2.4, 4.2.5, 4.3.1, and 4.3.2).  

SY-B16-S1 Time-dependent failure models are useful for the equipment risk significance evaluation and 

evaluation of the risk impact of changes to QA requirements (Applications 4.3.1 and 4.3.2). 

HR-E01-S2 While it is not yet general practice to include errors of commission in the base PSA, it is 

advantageous to use information on the general causes of errors of commission to reduce the 

potential for introducing changes that could increase the likelihood of, or create conditions 

conducive to, errors of commission  (all Applications in Category 4). 

HR-G01-S1 Performing a detailed assessment of all HEPs may be useful in prioritising the NPP upgrades, 

back-fitting activities and plant modifications (Application 4.1.1).  

DA-B01-S1 A finer level of resolution in identifying groups of components is helpful because too broad 

grouping can mask the specific features of group members (Application Group 4.2). 

DA-D05-S1 A realistic representation of surveillance and maintenance activities is useful for assessing the 

impact of specific changes (Applications 4.1.1 and Application Group 4.2). 

DA-F01-S1 

DA-F02-S1 

Because technical specifications such as allowed outage times relate to individual trains of 

systems, a detailed modelling of CCFs reflecting the number of redundancies/diversities and a 

realistic and specific modelling of CCF events is helpful for assessing the impact of common 

cause failures (Application Group 4.2).   

DF-F01-S1 

DF-G01-S1 

Analysis of the risk impact of NPP upgrades and justification for lifetime extension may benefit 

from detailed identification and modelling of possible dependencies and availability of database 

containing information on different dependencies (Applications 4.1.1 and 4.1.2). 

MQ-B03-S2 

MQ-D01-S1 

Use of reduced truncation values in relation to the particular IEs of major interest may be useful 

for the assessment of benefits from specific NPP upgrades (Application 4.1.1). 
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Table 13.5 Oversight Activities  

SA   

Identifier 
Relevance to Specific Applications in the Category  

Essential Attributes 

IE-A06-S1 

IE-B01-S1 

IE-C02-S1 

The lists of IEs and IE groups should be detailed enough to allow the evaluation of inspection 

findings and operational events (Applications 5.2.1 and 5.2.2). 

SC-B01-S1 The use of proven computer codes and realistic models helps to avoid conservative and 

simplifying success criteria; this is essential for the assessment of a particular inspection finding 

or event (Application Group 5.2). 

Supplemental Attributes 

IE-F04-S1 The time trend analysis in relation to IEs provides useful information for decision making 

(Application Group 5.1). 

IE-H02-S1 An electronic IE database is useful for Application Group 5.1. 

All AS-SAs Detailed realistic representation of plant behaviour addressing different mitigation strategies 

would be helpful for adequate reflection of a wider range of inspection findings and operational 

events in the PSA model (Applications 5.2.1 and 5.2.2). 

SY-B13-S1 

SY-B15-S1 

SY-C15-S1 

More components may need to be included into the model for Application Group 5.2. 

DA-B01-S1 

DA-F01-S1 

DA-F02-S1 

DA-H02-S1 

These SAs would result in a more detailed PSA and better understanding of particular 

performance issues (Applications 5.1.2, 5.1.3, Application Group 5.2). 

DA-E01-S1 The time trend analysis is useful for the assessment of long term performance indicators 

(Application 5.1.2). 

DF-F01-S1 

DF-G01-S1 

Detailed identification and modelling of possible dependencies and availability of database 

containing information on different dependencies is helpful for all Applications in Category 5. 

MQ-B03-S1 

MQ-B03-S2 

MQ-D01-S1 

Application of reduced truncation values may be useful for planning the inspection activities 

(Application 5.1.1), for the analysis of performance indicators (Applications 5.1.2 and 5.1.3), and 

for possibility to assess inspection findings and operational events (Applications 5.2.1 and 5.2.2). 

MQ-C02-S1 A more detailed modelling of specific system configurations may be useful for planning the 

inspection activities and assessment of risk-based performance indicators (Application Group 

5.1). 
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Table 13.6 Evaluation of Safety Issues  

SA 

Identifier 
Relevance to Specific Applications in the Category 

Essential Attributes 

All SAs For Application Category 6 any of the special attributes may be required on a case-by-case basis 

depending on the issue to be analyzed.  For these applications, the PSA model should be upgraded 

in a manner that would allow evaluating the impact associated with the considered measure or 

issue by the PSA model.  

Supplemental Attributes 

None  
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14. CONCLUSIONS 

 

The matter of PSA quality is very important from the viewpoint of risk-informed 

decision making on various aspects of NPP operation and licensing. This publication provides 

an approach for achieving the technical consistency of PSA in order to support reliably 

various PSA applications. The approach involves the consideration of a set of technical 

features, called attributes, of the major PSA elements relevant for various applications.   

 

A comprehensive list of PSA applications has been compiled. The applications were 

grouped into the six categories. Some of the categories include several groups. For each PSA 

application, a brief description of the purpose of the application and the way the PSA can be 

used to support it were provided along with the information on what PSA results and metrics 

can be used in the decision making process. 

 

This publication covers a Level-1 internal events at-power PSA. Nine PSA elements 

characterizing the major PSA tasks were defined. For each PSA element, a set of general 

attributes needed for all PSA applications and special attributes needed for specific PSA 

applications were elaborated. In relation to each PSA application, the special attributes were 

further distinguished as essential and supplemental. An essential special attribute emphasises 

a feature of the PSA element that is considered important to generate the results needed to 

reliably support the PSA application. A supplemental special attribute may not be strongly 

required for a specific application, but could further enhance the usefulness of the PSA by 

providing a greater level of detail, or improving confidence in the results. The publication 

provides a mapping of the special attributes to the considered PSA applications with a brief 

explanation on why a special attribute is needed in each particular case.  

 

This publication can be used by PSA practitioners for appropriate planning of PSA 

projects taking into account possible uses of the PSA in the future. The publication can be 

also used by reviewers as an aid in assessing the quality of PSAs and judging the adequacy of 

a PSA for specific applications. Particularly, the publication can be used by regulatory 

authorities to support regulatory reviews of licensees’ PSA and PSA application cases along 

with other IAEA publications, e.g. Refs [19], [20]. 
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Appendix I 

RISK METRIC DEFINITIONS 

 

 

 

Importance measures 

 

- Risk achievement worth (RAW)  

This is the ratio or interval of the figure of merit, evaluated with the SSC’s basic event 

probability set to one, to the base case figure of merit. This importance measure reflects 

the increase in a selected figure of merit when an SSC is assumed to be unable to 

perform its function due to testing, maintenance, or failure.  

 

- Fussell-vesely (FV)  

For a specific basic event, the FV importance is the fractional contribution to the total of 

a selected figure of merit for all accident sequences containing the basic event to be 

evaluated.  

 

Core damage frequency, annual average (CDFAVE) 

 

This is the frequency of core damage that is averaged over the time-dependent variations that 

may be exhibited during the course of a year due to plant configuration changes, removing 

equipment from service to perform tests or maintenance, and the occurrence of plant initiating 

events which may in fact vary over the course of a reactor lifetime. Periodic updates of this 

risk metric over the course of the plant lifetime provide a slow version of a time dependent 

Risk Monitor that reflects broad trends in plant and SSC performance that are reflected in the 

plant data as well as any permanent changes that are made in the design, maintenance and 

operation. 

 

Change in core damage frequency, annual average (ΔCDFAVE) 

 

This is the change in the annual average CDF due some change that is being evaluated that 

may impact this risk metric. The change may be due to an observed degradation, design 

change, procedure change, change in test, maintenance or inspection practice, change in 

performance of an SSC, or changes to any input or assumption associated with the PSA 

model. 

 

Core damage frequency, time-dependent (CDF{t}) 

 

This is the frequency of core damage as a function of time. It is often referred to as the 

‘instantaneous core damage frequency.’ Only some of the parameters that the CDF is 

dependent on can be monitored in a time-dependent fashion, such as the time periods when 

equipment is removed from service.  

 

Core damage probability (CDP) 

 

This is the total probability of a core damage event over a specified time interval. 
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Conditional core samage probability (CCDP) 

 

This is the conditional core damage probability given the occurrence of an initiating event. It 

is calculated by selecting the appropriate PSA initiating event, setting the initiating event 

frequency to 1, and solving the PSA model for core damage for the condition that the 

initiating event has occurred. 

 

Incremental conditional core damage probability (ICCDP) 

 

This is the increase in the CDP, over that expected from the Base CDF during a configuration 

change (denoted by the index j) within the time Tj with an increased CDFj relative to 

CDFBASE. It is referred to as a conditional probability because it is conditioned on being in a 

specific plant configuration. 

 

Large early release frequency, annual average (LERFAVE) 

 

This is the frequency of a large early release that is averaged over the time-dependent 

variations that may be exhibited during the course of a year, which may in fact vary over the 

course of a reactor lifetime. 

 

Change in large early release frequency, annual average (ΔLERFAVE) 

 

This is the change in the annual average LERF due some change that is being evaluated that 

may impact this risk metric. The change may be due to an observed degradation, design 

change, procedure change, change in test, maintenance or inspection practice, change in 

performance of an SSC, or changes to any input or assumption associated with the PSA 

model. 

 

Large early release frequency, time-dependent (LERF{t}) 

 

This is the frequency of a large early release as a function of time. It is often referred to as the 

‘instantaneous large early release frequency.’ Only some of the parameters that the LERF is 

dependent on can be monitored in a time-dependent fashion, such as the time periods when 

equipment is removed from service.  

 

Large early release probability (LERP) 

 

This is the total probability of a large early release over a specified time interval.  

 

Conditional large early release probability (CLERP) 

 

This is the conditional large early release probability given the occurrence of an initiating 

event. It is calculated by selecting the appropriate PSA initiating event, setting the initiating 

event frequency to 1, and solving the PSA model for large early release under the condition 

that the initiating event has occurred. 

 

Incremental conditional large early release probability (ICLERP) 

 

This is the increase in the LERP, over that expected from the Base LERF during a 

configuration change (denoted by the index j) within the time Tj with an increased LERFj 
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relative to LERFBASE. It is referred to as a conditional probability because it is conditioned on 

being in a specific plant configuration.  

 

Quantitative health objectives (QHO) 

 

QHOs are derived from qualitative safety goals and provide a numerical measure of 

acceptable levels of risk of acute and latent health effects due to accidents. These are normally 

expressed in terms of a small fraction, e.g. .01% of the expected annual risks of death to 

individuals in designated areas around the plant due to other causes. Accidental risks of death 

due to radiation sickness are normally compared against non-nuclear accident risks to an 

average individual within short distances of the plant (e.g. 1 mile), whereas risks due to latent 

health effects from a reactor accident are normally measured against the risk of latent cancer 

fatalities due to non-nuclear causes to the population over larger distances from the plant (e.g. 

10 miles). Individual risks from NPP accidents are computed by summing the products of the 

accident frequencies and total estimate of consequences in the appropriate population segment 

and then normalizing this population risk metric by the population in that segment. 
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PSA APPLICATIONS 
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Appendix III 

MAPPING THE PSA ELEMENTS TO THE PSA TASKS ADDRESSED IN THE IAEA 

PSA GUIDELINES 

 

 

The table below shows the relation between the PSA elements defined in this 

publication and PSA technical tasks from the IAEA PSA Procedure Guide ‘Procedures for 

Conducting PSA of NPPs (Level 1)’, Safety Series No. 50-P-4, 1992. The table helps to 

realize what tasks from the Procedure Guide are correspondent to the PSA elements.   

 

ID PSA ELEMENT IN TECDOC  TASKS FROM SAFETY SERIES No. 50-P-4 

IE Initiating Events Analysis Task 13:  Selection of initiating events 

Task 17:  Grouping of the initiating events 

Task 24:  Assessment of the frequency of initiating events 

AS Accident Sequence Analysis Task 12:  Definition of core damage states or other 

consequences 

Task 14:  Determination of safety functions 

Task 15:  Assessment of function/system relationships 

Task 18:  Event sequence modelling 

Task 22:  Impact of physical processes on development of 

logic models  

Task 23:  Classification of accident sequences into plant 

damage states 

Task 27:  Determination of accident sequence Boolean 

equations 

SC Success Criteria and Supporting 

Analysis 

Task 16:  Assessment of plant system requirements (success 

criteria) 

SY Systems Analysis Task 19:  System modelling 

Task 22:  Impact of physical processes on development of 

logic models  

HR Human Reliability Analysis Task 20:  Human performance analysis 

Task 26:  Assessment of human error probabilities 

DA Data Analysis Task 25a: Assessment of component reliability 

Task 25b: Assessment of common cause failure probabilities 

DF Dependent Failures Analysis Task 21:  Qualitative dependence analysis 

MQ Model Integration and CDF 

Quantification 

Task 28:  Initial quantification of the accident sequences  

Task 29:  Final quantification of the accident sequences 

Task 30:  Uncertainty analysis  

RI Results Analysis and Interpretation Task 31:  Importance and sensitivity analysis 

Task 34:  Preparation of documentation 
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ABBREVIATIONS 

 

AC  alternating current 

AMP   accident management procedure 

AOT   allowed outage time  

AS  accident sequence 

ASME  American Society of Mechanical Engineers 

ATHEANA  a technique for human event analysis  

ATWS   anticipated transient without scram 

BDBA  beyond design basis accident 

BDD  binary decision diagram 

BWR   boiling water reactor  

CANDU  CANada Deuterium Uranium 

CCCG  common cause component group 

CCDP  conditional core damage probability 

CCF  common cause failure 

CCI  common cause initiator 

CDF   core damage frequency  

CLERP   conditional large early release probability 

DBA   design basis accident 

DC  direct current 

DG  diesel generator 

ECCS  emergency core cooling system 

EDG   emergency diesel generator  

EOP   emergency operating procedure 

EPZ   emergency planning zone 

ESF  engineered safety feature  

ET  event tree 

FMEA  failure mode effect analysis 

FT  fault tree 
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F-V   Fussell-Vesely (importance measure) 

GA  general attribute 

HE   human error 

HEP  human error probability 

HFE  human failure event 

HPCI   high pressure coolant injection 

HPECC  high pressure emergency core cooling 

HRA   human reliability analysis  

I&C  instrumentation and control 

ICCDP   incremental conditional core damage probability  

ICLERP   incremental conditional large early release probability  

IE  initiating event 

IPSART  international probabilistic safety assessment review team  

ISI   in-service inspection  

ISLOCA  interfacing system LOCA 

IST   in-service testing  

LERF   large early release frequency  

LOCA  loss of coolant accident 

LOOP  loss of offsite power 

LWR  light water reactor 

MCP  main coolant pump 

MMI  man-machine interface 

MSIV   main steam isolation valve  

NDE   non-destructive examination 

NPP   nuclear power plant  

P&IDs  piping and instrumentation diagram 

PFM   probabilistic fractural mechanics  

PORV  pressurizer power operated relief valve  

PRA  probabilistic risk assessment  

166

This publication has been superseded by IAEA-TECDOC-1804



   

 

PSA   probabilistic safety assessment  

PSF  performance shaping factor 

PWR   pressurized water reactor  

QA  quality assurance  

QHO   quantitative health objective 

RAW   risk achievement worth  

RHR  residual heat removal 

RI-ISI   risk-informed in-service inspection 

RPS  reactor protection system 
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SAMG   severe accident management guideline 

SAR  safety analysis report 

SG  steam generator 

SGSV  steam generator safety valve 

SLOCA  small LOCA 
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STI   surveillance test interval 

TECDOC  technical document  

THERP  technique for human error rate prediction 

TS  technical specification 
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