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FOREWORD 

Probabilistic safety assessment (PSA) of nuclear power plants complements the deterministic 
safety analysis and is widely recognized as a comprehensive and structured analytical 
approach to identifying accident scenarios and deriving numerical estimates of risks of 
undesirable consequences concerning nuclear power plant operation and associated plant 
vulnerabilities. Recently, PSA has been more broadly applied to support numerous 
applications and risk informed decisions on various design related, operational and regulatory 
issues. The expanded use of PSA in the integrated risk informed decision making process 
requires that the PSA possess certain features to ensure its technical consistency and quality. 

This publication aims to further promote the use and application of PSA in Member States by 
providing a comprehensive list of PSA applications and describing what technical features 
(termed ‘attributes’) of a PSA need to be satisfied to reliably support the PSA applications of 
interest. Consideration has also been given to the basic set of attributes characterizing a ‘base 
case PSA’ that is performed to assess overall plant safety. 

The present publication can support PSA practitioners in appropriate planning of a PSA 
project taking into account possible uses of the PSA in the future. It can also be used by 
reviewers as an aid in assessing the quality of PSAs and judging the adequacy of a PSA for 
particular applications. 

This publication supersedes IAEA-TECDOC-1511, Determining the Quality of Probabilistic 
Safety Assessment (PSA) for Applications in Nuclear Power Plants (published in 2006), 
which provided detailed information on technical features of a restricted scope PSA aimed at 
analysing only internal initiating events caused by random component failures and human 
errors, and accident sequences that may lead to reactor core damage during operation. The 
present publication extends the scope of the PSA to cover a broader range of internal and 
external hazards, and low power and shutdown modes of nuclear power plant operation. In 
addition, some PSA aspects relevant to lessons learned from the accident at the Fukushima 
Daiichi nuclear power plant are also considered.  

The IAEA officers responsible for this publication were A. Lyubarskiy, I. Kuzmina and 
O. Coman of the Division of Nuclear Installation Safety. 
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1. INTRODUCTION 

1.1. BACKGROUND  

Increasingly, during the last years probabilistic safety assessment (PSA) of nuclear power 

plants (NPPs) has been broadly applied to support numerous applications, such as risk 

informed changes to technical specifications, risk based plant configuration control, 

maintenance programme optimization, etc. INSAG-25 “Framework for an integrated risk 

informed decision making” [1] suggests that PSA is one of several key elements of the 

integrated risk informed decision making (IRIDM) framework; however in order to be used 

effectively to support decision making, PSA has to be of sufficient scope, level of detail, and 

technical quality.   

The IAEA-TECDOC-1511 “Determining the quality of PSA for applications in nuclear power 

plants” was published in 2006 with the objectives to establish an approach and detailed 

guidance for achieving the level of technical quality of PSA needed to support various PSA 

applications. The publication provided information regarding the technical features (termed 

‘attributes’) of major PSA elements (initiating events analysis, accident sequences analysis, 

human reliability analysis, etc.) that are appropriate for carrying out various applications, 

including a ‘base case PSA’ that is performed with the purpose of assessing the overall plant 

safety. That publication took into consideration the contemporary worldwide good practice 

and experience in the area of PSA technical quality assessment and verification, and in 

particular the publication developed by American Society of Mechanical Engineers (ASME) 

‘Standard for Probabilistic Risk Assessment (PRA) for Nuclear Power Plant Applications’ 

[2]. The starting point for the development of the technical attributes presented in IAEA-

TECDOC-1511 was the set of requirements falling in PSA Capability Category II of the 

ASME PRA Standard (Capability Category II requirements are representative of currently 

accepted good industry practices in the USA as well as in other countries). IAEA-TECDOC-

1511, while providing sufficient details for assuring technical quality for internal initiating 

events PSA for NPP full power operation, does not cover all potential hazards that can pose 

risk to a plant or plant operating states other than the full power state. 

In 2010 the IAEA published two Safety Guides: SSG-3 “Development and application of 

Level 1 probabilistic safety assessment for nuclear power plants” [3] and SSG-4 

“Development and application of Level 2 probabilistic safety assessment for nuclear power 

plants” [4]. These Safety Guides provide a comprehensive, but still high level, set of 

recommendations on specific features of Level 1 and Level 2 PSA for all types of initiating 

events and hazards and operating conditions. The Safety Guides were not aimed at providing 

detailed information on state-of-the-art features of PSA in the view of various PSA 

applications.  

Member States requested the IAEA to develop an extension of IAEA-TECDOC-1511 to 

cover the full range of internal and external hazards and plant operational modes.  

This publication is the output of the three year development, which resulted in extension of 

IAEA-TECDOC-1511 to cover the full scope PSA as defined in SSG-3 [3] (all internal and 
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external hazards and all operating modes). In this publication, which is also the revision of 

IAEA-TECDOC-1511, a check for consistency with the IAEA Safety Guides on PSA [3, 4] 

has been performed and associated modifications have been introduced to remove 

discrepancies when needed. It was the intention to transfer the format and contents of IAEA-

TECDOC-1511 to this publication unchanged where the information contained therein is still 

applicable.  

The extended PSA scope has resulted in adding two new technical PSA elements; Plant 

Operational States Analysis (OS) and Hazard Events Analysis (HE). The new PSA elements 

are defined further in the respective sections. In addition, a number of changes have been 

made to the attributes of the other PSA elements in order to accommodate the enlarged PSA 

scope.  

Therefore, this publication updates the IAEA TECDOC-1511 “Determining the Quality of 

Probabilistic Safety Assessment for Applications in Nuclear Power Plants”, published in 

2006. 

It is important to mention that in the development process, the latest developments in the area 

of PSA technical quality assessment and verification have been taken into account and in 

particular various ASME/ANS PRA Standards available at the time of publication [5]-[8].  

Yet, in particular the Fukushima Daiichi accident highlighted the need for a more 

comprehensive human reliability analysis (HRA) systematically considering and assessing 

human behaviour in the dynamic interaction with the working environment during the 

incidental evolution of the respective event sequences – also taking into consideration 

organizational and contextual factors, plant specific and sequence depending boundary 

conditions, such as harsh environmental conditions. These considerations are not discussed in 

the available IAEA safety report on HRA [9] and are not reflected in this publication because 

they require further elaboration. The IAEA is planning to develop a guidance publication on 

HRA that will consider recent and advanced methods and approaches. The attributes in 

Section 10 (on HRA) of this publication will be updated after the new publication on HRA is 

published. 

1.2. OBJECTIVES  

Various applications of PSA, including integrated risk informed decision making, require that 

PSAs used to support those applications have certain characteristics in terms of their scope, 

degree of detail, technical adequacy of the modelling, capability and flexibility to perform the 

required calculations, capability to support interpretation of the results, quality and type of the 

data used, and 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 these 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 technical quality of the PSA used to support an 

application as discussed in the next section.  
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The notion of ‘PSA technical quality’ 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 

PSA maintenance and upgrade process needs to be established that also addresses applications 

of PSA. How to set up and effectively apply such a process for achieving quality in general 

for NPP safety is described in [10] and for the PSA in [11].  

As distinct from these publications, the present TECDOC focuses on the technical 

information regarding approaches, methodology and data to obtain appropriate technical PSA 

features for specific applications. In addition, the attributes of a PSA maintenance and 

upgrade process that will successfully achieve and maintain technical quality in support of 

PSA applications is presented in Chapter 15 of this publication.  

Thus, the approach provided in the publication can be used as a basis to formulate a technical 

framework for carrying out a specific PSA application or applications. For these reasons this 

publication concentrates on technical PSA aspects. In Figure 1 the overall framework for the 

assurance of the technical quality of PSA capable to support 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 PSA-related 

activities and to support the independent PSA reviews conducted by the IAEA in the 

framework of the Technical Safety Review (TSR) service. The TSR service replaces the 

former International Probabilistic Safety Assessment Review Team (IPSART) service [12] 

conducted by the IAEA at request of Member States. The guidelines for TSR service is under 

development. 

1.3. TECHNICAL QUALITY OF A PSA FOR AN APPLICATION  

For the purposes of this publication the following is defined: “In the context of an 

application, the PSA is of an appropriate technical quality if it conforms to a set of 

attributes that are appropriate for the application.” 

The key to defining technical quality is thus 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 

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

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

absolute value of, or increase in, core/fuel 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 for performing the 

comparison of the results of the PSA with the criterion and this also impacts the required 

attributes for the PSA. For example, the criterion may require use of the full characterization 

of uncertainty as a probability distribution on the value of the metric instead of a mean value. 

This will be an additional attribute for the PSA application. 
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Two types of attributes are defined in this publication: 
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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 best 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. It is assumed that when the special 

attributes are met, the corresponding general attributes are also met. Different PSA 

applications may require different special attributes. Some applications may not require any 

special attributes; the general attributes may be sufficient. 

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.  

It is expected that in order to be able to support various applications, the PSA has to address 

all general attributes. 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, less conservative and more plant specific PSA1 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 and expertise are needed to 

perform the assessment of risk resulting from internal hazards, such as internal fires and 

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

operating states, such as low power and shutdown modes. The comprehensive set of attributes 

for all foreseeable hazards and operational modes provided in this publication may support 

selection of suitable methods and tools. 

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

integrated risk informed 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 technical 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. 

                                                
1
 E.g. plant specific component reliability data or success criteria analyses are used rather than generic.  
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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 need to 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  

The IAEA PSA guides and procedures [3, 4, 9, 13-15] 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.  

Safety Guide SSG-3 [3] published in 2010 does provide recommendations to the features of 

the state of the art PSA; however, these recommendations are mainly directed to the approach 

to be used during PSA development and application and they are less focused on the detailed 

technical features that can assure PSA technical adequacy for particular applications. 

Therefore this TECDOC is aimed at providing attributes that are consistent with the 

recommendations given in [3], but with deeper technical details both for the base case PSA 

and for the PSAs to be used for particular applications.  

Some attributes in this TECDOC go beyond the current state of the art reflected in [3] due to 

the fact that a number of approaches and techniques described in [3] have been further 

developed following lessons learned from Fukushima Daiichi accident, so the present 

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

PSA methodologies. In particular, this may be especially applicable to special attributes added 

in order to support the assessment of certain risk contributions for which PSA methodology 

currently is not sufficiently mature. Since this publication is expected to be used as a 

reference for PSA technical quality in the foreseeable future and it is believed that specific 

technical solutions will be found to address those attributes, it is deemed appropriate to 

include them. 

Due to the comprehensive amount of information covered, the scope of this publication is 

restricted to a Level 1 PSA for all types of hazards (internal IEs, internal and external hazards) 

and all operating modes, including shutdown PSA. Level 2 and 3 PSAs are outside of the 

scope of this publication.  

In addition, consideration is not given to sources of radioactivity other than the reactor core, 

although many of the principles in this publication are applicable to other sources (e.g. spent 

fuel pool). However, some applications may require that the scope of the PSA be complete in 

terms of consideration of risks other than core/fuel damage.  

In those cases where an application will benefit from information obtained from a Level 2 

PSA or Level 3 PSA, other IAEA publications [4, 13, 14] need to be consulted in order to 

verify that the technical quality of Level 2 or Level 3 PSA is sufficient to allow the use of the 

results of these analyses in a decision making process.  

It is not the intent of this publication to address what has to be done to compensate for the 
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limited scope of a PSA. 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. 

The general attributes of a ‘base case PSA’ form a basis 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 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. 

In general, terminology as specified by the IAEA Safety Glossary [16] was used in this 

publication; however for some specific PSA related terminology, terms and reference as 

specified in the associated sections of this report are used.  

1.5. STRUCTURE  

Due to the fact that this publication is oriented towards supporting applications of PSA, first, 

an overview of current applications is given in Section 2. Then Section 3 introduces the scope 

of PSAs, main PSA elements, and provides a description of the process one should follow to 

determine whether the PSA is of an appropriate technical quality for an application of interest.  

The attributes of the PSA elements are provided in Sections 4 through 14 separately for each 

PSA element, covering both general attributes (applicable for the ‘base case PSA’), and 

application-specific ones (i.e. special attributes). Section 15 provides attributes for 

maintenance and upgrade of the PSA. Section 16 discusses 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 17.  

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 the use of PSA models to support specific 

applications, and examples.  

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 

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

reactors (LWRs), although the 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 

of other reactor types is discussed below. The publication mainly addresses PSA 

performed on single reactor plants; not all aspects applicable to the PSA for sites 

with multiple reactor units are covered. 

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 life time is discussed below. 

1.6.1. Applicability for reactors other than vessel type LWRs 

The present predominant reactor types for NPPs 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 pressurized LWRs. 

Most of the PSA approaches and techniques can also be applied and used for other reactor 

types such as gas cooled reactors, CANDU, RBMK (i.e. data analysis, human reliability 

analysis, systems analysis, etc.). Therefore, the attributes described in this 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/fuel 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, or parts of 

the core. Accordingly, several Level 1 fuel or core/fuel 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/fuel 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/fuel 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/fuel damage categories requires interpretation and adaptation regarding the 
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description of PSA tasks and associated attributes as given in this publication. 

For certain plant designs the concept of core/fuel damage is not applicable (e.g. reactors with 

a homogeneous core or high temperature gas cooled reactors - HTGR). However, the Level 1 

PSA methodology is fully applicable for these designs if the term core/fuel damage is 

replaced by a definition of “undesirable consequences” that is applicable to the specific 

reactor type. In addition it should be noted 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 is based on expert judgment rather than on realistic 

assessment and experimental justification. 

1.6.2. Applicability for NPPs in different stages of the plant life time 

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 to 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 can the full range of PSA techniques be applied including evaluation 

and use of reliable information on the plant arrangement, cable tracing and piping locations as 

well as 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: 

• 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 
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might be used instead. 

• No or only generic operational experience is available. Information from similar 

NPPs might be used instead. 

• Information on thermal hydraulic analyses, accident progression, accident 

scenarios might be limited. Information from similar NPPs might be used instead. 

• Completeness of initiating events is difficult to ascertain. Information from similar 

NPPs might be used instead, or a more comprehensive review for initiating events 

may be needed.  

• Limited information on human machine interface (HMI) and on training of 

operating staff is available. Assumptions would need to be made, and verified as 

the design process is completed and plant operation occurs.  

• Limited information on maintenance practices and procedures. Assumptions would 

need to be made, and verified as the design process is completed and plant 

operation occurs. Information from similar NPPs might be used instead. 

• Equipment/cable/piping location information is limited or missing (important for 

internal hazards analysis, CCF modelling and modelling of secondary effects). 

Assumptions would need to be made, and verified as the design process is 

completed and plant operation occurs. 

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

would need to be made, and verified as the design process is completed and plant 

operation occurs. Information from similar NPPs might be used instead. 

In summary, a considerable number of attributes that 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 
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models, which in turn reduces associated variability 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 1990s, 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 [17], published in 2001, identified a number of 

PSA applications. In the current publication, some additional applications have been included, 

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 stage: to provide support for design improvements during the design and 

pre-operational state. 

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 systems, structures and components 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 the significance of 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. Such 

metrics are defined both for PSA on individual reactor plants as well as multiunit site PSAs.  

Typically, used reactor based metrics are PSA importance measures (F-V, RAW, RRW), core 

damage frequency (CDF), large early release frequency (LERF), conditional core damage 

probability (CCDP), quantitative health objectives (QHO), etc. When considering fuel 

damage from other locations other than the core, the more generic terms such as fuel damage 

frequency (FDF), and conditional fuel damage frequency (CFDF) are used.   
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TABLE 2.1 PSA APPLICATIONS 

Application Category Application Group Specific Application 

1. SAFETY 

ASSESSMENT 

 1.1. Assessment of the overall plant safety 

1.2. Periodic safety review 

1.3. Analysis of the degree of defence in depth and safety 

margin against beyond design basis site hazards, 

including correlated site hazards 

2. DESIGN STAGE  2.1. Application of PSA to support decisions made during 

the NPP design (plant under design) 

2.2. Licensing of design 

2.3. Optimization of protection against hazard events (e.g. 

fires, floods) and common cause failures, including 

consideration of correlated site hazards and hazard-

induced fires and floods 

2.4. Establishment of equipment reliability targets for 

manufacturers 

2.5. Identification of R&D which are necessary to support 

the design 

2.6. Development operator procedures and training 

programmes and support for Human Factors 

Engineering 

3. NPP OPERATION 3.1. NPP maintenance 3.1.1. Maintenance programme optimization  

3.1.2. Risk informed house keeping 

3.1.3. Risk informed support for plant ageing management 

programme 

3.1.4. Risk informed on-line maintenance 

3.1.5. Plant outage management 

3.2. Accident 

mitigation and 

emergency 

planning 

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) 

3.2.3. Support for NPP emergency planning 

3.3. Personnel 

training 

3.3.1. Improvement of operator training programme 

3.3.2. Improvement of maintenance personnel training 

programme 

3.3.3. Improvement of plant management training 
programme 

3.4. Risk based 

configuration 

control/ Risk 

monitors 

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 

3.4.4. Dynamic risk informed TS 
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Application Category Application Group Specific Application 

4. PERMANENT 

CHANGES TO 

THE OPERATING 

PLANT  

4.1. Plant changes 4.1.1. NPP upgrades, backfitting activities and plant 

modifications 

4.1.2. Life time extension 

4.2. Technical 

specification 

changes 

4.2.1. Determination and evaluation of changes to allowed 

outage time and changes to required TS actions 

4.2.2. Risk informed optimization of TS 

4.2.3. Determination and evaluation of changes to 

surveillance test intervals 

4.2.4. Risk informed surveillance programme 

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

4.3. Establishment of 

graded QA 

programme for 

SSC  

4.3.1. Categorization of SSC for equipment risk 

significance evaluation  

4.3.2. Evaluation of risk impact of changes to quality 

requirements  

4.4. Risk informed 

special site 

protection 

measures  

4.4.1. Risk informed fire protection 

4.4.2. Risk informed internal flood protection 

4.4.3. Risk informed defence in depth for individual and 

correlated site hazards 

5. OVERSIGHT 

ACTIVITIES 

5.1. Performance 

monitoring 

5.1.1. Planning and prioritization of inspection activities 

(regulatory and industry) 

5.1.2. Long term risk based performance indicators 

5.1.3. Short term risk based performance indicators 

5.2. Performance 

assessment 

5.2.1. Assessment of inspection findings 

5.2.2. Evaluation and rating of operational events 

6. EVALUATION OF 

SAFETY ISSUES 

6.1. Risk evaluation 6.1.1. Risk evaluation of corrective measures 

6.1.2. Risk evaluation to identify and rank safety issues 

6.1.3. Assessment of the safety importance of deviations 

between an existing plant design and updated/revised 

deterministic design rules or new information about 
the site hazards.  

6.1.4. Assessment of the significant of overall site risk for 

multiunit accidents 

6.1.5. Assessment of the significant of overall site risk from 

all radioactive sources 

 

6.2. Regulatory 

decisions 

6.2.1. Long term regulatory decisions 

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

APPLICATIONS 

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

information in this 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 technical quality. 

3.1. PSA ELEMENTS AND ATTRIBUTES 

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

elements that comprise full scope internal events, internal and external hazards Level 1 PSA 

for all modes of operation. The PSA elements identify the major analysis areas. It should be 

noted that while the eleven PSA elements are identified, this division is to some extent 

arbitrary because all the analysis areas are interconnected and influence each other. In 

addition to the eleven PSA elements, attributes are defined for “Maintenance and Upgrade of 

the PSA”. This aspect is not, per se, an “element” of the PSA, but is rather the description of 

the attributes of developing and implementing a process to be used to assure that the PSA 

continues to comply with the elements as the plant changes and PSA methods improve. For 

the sake of convenience the same structure is used for defining attributes for all PSA elements 

and “Maintenance and Upgrade of the PSA”.  

The PSA elements (including maintenance and upgrade) and associated abbreviations used in 

this publication are the following: 

1. Plant Operational States Analysis  OS (Section 4) 

2. Hazards Events Analysis  HE (Section 5) 

3. Initiating Events Analysis IE (Section 6) 

4. Accident Sequence Analysis AS (Section 7) 

5. Success Criteria Formulation and Supporting Analysis  SC (Section 8) 

6. Systems Analysis SY (Section 9) 

7. Human Reliability Analysis HR (Section 10) 

8. Data Analysis DA (Section 11) 

9. Dependent Failures Analysis DF (Section 12) 

10. Model Integration and Risk Metric Frequency Quantification MQ (Section 13) 

11. Results Analysis and Interpretation  RI (Section 14) 

12  Maintenance and Upgrade of the PSA MU (Section 15) 

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.  
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Sections 4-15 present general and special attributes for the twelve 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 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 16 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 

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’. 
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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’; 

M      – a 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 SAFETY GUIDES ON PSA 

All PSA elements are addressed in the Safety Guides SSG-3 and SSG-4 [3, 4]. More technical 

details on the modelling aspects of the PSA elements applicable to a Level 1 at-power internal 

event PSA are principally addressed in the IAEA Level 1 PSA Procedure Guide2, those that 

are applicable to external hazards PSA – in the IAEA Safety Series report [15], internal fire 

PSA in [18], seismic hazards in [19] and low power and shutdown PSA in [20].  

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

• Human Reliability Analysis [9]; 

• Initiating Events Analysis [21]; 

• Dependent Failures Analysis [22].  

Some of the IAEA publications listed above are rather old and currently the IAEA is 

developing a set of guidelines to reflect on current state-of-the art in PSA methodology for 

specific PSA tasks as appropriate, e.g. human reliability analysis, external hazards PSA 

development (including seismic hazard) and multi-units PSA. Some of these publications are 

expected to be issued in years 2016-2017 and will replace [15, 19].  

3.4. THE PROCEDURE FOR USE OF THE TECDOC 

This publication is expected to support two major activities: 

1) PSA review as carried out by the IAEA within IPSART missions and as part of other 

activities. 

                                                
2
 INTERNATIONAL ATOMIC ENERGY AGENCY, Procedures for Conducting Probabilistic Safety Assessments of 

Nuclear Power Plants (Level 1), Safety Series No. 50-P-4, IAEA, Vienna (1992). 
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2) Planning of a PSA project, to make sure that appropriate quality of the full scope Level 1 

PSA for each applicable POS 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 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 4-14 characterizing a ‘base case PSA’ have been 

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

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

supplementary justifications to demonstrate that the general attributes not met are 

not required for the application. 

STEP (3) For the PSA application, a determination needs to be made whether special 

attributes needed for this PSA application have been met. Section 16 of this 

publication needs to be consulted regarding the practical steps for identification of 

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

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

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

with the special attributes.  

The procedure for determination of PSA quality for applications is shown in Figure 2.  
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Fig. 2. General procedure for determination of technical quality of PSA for applications.
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4. PSA ELEMENT ‘OS’:  PLANT OPERATIONAL STATES ANALYSIS  

4.1. MAIN OBJECTIVES 

The main objective of the Plant Operational States (POS) analysis is to define specific reactor 

and plant conditions (i.e. POSs) that together cover the entire spectrum of plant operation. 

The POS analysis provides the basis for the PSA and ensures its completeness. The risk 

profile can be incomplete and distorted if important power operating modes defined in plant 

Technical Specifications or specific plant outages are incorrectly taken into consideration. A 

POS for the purpose of PSA is defined as a plant configuration during which plant conditions 

do not significantly change (and activities that impact risk are relatively similar).  

The key differences between different POSs relate to the activities being performed and the 

plant’s ability to prevent a core/fuel
3
 damage accident that would lead to a release of 

radionuclides. These differences are related to available decay heat removal mechanisms, 

system and component success criteria, the effectiveness of barriers to release, and operator 

actions that could lead to undesired events that can challenge plant safety. Typical 

information used to define these differences include: core decay heat level, balance of plant 

system configuration, primary water level, primary pressure and temperature, reactor coolant 

system integrity, available residual heat removal mechanisms, containment (confinement) 

integrity, etc.  

A POS can be a steady state POS (for example, full power, low power, hot standby, cold 

shutdown while on residual heat removal cooling, etc.) or can represent a transition phase 

between steady states. In order to transit from full power to cold shutdown, there are normally 

several transition POSs. The complete set of POSs for a specific outage type represents a 

discretised representation of the outage from a risk perspective. Full power operations can be 

considered as one plant operating state.  

The important POS analysis topics are: 

- Identification of a full scope of plant operating states, such as full power operation, power 

reduction, forced or unplanned outage, scheduled plant shutdown, refuelling outages, 

maintenance outages, start-up, power increase, etc.; 

- Identification of a reasonably complete set of the POSs that reflect the identified plant 

operating modes and provide a realistic representation of the plant; 

- Grouping of similar POSs together to facilitate the practical evaluation of initiating 

events, accident sequences, success criteria, operator actions, etc., provided that the most 

severe boundary conditions are assumed for the entire group; 

- Estimation of the applicable POS group duration and frequency using information 

available from operating experience and plant documentation.  

                                                
3
 During certain POSs, such as refueling, it is possible that damage can occur to individual fuel elements as well as to the 

whole core. 
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Important aspects of the POS analysis are the following: 

- All plant operating modes and specific outage types are considered; 

- Plant conditions which are important for the PSA are divided into mutually exclusive 

POSs based on operational plant system configurations and their unique impacts on plant 

response; 

- For each POS all important conditions that may affect the core/fuel damage frequency are 

defined; 

- POSs are grouped in a consistent manner such that any POS in the group may be 

represented by the characteristics of the POS selected as the POS group representative; 

- For each POS group the important attributes are well characterized (e.g. the relationship 

between decay heat level, reactor water level and pressure, the systems available for decay 

heat removal, etc.); 

- For multiunit PSAs the possibility that each reactor unit may be in a different POS at the 

time of the initiating event need to be considered and a represent set of combinations of 

POSs are selected consistent with plant operations and maintenance practices. 

 

4.2. POS ANALYSIS TASKS AND THEIR ATTRIBUTES 

The main tasks for the PSA element ‘POS Analysis’ are listed in Table 4.1. Tables 4.2-A 

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

TABLE 4.1 MAIN TASKS FOR POS ANALYSIS 

Task ID Task Content 

OS-A Identification of POSs 

OS-B POS grouping 

OS-C Estimation of POS frequencies and durations 

OS-D Documentation  
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5. PSA ELEMENT ‘HE’:  HAZARD EVENTS ANALYSIS  

5.1. MAIN OBJECTIVES 

The analysis of hazard events refers to the process of starting with a consideration of all 

possible hazards to the plant and taking it to the point where the specific events that will be 

incorporated into the PSA model have been determined and their frequencies determined. In 

order to do this, there needs to be an understanding of the difference and relationship between 

hazards, hazard groups, hazard events, and initiating events. In accordance with SSG-3, this 

section treats the following types of plant hazards: 

• Internal hazards, including, but not limited to: 

o Internal fires 

o Internal floods 

• External hazards, including 

o Seismic 

o External flood 

o High winds 

o Human-induced hazards 

The section covers the following aspects of the hazards analysis. 

• Identification of the hazards to be considered; 

• Screening hazards of low potential risk at the specific site; 

• Defining the hazard events to be included in the detailed PSA; 

• Defining scenarios for internal fires and floods; 

• Determining the frequency of the hazard events. 

“Hazard group” refers to a collection of hazards that are assessed in the PSA using a common 

approach, methods, and data, while a “hazard” is the specific phenomenon that puts the plant 

at risk. A hazard group may consist of a single hazard (e.g. internal fires or seismic events) 

such that the hazard group and hazard are synonymous,
4
 or multiple hazards (e.g. an internal-

events hazard group, which includes transients and loss of coolant accident (LOCA) hazards; 

or a high-wind hazard group, which includes hurricane, tornado, and straight-wind hazards). 

In this context, the hazard is the phenomenon; the hazard event is an occurrence of the 

phenomenon of a specific severity that could possibly result in a plant trip and, in many cases, 

other damage. The initiating event is the specific plant perturbation that challenges plant 

control and safety systems. 

                                                
4
 In theory, if every individual hazard had to be analyzed using a different approach, method, or data, then there would 

be no rationale to have hazard groups. However, this is not the case in reality.  There are multiple individual hazards that can be analyzed 
using the same approach, data and methods, so grouping allows them to be analyzed in an integrated fashion and to meet each 
attribute in a similar manner. 
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In general, there is a range of hazard events associated with any given hazard, and, for 

analysis purposes, the range can be divided into bins characterized by their severity. Hazard 

events of different severity can result in different initiating events. 

The terms “hazard event” and “initiating event” are not synonymous. Rather, a hazard event is 

identified as the cause of an initiating event by virtue of the effect it has on the plant. The 

assessment of the effect on the plant defines the reason for the plant trip as well as any 

additional failures, and provides the starting point for the analysis of the plant response. 

Therefore, in keeping with the definition of initiating event, for the occurrence of a given 

hazard event, the initiating event (or events, as more than one outcome may be possible) is 

(are) a perturbation to the steady state operation of the plant that challenges plant control and 

safety systems whose failure could potentially lead to core/fuel damage. For example, 

consider the earthquake hazard group, which involves only one hazard, i.e. earthquakes are 

the hazard and also the hazard group. This hazard (earthquakes) can be defined in terms of a 

range of seismic events (e.g. 0.1g, 0.3g, 0.5g, >0.75g) and their associated spectral shapes and 

time histories. 

• A manual scram may be an initiating event for the 0.1g earthquake; 

• A loss of off-site power (LOOP) is often assumed as the initiating event for the 0.3g 

and 0.5g earthquakes; 

• A LOCA may be the initiating event for very large (>0.75g) earthquakes. 

These assessments would be made based on an assessment of their impact on the plant. For 

example, for a 0.1g seismic event, the likelihood of any physical damage resulting in an 

automatic trip is small; for 0.3g and 0.5g seismic events, the most likely effect may be 

damage to the switchyard or the transmission system; and for a >0.75g seismic event, in 

addition to a LOOP, there may be a significant likelihood of failure of vessel or piping 

anchorage. A [hazard] event can be associated with multiple initiating events (each with a 

conditional probability of occurrence), so that a 0.3g seismic event might result in a manual 

scram, a LOOP, a LOCA, or a combination of a LOOP and a LOCA, each with an associated 

conditional probability, which, when combined with the [hazard] event frequency, provides 

the corresponding initiating event frequency. 

It is even possible that a [hazard] event would not result in an initiating event (i.e. there would 

be no perturbation of the plant operation). For example, a plant may automatically trip 

(initiating event), may be manually tripped (initiating event), or may continue (no initiating 

event) to operate through a hurricane event. These examples highlight why the distinction 

between “hazard event” and “initiating event” is important and must be maintained. 
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The hazard events analysis is a highly iterative, multipurpose task, which provides the basis 

for expanding the PSA beyond the baseline of internal events and ensures completeness of 

treatment of all the hazards that can potentially contribute to the frequency of core/fuel 

damage. The risk profile can be incomplete and distorted if hazards that provide a significant
5
 

contribution to the total core/fuel damage frequency are omitted.  

Alternately, there is great potential for expenditures of effort through detailed analysis of 

hazards that do not improve the understanding of the dominant contributors to core/fuel 

damage frequency.  

Therefore, the identification of which hazards do not provide a significant contribution to the 

total core/fuel damage frequency is also important. Since internal events are the baseline for 

any PSA, this Chapter does not apply to internal events. The identification of hazard events 

associated with internal events is accomplished starting with Chapter 6. 

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

- to identify a complete set of the hazards that have the potential to cause any initiating 

events applicable to the type of reactor
6
 (i.e. interrupt normal plant operation and that 

require successful mitigation to prevent core/fuel damage), so that no significant 

contributor to core/fuel damage is omitted; 

- to screen out hazards whose contribution to plant risk is small, so that analysis effort is not 

applied in an unproductive manner; 

- to group hazards to facilitate the efficient definition of hazard events, modelling of plant 

response and hazard event frequency assessment while providing sufficient resolution 

regarding modelling of accident sequences; 

- for multiunit PSAs, to facilitate the identification and grouping of hazards in a manner 

that enables the distinction to be made between initiating events impacting single reactor 

units independently and multiple reactor units concurrently. 

- to define the range of hazard events that can be caused by the unscreened hazards in each 

hazard group; 

- to address the treatment of correlated hazard events; and  

- to provide estimates for the frequencies of the hazard events using information available 

and associated estimation techniques. 

Important aspects of the HE analysis are the following: 

• Hazard identification is correct and complete; 

• Hazard screening is done using defined criteria and methods; 

                                                
5
 There are many ways to define the meaning of “significant” when referring to the contribution to core/fuel damage 

frequency.  Screening criteria have been defined in the attributes below that provide a reasonable practical limit on what 
should be considered “significant” hazards. 
6
 The intent here is to start with a complete list of all hazards that could cause an initiating event at any reactor of the given 

type at any location (site).  Screening certain hazards based on site-specific considerations is done later.  This is made clear 
by the attributes. 
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• Hazard event definition is correct and complete (i.e. that the PSA model will include 

all of the hazard events that have a significant contribution to core/fuel damage 

frequency in a realistic manner); 

• Hazards are grouped in a consistent manner such that any associated hazard events 

developed for the group have the same or less impact on plant SSCs as the hazard 

event used to represent that group for further modelling; 

• Methods used for the estimation of the hazard event frequencies are clearly 

distinguished for the cases when: 

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

information. When generic statistical information is used, estimation will take 

into account site-specific conditions in the application of that information. 

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

methods (e.g. use of applicable physical models, etc.); 

• Uncertainties in the hazard event frequencies are understood, evaluated, accounted for, 

and documented. 

5.2. HAZARD EVENTS ANALYSIS TASKS AND THEIR ATTRIBUTES 

The main tasks for the PSA element ‘HE Analysis’ are listed in Table 5.1. Tables 5.2-A 

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

TABLE 5.1 MAIN TASKS FOR HE ANALYSIS 

Task ID Task Content 

HE-A Identification of potential hazards 

HE-B Hazard screening and final hazards list identification 

HE-C Characterization of hazard events for all hazards 

HE-D Characterization of hazard events for internal fires 

HE-E Characterization of hazard events for internal floods 

HE-F Characterization of hazard events for seismic 

HE-G Frequency of hazard events for all hazards 

HE-H Frequency of hazard events for internal fires 

HE-I Frequency of hazard events for internal floods 

HE-J Frequency of hazard events for seismic 

HE-K Fire scenario development 

HE-L Flood scenario development 

HE-M Documentation  
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tu

re
s,
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n
 p

ar
ti

cu
la

r 
th

e 

d
at

a 
so

u
rc

es
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n
d
 d

es
ig

n
 i
n

fo
rm

at
io

n
 r

el
ev

an
t 

to
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n
al

yz
in

g
 t
h

em
. 
T

h
er

ef
o
re

, 
it

 i
s 

ty
p
ic

al
 

th
at

 t
h

es
e 

w
o
u
ld

 b
e 

p
la

ce
d
 i

n
 a

 s
in

g
le

 h
az

ar
d
 g

ro
u
p
 c

al
le

d
 “

h
ig

h
 w

in
d
s.

” 
 

C
O

M
M

E
N

T
: 

F
o
r 

th
e 

h
az

ar
d
s 

g
ro

u
p
s 

th
at

 i
n

cl
u
d
e 

se
v
er

al
 h

az
ar

d
s 

th
e 

re
p
re

se
n

ta
ti

v
e 

h
az

ar
d
 f

o
r 

th
e 

g
ro

u
p
 s

h
o
u
ld

 h
av

e 
th

e 
m

o
st

 r
es

tr
ic

ti
v
e 

fe
at

u
re

s 
o
f 

ea
ch

 h
az

ar
d
 i
n
 t

h
e 

g
ro

u
p
. 
T

h
e 

g
ro

u
p
in

g
 o

f 
th

e 
h

az
ar

d
s 

n
ee

d
s 

to
 b

e 
p
er

fo
rm

ed
 a

ft
er

 t
h

e 
sc

re
en

in
g
 p

ro
ce

ss
 

is
 c

o
m

p
le

te
d
. 

E
X

A
M

P
L

E
: 

T
h

is
 i

s 
n

o
t 

al
w

a
ys

 a
s 

si
m

p
le

 a
s 

it
 s

ee
m

s.
 T

h
e 

re
p
re

se
n
ta

ti
v
e 

h
az

ar
d
 m

ay
 

d
if

fe
r 

o
v
er

 t
h

e 
fr

eq
u
en

cy
 r

an
g
e 

o
f 

in
te

re
st

. 
T

h
is

 m
ay

 n
ee

d
 t

o
 b

e 
ad

d
re

ss
ed

 d
u
ri

n
g
 t
h

e 

h
az

ar
d
 a

n
al

ys
is

. 
F

o
r 

ex
am

p
le

, 
fo

r 
h
ig

h
 w

in
d
s 

th
e 

lo
w

er
 w

in
d
 s

p
ee

d
 f

re
q
u
en

ci
es

 m
ay

 

b
e 

d
o
m

in
at

ed
 b

y 
st

ra
ig

h
t 

w
in

d
s,

 t
h

e 
m

id
d
le

 r
an

g
e 

b
y 

h
u
rr

ic
an

es
, 
an

d
 t

h
e 

u
p
p
er

 r
an

g
e 

b
y 

to
rn

ad
o
s.

 T
h
is

 w
o
u
ld

 n
ee

d
 t

o
 b

e 
co

n
si

d
er

ed
. 
T

h
is

 d
o
es

 n
o
t 

m
ea

n
 t

h
at

 t
h

e 
h

az
ar

d
s 

ca
n
n

o
t 

b
e 

g
ro

u
p
ed

, 
b
u
t 
ra

th
er

 t
h

at
 c

ar
e 

n
ee

d
s 

to
 b

e 
ta

k
en

 t
o
 p

ro
p
er

ly
 s

el
ec

t 
th

e 
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S
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tt
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ta
li

cs
) 

R
at

io
n

al
e/

C
o
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en

ts
/E

x
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p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

re
p
re

se
n

ta
ti

v
e 

h
az

ar
d
 e

v
en

t 
ch

ar
ac

te
ri

st
ic

s 
fo

r 
ea

ch
 l

ev
el

 o
f 

se
v
er

it
y 

w
it

h
in

 t
h

e 
g
ro

u
p
. 

O
f 

co
u
rs

e,
 i

f 
th

e 
w

in
d
 s

p
ee

d
 d

at
a 

is
 h

is
to

ri
ca

l 
an

d
 i

t 
ag

g
re

g
at

es
 a

ll
 d

at
a 

(r
eg

ar
d
le

ss
 o

f 

so
u
rc

e 
o
f 

w
in

d
 s

p
ee

d
),

 t
h

is
 i

s 
co

v
er

ed
 a

n
d
 t

h
e 

se
le

ct
io

n
 o

f 
th

e 
re

p
re

se
n

ta
ti

v
e 

ev
en

t 

b
ec

o
m

es
 s

im
p
le
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H
E
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0
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T

h
e 

n
ec

es
sa

ry
 i

n
fo

rm
at

io
n

 r
el

at
iv

e 
to

 e
ac

h
 h

az
ar

d
 g

ro
u
p
 i

s 
o
b
ta

in
ed

 
E

X
A

M
P

L
E

S
: 

In
fo

rm
at

io
n
 c

o
ll

ec
ti

o
n

 f
o
r 

th
e 

h
az

ar
d
 g

ro
u
p
 “

h
ig

h
 w

in
d
s”

 c
o
u
ld

 i
n

cl
u
d
e:

 

−
 

M
et

eo
ro

lo
g
ic

al
 i
n

fo
rm

at
io

n
 o

n
 m

ax
im

u
m

 c
re

d
ib

le
 w

in
d
 s

p
ee

d
s 

fo
r 

v
ar

io
u
s 

w
in

d
 

ev
en

ts
 (

b
o
th

 a
v
er

ag
e 

an
d
 g

u
st

);
 

−
 

A
n

y 
av

ai
la

b
le

 i
n

fo
rm

at
io

n
 o

n
 r

et
u
rn

 i
n
te

rv
al

s 
fo

r 
v
ar

io
u
s 

d
if

fe
re

n
t 

m
ag

n
it

u
d
es

 o
f 

th
e 

ab
o
v
e 

ev
en

ts
; 

−
 

L
o
ca

ti
o
n
 a

n
d
 c

h
ar

ac
te

ri
st

ic
s 

o
f 

it
em

s 
th

at
 c

o
u
ld

 b
ec

o
m

e 
w

in
d
-g

en
er

at
ed

 m
is

si
le

s 

(e
.g

. 
u
ti

li
ty

 p
o
le

s)
; 

−
 

L
o
ca

ti
o
n
 a

n
d
 d

es
ig

n
 o

f 
an

y 
w

in
d
 b

re
ak

s 
or

 m
is

si
le

 s
h

ie
ld

s 
th

at
 w

o
u
ld

 p
ro

te
ct

 

st
ru

ct
u
re

s 
fr

o
m

 d
am

ag
e;

 

−
 

D
es

ig
n
 c

ap
ac

it
y 

o
f 

st
ru

ct
u
re

s 
fo

r 
re

si
st

an
ce

 t
o
 w

in
d
 f

o
rc

es
 (

m
ax

im
u
m

 g
u
st

 a
n
d
 

m
ax

im
u
m

 s
u
st

ai
n

ed
 w

in
d
).

 

In
fo

rm
at

io
n
 c

o
ll

ec
ti

o
n

 f
o
r 

th
e 

h
az

ar
d
 g

ro
u
p
 “

tr
an

sp
or

ta
ti

on
 a

cc
id

en
ts

” 
co

u
ld

 i
n

cl
u
d
e:

 

−
 

Id
en

ti
fy

 a
ll

 a
ir

p
o
rt

s 
w

it
h

in
 3

4
 k

il
o
m

et
re

s 
o
f 

p
la

n
t 

si
te

. 
F

o
r 

th
o
se

 a
ir

p
or

ts
, 
p
ro

v
id

e 

es
ti

m
at

es
 o

f 
th

e 
ye

ar
ly

 n
u
m

b
er

 o
f 

ta
k
e-

o
ff

s 
an

d
 l

an
d
in

g
s,

 t
yp

ic
al

 f
li

g
h

t 
p
at

h
s,

 a
n

d
 

ty
p

e 
o
f 

ai
rc

ra
ft

. 
T

h
e 

ta
k
e-

o
ff

 a
n

d
 l

an
d
in

g
 c

ra
sh

 r
at

e 
m

ay
 b

e 
si

g
n
if

ic
an

tl
y 

d
if

fe
re

n
t 

fr
o
m

 t
h

e 
in

-f
li

g
h
t 

cr
as

h
 r

at
e;

 

−
 

Id
en

ti
fy

 c
o
m

m
o
n
 f

li
g
h

t 
p
at

h
s 

o
f 

ai
rc

ra
ft

 i
n
 t

h
e 

v
ic

in
it

y 
o
f 

th
e 

p
la

n
t 

si
te

 f
o
r 

ai
rc

ra
ft

 

n
o
t 

in
 t

ak
e-

o
ff

 o
r 

la
n

d
in

g
. 

P
ro

v
id

e 
es

ti
m

at
es

 o
f 

n
u
m

b
er

 a
n

d
 t

y
p
e 

o
f 

ai
rc

ra
ft

 u
si

n
g
 

th
o
se

 f
li

g
h

t 
p
at

h
s 

ea
ch

 y
ea

r;
 

−
 

G
en

er
ic

 c
ra

sh
 r

at
e 

d
at

a 
fo

r 
th

e 
ai

rc
ra

ft
 o

f 
in

te
re

st
; 

−
 

In
fo

rm
at

io
n
 o

n
 a

u
to

m
o
b
il

e 
an

d
 r

ai
l 

tr
af

fi
c 

o
n

 s
it

e,
 i
n

cl
u
d
in

g
 t
y
p
e 

o
f 

v
eh

ic
le

 a
n

d
 

co
n

te
n

ts
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L
im

it
 t

o
 l
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g
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v
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ic
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p
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f 
d
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ag
in

g
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d
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u
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b
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r 
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n
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x
p
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v
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r 

h
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m
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l.
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n
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d
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e 
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d
 c

o
n
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n
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d
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p
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at
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n
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b
u
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−
 

In
fo

rm
at

io
n
 o

n
 a

u
to

m
o
b
il

e 
an

d
 r

ai
l 

tr
af

fi
c 

n
ea

r 
th

e 
si

te
 w

h
er

e 
th

e 
v
eh

ic
le

 c
o
n

ta
in

s 

ex
p
lo

si
v
e 

o
r 

h
az

ar
d
o
u
s 

m
at

er
ia

l.
 D

ef
in

it
io

n
 o

f 
“n

ea
r 

th
e 

si
te

” 
n

ee
d
 t

o
 b

e 
b
as

ed
 o

n
 

w
h

et
h

er
 a

 r
es

u
lt

in
g
 e

x
p
lo

si
o
n

 c
o
u
ld

 g
en

er
at

e 
h
az

ar
d
o
u
s 

fo
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e 
at

 t
h

e 
si

te
 o

r 
a 

re
le
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e 

o
f 

h
az

ar
d
o
u
s 

m
at
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l 
co

u
ld
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en

er
at

e 
d
an

g
er

o
u
s 
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n

ce
n

tr
at

io
n

s 
on

 t
h

e 
si

te
; 

−
 

D
es

ig
n
 c

ap
ac

it
y 

o
f 

st
ru

ct
u
re

s 
fo

r 
ex

p
o
su

re
 t

o
 e

x
p
lo

si
o
n

 (
m

ax
im

u
m

 p
ea

k
 

o
v
er

p
re

ss
u
re

 a
n
d
 o

v
er

p
re

ss
u
re

 t
im

e 
h
is

to
ry

).
 T

h
is

 i
n

fo
rm

at
io

n
 a

ls
o
 a

p
p
li

ca
b
le

 t
o
 

ev
al

u
at

io
n
 o

f 
n

ea
rb

y 
fa

ci
li

ty
 a

cc
id

en
ts

; 

−
 

D
es

ig
n
 f

ea
tu

re
s 

to
 p

re
v
en

t 
in

g
re

ss
 o

f 
h

az
ar

d
o
u
s 

g
as

se
s 

in
to

 p
la

n
t 

b
u
il

d
in

g
s 

(e
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in
ta

k
e 

fi
lt

ra
ti

o
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 s

y
st
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s)
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T

h
is

 i
n
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at
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n
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o
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p
p
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ca
b
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o
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v
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u
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n
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n
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y 
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n
d
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ar
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u
s 

m
at
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n
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Q

u
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at
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e 

sc
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en
in

g
 c

ri
te
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a 
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p
li

ed
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o
 e

ac
h
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az
ar

d
 w

it
h

in
 e

ac
h
 h

az
ar

d
 

g
ro

u
p
 t

o
 d

et
er

m
in

e 
if

 t
h

e 
h
az

ar
d
 c

an
 b

e 
sc

re
en

ed
 o

u
t 

fr
o
m

 f
u
rt

h
er

 

an
al

ys
is

 a
re

 d
ef

in
ed

 i
n
 t

h
e 

w
a
y 

th
at

 o
n
ly

 r
is

k
 n

eg
li

g
ib

le
 h

az
ar

d
s 

ar
e 

sc
re

en
ed

 o
u
t.

 I
f 

al
l 
h

az
ar

d
s 

in
 a

 h
az

ar
d
 g

ro
u
p
 c

an
 b

e 
sc

re
en

ed
, 
th

en
 t

h
e 

en
ti

re
 h

az
ar

d
 g

ro
u
p
 c

an
 b

e 
sc

re
en

ed
. 
T

h
es

e 
cr

it
er

ia
 a

re
 r

es
tr

ic
ti

v
e 

su
ch

 

th
at

 t
h

at
 t
h

ey
 c

an
 b

e 
ju

st
if

ie
d
 t

o
 b

e 
ap

p
li

ed
 t

o
 i

n
d
iv

id
u
al

 h
az

ar
d
s 

w
it

h
o
u
t 

co
n

si
d
er

at
io

n
 o

f 
p
o
ss

ib
le

 c
o
rr

el
at

ed
 h

az
ar

d
s 

(c
o
rr

el
at

ed
 h

az
ar

d
s 

ar
e 

th
e 

su
b
je

ct
 o

f 
a 

la
te

r 
at

tr
ib

u
te

).
 

C
O

M
M

E
N

T
S

: 
T

h
e 

fo
ll

o
w

in
g
 q

u
al

it
at

iv
e 

sc
re

en
in

g
 c

ri
te

ri
a 

ar
e 

ty
p
ic

al
ly

 a
p
p
li

ed
: 

a)
 

T
h

e 
o
cc

u
rr

en
ce

 o
f 

th
e 

h
az

ar
d
 w

il
l 
n

o
t 

le
ad

 t
o
 a

n
 i

n
it

ia
ti

n
g
 e

v
en

t 
an

d
/o

r 

d
eg

ra
d
at

io
n
 o

f 
a 

sa
fe

ty
 s

ys
te

m
. 

T
h
is

 c
ri

te
ri

o
n

 i
s 

ap
p
li

ed
 o

n
ly

 i
n

 c
as

es
 w

h
er

e 
th

e 

co
n

cl
u
si

o
n

 i
s 

in
d
ep

en
d
en

t 
o
f 

th
e 

se
v
er

it
y 

o
f 

th
e 

h
az

ar
d
 (

i.
e.

 w
h

er
e 

an
y 

se
v
er

it
y 

o
f 

th
e 

h
az

ar
d
 w

il
l 
n

o
t 

le
ad

 t
o
 a

n
 i

n
it

ia
ti

n
g
 e

v
en

t)
. 

F
o
r 

th
at

 r
ea

so
n
, 

fo
r 

ex
te

rn
al

 

h
az

ar
d
s 

th
is

 c
ri

te
ri

on
 i

s 
o
n
ly

 a
p
p
li

ed
 t

o
 h

az
ar

d
s 

th
at

 a
re

 n
o
t 

ap
p
li

ca
b
le

 t
o
 t
h

e 

sp
ec

if
ic

 p
la

n
t 

(e
.g

. 
ca

n
n

o
t 

o
cc

u
r 

cl
o
se

 e
n

o
u
g
h

 t
o
 t

h
e 

p
la

n
t 

to
 a

ff
ec

t 
it

).
 

b
) 

T
h

e 
h

az
ar

d
 i

s 
sl

o
w

 t
o
 d

ev
el

o
p
 a

n
d
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h

er
e 

is
 s

u
ff
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n
t 
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m

e 
to

 p
re

v
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t 
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az

ar
d
 

fr
o
m

 a
ff

ec
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n
g
 t
h

e 
p
la

n
t 

an
d
 i

t 
ca

n
 b

e 
sh

o
w

n
 t

h
at

 i
t 

is
 f

ea
si

b
le

 w
it

h
in

 t
h

e 
ti

m
e 

av
ai

la
b
le

 t
o
 p

re
p
ar

e 
an

d
 i

m
p
le

m
en

t 
a 

re
sp

o
n

se
 t

o
 m

it
ig

at
e 

th
e 

ef
fe

ct
s 

o
f 

th
e 

h
az

ar
d
 w

it
h

 h
ig

h
 c

o
n

fi
d
en

ce
. 

c)
 

T
h

e 
h

az
ar

d
 h

as
 b

ee
n

 i
n

cl
u
d
ed

 i
n
 t

h
e 

d
ef

in
it

io
n
 o

f 
an

o
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ed
 h

az
ar

d
s 

th
at

 s
cr

ee
n
 o

u
t,

 i
f 

su
b
je

ct
ed

 t
o
 d

et
ai

le
d
 r

ea
li

st
ic

 a
ss

es
sm

en
t,

 w
o
u
ld

 n
o
t 

m
ak

e 
a 

si
g
n

if
ic

an
t 

co
n

tr
ib

u
ti

o
n
 t

o
 t
h

e 
to

ta
l 

ag
g
re

g
at

ed
 r

is
k
 f

o
r 

th
e 

ri
sk

 m
et

ri
cs

 u
se

d
 i

n
 t
h

e 

P
S

A
. 

T
h

e 
fo

ll
o
w

in
g
 c

ri
te

ri
a 

ar
e 

ty
p
ic

al
ly

 a
p
p
li

ed
. 
 

B
a
se

d
 o

n
 d

e
si

g
n

 b
a
si

s 
h

a
z
a
r
d

 e
v
e
n

t 
c
o
r
e/

fu
e
l 

d
a
m

a
g
e 

fr
e
q

u
e
n

c
y
 a

n
d

 

la
r
g
e
 e

a
r
ly

 r
e
le

a
se

 f
re

q
u

e
n

c
y
 

1
. 

A
n
 i

n
d
iv

id
u
al

 h
az

ar
d
 c

an
 b

e 
sc

re
en

ed
 f

ro
m

 f
u
rt

h
er

 d
et

ai
le

d
 a

n
al

ys
is

 

if
: 

(a
) 

th
e 

p
la

n
t 
h
as

 a
 d

es
ig

n
 b

as
is

 f
o
r 

th
e 

h
az

ar
d
 (

i.
e.

 t
h

er
e 

is
 a

 

R
A

T
IO

N
A

L
E

: 
T

h
e 

fi
rs

t 
tw

o
 q

u
an

ti
ta

ti
v
e 

sc
re

en
in

g
 c

ri
te

ri
a 

ar
e 

b
as

ed
 o

n
 t

h
e 

co
n

ce
p
t 

th
at

 a
n

 S
S

C
 d

es
ig

n
ed

 f
o
r 

a 
sp

ec
if

ic
 d

es
ig

n
 b

as
is

 h
az

ar
d
 e

v
en

t 
w

il
l 

n
o
t 

fa
il

 w
h

en
 

su
b
je

ct
ed

 t
o
 t

h
at

 s
p
ec

if
ic

 e
v
en

t 
se

v
er

it
y 

an
d
 t
h

at
 d

es
ig

n
 c

ri
te

ri
a 

ar
e 

su
ff

ic
ie

n
tl

y 

co
n

se
rv

at
iv

e 
th

at
 t
h

e 
S

S
C

 h
as

 m
ar

g
in

 a
b
o
v
e 

th
at

 s
ev

er
it

y 
(i

.e
. 
th

e 
se

v
er

it
y 

w
il

l 
h
av

e 
to

 

ex
ce

ed
 t

h
e 

d
es

ig
n

 b
as

is
 h

az
ar

d
 e

v
en

t 
se

v
er

it
y 

an
d
 t

h
er

e 
is

 n
o
 “

fa
il

u
re

 c
li

ff
” 

ju
st

 a
b
o
v
e 

th
at

 s
ev

er
it

y)
. 

T
h

e 
n
u
m

er
ic

al
 s

cr
ee

n
in

g
 c

ri
te

ri
a 

fo
r 

co
rr

el
at

ed
 h

az
ar

d
s 

is
 s

et
 a

t 
o
n

e 

o
rd

er
 o

f 
m

ag
n

it
u
d
e 

b
el

o
w

 t
h

at
 f

o
r 

in
d
iv

id
u
al

 e
v
en

ts
 b

ec
au

se
 t

h
e 

S
S

C
s,

 w
h

il
e 

th
ey

 m
ay

 

b
e 

d
es

ig
n

ed
 f

o
r 

ea
ch

 e
v
en

t,
 a

re
 n

o
t 

d
es

ig
n

ed
 f

o
r 

b
o
th

 e
v
en

ts
 a

t 
th

e 
sa

m
e 

ti
m

e 
an

d
 s

o
 

th
e 

m
ar

g
in

 i
s 

p
o
te

n
ti

al
ly

 m
u
ch

 l
o
w

er
. 

T
h

e 
la

st
 t

w
o
 c

ri
te

ri
a 

re
q
u
ir

e 
m

o
re

 a
n
al

y
si

s 
b
ec

au
se

 t
h

ey
 c

an
 b

e 
ap

p
li

ed
 t

o
 c

as
es

 w
h

er
e 

th
er

e 
is

 n
o
t 

sp
ec

if
ic

 d
es

ig
n

 b
as

is
 h

az
ar

d
 e

v
en

t 
fo

r 
th

e 
h
az

ar
d
. 
T

h
e 

in
te

n
t 

in
 t

h
e 

u
se

 o
f 

th
es

e 
cr

it
er

ia
 t

h
at

 t
h

e 
sc

re
en

in
g
 a

n
al

ys
is

 b
e 

su
ff

ic
ie

n
tl

y 
b
o
u
n
d
in

g
 o

r 
co

n
se

rv
at

iv
e 

to
 

en
su

re
 t

h
at

 i
f 

th
e 

h
az

ar
d
s 

w
er

e 
su

b
je

ct
ed

 t
o
 d

et
ai

le
d
 r

ea
li

st
ic

 a
n

al
ys

is
, 

th
e 

co
n

tr
ib

u
ti

o
n
 

to
 t

h
e 

to
ta

l 
ag

g
re

g
at

ed
 r

is
k
 w

o
u
ld

 n
o
t 

b
e 

si
g
n

if
ic

an
t.

 T
h

es
e 

cr
it

er
ia

 a
re

 s
o
m

ew
h

at
 m

o
re
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T
as

k
 /

 G
A

 
C

h
ar

ac
te

ri
za

ti
on

 o
f 

T
as

k
/G

en
er

al
 A

tt
ri

b
u
te

s 

Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

d
ef

in
ed

 d
es

ig
n

 b
as

is
 h

az
ar

d
 e

v
en

t)
 a

n
d
 (

b
) 

(f
re

q
u
en

cy
 o

f 
th

e 
d
es

ig
n
 

b
as

is
 h

az
ar

d
 e

v
en

t)
 x

 C
C

D
P

/C
F

D
P

 (
C

L
E

R
P

) 
<

 α
%

 o
f 

th
e 

in
te

rn
al

 

ev
en

ts
 C

D
F

/F
D

F
 (

L
E

R
F

),
  

W
h

er
e:

  

C
C

D
P

/C
F

D
P

 (
C

L
E

R
P

) 
is

 c
al

cu
la

te
d
 a

ss
u
m

in
g
 a

ll
 S

S
C

s 
th

at
 a

re
 n

o
t 

d
es

ig
n

ed
 f

o
r 

th
e 

d
es

ig
n
 b

as
is

 h
az

ar
d
 e

v
en

t 
fa

il
; 

α
 -

 t
h

e 
p
ar

am
et

er
 o

f 
th

e 
sc

re
en

in
g
 c

ri
te

ri
a 

re
p
re

se
n

ti
n

g
 t

h
e 

co
n

tr
ib

u
ti

o
n
 t

o
 t
h

e 
o
v
er

al
l 

C
D

F
/F

D
F

 (
L

E
R

F
) 

o
f 

th
e 

in
d
iv

id
u
al

 

h
az

ar
d
. 

2
. 

C
o
rr

el
at

ed
 h

az
ar

d
s 

ca
n
 b

e 
sc

re
en

ed
 f

ro
m

 f
u
rt

h
er

 d
et

ai
le

d
 a

n
al

y
si

s 
if

 

(a
) 

th
e 

p
la

n
t 

h
as

 a
 d

es
ig

n
 b

as
is

 f
o
r 

b
o
th

 h
az

ar
d
s 

an
d
 (

b
) 

(f
re

q
u
en

cy
 

o
f 

th
e 

co
rr

el
at

ed
 d

es
ig

n
 b

as
is

 h
az

ar
d
 e

v
en

ts
) 

x
 C

C
D

P
/C

F
D

P
 

(C
L

E
R

P
) 

<
 β

%
 o

f 
th

e 
in

te
rn

al
 e

v
en

ts
 C

D
F

/F
D

F
 (

L
E

R
F

).
 

W
h

er
e:

  

th
e 

p
la

n
t 

C
C

D
P

/C
F

D
P

 (
C

L
E

R
P

) 
is

 c
al

cu
la

te
d
 a

ss
u
m

in
g
 a

ll
 S

S
C

s 

th
at

 a
re

 n
o
t 

d
es

ig
n

ed
 e

it
h

er
 d

es
ig

n
 b

as
is

 h
az

ar
d
 e

v
en

t 
fa

il
; 

β
 -

 t
h

e 
p
ar

am
et

er
 o

f 
th

e 
sc

re
en

in
g
 c

ri
te

ri
a 

re
p
re

se
n
ti

n
g
 t

h
e 

co
n

tr
ib

u
ti

o
n
 t

o
 t
h

e 
o
v
er

al
l 

C
D

F
/F

D
F

 (
L

E
R

F
) 

o
f 

th
e 

co
rr

el
at

ed
 

h
az

ar
d
. 

B
a
se

d
 o

n
 o

v
e
r
a
ll

 c
o
r
e/

fu
e
l 

d
a
m

a
g
e 

fr
e
q

u
e
n

c
y
 

3
. 

A
n
 i

n
d
iv

id
u
al

 h
az

ar
d
 c

an
 b

e 
sc

re
en

ed
 f

ro
m

 f
u
rt

h
er

 d
et

ai
le

d
 a

n
al

ys
is

 

if
 a

 b
o
u
n

d
in

g
 o

r 
d
em

o
n

st
ra

b
ly

 c
o
n

se
rv

at
iv

e 
es

ti
m

at
e 

o
f 

C
D

F
/F

D
F

 

(L
E

R
F

) 
o
v
er

 t
h

e 
fu

ll
 r

an
g
e 

o
f 

h
az

ar
d
 e

v
en

t 
se

v
er

it
y 

is
 l

es
s 

th
an

 α
%

 

o
f 

th
e 

in
te

rn
al

 e
v
en

ts
 C

D
F

/F
D

F
. 

4
. 

C
o
rr

el
at

ed
 h

az
ar

d
s 

ca
n
 b

e 
sc

re
en

ed
 f

ro
m

 f
u
rt

h
er

 d
et

ai
le

d
 a

n
al

y
si

s 
if

 

a 
b
o
u
n

d
in

g
 o

r 
d
em

on
st

ra
b
ly

 c
o
n

se
rv

at
iv

e 
es

ti
m

at
e 

o
f 

C
D

F
/F

D
F

 

(L
E

R
F

) 
o
v
er

 t
h

e 
fu

ll
 r

an
g
e 

o
f 

h
az

ar
d
 e

v
en

t 
se

v
er

it
y 

is
 l

es
s 

th
an

 

1
0
%

 o
f 

th
e 

in
te

rn
al

 e
v
en

ts
 C

D
F

/F
D

F
 (

L
E

R
F

).
 

T
h

e 
ca

lc
u
la

te
d
 v

al
u
es

 t
h
at

 r
es

u
lt

 f
ro

m
 t
h

e 
q
u
an

ti
ta

ti
v
e 

sc
re

en
in

g
 p

ro
ce

ss
 

ar
e 

re
ta

in
ed

 i
n

 t
h

e 
re

su
lt

s 
o
f 

th
e 

P
S

A
 

re
st

ri
ct

iv
e 

in
 t
h

e 
an

al
yt

ic
al

 s
en

se
 b

ec
au

se
 i

n
 t

h
e 

ab
se

n
ce

 o
f 

a 
d
es

ig
n
 b

as
is

 f
o
r 

th
e 

h
az

ar
d
 t

h
er

e 
ca

n
 b

e 
n

o
 p

re
sc

ri
b
ed

 t
h
re

sh
o
ld

 f
o
r 

th
e 

o
cc

u
rr

en
ce

 o
f 

d
am

ag
e 

to
 a

n
 S

S
C

. 

E
it

h
er

 t
h

e 
h
az

ar
d
 f

re
q
u
en

cy
 m

u
st

 b
e 

so
 l

o
w

 t
h
at

 t
h

e 
d
es

ig
n

 o
f 

th
e 

S
S

C
s 

d
o
es

 n
o
t 

re
al

ly
 

m
at

te
r 

o
r 

so
m

e 
an

al
ys

is
 o

f 
p
la

n
t 

re
sp

o
n

se
 m

u
st

 b
e 

p
er

fo
rm

ed
 i

n
 o

rd
er

 t
o
 s

u
p
p
o
rt

 a
 

p
o
si

ti
o
n

 t
h

at
 t
h

e 
p
la

n
t 

ca
n
 h

an
d
le

 t
h

e 
h
az

ar
d
 s

u
ff

ic
ie

n
tl

y.
 H

o
w

ev
er

, 
th

e 
o
rd

er
 o

f 

m
ag

n
it

u
d
e 

d
if

fe
re

n
ce

 b
et

w
ee

n
 t

h
e 

cr
it

er
io

n
 f

o
r 

an
 i

n
d
iv

id
u
al

 h
az

ar
d
 v

er
su

s 
co

rr
el

at
ed

 

h
az

ar
d
s 

is
 n

o
t 
re

q
u
ir

ed
 i
n

 t
h
is

 c
as

e 
b
ec

au
se

 t
h

e 
C

D
F

 e
st

im
at

e 
is

 n
o
t 

ju
st

 f
o
r 

th
e 

d
es

ig
n
 

b
as

is
 h

az
ar

d
 e

v
en

t,
 b

u
t 

ra
th

er
 i

n
cl

u
d
es

 b
ey

o
n

d
 d

es
ig

n
 b

as
is

 h
az

ar
d
 e

v
en

ts
. 
T

h
er

ef
o
re

, 

th
e 

C
C

D
P

/C
F

D
P

 w
o
u
ld

 a
lr

ea
d
y 

ac
co

u
n

t 
fo

r 
th

e 
im

p
ac

t 
o
f 

th
e 

co
rr

el
at

ed
 h

az
ar

d
s 

m
o
re

 

th
o
ro

u
g
h

ly
 t

h
an

 u
n

d
er

 c
ri

te
ri

a 
1
 a

n
d
 2

. 
T

h
er

ef
o
re

, 
in

 s
o
m

e 
ca

se
s 

it
 m

ay
 b

e 
b
en

ef
ic

ia
l 

to
 a

p
p
ly

 t
h

es
e 

cr
it

er
ia

 e
v
en

 w
h

er
e 

a 
d
es

ig
n
 b

as
is

 e
x
is

ts
. 

If
 t

h
e 

h
az

ar
d
 h

as
 t
h

e 
p
o
te

n
ti

al
 t

o
 “

co
u
p
le

” 
co

re
/f

u
el

 d
am

ag
e 

to
 l

ar
g
e 

ea
rl

y 
re

le
as

e 
(t

h
at

 

is
, 
in

cr
ea

se
 t

h
e 

p
ro

b
ab

il
it

y 
o
f 

a 
la

rg
e 

ea
rl

y 
re

le
as

e 
g
iv

en
 c

o
re

/f
u
el

 d
am

ag
e 

si
g
n

if
ic

an
tl

y 

ab
o
v
e 

w
h

at
 i

t 
w

o
u
ld

 b
e 

fo
r 

in
te

rn
al

 e
v
en

ts
),

 t
h

en
 t

h
e 

L
E

R
F

 c
ri

te
ri

o
n
 s

h
o
u
ld

 a
ls

o
 b

e 

ap
p
li

ed
. 

It
 w

o
u
ld

 b
e 

p
o
ss

ib
le

 t
o
 r

el
ax

 t
h

es
e 

cr
it

er
ia

 b
y 

re
q
u
ir

in
g
 m

or
e 

ri
g
o
ro

u
s 

an
al

ys
is

, 
b
u
t 

at
 

th
at

 p
o
in

t 
th

e 
an

al
yt

ic
al

 r
eq

u
ir

em
en

ts
 w

o
u
ld

 e
x
ce

ed
 w

h
at

 c
o
u

ld
 r

ea
so

n
ab

ly
 b

e 
ca

ll
ed

 

sc
re

en
in

g
 a

n
d
 i

t 
w

o
u
ld

 b
e 

m
o
re

 p
ro

d
u
ct

iv
e 

to
 p

ro
ce

ed
 t

o
 i

n
co

rp
or

at
in

g
 t

h
e 

h
az

ar
d
 i
n

to
 

th
e 

P
S

A
 a

s 
d
ef

in
ed

 i
n
 H

E
-C

 a
n
d
 H

E
-G

 a
n

d
 t

h
e 

o
th

er
 h

az
ar

d
 P

S
A

 a
tt

ri
b
u
te

s 
in

 t
h

e 
re

st
 

o
f 

th
is

 p
u
b
li

ca
ti

o
n

. 

C
O

M
M

E
N

T
: 

W
it

h
 r

eg
ar

d
 t

o
 c

ri
te

ri
a 

1
 a

n
d
 2

 p
ar

am
et

er
s 
α

 a
n
d
 β

 n
ee

d
 t

o
 b

e 
d
ef

in
ed

 

ta
k
en

 i
n

to
 a

cc
o
u
n

t 
o
v
er

al
l 

C
D

F
/F

D
F

 (
L

E
R

F
) 

an
d
 n

u
m

b
er

 o
f 

h
az

ar
d
s 

ap
p
li

ca
b
le

 t
o
 t

h
e 

si
te

 a
n
d
 t
h

e 
in

st
al

la
ti

on
 e

n
su

ri
n
g
 t
h
at

 t
h

e 
co

n
tr

ib
u
ti

on
 i

s 
su

ff
ic

ie
n

tl
y 

lo
w

 b
o
th

 i
n
 

ab
so

lu
te

 a
n
d
 r

el
at

iv
e 

te
rm

s 
an

d
 r

el
ev

an
t 
re

g
u
la

to
ry

 r
eq

u
ir

em
en

ts
 a

re
 s

at
is

fi
ed

. 
T

yp
ic

al
 

ra
n

g
es

 f
o
r 
α

 a
n

d
 β

: 
1
≤
α

≤
1
0
; 
β

≤
1
. 
C

O
M

M
E

N
T

: 
W

it
h
 r

eg
ar

d
 t

o
 c

ri
te

ri
a 

3
 a

n
d
 4

, 
th

e 

as
se

ss
m

en
t 

o
f 

C
D

F
/F

D
F

 a
d
d
re

ss
es

 f
o
u
r 

as
p
ec

ts
; 

(a
) 

h
az

ar
d
 a

n
al

ys
is

; 
(b

) 
p
la

n
t 

sy
st

em
 

an
d
 s

tr
u
ct

u
ra

l 
re

sp
o
n

se
 a

n
al

ys
is
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an
d
 
m

ay
 

fu
rt

h
er

 
ca

u
se

 
sa

fe
ty

 
sy

st
em

 
fa

il
u
re

s 
o
r 

o
p
er

at
o
r 

er
ro

rs
 
th

at
 
m

ay
 
le

ad
 
to

 
co

re
/f

u
el

 

d
am

ag
e 

o
r 

la
rg

e 
ea

rl
y 

re
le

as
e.

 I
n
te

rn
al

 f
ir

e 
ev

en
ts

 a
re

 g
en

er
al

ly
 d

ef
in

ed
 i

n
 t

er
m

s 
o
f 

lo
ca

ti
o
n

, 
fi

re
 s

o
u
rc

e,
 f

ir
e 

ra
te

, 
o
x

yg
en

 i
n

g
re

ss
, 

p
ro

p
ag

at
io

n
 p

at
h

w
ay

s 
an

d
 p

o
te

n
ti

al
 

ex
te

n
t 

o
f 

d
am

ag
e.

 

R
A

T
IO

N
A

L
E

: 
S

o
m

e 
fi

re
 e

v
en

ts
 c

an
 o

n
ly

 o
cc

u
r 

d
u
ri

n
g
 s

p
ec

if
ic

 P
O

S
s,

 m
ay

 b
e 

m
o
re

 

li
k
el

y,
 o

r 
h
av

e 
a 

h
ig

h
er

 h
ea

t 
re

le
as

e 
ra

te
 (

H
R

R
) 

d
u
ri

n
g
 s

p
ec

if
ic

 P
O

S
s;

 a
n
d
 t
h

is
 m

ay
 

le
ad

 t
o
 t

h
e 

n
ee

d
 o

f 
P

O
S

-s
p
ec

if
ic

 f
ir

e 
ev

en
t 

an
al

ys
is

. 

E
X

A
M

P
L

E
: 

T
h

e 
w

el
d
in

g
 a

ct
iv

it
ie

s 
th

at
 a

re
 t

h
e 

si
g
n

if
ic

an
t 

ca
u
se

 f
o
r 

fi
re

s 
ar

e 
u
su

al
ly

 

p
er

fo
rm

ed
 d

u
ri

n
g
 s

h
u
td

o
w

n
 P

O
S

s.
 T

h
er

ef
o
re

, 
th

e 
co

n
d
it

io
n

s 
fo

r 
th

e 
fi

re
 h

az
ar

d
 

an
al

ys
is

 s
h

o
u
ld

 c
o
n

si
d
er

 s
h

u
td

o
w

n
 s

p
ec

if
ic

 f
ac

to
rs

, 
li

k
e 

d
is

ab
le

d
 f

ir
e 

d
et

ec
ti

o
n
, 
th

e 

av
ai

la
b
il

it
y 

o
f 

la
rg

er
 c

o
m

b
u
st

ib
le

 m
at

er
ia

ls
, 
o
r 

d
if

fe
re

n
t 

fi
re

 c
o
m

p
ar

tm
en

t 
d
ef

in
it

io
n

. 
 

E
X

A
M

P
L

E
: 

S
ee

 t
h

e 
N

R
C

 N
U

R
E

G
/C

R
-7

1
1
4
 [

3
5
] 

fo
r 

h
o
w

 f
ir

es
 m

ay
 c

h
an

g
e 

d
u
ri

n
g
 

sh
u
td

o
w

n
. 

In
 g

en
er

al
, 
th

e 
fo

ll
o
w

in
g
 m

aj
o
r 

im
p
ac

ts
 f

ro
m

 t
h

e 
F

ir
e 

ev
en

t 
as

se
ss

m
en

t 
ar

e 

o
b
se

rv
ed

: 
 

1
) 

S
o
m

e 
fi

re
s 

ar
e 

m
u
ch

 m
or

e 
li

k
el

y 
d
u
ri

n
g
 s

h
u
td

o
w

n
; 

2
) 

F
ir

es
 m

ay
 b

e 
m

u
ch

 l
ar

g
er

 i
n
 H

R
R

; 
an

d
  

3
) 

P
la

n
t 

p
ar

ti
ti

on
in

g
 a

ff
ec

ti
n

g
 t

h
e 

ex
te

n
t 

o
f 

p
ro

p
ag

at
io

n
 c

an
 b

e 
m

u
ch

 l
ar

g
er

. 
 

L
es

se
r 

im
p
ac

ts
 w

o
u
ld

 b
e 

in
o
p
er

ab
il

it
y 

o
f 

fi
re

 d
et

ec
ti

o
n
 a

n
d
 s

u
p
p
re

ss
io

n
, 
w

h
ic

h
 c

an
 b

e 

m
ai

n
ta

in
ed

 a
t 
an

y 
ti

m
e 

fo
r 

m
o
st

 s
y
st

em
s.

  

H
E

-D
0
1
 

P
la

n
t 

sp
ec

if
ic

 i
n

fo
rm

at
io

n
 r

eq
u
ir

ed
 f

o
r 

th
e 

in
te

rn
al

 f
ir

e 
ev

en
t 

d
ef

in
it

io
n
 

an
d
 a

n
al

ys
is

 i
s 

co
ll

ec
te

d
 t

o
 s

u
p
p
o
rt

 t
h

e 
fi

re
 e

v
en

t 
d
ef

in
it

io
n

s:
 

a)
 

C
ab

le
 r

o
u
te

s 
o
f 

th
e 

p
la

n
t,
 i

n
cl

u
d
in

g
 r

ac
ew

a
ys

, 
co

n
d
u
it

s,
 t

ra
ys

 a
n

d
 

b
ar

ri
er

s;
 

b
) 

E
q
u
ip

m
en

t 
la

y
o
u
t 

in
 t
h

e 
d
if

fe
re

n
t 

ro
o
m

s;
 

c)
 

E
q
u
ip

m
en

t 
an

d
 c

ab
le

 f
ai

lu
re

 m
o
d
es

 p
o
te

n
ti

al
ly

 i
n

d
u
ce

d
 b

y 
fi

re
; 

d
) 

F
ir

e 
d
am

ag
e 

cr
it

er
ia

; 

e)
 

D
at

a 
o
n
 f

ir
e 

ev
en

ts
; 

R
A

T
IO

N
A

L
E

: 
M

o
st

 o
f 

th
e 

in
fo

rm
at

io
n
 s

u
p
p
or

ti
n

g
 t
h

e 
in

te
rn

al
 f

ir
e 

ev
en

t 
d
ef

in
it

io
n

s 
is

 

p
la

n
t 

sp
ec

if
ic

 (
o
r 

eq
u
ip

m
en

t 
sp

ec
if

ic
) 

an
d
 c

an
n

o
t 

b
e 

ta
k
en

 f
ro

m
 g

en
er

ic
 i
n

fo
rm

at
io

n
 

so
u
rc

es
. 

C
O

M
M

E
N

T
: 

N
o
t 

al
l 

o
f 

th
is

 i
n

fo
rm

at
io

n
 w

il
l 

b
e 

n
ee

d
ed

 f
o
r 

th
e 

fi
re

 h
az

ar
d
 d

ef
in

it
io

n
; 

h
o
w

ev
er

, 
th

e 
d
at

a 
co

ll
ec

ti
o
n

 s
h

o
u
ld

 c
o
v
er

 a
ll

 t
h

es
e 

it
em

s 
to

 s
u
p
p
o
rt

 t
h

e 
w

h
o
le

 P
S

A
. 

C
O

M
M

E
N

T
: 

M
u
lt

ip
le

 d
am

ag
e 

cr
it

er
ia

 m
ay

 b
e 

es
ta

b
li

sh
ed

 f
o
r 

th
e 

sa
m

e 
eq

u
ip

m
en

t 
o
r 

ca
b
le

s.
 F

o
r 

ex
am

p
le

, 
a 

si
m

p
le

 m
in

im
u
m

 d
am

ag
e 

te
m

p
er

at
u
re

 c
an

 b
e 

u
se

d
 f

o
r 

in
it

ia
l 

m
o
d
el

 d
ev

el
o
p
m

en
t 

an
d
 f

o
r 

n
on

-s
ig

n
if

ic
an

t 
fi

re
 s

ce
n
ar

io
s,

 a
n
d
 a

 m
or

e 
so

p
h
is

ti
ca

te
d
 

ti
m

e/
te

m
p
er

at
u
re

 c
o
rr

el
at

io
n

 m
ay

 b
e 

u
se

d
 f

o
r 

si
g
n
if

ic
an

t 
fi

re
 s

ce
n

ar
io

s.
 A

ll
 o

f 
th

e 
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en
er

al
 A

tt
ri

b
u
te

s 

Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

f)
 

H
u
m

an
 a

ct
io

n
s 

in
 t

h
e 

ev
en

t 
o
f 

a 
fi

re
; 

g
) 

F
ir

e 
lo

ad
s 

in
 c

o
m

p
ar

tm
en

ts
; 

h
) 

F
ir

e 
p
ro

te
ct

io
n

 p
ro

ce
d
u
re

s.
 

cr
it

er
ia

 u
se

d
 n

ee
d
 t

o
 b

e 
ju

st
if

ie
d
. 

C
O

M
M

E
N

T
: 
E

q
u
ip

m
en

t 
fa

il
u
re

 m
o
d
es

 p
o
te

n
ti

al
ly

 i
n

d
u
ce

d
 b

y 
fi

re
 m

ay
 i

n
cl

u
d
e 

fa
il

u
re

 

to
 o

p
er

at
e,

 f
ai

l-
as

-i
s,

 o
r 

sp
u
ri

o
u
s 

o
p
er

at
io

n
. 

C
O

M
M

E
N

T
: 

In
 t

h
e 

ca
se

 o
f 

P
S

A
 f

o
r 

b
as

ic
 d

es
ig

n
 s

ta
g
e 

o
f 

th
e 

p
la

n
t 

th
is

 a
tt

ri
b
u
te

 i
s 

n
o
t 

ap
p
li

ca
b
le

. 
A

p
p
ly

 s
p
ec

ia
l 

at
tr

ib
u
te

 H
E

-D
0
1
-S

1
 i

n
st

ea
d
. 

H
E

-D
0
1
-S

1
 

In
 P

S
A

 f
o
r 

b
a
si

c 
d
es

ig
n
 s

ta
g
e 

th
e 

fo
ll

o
w

in
g
 i

n
fo

rm
a
ti

o
n
 

is
 a

p
p
li

ed
 f

o
r 

fi
re

 e
ve

n
t 

d
ef

in
it

io
n
: 

a
) 

A
n
y 

in
fo

rm
a
ti

o
n
 a

va
il

a
b
le

 a
t 

d
es

ig
n
 s

ta
g
e 

fr
o
m

 t
h
e 

li
st

 i
n
 H

E
-D

0
1
; 

b
) 

F
o
r 

th
e 

m
is

si
n
g
 i

n
fo

rm
a
ti

o
n
 r

ea
li

st
ic

 a
ss

u
m

p
ti

o
n
s 

a
re

 m
a
d
e 

a
n
d
 d

o
cu

m
en

te
d
. 

T
h
e 

a
ss

u
m

p
ti

o
n
s 

m
a
y 

b
e 

b
a
se

d
 o

n
 t

h
e 

ex
p
er

ie
n
ce

 g
a
in

ed
 i

n
 s

is
te

r 
o
r 

si
m

il
a
r 

p
la

n
ts

 i
f 

th
ey

 e
xi

st
. 
 

O
R

 

T
h
e 

fi
re

 P
S
A

 i
s 

b
a
se

d
 o

n
 t

h
e 

a
ss

es
sm

en
t 

o
f 

th
e 

a
va

il
a
b
il

it
y 

o
f 

S
a
fe

 S
h
u
td

o
w

n
 E

q
u
ip

m
en

t 
if

 a
lr

ea
d
y 

d
ec

la
re

d
 a

t 
d
es

ig
n
 p

h
a
se

, 

C
O

M
M

E
N

T
: 

In
 d

es
ig

n
 s

ta
g
e 

o
f 

a
 p

la
n
t 

th
e 

in
fo

rm
a
ti

o
n
 n

ee
d
ed

 t
o
 s

u
p
p
o
rt

 t
h
e 

in
te

rn
a
l 

fi
re

 P
S
A

 i
s 

n
o
t 

co
m

p
le

te
 o

r 
si

m
p
ly

 n
o
t 

ye
t 

a
va

il
a
b
le

. 
A

n
y 

m
is

si
n
g
 i

n
fo

rm
a
ti

o
n
 n

ee
d
ed

 

to
 d

ev
el

o
p
 t

h
e 

fi
re

 h
a
za

rd
 d

ef
in

it
io

n
s 

a
re

 d
o
cu

m
en

te
d
 i

n
 t

h
e 

a
ss

u
m

p
ti

o
n
s,

 w
h
ic

h
 c

a
n
 

la
te

r 
b
e 

u
se

d
 i

n
 t

h
e 

u
n
ce

rt
a
in

ty
 a

n
d
 s

en
si

ti
vi

ty
 a

n
a
ly

si
s.

 

H
E

-D
0
2
 

T
h

e 
b
u
il

d
in

g
s 

an
d
 s

tr
u
ct

u
re

s 
in

cl
u
d
ed

 i
n
 t

h
e 

P
S

A
 a

re
 d

ef
in

ed
 a

n
d
 a

re
 

p
ar

ti
ti

o
n

ed
 i
n

to
 d

is
ti

n
ct

 p
h

ys
ic

al
 a

n
al

ys
is

 u
n
it

s 
th

at
 w

o
u
ld

 s
u
b
st

an
ti

al
ly

 

co
n

ta
in

 a
 f

ir
e 

th
at

 m
ay

 o
cc

u
r,

 s
o
 c

al
le

d
 f

ir
e 

co
m

p
ar

tm
en

ts
 o

r 
fi

re
 z

on
es

, 

w
h

ic
h
 a

re
 e

x
am

in
ed

 i
n

d
iv

id
u
al

ly
. 

F
ir

e 
co

m
p
ar

tm
en

ts
/z

on
es

 a
re

 

ch
ar

ac
te

ri
ze

d
 b

y:
 

a)
 

T
h

ei
r 

p
h

ys
ic

al
 b

o
u
n

d
ar

ie
s 

(w
al

ls
, 

ce
il

in
g
s/

fl
o
o
rs

, 
d
o
o
rs

, 
d
am

p
er

s,
 

p
en

et
ra

ti
on

s,
 e

tc
.)

; 

b
) 

T
h

e 
fi

re
 p

ro
te

ct
io

n
 f

ea
tu

re
s 

, 
li

k
e 

fi
re

 a
la

rm
s,

 f
ir

e 
d
et

ec
ti

o
n
 a

n
d
 f

ir
e 

su
p
p
re

ss
io

n
 s

ys
te

m
s;

 

c)
 

T
h

e 
fi

re
 r

es
is

ta
n

ce
 (

fi
re

 r
at

in
g
) 

o
f 

th
e 

b
ar

ri
er

s 
su

rr
o
u
n

d
in

g
 t

h
e 

co
m

p
ar

tm
en

t;
 

d
) 

T
h

e 
co

m
p
o
n

en
ts

 a
n

d
 c

ab
le

s 
lo

ca
te

d
 i

n
si

d
e 

th
e 

fi
re

 c
o
m

p
ar

tm
en

t;
 

e)
 

A
d
ja

ce
n

t 
fi

re
 c

o
m

p
ar

tm
en

ts
; 

C
O

M
M

E
N

T
: 

C
ab

le
s 

fo
r 

n
on

-s
af

et
y 

eq
u
ip

m
en

t 
cr

ed
it

ed
 i
n

 t
h
e 

fi
re

 P
S

A
 m

ay
 n

o
t 

b
e 

ea
si

ly
 r

o
u
te

d
, 

es
p
ec

ia
ll

y 
fo

r 
B

al
an

ce
 o

f 
p
la

n
t 

eq
u
ip

m
en

t 
su

ch
 a

s 
F

ee
d
w

at
er

 a
n

d
 

C
o
n

d
en

sa
te

. 
It

 m
ay

 a
ls

o
 b

e 
cl

ea
r 

th
at

 p
er

fo
rm

in
g
 t
h

e 
ti

m
e-

co
n

su
m

in
g
 e

ff
o
rt

 t
o
 r

o
u
te

 

th
e 

ca
b
le

s 
in

 d
et

ai
l 

m
ay

 p
ro

v
id

e 
m

in
im

al
 r

ed
u
ct

io
n
 i

n
 t

h
e 

es
ti

m
at

ed
 p

la
n

t 
fi

re
 r

is
k
. 

A
ss

u
m

ed
 r

o
u
ti

n
g
 m

ay
 n

ee
d
 t

o
 b

e 
p
er

fo
rm

ed
 f

o
r 

th
is

 e
q
u
ip

m
en

t,
 a

n
d
 d

o
cu

m
en

te
d
 i
n

 

th
e 

fi
re

 P
S

A
. 

A
ss

u
m

ed
 r

o
u
ti

n
g
 n

ee
d
 t

o
 b

e 
b
as

ed
 o

n
 p

la
n
t 

sp
ec

if
ic

 i
n

fo
rm

at
io

n
, 
ta

k
in

g
 

in
to

 a
cc

o
u
n

t 
th

e 
eq

u
ip

m
en

t 
lo

ca
ti

o
n
, 

ca
b
le

 e
n

d
 l

o
ca

ti
o
n
 s

u
ch

 a
s 

a 
p
o
w

er
 s

u
p
p
ly

 o
r 

co
n

tr
o
l 

st
at

io
n
, 
an

d
 t
h

e 
lo

g
ic

al
 o

r 
li

k
el

y 
ro

u
ti

n
g
 f

o
r 

th
e 

ca
b
le

. 
T

h
e 

F
ir

e 
P

S
A

 s
h

o
u
ld

 

al
so

 a
ss

u
m

e 
th

at
 c

o
m

p
o
n

en
ts

 t
h
at

 d
o
 n

o
t 

h
av

e 
ca

b
le

 r
o
u
ti

n
g
 a

re
 f

ai
le

d
 i

n
 t
h

ei
r 

w
o
rs

t 

p
o
ss

ib
le

 f
ai

lu
re

 m
o
d
e.

  

In
 t

h
e 

co
n

te
x
t 

o
f 

a 
P

S
A

 f
o
r 

in
te

rn
al

 f
ir

es
, 
a 

fi
re

 c
o
m

p
ar

tm
en

t 
co

u
ld

 b
e 

a 
w

el
l-

en
cl

o
se

d
 

ro
o
m

 t
h
at

 i
s 

n
o
t 

n
ec

es
sa

ri
ly

 s
u
rr

o
u
n

d
ed

 b
y 

fi
re

 r
es

is
ta

n
t 

b
ar

ri
er

s,
 b

u
t 

w
o
u
ld

 

su
b
st

an
ti

al
ly

 c
o
n

ta
in

 a
 f

ir
e 
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p
er

fo
rm

ed
 
d
u
ri

n
g
 
sh

u
td

o
w

n
 
P

O
S

s.
 
T

h
er

ef
o
re

, 
th

e 
co

n
d
it

io
n

s 
fo

r 
th

e 
fl

o
o
d
 
h

az
ar

d
 

an
al

ys
is

 
sh

o
u
ld

 
co

n
si

d
er

 
P

O
S

-s
p
ec

if
ic

 
fa

ct
o
rs

, 
li

k
e 

o
n

g
o
in

g
 d

ra
in

ag
e 

ac
ti

v
it

ie
s,

 
or

 

h
u
m

an
 e

rr
o
rs

 d
u
ri

n
g
 m

ai
n
te

n
an

ce
. 

H
E

-E
0
1
 

P
la

n
t 

sp
ec

if
ic

 i
n

fo
rm

at
io

n
 r

eq
u
ir

ed
 f

o
r 

th
e 

in
te

rn
al

 f
lo

o
d
 e

v
en

t 

d
ef

in
it

io
n
 i

s 
co

ll
ec

te
d
 t

o
 s

u
p
p
o
rt

 t
h

e 
fl

o
o
d
 e

v
en

t 
d
ef

in
it

io
n

s:
 

a)
 

P
o
ss

ib
le

 s
o
u
rc

es
 o

f 
fl

o
o
d
in

g
: 

p
ip

es
, 

v
al

v
es

, 
p
u
m

p
s,

 i
n

te
rn

al
 t
an

k
s,

 

p
o
o
ls

, 
re

se
rv

o
ir

s,
 h

ea
t 

ex
ch

an
g
er

s,
 c

o
n
n

ec
ti

o
n

s 
to

 o
p
en

-e
n
d
ed

 

so
u
rc

es
 (

e.
g
. 

se
a,

 l
ak

e,
 r

iv
er

),
 m

u
lt

iu
n

it
 s

h
ar

ed
 s

ys
te

m
s 

o
r 

st
ru

ct
u
re

s,
 e

tc
.;
 

b
) 

P
o
ss

ib
le

 f
lo

o
d
in

g
 m

ec
h

an
is

m
s 

fo
r 

ea
ch

 P
O

S
 i
n

cl
u
d
in

g
 b

re
ak

s,
 

le
ak

s,
 r

u
p
tu

re
, 
ta

n
k
 o

v
er

fi
ll

in
g
, 
sp

u
ri

o
u
s 

o
r 

d
es

ir
ed

 a
ct

u
at

io
n
 o

f 
a 

sp
ra

y 
sy

st
em

 (
e.

g
. 
th

e 
co

n
ta

in
m

en
t 

sp
ra

y 
sy

st
em

 o
r 

th
e 

fi
re

 

ex
ti

n
g
u
is

h
in

g
 s

ys
te

m
) 

o
r 

h
u
m

an
 e

rr
or

 d
u
ri

n
g
 o

p
er

at
io

n
 o

r 
d
u
ri

n
g
 

m
ai

n
te

n
an

ce
 r

el
at

ed
 a

ct
iv

it
ie

s 
(e

.g
. 

w
ro

n
g
 p

o
si

ti
o
n

in
g
 o

r 

in
ad

v
er

te
n
t 

o
p
en

in
g
 o

f 
a 

v
al

v
e)

; 

c)
 

C
h
ar

ac
te

ri
st

ic
s 

o
f 

th
e 

fl
o
o
d
: 

ca
p
ac

it
y 

(d
ep

en
d
in

g
 o

n
 w

h
et

h
er

 t
h

e 

so
u
rc

e 
o
f 

fl
o
o
d
in

g
 i

s 
a 

cl
o
se

d
 o

r 
o
p
en

 s
y
st

em
),

 f
lo

w
 r

at
e,

 

te
m

p
er

at
u
re

 a
n
d
 p

re
ss

u
re

, 
p
re

se
n

ce
 o

r 
p
o
ss

ib
le

 p
ro

d
u
ct

io
n

 o
f 

st
ea

m
; 

C
O

M
M

E
N

T
S

: 
 

1
) 

M
o
st

 o
f 

th
e 

in
fo

rm
at

io
n

 s
u
p
p
o
rt

in
g
 t

h
e 

in
te

rn
al

 f
lo

o
d
 e

v
en

t 
d
ef

in
it

io
n

s 
is

 p
la

n
t 

sp
ec

if
ic

 (
o
r 

sy
st

em
 s

p
ec

if
ic

) 
an

d
 c

an
n

o
t 

b
e 

ta
k
en

 f
ro

m
 g

en
er

ic
 i

n
fo

rm
at

io
n
 s

o
u
rc

es
. 

2
) 

S
o
u
rc

e 
o
f 

fl
o
o
d
in

g
 m

ay
 b

e 
eq

u
ip

m
en

t 
n

o
t 

as
so

ci
at

ed
 w

it
h

 s
af

et
y 

re
la

te
d
 o

r 
en

er
g
y 

p
ro

d
u
ct

io
n

 s
ys

te
m

s.
 F

o
r 

ex
am

p
le

, 
so

m
e 

in
ci

d
en

ts
 w

er
e 

o
ri

g
in

at
ed

 b
y 

le
ak

s 
in

 t
o
il

et
s.

 

3
) 

N
o
t 

al
l 

o
f 

th
is

 i
n

fo
rm

at
io

n
 w

il
l 

b
e 

n
ee

d
ed

 f
o
r 

th
e 

fl
o
o
d
 h

az
ar

d
 d

ef
in

it
io

n
; 

h
o
w

ev
er

, 

th
e 

d
at

a 
co

ll
ec

ti
o
n

 s
h

o
u
ld

 c
o
v
er

 a
ll

 t
h

es
e 

it
em

s 
to

 s
u
p
p
or

t 
th

e 
w

h
o
le

 P
S

A
. 

C
O

M
M

E
N

T
: 

In
 t

h
e 

ca
se

 o
f 

P
S

A
 f

o
r 

b
as

ic
 d

es
ig

n
 s

ta
g
e 

o
f 

th
e 

p
la

n
t 

th
is

 a
tt

ri
b
u
te

 i
s 

n
o
t 

ap
p
li

ca
b
le

. 
S

p
ec

ia
l 

at
tr

ib
u
te

 H
E

-E
0
1
-S

1
 n

ee
d
 t

o
 b

e 
ap

p
li

ed
 i
n

st
ea

d
. 

C
O

M
M

E
N

T
; 

C
h
ar

ac
te

ri
za

ti
on

 i
n

cl
u
d
es

 t
h

e 
fl

o
o
d
 t

yp
e,

 f
lo

o
d
 s

iz
e 

an
d
 r

at
e 

in
cl

u
d
in

g
 a

 

ra
n

g
e 

o
f 

fl
o
w

 r
at

es
, 
ca

p
ac

it
y 

o
f 

ea
ch

 s
o
u
rc

e,
 a

n
d
 t

h
e 

te
m

p
er

at
u
re

/p
re

ss
u
re

 o
f 

ea
ch

 

so
u
rc

e.
 T

h
es

e 
ch

ar
ac

te
ri

st
ic

s 
m

ay
 v

ar
y 

fo
r 

ea
ch

 P
O

S
 (

e.
g
. 
as

 t
h

e 
p
la

n
t 

sh
u
ts

 d
o
w

n
, 
a 

st
ea

m
 s

o
u
rc

e 
m

ay
 b

ec
o
m

e 
co

o
le

r 
o
r 

n
o
t 

b
e 

ap
p
li

ca
b
le

, 
d
ep

en
d
in

g
 o

n
 t
h

e 
p
la

n
t 

co
n

d
it

io
n

).
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en
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tt
ri

b
u
te
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Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

d
) 

F
lo

o
d
in

g
 r

el
at

ed
 a

la
rm

s,
 l

ea
k
 d

et
ec

ti
o
n
 s

y
st

em
s,

 c
ap

ac
it

y 
o
f 

d
ra

in
in

g
 s

y
st

em
s 

an
d
 f

lo
o
d
in

g
 r

el
at

ed
 p

ro
te

ct
io

n
 f

o
r 

co
m

p
o
n
en

ts
 

(s
u
ch

 a
s 

eq
u
ip

m
en

t 
tr

ip
 s

ig
n
al

s)
; 

e)
 

C
ri

ti
ca

l 
fl

o
o
d
in

g
 h

ei
g
h
ts

 o
f 

co
m

p
o
n

en
ts

 r
el

ev
an

t 
to

 P
S

A
 a

n
d
 r

o
o
m

 

d
im

en
si

o
n

s 
in

 t
h

e 
fl

o
o
d
 c

o
m

p
ar

tm
en

ts
. 

H
E

-E
0
1
-S

1
 

In
 P

S
A

 f
o
r 

b
a
si

c 
d
es

ig
n
 s

ta
g
e 

th
e 

fo
ll

o
w

in
g
 i

n
fo

rm
a
ti

o
n
 

is
 a

p
p
li

ed
 f

o
r 

fl
o
o
d
in

g
 h

a
za

rd
 e

ve
n
t 

d
ef

in
it

io
n
: 

a
) 

A
n
y 

in
fo

rm
a
ti

o
n
 a

va
il

a
b
le

 a
t 

d
es

ig
n
 s

ta
g
e 

fr
o
m

 

th
e 

li
st

 i
n
 H

E
-E

0
1
; 

b
) 

F
o
r 

th
e 

m
is

si
n
g
 i

n
fo

rm
a
ti

o
n
 r

ea
li

st
ic

 

a
ss

u
m

p
ti

o
n
s 

a
re

 m
a
d
e,

 a
n
d
 t

h
e 

a
ss

u
m

p
ti

o
n
s 

a
re

 b
a
se

d
 o

n
 t

h
e 

ex
p
er

ie
n
ce

 g
a
in

ed
 i

n
 s

is
te

r 
o
r 

si
m

il
a
r 

p
la

n
ts

 i
f 

th
ey

 e
xi

st
. 
 

O
R

 

T
h
e 

fl
o
o
d
in

g
 P

S
A

 i
s 

b
a
se

d
 o

n
 t

h
e 

a
ss

es
sm

en
t 

o
f 

th
e 

a
va

il
a
b
il

it
y 

o
f 

S
a
fe

 S
h
u
td

o
w

n
 E

q
u
ip

m
en

t 
if

 a
lr

ea
d
y 

d
ec

la
re

d
 a

t 
d
es

ig
n
 p

h
a
se

, 

C
O

M
M

E
N

T
: 

In
 d

es
ig

n
 s

ta
g
e 

o
f 

a
 p

la
n
t 

th
e 

in
fo

rm
a
ti

o
n
 n

ee
d
ed

 t
o
 s

u
p
p
o
rt

 t
h
e 

in
te

rn
a
l 

fl
o
o
d
in

g
 P

S
A

 i
s 

n
o
t 

co
m

p
le

te
 o

r 
si

m
p
ly

 n
o
t 

ye
t 

a
va

il
a
b
le

, 
th

er
ef

o
re

 t
h
e 

n
ee

d
ed

 b
u
t 

m
is

si
n
g
 i

n
fo

rm
a
ti

o
n
 n

ee
d
 t

o
 b

e 
so

m
eh

o
w

 “
cr

ea
te

d
”

 m
a
ki

n
g
 a

ss
u
m

p
ti

o
n
s.

 

H
E

-E
0
2
 

T
h

e 
id

en
ti

fi
ca

ti
on

 o
f 

ea
ch

 f
lo

o
d
 s

o
u
rc

e 
in

cl
u
d
es

 t
h

e 
p
ro

p
ag

at
io

n
 p

at
h
 

fr
o
m

 t
h

e 
so

u
rc

e 
to

 i
ts

 p
o
te

n
ti

al
 a

re
a(

s)
 o

f 
ac

cu
m

u
la

ti
o
n
. 

C
O

M
M

E
N

T
: 
T

h
e 

ar
ea

s 
o
f 

ac
cu

m
u
la

ti
o
n
 m

ay
 d

ep
en

d
 o

n
 t

h
e 

fa
il

u
re

 l
o
ca

ti
on

, 
an

d
 t
h

e 

fa
il

u
re

 o
f 

b
o
u
n

d
ar

ie
s 

o
r 

o
th

er
 f

lo
o
d
 p

re
v
en

ti
o
n

 f
ea

tu
re

s.
  

H
E

-E
0
3
 

P
la

n
t 

w
al

k
d
o
w

n
s 

ar
e 

p
er

fo
rm

ed
 t

o
: 

a)
 

v
er

if
y 

th
e 

ac
cu

ra
cy

 o
f 

in
fo

rm
at

io
n

 o
b
ta

in
ed

 f
ro

m
 d

ra
w

in
g
s 

an
d
 o

th
er

 s
o
u
rc

es
 o

f 
p
la

n
t 

in
fo

rm
at

io
n

, 
in

cl
u
d
in

g
 t

h
e 

lo
ca

ti
o
n
 

o
f 

S
S

C
s;

  

b
) 

th
e 

fl
o
o
d
 s

o
u
rc

e 
an

d
 l

o
ca

ti
o
n
, 
in

cl
u
d
in

g
 f

lo
o
d
in

g
 p

at
h

w
ay

s;
 

c)
 

to
 o

b
ta

in
 n

ec
es

sa
ry

 i
n

fo
rm

at
io

n
 o

n
 s

p
at

ia
l 

in
te

ra
ct

io
n

s 
fo

r 

an
al

ys
is

 o
f 

th
e 

d
am

ag
e 

ef
fe

ct
s 

fr
o
m

 e
ac

h
 p

o
te

n
ti

al
 s

o
u
rc

e 
o
f 

in
te

rn
al

 f
lo

o
d
in

g
, 
in

cl
u
d
in

g
 t

h
e 

ef
fe

ct
s 

o
f 

sp
ra

y;
 

d
) 

v
er

if
y 

m
it

ig
at

io
n

 f
ea

tu
re

s 
lo

ca
te

d
 i

n
 e

ac
h
 f

lo
o
d
 c

o
m

p
ar

tm
en

t,
 

su
ch

 a
s 

d
ra

in
s,

 f
lo

o
d
 b

ar
ri

er
s,

 s
h

ie
ld

s 
(f

o
r 

sp
ra

y)
, 

et
c.

 

C
O

M
M

E
N

T
: 

W
h

il
e 

p
er

fo
rm

in
g
 a

 P
S

A
 f

o
r 

a 
p
la

n
t 

in
 d

es
ig

n
 w

al
k
d
o
w

n
s 

ar
e 

ef
fe

ct
iv

e 

o
n

ly
 b

y
 t

h
e 

en
d
 o

f 
p
la

n
t 

co
n

st
ru

ct
io

n
. 
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k
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en
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 A

tt
ri

b
u
te
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Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

H
E

-E
0
4
 

T
h

e 
b
u
il

d
in

g
s 

an
d
 s

tr
u
ct

u
re

s 
ar

e 
p
ar

ti
ti

o
n

ed
 i
n

to
 d

is
ti

n
ct

 p
h

ys
ic

al
 u

n
it

s 

w
h

ic
h
 w

il
l 

co
n

ta
in

 t
h

e 
fl

o
o
d
 e

v
en

ts
, 
w

h
ic

h
 a

re
 e

x
am

in
ed

 i
n
d
iv

id
u
al

ly
. 

F
lo

o
d
 c

o
m

p
ar

tm
en

ts
 a

re
 c

h
ar

ac
te

ri
ze

d
 b

y:
 

a)
 

T
h

ei
r 

p
h

ys
ic

al
 b

o
u
n

d
ar

ie
s 

(w
al

ls
, 

d
o
o
rs

, 
p
en

et
ra

ti
o
n

s,
 e

tc
.)

; 
 

b
) 

T
h

e 
fl

o
o
d
 p

ro
te

ct
io

n
 f

ea
tu

re
s 

, 
li

k
e 

fl
o
o
d
/l

ev
el

 a
la

rm
s,

 f
lo

o
d
 

d
et

ec
ti

o
n

 a
n
d
 d

ra
in

ag
e 

sy
st

em
s;

 

c)
 

T
h

e 
fl

o
o
d
 r

es
is

ta
n

ce
 o

f 
th

e 
b
ar

ri
er

s 
su

rr
o
u
n
d
in

g
 t

h
e 

fl
o
o
d
 

co
m

p
ar

tm
en

t;
 

d
) 

T
h

e 
co

m
p
o
n

en
ts

, 
in

cl
u
d
in

g
 e

le
ct

ri
ca

l 
ca

b
in

et
s,

 l
o
ca

te
d
 i

n
si

d
e 

th
e 

fl
o
o
d
 c

o
m

p
ar

tm
en

t 
 

e)
 

A
d
ja

ce
n

t 
fl

o
o
d
 c

o
m

p
ar

tm
en

t 
an

d
 t
h

e 
co

n
n

ec
ti

o
n

s 
to

 t
h

es
e 

ar
ea

s;
 

f)
 

V
en

ti
la

ti
on

 p
at

h
s 

(d
u
ct

s)
 t

h
at

 m
ay

 c
o
n
n

ec
t 

th
e 

fl
o
o
d
 c

o
m

p
ar

tm
en

t 

to
 b

e 
an

al
ys

ed
 w

it
h
 n

o
n

-a
d
ja

ce
n
t 

fl
o
o
d
 c

o
m

p
ar

tm
en

ts
 (

p
o
te

n
ti

al
ly

 

im
p
o
rt

an
t 

fo
r 

st
ea

m
 p

ro
p
ag

at
io

n
);

 

g
) 

P
o
te

n
ti

al
 f

lo
o
d
 s

o
u
rc

es
 (

e.
g
. 
ty

p
e,

 m
ax

im
u
m

 a
m

o
u
n

t 
o
f 

w
at

er
 t

o
 b

e 

re
le

as
ed

, 
le

n
g
th

 o
f 

p
ip

el
in

es
 a

n
d
 v

o
lu

m
e 

o
f 

ta
n

k
s,

 p
re

ss
u
re

 i
n
 t

h
e 

sy
st

em
 w

it
h

 f
lo

o
d
 s

o
u
rc

e,
 l

o
ca

ti
o
n

);
 

h
) 

O
cc

u
p
an

cy
 l
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 d
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 m
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 f
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p
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 c
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p
in

g
, 
b
) 

ri
sk

  
si

g
n
if

ic
an

t 
sc

en
ar

io
s 

in
v
o
lv

e 
so

m
e 

g
ro

u
p
in

g
, 
an

d
 c
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p
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p
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 d
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 d
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 m
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 c
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d
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p
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u
n
n
in

g
 s

ep
ar

at
e 

sc
en

ar
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e 

ce
rt

ai
n

ty
 o

f 
th

e 
m

o
d
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p
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b
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p
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 c
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h
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d
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w
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ra
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b
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 d
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p
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io

 f
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b
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 d
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 p
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p
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d
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d
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 b
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p
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p
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b
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 f
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d
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 c
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 d
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 b
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b
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 b
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d
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h
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 t
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 c
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h
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p
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 p
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p
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n
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p
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d
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h
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6. PSA ELEMENT ‘IE’:  INITIATING EVENTS ANALYSIS 

6.1. MAIN OBJECTIVES 

The initiating events analysis is a highly iterative, multipurpose 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 for each POS group a reasonably complete set of the events that interrupt 

normal plant operation and that require successful mitigation to prevent core/fuel 

damage, so that no significant contributor to core/fuel 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); 

• For multiunit PSAs, a systematic method for resolving the impact of each initiating 

event on each reactor unit and each combination of reactor units considered in the 

multiunit PSA; 

• 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 and POSs; 

• 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 SSC models (mainly refers to system initiators and includes 

checking system failures and heavy load drops which may create an initiating 

event) 

− Estimation is based on HRA models (mainly refers to non-power POSs) 
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− 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. 

6.2. INITIATING EVENTS ANALYSIS TASKS AND THEIR ATTRIBUTES 

The main tasks for the PSA element ‘IE Analysis’ are listed in Table 6.1. Tables 6.2-A 

through 6.2-G present the description of general and special attributes for these tasks.  

TABLE 6.1 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 IE frequencies quantification 

IE-G Documentation  
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f 

th
e 

P
S

A
 d

o
es

 n
o
t 

in
cl

u
d
e 

ce
rt

ai
n
 h

az
ar

d
s 

o
r 

L
P

S
D

 P
O

S
, 

th
en

 t
h

es
e 

d
o
 n

o
t 

h
av

e 
to

 b
e 

co
n

si
d
er

ed
. 
 

IE
-A

0
1
 

IE
 d

ef
in

it
io

n
 i

s 
cl

ea
r 

an
d
 c

o
v
er

s 
an

y 
p
la

n
t 

d
is

tu
rb

an
ce

s 
th

at
 r

eq
u
ir

e 

m
it

ig
at

io
n

 t
o
 p

re
v
en

t 
co

re
/f

u
el

 d
am

ag
e.

  

  

C
O

M
M

E
N

T
S

: 
 

1
) 

T
h

e 
fo

ll
o
w

in
g
 I

E
 d

ef
in

it
io

n
 i

s 
g
en

er
al

ly
 u

se
d
: 

“I
E

 i
s 

an
 e

v
en

t 
ca

u
se

d
 b

y 
p
la

n
t 

eq
u
ip

m
en

t 
fa

il
u
re

s 
an

d
/o

r 
h

u
m

an
 e

rr
or

s 
w

h
ic

h
 c

o
u
ld

 d
ir

ec
tl

y 
le

ad
 t

o
 c

o
re

 d
am

ag
e 

(f
u
el

 d
am

ag
e)

 o
r 

ch
al

le
n

g
es

 n
o
rm

al
 p

la
n
t 

o
p
er

at
io

n
 a

n
d
 r

eq
u
ir

es
 s

u
cc

es
sf

u
l 

m
it

ig
at

io
n

 t
o
 p

re
v
en

t 
co

re
 d

am
ag

e 
(f

u
el

 d
am

ag
e)

”.
  

2
) 

T
h

e 
in

it
ia

ti
n

g
 e

v
en

ts
 i

d
en

ti
fi

ed
 t

yp
ic

al
ly

 i
n

cl
u
d
e,

 b
u
t 

ar
e 

n
o
t 

li
m

it
ed

 t
o
 t

h
e 

fo
ll

o
w

in
g
: 

−
 

R
ea

ct
iv

it
y 

in
se

rt
io

n
s;

 

−
 

T
ra

n
si

en
ts

 o
f 

v
ar

io
u
s 

ty
p
es

; 

−
 

L
o
ss

 o
f 

o
ff

-s
it

e 
P

o
w

er
; 

−
 

L
o
ss

 o
f 

co
o
la

n
t 

ac
ci

d
en

ts
 (

L
O

C
A

s)
, 
in

cl
u
d
in

g
 m

ai
n

te
n
an

ce
 i

n
d
u
ce

d
 L

O
C

A
s 

an
d
 c

o
ld

 o
v
er

p
re

ss
u
re

-i
n

d
u
ce

d
 L

O
C

A
s 

fo
r 

sh
u
td

o
w

n
 P

O
S

s;
  

−
 

In
te

rf
ac

in
g
 s

ys
te

m
s 

L
O

C
A

s;
 

−
 

S
te

am
 g

en
er

at
o
r 

tu
b
e 

ru
p
tu

re
s;

  

−
 

S
u
p
p
o
rt

 s
y
st

em
 i

n
it

ia
to

rs
; 

−
 

L
o
ss

 o
f 

in
v
en

to
ry

; 

−
 

F
u
el

 h
an

d
li

n
g
 e

rr
o
rs

; 

−
 

S
p
en

t 
fu

el
 p

o
o
l 

lo
ss

 o
f 

h
ea

t 
si

n
k
; 

−
 

L
o
ss

 o
f 

sh
u
td

o
w

n
 c

o
o
li

n
g
 a

n
d
  

−
 

H
ea

v
y 

lo
ad

 d
ro

p
s.

 

3
) 

T
h

e 
n

ee
d
 t

o
 i

n
cl

u
d
e 

d
if

fe
re

n
t 
ty

p
es

 o
f 

L
O

C
A

s 
is

 P
O

S
-d

ep
en

d
en

t,
 e

.g
. 
if

 t
h

e 

re
ac

to
r 

v
es

se
l 

h
ea

d
 i

s 
o
ff

, 
d
ra

in
 d

o
w

n
 e

v
en

ts
 m

ay
 b

e 
as

su
m

ed
 t

o
 d

o
m

in
at

e 
p
ip

e 

b
re

ak
 L

O
C

A
s.

 

4
) 

O
n
 m

u
lt

iu
n

it
 s

it
es

, 
an

 a
cc

id
en

t 
o
n
 a

n
o
th

er
 u

n
it

 t
h
at

 p
ro

g
re

ss
es

 t
o
 t

h
e 

p
o
in

t 
o
f 
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te
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Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

d
ec

la
ri

n
g
 a

 g
en

er
al

 e
m

er
g
en

cy
 a

n
d
/o

r 
si

te
 e

v
ac

u
at

io
n
, 

w
it

h
 t

h
e 

p
o
te

n
ti

al
 f

o
r 

re
le

as
e 

an
d
 s

it
e 

co
n

ta
m

in
at

io
n

 n
ee

d
 t

o
 b

e 
co

n
si

d
er

ed
 a

s 
a 

p
o
te

n
ti

al
 i

n
it

ia
ti

n
g
 e

v
en

t 

o
n

 e
ac

h
 u

n
it

 o
n
 t

h
e 

si
te

. 
T

h
is

 i
s 

on
e 

w
a
y,

 i
n
 w

h
ic

h
 a

 m
u
lt

ip
le

 r
ea

ct
o
r 

ac
ci

d
en

t 
m

ay
 

re
su

lt
 f

ro
m

 i
n
it

ia
ti

n
g
 e

v
en

ts
 t

h
at

 o
n
ly

 i
m

p
ac

t 
a 

si
n

g
le

 u
n
it

. 

IE
-A

0
2
 

A
ll

 P
O

S
s 

w
it

h
 p

o
w

er
 a

n
d
 n

o
n

-p
o
w

er
 o

p
er

at
io

n
 a

re
 c

o
n

si
d
er

ed
 t

o
g
et

h
er

 

w
it

h
 t

h
ei

r 
in

te
rl

o
ck

s 
an

d
 s

ys
te

m
 c

o
n

fi
g
u
ra

ti
o
n
. 

IE
s 

ap
p
li

ca
b
le

 t
o
 s

p
ec

if
ic

 

co
n

fi
g
u
ra

ti
on

s 
ar

e 
id

en
ti

fi
ed

. 
 

R
A

T
IO

N
A

L
E

: 
S

y
st

em
s 

co
n

fi
g
u
ra

ti
o
n
, 
in

te
rl

o
ck

s 
an

d
 r

eq
u
ir

em
en

ts
 f

o
r 

p
la

n
t 

sh
u
td

o
w

n
 

m
ay

 b
e 

d
if

fe
re

n
t 

fo
r 

th
e 

sa
m

e 
p
la

n
t 

o
p
er

at
in

g
 o

n
 d

if
fe

re
n

t 
p
o
w

er
 l

ev
el

s.
 T

h
is

 m
ay

 l
ea

d
 

to
 t

h
e 

ap
p
ea

ra
n

ce
 o

f 
ad

d
it

io
n
al

 I
E

s 
an

d
/o

r 
to

 c
h
an

g
es

 i
n
 t

h
e 

b
o
u
n

d
ar

y 
co

n
d
it

io
n

s 
o
f 

th
e 

IE
s,

 w
h

ic
h

 w
er

e 
id

en
ti

fi
ed

 f
o
r 

d
if

fe
re

n
t 

P
O

S
. 

E
X

A
M

P
L

E
S

: 

A
t 

so
m

e 
p
la

n
ts

 (
e.

g
. 

W
W

E
R

-4
4
0
 N

P
P

s)
 t

h
e 

fo
ll

o
w

in
g
 d

if
fe

re
n

ce
s 

re
la

te
d
 t

o
 P

O
S

s 

ex
is

t:
  

1
) 

E
v
en

t 
in

v
o
lv

in
g
 b

o
ro

n
 d

il
u
ti

o
n
 d

u
e 

to
 e

rr
o
n

eo
u
s 

co
n

n
ec

ti
on

 o
f 

a 
d
is

co
n
n

ec
te

d
 l

o
o
p
 

is
 p

o
ss

ib
le

 o
n

ly
 a

t 
a 

lo
w

er
 t

h
an

 n
o
m

in
al

 p
o
w

er
 l

ev
el

. 
 

2
) 

T
ri

p
 o

f 
3
 M

C
P

s 
le

ad
s 

to
 r

ea
ct

o
r 

sc
ra

m
 o

n
ly

 a
t 

p
o
w

er
 l

ev
el

 b
el

o
w

 7
5
%

 f
ro

m
 

n
o
m

in
al

. 

3
) 

T
ri

p
 o

f 
th

e 
la

st
 o

p
er

at
in

g
 t

u
rb

in
e 

le
ad

s 
to

 i
m

m
ed

ia
te

 r
ea

ct
o
r 

sc
ra

m
 o

n
ly

 w
h

en
 t

h
e 

p
la

n
t 

o
p
er

at
es

 a
t 

p
o
w

er
 l

ev
el

 b
el

o
w

 7
5
%

 f
ro

m
 n

o
m

in
al

. 

4
) 

P
la

n
t 

co
n

fi
g
u
ra

ti
o
n
 (

in
 p

ar
ti

cu
la

r 
se

co
n

d
ar

y 
si

d
e 

ar
ra

n
g
em

en
ts

) 
d
if

fe
rs

 s
ig

n
if

ic
an

tl
y 

w
h

il
e 

th
e 

u
n

it
 o

p
er

at
es

 a
t 

5
0
%

 a
n

d
 1

0
0
%

 p
o
w

er
 l

ev
el

 (
o
n

e 
an

d
 t

w
o
 t

u
rb

in
es

).
 

IE
-A

0
3
 

A
 s

tr
u
ct

u
re

d
, 

sy
st

em
at

ic
 p

ro
ce

ss
 f

o
r 

id
en

ti
fy

in
g
 i
n

it
ia

ti
n
g
 e

v
en

ts
 i

s 

em
p
lo

ye
d
 i

n
 e

ac
h
 P

O
S

. 
T

h
e 

fo
ll

o
w

in
g
 m

et
h

o
d
s 

fo
r 

id
en

ti
fi

ca
ti

o
n
 o

f 

p
o
te

n
ti

al
 I

E
s 

ar
e 

u
se

d
: 

 

1
) 

A
n

al
ys

is
 o

f 
li

st
s 

o
f 

IE
s 

fr
o
m

 P
S

A
s 

fo
r 

si
m

il
ar

 u
n

it
s:

  

L
is

ts
 o

f 
IE

s 
d
ev

el
o
p
ed

 i
n
 P

S
A

s 
fo

r 
si

m
il

ar
 u

n
it

s 
ar

e 
re

v
ie

w
ed

 i
n
 o

rd
er

 t
o
 

id
en

ti
fy

 p
o
te

n
ti

al
 I

E
s 

ap
p
li

ca
b
le

 t
o
 t

h
e 

in
v
es

ti
g
at

ed
 u

n
it

. 

2
) 

A
n

al
ys

is
 o

f 
g
en

er
ic

 l
is

ts
 o

f 
IE

s:
  

T
h

e 
li

st
s 

o
f 

IE
s 

fr
o
m

 g
en

er
ic

 s
o
u
rc

es
 (

e.
g
. 
g
en

er
ic

 l
is

ts
 f

ro
m

 I
A

E
A

, 
U

S
 

N
R

C
, 

E
P

R
I,

 e
tc

.)
 f

o
r 

si
m

il
ar

 u
n
it

s 
ar

e 
re

v
ie

w
ed

 i
n

 o
rd

er
 t

o
 i

d
en

ti
fy

 

p
o
te

n
ti

al
 I

E
s 

ap
p
li

ca
b
le

 t
o
 t

h
e 

in
v
es

ti
g
at

ed
 u

n
it

. 

R
A

T
IO

N
A

L
E

: 
U

se
 o

f 
o
n

ly
 o

n
e 

o
r 

a 
su

b
se

t 
o
f 

th
e 

m
et

h
o
d
s 

li
st

ed
 i

n
 I

E
-A

0
3
 m

ay
 n

o
t 

p
ro

v
id

e 
a 

co
m

p
le

te
 l

is
t 

o
f 

in
it

ia
ti

n
g
 e

v
en

ts
 d

u
e 

to
 i

n
h

er
en

t 
li

m
it

at
io

n
s 

o
f 

ea
ch

 m
et

h
o
d
. 

C
O

M
M

E
N

T
S

: 
 

1
) 

F
o
r 

sp
ec

if
ic

 a
p
p
li

ca
ti

on
s 

th
e 

u
se

 o
f 

a 
su

b
se

t 
o
f 

th
e 

m
et

h
o
d
s 

m
ay

 p
ro

v
id

e 
a 

li
st

 o
f 

IE
s 

su
ff

ic
ie

n
t 

to
 d

ea
l 

w
it

h
 t
h

e 
ap

p
li

ca
ti

on
. 
T

h
is

 s
h

o
u
ld

 i
n

cl
u
d
e 

at
 l

ea
st

: 

−
 

P
re

v
io

u
s 

P
S

A
s 

li
st

s 
fo

r 
si

m
il

ar
 u

n
it

s;
 

−
 

O
p
er

at
io

n
al

 e
x
p
er

ie
n

ce
 o

f 
th

e 
u
n

it
 u

n
d
er

 c
o
n

si
d
er

at
io

n
 a

n
d
 s

im
il

ar
 u

n
it

s.
 

2
) 

IE
s 

ar
e 

co
n

d
it

io
n
al

 o
n
 t

h
e 

P
O

S
. 

M
an

y 
in

it
ia

ti
n

g
 e

v
en

ts
 f

o
r 

at
-p

o
w

er
 c

o
n

d
it

io
n

s 
m

ay
 

al
so

 a
p
p
ly

 t
o
 P

O
S

s 
w

it
h

 t
h

e 
R

C
S

 a
t 

h
ig

h
 p

re
ss

u
re

. 
 

3
) 

S
p
ec

ia
l 

em
p
h
as

is
 i

s 
p
la

ce
d
 o

n
 r

ev
ie

w
 o

f 
p
la

n
t 

tr
an

si
ti

o
n
 P

O
S

s 
(e

.g
. 
re

d
u
ci

n
g
 w

at
er
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 A

tt
ri

b
u
te
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Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

3
) 

A
n

al
ys

is
 o

f 
o
p

er
at

io
n
al

 e
x
p
er

ie
n

ce
: 

O
p
er

at
io

n
al

 e
x
p
er

ie
n

ce
 o

f 
th

e 
u
n

it
 u

n
d
er

 c
o
n

si
d
er

at
io

n
 a

n
d
 s

im
il

ar
 u

n
it

s 

is
 r

ev
ie

w
ed

 i
n
 o

rd
er

 t
o
 i

d
en

ti
fy

 e
v
en

ts
 t

h
at

 h
ap

p
en

ed
 i

n
 t
h

e 
p
as

t.
 

T
h

e 
ex

p
er

ie
n

ce
 o

n
 p

la
n
t 

sp
ec

if
ic

 i
n

it
ia

ti
n
g
 e

v
en

ts
 i

s 
re

v
ie

w
ed

 t
o
 a

ss
u
re

 

th
at

 t
h

e 
li

st
 o

f 
ch

al
le

n
g
es

 a
cc

o
u
n

ts
 f

o
r 

th
e 

p
la

n
t 

ex
p
er

ie
n

ce
. 
E

x
p
er

ie
n

ce
 

an
d
 a

n
al

ys
es

 a
t 

si
m

il
ar

 p
la

n
ts

 a
re

 r
ev

ie
w

ed
 t

o
 a

ss
es

s 
w

h
et

h
er

 t
h

e 
li

st
 o

f 

ch
al

le
n

g
es

 i
n

cl
u
d
ed

 i
n
 t
h

e 
m

o
d
el

 a
cc

o
u
n

ts
 f

o
r 

th
e 

in
d
u
st

ry
 e

x
p
er

ie
n

ce
. 

4
) 

D
ed

u
ct

iv
e 

an
al

ys
is

 (
e.

g
. 
m

as
te

r 
lo

g
ic

 d
ia

g
ra

m
, 
h

ea
t 

b
al

an
ce

 f
au

lt
 

tr
ee

s,
 e

tc
.)

. 
A

 s
te

p
-b

y 
st

ep
 c

o
n

se
q
u
en

ti
al

 a
n

al
ys

is
 i

s 
p
er

fo
rm

ed
 i

n
 o

rd
er

 

to
 i

d
en

ti
fy

 e
v
en

ts
, 
w

h
ic

h
 c

o
u
ld

 l
ea

d
 t

o
 c

o
re

 d
am

ag
e 

o
r 

re
q
u
ir

e 

m
it

ig
at

io
n

 a
ct

io
n

s.
 

5
) 

In
d
u
ct

iv
e 

an
al

ys
is

 (
e.

g
. 

F
ai

lu
re

 m
o
d
e 

an
d
 e

ff
ec

t 
an

al
y
si

s)
. 
 

S
ys

te
m

at
ic

 e
v
al

u
at

io
n
 o

f 
ea

ch
 s

ys
te

m
 i

s 
p
er

fo
rm

ed
 t

o
 a

ss
es

s 
th

e 

p
o
ss

ib
il

it
y 

o
f 

an
 i
n

it
ia

ti
n
g
 e

v
en

t 
o
cc

u
rr

in
g
 d

u
e 

to
 a

 f
ai

lu
re

 o
f 

th
e 

sy
st

em
, 

e.
g
. 
d
et

ai
le

d
 m

o
d
el

 o
f 

sy
st

em
 i

n
te

rf
ac

es
 i

n
cl

u
d
in

g
 f
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at
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7. PSA ELEMENT ‘AS’: ACCIDENT SEQUENCE ANALYSIS 

7.1. 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/FDF 

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 8 of this publication; 

• End states are clearly defined to be either core/fuel damage7 on one or more reactor units 

or successful prevention with the capability to support the interface between Level 1 and 

Level 2 PSA; 

• The accident sequences are defined for the selected set of initiating events, POSs, and 

times that a POS can occur. 

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. 

 

7.2. ACCIDENT SEQUENCE ANALYSIS TASKS AND THEIR ATTRIBUTES 

Table 7.1 lists the main tasks for the PSA element ‘AS Analysis’. Tables 7.2-A through 7.2-E 

present the description of general and special attributes for these tasks.  

 

                                                
7
 Although this publication is intended for light water reactors, most of the concepts and attributes are applicable to other 

reactor designs.  For that reason it is worth noting here that for certain plant designs the concept of core/fuel damage as 
applied to light water reactors may  not be applicable (e.g. reactors with homogeneous core or High Temperature Gas Cooled 
reactors). In such cases the term core/fuel damage should be replaced by an appropriate definition of “undesirable 
consequences” that is applicable to the reactor design. 
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TABLE 7.1 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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8. PSA ELEMENT ‘SC’: SUCCESS CRITERIA FORMULATION AND 

SUPPORTING ANALYSIS 

8.1. 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 accomplished for 

each POS. 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 boundary conditions for initiating events, 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 initiating events analysis, accident sequence analyses, human reliability analysis, 

systems analysis, and success criteria formulation. 

8.2. SUCCESS CRITERIA FORMULATION AND SUPPORTING ANALYSIS TASKS 

AND THEIR ATTRIBUTES 

Table 8.1 lists the main tasks for the PSA element ‘Success Criteria Formulation and 

Supporting Analysis’. Tables 8.2-A through 8.2-C present the description of general and 

special attributes for these tasks.  
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TABLE 8.1 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 

 



 

 

118 

T
A

B
L

E
 8

.2
-A

 
A

T
T

R
IB

U
T

E
S

 F
O

R
 S

U
C

C
E

S
S

 C
R

IT
E

R
IA

 F
O

R
M

U
L

A
T

IO
N

 A
N

D
 S

U
P

P
O

R
T

IN
G

 A
N

A
L

Y
S

IS
: 

T
A

S
K

 S
C

-A
 ‘

D
E

F
IN

IT
IO

N
 

O
F

 O
V

E
R

A
L

L
 A

N
D

 D
E

T
A

IL
E

D
 S

U
C

C
E

S
S

 C
R

IT
E

R
IA

’ 

T
as

k
 /

 G
A

 
C

h
ar

ac
te

ri
za

ti
on

 o
f 

T
as

k
/G

en
er

al
 A

tt
ri

b
u
te

s 

Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

S
C

-A
 

D
ef

in
it

io
n

 o
f 

th
e 

o
v
er

al
l 

su
cc

es
s 

cr
it

er
ia

 f
o
r 

th
e 

P
S

A
 a

n
d
 d

ef
in

it
io

n
 o

f 

th
e 

su
cc

es
s 

cr
it

er
ia

 f
o
r 

sy
st

em
s,

 s
tr

u
ct

u
re

s,
 c

o
m

p
o
n

en
ts

, 
an

d
 h

u
m

an
 

in
te

ra
ct

io
n

s 
fo

r 
in

te
rn

al
 e

v
en

ts
, 
in

te
rn

al
 h

az
ar

d
s,

 a
n

d
 e

x
te

rn
al

 h
az

ar
d
s 

fo
r 

al
l 

P
O

S
 i

s 
p
er

fo
rm

ed
 i

n
 a

 m
an

n
er

 w
h

ic
h
 i

s 
co

n
si

st
en

t 
w

it
h
 p

la
n

t 

fe
at

u
re

s,
 p

ro
ce

d
u
re

s 
an

d
 o

p
er

at
in

g
 p

ra
ct

ic
es

. 

C
O

M
M

E
N

T
: 

If
 t

h
e 

sc
o
p
e 

o
f 

th
e 

P
S

A
 d

o
es

 n
o
t 

in
cl

u
d
e 

ce
rt

ai
n
 h

az
ar

d
s 

o
r 

L
P

S
D

 P
O

S
, 

th
en

 t
h

es
e 

d
o
 n

o
t 

h
av

e 
to

 b
e 

co
n

si
d
er

ed
. 

S
C

-A
0
1
 

D
ef

in
it

io
n

 o
f 

co
re

/f
u
el

 d
am

ag
e 

o
r 

o
th

er
 u

n
su

cc
es

sf
u
l 

ac
ci

d
en

t 
se

q
u
en

ce
 

en
d
 s

ta
te

s.
 

C
o
re

 o
r 

fu
el

 d
am

ag
e 

is
 d

ef
in

ed
 i

n
 t

er
m

s 
o
f 

p
h

ys
ic

al
 p

ro
ce

ss
es

 a
n

d
 

p
h

en
o
m

en
a 

an
d
 f

ai
lu

re
 m

ec
h

an
is

m
s,

 w
h
ic

h
 m

ay
 c

au
se

 a
 s

u
b
st

an
ti

al
 

re
le

as
e 

o
f 

ra
d
io

ac
ti

v
e 

m
at

er
ia

l 
fr

o
m

 t
h

e 
re

ac
to

r 
fu

el
. 
 

C
O

M
M

E
N

T
: 

F
o
r 

v
es

se
l 

ty
p
e 

L
W

R
s 

th
er

e 
ar

e 
u
su

al
ly

 o
n

ly
 t

w
o
 t

yp
es

 o
f 

en
d
 s

ta
te

s 

d
ef

in
ed

 i
n
 t

er
m

s 
o
f 

th
e 

L
ev

el
 1

 P
S

A
: 
 

(1
) 

S
u
cc

es
sf

u
l 

en
d
 s

ta
te

s 
w

it
h

o
u
t 

si
g
n

if
ic

an
t 

co
re

/f
u
el

 d
am

ag
e,

 a
n
d
  

(2
) 

U
n

su
cc

es
sf

u
l 

en
d
 s

ta
te

s 
w

it
h

 c
o
re

/f
u
el

 d
am

ag
e.

 

F
o
r 

o
th

er
 r

ea
ct

o
r 

ty
p
es

, 
fo

r 
ex

am
p
le

 f
o
r 

ch
an

n
el

 t
yp

e 
re

ac
to

rs
, 

d
if

fe
re

n
t 

le
v
el

s 
o
f 

co
re

 

o
r 

fu
el

 d
am

ag
e 

ar
e 

u
se

d
 t

o
 r

ef
le

ct
 s

ce
n

ar
io

s 
w

h
er

e 
d
am

ag
e 

is
 l

im
it

ed
 t

o
 o

n
ly

 o
n

e 

ch
an

n
el

, 
a 

g
ro

u
p
 o

f 
ch

an
n

el
s,

 t
o
 a

 p
o
rt

io
n
 o

f 
th

e 
co

re
 o

r 
ex

te
n

d
s 

to
 t

h
e 

en
ti

re
 c

o
re

. 

C
O

M
M

E
N

T
: 

F
o
r 

ex
am

p
le

 t
h

e 
fo

ll
o
w

in
g
 i

n
fo

rm
at

io
n

 s
o
u
rc

es
 a

re
 u

se
d
 t

o
 d

er
iv

e 
th

e 

d
ef

in
it

io
n
 o

f 
co

re
 o

r 
fu

el
 d

am
ag

e:
 

- 
T

h
e 

av
ai

la
b
le

 d
es

ig
n
 b

as
is

 i
n

fo
rm

at
io

n
 f

o
r 

a 
p
la

n
t 

an
d
 r

el
at

ed
 i

n
fo

rm
at

io
n

, 
e.

g
. 

d
es

ig
n
 b

as
is

 a
cc

id
en

t 
an

al
y
se

s 
is

 u
se

d
; 

- 
A

v
ai

la
b
le

 i
n

fo
rm

at
io

n
 o

n
 c

o
re

 o
r 

fu
el

 d
am

ag
e 

m
ec

h
an

is
m

s 
an

d
 p

h
en

o
m

en
a 

fo
r 

si
m

il
ar

 p
la

n
ts

 a
n
d
 f

ro
m

 r
el

at
ed

 e
x
p
er

im
en

ta
l 

in
v
es

ti
g
at

io
n

s 
is

 u
se

d
. 

S
C

-A
0
2
 

T
h

e 
p
h

ys
ic

al
 p

la
n

t 
p
ar

am
et

er
s 

(e
.g

. 
h
ig

h
es

t 
n

o
d
e 

te
m

p
er

at
u
re

, 
co

re
 

co
ll

ap
se

d
 l

iq
u
id

 l
ev

el
) 

an
d
 a

ss
o
ci

at
ed

 a
cc

ep
ta

n
ce

 c
ri

te
ri

a 
o
r 

li
m

it
 v

al
u
es

 

(e
.g

. 
te

m
p
er

at
u
re

 l
im

it
, 
p
er

ce
n

ta
g
e 

o
f 

cl
ad

d
in

g
 t

h
ic

k
n

es
s 

o
x
id

iz
ed

) 
to

 b
e 

u
se

d
 i

n
 d

et
er

m
in

in
g
 c

o
re

 o
r 

fu
el

 d
am

ag
e 

ar
e 

d
ef

in
ed

. 
T

h
e 

p
ar

am
et

er
s 

ar
e 

se
le

ct
ed

 i
n

 s
u
ch

 a
 w

a
y 

th
at

 t
h

e 
d
et

er
m

in
at

io
n
 o

f 
co

re
 o

r 
fu

el
 d

am
ag

e 

is
 a

s 
re

al
is

ti
c 

as
 p

ra
ct

ic
al

 a
n

d
 c

o
n

si
st

en
t 

w
it

h
 c

u
rr

en
t 

b
es

t 
p
ra

ct
ic

es
 a

n
d
 

k
n

o
w

le
d
g
e.

 F
o
r 

th
e 

ap
p
li

ca
ti

on
 o

f 
p
ar

am
et

er
 a

cc
ep

ta
n

ce
 c

ri
te

ri
a 

w
it

h
 

th
e 

re
su

lt
s 

o
f 

th
er

m
al

 h
yd

ra
u
li

c 
ca

lc
u
la

ti
o
n
 a

 c
re

d
ib

le
 m

ar
g
in

 i
s 

sp
ec

if
ie

d
, 

ju
st

if
ie

d
 a

n
d
 u

se
d
 t

o
 t

ak
e 

ca
re

 o
f 

li
m

it
at

io
n

s 
o
f 

th
e 

co
m

p
u
te

r 

co
d

es
, 

su
ch

 a
s 

li
m

it
at

io
n

s 
in

 t
h

e 
so

p
h

is
ti

ca
ti

o
n
 o

f 
m

o
d
el

s,
 a

n
d
 

E
X

A
M

P
L

E
S

: 
P

ar
am

et
er

s 
an

d
 a

ss
o
ci

at
ed

 a
cc

ep
ta

n
ce

 c
ri

te
ri

a 
th

at
 a

re
 u

se
d
 i

n
 P

S
A

s 

in
cl

u
d
e:

 

1
. 

B
W

R
: 

C
o
ll

ap
se

d
 l

iq
u
id

 l
ev

el
 l

es
s 

th
an

 1
/3

 c
o
re

 h
ei

g
h

t 
o
r 

co
d

e-
p
re

d
ic

te
d
 p

ea
k
 c

o
re

 

te
m

p
er

at
u
re

 >
 2

5
0
0
°F

 (
1
3
7
0
°C

).
 

2
. 

P
W

R
: 

C
o
ll

ap
se

d
 l

iq
u
id

 l
ev

el
 b

el
o
w

 t
o
p
 o

f 
ac

ti
v
e 

fu
el

 f
o
r 

a 
p
ro

lo
n

g
ed

 p
er

io
d
, 

o
r 

co
d

e-
p
re

d
ic

te
d
 c

o
re

 p
ea

k
 n

o
d
e 

te
m

p
er

at
u
re

 >
 2

2
0
0
°F

 (
1
2
0
0
°C

) 
u
si

n
g
 a

 c
o
d
e 

w
it

h
 

d
et

ai
le

d
 c

o
re

 m
o
d
el

li
n
g
, 
o
r 

co
d
e-

p
re

d
ic

te
d
 c

o
re

 p
ea

k
 n

o
d
e 

te
m

p
er

at
u
re

 >
 1

8
0
0
°F

 

(1
0
0
0
°C

) 
u
si

n
g
 a

 c
o
d
e 

w
it

h
 s

im
p
li

fi
ed

 (
e.

g
. 

si
n
g
le

-n
o
d
e 

co
re

 m
o
d
el

, 
lu

m
p
ed

 

p
ar

am
et

er
) 

co
re

 m
o
d
el

li
n

g
, 

or
 c

o
d
e-

p
re

d
ic

te
d
 c

o
re

 e
x
it

 t
em

p
er

at
u
re

 >
 1

2
0
0
°F

 

(6
5
0
°C

) 
fo

r 
3
0
 m

in
 u

si
n

g
 a

 c
o
d
e 

w
it

h
 s

im
p
li

fi
ed

 c
o
re

 m
o
d
el

li
n

g
. 



 

 

119 

T
as

k
 /

 G
A

 
C

h
ar

ac
te

ri
za

ti
on

 o
f 

T
as

k
/G

en
er

al
 A

tt
ri

b
u
te

s 

Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

u
n

ce
rt

ai
n

ti
es

 i
n
 t

h
e 

re
su

lt
s.

 

 

S
C

-A
0
3
 

T
h

e 
d
ec

ay
 h

ea
t 

le
v
el

 a
ss

o
ci

at
ed

 w
it

h
 e

ac
h

 m
o
d
el

le
d
 P

O
S

 i
s 

d
et

er
m

in
ed

 

fo
r 

u
se

 i
n
 d

ef
in

in
g
 a

n
d
 a

p
p
ly

in
g
 s

u
cc

es
s 

cr
it

er
ia

 a
n

d
 t

h
e 

ti
m

in
g
 f

o
r 

o
p
er

at
o
r 

ac
ti

o
n

s.
 

C
O

M
M

E
N

T
: 
T

h
e 

d
ec

ay
 h

ea
t 

le
v
el

 i
s 

d
ef

in
ed

 b
as

ed
 o

n
 a

v
er

ag
e 

d
u
ra

ti
o
n
 a

ft
er

 r
ea

ct
or

 

tr
ip

 f
o
r 

a 
p
ar

ti
cu

la
r 

P
O

S
. 
 

S
C

-A
0
3
-S

1
 

T
h
e 

d
ec

a
y 

h
ea

t 
le

ve
l 

is
 d

ef
in

ed
 b

a
se

d
 o

n
 p

la
n
n
in

g
 

o
u
ta

g
e 

d
u
ra

ti
o
n
s.

 

R
A

T
IO

N
A

L
E

: 
T

h
e 

d
ec

a
y 

h
ea

t 
le

ve
l 

a
ss

o
ci

a
te

d
 w

it
h
 p

la
n
n
ed

 o
u
ta

g
e 

d
u
ra

ti
o
n
 i

s 

es
se

n
ti

a
l 

fo
r 

a
p
p
li

ca
ti

o
n
s 

a
im

ed
 a

t 
re

d
u
ci

n
g
 o

u
ta

g
e 

d
u
ra

ti
o
n
 I

m
p
o
rt

a
n
t.
 

C
O

M
M

E
N

T
: 

T
h
e 

tr
en

d
 t

o
w

a
rd

 s
h
o
rt

er
 o

u
ta

g
es

 m
a
y 

m
ea

n
 t

h
a
t 

P
O

S
s 

a
re

 e
n
te

re
d
 

so
o
n
er

 a
ft

er
 p

la
n
t 

sh
u
td

o
w

n
 w

h
en

 d
ec

a
y 

h
ea

t 
le

ve
ls

 a
re

 h
ig

h
er

 t
h
a
n
 m

ig
h
t 

b
e 

ex
p
er

ie
n
ce

d
 i

n
 p

a
st

 o
u
ta

g
es

. 
T

h
e 

h
ig

h
er

 d
ec

a
y 

h
ea

t 
m

a
y 

a
ff

ec
t 

th
e 

su
cc

es
s 

cr
it

er
ia

 o
f 

a
 

sy
st

em
 o

r 
co

m
p
o
n
en

t 
a
n
d
 m

a
y 

th
er

ef
o
re

 r
eq

u
ir

e 
a
 c

h
a
n
g
e 

in
 t

h
e 

ch
a
ra

ct
er

is
ti

cs
 o

f 
a
 

P
O

S
 e

ve
n
 i

f 
th

e 
a
ct

u
a
l 

p
la

n
t 

o
u
ta

g
e 

p
ro

ce
d
u
re

s 
a
re

 n
o
t 

ch
a
n
g
ed

. 
T

h
e 

kn
o
w

n
 p

la
n
s 

m
a
y 

b
e 

in
 w

ri
tt

en
 f

o
rm

, 
o
r 

m
a
y 

b
e 

ex
tr

a
ct

ed
 b

y 
w

a
y 

o
f 

th
e 

in
te

rv
ie

w
s.

 

 S
C

-A
0
4
 

S
u
cc

es
s 

cr
it

er
ia

 f
o
r 

ea
ch

 o
f 

th
e 

sa
fe

ty
 r

el
at

ed
 f

u
n

ct
io

n
 a

re
 s

p
ec

if
ie

d
 i

n
 

th
e 

ac
ci

d
en

t 
se

q
u
en

ce
s 

fo
r 

ea
ch

 i
n
it

ia
ti

n
g
 e

v
en

t 
g
ro

u
p
. 
 

C
O

M
M

E
N

T
: 
T

h
e 

fo
rm

u
la

ti
o
n
 o

f 
su

cc
es

s 
cr

it
er

ia
 a

t 
th

e 
fu

n
ct

io
n

al
 l

ev
el

, 
sy

st
em

 l
ev

el
, 

sy
st

em
 t

ra
in

 l
ev

el
 a

n
d
 f

o
r 

st
ru

ct
u
re

s 
an

d
 e

q
u
ip

m
en

t 
is

 a
cc

o
m

p
an

ie
d
 b

y 
a 

d
es

cr
ip

ti
o
n
 o

f 

ac
ci

d
en

t 
se

q
u
en

ce
s,

 i
n

cl
u
d
in

g
 r

ef
er

en
ce

s 
to

 t
h

e 
p
la

n
ts

 p
ro

te
ct

iv
e 

I&
C

 a
n

d
 E

O
P

s 
w

h
ic

h
 

p
ri

m
ar

il
y 

d
et

er
m

in
e 

th
e 

p
la

n
t 

sy
st

em
s 

re
sp

o
n

se
. 
 

S
C

-A
0
5
 

S
ys

te
m

s 
ca

p
ab

le
 o

f 
m

ee
ti

n
g
 t
h

e 
sp

ec
if

ie
d
 s

u
cc

es
s 

cr
it

er
ia

 o
f 

sa
fe

ty
 

re
la

te
d
 f

u
n

ct
io

n
s 

ar
e 

id
en

ti
fi

ed
 t

o
g
et

h
er

 w
it

h
 a

ss
o
ci

at
ed

 o
p
er

at
o
r 

ac
ti

o
n

s 

if
 a

p
p
li

ca
b
le

. 
T

h
e 

su
cc

es
s 

cr
it

er
ia

 f
o
r 

th
e 

sa
fe

ty
 r

el
at

ed
 f

u
n

ct
io

n
s 

ar
e 

tr
an

sl
at

ed
 a

cc
o
rd

in
g
ly

 t
o
 t

h
e 

sy
st

em
s 

an
d
 a

ss
o
ci

at
ed

 o
p
er

at
o
r 

ac
ti

on
s.

  

F
ro

m
 t
h

e 
le

v
el

 o
f 

sy
st

em
s,

 s
u
cc

es
s 

cr
it

er
ia

 a
re

 c
o
n

ti
n
u
ed

 t
o
 s

y
st

em
 

tr
ai

n
s 

if
 n

ec
es

sa
ry

 a
n

d
 f

u
rt

h
er

 d
o
w

n
 t

o
 t

h
e 

as
so

ci
at

ed
 s

u
p
p
o
rt

 s
y
st

em
s.

 

F
o
r 

m
u
lt

ip
le

 u
n

it
s 

p
la

n
ts

 t
h

e 
sy

st
em

s 
th

at
 a

re
 s

h
ar

ed
 b

et
w

ee
n

 u
n

it
s 

ar
e 

id
en

ti
fi

ed
, 
an

d
 t

h
e 

m
an

n
er

 i
n

 w
h

ic
h

 t
h

e 
sh

ar
in

g
 i

s 
p
er

fo
rm

ed
 s

h
o
u
ld

 t
h

e 

u
n
it

s 
ex

p
er

ie
n

ce
 a

 c
o
m

m
o
n
 i

n
it

ia
ti

n
g
 e

v
en

t 
(e

.g
. 
L

O
O

P
).

 T
h

is
 i

n
cl

u
d
es

 

o
p
er

at
o
r 

ac
ti

o
n

s 
as

 r
eq

u
ir

ed
 a

n
d
 s

p
ec

if
ie

d
 b

y 
p
la

n
t 

p
ro

ce
d
u
re

s 
o
r 

o
p
er

at
in

g
 p

ra
ct

ic
es

. 

C
O

M
M

E
N

T
: 

A
s 

sp
ec

if
ie

d
 u

n
d
er

 o
th

er
 P

S
A

 t
as

k
s 

in
 t

h
is

 p
u
b
li

ca
ti

on
 d

ep
en

d
en

ci
es

 o
f 

fr
o
n

t 
li

n
e 

sy
st

em
s 

o
n

 s
u
p
p
o
rt

 s
ys

te
m

s 
an

d
 I

&
C

 a
re

 p
re

fe
ra

b
ly

 m
o
d

el
le

d
 e

x
p
li

ci
tl

y 
fo

r 

ex
am

p
le

 b
y 

m
ea

n
s 

o
f 

tr
an

sf
er

s 
fr

o
m

 s
u
p
p
or

t 
sy

st
em

 t
ra

in
s 

to
 t
h

e 
eq

u
ip

m
en

t 
o
f 

th
e 

fr
o
n

t 
li

n
e 

sy
st

em
 w

h
ic

h
 d

ep
en

d
 o

n
 a

 p
ar

ti
cu

la
r 

su
p
p
o
rt

 s
ys

te
m

s.
 D

ep
en

d
in

g
 o

n
 t
h

e 

d
es

ig
n
 t

h
is

 r
eq

u
ir

es
 f

o
rm

u
la

ti
o
n
 o

f 
su

cc
es

s 
cr

it
er

ia
 f

o
r 

su
p
p
o
rt

 s
ys

te
m

s 
as

 w
el

l.
 A

n
 

ex
am

p
le

 f
o
r 

th
is

 i
s 

a 
D

C
 e

le
ct

ri
ca

l 
p
o
w

er
 s

u
p
p
ly

 f
ro

m
 t

w
o
 D

C
 s

u
p
p
ly

 t
ra

in
s 

v
ia

 

se
p
ar

at
io

n
 d

io
d
es

. 
A

p
ar

t 
fr

o
m

 t
h

es
e 

st
ra

ig
h

tf
o
rw

ar
d
 t

ra
in

 d
ep

en
d
en

ci
es

 o
n

 s
u
p
p
o
rt

s 

th
er

e 
ar

e 
u
su

al
ly

 d
ep

en
d
en

ci
es

 r
eq

u
ir

in
g
 a

d
d
it

io
n

al
 a

n
al

ys
es

, 
fo

r 
ex

am
p
le

 r
o
o
m

 

co
o
li

n
g
 r

eq
u
ir

em
en

ts
 r

eg
ar

d
in

g
 t

h
e 

o
p
er

at
io

n
 o

f 
sa

fe
ty

 r
el

at
ed

 e
q
u
ip

m
en

t 
d
u
ri

n
g
 t
h

e 

m
is

si
o
n
 t

im
e.

  

S
C

-A
0
6
 

A
 m

is
si

o
n

 t
im

e 
fo

r 
th

e 
ac

ci
d
en

t 
se

q
u
en

ce
s 

is
 d

et
er

m
in

ed
. 
T

h
e 

m
is

si
o
n
 

ti
m

e 
is

 t
h

e 
ti

m
e 

d
u
ri

n
g
 w

h
ic

h
 s

af
et

y 
re

la
te

d
 f

u
n

ct
io

n
s 

ar
e 

re
q
u
ir

ed
 t

o
 

C
O

M
M

E
N

T
: 

A
s 

re
g
ar

d
s 

th
e 

ad
d
it

io
n
al

 e
v
al

u
at

io
n

 o
r 

m
o
d
el

li
n

g
 c

ar
ri

ed
 o

u
t 

fo
r 

se
q
u
en

ce
s 

in
 w

h
ic

h
 a

 s
af

e,
 s

ta
b
le

 s
ta

te
 h

as
 n

o
t 

b
ee

n
 a

ch
ie

v
ed

 b
y 

th
e 

en
d
 o

f 
th

e 
m

is
si

o
n
 



 

 

120 

T
as

k
 /

 G
A

 
C

h
ar

ac
te

ri
za

ti
on

 o
f 

T
as

k
/G

en
er

al
 A

tt
ri

b
u
te

s 

Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

w
o
rk

 t
o
 a

ch
ie

v
e 

a 
sa

fe
 s

ta
b
le

 s
ta

te
 a

ft
er

 a
n

 i
n

it
ia

ti
n

g
 e

v
en

t.
  

A
d
d
it

io
n

al
 e

v
al

u
at

io
n

 o
r 

m
o
d
el

li
n

g
 i

s 
ca

rr
ie

d
 o

u
t 

fo
r 

se
q
u
en

ce
s 

in
 

w
h

ic
h
 a

 s
af

e 
st

ab
le

 s
ta

te
 h

as
 n

o
t 

b
ee

n
 a

ch
ie

v
ed

 b
y 

th
e 

en
d
 o

f 
th

e 

m
is

si
o
n
 t

im
e 

d
ef

in
ed

 f
o
r 

th
e 

P
S

A
. 

ti
m

e 
d
ef

in
ed

 f
o
r 

th
e 

P
S

A
, 
p
o
ss

ib
le

 a
p
p
ro

ac
h

es
 i

n
cl

u
d
e:

 

a.
 

A
ss

ig
n
in

g
 a

n
 a

p
p
ro

p
ri

at
e 

p
la

n
t 

d
am

ag
e 

st
at

e 
fo

r 
th

at
 s

eq
u
en

ce
 i

f 
th

is
 i

s 
u
se

fu
l 

an
d
 

d
o
es

 n
o
t 

si
g
n
if

ic
an

tl
y 

h
in

d
er

 a
p
p
li

ca
ti

o
n

s;
 

b
. 

E
x
te

n
d
in

g
 t
h

e 
m

is
si

o
n
 t

im
e,

 a
n

d
 e

x
te

n
d
in

g
 t

h
e 

af
fe

ct
ed

 a
n

al
y
se

s 
to

 t
h

e 
p
o
in

t 
at

 

w
h

ic
h
 c

o
n

d
it

io
n

s 
an

d
 p

ar
am

et
er

s 
ca

n
 b

e 
sh

o
w

n
 t

o
 r

ea
ch

 a
cc

ep
ta

b
le

 v
al

u
es

; 

c.
 

E
x
te

n
d
in

g
 t
h

e 
m

is
si

o
n
 t

im
e 

to
 r

ef
le

ct
 s

it
e 

an
d
 r

eg
io

n
al

 i
m

p
ac

ts
 t

h
at

 c
an

 c
au

se
 t

h
e 

n
ee

d
 f

o
r 

sy
st

em
s 

to
 o

p
er

at
e 

lo
n

g
er

 i
n
 o

rd
er

 t
o
 a

ss
u
re

 l
o
n

g
 t

er
m

 s
af

e,
 s

ta
b
le

 

co
n

d
it

io
n

s;
 

d
. 

M
o
d
el

li
n

g
 a

d
d
it

io
n
al

 s
ys

te
m

 r
ec

o
v
er

y 
o
r 

o
p
er

at
o
r 

in
te

ra
ct

io
n
s 

fo
r 

th
e 

se
q
u
en

ce
, 
in

 

ac
co

rd
an

ce
 w

it
h
 r

eq
u
ir

em
en

ts
 s

ta
te

d
 i
n

 t
h

e 
sy

st
em

s 
an

al
ys

is
 a

n
d
 H

R
A

 s
ec

ti
o
n

s 
o
f 

th
is

 g
u
id

e,
 t

o
 d

em
on

st
ra

te
 t
h

at
 a

 s
u
cc

es
sf

u
l 

o
u
tc

o
m

e 
is

 a
ch

ie
v
ed

 t
o
g
et

h
er

 w
it

h
 a

n
 

as
se

ss
m

en
t 

o
f 

th
e 

p
ro

b
ab

il
it

y 
fo

r 
su

cc
es

s 
an

d
 f

ai
lu

re
 o

f 
th

e 
ad

d
it

io
n

al
 e

v
en

ts
. 

C
O

M
M

E
N

T
: 

It
 h

as
 b

ee
n

 t
yp

ic
al

 i
n

 i
n

te
rn

al
 e

v
en

ts
 t

o
 u

se
 a

 m
is

si
o
n
 t

im
e 

o
f 

2
4
 h

o
u
rs

 

o
n

 t
h

e 
as

su
m

p
ti

o
n

 t
h

at
, 

if
 a

 s
af

e 
st

ab
le

 c
o
n

d
it

io
n

 i
s 

re
ac

h
ed

 b
y
 t

h
at

 t
im

e 
th

er
e 

ar
e 

u
su

al
ly

 a
 n

u
m

b
er

 o
f 

o
p
ti

o
n

s 
fo

r 
re

co
v
er

y 
av

ai
la

b
le

 t
o
 m

ai
n
ta

in
 t

h
at

 s
ta

te
 a

s 
lo

n
g
 a

s 

th
er

e 
is

 n
o
 “

fa
il

u
re

 c
li

ff
” 

sh
o
rt

ly
 a

ft
er

 t
h
at

 p
o
in

t 
in

 t
im

e.
 H

o
w

ev
er

, 
th

is
 m

ay
 n

o
t 

b
e 

tr
u
e 

o
f 

in
te

rn
al

 o
r 

ex
te

rn
al

 h
az

ar
d
s,

 w
h

er
e 

th
e 

d
am

ag
e 

co
u
ld

 r
eq

u
ir

e 
sy

st
em

s 
to

 o
p
er

at
e 

m
u
ch

 l
on

g
er

 (
fo

r 
ex

am
p
le

, 
re

co
v
er

y 
o
f 

o
ff

-s
it

e 
p
o
w

er
 m

ay
 t

ak
e 

m
u
ch

 l
o
n

g
er

).
  



 

 

121 

T
A

B
L

E
 8

.2
-B

 
A

T
T

R
IB

U
T

E
S

 F
O

R
 S

U
C

C
E

S
S

 C
R

IT
E

R
IA

 F
O

R
M

U
L

A
T

IO
N

 A
N

D
 S

U
P

P
O

R
T

IN
G

 A
N

A
L

Y
S

IS
: 

T
A

S
K

 S
C

-B
 ‘

T
H

E
R

M
A

L
 

H
Y

D
R

A
U

L
IC

 A
N

A
L

Y
S

E
S

 A
N

D
 O

T
H

E
R

 A
S

S
E

S
S

M
E

N
T

 M
E

A
N

S
 S

U
P

P
O

R
T

IN
G

 T
H

E
 F

O
R

M
U

L
A

T
IO

N
 O

F
 S

U
C

C
E

S
S

 

C
R

IT
E

R
IA

’ 

T
as

k
/ 

G
A

 
C

h
ar

ac
te

ri
za

ti
on

 o
f 

T
as

k
/G

en
er

al
 A

tt
ri

b
u
te

s 

Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

S
C

-B
 

D
et

ai
le

d
 s

u
cc

es
s 

cr
it

er
ia

 a
n
d
 e

v
en

t 
ti

m
in

g
 t
h

at
 f

u
ll

y 
su

p
p
o
rt

 f
o
r 

th
e 

q
u
an

ti
fi

ca
ti

on
 o

f 
ri

sk
 m

et
ri

cs
, 
an

d
 t
h

e 
d
et

er
m

in
at

io
n
 o

f 
im

p
ac

t 
o
f 

su
cc

es
s 

cr
it

er
ia

 o
n

 s
ys

te
m

s,
 s

tr
u
ct

u
re

s,
 c

o
m

p
o
n

en
ts

 a
n
d
 h

u
m

an
 

in
te

ra
ct

io
n

s 
ar

e 
d
ev

el
o
p
ed

 f
o
r 

in
te

rn
al

 e
v
en

ts
, 
in

te
rn

al
 h

az
ar

d
s,

 a
n
d
 

ex
te

rn
al

 h
az

ar
d
s 

fo
r 

al
l 

P
O

S
 b

y 
ap

p
ro

p
ri

at
e 

th
er

m
al

 h
yd

ra
u
li

c 
an

al
ys

es
 

an
d
 o

th
er

 a
ss

es
sm

en
t 

m
ea

n
s.

  

C
O

M
M

E
N

T
: 

If
 t

h
e 

sc
o
p
e 

o
f 

th
e 

P
S

A
 d

o
es

 n
o
t 

in
cl

u
d
e 

ce
rt

ai
n
 h

az
ar

d
s 

o
r 

L
P

S
D

 P
O

S
, 

th
en

 t
h

es
e 

d
o
 n

o
t 

h
av

e 
to

 b
e 

co
n

si
d
er

ed
. 

S
C

-B
0
1
 

A
p
p
li

ca
b
le

 a
n
d
 p

ro
v
en

 c
o
m

p
u
te

r 
co

d
es

 a
re

 u
se

d
 f

o
r 

th
e 

m
o
d
el

li
n

g
 o

f 
th

e 

co
u
rs

e 
o
f 

ac
ci

d
en

t 
se

q
u
en

ce
s 

an
d
 f

o
r 

th
e 

d
er

iv
at

io
n
 o

f 
as

so
ci

at
ed

 s
u
cc

es
s 

cr
it

er
ia

. 
P

re
fe

ra
b
ly

 a
n

d
 i

f 
av

ai
la

b
le

 b
es

t 
es

ti
m

at
e 

co
d
es

 a
n

d
 m

o
d
el

s 
ar

e 

u
se

d
 f

o
r 

th
is

 p
u
rp

o
se

 a
n

d
 t

h
e 

p
la

n
t 

an
d
 s

eq
u
en

ce
 m

o
d
el

 r
ef

le
ct

s 
th

e 

sp
ec

if
ic

 d
es

ig
n
 a

n
d
 o

p
er

at
io

n
al

 f
ea

tu
re

s 
o
f 

th
e 

p
la

n
t.

 

B
es

t 
es

ti
m

at
e 

m
o
d
el

s 
o
r 

an
al

ys
es

 c
an

 b
e 

su
p
p
le

m
en

te
d
 w

it
h
 p

la
n
t 

sp
ec

if
ic

 o
r 

g
en

er
ic

 S
af

et
y 

A
n

al
ys

is
 R

ep
o
rt

 o
r 

o
th

er
 c

o
n

se
rv

at
iv

e 

an
al

ys
es

 a
p
p
li

ca
b
le

 t
o
 t

h
e 

p
la

n
t 
ac

co
m

p
an

ie
d
 w

it
h

 a
 j

u
st

if
ic

at
io

n
 a

n
d
 a

n
 

as
se

ss
m

en
t 

o
f 

as
so

ci
at

ed
 u

n
ce

rt
ai

n
ti

es
. 

C
O

M
M

E
N

T
: 

F
o
r 

su
cc

es
s 

cr
it

er
ia

 d
ev

el
o
p
m

en
t 

it
 m

ay
 b

e 
n

ec
es

sa
ry

 t
o
 p

er
fo

rm
 s

p
ec

if
ic

 

th
er

m
al

 h
yd

ra
u
li

c 
ca

lc
u
la

ti
o
n

s 
fo

r 
lo

w
 p

o
w

er
 a

n
d
 s

h
u
td

o
w

n
 P

O
S

. 

 
S
C

-B
0
1
-S

1
 

 

A
p
p
li

ca
b
le

 a
n
d
 p

ro
ve

n
 c

o
m

p
u
te

r 
co

d
es

 a
re

 u
se

d
 f

o
r 

th
e 

m
o
d
el

li
n
g
 t

h
e 

co
u
rs

e 
o
f 

a
ll

 r
el

ev
a
n
t 

a
cc

id
en

t 
se

q
u
en

ce
s 

a
n
d
 f

o
r 

th
e 

d
er

iv
a
ti

o
n
 o

f 
a
ss

o
ci

a
te

d
 s

u
cc

es
s 

cr
it

er
ia

. 
B

es
t 

es
ti

m
a
te

 c
o
d
es

 a
n
d
 m

o
d
el

s 
a
re

 u
se

d
 f

o
r 

th
is

 p
u
rp

o
se

 a
n
d
 

th
e 

p
la

n
t 

a
n
d
 s

eq
u
en

ce
 m

o
d
el

 r
ef

le
ct

s 
th

e 
sp

ec
if

ic
 d

es
ig

n
 

a
n
d
 o

p
er

a
ti

o
n
a
l 

fe
a
tu

re
s 

o
f 

th
e 

p
la

n
t.

 

R
A

T
IO

N
A

L
E

: 
U

se
 o

f 
g
en

er
ic

 a
ss

es
sm

en
ts

 m
a
y 

p
ro

vi
d
e 

in
su

ff
ic

ie
n
t 

p
la

n
t 

sp
ec

if
ic

it
y 

fo
r 

p
a
rt

s 
o
f 

th
e 

m
o
d
el

 a
ff

ec
te

d
 b

y 
a
p
p
li

ca
ti

o
n
s.

 C
o
n
se

rv
a
ti

ve
 a

ss
es

sm
en

ts
 m

a
y 

ca
u
se

 

m
a
sk

in
g
 e

ff
ec

ts
 h

in
d
er

in
g
 c

er
ta

in
 a

p
p
li

ca
ti

o
n
s.

 

S
C

-B
0
2
 

E
x
p
er

t 
ju

d
g
m

en
t 

is
 o

n
ly

 u
se

d
 t

o
 a

ss
es

s 
th

e 
co

n
d
it

io
n

s 
o
r 

re
sp

o
n

se
 o

f 

sy
st

em
s,

 s
tr

u
ct

u
re

s 
an

d
 e

q
u
ip

m
en

t 
in

 s
it

u
at

io
n

s 
w

h
en

 t
h

er
e 

is
 a

 l
ac

k
 o

f 

av
ai

la
b
le

 i
n

fo
rm

at
io

n
, 
k
n

o
w

le
d
g
e 

o
r 

an
al

yt
ic

al
 m

et
h

o
d
s 

u
p
o
n
 w

h
ic

h
 a

 

p
re

d
ic

ti
o
n
 c

an
 b

e 
b
as

ed
 i

f 
it

 c
an

 b
e 

d
em

o
n

st
ra

te
d
 t
h

at
 t
h

e 
v
ar

ia
b
il

it
y 

an
d
 

u
n

ce
rt

ai
n

ty
 p

o
te

n
ti

al
ly

 i
n
h

er
en

t 
in

 t
h

e 
as

se
ss

m
en

t 
d
o
es

 n
o
t 

si
g
n
if

ic
an

tl
y 

im
p
ac

t 
on

 t
h

e 
P

S
A

 m
o
d
el

s 
an

d
 r

es
u
lt

s.
 

 



 

 

122 

T
as

k
/ 

G
A

 
C

h
ar

ac
te

ri
za

ti
on

 o
f 

T
as

k
/G

en
er

al
 A

tt
ri

b
u
te

s 

Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

S
C

-B
0
3
 

W
h

en
 d

ef
in

in
g
 s

u
cc

es
s 

cr
it

er
ia

; 
th

er
m

al
 h

yd
ra

u
li

c,
 s

tr
u
ct

u
ra

l,
 o

r 
o
th

er
 

an
al

ys
es

 a
n

d
 e

v
al

u
at

io
n

s 
ar

e 
u
se

d
, 

w
h
ic

h
 a

re
 a

p
p
ro

p
ri

at
e 

to
 t

h
e 

P
O

S
 

d
ef

in
it

io
n
 a

n
d
 c

h
ar

ac
te

ri
za

ti
o
n
 a

s 
w

el
l 

as
 t
h

e 
h
az

ar
d
 e

v
en

t 
an

d
 t

h
e 

ev
en

t 

se
q
u
en

ce
 b

ei
n

g
 a

n
al

ys
ed

. 
T

h
e 

le
v
el

 o
f 

d
et

ai
l 

in
 t

h
es

e 
an

al
y
se

s 
an

d
 

ev
al

u
at

io
n

s 
is

 c
o
n

si
st

en
t 

w
it

h
 t
h

e 
in

it
ia

ti
n

g
 e

v
en

t 
g
ro

u
p
in

g
 a

n
d
 a

cc
id

en
t 

se
q
u
en

ce
 a

n
al

y
si

s 
ta

sk
s.

 

C
O

M
M

E
N

T
: 

S
u
cc

es
s 

cr
it

er
ia

 d
et

er
m

in
ed

 f
o
r 

fu
ll

 p
o
w

er
 c

o
n
d
it

io
n

s 
ar

e 
n

o
t 

al
w

ay
s 

b
o
u
n

d
in

g
 f

o
r 

lo
w

 p
o
w

er
 a

n
d
 s

h
u
td

o
w

n
 s

ta
te

s.
 

S
C

-B
0
4
 

A
n
al

ys
is

 m
o
d
el

s 
an

d
 c

o
m

p
u
te

r 
co

d
es

 a
re

 u
se

d
 t
h

at
 h

av
e 

p
ro

v
en

 

ca
p
ab

il
it

y 
to

 m
o
d
el

 t
h

e 
co

n
d
it

io
n

s 
an

d
 p

h
en

o
m

en
a 

o
f 

in
te

re
st

 i
n
 t

h
e 

d
et

er
m

in
at

io
n

 o
f 

su
cc

es
s 

cr
it

er
ia

 a
n

d
 t

h
at

 p
ro

v
id

e 
re

su
lt

s 
re

p
re

se
n

ta
ti

v
e 

fo
r 

th
e 

p
la

n
t.
 C

o
m

p
u
te

r 
co

d
es

 a
n

d
 m

o
d
el

s 
ar

e 
o
n

ly
 u

se
d
 w

it
h
in

 k
n

o
w

n
 

li
m

it
s 

o
f 

ap
p
li

ca
b
il

it
y.

 

 

S
C

-B
0
5
 

T
h

e 
p
la

n
t 

m
o
d
el

 a
n

d
 p

ar
am

et
er

s 
u
se

d
 f

o
r 

th
er

m
al

 h
yd

ra
u
li

c 
an

al
ys

es
 a

re
 

es
ta

b
li

sh
ed

 i
n
 a

 w
a
y 

th
at

 p
ro

v
id

es
 a

 l
ev

el
 o

f 
re

so
lu

ti
o
n
 t

h
at

 r
ef

le
ct

s 
th

e 

ac
tu

al
 d

es
ig

n
 a

n
d
 o

p
er

at
io

n
al

 f
ea

tu
re

s 
o
f 

th
e 

p
la

n
t.

  

P
ar

am
et

er
 v

al
u
es

 (
in

cl
u
d
in

g
 s

et
p
o
in

ts
, 
li

m
it

 p
o
in

ts
, 
tr

ig
g
er

 v
al

u
es

, 
en

tr
y 

an
d
 e

x
it

 v
al

u
es

 f
o
r 

p
ro

ce
d
u
re

s,
 a

n
d
 s

et
s 

o
f 

p
ar

am
et

er
 v

al
u
es

 w
h

ic
h
 a

re
 

u
se

d
 f

o
r 

co
n

tr
o
l 

fu
n

ct
io

n
s)

 d
et

er
m

in
e 

w
h

en
 o

p
er

at
o
r 

ac
ti

o
n

s 
ar

e 
ca

rr
ie

d
 

o
u
t 

an
d
 d

et
er

m
in

e 
th

e 
fu

n
ct

io
n

 o
f 

sa
fe

ty
 r

el
at

ed
 s

ys
te

m
s.

 I
n
 t

h
is

 r
es

p
ec

t 

th
e 

p
la

n
t 
m

o
d
el

 a
n

d
 t

h
e 

m
o
d
el

 o
f 

re
la

te
d
 c

o
n

tr
o
l 

sy
st

em
 f

u
n

ct
io

n
s 

ar
e 

su
p
p
o
rt

ed
 b

y 
a 

d
et

ai
le

d
 d

es
cr

ip
ti

o
n
 i

n
cl

u
d
in

g
 r

ef
er

en
ce

s 
to

 t
h
e 

p
la

n
ts

 

p
ro

te
ct

iv
e 

I&
C

 a
n

d
 E

O
P

s.
 

W
h

en
 s

p
ec

if
yi

n
g
 p

ar
am

et
er

 v
al

u
es

, 
u
n

ce
rt

ai
n

ti
es

, 
v
ar

ia
b
il

it
y,

 a
n

d
 d

el
ay

s 

fo
r 

m
ea

su
ri

n
g
 a

n
d
 a

ct
u
at

in
g
 d

ev
ic

es
 a

n
d
 f

o
r 

ac
tu

at
ed

 e
q
u
ip

m
en

t 
ar

e 

ta
k
en

 i
n

to
 a

cc
o
u
n

t.
 

 

S
C

-B
0
6
 

T
h

e 
p
la

u
si

b
il

it
y,

 r
ea

so
n

ab
le

n
es

s,
 a

n
d
 a

cc
ep

ta
b
il

it
y 

o
f 

th
er

m
al

 h
yd

ra
u
li

c,
 

st
ru

ct
u
ra

l 
or

 o
th

er
 s

u
p
p
or

ti
n

g
 e

n
g
in

ee
ri

n
g
 b

as
es

 u
se

d
 t

o
 s

u
p
p
o
rt

 s
u
cc

es
s 

cr
it

er
ia

 i
s 

ch
ec

k
ed

 w
it

h
 a

p
p
ro

p
ri

at
e 

m
et

h
o
d
s.

  

C
O

M
M

E
N

T
: 

M
et

h
o
d
s 

ca
n
 i

n
cl

u
d
e 

th
e 

fo
ll

o
w

in
g
: 

 

a)
 

C
o
m

p
ar

is
o
n
 o

f 
re

su
lt

s 
w

it
h

 r
es

u
lt

s 
o
f 

si
m

il
ar

 a
n
al

ys
es

 p
er

fo
rm

ed
 f

o
r 

si
m

il
ar

 

p
la

n
ts

, 
ac

co
u
n

ti
n

g
 f

o
r 

d
if

fe
re

n
ce

s 
in

 u
n
iq

u
e 

p
la

n
t 

fe
at

u
re

s.
 

b
) 

C
o
m

p
ar

is
o
n
 w

it
h

 r
es

u
lt

s 
o
f 

si
m

il
ar

 a
n

al
ys

es
 w

it
h
 o

th
er

 c
o
d
es

. 

c)
 

C
h

ec
k
 b

y 
o
th

er
 m

ea
n

s,
 e

.g
. 

si
m

p
li

fi
ed

 e
n

g
in

ee
ri

n
g
 c

al
cu

la
ti

o
n

s.
 



 

 

123 

T
A

B
L

E
 8

.2
-C

 
A

T
T

R
IB

U
T

E
S

 F
O

R
 S

U
C

C
E

S
S

 C
R

IT
E

R
IA

 F
O

R
M

U
L

A
T

IO
N

 A
N

D
 S

U
P

P
O

R
T

IN
G

 A
N

A
L

Y
S

IS
: 

T
A

S
K

 S
C

-C
 

‘D
O

C
U

M
E

N
T

A
T

IO
N

’ 

T
as

k
 /

 G
A

 
C

h
ar

ac
te

ri
za

ti
on

 o
f 

T
as

k
/G

en
er

al
 A

tt
ri

b
u
te

s 

Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

S
C

-C
 

T
h

e 
d
o
cu

m
en

ta
ti

o
n
 i

s 
p
er

fo
rm

ed
 i

n
 a

 m
an

n
er

 f
ac

il
it

at
in

g
 a

 p
ee

r 

re
v
ie

w
, 

as
 w

el
l 

as
 f

u
tu

re
 u

p
g
ra

d
es

 a
n
d
 a

p
p
li

ca
ti

o
n

s 
o
f 

th
e 

P
S

A
 b

y 

d
es

cr
ib

in
g
 t

h
e 

p
ro

ce
ss

es
 t

h
at

 w
er

e 
u
se

d
 a

n
d
 p

ro
v
id

in
g
 d

et
ai

ls
 o

f 
th

e 

m
et

h
o
d
s 

u
se

d
, 
as

su
m

p
ti

o
n

s 
m

ad
e,

 a
n
d
 t
h

ei
r 

b
as

es
. 

 

S
C

-C
0
1
 

T
h

e 
fo

ll
o
w

in
g
 a

sp
ec

ts
 o

f 
th

e 
su

cc
es

s 
cr

it
er

ia
 f

o
rm

u
la

ti
o
n

 a
n

d
 s

u
p
p
o
rt

 

an
al

ys
is

 p
ro

ce
ss

 a
re

 d
o
cu

m
en

te
d
 

(a
) 

E
ac

h
 o

f 
th

e 
su

cc
es

s 
cr

it
er

ia
 a

n
d
 t

h
e 

su
p
p
o
rt

in
g
 a

ss
es

sm
en

ts
, 

en
g
in

ee
ri

n
g
 b

as
es

, 
re

fe
re

n
ce

s 
an

d
 a

ss
u
m

p
ti

o
n

s 
ar

e 
d
o
cu

m
en

te
d
 i

n
 

d
et

ai
l.
 

(b
) 

C
o
n

se
rv

at
iv

e 
as

su
m

p
ti

o
n

s 
ar

e 
d
es

cr
ib

ed
 a

n
d
 d

o
cu

m
en

te
d
 i
n

cl
u
d
in

g
 

th
e 

ra
ti

on
al

e 
fo

r 
u
si

n
g
 c

o
n

se
rv

at
is

m
 a

n
d
 a

n
 a

ss
es

sm
en

t 
o
f 

im
p
ac

ts
. 

(c
) 

A
 d

et
ai

le
d
 a

n
d
 t

ra
ce

ab
le

 d
es

cr
ip

ti
o
n
 o

f 
co

n
d
en

sa
ti

on
, 
g
ro

u
p
in

g
, 

b
in

n
in

g
, 
ag

g
lo

m
er

at
io

n
, 

sc
re

en
in

g
 a

n
d
 s

im
p
li

fi
ca

ti
o
n
 s

te
p
s 

is
 g

iv
en

 

in
cl

u
d
in

g
 j

u
st

if
ic

at
io

n
s 

an
d
 a

n
 a

ss
es

sm
en

t 
o
f 

ef
fe

ct
s 

an
d
 w

h
ic

h
 i

s 

co
n

si
st

en
t 

w
it

h
 t
h

e 
in

it
ia

ti
n
g
 e

v
en

t 
an

d
 a

cc
id

en
t 

se
q
u
en

ce
 a

n
al

ys
is

 

ta
sk

s.
 

(d
) 

T
h

e 
b
as

is
 f

o
r 

th
e 

su
cc

es
s 

cr
it

er
ia

 d
ev

el
o
p
m

en
t 

p
ro

ce
ss

 i
s 

d
o
cu

m
en

te
d
 i

n
 a

 w
ay

, 
w

h
ic

h
 i

s 
co

n
si

st
en

t 
w

it
h
 t
h

e 
in

it
ia

ti
n

g
 e

v
en

t 
an

d
 

ac
ci

d
en

t 
se

q
u
en

ce
 a

n
al

ys
is

 t
as

k
s.

 

C
O

M
M

E
N

T
: 
T

h
e 

fo
ll

o
w

in
g
 i

s 
d
o
cu

m
en

te
d
 c

o
n

si
st

en
t 

w
it

h
 a

n
d
 n

o
t 

ex
te

n
si

v
el

y 

d
o
u
b
li

n
g
 t
h

e 
in

fo
rm

at
io

n
 p

re
se

n
te

d
 i

n
 t
h

e 
ta

sk
s 

fo
r 

in
it

ia
ti

n
g
 e

v
en

ts
, 
ac

ci
d
en

t 
se

q
u
en

ce
 

as
se

ss
m

en
t,

 h
u
m

an
 i
n

te
ra

ct
io

n
 a

n
al

ys
is

 a
n

d
 s

ys
te

m
s 

an
al

ys
is

: 

a)
 

T
h

e 
d
ef

in
it

io
n

 o
f 

co
re

 /
 f

u
el

 d
am

ag
e 

u
se

d
 i
n

 t
h

e 
P

S
A

 i
n

cl
u
d
in

g
 t

h
e 

b
as

is
 f

o
r 

an
y 

se
le

ct
ed

 p
ar

am
et

er
s 

an
d
 p

ar
am

et
er

 v
al

u
es

; 

b
) 

C
al

cu
la

ti
o
n

s 
(g

en
er

ic
 a

n
d
 p

la
n
t 

sp
ec

if
ic

) 
o
r 

o
th

er
 r

ef
er

en
ce

s 
u
se

d
 t

o
 e

st
ab

li
sh

 

su
cc

es
s 

cr
it

er
ia

, 
an

d
 i

d
en

ti
fi

ca
ti

o
n
 o

f 
ca

se
s 

fo
r 

w
h

ic
h

 t
h

ey
 a

re
 u

se
d
; 

c)
 

Id
en

ti
fi

ca
ti

on
 o

f 
co

m
p
u
te

r 
co

d
es

 o
r 

o
th

er
 m

et
h

o
d
s 

u
se

d
 t

o
 e

st
ab

li
sh

 p
la

n
t 

sp
ec

if
ic

 

su
cc

es
s 

cr
it

er
ia

; 

d
) 

A
 d

es
cr

ip
ti

o
n
 o

f 
th

e 
li

m
it

at
io

n
s 

(e
.g

. 
p
o
te

n
ti

al
 c

o
n

se
rv

at
is

m
s 

o
r 

li
m

it
at

io
n

s 
th

at
 

co
u
ld

 c
h

al
le

n
g
e 

th
e 

ap
p
li

ca
b
il

it
y 

o
f 

co
m

p
u
te

r 
co

d
e 

m
o
d
el

s 
in

 c
er

ta
in

 c
as

es
) 

o
f 

th
e 

ca
lc

u
la

ti
o
n

s 
o
r 

co
d
es

; 

e)
 

Id
en

ti
fi

ca
ti

on
 o

f 
im

p
or

ta
n
t 

as
su

m
p
ti

o
n

s 
u
se

d
 i
n
 e

st
ab

li
sh

in
g
 s

u
cc

es
s 

cr
it

er
ia

; 

f)
 

A
 d

et
ai

le
d
 a

n
d
 t

ra
ce

ab
le

 d
es

cr
ip

ti
on

 o
f 

co
n

d
en

sa
ti

o
n
, 
g
ro

u
p
in

g
, 
b
in

n
in

g
, 

ag
g
lo

m
er

at
io

n
, 
sc

re
en

in
g
-o

u
t 

an
d
 s

im
p
li

fi
ca

ti
o
n
 s

te
p
s 

w
h

er
e 

u
se

d
 i

n
cl

u
d
in

g
 

ju
st

if
ic

at
io

n
s 

an
d
 i

m
p
ac

t 
as

se
ss

m
en

t 
an

d
 c

o
n

si
st

en
t 

w
it

h
 t
h

e 
in

it
ia

ti
n

g
 e

v
en

t 
an

d
 

ac
ci

d
en

t 
se

q
u
en

ce
 a

n
al

ys
is

 t
as

k
s;

 

g
) 

A
 s

u
m

m
ar

y 
o
f 

su
cc

es
s 

cr
it

er
ia

 f
o
r 

th
e 

sa
fe

ty
 r

el
at

ed
 f

u
n

ct
io

n
s,

 s
ys

te
m

s 
an

d
 h

u
m

an
 

in
te

ra
ct

io
n

s 
fo

r 
ea

ch
 a

cc
id

en
t 

in
it

ia
ti

n
g
 e

v
en

t 
g
ro

u
p
; 

h
) 

T
h

e 
b
as

is
 f

o
r 

d
et

er
m

in
in

g
 t
h

e 
ti

m
e 

w
in

d
o
w

s 
an

d
 o

th
er

 c
o
n

d
it

io
n

s 
fo

r 
h

u
m

an
 

in
te

ra
ct

io
n

s;
 

i)
 

T
h

e 
d
es

cr
ip

ti
on

 o
f 

p
ro

ce
ss

es
 u

se
d
 t

o
 d

ef
in

e 
su

cc
es

s 
cr

it
er

ia
 f

o
r 

g
ro

u
p
ed

 i
n
it

ia
ti

n
g
 

ev
en

ts
 o

r 
ac

ci
d
en

t 
se

q
u
en

ce
s.

 

S
C

-C
0
2
 

T
h

e 
u
se

s,
 r

at
io

n
al

e 
an

d
 b

ac
k
g
ro

u
n

d
 i
n

fo
rm

at
io

n
 f

o
r 

ex
p
er

t 
ju

d
g
m

en
t 

is
 

R
A

T
IO

N
A

L
E

: 
A

p
p
li

ca
ti

o
n

s 
m

ay
 r

eq
u
ir

e 
re

d
o
in

g
 e

x
p
er

t 
ju

d
g
m

en
ts

, 
p
ar

ti
al

ly
 o

r 
as

 a
 



 

 

124 

T
as

k
 /

 G
A

 
C

h
ar

ac
te

ri
za

ti
on

 o
f 

T
as

k
/G

en
er

al
 A

tt
ri

b
u
te

s 

Id
en

ti
fi

er
 a

n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
 I

ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
 I

ta
li

cs
) 

d
o
cu

m
en

te
d
 i

n
 a

 w
ay

 w
h

ic
h

 i
s 

tr
ac

ea
b
le

 a
n

d
 r

ep
ro

d
u
ci

b
le

. 

U
n

ce
rt

ai
n

ti
es

 a
n

d
 v

ar
ia

b
il

it
y 

in
 e

x
p
er

t 
ju

d
g
m

en
t 

ar
e 

st
at

ed
. 
T

h
e 

im
p
ac

ts
 o

r 
ef

fe
ct

s 
o
f 

th
es

e 
u
n

ce
rt

ai
n
ti

es
 a

n
d
 v

ar
ia

b
il

it
y 

ar
e 

as
se

ss
ed

 a
s 

p
ar

t 
o
f 

th
e 

R
es

u
lt

s 
A

n
al

ys
is

 a
n

d
 I

n
te

rp
re

ta
ti

on
 T

as
k
. 
 

w
h

o
le

. 
M

ea
n

in
g
fu

l 
re

su
lt

s 
an

d
 c

o
m

p
ar

is
o
n

s 
ca

n
 o

n
ly

 b
e 

ac
h

ie
v
ed

 i
n

 s
u
ch

 c
as

e 
if

 t
h

e 

ex
p
er

t 
ju

d
g
m

en
t 

p
ro

ce
ss

 i
n

cl
u
d
in

g
 b

ac
k
g
ro

u
n

d
 i

n
fo

rm
at

io
n

 a
n

d
 j

u
st

if
ic

at
io

n
s 

ar
e 

su
ff

ic
ie

n
tl

y 
d
o
cu

m
en

te
d
. 

S
C

-C
0
3
 

T
h

e 
ra

ti
on

al
e 

u
se

d
 i

n
 t

h
e 

ap
p
li

ca
ti

on
 o

f 
su

cc
es

s 
cr

it
er

ia
 f

o
r 

si
tu

at
io

n
s 

fo
r 

w
h
ic

h
 t

h
er

e 
is

 m
o
re

 t
h
an

 o
n

e 
te

ch
n

ic
al

 a
p
p
ro

ac
h

, 
n

o
n

e 
o
f 

w
h

ic
h
 i

s 

u
n
iv

er
sa

ll
y 

ac
ce

p
te

d
 a

s 
co

rr
ec

t,
 i

s 
d
o
cu

m
en

te
d
 a

n
d
 t

h
e 

ef
fe

ct
s 

o
f 

u
si

n
g
 

a 
p
ar

ti
cu

la
r 

ap
p
ro

ac
h
 i

s 
ju

st
if

ie
d
 a

n
d
 i

m
p
ac

ts
 d

is
cu

ss
ed

. 

 

S
C

-C
0
4
 

T
h

e 
so

u
rc

es
 o

f 
m

o
d
el

 u
n

ce
rt

ai
n

ty
 a

n
d
 r

el
at

ed
 a

ss
u
m

p
ti

o
n

s 
as

so
ci

at
ed

 

w
it

h
 t

h
e 

su
cc

es
s 

cr
it

er
ia

 a
n
al

ys
is

 a
re

 d
o
cu

m
en

te
d
. 

 

 



 

125 

9. PSA ELEMENT ‘SY’: SYSTEMS ANALYSIS 

9.1. 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 accomplished for each POS 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. 

• Intrasystem dependencies and intersystem 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. 

 

9.2. SYSTEMS ANALYSIS TASKS AND THEIR ATTRIBUTES 

Table 9.1 lists the main tasks for the PSA element ‘Systems Analysis’. Tables 9.2-A through 

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

TABLE 9.1 MAIN TASKS FOR SYSTEMS ANALYSIS 

Task ID Task Content 

SY-A System characterization 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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 f
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b
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p
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b
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 l
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 D
F

-E
0
2
).

  

S
Y

-C
1
8
 

In
 t

h
e 

P
S

A
 f

o
r 

h
az

ar
d
s 

th
e 

b
as

ic
 e

v
en

ts
 r

ep
re

se
n

ti
n

g
 t

h
e 

S
S

C
s 

b
el

o
n

g
in

g
 

to
 t

h
e 

se
t 

o
f 

eq
u
ip

m
en

t 
af

fe
ct

ed
 b

y 
th

e 
h
az

ar
d
 a

re
 i

d
en

ti
fi

ed
, 
an

d
 t
h
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 s
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b
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p
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d
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n
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10. PSA ELEMENT ‘HR’: HUMAN RELIABILITY ANALYSIS 

10.1. MAIN OBJECTIVES 

The objective of the human reliability analysis is to incorporate human factors into the PSA 

model and to assess the impact of plant personnel actions on risk for each POS. The personnel 

actions considered are of three types: the first type includes those associated with the 

performance of surveillance testing, maintenance, and calibration before an accident, often 

referred to as pre-initiator event actions; the second type is related to similar activities and 

operator manipulations that could lead to an initiating event, and the third 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 SSG-3 [3] 

are referred to as Type A, Type B, and Type C human action events.  

The important HRA topics are: 

- The identification of the specific human activities of all types for each POS, whose impact 

need to be included in the analysis;  

- Consideration of reactor specific, design specific, plant specific, and accident sequence 

specific factors, including those factors that influence either an activities of interest or 

human performance, including those leading to errors of commission;  

- 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 estimation of the probabilities of the human failure events occurring due to erroneous 

decision making (i.e. errors of commission); 

- Consideration of human performance in an integral way so that issues of dependency are 

captured; 

- 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 system reliability models (e.g. 

fault trees). 

The analyses on the above topics need to 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.  
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10.2. HUMAN RELIABILITY ANALYSIS TASKS AND THEIR ATTRIBUTES 

Table 10.1 lists the main tasks for the PSA element ‘Human Reliability Analysis’. Tables 

10.2-A through 10.2-L present the description of general and special attributes for these tasks. 

TABLE 10.1 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  

Human induced initiating event HRA 

HR-I Identification of human failure events that could lead to an initiating event 

HR-J Grouping of human failure events that could lead to an initiating event 

HR-K Assessment of frequencies of human failure events that could lead to an initiating event 

Documentation 

HR-L Documentation  
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11. PSA ELEMENT ‘DA’: DATA ANALYSIS 

11.1. 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; 

- 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 confused with the 

parameters of probability distributions used to describe the uncertainty of reliability 

parameters. 

11.2. DATA ANALYSIS TASKS AND THEIR ATTRIBUTES 

Table 11.1 lists the main tasks for the PSA element ‘Data Analysis’. Tables 11.2-A through 

11.2-H present the description of general attributes and special attributes for these tasks.  
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TABLE 11.1 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 Use of mechanistic models (fragility analysis) 

DA-H Documentation  
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fo
rm

at
io

n
 i

s 
ev

al
u
at

ed
 r

eg
ar

d
in

g
 i

ts
 a

p
p
li

ca
b
il

it
y 

fo
r 

th
e 

p
la

n
t,
 c

o
n

si
d
er

in
g
 t

h
e 

ch
ar

ac
te

ri
st

ic
s,

 d
es

ig
n

 a
n

d
 o

p
er

at
io

n
al

 

fe
at

u
re

s 
o
f 

th
e 

eq
u
ip

m
en

t 
fo

r 
w

h
ic

h
 t

h
is

 i
n

fo
rm

at
io

n
 i

s 
in

te
n
d
ed

 t
o
 b

e 

ap
p
li

ed
. 

T
h

e 
co

ll
ec

ti
o
n

 a
n

d
 e

v
al

u
at

io
n
 o

f 
g
en

er
ic

 i
n

fo
rm

at
io

n
 i
n

cl
u
d
es

 a
n
 

as
se

ss
m

en
t 

o
f 

th
e 

u
n

ce
rt

ai
n

ty
 i

n
 t
h

e 
o
ri

g
in

al
 d

at
a.

  

E
X

A
M

P
L

E
: 

S
o
u
rc

es
 o

f 
u
n

ce
rt

ai
n

ti
es

 r
eg

ar
d
in

g
 t

h
e 

u
se

 o
f 

g
en

er
ic

 r
el

ia
b
il

it
y 

p
ar

am
et

er
: 

- 
D

if
fe

re
n

ce
s 

in
 c

o
m

p
o
n

en
t 

d
es

ig
n
 a

n
d
 o

p
er

at
io

n
al

 f
ea

tu
re

s;
 

- 
D

if
fe

re
n

ce
s 

in
 t

es
t,

 r
ep

ai
r 

an
d
 m

ai
n
te

n
an

ce
 p

ra
ct

ic
es

; 

- 
Q

u
al

it
y 

o
f 

th
e 

g
en

er
ic

 d
at

a 
(e

.g
. 
co

m
p
le

te
n

es
s)

; 

- 
S

ta
ti

st
ic

al
 u

n
ce

rt
ai

n
ti

es
. 

D
A

-C
0
2
 

G
en

er
ic

 p
ar

am
et

er
s 

fo
r 

th
e 

p
la

n
t 

ar
e 

co
m

p
o
se

d
 o

r 
se

le
ct

ed
. 

In
fo

rm
at

io
n
 f

ro
m

 d
if

fe
re

n
t 

p
la

n
ts

 i
s 

in
te

g
ra

te
d
 t

o
 o

b
ta

in
 s

u
it

ab
le

 

g
en

er
ic

 p
ar

am
et

er
s 

u
si

n
g
 B

ay
es

ia
n
 m

et
h

o
d
s,

 c
la

ss
ic

al
 a

p
p
ro

ac
h

es
 

an
d
 e

x
p
er

t 
ju

d
g
m

en
t.

 

T
h

e 
se

le
ct

io
n

 o
f 

g
en

er
ic

 p
ar

am
et

er
s 

o
r 

th
e 

co
m

p
o
si

ti
o
n

 o
f 

g
en

er
ic

 

in
fo

rm
at

io
n
 i

n
to

 a
 p

ar
am

et
er

 a
p
p
li

ca
b
le

 f
o
r 

th
e 

p
la

n
t 

in
cl

u
d
es

 a
n
 

ap
p
re

ci
at

io
n
 a

n
d
 a

n
 a

ss
es

sm
en

t 
o
f 

th
e 

u
n

ce
rt

ai
n
ti

es
 i
n

v
o
lv

ed
 i

n
 t
h

e 

o
ri

g
in

al
 d

at
a 

an
d
 i

n
 u

si
n
g
 t
h

em
 f

o
r 

th
e 

p
la

n
t.
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k
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A

 
C

h
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f 

T
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k
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en
er
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tt
ri

b
u
te

s 
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en

ti
fi

er
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n
d
 D

es
cr

ip
ti

o
n
 o

f 
S
p
ec

ia
l 

A
tt

ri
b
u
te

s 
(i

n
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ta
li

cs
) 

R
at

io
n

al
e/

C
o
m

m
en

ts
/E

x
am

p
le

s 
fo

r:
 G

en
er

al
 A

tt
ri

b
u
te

s 
an

d
 

S
p
ec

ia
l 
A

tt
ri

b
u
te

s 
(i

n
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ta
li

cs
) 

D
A

-C
0
2
-S

1
 

 

F
o
r 

n
ew

 e
q
u
ip

m
en

t,
 t

h
e 

u
se

 o
f 

g
en

er
ic

 d
a
ta

 a
n
d
 

m
a
n
u
fa

ct
u
re

r 
d
a
ta

 f
o
r 

th
e 

a
ss

es
sm

en
t 

o
f 

re
li

a
b
il

it
y 

p
a
ra

m
et

er
s 

is
 j

u
st

if
ie

d
. 

C
O

M
M

E
N

T
: 

T
h
e 

u
se

 o
f 

o
n
ly

 m
a
n
u
fa

ct
u
re

r 
d
a
ta

 f
o
r 

n
ew

 e
q
u
ip

m
en

t 
m

a
y 

n
o
t 

re
fl

ec
t 

th
e 

eq
u
ip

m
en

t 
re

li
a
b
il

it
y 

in
 r

ea
l 

o
p
er

a
ti

o
n
a
l 

co
n
d
it

io
n
s.

 T
h
e 

u
se

 o
f 

ju
st

if
ie

d
 g

en
er

ic
 d

a
ta

 

w
it

h
 s

u
p
p
le

m
en

ta
l 

co
n
si

d
er

a
ti

o
n
 o

f 
m

a
n
u
fa

ct
u
re

r 
d
a
ta

 m
a
y 

h
el

p
 t

o
 a

vo
id

 e
xc

es
si

ve
 

o
p
ti

m
is

m
 i

n
 e

st
im

a
ti

o
n
 o

f 
re

li
a
b
il

it
y 

p
a
ra

m
et

er
s.

  

D
A

-C
0
3
 

T
h

e 
sa

m
e 

g
en

er
ic

 e
st

im
at

es
 a

re
 u

se
d
 f

o
r 

m
u
lt

ip
le

 P
O

S
s 

if
 t
h

e 
g
en

er
ic

 

es
ti

m
at

es
 a

re
 j

u
st

if
ie

d
 t

o
 b

e 
ap

p
li

ca
b
le

 f
o
r 

al
l 

su
ch

 P
O

S
s.

  

R
A

T
IO

N
A

L
E

: 
T

h
e 

d
at

a 
co

ll
ec

te
d
 a

n
d
 u

se
d
 m

u
st

 b
e 

ap
p
li

ca
b
le

 t
o
 t

h
e 

P
O

S
 b

ei
n

g
 

ev
al

u
at

ed
. 
T

h
is

 m
ay

 i
n

cl
u
d
e 

d
at

a 
fr

o
m

 t
h

e 
sp

ec
if

ic
 P

O
S

 a
n

d
 a

n
y 

o
th

er
 P

O
S

s 
in

 w
h

ic
h

 

th
e 

eq
u
ip

m
en

t 
p
er

fo
rm

an
ce

 w
o
u
ld

 b
e 

ex
p
ec

te
d
 t

o
 b

e 
si

m
il

ar
. 
U

se
 o

f 
th

e 
sa

m
e 

d
at

a 
in

 

m
u
lt

ip
le

 P
O

S
s 

re
q
u
ir

es
 c

ar
e 

an
d
 j

u
st

if
ic

at
io

n
. 

C
O

M
M

E
N

T
: 

G
en

er
al

ly
, 

eq
u
ip

m
en

t 
fa

il
u
re

 d
at

a 
ar

e 
n

o
 d

if
fe

re
n

t 
d
u
ri

n
g
 s

h
u
td

o
w

n
 t

h
an

 

d
u
ri

n
g
 o

p
er

at
io

n
s.

 H
o
w

ev
er

, 
se

v
er

al
 f

ac
to

rs
 a

re
 i

m
p
o
rt

an
t,

 w
h

en
 c

o
n

si
d
er

in
g
 u

si
n

g
 

n
o
rm

al
 f

ai
lu

re
 d

at
a.

 T
h

e 
fo

ll
o
w

in
g
 f

ac
to

rs
 c

an
 a

ff
ec

t 
al

l 
p
ar

am
et

er
 e

st
im

at
es

, 
n

o
t 

ju
st

 

eq
u
ip

m
en

t 
fa

il
u
re

 r
at

es
: 

- 
L

o
n

g
 o

u
ta

g
es

 w
it

h
 e

q
u
ip

m
en

t 
fa

r 
o
u
ts

id
e 

n
o
rm

al
 o

p
er

at
in

g
 c

o
n

d
it

io
n

s 
an

d
 t

es
t 

p
ra

ct
ic

e 
ca

n
 a

ff
ec

t 
su

cc
es

sf
u
l 

p
er

fo
rm

an
ce

; 

- 
S

ys
te

m
s 

an
al

ys
is

 m
o
d
el

s 
ca

n
 a

cc
o
u
n

t 
fo

r 
d
if

fe
re

n
t 

te
st

 a
n

d
 o

p
er

at
in

g
 p

ra
ct

ic
e 

d
u
ri

n
g
 

th
e 

o
u
ta

g
e;

 

P
ar

am
et

er
 e

st
im

at
es

 a
re

 a
ff

ec
te

d
 b

y
 s

p
ec

ia
l 

co
n

fi
g
u
ra

ti
o
n

s 
th

at
 o

cc
u
r 

d
u
ri

n
g
 s

h
u
td

o
w

n
 

P
O

S
s.
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P
la

n
t 

sp
ec

if
ic

 d
at

a 
co

ll
ec

ti
o
n
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n
d
 e

v
al

u
at

io
n
 i

s 
p
er

fo
rm

ed
 i

n
 a

 

co
n

si
st

en
t 

an
d
 s

ys
te

m
at

ic
 w

ay
. 

P
la

n
t 

sp
ec

if
ic

 d
at

a 
is

 c
o
ll

ec
te

d
 i

n
 

ac
co

rd
an

ce
 w

it
h
 t

h
e 

p
ar

am
et

er
 d

ef
in

it
io

n
s 

an
d
 t
h

e 
g
ro

u
p
in

g
. 

 

D
A

-D
0
1
 

P
la

n
t 

sp
ec

if
ic

 d
at

a 
fo

r 
th

e 
b
as

ic
 e

v
en

t/
p
ar

am
et

er
 i

s 
co

ll
ec

te
d
. 
T

h
e 

fo
ll

o
w

in
g
 d

at
a 

is
 c

o
ll

ec
te

d
: 

(1
) 

F
ai

lu
re

 d
at

a:
 e

q
u
ip

m
en

t 
fa

il
u
re

s,
 p

la
n
n

ed
 a

n
d
 u

n
p
la

n
n

ed
 

m
ai

n
te

n
an

ce
, 
te

st
 e

v
en

ts
, 
ti

m
e 

b
et

w
ee

n
 t

es
ts

 a
n

d
 m

is
si

on
 t

im
e;

 

(2
) 

S
u
cc

es
s 

d
at

a:
 e

x
p
o
su

re
 t

o
 d

em
an

d
s 

an
d
, 

d
ep

en
d
in

g
 o

n
 t
h

e 
ty

p
e 

o
f 

eq
u
ip

m
en

t,
 t
h

e 
ex

p
o
su

re
 t

o
 s

ta
n

d
b
y 

an
d
 o

p
er

at
io

n
. 

C
O

M
M

E
N

T
: 

P
la

n
t 

ch
an

g
es

 m
ay

 a
ff

ec
t 

av
ai

la
b
le

 r
el

ia
b
il

it
y 

p
ar

am
et

er
s 

b
y 

ch
an

g
in

g
 

o
p
er

at
io

n
al

 c
o
n

d
it

io
n

s.
  

F
o
r 

n
ew

ly
 a

d
d
ed

 e
q
u
ip

m
en

t,
 n

ew
 p

ar
am

et
er

s 
ar

e 
re

q
u
ir

ed
. 
A

s 
fo

r 
th

e 
‘b

as
e 

ca
se

 P
S

A
’ 

d
at

a 
an

al
ys

is
, 

th
e 

p
ar

am
et

er
 e

st
im

at
es

 a
re

 b
as

ed
 o

n
 r

el
ev

an
t 

g
en

er
ic

 i
n
d
u
st

ry
 a

n
d
 p

la
n
t 

sp
ec

if
ic

 e
v
id

en
ce

. 
W

h
er

e 
ap

p
li

ca
b
le

, 
g
en

er
ic

 a
n
d
 p

la
n
t 

sp
ec

if
ic

 e
v
id

en
ce

 a
re

 i
n
te

g
ra

te
d
 

u
si

n
g
 a

cc
ep

ta
b
le

 m
et

h
o
d
s 

to
 o

b
ta

in
 p

la
n
t 

sp
ec

if
ic

 p
ar

am
et

er
 e

st
im

at
es

. 
E

ac
h

 p
ar

am
et

er
 

es
ti

m
at

e 
is

 a
cc

o
m

p
an

ie
d
 b

y 
a 

ch
ar

ac
te

ri
za

ti
o
n
 o

f 
th

e 
u
n

ce
rt

ai
n
ty

. 

C
O

M
M

E
N

T
: 

If
 m

o
d
if

ic
at

io
n

s 
to

 p
la

n
t 

d
es

ig
n
 o

r 
o
p
er

at
in

g
 p

ra
ct

ic
e 

le
ad

 t
o
 a

 c
o
n

d
it

io
n

 

w
h

er
e 

p
as

t 
d
at

a 
ar

e 
n

o
 l

o
n

g
er

 r
ep

re
se

n
ta

ti
v
e 

o
f 

cu
rr

en
t 

p
er

fo
rm

an
ce

 l
im

it
 t

h
e 

u
se

 o
f 

o
ld

 

d
at

a:
 

a)
 

If
 t

h
e 

m
o
d
if

ic
at

io
n

 i
n

v
o
lv

es
 n

ew
 e

q
u
ip

m
en

t 
o
r 

a 
p
ra

ct
ic

e 
w

h
er

e 
si

g
n
if

ic
an

t 
g
en

er
ic

 

p
ar

am
et

er
 e

st
im

at
es

 a
re

 a
v
ai

la
b
le

, 
p
ar

am
et

er
 e

st
im

at
es

 u
p
d
at

ed
 w

it
h
 p

la
n

t 
sp

ec
if

ic
 

d
at

a 
as

 i
t 

b
ec

o
m

es
 a

v
ai

la
b
le

 a
re

 u
se

d
; 

o
r 

b
) 

If
 t

h
e 

m
o
d
if

ic
at

io
n

 i
s 

u
n
iq

u
e 

to
 t

h
e 

ex
te

n
t 

th
at

 g
en

er
ic

 p
ar

am
et

er
 e

st
im

at
es

 a
re

 n
o
t 

av
ai

la
b
le

 a
n

d
 o

n
ly

 l
im

it
ed

 e
x
p
er

ie
n

ce
 i

s 
av

ai
la

b
le

 f
o
ll

o
w

in
g
 t

h
e 

ch
an

g
e,

 t
h

en
 t
h

e 

im
p
ac

t 
o
f 

th
e 

ch
an

g
e 

is
 a

n
al

ys
ed

 a
n

d
 t
h

e 
h

yp
o
th

et
ic

al
 e

ff
ec

t 
o
n

 t
h

e 
h

is
to

ri
ca

l 
d
at

a 
is

 

as
se

ss
ed

 t
o
 d

et
er

m
in

e 
to

 w
h

at
 e

x
te

n
t 

th
e 

d
at

a 
ca

n
 b

e 
u
se

d
. 
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P
la

n
t 

sp
ec

if
ic

 d
at

a 
fr

o
m

 a
s 

b
ro

ad
 a

 t
im

e 
p
er

io
d
 a

s 
p
o
ss

ib
le

 i
s 

co
ll

ec
te

d
, 

co
n

si
st

en
t 

w
it

h
 u

n
if

o
rm

it
y 

in
 d

es
ig

n
, 

o
p
er

at
io

n
al

 p
ra

ct
ic

es
, 

an
d
 e

x
p
er

ie
n

ce
. 
T

h
e 

ra
ti

o
n

al
e 

fo
r 

sc
re

en
in

g
 o

r 
d
is

re
g
ar

d
in

g
 p

la
n
t 

sp
ec

if
ic

 d
at

a 
is

 j
u
st

if
ie

d
 (

e.
g
. 
p
la

n
t 

d
es

ig
n
 m

o
d
if

ic
at

io
n

s,
 c

h
an

g
es

 i
n

 

o
p
er

at
in

g
 p

ra
ct

ic
es

).
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W
h

en
 e

v
al

u
at

in
g
 m

ai
n

te
n

an
ce

 o
r 

o
th

er
 r

el
ev

an
t 
re

co
rd

s 
to

 e
x
tr

ac
t 

p
la

n
t 

sp
ec

if
ic

 c
o
m

p
o
n

en
t 

fa
il

u
re

 e
v
en

t 
d
at

a,
 a

 c
le

ar
 b

as
is

 f
o
r 

th
e 

id
en

ti
fi

ca
ti

o
n

 o
f 

ev
en

ts
 a

s 
fa

il
u
re

s 
is

 r
eq

u
ir

ed
: 

(a
) 

T
h

e 
d
is

ti
n

ct
io

n
 i

s 
m

ad
e 

b
et

w
ee

n
 t

h
o
se

 d
eg

ra
d
ed

 s
ta

te
s 

fo
r 

w
h

ic
h

 

fa
il

u
re

, 
as

 m
o
d
el

le
d
 i

n
 t
h

e 
P

S
A

, 
w

o
u
ld

 h
av

e 
o
cc

u
rr

ed
 o

n
 d

em
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12. PSA ELEMENT ‘DF’: DEPENDENT FAILURES ANALYSIS 

12.1. 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; 

− Multiunit dependencies residual dependencies (common cause failures). 

It needs to 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 12.1. 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 12.1 DEPENDENCE CATEGORIES AND PSA ELEMENTS 

Dependence 

Type 

Dependence 

Category 
Analysis Procedure or Method PSA Elements 

D
e
si

g
n

 R
e
la

te
d

 

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) 

Shared component 

dependencies 

Development of system models Systems analysis 

O
p

e
ra

ti
o
n

s 

R
e
la

te
d

 

Human action 

dependencies 

Development of accident sequences 

Human reliability analysis 

Modelling of support state initiating 

events 
Modelling of post-accident restoration of 

multiple unavailable components 

Modelling of non-restoration of 

component within a POS 

Initiating events analysis 

Accident sequence analysis 

Systems analysis 

Human reliability analysis 
Data analysis 

P
h

y
si

c
a
l 

Common 

environmental 

effects 

Development of accident sequences 

Development of system models 

Accident sequence analysis  

Systems analysis 

Spatial Interactions Physical analyses Systems analysis 

Accident sequence analysis 

Dynamic effects Physical analyses Initiating events analysis 

(pipe breaks) 
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Dependence 

Type 

Dependence 

Category 
Analysis Procedure or Method PSA Elements 

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
e
si

d
u

a
l 

D
e
p

e
n

d
e
n

ci
e
s 

Common Cause 

Failures 

Definition of CCCGs 

Use of accepted CCF model 

Systems analysis 

Data analysis 

 

12.2. DEPENDENT FAILURE ANALYSIS TASKS AND THEIR ATTRIBUTES 

Table 12.2 lists the main tasks for the PSA element ‘Dependent Failure Analysis’. Tables 

12.2-A through 12.2-G present the description of general and special attributes for these tasks.  

TABLE 12.2 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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13. PSA ELEMENT ‘MQ’: MODEL INTEGRATION AND LEVEL 1 PSA 

QUANTIFICATION 

13.1. 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 Level 1 PSA risk metrics 

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

Section 12). For a single reactor PSA, CDF/FDF is the primary Level 1 risk metric. For a 

multireactor PSA, the metrics include SCDF/SFDF and MCDF/MFDF. However, there are 

other risk metrics that may be of interest, so this section applies to integration and 

quantification regardless of the risk metrics of interest. 

 The following principles need to 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. 

 

13.2. MODEL INTEGRATION AND LEVEL 1 PSA QUANTIFICATION TASKS AND 

THEIR ATTRIBUTES 

Table 13.1 lists the main tasks for the PSA element ‘Model Integration and Risk Metric 

Quantification’. Tables 13.2-A through 13.2-D provide the description of general and special 

attributes for these tasks.  

TABLE 13.2 MAIN TASKS FOR MODEL INTEGRATION AND LEVEL 1 PSA 

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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14. PSA ELEMENT ‘RI’: RESULTS ANALYSIS AND INTERPRETATION 

14.1. 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 

hazards, 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. 

14.2. RESULTS ANALYSIS AND INTERPRETATION TASKS AND THEIR 

ATTRIBUTES 

Table 14.1 lists the main tasks for the PSA element ‘Results Analysis and Interpretation’. 

Tables 14.2-A through 14.2-C present the description of general and special attributes for 

these tasks.  
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TABLE 14.1 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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15. MAINTENANCE AND UPGRADE OF THE PSA 

15.1. MAIN OBJECTIVES 

It is essential to have a process for updating the PSA to account for changes that impact the 

PSA model. The objective of maintenance and upgrade (MU) of the PSA is to update a PSA 

model to ensure it represents the as-designed, as-built, as-operated plant
12

. The MU process 

also accounts for the current state of the art in PSA techniques (e.g. thermal hydraulic 

analysis, fragility analysis, hazards frequency assessment, etc.) to the extent needed to support 

PSA applications.  

The PSA model needs to be maintained as realistic as possible. However, as any other model, 

there are many approximations and assumptions that might impact its realism and the ability 

to use the PSA for applications. The specification of the boundary conditions and an 

identification of the approximations, assumptions and limitations of the PSA model determine 

the applications for which the PSA can be used. This specification is an integral part of the 

PSA process that can be changes with time and need to be comprehensively documented and 

maintained.  

As a plant operates over time, its PSA risk estimate may change due to the following reasons:  

− Improved methods or techniques;  

− Updated operational data for the plant’s structures, systems, and components; 

− Changes in plant design or operation.  

The PSA model should account for all of these potential changes and should provide up to 

date risk estimates and risk insights. Therefore a process for maintaining and upgrading the 

PSA need to be developed to ensure: 

− The PSA supporting information directly relates to existing plant information
13

 or to 

the analysts' assumptions of how the plant is operated;  

− The PSA is updated as changes are made to plant design and operation, feedback is 

obtained from internal and external operational experience, understanding of thermal 

hydraulic performance or accident progression is improved, or advances are made in 

modelling techniques. 

                                                
12

 “As-built, as-operated” is the term that reflects the degree to which the PSA matches the current plant design, plant 

procedures, and plant performance data. At the pre-operational stages (design, construction, etc.) the plant is neither built nor 
operated and the term “as-built, as-operated” is meant to reflect the “as-designed plant” assuming site and operational 
conditions for the given design.   
13 The NPP design and operational information used to develop the PSA models may not be included in permanent plant 

documents outside of the PSA documents.  Typical examples of the  information not directly supported by plant documents is 
the information obtained: a) during plant walk-downs; b) from interviews and questionnaires to plant staff, from observation 
of simulator training sessions; c) from the analysis of maintenance records, operational logs, events reports, etc. All this 
information needs to be adequately and comprehensively documented in the framework of the PSA in order to link these 
plant design and operational features to the appropriate aspects of the PSA models and database. 
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Keeping the PSA up to date is essential for PSA applications. The scope and frequency of the 

update need to be the same for all the PSA elements and hazards, since PSA applications may 

utilize different PSA models (e.g. full power and shutdown models when comparing risk 

options) or different hazards (e.g. when importance measures from several hazards are used to 

determine significance). However, immediate update of the full scope PSA might not be 

feasible, or an update might not be rapidly performed. This could be acceptable for certain 

decisions when the updated PSA for one hazard (i.e. full power internal events) is all that is 

needed to justify the decision. However, it must be demonstrated that the expected changes in 

other parts of the PSA will not impact the decision made. 

The maintenance and upgrade process need to be established at the initial stage of the PSA 

project to ensure that maintenance and upgrade of the PSA can be performed in a complete 

and comprehensive manner. If this was not performed when the PSA is initially developed, it 

is essential the process be put in place as soon as practical.  

Maintenance and upgrade of the PSA is a part of PSA process rather than specific PSA 

element. However, it has several tasks with specific attributes similarly to other PSA 

elements.  

15.2. MAINTENANCE AND UPGRADE OF THE PSA TASK AND ITS ATTRIBUTES 

Table 15.1 lists the main tasks for the Maintenance and Upgrade of the PSA. Tables 15.2-A 

through 15.2-D present the description of general and special attributes for these tasks.  

TABLE 15.1 MAIN TASKS FOR THE MAINTENANCE AND UPGRADE OF THE PSA 

Task ID Task Content 

MU-A Monitoring of PSA inputs and collecting new information  

MU-B Implementation of maintenance and upgrade of the PSA  

MU-C Control of the computer codes and models versions used for PSA model integration and 

quantification 

MU-D Documentation of maintenance and upgrade  
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16. 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 additional requirements 

within particular PSA elements to meet specific needs of PSA applications. 

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

Tables 16.1 through 16.6 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 SA emphasizes 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 SA may preclude meaningful use of the study for an intended application. 

Supplemental SAs 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 SA 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 need to 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 16.7 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. Special attributes for the PSA elements listed 

in SSG-3 [3] are shown in separate columns, for other PSA elements introduced in this 

publication they are combined under the column “Other”.  

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.  
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STEP (2) Consult Table 16.7 for the set of identifiers of Essential and Supplemental special 

attributes relevant for the application.14 If several applications are planned, the 

corresponding attributes have to be selected and considered jointly.  

 

STEP (3) Consult relevant information presented in Tables 16.1-16.6 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.15 

 

STEP (5) Consult corresponding Sections 4-14 of the publication to get information on the 

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

them. 

  

                                                
14

 In Table 16.7, the identifiers of essential special attributes are provided in bold font. The identifiers of supplemental 

special attributes are provided in regular font. 
15

 The first two letters of the identifier of a special attribute indicate the corresponding PSA element. 
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TABLE 16.1 SAFETY ASSESSMENT  

SA Identifier Relevance to Specific Applications in the Category 

Essential SAs 

 No Essential SAs identified.  

Supplemental SAs 

AS-C03-S1 Plant specific realistic thermal hydraulic analyses are necessary to assure a realistic 

representation of the specific plant features influencing the accident progression (Application 

1.2). 

AS-C13-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-C17-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. 

DA-D06-S1 Understanding of the impact of potentially reduced reliability of the systems operating under 

conditions that are more severe than those under which the failure events data are collected is 

important for the assessment of plant safety (Applications 1.1,1.2,1.3)  

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). 

HE-D01-S1 

HE-E01-S1 

 

In design stage of a plant the information needed to support the internal fire or flooding PSA 

is not complete or simply not yet available. Any missing information needed to develop the 

hazard definitions are documented in the assumptions, which can later be used in the 

uncertainty and sensitivity analysis (Application 1.3).  

HR-F02-S1  Hazard specific definitions for each HFE will ensure the HRA is performed accurately. These 

definitions include sequence definitions such as sequence timing, as well as performance 

shaping factors such as the impact of flooding, smoke or blocked access (Applications 1.3) 

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

analyses and/or simulator exercises provide a more realistic input in the HRA and thus 

promote getting plant specific insights dealing with operator performance (Application 1.2).  

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

periodic PSA updating (Application 1.2). 

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). 

SY-C01-S1 PSA applications requiring detailed modelling of the impact of pipe ruptures will benefit 

from modelling the impact on connected systems and components. (Application 1.3) 
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TABLE 16.2 DESIGN EVALUATION  

SA Identifier Relevance to Specific Applications in the Category 

Essential SAs 

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). 

DA-D06-S1 Understanding of the impact of potentially reduced reliability of the systems operating under 

conditions that are more severe than those under which the failure events data are collected is 

important for the assessment of different design options and for identification of the research 

activities to support the design (Applications 2.1,2.2,2.5)  

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 

(Applications 2.1 and 2.2). 

SY-C15-S1 

SY-C16-S1 

Consideration of intrasystem  common cause failures and more detailed modelling of CCF 

are important for realistic estimation of the plant risk for newly designed NPPs (Applications 

2.1 and 2.2. 

Supplemental SAs 

AS-B03-S1 

AS-C03-S1 

AS-C04-S1 

AS-C16-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 (Applications 2.1,2.4). 

AS-C14-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-C17-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). 

DA-D06-S1 In certain accident sequences the equipment may operate under more severe conditions that 

during tests or may be exposed to the conditions beyond the design limits. New failure rates 

may need to be estimated for those sequences, rather than assuming failure or no change from 

the predicted reliability at normal/typical conditions. (Application 2.3) 

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

dependencies for newly designed NPPs (Applications 2.1 and 2.2)  

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 an existing plant 

design and an updated/revised plant design (Application 2.2). 

HE-D01-S1 

HE-E01-S1 

 

In design stage of a plant the information needed to support the internal fire or flooding PSA 

is not complete or simply not yet available. Any missing information needed to develop the 

hazard definitions are documented in the assumptions, which can later be used in the 

uncertainty and sensitivity analysis (Applications 2.1, 2.2, and 2.3).  

HE-D04-S2 

HR-E07-S1 

Modelling of spurious operation that may lead to a failure of operator actions or result in an 

undesired operator action that impacts a credited function is important for a complete review 

of potential operator responses. (Application 2.6) 

HR-F02-S1  Hazard specific definitions for each HFE will ensure the HRA is performed accurately. These 

definitions include sequence definitions such as sequence timing, as well as performance 

shaping factors such as the impact of flooding, smoke or blocked access (Applications 2.3 

and 2.6) 
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SA Identifier Relevance to Specific Applications in the Category 

HR-G01-S1 

HR-G02-S1 

HR-K02-S1 

Performing a detailed assessment of all HFEs avoids the need for iteration for specific 

applications (Application 2.6) 

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). 

MQ-B05-S1 

MQ-B05-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 of an existing 

plant design (Application 2.2). 

MU-A01-S1 

 

At the design phase, PSAs are performed to evaluate the proposed design which can be 

frequently changed when different design options are assessed. At the construction phase, 

PSAs are updated to account for actual plant configuration. For both cases it is essential to 

account for the as-designed configuration in the PSA model (Applications 2.1, 2.2) 

MU-B04-S1 Risk Applications submitted for regulatory approval would normally require an independent 

review of any PRA updates where the risk informed application is impacted. (Applications 

2.1 and 2.2), 

OS-C01-S1 Shutdown PSA perform during design may need to include a review of operational 

experience of similar plants with the same refuelling programme, generic PSA studies, design 

requirements, planned refuelling procedure, or other sources of information (Application 2.1) 

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

simplifying success criteria (Application 2.2). 

SY-B19-S1 Revisiting the components screening process promotes a more realistic estimation of the risk 

for newly designed NPPs at different stages of the design (Applications 2.1, 2.2 and 2.4) 

SY-B22-S1 A detailed modelling of the components promotes a better appreciation of the risk impact of 

constituting parts of components for newly designed NPPs (Applications 2.1, 2.2 and 2.4) 

SY-C01-S1 PSA applications requiring detailed modelling of the impact of pipe ruptures will benefit 

from modelling the impact on connected systems and components. (Application 2.3) 
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TABLE 16.3 NPP OPERATION  

SA Identifier Relevance to Specific Applications in the Category 

Essential SAs 

AS-B03-S1 

AS-C03-S1 

AS-C04-S1 

AS-C16-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-C05-S1 

AS-C06-S1 

AS-C08-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. 

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 programme 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 programme (Application 3.1.3). 

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 and/or simulator exercises is essential for the 

development and improvement of emergency operating procedures and improvement of 

operator training programmes (Applications 3.2.1 and 3.3.1). 

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). 

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

trains) is important for maintenance programme optimization (Application 3.1.1) and all Risk 

Monitor type applications (Application Group 3.4). 

SY-B14-S1 The possibility to effectively handle maintenance basic events allows assessment of the 

impact of maintenance programme optimization (Application 3.1.1), impact of improvements 

in maintenance personnel training programme (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-B14-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 programme 

optimization (Application 3.1.1 and Application Group 3.4). 

SY-B14-S3 Symmetric models are needed for Risk Monitor type applications in order to avoid 

overestimation or underestimation of specific POS (Application Group 3.4). 

SY-B19-S1 

SY-B22-S1 

Maintenance programme 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 programme optimization 

(Applications 3.1.1 and 3.1.3). 
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SA Identifier Relevance to Specific Applications in the Category 

SY-B23-S1 Time dependent modelling is needed for application dealing with changes to test activities 

(Application 3.4.1). 

Supplemental SAs 

AS-B03-S1 

AS-C03-S1 

AS-C04-S1 

AS-C16-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 programmes based on plant specific PSA insights 

(Application 3.3.3). 

AS-C05-S1 

AS-C06-S1 

AS-C08-S1 

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

emergency procedures is useful for the improvement of management training programmes 

(Application 3.3.3). 

AS-C17-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. 

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 

programmes (Applications 3.3.1, 3.3.3, 3.4.2, 3.4.3, and 3.4.4). 

DA-D06-S1 In certain accident sequences the equipment may operate under more severe conditions that 

during tests or may be exposed to the conditions beyond the design limits. New failure rates 

may need to be estimated for those sequences, rather than assuming failure or no change from 

the predicted reliability at normal/typical conditions. (Application 3.2.2) 

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 programme optimization (Application 3.1.1), support for plant ageing 

management programme (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). 

HE-D04-S1 Equipment affecting containment function, such as containment isolation or cooling is 

modelled in the Fire PSA in order to determine severe accident release estimates following a 

fire (Application 3.2.2). 

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-E02-S1 Identification of the conditions and plant status conducive to errors of commission could 

reduce the potential for such errors (Application 3.3.1). 

HR-G02-S1  

HR-G04-S1 

HR-K02-S1 

HR-K05-S1 

 

Improvement of the management training programme and outage management would benefit 

from a more realistic HRA that use the time windows for operator actions which are based on 

plant specific thermal hydraulic analyses and/or simulator exercises and use of more precise 

screening criteria for HFE that could lead to an initiating event (Applications 3.1.4, 3.3.3, and 

3.3.5).  
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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 programme (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-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).  

MQ-A01-S1 

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 programmes 

(Applications 3.3.1 and 3.3.3). 

MU-B04-S1 Risk Applications submitted for regulatory approval would normally require an independent 

review of any PRA updates where the Risk informed application is impacted. (Application 

3.4.4) 

OS-A01-S1 Consideration of forced outages resulting from safe short term accident sequences at-power is 

important for the support for NPP accident management (Application 3.2.2). 

OS-A03-S1 

OS-C01-S2 

One time or specific known activities as well as specific duration of POSs that are determined 

based on an actual planning are accounted for in the assessment of outage risk (Application 

3.1.5) 

SC-A03-S1 Modelling the decay heat level based on the planning outage and POS durations will ensure 

the shutdown PSA is accurate (Application 3.1.5). 

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

simplifying success criteria; this is useful dynamic risk informed TS application (Application 

3.4.4). 

SY-B14-S1 

SY-B14-S2 

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

improvement of operator training programmes (Application 3.3.1). 

SY-B19-S1 

SY-B22-S1 

Improvement of operator training programmes may ask for inclusion of more components 

than those already modelled in the system models (Application 3.3.1). 
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TABLE 16.4 PERMANENT CHANGES TO THE OPERATING PLANT  

SA Identifier Relevance to Specific Applications in the Category 

Essential SAs 

AS-B03-S1 

AS-C03-S1 

AS-C04-S1 

AS-C16-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). 

DA-C02-S1 Use of generic sources of data for reliability parameters for new equipment need to be 

justified (Application 4.1.1). 

DA-E01-S1 A time trend analysis of the existing trends in the reliability parameters is important for 

Application 4.1.2. 

IE-H02-S1 An electronic IE database is essential for Applications 4.1.2, 4.3.1, and 4.3.2.  

MQ-C02-S1 A more detailed modelling of specific system configurations is important for applications 

dealing with changes in TS (Application Group 4.2, and 4.3.1). 

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-B14-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-B14-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-B14-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, and 

4.3.2). 

SY-B23-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 or RI-internal flooding require adequate 

modelling of the impact of pipe ruptures if the latter are included in the model (Application 

4.2.5 and 4.4.2). 

Supplemental SAs 

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 

Application 4.1.1. 

AS-C17-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. 

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, 4.4.1 and 4.4.2, and Application Group 4.2). 



 

239 

SA Identifier Relevance to Specific Applications in the Category 

DA-D06-S1 In certain accident sequences the equipment may operate under more severe conditions that 

during tests or may be exposed to the conditions beyond the design limits. New failure rates 

may need to be estimated for those sequences, rather than assuming failure or no change from 

the predicted reliability at normal/typical conditions. (Applications 4.4.1, 4.4.2, and 4.4.3) 

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-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). 

HE-D04-S1 Equipment affecting containment function, such as containment isolation or cooling is 

modelled in the Fire PSA (Application 4.1.1). 

HE-D04-S2 

HR-E07-S1 

Modelling of spurious operation that may lead to a failure of operator actions or result in an 

undesired operator action that impacts a credited function is important for a complete review 

of potential operator responses. (Application 4.4.1). 

HE-K09-S1 Fire protection features credited in risk significant fire scenarios are estimated using plant 

specific availability data in order to better estimate the fire risk for risk-informed fire 

protection (Application 4.4.1). 

HR-F02-S1 Hazard specific definitions for each HFE will ensure the HRA is performed accurately. These 

definitions include sequence definitions such as sequence timing, as well as performance 

shaping factors such as the impact of flooding, smoke or blocked access (Applications 4.4.1) 

and 4.4.2). 

HR-G01-S1 Performing a detailed assessment of all HEPs may be useful in prioritising the NPP upgrades, 

backfitting activities and plant modifications (Application 4.1.1).  

HR-G04-S1 Categorization of SSCs would benefit from a more realistic HRA that use the time windows 

for operator actions which are based on plant specific thermal hydraulic analyses and/or 

simulator exercises (Application 4.3.1).  

IE-B01-S1 NPP upgrades, life-time extension and changes in in-service testing may increase the 

frequency of the 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-F12-S1 The detailed impact analysis for fire initiating events includes deterministic fire propagation 

calculations using qualified computer codes in order to reduce the unnecessary conservatism 

of the associated assumptions (Application 4.4.1). 

MQ-B05-S2 

MQ-D01-S1 

Use of reduced truncation limits 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). 

MU-B04-S1 Risk Applications submitted for regulatory approval would normally require an independent 

review of any PRA updates where the risk informed application Risk informed application is 

impacted. (Applications 4.1.1, 4.2.3, 4.2.4, 4.2.5, 4.3.1, and 4.3.2.  

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 and 4.4.2). 
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SY-B14-S1 

SY-B14-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-B19-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-B22-S1 

SY-C16-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-B23-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). 
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 TABLE 16.5 OVERSIGHT ACTIVITIES  

SA Identifier Relevance to Specific Applications in the Category 

Essential SAs 

IE-C02-S1 The lists of IEs and IE groups need to be detailed enough to allow the evaluation of inspection 

findings and operational events (Application 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 SAs 

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). 

DA-B01-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). 

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. 

IE-H02-S1 An electronic IE database is useful for Application Group 5.1. 

MQ-B05-S1 

MQ-B05-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). 

SY-B19-S1 

SY-B22-S1 

SY-C16-S1 

More components may need to be included into the model for Application Group 5.2. 
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 TABLE 16.6 EVALUATION OF SAFETY ISSUES  

SA Identifier Relevance to Specific Applications in the Category 

All SAs For Application 6.1.1, 6.1.2, 6.1.5, 6.2.1 and 6.2.2, any of the special attributes may be 

required on a case-by-case basis depending on the issue to be analysed. For these 

applications, the PSA model need to be upgraded in a manner that would allow evaluating the 

impact associated with the considered measure or issue by the PSA model.  

MQ-B03-S1 

OS-A01-S2 

OS-B01-S1  

OS-C01-S4  

HE-B06-S1  

AS-B01-S1 

DA-F01-S1 

The modelling of multiunit attributes in the PSA model is required to help determine the 

overall site risk for multiunit accidents, including modelling of POSs, multiunit CCF, the 

screening of multiunit hazards and modelling of accident sequences (application 6.1.4).  

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

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

rules (Application 6.1.3). 

SY-C15-S1 

SY-C16-S1 

Consideration of intrasystem  common cause failures and more detailed modelling of CCF 

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

design-related rules (Application 6.1.3). 

Supplemental SAs 

DA-D06-S1 In certain accident sequences the equipment may operate under more severe conditions that 

during tests or may be exposed to the conditions beyond the design limits. New failure rates 

may need to be estimated for those sequences, rather than assuming failure or no change from 

the predicted reliability at normal/typical conditions (Application 6.1.3). 

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

dependencies and assessing the safety importance of deviations between an existing plant 

design and updated/revised design-related rules (Application 6.1.3). 

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 6.1.3). 

HR-F02-S1  Hazard specific definitions for each HFE will ensure the HRA is performed accurately. These 

definitions include sequence definitions such as sequence timing, as well as performance 

shaping factors such as the impact of flooding, smoke or blocked access (Applications 6.1.3). 

MQ-B05-S1 

MQ-B05-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 6.1.3). 

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

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

(Application 6.1.3). 

SY-B19-S1 Revisiting the components screening process promotes a better understanding of the 

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

6.1.3). 

SY-B22-S1 A detailed modelling of the components provides a better understanding of the deviations 

between an existing plant design and revised design-related rules (Application 6.1.3). 
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SY-C01-S1 PSA applications requiring detailed modelling of the impact of pipe ruptures will benefit 

from modelling the impact on connected systems and components (Application 6.1.3). 
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17.  CONCLUSIONS 

The matter of PSA technical 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 reliably support 

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. 

The publication covers a full scope Level 1 PSA. Eleven 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 addition attributes for maintenance and upgrade of the PSA are provided in the 

publication. In relation to each PSA application, the special attributes were further 

distinguished as essential and supplemental. An essential special attribute emphasizes 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.  

The 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 also be 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. [48 - 49]. 
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APPENDIX I: RISK METRIC DEFINITIONS 

Risk metric 

The risk metric defines what constitutes a “risk” in the definition of a probabilistic safety 

goal. 

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 (F-V)  

For a specific basic event, the F-V 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/fuel damage frequency, annual average (CDFAVE, FDFAVE) 

This is the frequency of core/fuel damage quantified in a single reactor PSA 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. CDFAVE is normally 

expressed on a per reactor-calendar-year basis. 

Multiunit core/fuel damage frequency, annual average (MCDFAVE, MFDFAVE) 

This is the frequency of an accident involving core/fuel damage on two or more reactor units 

quantified in a multiunit PSA that is averaged over the time dependent variations that may be 

exhibited from combinations of reactor unit configurations. SCDFAVE is normally expressed 

on a per site calendar year basis. 

Site core/fuel damage frequency, annual average (SCDFAVE, SCDFAVE) 

This is the frequency of core/fuel damage on one or more reactor units quantified in a 

multiunit PSA that is averaged over the time dependent variations that may be exhibited from 

combinations of reactor unit configurations. SCDFAVE is normally expressed on a per site 

calendar year basis. 
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Change in core/fuel damage frequency, annual average (∆∆∆∆CDFAVE, ∆∆∆∆FDFAVE) 

This is the change in the annual average CDF/FDF 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/fuel damage frequency, time dependent (CDF(t), FDF(t)) 

This is the frequency of core/fuel damage as a function of time. It is often referred to as the 

‘instantaneous core/fuel damage frequency.’ Only some of the parameters that the CDF/FDF 

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/fuel damage event over a specified time interval. 

Conditional core/fuel damage probability (CCDP, CFDP) 

This is the conditional core/fuel 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/fuel damage for the condition that 

the initiating event has occurred. 

Incremental conditional core/fuel damage probability (ICCDP/ICFDP) 

This is the increase in the CDP/FDP, over that expected from the Base CDF/FDF during a 

configuration change (denoted by the index j) within the time Tj with an increased CDFj , 

FDFj relative to CDFBASE, FDFBASE. It is referred to as a conditional probability because it is 

conditioned on being in a specific plant configuration. 

Fuel damage frequency (FDF) 

This is the frequency of fuel damage as a function of time. Fuel damage is related to any other 

fuel on a reactor site, e.g. in the spent fuel pool, but not in the reactor core. 

Fuel damage probability (FDP) 

This is the total probability of a fuel damage event over a specified time interval. 

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 (∆∆∆∆LERFAVE) 

This is the change in the annual average LERF due some change that is being evaluated that 

may impact this risk metric.  
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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. LERFAVE is normally expressed on a 

per reactor-calendar-year basis. 

Site large early release frequency, annual average (LERFAVE) 

This is the frequency of a large early release due to an accident involving releases from one or 

more reactor units 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. 

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 

relative to LERFBASE. It is referred to as a conditional probability because it is conditioned on 

being in a specific plant configuration.  

Release category frequency, annual average (RCFAVE) 

This is the frequency of all the accident sequences binned to a given release category that is 

quantified in a single reactor Level 2 PSA. 

Site release category frequency, annual average (SRCFAVE) 

This is the frequency of all the accident sequences binned to a given Release Category that is 

quantified in a multiunit Level 2 PSA. The full set of release categories are sufficient to 

account for the possible end states of a multiunit Level 2 PSA that range from minimal 

releases from all units, to significant releases from all reactor units on the site. 

Complementary cumulative distribution function, annual average (CCDFAVE) 
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This is the annual frequency of exceedance of consequences quantified in a single reactor 

Level 3 PSA for different consequence metrics such as early fatalities, latent cancer fatalities, 

property damage costs, etc. CCDFs are aggregated to account for all the release categories 

and associated single unit accident sequences modelled in a single unit Level 3 PSA. 

Site complementary cumulative distribution function, annual average (SCCDFAVE) 

This is the annual frequency of exceedance of consequences quantified in a multireactor unit 

Level 3 PSA for different consequence metrics such as early fatalities, latent cancer fatalities, 

property damage costs, etc. CCDFs are aggregated to account for all the release categories 

and associated single unit and multiunit accident sequences modelled in a multiunit Level 3 

PSA. 

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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b
as

e 
P

S
A

, 

an
d
 a

 c
o
n

tr
ib

u
ti

o
n

 o
f 

ea
ch

 

S
S

C
 t

o
 t

h
e 

p
la

n
t 

av
ai

la
b
il

it
y 

R
el

ia
b
il

it
y 

T
ar

g
et

s 
fo

r 
S

S
C

s 
ar

e 
es

ta
b
li

sh
ed

 c
o
n

si
d
er

in
g
 o

n
e 

o
r 

m
or

e 
o
f 

th
e 

fo
ll

o
w

in
g
: 

1
) 

R
is

k
: 

C
o
n
tr

ib
u
ti

on
 t

o
 t

h
e 

p
la

n
t 

ri
sk

, 
su

ch
 a

s 
co

re
/f

u
el

 d
am

ag
e,

 r
el

ea
se

, 
o
r 

p
o
te

n
ti

al
 d

o
se

 t
o
 w

o
rk

er
s 

o
r 

th
e 

p
u
b
li

c.
  

2
) 

A
v
ai

la
b
il

it
y:

 C
o
n

tr
ib

u
ti

o
n
 t

o
 t

h
e 

p
la

n
t 

av
ai

la
b
il

it
y 

o
r 

p
o
w

er
 g

en
er

at
io

n
 (

e.
g
. 

im
p
ac

t 
re

su
lt

in
g
 i

n
 r

ed
u
ce

d
 p

o
w

er
 t

h
e 

p
la

n
t,

 b
u
t 

th
e 

p
la

n
t 

re
m

ai
n

in
g
 a

v
ai

la
b
le

) 
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f 

P
S

A
 a

p
p

li
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ti

o
n

 
P

S
A

 r
e
su

lt
s 

a
n

d
 m

e
tr

ic
s 

u
se

d
 i

n
 d

e
ci

si
o
n

 m
a
k

in
g

1
7
 

C
o
m

m
e
n

ts
 o

n
 h

o
w

 P
S

A
 m

o
d

e
ls

 c
a
n

 b
e
 u

se
d

 t
o
 s

u
p

p
o
r
t 

a
p

p
li

c
a
ti

o
n

 a
n

d
 e

x
a
m

p
le

s 

an
d
 p

o
w

er
 g

en
er

at
io

n
. 
 

3
) 

C
o
st

: 
In

 a
d
d
it

io
n
 t

o
 t

h
e 

ab
o
v
e 

co
st

s,
 t

h
e 

re
p
la

ce
m

en
t 

co
st

 m
ay

 b
e 

co
n

si
d
er

ed
, 

es
p
ec

ia
ll

y 
fo

r 
S

S
C

s 
re

q
u
ir

in
g
 s

ig
n

if
ic

an
t 

in
v
es

tm
en

t.
  

4
) 

O
th

er
 F

ac
to

rs
: 

T
h

es
e 

m
ay

 i
n

cl
u
d
e 

co
m

p
o
n

en
ts

 n
o
t 

d
ir

ec
tl

y 
im

p
ac

ti
n

g
 t

h
e 

ab
o
v
e 

it
em

s,
 b

u
t 

ar
e 

im
p
or

ta
n

t 
fo

r 
o
th

er
 r

ea
so

n
s 

su
ch

 a
s 

p
er

so
n
n

el
 s

af
et

y,
 

en
v
ir

on
m

en
ta

l 
p
ro

te
ct

io
n
, 

p
la

n
t 

se
cu

ri
ty

, 
o
r 

o
th

er
 f

ac
to

rs
. 
 

T
h

e 
tw

o
 i

te
m

s 
ab

o
v
e 

w
h

er
e 

th
e 

P
S

A
 c

an
 b

e 
u
se

d
 t

o
 s

u
p
p
o
rt

 t
h

e 
es

ta
b
li

sh
m

en
t 

o
f 

re
li

ab
il

it
y 

ta
rg

et
s 

in
cl

u
d
e 

it
em

s 
1
 a

n
d
 2

. 
T

h
e 

ri
sk

 i
n
p
u
t 

is
 g

en
er

al
ly

 f
o
cu

se
d
 o

n
 e

n
su

ri
n

g
 

th
e 

re
li

ab
il

it
y 

o
f 

S
S

C
s 

m
ai

n
ta

in
s 

th
e 

P
S

A
 r

es
u
lt

s 
at

 o
r 

b
el

o
w

 t
h

e 
es

ti
m

at
ed

 C
D

F
/F

D
F

 o
r 

re
le

as
e 

fr
eq

u
en

ci
es

. 
T

yp
ic

al
ly

 t
h

is
 m

ea
n

s 
th

at
 t

h
e 

P
S

A
 r

el
ia

b
il

it
y 

es
ti

m
at

es
, 
w

h
ic

h
 a

re
 

b
as

ed
 o

n
 h

is
to

ri
ca

l 
d
at

a 
fo

r 
si

m
il

ar
 c

o
m

p
o
n

en
ts

, 
ar

e 
th

e 
st

ar
ti

n
g
 p

o
in

t 
fo

r 
th

e 

m
an

u
fa

ct
u
ri

n
g
 r

el
ia

b
il

it
y 

g
o
al

s.
 H

o
w

ev
er

, 
th

e 
S

S
C

 i
m

p
or

ta
n

ce
 i

n
 t
h

e 
P

S
A

 i
s 

al
so

 

co
n

si
d
er

ed
 i
n

 s
o
m

e 
ca

se
s,

 w
h

er
e 

th
e 

re
li

ab
il

it
y 

g
o
al

 m
ay

 b
e 

es
ta

b
li

sh
ed

 l
o
w

er
 f

ro
m

 h
ig

h
 

o
r 

m
ed

iu
m

 i
m

p
o
rt

an
t 

S
S

C
s,

 a
n

d
 m

ay
 b

e 
re

la
x
ed

 (
in

 l
im

it
ed

 c
as

es
) 

fo
r 

lo
w

 i
m

p
o
rt

an
ce

 

S
S

C
s.

  

 T
o
 s

u
p
p
o
rt

 t
h
is

 a
n

al
ys

is
, 

th
e 

P
S

A
 m

ay
 n

ee
d
 t

o
 b

e 
im

p
ro

v
ed

 t
o
 e

n
su

re
 t

h
at

 t
h

e 
S

S
C

 

m
o
d
el

li
n

g
 i

n
 t

h
e 

P
S

A
 i

s 
co

m
p
re

h
en

si
v
e,

 i
n

cl
u
d
in

g
 t

h
e 

re
m

o
v
al

 o
f 

si
m

p
li

fi
ca

ti
o
n

s 
an

d
 

g
ro

u
p
in

g
, 
w

h
er

e 
p
o
ss

ib
le

. 
 

 P
S

A
 m

o
d
el

s 
ca

n
 a

ls
o
 b

e 
u
se

d
 t

o
 a

n
al

ys
e 

th
e 

o
v
er

al
l 

p
la

n
t 

av
ai

la
b
il

it
y 

th
ro

u
g
h
 

d
ev

el
o
p
m

en
t 

o
f 

a 
g
en

er
at

io
n

 r
is

k
 a

ss
es

sm
en

t 
(G

R
A

).
 T

h
e 

G
R

A
 i

n
cl

u
d
es

 m
o
d
el

li
n
g
 o

f 

al
l 
m

aj
o
r 

ca
u
se

s 
o
f 

a 
p
la

n
t 

sh
u
td

o
w

n
 c

o
m

b
in

ed
 w

it
h
 t

h
e 

ex
p
ec

te
d
 d

o
w

n
 t

im
e 

fo
r 

th
e 

p
la

n
t 

as
 a

 r
es

u
lt

 o
f 

th
e 

fa
il

u
re

. 
T

h
e 

P
S

A
 m

o
d
el

 i
s 

u
se

d
 f

o
r 

so
m

e 
o
f 

th
e 

ex
p
ec

te
d
 f

ai
lu

re
 

ra
te

 e
st

im
at

es
 (

P
S

A
 m

o
d
el

s 
ty

p
ic

al
ly

 d
o
 n

o
t 

in
cl

u
d
e 

m
o
st

 o
f 

th
e 

b
al

an
ce

 o
f 

p
la

n
t 

m
o
d
el

li
n

g
 i

m
p
ac

ti
n

g
 a

v
ai

la
b
il

it
y)

, 
an

d
 s

o
m

e 
o
f 

th
e 

m
ea

n
 t

im
e 

to
 r

ep
ai

r 
es

ti
m

at
es

. 
T

h
e 

S
S

C
 r

el
ia

b
il

it
y 

g
o
al

s 
ar

e 
th

en
 e

st
ab

li
sh

ed
 t

o
 e

n
su

re
 a

n
 o

v
er

al
l 

p
la

n
t 

av
ai

la
b
il

it
y 

is
 b

el
o
w

 

th
e 

av
ai

la
b
il

it
y 

g
o
al

 (
e.

g
. 

9
0
%

 a
v
ai

la
b
il

it
y)

. 
 

2
.5

 I
d

e
n

ti
fi

c
a
ti

o
n

 o
f 

R
&

D
 w

h
ic

h
 a

r
e 

n
ec

e
ss

a
ry

 

to
 s

u
p

p
o
r
t 

th
e 

d
e
si

g
n

 
∆

C
D

F
/F

D
F

A
V

E
, 
∆

L
E

R
F

A
V

E
, 

C
D

F
/F

D
F

A
V

E
, 

L
E

R
F

A
V

E
, 

T
h

e 
co

m
m

o
n
 e

x
am

p
le

s 
fo

r 
ad

v
an

ce
d
 p

la
n
ts

 i
n

cl
u
d
e 

th
e 

u
se

 o
f 

p
as

si
v
e 

re
li

ab
il

it
y 

S
S

C
s,

 

d
ig

it
al

 I
&

C
, 
an

d
 u

se
 o

f 
so

ft
w

ar
e 

fo
r 

co
n

tr
o
ls

 a
n

d
 a

ct
u
at

io
n

. 
F

o
r 

p
as

si
v
e 

co
m

p
o
n

en
ts

, 
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P

S
A

 r
e
su

lt
s 

a
n

d
 m

e
tr

ic
s 

u
se

d
 i

n
 d

e
ci

si
o
n

 m
a
k

in
g

1
7
 

C
o
m

m
e
n

ts
 o

n
 h

o
w

 P
S

A
 m

o
d

e
ls

 c
a
n

 b
e
 u

se
d

 t
o
 s

u
p

p
o
r
t 

a
p

p
li

c
a
ti

o
n

 a
n

d
 e

x
a
m

p
le

s 

R
es

ea
rc

h
 a

n
d
 D

ev
el

o
p
m

en
t 

fo
r 

p
la

n
ts

 i
n
 t

h
e 

d
es

ig
n

 

p
h
as

e,
 m

ay
 i

n
cl

u
d
e 

n
ew

 c
o
m

p
o
n

en
ts

, 
sy

st
em

s 
o
r 

u
se

s 
o
f 

co
m

p
o
n

en
ts

 n
o
t 

in
cl

u
d
ed

 i
n
 p

re
v
io

u
s 

p
la

n
ts

 i
n
 o

p
er

at
io

n
 (

o
r 

w
it

h
 l

im
it

ed
 u

se
).

 R
&

D
 

d
is

cu
ss

ed
 h

er
e 

re
la

te
s 

to
 S

S
C

 r
el

at
ed

 R
&

D
, 
ra

th
er

 

th
an

 R
&

D
 o

n
 P

S
A

 t
ec

h
n

iq
u
es

. 

Q
H

O
s,

 r
is

k
 i

m
p
o
rt

an
ce

 

m
ea

su
re

s 
o
f 

al
l 

S
S

C
s,

 

A
ss

u
m

p
ti

on
s 

an
d
 

U
n

ce
rt

ai
n

ti
es

 a
ff

ec
ti

n
g
 t

h
e 

P
S

A
. 

su
ch

 a
s 

p
as

si
v
e 

co
n

ta
in

m
en

t 
co

o
li

n
g
, 
o
r 

fo
r 

co
m

p
o
n

en
ts

 s
u
ch

 a
s 

ex
p
lo

si
v
e 

v
al

v
es

, 
th

e 

in
d
u
st

ry
 e

x
p
er

ie
n

ce
 i

s 
li

m
it

ed
. 

In
 o

th
er

 c
as

es
, 
n

ew
 u

se
s 

o
f 

co
m

p
o
n

en
ts

 m
ay

 b
e 

p
la

n
n

ed
, 

su
ch

 a
s 

ch
an

g
in

g
 t

h
e 

M
S

IV
 f

ro
m

 o
n

e 
v
al

v
e 

ty
p
e 

to
 a

n
o
th

er
. 
 

R
es

ea
rc

h
 a

n
d
 D

ev
el

o
p
m

en
t 

(R
&

D
) 

fo
r 

th
e 

ab
o
v
e 

w
o
u
ld

 b
e 

im
p
o
rt

an
t,

 e
sp

ec
ia

ll
y 

fo
r 

co
m

p
o
n

en
ts

 t
h

at
 a

re
 s

ig
n
if

ic
an

t 
co

n
tr

ib
u
to

rs
 t

o
 t

h
e 

p
la

n
t 

ri
sk

. 
G

iv
en

 t
h

e 
h
ig

h
 

u
n

ce
rt

ai
n

ty
 f

o
r 

so
m

e 
o
f 

th
es

e 
S

S
C

s,
 t

h
e 

o
v
er

al
l 

co
n

tr
ib

u
ti

on
 m

ay
 r

eq
u
ir

e 
ad

d
it

io
n

al
 

u
n

ce
rt

ai
n

ty
 o

r 
se

n
si

ti
v
it

y 
an

al
ys

is
 t

o
 a

cc
o
u
n

t 
fo

r 
v
ar

ia
ti

o
n
 i

n
 b

o
th

 r
el

ia
b
il

it
y 

an
d
 

ef
fi

ci
en

cy
. 

F
o
r 

ex
am

p
le

, 
fo

r 
p
as

si
v
e 

co
n

ta
in

m
en

t 
co

o
li

n
g
, 
th

e 
re

li
ab

il
it

y 
is

 n
o
t 

ex
p
ec

te
d
 

to
 b

e 
as

 b
ig

 a
 c

o
n

ce
rn

 a
s 

ei
th

er
 t
h

e 
ef

fi
ci

en
cy

 o
r 

th
e 

im
p
ac

t 
d
u
e 

to
 n

o
n

-c
o
n

d
en

sa
b
le

 

g
as

es
 g

en
er

at
ed

 d
u
ri

n
g
 a

n
 a

cc
id

en
t 

co
n

d
it

io
n

. 
R

&
D

 e
ff

o
rt

s 
ca

n
 b

e 
fo

cu
se

d
 o

n
 t

h
o
se

 

ar
ea

s 
th

at
 p

o
te

n
ti

al
ly

 i
m

p
ac

t 
th

e 
ri

sk
 r

es
u
lt

s,
 a

cc
o
u
n

ti
n

g
 f

o
r 

th
e 

u
n

ce
rt

ai
n
ty

. 
 

2
.6

 D
e
v
e
lo

p
m

e
n

t 
o
p

e
r
a
to

r
 p

r
o
c
e
d

u
r
e
s 

a
n

d
 

tr
a
in

in
g
 p

r
o
g
r
a
m

m
e
s 

a
n

d
 s

u
p

p
o
r
t 

fo
r
 h

u
m

a
n

 

fa
c
to

r
s 

e
n

g
in

ee
ri

n
g
 

P
S

A
 i

s 
u
se

d
 t

o
 e

n
h
an

ce
 t

h
e 

tr
ai

n
in

g
, 
p
ro

ce
d
u
re

s,
 

an
d
 H

F
E

 (
h
u
m

an
 m

ac
h
in

e 
in

te
rf

ac
e)

 f
o
r 

o
p
er

at
o
r 

re
sp

o
n

se
s 

as
so

ci
at

ed
 w

it
h
 h

ig
h
 o

r 
m

ed
iu

m
 

im
p
o
rt

an
ce

 H
E

P
s.

 

C
D

F
/F

D
F

A
V

E
, 
∆

L
E

R
F

A
V

E
, 

C
D

F
/F

D
F

A
V

E
, 

L
E

R
F

A
V

E
, 

ri
sk

 i
m

p
or

ta
n

ce
 m

ea
su

re
s 

o
f 

al
l 

H
E

P
s,

 A
ss

u
m

p
ti

on
s 

an
d
 

U
n

ce
rt

ai
n

ti
es

 a
ff

ec
ti

n
g
 t

h
e 

P
S

A
. 

T
h

e 
P

S
A

 i
m

p
o
rt

an
ce

 m
ea

su
re

s 
in

cl
u
d
e 

a 
li

st
 o

f 
H

E
P

s 
th

at
 c

an
 b

e 
u
se

d
 a

s 
an

 i
n

p
u
t 

to
 

p
ro

g
ra

m
m

es
 i
n

v
o
lv

in
g
 o

p
er

at
o
r 

tr
ai

n
in

g
, 
p
ro

ce
d
u
re

s 
d
ev

el
o
p
m

en
t 

or
 r

ev
ie

w
 o

f 
H

F
E

s.
 

In
 a

ll
 c

as
es

, 
th

e 
P

S
A

 i
m

p
o
rt

an
ce

 m
ea

su
re

s 
ar

e 
u
se

d
 t

o
 e

n
su

re
 t

h
e 

tr
ai

n
in

g
, 
p
ro

ce
d
u
re

s,
 

an
d
 H

F
E

 r
ev

ie
w

 a
re

 c
o
m

p
re

h
en

si
v
e 

fo
r 

o
p
er

at
o
r 

re
sp

o
n

se
s 

as
so

ci
at

ed
 w

it
h
 h

ig
h
 o

r 

m
ed

iu
m

 i
m

p
or

ta
n

ce
 H

E
P

s.
  

P
S

A
 e

n
h
an

ce
m

en
ts

 m
ay

 b
e 

im
p
o
rt

an
t 

to
 s

u
p
p
o
rt

 t
h

e 
ab

o
v
e,

 e
sp

ec
ia

ll
y 

in
 t

h
e 

P
S

A
 

m
o
d
el

li
n

g
 o

f 
o
p

er
at

or
 r

es
p
o
n

se
s.

 I
n

 s
o
m

e 
ca

se
s,

 c
o
n

se
rv

at
is

m
 n

ee
d
 t

o
 b

e 
re

m
o
v
ed

 s
u
ch

 

as
 t

h
e 

p
er

fo
rm

an
ce

 o
f 

d
et

ai
le

d
 H

R
A

 f
o
r 

b
o
th

 r
is

k
 s

ig
n
if

ic
an

t 
an

d
 n

on
-r

is
k
 s

ig
n

if
ic

an
t 

H
E

P
s 

(n
o
t 

n
ee

d
ed

 f
o
r 

al
l 

H
E

P
s,

 b
u
t 

at
 l

ea
st
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v
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 m
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 d
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p
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 m
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S
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d
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o
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p
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 b
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 p
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u
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h
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p
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 t
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 c
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p
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 d
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w
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m
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ss
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t 
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n
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u
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e 
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ti
g
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io
n
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f 
ri

sk
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g
n

if
ic

an
ce
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f 

d
ev

ia
ti

o
n

s 
fr

o
m

 r
ev

is
ed

 d
es

ig
n

 

ru
le

s;
 o

ft
en
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er

fo
rm

ed
 i
n

 t
h

e 
fr

am
ew

o
rk

 o
f 

a 

p
er

io
d
ic

 s
af

et
y 

re
v
ie

w
. 

Q
H

O
s,

 ∆
C

D
F

/F
D

F
A

V
E
, 

∆
L

E
R

F
A

V
E
, 

R
is

k
 i

m
p
o
rt

an
ce

 

m
ea

su
re

s 
o
f 

af
fe

ct
ed

 S
S

C
s 

an
d
 H

E
s 

(e
.g

. 
F

-V
, 
R

A
W

) 

ri
sk

 a
ss

o
ci

at
ed

 w
it

h
 p

la
n
t 

o
p
er

at
io

n
. 

S
p
ec

ia
l 

m
o
d
el

 a
d
ju

st
m

en
ts

, 
m

o
d
el

 e
x
te

n
si

o
n

s 
an

d
 

re
v
is

it
in

g
 a

ss
u
m

p
ti

o
n

s 
m

ay
 b

e 
re

q
u
ir

ed
 t

o
 m

o
d
el

 t
h

e 
d
ev

ia
ti

o
n
 o

f 
th

e 
p
la

n
t 

d
es

ig
n

 f
ro

m
 

re
v
is

ed
 d

et
er

m
in

is
ti

c 
ru

le
s 

o
f 

co
n

ce
rn

. 
Id

en
ti
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ti
on
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f 

p
ri

m
ar

y 
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n
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u
to
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 t

o
 r

is
k
 a

n
d
 

co
m

p
ar
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o
n
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it

h
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af
et

y 
ta

rg
et

 v
al

u
es
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C

D
F

/F
D

F
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L

E
R

F
) 
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ay

 b
e 

n
ee

d
ed

. 

F
o
r 

ex
am

p
le

, 
fo

r 
th

e 
o
p
er

at
in

g
 p

la
n

ts
 c

o
n

st
ru

ct
ed

 i
n
 a

cc
o
rd

an
ce

 w
it

h
 t
h

e 
o
ld

 d
es

ig
n

 

ru
le

s,
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S
A
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es

u
lt

s,
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n
d
 r

is
k
 m

et
ri

cs
 c

an
 b

e 
u
se

d
 t

o
 j

u
st

if
y 

lo
w

 r
is

k
 s

ig
n
if

ic
an

ce
 o

f 
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rt
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n

 d
ev

ia
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n
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fr

o
m
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ev
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ed
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u
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n
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n
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v
e
r
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ll
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 r
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o
r
 m
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n
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c
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e
n
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A
 m

u
lt
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n
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A
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o
o
k
s 
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 t
h

e 
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m
b
in

ed
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k
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o
r 

m
u
lt
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n
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s 

o
p
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at
in

g
 o

n
 t
h

e 
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m
e 
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te

, 

in
cl

u
d
in

g
 t
h

e 
p
o
te

n
ti

al
 f

o
r 

a 
m

u
lt

iu
n
it

 i
n
it

ia
ti

n
g
 

ev
en

t 
an

d
 a

 m
u
lt

iu
n
it

 r
el

ea
se
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E
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F
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V

E
, 
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H

O
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 ∆
C

D
F

/F
D

F
A

V
E
, 

∆
L

E
R

F
A

V
E
, 

F
o
r 

m
u
lt

iu
n
it

 s
it
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b
o
th

 d
et

er
m

in
is

ti
c 

an
d
 p

ro
b
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il
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ti
c 

sa
fe

ty
 e

v
al

u
at

io
n

s 
h

av
e 

b
ee

n
 

p
er

fo
rm

ed
 o

n
 e
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h

 r
ea

ct
or

 u
n
it

 o
n

e 
at

 a
 t

im
e 

w
it

h
 t
h

e 
im

p
li

ci
t 

as
su

m
p
ti

o
n
 t

h
at

 t
h

e 
co

-

lo
ca

te
d
 r

ea
ct

or
s 

an
d
 r

ad
io

lo
g
ic

al
 f

ac
il

it
ie

s 
(o

r 
so

u
rc

es
) 

ar
e 

sa
fe

 w
h

il
e 

th
e 

re
ac

to
r 

u
n
it

 i
n
 

q
u
es

ti
o
n

 i
s 

b
ei

n
g
 a

n
al

yz
ed

. 
A

 m
u
lt

iu
n
it

 P
S

A
 i

n
cl

u
d
es

 a
n
 i

n
te

g
ra

te
d
 s

af
et

y 
as

se
ss

m
en

t 
o
f 

th
e 

si
te

 a
n

d
 c

o
n

si
d
er

at
io

n
 o

f 
th

e 
p
o
te

n
ti

al
 f

o
r 

ac
ci

d
en

ts
 i

n
v
o
lv

in
g
 m

u
lt

ip
le

 r
ea

ct
or

 u
n
it

s 

an
d
 m

u
lt

ip
le

 s
o
u
rc

es
 o

f 
ra

d
io

ac
ti

v
e 

m
at

er
ia

l,
 c

o
n

cu
rr

en
tl

y.
 

In
p
u
t 

to
 a

 m
u
lt

iu
n
it

 P
S

A
 i

s 
a 

fu
ll

 s
co

p
e 

in
te

rn
al

 a
n

d
 e

x
te

rn
al

 e
v
en

t 
P

S
A

. 
In

 g
en

er
al

, 
th

e 

p
ri

m
ar

y 
ca

u
se

 o
f 

a 
m

u
lt

iu
n
it

 a
cc

id
en

t 
is

 d
u
e 

to
 e

x
te

rn
al

 h
az

ar
d
s,

 a
lt

h
o
u
g
h
 i

n
te

rn
al

 

h
az

ar
d
s 

su
ch

 a
s 

fi
re

s 
an

d
 f

lo
o
d
s 

ca
n
 a

ls
o
 b

e 
im

p
o
rt

an
t,
 d

ep
en

d
in

g
 o

n
 t
h

e 
sh

ar
ed

 

eq
u
ip

m
en

t 
o
r 
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ti
o
n

s.
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w
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m

o
d
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n
h
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ce

m
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 t
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o
u
n

t 
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r 
p
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n
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n
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en
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, 
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d
en
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se

q
u
en
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s 
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d
 p
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n
t 
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sp

o
n
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h

u
td

o
w

n
) 
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o
w

in
g
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 m
u
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iu
n
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n

it
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ti
n
g
 

ev
en

t.
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d
d
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n
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co

n
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d
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n
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f 
p
o
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n
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 d
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ag
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n
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n
 t

h
e 
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sp

o
n
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f 
an

o
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n
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 i
s 
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h
is
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n
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u
d
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 m
o
d
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n

g
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f 
p
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n
t 
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p
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ts
 d
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n
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P
O

S
s 

an
d
 c
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 r
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c
e
s.
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b
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p
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io
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v
e 
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l 
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h
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o
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al
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e 
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o
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u
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ei

th
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n
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h
e 
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o
o
l,

 d
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ra
g
e 
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r 
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m
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o
l 
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 b
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S
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d
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 c
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n
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 u

se
d

 t
o
 s

u
p
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o
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t 
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p

p
li

c
a
ti

o
n
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n
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m
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le

s 

b
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e 
P

S
A

 m
o
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n
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f 
su

p
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r 
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n

 s
ys

te
m

s.
 A

n
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f 
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 c
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t 
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o
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e 
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o
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 b
e 
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u
n
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u
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li
zi

n
g
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l 
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m

il
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id
en

t 
se

q
u
en

ce
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d
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S
A
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u
t 

w
it

h
 c

o
n
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d
er
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n
 o

f 
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n
d
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n
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th
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o
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ld
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l 
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e 
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h
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T

h
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 m
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n
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u
d
e 
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e 
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 o
f 

h
ea

v
y 
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 d
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p
s.
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 b
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d
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e 
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 i

n
 

ra
d
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g
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p
h
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th

er
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o
u
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es
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u
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to
ry
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b
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n
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u
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en

ts
, 
an

d
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f 
re
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te

d
 s
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se
ar

ch
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l 
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E
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 p
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m

ar
y 
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n

tr
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u
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ri
sk
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∆
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F
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C
C
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D
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R
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 d
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g
h
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d
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 m
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n
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d
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ce

 r
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k
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v
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ed
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 u
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d
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 c
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u
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ed
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 i

m
p
le
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en

t 
th

e 
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an
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en
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st

ra
te

g
y.
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D
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n
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o
 s

h
u
td

o
w

n
 t
h

e 
p
la

n
t 

o
r 

te
rm

in
at

e 
p
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n
t 
o
p
er

at
io

n
 u

n
ti

l 
th

e 

n
ec

es
sa

ry
 g

lo
b
al

 m
o
d
if

ic
at

io
n

s 
ai

m
ed

 t
o
 r

ed
u
ce

 r
is

k
 a

ss
o
ci

at
ed

 w
it

h
 p

la
n

t 
o
p
er

at
io

n
 

w
o
u
ld

 b
e 

p
er

fo
rm

ed
. 
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n
te

r
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u
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to
r
y
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e
ci

si
o
n

s 

P
S

A
 i

s 
u
se

d
 t

o
 a

ll
ev

ia
te

 a
 r

eg
u
la

to
ry

 c
o
n

ce
rn

, 

w
h

il
e 

lo
n

g
er

-t
er

m
 s

o
lu

ti
on

s 
ca

n
 b

e 
ev

al
u
at

ed
. 

Is
su

es
 t

h
at

 t
yp

ic
al

ly
 r

eq
u
ir

e 
an
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n
te

ri
m

 d
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is
io

n
 

ar
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 (
a)

 n
ee

d
 f

o
r 

re
g
u
la

to
ry

 a
ct

io
n
 i

n
 r

es
p
o
n

se
 t

o
 

an
 e

v
en

t 
at

 a
 p

la
n
t,

 (
b
) 

o
n

e-
ti

m
e 

ex
em

p
ti

on
s 

fr
o
m

 

T
S

 o
r 

o
th
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DEFINITION OF TERMS 

Definitions appearing in this list apply for the purposes of this TECDOC only. Definitions 

marked with (*) are directly taken from the IAEA Safety Glossary. 

Accident*: Any unintended event, including operating errors, equipment failures and other 

mishaps, the consequences or potential consequences of which are not negligible from the 

point of view of protection or safety. 

Accident conditions: Deviations from normal operation more severe than anticipated 

operational occurrences, including those resulting from design basis accidents and severe 

accidents related to the status of (a) fuel, (b) the reactor coolant system, and (c) radionuclide 

transport barriers. 

Accident consequences: The extent of plant damage or/and the radiological release or/and 

health effects to the public or/and the economic costs of an accident.  

Aleatory uncertainty: The uncertainty inherent in a nondeterministic (stochastic, random) 

phenomenon. Aleatory uncertainty is reflected by modelling the phenomenon in terms of a 

probabilistic model. In principle, aleatory uncertainty cannot be reduced by the accumulation 

of more data or additional information. (Aleatory uncertainty is sometimes called 

randomness.)  

As-built, as-operated: A conceptual term that reflects the degree to which the PSA matches 

the current plant design, plant procedures, and plant performance data, relative to a specific 

point in time.  

As-designed, as-to-be-built, and as-to-be-operated: A conceptual term that reflects the degree 

to which the PSA reflects the current status of the plant at the design and construction phase 

for which the PSA is being performed. 

Assumption: A decision or judgment that is made in the development of the PSA model. An 

assumption either is related to a source of model uncertainty or is related to scope or level of 

detail. An assumption related to a model uncertainty is made with the knowledge that an 

alternative assumption exists. An assumption related to scope or level of detail is one that is 

made for modelling convenience.  

At-initiator human failure event: A type of human failure event that causes an initiating event. 

These are HFEs that directly involve plant personnel actions at the time of the initiating event, 

including actions correctly performed but that are based on erroneous indications and actions 

that are performed based on erroneous decision making. These events do  not include 

malicious acts such as sabotage.  

At power: Those POSs characterized by the reactor being critical and producing power, with 

automatic actuation of critical safety systems not blocked and with essential support systems 

aligned in their normal power operation configuration.  

Attributes (of PSA): Characteristics of PSA elements of a full scope Level 1 PSA that assure 

technical quality and consistency of the PSA. Attributes of the PSA that are irrelative to 

particular application are termed as ‘general attributes’, attributes of the PSA that is used for 

particular application(s) are termed as ‘special attributes’. 



 

292 

Availability: The complement of unavailability. 

Basic event: An event in a fault tree model that requires no further development because the 

appropriate limit of resolution has been reached.  

Bounding analysis: Analysis that uses assumptions such that the assessed outcome will meet 

or exceed the maximum severity of all credible outcomes.  

Cable failure mode: The behaviour of a cable upon fire-induced failure that may include 

intractable shorting, intercable shorting, and/or shorts between a conductor and an external 

ground.  

Cliff edge effect: In a nuclear power plant, an instance of severely abnormal plant behaviour 

caused by an abrupt transition from one plant status to another following a small deviation in 

a plant parameter, and thus a sudden large variation in plant conditions in response to a small 

variation in an input. Cliff edge could be seen in any situation where the plant conditions 

suffer a radical undesirable change with a small time step or a small variation in an individual 

parameter. One example is the case where the supply of cooling water is stable in the 24 hr 

mission time, but is exhausted a short time thereafter resulting in a complete loss of cooling. 

Another is the case where a plant is unaffected by an external flood up to a given level, but 

immediately upon exceeding that level there is extensive loss of safety functions leading to a 

high likelihood of core damage.
18

  

Common cause failure*: Failure of two or more structures, systems and components due to a 

single specific event or cause. 

Common mode failure*: Failure of two or more structures, systems and components in the 

same manner or mode due to a single event or cause. 

Complementary cumulative distribution function (CCDF): Complement of cumulative 

distribution function.  

Component: A discrete element of a system, such as a vessel, pump, valve, or circuit breaker.  

Confinement*: Prevention or control of releases of radioactive material to the environment in 

operation or in accidents. 

Containment*: Methods or physical structures designed to prevent or control the release and 

the dispersion of radioactive substances. 

Containment system*: The assembly of components of the packaging specified by the 

designer as intended to retain the radioactive material during transport. 

Containment (confinement) bypass: A direct or indirect flow path that may allow the release 

of radioactive material from the RCS directly to the environment bypassing the containment 

(confinement or reactor building).  

                                                
18

 The terminology comes from the idea that someone is walking along a road and everything is just fine until at the end of 

the road they take one more step and fall off the edge of a cliff. 
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Containment (confinement) failure: Loss of integrity of the containment (confinement) to 

perform its safety functions in the mitigation of an accidental release of radionuclides to the 

environment.  

Containment (confinement) failure mode: The manner in which a containment (confinement) 

radionuclide release pathway is created. It encompasses both those structural failures of 

containment (confinement or reactor building) induced by containment (confinement or 

reactor building) challenges when they exceed containment (confinement) capability and the 

failure modes of containment (confinement) induced by HFEs, isolation failures, or bypass 

events.  

Cumulative distribution function: Integral of the probability density function; it gives the 

probability of a parameter of being less than or equal to a specified value.  

Damage criteria: Those characteristics of the fire-induced environmental effects that will be 

taken as indicative of the fire-induced failure of a damage target or set of damage targets.  

Damage target: See target.  

Demonstrably conservative analysis: Analysis that uses assumptions such that the assessed 

outcome will be conservative relative to the expected outcome.  

Dependency: Requirement external to an item and upon which its function depends. 

Dependency exists when the occurrence of given event is determined by, influenced by, or 

correlated to other events or occurrences.  

Design basis earthquake (DBE): A commonly employed term for the earthquake severity 

specified in the plant design basis and against which those systems, structures, and 

components required to assure a safe shutdown of the plant in the event of an earthquake are 

designed. In IAEA seismic safety reports this is referred to as SL-2, but various states use 

other terms such as SSE (safe shutdown earthquake).  

Design basis hazard event: A generalized term for specific characteristics of the hazard 

severity and type that are specified in the plant design basis and against which those systems, 

structures, and components required to assure a safe shutdown of the plant in the event of a 

hazard are designed. If no specific characteristics are specified in the plant design basis for a 

specific hazard, then there is no design basis hazard event for that hazard. Examples include 

the design basis tornado, expressed as wind speed; the design basis earthquake, expressed as 

peak ground acceleration (PGA), spectral shape, and time history; the design basis 

precipitation, expressed as the maximum rate and duration of precipitation (for rainfall or 

snowfall).  

Distribution system: Piping, raceway, duct, or tubing that carries or conducts fluids, 

electricity, or signals from one point to another.  

Electrical overcurrent protective device: An active or passive device designed to prevent 

current flow from exceeding a predetermined level by breaking the circuit when the 

predetermined level is exceeded (e.g. fuse or circuit breaker).  

End state: The set of conditions at the end of an event sequence that characterizes the impact 

of the sequence on the plant or the environment.  
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Epistemic uncertainty: The uncertainty attributable to incomplete knowledge about a 

phenomenon that affects our ability to model it. Epistemic uncertainty is reflected in ranges of 

values for parameters, a range of viable models, the level of model detail, multiple expert 

interpretations, and statistical confidence. In principle, epistemic uncertainty can be reduced 

by the accumulation of additional information. Epistemic uncertainty is sometimes also called 

modelling uncertainty.  

Equipment: A term used to broadly cover the various components in an NPP. Equipment 

includes electrical and mechanical components (e.g. pumps, control and power switches, 

integrated circuit components, valves, motors, fans, etc.), instrumentation and indication 

components (e.g. status indicator lights, meters, strip chart recorders, sensors, etc.).  

Equipment qualification: Generation and maintenance of evidence (i.e. data and 

documentation) to ensure that equipment is capable of operating on demand, under specified 

service conditions, to meet system performance requirements. 

Expert: An individual who, by virtue of academic qualifications and experience, is duly 

recognized as having expertise in one or more particular technical areas of a PSA, and , who 

is capable of evaluating the relative credibility of multiple alternative hypotheses  

Event frequency : The expected number of occurrences of an event such as an initiating event 

or event sequence per unit of time, normally expressed in events per plant-operating-year (or 

reactor-operating-year) or events per plant-calendar-year (or reactor-calendar-year). For PSAs 

that are performed on multiunit plants, event frequencies are normally measured on a per–

plant-year basis, whereas PSAs that are performed on a single reactor unit are normally 

measured on a per–reactor-year basis.  

Event sequence: A representation of a scenario in terms of an initiating event defined for a set 

of initial plant conditions followed by a sequence of system, safety function, and operator 

failures or successes, with sequence termination with a specified end state.  

Event tree: A logic diagram that begins with an initiating event or condition and progresses 

through a series of branches that represent expected system or operator performance that 

either succeeds or fails and arrives at either a successful or failed end state.  

Event tree top event: The conditions (i.e. system behaviour or operability, human actions, or 

phenomenological events) that are considered at each branch point in an event tree 

(sometimes called “modelling function” or “modelled function”)  

Expert elicitation: A formal, highly structured, and documented process whereby expert 

judgments, usually of multiple experts, are obtained.  

Expert judgment: Information provided by a technical expert, in the expert’s area of expertise, 

based on opinion or on an interpretation based on reasoning that includes evaluations of 

theories, models, or experiments.  

Exposed structural steel: Structural steel elements that are not protected by a passive fire 

barrier feature (e.g. fire-retardant coating) with a minimum fire-resistance rating of one hour 

or less. 
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External Hazard: See Hazard (External). 

Extremely rare event: One that would not be expected to occur even once throughout the 

world nuclear industry over many years (e.g. <10
-6

/plant-year).  

Failure mechanism: Any of the processes that result in failure modes, including chemical, 

electrical, mechanical, physical, thermal, and human error.  

Failure mode*: The manner or state in which a structure, system or component fails (e.g. fails 

to start, fails to run, leaks, spurious operation). 

Failure modes and effects analysis (FMEA): A process for identifying failure modes of 

specific components and evaluating their effects on other components, subsystems, and 

systems.  

Failure probability: The likelihood that an SSC will fail to perform a specified function 

required in the PSA for a specific mission time.  

Failure rate: Expected number of failures per unit time, evaluated, for example, by the ratio 

of the number of failures in a population of components to the total time observed for that 

population.  

Fault tree: A deductive logic diagram that depicts how a particular undesired event can occur 

as a logical combination of other undesired events.  

Figure of merit: The quantitative value, obtained from a PSA analysis, used to evaluate the 

results of an application (e.g. CDF).  

Fire analysis tool: Any method used to estimate or calculate one or more physical fire effects 

(e.g. temperature, heat flux, time to failure of a damage target, rate of flame spread over a fuel 

package, heat release rate for a burning material, smoke density, etc.), based on a predefined 

set of input parameter values as defined by the fire scenario being analysed. Fire analysis 

tools include, but are not limited to, computerized compartment fire models, closed-form 

analytical formulations, empirical correlations such as those provided in a handbook, and 

lookup tables that relate input parameters to a predicted output.  

Fire zone: A portion of a building or plant that is separated from other zones by rated fire 

barriers adequate for the fire hazard severity associated with that zone. 

Fire barrier: A continuous vertical or horizontal construction assembly designed and 

constructed to limit the spread of heat and fire and to restrict the movement of smoke. 

Fire compartment: A subdivision of a building or plant that is a well-defined enclosed room, 

not necessarily bounded by rated fire barriers. A fire compartment generally falls within a fire 

zone and is bounded by non-combustible barriers where heat and products of combustion 

from a fire within the enclosure will be substantially confined. Boundaries of a fire 

compartment may have open equipment hatches, stairways, doorways, or unsealed 

penetrations. This is a term defined specifically for fire risk analysis and maps plant fire 

zones, defined by the plant and based on fire protection systems design and/or operations 

considerations, into compartments defined by fire damage potential. For example, the control 

room or certain areas within the turbine building may be defined as a fire compartment.  
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Fire-induced initiating event: That initiating event assigned to occur in the internal fire PSA 

plant response model for a given fire scenario.  

Fire modelling: The process of exercising a fire analysis tool including the specification and 

the verification of input parameter values, performance of any required supporting 

calculations, actual application of the fire analysis tool itself, and the interpretation of the fire 

analysis tool outputs and results.  

Fire protection feature: Administrative controls, fire barriers, means of egress, industrial fire 

brigade personnel, and other features provided for fire protection purposes.  

Fire protection programme: The integrated effort involving equipment, procedures, and 

personnel used in carrying out all activities of fire protection. It includes system and facility 

design, fire prevention, fire detection, annunciation, confinement, suppression, administrative 

controls, fire brigade organization, inspection and maintenance, training, quality assurance, 

and testing. 

Fire protection system: Fire detection, notification, and suppression systems designed, 

installed, and maintained in accordance with the applicable fire codes and standards 

Fire-resistance rating: The time, in minutes or hours, that materials or assemblies have 

withstood a fire exposure as established in accordance with an approved test procedure 

appropriate for the structure, building material, or component under consideration.  

Fire scenario: A set of elements that describes a fire event. The elements usually include a 

physical analysis unit, a source fire location and characteristics, detection and suppression 

features to be considered, damage targets, and intervening combustibles.  

Fire scenario selection: The process of defining the fire scenarios to be analysed in the 

internal fire PSA that will represent the behaviour and consequences of fires involving one or 

more fire ignition sources. Fire scenario selection includes the identification of a fire ignition 

source (or set of fire ignition sources); secondary combustibles and fire spread paths; fire 

damage targets, detection and suppression systems, and features to be credited; and other 

factors that will influence the extent and timing of fire damage.  

Fire suppression system: Permanently installed fire protection systems provided for the 

express purpose of suppressing fires. Fire suppression systems may be either automatically or 

manually actuated. However, once activated, the system should perform its design function 

with little or no manual intervention.  

Fire wrap: A localized protective covering designed to protect cables, cable raceways, or 

other equipment from fire-induced damage. Fire wraps generally provide protection against 

thermal damage.  

Flood zone (area): A zone (area) within a plant that is defined for the purpose of performing 

an Internal Flood PSA. Flood zones are normally defined in terms of one or more of the 

following: building types; location within a building; and the physical barriers that delay, 

restrict, or prevent the propagation of floods to adjacent areas.  

Flood-induced event sequence: An event sequence that includes a flood-induced initiating 

event (and the potential for undesired consequences), with a specified end state.  
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Flood-induced initiating event: An initiating event (e.g. transient or LOCA) that is caused 

indirectly by a flood (e.g. flood damages SSCs that in turn cause a reactor trip transient or 

exigent plant shutdown due to loss of function of one or more SSCs due to the flood).  

Flood propagation path: A physical pathway that would allow the progression of a flood and 

associated flood damage within and among different flood zones.  

Flood rate: The flow rate of water or steam across the breach or opening in the pressure 

boundary of the flood source during the flood event. Depending on the context, the flood rate 

may be a time dependent rate, a maximum rate, or an average rate over the duration of the 

flood.  

Flood scenario: A description of an event that results in a flood-induced initiating event. The 

factors considered in the definition of a flood scenario include flood area; flood source; flood 

rate; flood propagation path; impact on plant SSCs; human actions considered in flood 

initiation, mitigation, and termination; and means of detection (sensors, alarms, indications, 

etc.).  

Flood source: An inventory of water or steam normally contained within a system, tank, 

component, reservoir, river, lake, or ocean that provides the potential for flooding-induced 

failure of SSCs in the event the flood source container or pressure or retention boundary is 

breached.  

Flood volume: The total flood volume of water released from the source from flood initiation 

to termination or to a specific point in time during a flood scenario, unless specified as the 

localized volume in specific flood areas for scenarios that involve multiple flood areas. Flood 

volume is normally used to calculate the nominal flood height, which is associated with the 

submergence failure cause. Water spray volumes are generally different from flood volumes, 

but spray water may accumulate and contribute to flood volumes.  

Fragility: The conditional probability of SSC failure to perform its PSA required function at a 

given hazard input level (i.e. for a given hazard event).  

Frequency (probability) of exceedance: The frequency (probability) that a specified intensity 

of the hazard will be exceeded at a site or in a region during a specified exposure time.  

Front-line system: A system (safety or non-safety) that is capable of directly performing one 

of the accident-mitigating functions (e.g. core heat removal, reactivity control, or reactor 

vessel pressure control) modelled in the PSA.  

Full power or nominal full power: A POS during which the reactor power is at or near its 

normal designed value. In this POS, the primary system configuration (power level, pressure, 

temperature, boundaries, etc.) is maintained essentially constant. The “low-power” state is 

defined to include all at-power operations below nominal full power.  

Fundamental safety functions: See key safety functions. 
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Fussell-Vesely (F-V) importance measure: For a specified basic event, F-V importance is the 

fractional contribution to the total of a selected figure of merit (e.g. CDF) for all event 

sequences associated with the figure of merit containing that basic event. For PSA 

quantification methods that include non-minimal cut sets and success probabilities, the F-V 

importance measure is calculated by determining the fractional reduction in the total figure of 

merit brought about by setting the probability of the basic event to zero. 

Ground acceleration: Acceleration at the ground surface produced by seismic waves, 

typically expressed in units of g, the acceleration of gravity at the earth's surface.  

Harsh environment: An abnormal environment (e.g. high or low temperature, humidity, 

corrosive conditions) expected as a result of the event sequences modelled in the PSA.  

Hazard: Any occurrence that has the potential to result in an initiating event. Hazards are 

divided into internal and external to the plant hazards.  

Hazard (Internal)*: Hazards originating from the sources located on the site of the nuclear 

power plant, both inside and outside plant buildings. Examples of internal hazards are random 

equipment failures and/or human failures, internal fires, internal floods, turbine missiles, on-

site transportation accidents and releases of toxic substances from on-site storage facilities 

that can cause equipment damage or/and human error. Internal hazards caused by random 

equipment failures or/and human errors are known usually called internal events.  

Hazards (External)*: Hazards originating from the sources located outside the site of the 

nuclear power plant. Examples of external hazards are seismic hazards, external fires (e.g. 

Fires affecting the site and originating from nearby forest fires), external floods, high winds 

and wind induced missiles, off-site transportation accidents, releases of toxic substances from 

off-site storage facilities and severe weather conditions.  

Hazard analysis: The process to determine an estimate of the expected frequency of 

occurrence (over some specified time interval) of various levels of some characteristic 

measure of the intensity of a hazard (e.g. PGA to characterize ground shaking from an 

earthquake). The time period of interest is typically 1 year, in which case the estimate is 

called the annual frequency of occurrence.  

Hazard event: An event brought about by the occurrence of the specified hazard and that 

directly or indirectly causes an initiating event and may further cause safety system failures or 

operator errors that may lead to core damage or large early release. A hazard event is 

described in terms of the specific levels of severity of impact that a hazard can have on the 

plant. For example, an internal flood event would be expressed in terms of the specific flood 

source and its local impact, such as the resulting water levels in affected plant areas, or the 

extent of the area subjected to spray; a seismic event would be expressed in terms of spectral 

acceleration and associated spectral shape; a transient event would be expressed in terms of 

the plant systems affected by the event.  

Hazard group: A group of similar hazards that are assessed in a PSA using a common 

approach, common methods, and common sources of likelihood data for characterizing the 

effect on the plant. Typical hazard groups considered in an NPP PSA include internal events, 

internal floods, seismic events, internal fires, high winds, external flooding, etc.  
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High confidence of low probability of failure (HCLPF) capacity: A measure of seismic 

margin. In seismic PSA, this is defined as the earthquake motion level at which there is a high 

(95%) confidence of a low (at most 5%) probability of failure, which is equivalent to the 1% 

mean probability of failure. Using the lognormal fragility model, the HCLPF capacity is 

expressed as: Am*exp[−1.65σR + σU)]. The HCLPF can be evaluated deterministically using 

the CDFM approach. 

High-energy line: A pipe or piping system component is classified as high energy if it 

contains water or steam at maximum operating temperature exceeding 94°C or maximum 

operating pressure exceeding 1.9 kPa.  

High winds: Tornadoes, hurricanes (or cyclones or typhoons), extratropical (thunderstorm) 

winds, and other wind phenomena depending on the site location.  

Hot short: Individual conductors of the same or different cables coming in contact with each 

other where at least one of the conductors involved in the shorting is energized resulting in an 

impressed voltage or current on the circuit being analysed.  

Human error: Any human action that exceeds some limit of acceptability, including inaction 

where required, excluding malevolent behaviour. Failure of a human action to be completed 

as desired, resulting in an undesired condition. Human errors can be classified as either errors 

of omission or errors of commission. An error of omission would be failure to perform a 

system-required task or action. An error of commission would be incorrectly performing a 

system-required task or action, or performing an extraneous task that is not required and 

might lead to worsening the accident progression or cause an initiating event.  

Human error probability (HEP): A measure of the likelihood that plant personnel will fail to 

initiate the correct, required, or specified action or response in a given situation, or by 

commission performs the wrong action. The HEP is the probability of the HFE.  

Human failure event (HFE): A basic event that represents a failure or unavailability of a 

component, system, or function as the result of human error.  

Human reliability analysis (HRA): A structured approach used to identify potential HFEs and 

to systematically estimate the probability of those events using data, models, or expert 

judgment.  

Ignition frequency: Frequency of fire occurrence generally expressed as fire ignitions per 

reactor-year.  

Ignition source: Piece of equipment or activity that causes fire.  

Initiating event: An event that perturbs the steady state operation of the plant and could 

directly lead to undesirable end state and/or radioactive material release or could degrade the 

reliability of a normally operating system, cause a standby mitigating system to be 

challenged, or require that the plant operators respond in order to mitigate the event or to limit 

the extent of plant damage caused by the initiating event. These events include human-caused 

perturbations and failure of equipment from either internal hazards or external hazards (see 

Hazards (Internal) and Hazards (External)). An initiating event is defined in terms of the 

change in plant status that results in a condition requiring shutdown or a reactor trip when the 

plant is at power, or the loss of a key safety function for non-power modes of operation.  
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Initiator: See initiating event.  

Intensity: A measure of the severity of a hazard.  

Interfacing systems loss of coolant accident (ISLOCA): A LOCA that bypasses the 

containment when a breach occurs in a system that interfaces with the RCS at a location 

outside the containment and the breach either cannot be or is not isolated.  

Internal events: The subset of internal hazards that are initiating events resulting from 

random mechanical, electrical, structural, or human failures. By historical convention, LOOP 

is considered to be an internal event, except when the loss is caused by an external hazard that 

is treated separately (e.g. seismically induced LOOP).  

Internal fire event: An event brought about by the occurrence of a fire within the plant 

boundary, and which directly or indirectly causes an initiating event and may further cause 

safety system failures or operator errors that may lead to core/fuel damage or large early 

release. Internal fire events are generally defined in terms of location, ignition source, heat 

release rate profile, and extent of propagation. 

Internal hazards. See Hazard (Internal) 

Key safety functions: The minimum set of safety functions that must be maintained to prevent 

an undesirable end state and/or a radioactive material release. The specific set of safety 

functions necessary to prevent each release category is reactor specific, but include: (i) 

control of reactivity, (ii) cooling of radioactive material (i.e. removal of heat from the reactor 

and from the fuel store) and (iii) confinement of radioactive material (including shielding 

against radiation and control of planned radioactive releases, as well as limitation of 

accidental radioactive releases).  

Key source of uncertainty: A source of uncertainty that is related to an issue for which there is 

no consensus approach or model and where the choice of approach or model is known to have 

an impact on the risk profile (e.g. CDF, the set of initiating events and event sequences that 

contribute most to the frequency of end states) or a decision being made using the PSA. Such 

an impact might occur, for example, by introducing a new functional event sequence or a 

change to the overall CDF estimates significant enough to affect insights gained from the 

PSA.  

Low power: A POS (or set of POSs) during which the reactor is at reduced power, below 

nominal full power conditions. In these POSs, the power level may be changing as the reactor 

is shutting down or starting up, or the power level may be constant at a reduced level. The 

power level that distinguishes nominal full power from low power is the power level below 

which major plant evolutions are required to reduce or increase power that significantly 

increase the likelihood of a plant trip.  

Master logic diagram: Summary fault tree constructed to guide the identification and 

grouping of initiating events and their associated sequences to ensure completeness.  

‘Mature’ plant: A facility belonging to the family of similar facilities with long cumulative 

operational experience. 

Mission time: The time period that a system or component is required to operate in order to 

successfully perform its function.  
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Mitigating structure, system, and component: An SSC that performs a function to mitigate the 

consequences of an event such as by protecting a barrier to radionuclide transport, performing 

a safety function, or limiting or preventing a release of radioactive material from a source.  

Multicompartment fire scenario: A fire scenario involving targets in a room or fire 

compartment other than, or in addition to, the one where the fire was originated.  

Mutually exclusive events: A set of events where the occurrence of any one precludes the 

simultaneous occurrence of any remaining events in the set.  

Non-safety related SSC: Those SSCs that are (1) capable of performing a safety function, (2) 

are modelled in the PSA to prevent or mitigate one or more event sequences, and (3) are not 

credited in the design basis-accident analysis. 

Operating time: Total time during which components or systems are performing their 

designed function.  

Outage: The entire set of POSs with the plant subcritical. This term is used interchangeably 

with the term “shutdown”  

Outage types: Term used to describe the general cause of the plant being subcritical. Different 

outage types result from maintenance and refuelling requirements that necessitate different 

LPSD evolutions and resulting POSs. For example, a refuelling outage type may involve fuel 

movement operations, whereas a maintenance outage conducted to repair piping would be a 

different outage type.  

Peak ground acceleration (PGA): Maximum value of acceleration displayed on an 

accelerogram; the largest ground acceleration produced by an earthquake at a site. As used in 

PSA, peak ground acceleration generally refers to the acceleration at zero period (i.e. 

“infinite” frequency” in the horizontal direction (see also spectral acceleration). 

Per calendar-year: Units for the frequency of an initiating event, event sequence, undesirable 

end state or release category, the calculation of which includes contributions from each POS, 

taking into account the fraction of time spent in that POS, normalized to one calendar year.  

Performance-shaping factor (PSF): A factor that influences HEPs as considered in a PSA’s 

HRA and includes such items as level of training, quality/availability of procedural guidance, 

time available to perform an action, etc. 

Physical analysis units: The spatial subdivisions of the plant upon which an internal flood or 

fire analysis is based. The physical analysis units are generally defined in terms of flood or 

fire zones and/or fire compartments.  

Plant: A general term used to refer to a nuclear power facility (for example, “plant” could be 

used to refer to a single-unit or a multiunit facility).  

Plant configuration: Plant conditions including operating mode, reactor power and decay heat 

level, RCS conditions (e.g. temperature, pressure), RCS status (e.g. pressure boundary open 

or closed), reactor building status, fire and flood barrier status, equipment alignment (e.g. 

number of pumps operating, number of pumps in standby), and equipment in service or out of 

service for test and maintenance.  
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Plant damage state (PDS): The characteristics of the final state of an event sequence with 

respect to event progression, containment, confinement or reactor building status,, and 

mitigating system operability.  

Plant evolution: A series of connected or related activities where the plant transitions from 

one POS to another, e.g. a transition from full power to low-power level, or shutdown, or 

changes to the plant conditions with various combinations of equipment out of service for 

maintenance.  

Plant Operational Mode: A particular plant configuration with specified operational 

characteristics. See also plant operating state. 

Plant operating state (POS): A standard configuration of the plant during which the plant 

conditions are relatively constant, are modelled as constant, and are distinct from other 

configurations in ways that impact risk. POS is used to discretize the plant conditions for 

specific phases of an LPSD evolution. Examples of such plant conditions include, e.g. core 

decay heat level, primary coolant level, primary temperature, primary vent status, reactor 

building status, and decay heat removal mechanisms.  

Plant response model: A Boolean representation of the combinations of equipment, system, 

function, and operator failures or successes, of an accident that when combined with an 

initiating event can lead to undesired consequences, with a specified end state (e.g. release 

category).  

Plant specific data: Data consisting of observed sample data from the plant being analysed.  

Plant transition mode: See transition modes (or transition states) 

Point estimate: Estimate of a parameter in the form of a single number.  

Post-initiator human failure events: Human failure events that represent the impact of human 

errors committed during response to abnormal plant conditions.  

Pre-initiator human failure events: Human failure events that represent the impact of human 

errors committed during actions performed prior to the initiation of an accident (e.g. during 

maintenance or the use of calibration procedures).  

Prior distribution (priors): The prior distribution is a key part of Bayesian inference and 

represents the information about an uncertain parameter P that is combined with the 

probability distribution of new data to yield the posterior distribution, which in turn is used 

for future inferences and decisions involving P.  

Probabilistic safety assessment (PSA)*: A comprehensive, structured approach to identifying 

failure scenarios, constituting a conceptual and mathematical tool for deriving numerical 

estimates of risk. 

Probabilistic safety assessment (PSA) application: A documented analysis based in part or 

whole on a plant specific PSA that is used to assist in decision making with regard to the 

design, licensing, procurement, construction, operation, or maintenance of an NPP.  

Probabilistic safety assessment (PSA) maintenance: The update of the PSA models to reflect 

plant changes such as modifications, procedure changes, or plant performance (data).  
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Probabilistic safety assessment (PSA) upgrade: The incorporation into a PSA model of a new 

methodology or changes in scope or capability that impact the significant event sequences. 

This could include items such as new human error analysis methodologies, new data update 

methods, new approaches to quantification or truncation, or new treatment of CCF.  

Probability of exceedance: See frequency of exceedance. 

Probability of non-suppression: Probability of failing to suppress a fire before target damage 

occurs.  

Quantitative Health Objective(s): The term for numerical criteria for the acceptable levels of 

risk to public health and safety in the population surrounding NPPs that satisfy safety goals.  

Raceway: An enclosed channel of metallic or non-metallic materials designed expressly for 

holding wires, cables, or bus bars.  

Rare event: Event that might be expected to occur only a few times throughout the world 

nuclear industry over many years (e.g. <10
-4

/reactor-year).  

Reactor-year: A calendar-year in the operating life of one reactor, regardless of power level.  

Recovery: Restoration of a function lost as a result of a failed SSC by overcoming or 

compensating for the failure.  

Refuelling outage: An outage type that occurs on a periodic basis, during which a portion of 

the spent nuclear fuel is replaced with new (unburned) fuel.  

Release category: The grouping of one or more event sequences based on common or similar 

mechanistic source terms. In this context, “similar” depends on the level of fidelity of the 

analysis and the number of release categories used to span the entire spectrum of possibilities 

within the scope of the PRA model. Similarity is generally measured in terms of the overall 

(cumulative) release of activity to the environment, the time at which the release begins, and 

(in certain applications) other physical characteristics of the source term. 

Reliability: A performance attribute of an SSC defined as the probability the SSC successfully 

performs its safety function(s) over a specified mission time and in accordance with a set of 

specified success criteria; the complement of unreliability.  

Repair: Restoration of a failed SSC by correcting the cause of failure and returning the failed 

SSC to its modelled functionality.  

Repair time: The period from identification of a component failure until it is returned to 

service.  

Response: A reaction to a cue for action in initiating or recovering a desired function.  

Response spectrum: A curve calculated from an earthquake accelerogram that gives the value 

of peak response in terms of acceleration, velocity, or displacement of a damped linear 

oscillator (with a given damping ratio) as a function of its period (or frequency).  

Risk: Frequency and consequences of an event, as expressed by the “risk triplet” that is the 

answer to the following three questions: (1) What can go wrong? (2) How likely is it? And (3) 

What are the consequences if it occurs?  
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Risk achievement worth (RAW) importance measure: For a specified basic event, RAW 

importance reflects the increase in a selected figure of merit (e.g. CDF) when an SSC is 

assumed to be unable to perform its function due to testing, maintenance, or failure. It 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, evaluated with the base case basic event probability.  

Risk metrics: A measure that is used to express the risk quantity of interest.  

Safe stable state: A plant state, following an initiating event, in which plant conditions are 

controllable at or near desired values and within the success criteria for maintenance of safety 

functions. A safe stable state is achieved when the following criteria are met:  

• All required safety functions are successfully performed during the defined mission 

time  

• The safety functions are not expected to be lost at a point close-in-time after the 

specified mission time (i.e. there is compelling evidence that the successful safety 

functions have adequate operating capacity to be maintained for an indefinite period 

following the end of the specified mission time, or that there are adequate alternative 

means of performing the safety functions that can be implemented with high 

confidence after the specified mission time). See also cliff edge effect.  

Safe stable states correspond to successful plant response end states in the PSA modelling of 

event sequences. 

Safety features: Design features of a reactor that are provided specifically to support one or 

more safety functions or to support another SSC that provides a safety function.  

Safety features, engineered: Safety features applied in the design of reactor systems in 

addition to the selection of materials and design characteristics of the reactor fuel, reactor 

coolant, and moderator (if any) that support one or more safety functions. Engineered safety 

features may involve the use of active and/or passive SSCs.  

Safety function: See key safety function.  

Safety related SSC: Those SSCs that are (1) specifically designed to perform a safety function, 

(2) are designed to prevent or mitigate one or more event sequences and (3) are credited in the 

design basis-accident analysis.  

Screening: A process that eliminates items from further analysis based on their negligible 

contribution to the probability of an event sequence or its consequences. Note that screened 

items may be retained in the PSA model with conservative screening frequencies or 

probabilities. 

Screening criteria: The values and conditions used to determine whether an item is a 

negligible contributor to the probability of an event sequence or its consequences.  

Secondary combustible: Combustible or flammable materials that are not a part of the fire 

ignition source that may be ignited if there is fire spread beyond the fire ignition source.  

Seismic equipment list (SEL): The list of all SSCs that require evaluation in the seismic 

fragilities task of a seismic PSA.  
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Seismic Event: An event brought about by the occurrence of an earthquake, and which 

directly or indirectly causes an initiating event and may further cause safety system failures or 

operator errors that may lead to core/fuel damage or large early release. Seismic hazard events 

are generally defined in terms of peak ground acceleration and response spectrum at the site 

Seismic response spectrum: A plot of a ground response parameter (for example, spectral 

acceleration or spectral velocity) that has an equal likelihood of exceedance at different 

frequencies. 

Seismic source: A general term referring to both seismogenic sources and capable tectonic 

sources. A seismogenic source is a portion of the earth assumed to have a uniform earthquake 

potential (same expected maximum earthquake and recurrence frequency), distinct from the 

seismicity of the surrounding regions. A capable tectonic source is a tectonic structure that 

can generate both vibratory ground motion and tectonic surface deformation such as faulting 

or folding at or near the earth's surface. In a PSHA, all seismic sources in the site region with 

a potential to contribute to the frequency of ground motions (i.e. the hazard) are considered.  

Severity: In the context of a hazard, severity refers to the level of potential impact on the plant 

from a specific manifestation of the hazard (i.e. hazard event). This is also sometimes referred 

to as the intensity, magnitude, energy, force or size of the hazard event. 

Severity factor: Severity factor is the probability that fire ignition would include certain 

specific conditions that influence its rate of growth, level of energy emanated, and duration 

(time to self-extinguishment) to levels at which target damage is generated.  

Shutdown: The collection of POSs during which the reactor is subcritical. This term is 

interchangeable with the term “outage.”  

Significant basic event: A basic event that contributes significantly to the computed risks for a 

specific source of radioactive material, POS, and hazard group or the total integrated risk. It 

typically defined as any basic event that has an F-V importance greater than 0.005 or a RAW 

importance greater than 2. When alternative numerical criteria are used the reason for their 

selection need to be justified.  

Significant contributor: Any discrete element of the PSA model whose contribution to total 

risk is greater than a specified value. The specified value depends on a given risk metric that 

may be expressed as the total integrated risk, or risk associated with a specified part of the 

risk model; (e.g. a specific source of radioactive material, POS, hazard group, event sequence, 

or release category).  

Significant contributors can be any of these elements as they contribute to each other or to the 

total, or could be cutsets, basic events, initiating events, hazard events, or other such PSA 

element. For each specific case the criteria for significance need to be defined in terms of 

relative importance of the element comparing to overall results for a given risk metrics.  

As a general rule, the summed percentage of significant contributors can be 95% and the 

individual contribution of any significant contributor can be 1% of the risk metric selected. 



 

306 

Significant cut set: One of the set of cut sets resulting from the analysis of a specific hazard 

group that, when rank-ordered by decreasing frequency, sum to a specified percentage of the 

risk metrics value (e.g. CDF) for that hazard group, or that individually contribute more than a 

specified percentage of the risk metrics. Typically, the summed percentage is 95%, and the 

individual percentage is 1% of the applicable hazard group. Cut set significance may be 

measured relative to overall risk metrics values or relative to an individual event sequence 

frequency of the applicable hazard group. For hazard groups that are analysed using methods 

and assumptions that can be demonstrated to be conservative or bounding, alternative 

numerical criteria may be more appropriate and, if used, need to be justified.  

Significant event sequence: One of the set of event sequences included in a PSA model, 

defined at the functional or systematic level, that, when rank-ordered by decreasing 

frequency, contributes a specified percentage of the risk metrics value (e.g. CDF), or that 

individually contributes more than a specified percentage of the risk metrics value (e.g. CDF) 

or other risk metric calculated in the PSA. Depending on the context, significance may be 

measured in terms of the total integrated risk or for the risk associated with a specific source 

of radioactive material, POS, and hazard group. Typically the aggregate percentage for the set 

is 95%, and the individual event sequence percentage is 1%. For hazard groups that are 

analysed using methods and assumptions that can be demonstrated to be conservative or 

bounding, alternative numerical criteria may be more appropriate and, if used, need to be 

justified.  

Significant plant operating state: One of the set of accident classes represented by a specific 

POS and hazard group that, when rank ordered by decreasing frequency, contributes a 

specified percentage of a specific risk metrics value (e.g. CDF) for that hazard group or that 

individually contributes more than a specific percentage of a specific risk metrics value (e.g. 

CDF) for that hazard group. Typically the summed percentage for the set is 95%, and the 

individual event sequence percentage is 1% of the applicable hazard group risk matric value 

(e.g. CDF).  

Spatial interaction: An interaction between two or more systems, structures, or components 

that could cause an SSC to fail to perform its intended safety function. It is the physical 

interaction of a structure, pipe, distribution system, or other component with a nearby SSC 

credited in the PSA to perform a safety function that results in the loss of function of the 

impacted SSC. Spatial interactions can be induced by internal or external hazards. 

Source term, mechanistic: A source term that is calculated using models and supporting 

scientific data that simulate the physical and chemical processes that describe the radionuclide 

inventories and the time dependent radionuclide transport mechanisms that are necessary and 

sufficient to predict the source term.  

Source term: The characteristics of a radionuclide release at a particular location, including 

the physical and chemical properties of released material, release magnitude, heat content (or 

energy) of the carrier fluid, and location relative to local obstacles that would affect transport 

away from the release point, and the temporal variations in these parameters (e.g. time of 

release duration, etc.).  

Spectral acceleration: Spectral acceleration, in general, given as a function of period or 

frequency and damping ratio (typically 5%), is equal to the peak relative displacement of a 

linear oscillator of frequency f attached to the ground, times the quantity (2πf)2. It is 

expressed in gravitational acceleration (g) or centimetres per second squared (cm/s
2
).  
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Split fraction: A unitless quantity that represents the conditional (on preceding events) 

probability of choosing one direction rather than the other through a branch point of an event 

tree.  

Standby system: A system that is not normally operating but is intended to be ready to operate 

upon demand.  

Start-up: A POS during which the reactor power level is increased from low power to full 

power following a plant outage.  

Station blackout (SBO): Complete loss of AC electric power to the essential and nonessential 

switchgear buses in an NPP.  

Structure, system, and component, active: An SSC whose function depends on mechanical 

movement or an external input such as actuation signal, or supply of motive power. Example 

active SSCs include pumps, gas blowers, control rods, and relief valves.  

Structure, system, and component, passive: An SSC whose function does not depend on 

mechanical movement or an external input such as actuation signal, or supply of motive 

power. Example passive SSCs include the RPV, RCPB, operation of rupture disks and 

mechanical safety valves, and dropping of control rods by gravity, when the SSC functions 

are accomplished without the need for any active SSCs.  

Success criteria: Criteria for establishing the minimum number or combinations of systems or 

components required to operate, or minimum levels of performance per component during a 

specific period of time, to ensure that the safety functions are satisfied.  

Success path: A set of systems and associated components that can be used to bring the plant 

to a stable hot or cold condition to achieve a safe stable state. (See safe stable state.)  

Support system: A system that provides a support function (e.g. electric power, control power, 

or cooling) for one or more other systems.  

System failure: Loss of the ability of a system to perform its function.  

System time window: See time available. 

Target: May refer to a fire damage target and/or to an ignition target. A fire damage target is 

any item whose function can be adversely affected by the modelled fire. Typically, a fire 

damage target is a cable or equipment item that belongs to the internal fire PSA cable or 

equipment list and that is included in event trees and fault trees for fire risk estimation. An 

ignition target would be any flammable or combustible material to which fire might spread.  

Technical quality (PSA): The extent to which the technical characteristics of a PSA satisfy the 

required attributes to be used in risk informed decision making, as presented in this 

publication.  

Time available: The time period from the presentation of a cue for human action or equipment 

response to the time of adverse consequences if no action is taken. This term is 

interchangeable with the term “time window” or “system time window” when used in HRA.  
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Time window: The time needed by operators to successfully perform and complete a human 

action. This term is interchangeable with the term “time available” and “system time 

window.”  

Top event: Undesired state of a system in the fault tree model (e.g. the failure of the system to 

accomplish its function) that is the starting point (at the top) of the fault tree.  

Transient combustible: Combustible materials that are not fixed in place or an integral part of 

an operating system or component. (Note that the term “component” as used in this definition 

is considered interchangeable with the terms “equipment” or “piece of equipment” as those 

terms are used in this publication.)  

Transition: A change in plant configuration, for example, a change in plant configuration to 

prepare for refuelling.  

Transition modes (or transition states): A set of plant conditions in which the plant 

configuration is changing between normal, full power heat removal to DHR via an RHR 

system. For a refuelling outage, transition states would include low power (shutdown, startup) 

and hot standby/shutdown.  

Truncation value: The numerical cut-off value of probability or frequency below which 

results are not retained in the quantitative PSA model or used in subsequent calculations (such 

limits can apply to initiating event frequencies, event sequences/cut sets, system-level cut sets, 

and sequence/cut set database retention).  

Unavailability: The probability that a system or component is not capable of supporting its 

function at a specified or random point in time including, but not limited to, the time it is 

disabled for test or maintenance.  

Uncertainty: A representation of the confidence in the state of knowledge about the parameter 

values and models used in constructing the PSA.  

Uncertainty analysis: The process of identifying and characterizing the sources of uncertainty 

in the analysis, and evaluating their impact on the PSA results and developing a quantitative 

measure to the extent practical.  

Unreliability: The probability that a system or component will not perform its specified 

function under given conditions upon demand or for a prescribed interval of time, referred to 

as the mission time.  

Variability: A measure of the spread of a data set. 

Walkdown: Inspection of local areas in an NPP where systems and components are physically 

located to ensure accuracy of procedures and drawings, equipment location, operating status, 

installation characteristics and environmental effects or system interaction effects on the 

equipment that could occur during accident conditions.  
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ABBREVIATIONS 

AC  alternating current  

AGR  advanced gas-cooled reactor 

ANS  American Nuclear Society  

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 

CCW  component cooling water  

CDF  core damage frequency  

CDFM  combined density factor model 

CFDP  conditional fuel damage probability 

CLERP   conditional large early release probability 

CT  cooling tower  

DBA   design basis accident 

DBE  design basis earthquake  

DC  direct current  

DG  diesel generator 
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DHR  decay heat removal  

ECCS  emergency core cooling system 

EDG  emergency diesel generator  

EOP  emergency operating procedure  

EPRI  Electric Power Research Institute  

EPZ   emergency planning zone 

ESF  engineered safety feature  

ET  event tree 

FDF  fuel damage frequency 

FHA  fire hazard analysis (or assessment)  

FMEA  failure modes and effects analysis  

FT  fault tree 

F-V   Fussell-Vesely (importance measure) 

GA  general attribute 

HAZOPS  hazards and operability study  

HCLPF  high confidence of low probability of failure  

HE   human error 

HELB  high-energy line break  

HEP  human error probability  

HFE  human failure event  

HMI  human machine interface  

HPCI   high pressure coolant injection 

HPECC  high pressure emergency core cooling 

HRA  human reliability analysis  

HRR  heat release rate 

HTGR  high temperature gas cooled reactors  

HVAC  heating, ventilation, and air-conditioning  
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I&C  instrumentation and control  

IAEA  International Atomic Energy Agency 

ICCDP  

ICFDP 

 incremental conditional core damage probability  

incremental conditional fuel damage probability  

ICLERP   incremental conditional large early release probability  

ID  identifier  

IE  initiating event  

IPSART  international probabilistic safety assessment review team  

IRIDM  integrated risk informed decision making  

ISI   in-service inspection  

ISLOCA  interfacing systems loss-of-coolant accident  

ISLOCA  interfacing system LOCA 

LCO  limiting condition of operation  

LER  licensee event report  

LERF  large early release frequency  

LOCA  loss of coolant accident 

LOOP  loss of off-site power (also referred to as LOSP)  

LPSD  low power and shutdown  

LWR  light water reactor  

MAGNOX   magnesium-aluminium alloy reactor 

MCP  main coolant pump 

MCR  main control room  

MOV  motor-operated valve  

MSIV   main steam isolation valve  

MCDF   multiunit core damage frequency 

MFDF  multiunit fuel damage frequency 

NDE   non-destructive examination 
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NPP  nuclear power plant  

NRC  U.S. Nuclear Regulatory Commission  

OBE  operating-basis earthquake  

OOS  out of service  

P&IDs  piping and instrumentation drawings (or diagrams)  

PCS  power conversion system  

PDS  plant damage state  

PFM   probabilistic fractural mechanics  

PGA  peak ground acceleration  

PMF  probable maximum flood  

PORV  pressurizer power operated relief valve  

POS  plant operating state  

PRA  probabilistic risk assessment  

PSA  probabilistic safety assessment  

PSF  performance-shaping factor  

PSHA  probabilistic seismic hazard analysis  

PWR   pressurized water reactor  

QA  quality assurance  

QHO  quantitative health objective  

RAW  risk achievement worth (importance measure) 

RBMK  high power channel type reactor (Reactor Bolshoy Moshchnosty 

Kanalny)  

RCPB  reactor coolant system pressure boundary  

RCS  reactor coolant system  

RHR  residual heat removal  

RI  risk informed 

RI-ISI   risk informed in-service inspection 
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RLE  review level earthquake  

RPS  reactor protection system 

RPV  reactor pressure vessel  

RRS  required response spectrum  

RRW  risk reduction worth (importance measure) 

SA  special attribute 

SAMG   severe accident management guideline 

SAR  safety analysis report  

SBO  station blackout  

SCCDF  site complementary cumulative distribution function 

SCDF  site core damage frequency 

SEL  seismic equipment list  

SFDF  site fuel damage frequency 

SFR  seismic fragility analysis  

SG  steam generator 

SGSV  steam generator safety valve 

SLERF  site early release frequency  

SLOCA  small LOCA 

SM  safety margin  

SMA  seismic margins analysis  

SORV  stuck open relief valve  

SQRT  seismic qualification review team  

SRCF  site release category frequency 

SRT  seismic review team  

SSA  safe shutdown analysis  

SSC(s)  structure(s), system(s), and component(s)  

SSE  safe shutdown earthquake  
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SSEL  safe shutdown equipment list  

SSI  soil-structure interaction  

STI   surveillance test interval 

SW  service water  

TECDOC  technical document  

THERP  technique for human error rate prediction 

TS  technical specification 

WWER  water moderated water cooled energetic reactor 
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