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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 TAEA 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 TAEA-
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). [AEA-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 1is
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.



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 TAEA 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.



Two types of attributes are defined in this publication:

Safety Guide
No. SSG-3
Development and
Application of Level 1
Probabilistic Safety
Assessment for Nuclear
Power Plants

/4

Safety Requirement
No. GS-R-3
The Management System for
Facilities and Activities for
protecting people and the
environment (to be
superseded by GSR Part 2)

IAEA-TECDOC

Level 1 PSA for

Attributes of Full-Scope

IAEA-TECDOC-1101
A Framework for a Quality
Assurance Program for PSA

without introducing mistakes
and errors

Applications in NPPs
4 7
N7 \N v
_ _ The work on PSA is The documentation is
Technical quality organized and performed in performed in a
attributes are defined such a way that required manner that supports
and used technical attributes are met review and future

upgrades

Provision of Technical Quality of PSA Results for Applications

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

- General attributes, which apply for a typical ‘base case PSA’ (for the definition of a
‘base case PSA’ see the discussion below). The general attributes apply for all PSAs

and applications.

- Special attributes, which generally provide enhanced capabilities supporting certain

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

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

example in Section 2 and Appendix II of this publication.

Thus, the set of general attributes describing the technical features of a ‘base case PSA’ in this
publication corresponds to the PSA application ‘Assessment of the overall plant safety’.

The general attributes represent a fundamental set of attributes that can be recognized as being
associated with the performance of a technically correct PSA in accordance with the present
state of the art methodology and technology. According to [12], “the current state of the art of
PSA is defined by the way PSAs have been practically performed in recent years by Member
States according to existing guidelines and using accepted methodologies and techniques.” To
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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 PSA' would allow more
components to be classified as low safety significant, when compared with what would result
from use of a less detailed model. However, even in this case, the PSA used to support that
application must be technically adequate.

For many applications, the acceptance criteria may require the consideration of all
contributors to risk. It is recognized that specialized PSA methods 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.

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



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 TAEA 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.



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



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:

e 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.

e Detailed operating procedures are not available. Information from similar NPPs
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might be used instead.

e No or only generic operational experience is available. Information from similar
NPPs might be used instead.

e Information on thermal hydraulic analyses, accident progression, accident
scenarios might be limited. Information from similar NPPs might be used instead.

e 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.

e 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.

e 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.

e 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.

e 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.

12



TABLE 2.1 PSA APPLICATIONS

Application Category

Application Group

Specific Application

1. SAFETY
ASSESSMENT

1.1.
1.2.
1.3.

Assessment of the overall plant safety
Periodic safety review

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.

2.2
2.3.

24.

2.5.

2.6.

Application of PSA to support decisions made during
the NPP design (plant under design)

Licensing of design

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

Establishment of equipment reliability targets for
manufacturers

Identification of R&D which are necessary to support
the design

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

13




Application Category

Application Group

Specific Application

4. PERMANENT

4.1.

Plant changes

4.1.1.

NPP upgrades, backfitting activities and plant

CHANGES TO modifications
THE OPERATING 4.1.2. Life time extension
PLANT
4.2. Technical 4.2.1. Determination and evaluation of changes to allowed
specification outage time and changes to required TS actions
changes 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 | 4.3.1. Categorization of SSC for equipment risk
graded QA significance evaluation
programme for 4.3.2. Evaluation of risk impact of changes to quality
SSC requirements
4.4. Risk informed 4.4.1. Risk informed fire protection
special site 4.4.2. Risk informed internal flood protection
protection 4.4.3. Risk informed defence in depth for individual and
measures correlated site hazards
5. OVERSIGHT 5.1. Performance 5.1.1. Planning and prioritization of inspection activities
ACTIVITIES monitoring (regulatory and industry)
5.1.2. Long term risk based performance indicators
5.1.3. Short term risk based performance indicators
5.2. Performance 5.2.1. Assessment of inspection findings
assessment 5.2.2. Evaluation and rating of operational events
6. EVALUATION OF | 6.1. Risk evaluation 6.1.1. Risk evaluation of corrective measures

SAFETY ISSUES

6.1.2.
6.1.3.

6.1.4.

6.1.5.

Risk evaluation to identify and rank safety issues

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.

Assessment of the significant of overall site risk for
multiunit accidents

Assessment of the significant of overall site risk from
all radioactive sources

6.2.

Regulatory
decisions

6.2.1.
6.2.2.

Long term regulatory decisions

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 clements 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  —aletter (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: 1E-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-A0I-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 Guide’, 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:

e Human Reliability Analysis [9];
e Initiating Events Analysis [21];
e Dependent Failures Analysis [22].

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

STEP (2)

STEP (3)

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.

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.

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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Identify type of PSA application
(e.g. Table2.1)

!

Identify plant design and operational
features affected by the application

1

Tdentify PSA scope and results/metrics
required (desired) for the application

Refine, complete, or upgrade PSA

3

Provide supplementary
arguments/analysis/data to bridge
limitations, OR restrict the scopeof

the application to that supported
by the PSA

OR

STEP1
Are the PSA scope
and results'metrics
sufficient?

YES

Refine PSA elements acc. to
General Attributes

Demonstrate/justify that the
attributes not met are not reguired
for the application

OR

STEP2
Do PSA elements
satisfy General
Attributes?

Refine PSA elements acc. to

Special Attributes

STEP 3
Do PSA elements
relevant for the application
satisfy Special
Attributes?

The PSA results can support the
application

[ J

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’ 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.

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
0OS-A Identification of POSs
OS-B POS grouping
0S-C Estimation of POS frequencies and durations
OS-D Documentation

21



aq Avut 11 ‘2318 2]3U1S D UO STIUN JO A2QUINU IB.AD] D A0,] "PaLIPISUOD 2G O] padu SSOJ
Jo suonpuiquiod juaaffip 2oudfy ‘Juaaa Sunviiul uv Jo auy ayj 1 SSOJ JuaLaffip ui aq
Aput S11UN L0JOD2L []D ‘SIUSPIIOD 1YIUD(T PUIYSNYNLT Y] Ul PaOUdP1Ad Sy T TVNOLLY I

10 PaIUN02ID 240 SUOIDUIQULIOD A]aY1] JSOUL dY] JDY]

yons pajoajas s1 11un yova 10f SSOJ JO SUoPUIGUIOD
J0 128 aaypuasaidal v Sy HUNIIAUL A0s] ZS-10V-SO

'SSOd [P1242S 10 2u0 oju1 padnots aq pnod puv Louanba.if

Moj djaanpjad Jo a.4v sa3vIno fo sadA] asay) o JSOPN UOILIDSUT PO [OAIUOD JNOYIIN
SUMOPINYS 40 3U1]00D Paalq puv paaf ‘UoyvInL122.4 24nssaid Y31y ‘UODINIA102.4
anssa.id mo] ‘32 ‘2]qissod s1 410da.1 pun £424002.4 JUIP12ID YI1YM Ul 2IDIS 2]GDIS

[putf 110y AG padno.3 a.4v (§22.4) U242 20uanbas Juap129v 2Yj UV UO () SV PaJPU31sap)
§20Uanbas JU2P120D WL 110YS S SUIN0]]of sa3vIN0 uoyVNpP SUoT . INTIWNOD

Y pg puodaq ysii 23vuvp janf/a100 (pruajod japout 03 4op40 Ul SSOJ

Juap120D-350d [DUCHIPPD A2PISUOD O] PAAU PINOM FS Y] Y 7 ISDI] IV L0 panssp
121038 2]qVIS 2fDS v [UN S2oUNDS JUP120V Y} JO 140d (112 Y} A0 pajjapoUL
Apo1dd) a4p suonnjoaa uvid sSOJ 4omod-ip ayi 40f FSd [ 12427 u] :JTVNOLLVI

"P2L2PISUOD OS]V 24D 4oMOd-1p S20Uanbas Juap12op
WA2] 30YS DS WO.Lf SUIIINSaL S2ZDINO PO IS-10V-SO

"SOY 2y} JO SuTUreIp 1M UMOPINYS P[00
pue ‘urureIp oYM uMopInys pod ‘umopinys joy 9°1 {s9jeis 93eIn0 dduBUSIUIB
2011} awres o ojul padnoi3 oq A[[eIous3 os[e ued SUMOPINYS JOUBUIIUIRW PoUUR]J

'SOY Ly

Jo Sururesp yim umopinys pjod pue ‘SurureIp Jnoyim umopinys pjod ‘umopinys joy
*9'1 {pajonpuod st aredos oy yorym Ul 9)e)S [qelS [BUL JIOY) AQ PoUTWLIdlOp sadA) oaiy
ojur padnoi3 A[[es1dA) a1e pue sUORIPUOd 19M0d-18 WOJ 1IB)S UMOPINYS 90UBUSJUTB
pauuejdun 030 ‘urer} pasy Arerjrxne AQpuejs e Jo AJI[Iqe[IeABUN ‘UTRT]} [BOLI)OJ[O

ue Jo AJI[Iqe[reArun ‘s1ojelouds [9SaIp Aqpuels om) Jo anjrey ojdwexs 10y ‘Kioes
jued o3ud[eyo A[ejeIpatuI JOU Op YOIyM Sjuauoduion Jo aInjre] Wog IS Yorgm

‘goueuRjuIRWw pauue[d
puE Pao10J SE Yons Sumopinys po[[0uod JdYIo pue ‘sageino Jul[onyor
‘umopinys ‘gur[ongor omod-1e ‘sjoAaa] 1omod JuaIsgIp je uonerado

$93.IN0 9SO 0} SIJAI SUMOPINYS JOUBUIUIRW PJIO] Jo pauue[dun) : INTININOD Surpnjour ‘pasAjeue st sopowr [euonerado jueyd Jo 3os oanvuesardor v | 1QV-SO
‘uonjeInp SOJ dIBUD Y) JoJ pasn aq 0} s1ejouwered
1SI0M A1} JOPISU0D 0 J[qe1daooe A[[eIOUIT ST IT JI0JAIY) {[opow S AU} Ul saSueyo -0doos a1 UM JTun I0j0BII Yor I0J VSd
[ons 309301 03 [eonoridull ST 3] ‘SO © UM UAD own Ul Surdueyo a1e *030 ‘oinssaid o) uI pasA[eue 9q 0} sajels [euorierado juerd jo 30s 93o1dwios & ouep
pue amjerodwo) Arewnid eoy Aeoop se s1ojoweted yons sased jsow ul : INFININOD | Pue AJiuopr 03 $s2001d o1jeo)sAs ‘panjonys g sasn sisA[eue SOJ YL Vv-SO
(so1p3] uy) sainqLpy [p12ds (Soyvi u1) sMQLIY [P122dS O UOUdLIISI(T pUD A1 UdP[
VD /ASel

pUR S9INQLIIY [IOUSL) :10J SO[dWEXH /SIUSUIWIO))/Q[eUolIey

SOINQLIIY [BIOUSD)ASE ], JO UOIBZIIONRIRY))

SSOd 40 NOILVIIAIINAdAI, V-SO ASV.L -SISATVNV SOd 404 SHLALIYLLY V-CTtv d19V.L

N
(@]



*0J0 ‘suorje[NO[ed 9FBWED [oN]/0100 0} ST}

pue [10q 03 oI} 93830 SUI[[ONJAI SB Yons ejep OI[NBIPAY [BUWIdY) pue ‘S}00q30[ Wool
[onuod ‘K103s1y din ‘ejep suonerado ‘sprooal pue sue[d ooueudjuIRW ‘SpI0JaI pue sue[d
98®IN0 U991 OPNJOUI SPI0IAI JUR[J "030 ‘saanpadoid dn-jre)s pue Sul[[onjor ‘umopinys
[ewIou ‘SuoleoY109dS [BOIUYDD ], SOPN[OUT UOTJBIUAWINOOP 91103ds Jueld : INTININOD

juejrodwur 9q os[e Aeul SONISLIOJORIBYD 130 ‘USISap pue ad4) juerd uo Surpuadoq
‘(uado 9oejun) snyels (JUSWIAUIFUOD) JUSWIUIRIUO) e
SUMOP[009 JO/PUE ‘JUITIAOW [oNJ ‘UOTIN[IP ‘BunuaA pue Sur[[y
‘umop ureap ‘39 ‘s1jowered oAoqe oY Ul SOSUBYD 0} PI[ ABW JBY) SONIAIPDY e
‘]oA9] Jojem pue ‘saanssaid ‘sormjeroduwa) Jue[009
1030801 93BIOAR ‘[OAJ] 8oy ABOSP JO [0A9] Jomod ‘39 ‘siojowrered jueld Jo oSuey e
(030 ‘Touumy Joysueny oy} ur ‘food [ongy oYy Ul ‘0100 Y UI "'9) [N Y} JO UONBIOT] e

{[eAOwdx

189y [enpISaI JO SUIIed)s St Yons ‘SWSIUBYOIW [BAOWI J8a ABOSP pue {(Wo)sAs

WHY 91 U0 UOTB[NIIIO PAJIOJ 03 SUI[00D UONB[NOID [BINJBU WO} WSIUBYOIW

[eAOWAI JBAY ABOSP o) saueyd sjue[d owos Ul YoryMm) STRUIOIUI [9SSAA JO

souasaxd ‘Apiqedes amssaid [BIIULISPIP JIOY) pue paf[eIsul a1 suonenauad SO

Krerodwdy 10yoym pue (PIAOWAI PeIY 103081 9Y)) Pauado J0 wd)sAs [eAOWAI Sed
BIA (JUSWOUIFUOD) JUSWIUIRIUOD ) 0} pauado ‘paso[o S yons SuoneIngyuod SO e

‘suoneonyroadg
[eoruyoa [, 3uerd ur pauyep se suonipuod [euonerado 1o sopow Sunjeradp) e

:3UIMO[]0J 9} 0} PAIWI] JOU JJB JNq dPNJoul

sme)s (JUOWAUFUOD) JUSUIUIRIUOD e
pue oA0qe 9y} dFueYD JBY) SONIADE e
‘s1ojowrered jueyd jJo oSuer e
{[onJ 9 JO UOTIBIO] e
‘suoneIn3yuod SOY e
‘sopowr Sunjendo e
:0] PIIWI] JOU I8 NG “OPNOUT SONSLIDIOBIRY)) SIIBIS UOTISURT)
pue uone1ddo J[qe)s AU Y} SIDA0I SSOJ [[ JO UONBUIqUIOD YT,

suoneuIquod anbrun
JO SwId} Ul paulap a1e SSOJ Y3 JO SONSLIAIORIBYD O} PUB PIMIIADI

PI3SI] SONISLIAIORIBYD U} JOJ PAIOPISUOD 9q P[Nod Jeym Jo sojdwexy : INJININOD | 91e ‘Sp1ooa1 pue uorjejuawnoop d1y10ads juejd ‘SO poyIuapr yoes 10 |  Z0V-SO
U242 SunpIUL JIUNINW pUD J1un 2]3u1s yova 4o0f jpryuajod anbiun
v 2avy dvwt SSOJ JO UOPUIGUIOD YOV “dUi1] JUDS dY] JD SUljjoNfo.d Ul SJIUNn omj a2avy
07 putiou jou “3-2 ‘sao1ov.4d jpuonv.iado juvjd o anp pappunuija aq Avur SUOIDUIGUIOD
UIOS "P24aPISUOD 2q SUOIDUIGUIOD SO 240U Jpy) a.41nba. Avw suoypoddy ySJ "SOJ ST D Ul 1N 4019021 YoDd A0f
U422 A41SS200U 2q AU SUOVUIQUIOD SO Y} 0F suoyVIIi1duis 11y *INTWINOD | auo pup 1omod Jjnf 1p uonp.12do u1 S40190a4 JJD YN
'SSOJ f0 suoypuiquiod 2]qissod [jp ap1suod o} [poyovaduil | U0 dY] ISDI] I PNJOUl SUOPDUIGUIOD PIIID[aS Y T
(s21p3] uy) sainqLpy [p122ds (Soyvy u1) saMQLIY [P122dS O UOUdLIISI(T pUp A1 UdP[
VD /3sel

pUe S9INQLIIY [BIOUSL) :10J SO[dWIEXH /SIUSUIWIO))/Q[eUolIey

SOINQLIIY [BIOUSD)ASE ], JO UOIBZIIONRIRYD)

23



‘WUW2ID]d24 L0]VA2UDS WDAIS T TIWVX T

Sa3VINo
3uoj 3uranp juowa3vunut uoDM31fiod 10f juvriodul qo1dA] = FTVNOLLVI

JUSUISSISSD DY) U1
A0f pa3unodop §1 $21J141300 UMouy 21f10ads .10 aui1y au() IS-SOV-SO

‘189 ABOJP JoMO[ A[[e1juR)Sqns Ul Sunnsal ‘gOd & ojur
Anuo 1918] 10 JBAY ABOSP JOYSIY A[[erIUBISqNS UI S)NSAI ‘SO © 0Jul Anud A[1eq  —

‘uontuyep SOJ Y} Ul poIOpISUOD
jou sem Inq syue[d Je[IUIS J8 PIAIOSQO Sem PUB 9[qeMO][E ST uonjeIn3yuo) —

‘o8eIno Jurponjar ixou

JU) UI 9183S SIY} 9ARY [[IM Inq ‘AI0ISIY S31 ur SOJ door-prur 10 & oAy A[snoradxd
10U PIP YMJ & J ‘O[dwexa 10J {paI1djunooud A[snotadid jou a1om ey} SSOd = —
:peynuapt st syoadse Suimor|oy o) Jo
QUO ISBI[ 1 JI paonponul 9q 03 padu Y31 s§OJ o51oads ‘ojdwexs 101 : INTININOD
‘K103s1y TeuoneIodo pajrur yym juepd
o) 10} SSOJ Sutuep ur pasn 9q prnod syueld rerwurs woy dousrRdxy : INTININOD
"SMIIAIOIUL O]}
Jo Aem Aq pajoenxd 9q AeW JO ‘ULIO} UONLIM Ul 9q Aewr sue[d umouy] oy, : INFININOD

-orerrdoadde
pUE PI[EA UTBWIDI UOHBIYNUIPI SOJ O} 9INSUD 0} PIMIIADI e
(a8eno Surongaa 1xou oy 3-9) uonerado juerd oming 0§ sue[d umows|

£0V-SO

*SOJ 9[3UIS B PaIOpISU0D 9q PINOJ SIY} U} (dwres
oy s1 uone3yuod -9°1) porrad owr ogroads € SurLmp ajqerreA Auo ot s1 jeay Keoop
o) Uy A\ ‘suonoe Jojerodo 1oy Surwun oY) pue eI ssooons Juikjdde pue Surugep

Ul 9sn J0J PAUIULIdIOP ST SOJ Yord YIM POJRIOOSSE [9AI] J8aY Ae0dp oy [, : INIININOD
‘(Teord4y 10U ST SIY}) SO Y} SUIULIP UI ONSLIAIOBIBYD [BUOIIIPPE UE SB PAIIPISUOD

9q Aorerrdordde Aewr soueuojurew pouued yons Jo 1aeis oY) uay) (Surdueyo uren ‘3-9)
SOd Y} UIjiIm uonIpuod Jo dwr} 91y10ads € je Jre)s Jsnw ooueudjurew pauued J1 ‘puey
IoUI0 9y} UQ "SONSLIANORIBYD SOJ 10U pue SO 23 SuLmp seniiqeqold [euonipuos

Se PoIOPISUO0D 9 P[NOM IS ‘YoNS S "ONSLIONORIBYD SOJ © SE SIIIAIIOR 90UBUS)UIRW
pauuerd yons Jo 11e)s 9y} 9sn Jou pasul SOJ Y} U} 11B3S JSNl 90URUIUIBW

pauueld oy} USYM UO UONOLISAI OU ST 2101} SOJ & SuLmp J1 10AMOH 'SOd

9y} JO SOUSLIdIORIRYD 9q [[B P[NOS SNJE)S (JUSWOUIJUOD) JUSWUIRIUOD PUE S)Sa) Jofewr

Jo ‘dourudUTRW 0) ONP SanI[Iqe[TeAtun Juouodwod ‘syuswudife walskS : INTININOD

(sonpiy u1) sapnqLyIy [p122ds

pUe S9INQLIIY [BIOUSL) :10J SO[dWIEXH /SIUSUIWIO))/Q[eUolIey

(sonypiy u1) sanqLipy [p122ds Jo uondLIdSa( puv La1fuapy
SOINQLIIY [BIOUSD)ASE ], JO UOIBZIIONRIRYD)

VD /3sel

24



"UOTJBIOPISUOD

Jopun st jue[d Sunjerodo ue JI smaradiur o1y10ads juerd 10§ 9InINsqns € Jou SI Jng pasn
9q os(e Aew sjued Je[IWIS J& POIONPUOd SMIIAIIUI WO UoKewIofu] : INTININOD
padj0o[IaA0 SSOJ AJnuopr 03 djoy Aew pue Inotaeyaq jue[d [8a1 uo o3pajmouy]
[euonippe oa13 Aewr [euosiod jueld poousrradxd Jo MOIAIIU] HTVNOILVY

“Pax00[19A0

u99q sey sSOJ uonisuen jue[d amyng 1o 3sed Jo O renuslod Aue

J1 ouruInlop 03 pamararojur axe (Suruueld a8e)no pue ‘sis[eue Kjofes
‘Gurourduo ‘gourudurent ‘suoryeddo ‘3-9) jouuosiod juerd ojerrdorddy

S0V-SO

‘Po[qesIp SWAISAS UOe  —

‘uodo s100p JOLLIEQ 11} JO POO[]  —

‘parefost dund 10jempagy ATel[IXne USALIp duiqiny 03 A[ddns weayg  —
‘uado o1)-SSOIO WIAYSAS IoJem IIAIRS —

‘pojeOSI JoWIoJSURT) UIR]y  —

HTdNVXH

*(JUAWAUIFUO0D) JUSUIUTBIUOD

JO snjejs o) pue ‘Swa)sAs Jo AjjIqe[rear/AIIQeIOI ‘BLIdILID SSQJ0NS WR)SAS ‘syuowrusiye
‘SUOIJeN)OR WOISAS 9PNJOUT SONSLIRJORIRYD SOJ Jo sojduexs awos : INFININOD

"'SOd U} 9pIAIPqNS 0} PAoU OU ST 21O} U

‘SOd ® urpm Ajmopuelr sInooo juowdinbe Jo suren JusIofgIp SUIAJOAUT doUBURIUTEWL
pouueld uoym ‘10A9moH ‘uoneoygruenb Aouanboyy eouonbas ajeI[IoR] 01 Aem [BINIBU

®© ST ureq} pajosjord oy ur soueyo ysm3unsip 03 SO & Jo uoneredas uoy) ‘suren

o0 oy uo doueudjurew Jumruad o[rym pakodwo a1 suren pajosjoid jery) Ju9Ixo
9yl 01, 'SOd ®© 9PIAIPQNS 0} UOSBII © 9q J0U el 10 ABWI SONIANOL JOUBUIUIBW ‘JOUIIN]
“wo)sAs oy Jo Aroedes oy ueyy 1oy31y Suraq jeay Keoap ) 03 anp SO Tenoned e

JO uonemp 2y} JoJ d[qe[IeArUn 9q ABW WIISAS [BAOWIAI 18AY ABJOP 9)RUId)E UB 93BINO
ue Ul A[1ed Jetf} punoj oq Aew 31 pado[oAdp dIe Biep pue BLIOJLIO $S900nSs 9y sk ‘ojdwrexo
10,] o3 ueyo Aew UONRZIINOBIRYD SOJ [ENIUI 93 JBY) yons syse) ySd juonbosqns

Jo juowdo[oAdp oy} Y3m 9ANRION ST ssa001d uonezujoeIeyd oYL, ( INTININOD

-ose9[al

9381 pue o3ewep [ony/2109 JuaAd1d 0) pue sjuaAd Suneniul sjqesrdde
91e3nI 03 SOJ B UIIIM WIISAS [oed JO AJ[Iqe o) SULIDPISUOD ‘SHSS
91qedes pue JUBAS[QI Y} JO SUWLIAY U SOJ uonisue juejd sanejuosaidos
(OB J0J paunap e sSOJ Y} JO SONSLIONOBIBYD [BUORIPPY

Y0V-SO

(sonpiy u1) sapnqLyIy [p122ds

pUe S9INQLIIY [BIOUSL) :10J SO[dWIEXH /SIUSUIWIO))/Q[eUolIey

(sonypiy u1) sanqLipy [p122ds Jo uondLIdSa( puv La1fuapy
SOINQLIIY [BIOUSD)ASE ], JO UOIBZIIONRIRYD)

VD /3sel

25



SOd U3 1940 dwn ur Ajwopuer SurLmsdo o3 pasoddo se Ky1anoe ogroads € 03 pasur|

JIe JBY) SJUSAD Suneniul 03 ped[ jey (dourudjuren Jo jeuonerddo)

SI Jey) JU9A9 SunenIul Ue SUBOW , PASEq-PUBLUAP,, 1XIU0D SIY) U] ‘I TVNOLLVY sony1Anoe Surajoaur sporrad o Jor1q 9soy) 10 pasn e Jeyl SSOd | €09-SO
DIqe[IeAR ST VSd | -pajeredss urewns [enuajod 9SBI[21 9PI[ONUOIPERI SI9AIS SIOW JARY P[NOD
T [9A9T Y WO UOHRULIOFUT UM PIMAIADI 3q 0} Padu Fuldnois SOJ ' LNHNINOD | ey 050y 10 (BLIOILID SS00NS JUSIJFIP 1A 50y -0°T) sordur asuodsor
"VSd 7 19497 juonbasqns 10y jueirodwr oq Aewr 3oadse Sy :HTYNOILVY | ue(d jus1ogip yum s§Od 18yl 2msud 03 paxoayo st urdnoi8 SOJ oYL | 709-SO
‘JU2A2 Suypyul jrunynu v 10f [pyuajod ayj YSouL jou S0P
DY) douuDW D Ul 2UOp 2q SUldnosd SOJ Wy Juvriodul s1 1 juapuadap SO [p1oua3
u1 a.4p sa10uanba.f juads SuypyIUl pUb U01JI2]aS JUIAD SUNDIIUL dSNDIRG I NTIWNINOD AIUALINDUOD SJUN 401D
‘payfijuapt 2q 03 sjuaaa Junviul jrunyynu 104 ppyuagod ayy | 2jdynu Jovduil Y] sjua42 Sunviiul L0f pruajod ay)
$2]qpud 10Y] J2UUDUL D Ul JUOP 2G O] SPadu Suldno.a3 yons UaaoMof "Suldno.s 4oyinf| ysvui 0] Jou s oS duop s1 3u1dno.s Loyrinf yong J1a4aj
Joddns o} sjuauSpnl uLioful oy pasn aq und SySJ Jun aj3uls ayj wo.f sSOJ 1uvd1fiudis | ajqpadvuvul v 0j pajjapout aq o3 SSOJ JO UoPUIqUIOD
Y814 2] SuIpAv3a.4 SIY31SUJ “2)18 Y] UO 10JODA YOV AOf SFSJ J1un 2]3uis Jo uonajduiod ayy doay o3 paamba. aq Aow FSq Jrunignu
ayy Buinojjof pautiofiad aq pjnom ySJ jrunijnul v ipyj pajoadxa s1 31 ATVNOILLYY | P Ul j1un 40100a.4 yova 10f SSOd Jo 3uidno.s 1oypng 1S-109-SO
‘uoneoynuenb jopowr
9} JO UONEINI AIOAD JOYJB POWLIIFUOD 9q 03 paau ysi1 jueld 1oedwr O © JO soInyes)
oIy 03 se juawa3pnl oy NSty 9ATIBIANI UR ST SSOJ 2 Jo Surdnoin : INFININOD
‘saredar 309139 03 SOY
oY) Jo SurureIp PIM UMOPINYS P[0 PUR ‘SUIUTRIP JNOYIM UMOPINYS P[Od ‘Umopinys
10y "2°T ‘sa8eino pauuedun [enusjod [[e juosaidor 0} uasoys aq 03 pasu sSOJ
011eUd9S 93eIno pauue[dun 921y} ‘so3eino soueudjurews pauue(dun 10, : INTININOD
*030 ‘Bururerp SO YHM UMOPINYS P[OD 0} UMOP[OOD ‘dnoi3 SOd oy ur
SurajoAur sagejno 10y 9exed] SOY Uk ‘UMOPUIRIP JNOYIIM Jng UumopInys pfod | papnpout are ysu jue[d Sunoeduwr sornjedy og1oads [e yey) yons padnoid
Surnmbai 93eIno 10empady urew Jo ssof B ‘Aqpue)s joy 03 a3eno din ourqiny e 30 | aIe ‘Swo)sAs Sunesniu jueAd[al pue soueurioytad Jojerodo ‘Ariqerado
o8eIno poeolog e Jo sasned [enudlod [[e juasaidor 0} uasoyo aq 03 padu SOJ OLIBUIS U0 109JJ9 “BLIAILID $S900ns ‘asuodsar jueld teqruuts yam (spouwr dn-jaess
98eINno paoIoy e (193030} PAUIqUIOD J0U Ik saeino pauue[dun/pasiod : INANINOD | ‘@powr umopiood ‘3-9) spow uonisuen jue[d swes o1 ur Surreadde sgOJ 109-SO
"VSd oyp Jo Arxordwoo
o) 9onpal 03 SSOJ Jo Surdnoas [1e segnsnl sisk[eue SOJ 24, g9-SO
(soypir u1) saInqLIIY [P122dg (sonypiy u1) sanqLipy [p122ds Jo uondLIdSa( puv La1fuapy
VD /3sel

pUe S9INQIIIY [BIOUSL) :10J SO[dWIEXH /SIUSUIWIO))/Q[eUOIIey

SOINQLIIY [BIOUSD)SE], JO UOIJBZIINNOBIRY))

OHNIINOYD SOd, 9-SO ASV.L -SISATVNV SOd 404 SHLNGIILLY g-¢v d1dV.L

\O
(@]



‘uonjeoynuenb [opowr 9y} JO UOTIRINT AI9Ad UOdN pawlIuod 2q 0} paou

“MITAJI 9ATJRION AQ paygnsnl pue pafrdwios s1 g

ystrjuerd oy 309301 03 Surdnois oy Jo Aoenbape oy 03 se JuswIpn( : INAININOD | -SO JSer UIim sasA[eue ) Jo s3nsa1 oyj uo paseq s3urdnoid SOJ oYL | $09-SO
"1S9U3 1Y 9} ST J8aY ABOIP oY) UdYM ‘SO 2}
ur A]Ied suonIpuod Aq pajuasaidor )soq oq AW [BAOWAI JBIY JO SISSO[ A[IYM )SaMO]
Y} ST [9A9] SOY Y UOYM SO AU UMM SUOTIPUOI AQ PIuasaidar 1saq 9q Aewr *dnoid pourquios oy Joj uasoyo are dnoid
s10jenIul YOOT Qrdurexs 104 ‘SO 9Ys 10J syuaad Sunentur ojqesridde oy 1op1suod | oy wrghim SOJ Aue Jo (98ewep [onJ/0109 03 309dsa1 Yjim) So1)SLIaJORIRYD
PInoys SOJ & 0] SoNISLIdjoRIRYD 9ANBIUdSaIdaT o) JO UO1309[as oY ], : INTININOD Sururensuod Jo 919A9s jsowr oy ‘sdnoid ojur pauiquiod o1 sSSOd JI | #09d-SO
"Paseq-pUBISP Se PAIOPISUOD dq 0} PIAU ‘Peay J0JoBal
o3 yo Surddoup se yons ‘speoj paddoi(q “paseq-owur} SI Jey) QU0 Sk JUIAS Surjeniur
paseq-puewop a3 djewrxoidde 03 Suiaey proAe 0} ST SSOJ JOYI0 WO SJUIAS Junjenrur
paseq-puewap Surajoaur sportad Juneredss Jo juajul oy, 'SSOJ Y0 s padnoid
JOU pue AJIAI}OB UMOP UTBID Y} YIIm PIJRIoosse SOJ oeledas e se pajjopout oq
0} POQU SIY, "[0A9] SO SULIOMO] ]Iy SUTUTRIP-ISAO 0} PAJBAI SJUSAD [BOLIOISIY (M
PareIoosse uaaq sey doo[prut 0} UMOop ureIp 10J A3ANoe o) “YMd © Ul ‘:d1dNVXA
‘uoneInp "paseq-oul} Ie Jey) 9soy) woyj pajeredos oIe , paseq-puelop,,
(sonyy u1) SaINqLIY [p122dS (sonypiy u1) sanqLipy [p122ds Jo uondLIdSa( puv La1fpuapy
VD /ASel

pUe S9INQIIIY [BIOUSL) :10J SO[dWEXH /SIUSUIWIO))/Q[eUolIey

SOINQLIIY [BIOUSD)ASE ], JO UOIBZIIONRIRYD)

27



‘pasn aq 0} paau judwa3pni 1iadxa pun pajiui] L1424 S1 20UdLI2dX2 S23VINO

paaiof o1 ulpva) spuaaa adAi-Sy ()T Yl A0f “U242M0Y 20Ud142dX2 WOAf 2]GD]IDAD

2q pInod Sjuaad Jua1sup4y_fo asvd ul domod o} u.inja.4 oy paiinbai aur) 2y ] UODULIOfu
42430 JO 20u2sqD U1 Juawdpn{ j4odxa 10 pun 2ouatiadxa apin L4snpul ‘UoD31ISaaul
dapun juvjd ay) wo.f 20uaLiadxa paniasqo uo pasnq a3vino pad.iof 423fv 1omod o}

pauLULIIaP
0Sp 1 SSOd IUap10ov-jsod asayj Jo uonyvinp

oy [ saouanbas juap10ov 23DWDP [o1f/2.409-U0U fO
sa1ouanba.if fo wins v sv pau1fop s1 1omod-jp saouanbas
JUDPIDOD ULID] JAOYS 2fDS WO4f SUNSIA SISDINO PadLOf

UANJ2A 0] dULY] 23DA2AD Y] SO PAULP 24D S23DIN0 YONS fo uoynnp ayJ INFWINOD |  YIm paipioossv sSOJ Juap1oov-jsod Jo Aouanba.if oy | €S-100-SO
‘Jouuos.tad Suruuvyd ajnpayos a3vino uvjd yiim SmMala4dJul 40/pup Sanpayos
a3pno Jo maiaad pajwiap v sambad pup uoyvo1jddy jusuwa3vunul ysi4 UoYDIN31fu0d Butuuvyd jpniov up
40 23pno d1ficads-uonpniis v 03 ajqpI1ddp S1 QLY SY] INTWNOD | U0 paspq pautuLiajap st SSOJ fO uonvnp oifioads ay ZS-100-SO
“UOYDULIOJUT O §224NOS A2YJO A0 ‘DNPaD0.Ld
3utjjonfaa pauunjd ‘Spuauia.smmba. usisap ‘saipnis ySJ
oLua3 ‘duiun.i3o.4d uijjanfa auvs ayj yim spuvjd
‘Souwup43o.d | apjruiis o 2oualiadxa puonv.aado fo Ma1aa.4 b U0 pasvq
3uijjanfoa pa3uvyd yim SgIN 40 SJIN Mau Lof parddp s1 yS Sy S INTWINOD | pautuLiajap aiv sSOJ Jo uonv.inp puv uanba.if ay IS-100-SO

-a8eno [eo1d£) e ur pajoadxo 9q jou

PINOM Jey) PedY [9SSOA J0J0BAI A1) JO Judwdoe[dol se yons saniAnoR [ensnun Jo JSISuod
Kewr 93e3no Ju00a1 Jsowr a1 jerp st ojdurexs opouy “redor doojprur joy e Sunonpuoo
£q ‘o1dwrexs 103 ‘oonoead jsed woyy 1oy1p Aew vonerado juerd pouueld srmny
‘IOAOMOH ‘BIEP JUD021 IS0 oY) Aq pajuasaxdar A[jeordLy a1e spiosar sjqeordde oy,

JuowiSpn/ 110dxo UO PIseq PIBWIISI 9q 0} AR PeIISUI [[IM suonemp yong “redar
Sunuasaidar SOJ 9y 10J UOHBIND A} SJBWIIISO 0} YOIYM UO BIEp d0UdLIddXd ou A[ay1]
SI 9101 ‘s90uanbas JUSPIOOE WD) JI0YS O} NP SIFeIN0 PadIof J10,] "UOII0AS SISA[eUE BIED
oy w syuowaanbai oty Sursn padojorap 2q 03 padu elep uoneIN( "sAep ()¢ Jo uoneInp

'VSd 1omod-1e ogroads jueld oy wogy

91e]S 9[qEIS ‘9Jes PAYNUIPI Yord 03 PAUIISSE SageIno pasio Jo Aouonbagy
oy ‘9rerrdordde se ‘pue (s3j00q30] ‘spi0oar doueujurewr ‘sue[d a3eino
‘K103s1y din ‘orgoad Sunerodo se yons) sp1ooal oy10ads jued jueAd[al Jo

PIM ‘SYHUOW Q[ UI U0 9q P[nod ageino Surongal e Jo Aouonboyy oy ‘G TJINVXH | MOIASI B UO PISEq PAUTULINNOD oIk SSOJ JO uonenp pue Aouonbaxg oyl | 10D-SO
‘SO yo®e Jo uonemp pue Aouanbaiy o3eroAe a3 Jo
SuLI9) Ul POJBUINSI 9q ABW SUOTIORIJ IS [, "SOd PI[[opow yoes ur juads

Tedk Jepuoled & UI 9WI) JO UOIIORIJ AU} SOUIULIAOP SisA[eue SO YL J-SO
(So1may u1) sapnqLIIY P102dg (sonypiy u1) sanqLippy [p122ds Jo uondLiIdSa( puv La1fiuapy

VD /ASel

pUE S9INQLIIY [IOUSL) :10J SO[dWIEXH /SIUdUIWIO))/Q[eUolIey

SOINQLIIY [BIOUSD)ASE ], JO UOIBZIIONRIRY))

SNOILVINA ANV SAIONINOTIA SOd A0 NOILVINILSH, D-SO ASVL :SISATVNV SOd Y04 SHLNGINLLY  O-TF d19dV.L

0
(@]



‘SOJ MaU B UI J[NSaI Aewl pue jusuoduwioo
IO W9ISAS B JO BLIDILIO SSI00NS 1) 109)J AWl JBaY A809p IOYSIY Y[, "S[OAI] JBaY

‘PlEA

urewal suonIpuod jueld pawmnsse pue suonemp SO Y3 I8y} 2InSUd 0}

Keoop 10YSIY PIM IOUOOS PIIAIUD I8 SSOJ UBSW U0 $o3eIno 1910YS : INHNINOD |  PIMIIAI oIk SO[Npayos SO Surwoodn 1o suerd axming 03 soueyo Auy | €0D-SO
‘uoneordde
juowdSeuew S uoneIngFuod 1oy a[qedrdde oq jou Aewr aynquyie sIy ], : INFININOD
Ieak
Iepud[ed ouo 0) Tenba A[[erouad st suoryemp sdnoi3 SOJ 1€ Jo wns oYL, : INFININOD
“Ie9A JEpUD[eD © JO Uonorel
B S PIIB[NO[ed dIB SUONBIND I ‘PAUIGUIOD AT ‘SPIBZBY] [BUIN)XI,/[RUIIUI JO uonerddo *dnoas o1 u1 papn[oul sSSOJ Jo suoneInp
Jomod-uou pue 19mod Se yons ‘sa0Inos JSLI JUSILIIP WO SINSAI SY : INTININOD oy} Jo wins oy} se paurelqo a1e dnoid §OJ yoed Joj suonemp ayL |  Z0D-SO
‘pau1quiod Appuapuadapul 2q JJIM JIUN L0JODA YOV 10f SUONIIVAf SOJ Y} DY) pajdadxa
Jou 1 3] “2uil] 2WDS Y} 1V SUlJNfo. Ul SIUN OM] 2ADY 0 [PULLoU Jou "3 ‘Sad13on4d
[puonp.ado juvyd 03 anp pappunuljs 2q Avui SUOYDUIGUIOD dUOS I NTININOD
"s20uanbas juap100v pup sjuaad SuyvyIUl "Sa013904d 20UDUIIUIDUL
Jrunignu fo uoyvaifijupnb jioddns o1 umouy aq jsnut UODUIGULIOD SO P2]IoPOUL oD pup jpuonp.iado juvid 10f Junodop sajpulsa asay |
u1 Juads aui1y fo uonov.af 10 Qiqoqo.d ay ] ‘2118 juninut ayy 40f SOJ Y3 sjuasa.idad | 11N 40Jova.d Yova 40 SSOJ O UoDPUIqQUIOD pa]japoul
Apangdaffo sSOJ fo uonpuiquiod ajqnarddp yovs "SSOJ fO UoDUIqUIOD pajjapoul Yova u1 yuads S1 1y} 2wy fo uonov.f 10 A1j1gvqoad
YoDa 10f JUN0IID 0] Papaau aq JJIM [apoul S Jtunymnut 23pndas g TVNOILLY Y Y] 21DULIISD O] AADSS2I2U 11 S HUNIIJAUL AOs] ¥S-10D-SO
(So1may u1) sapnqLIIY P102dg (sonypiy u1) sanqLipy [p122ds Jo uondLIdSa( puv La1fuapy
VD /3sel

pUE S9INQLIIY [BIOUSL) :10J SO[dWIEXF /SIUdUIWIO))/Q[eUolIey

SOINQLIIY [BIOUSD)ASE ], JO UOIBZIIONRIRYD)

29



‘PAIUOUINOOD dIe SasA[eue
pUE S90IN0S UONBULIOJUT ‘(AJUTeiIooun [pim) elep SUIK[IOPUN oYl [[V | €0A-SO

SOd 10} suonipuod [eniul pawmnsse :d[duwexs 10 “Ajureyrooun srmowrered “PAIUAWINOOP Ik SISA[eUR SOJ O PIm
© 9ABY JOU O Jey) SI0JOoB} 03 S9je[ol A[[ensn Ajurepooun [9poN : INTININOD pajeroosse suondunsse paje[ol pue AJurelIooun [opow Jo sa01n0s oYL | 70d-SO

“Uo1JBUIqUIOD
yoea ur juads awry Jo uonoely Ay) Surews? Joj pue pa[[opou oq
0 suolRUIqUOd SOJ JO UOI0I[as o} 10§ SIseq Ay} SyYSd yunmynu 1oj ()

‘oouanadxo Sunerodo Jo uonoaq[oo

pue (-030 ‘Suruued ‘Onpayos ‘mo1d jueld "9°T) SMITAIOIUI JO SPI0OAI (T)
‘parepdn o1 syse) SUIOBLIOIUI USYM [01UO0D UOTIRINSFUOD JJRII[IO8]

0} pue ‘A3[Iqedoe) J0J SYSe) VS IO YIM SaoepIour o1oads (1)
‘3urdnoa8 SOd yoes Jo sonsrwioeIeyo Juruyap ay) (5)

$S0d JO sorouonbayy oFeroae pue suonemp aiqesrjdde oy (3)

$50d dnoid 03 pasn eI pue ssao01d atp (9)

‘SOd Yoea Jo sonsLioeIeyo Juruygap ay (p)

‘SOd Yoes Jo uondrrosap oy (9)

‘SOd Yoee AJIIUuapI 03 pasn BLIDILID pue ssaoo1d oy (q)

‘sweaderp [eo15o0] pue sydeisd ‘sajqe: ‘sorouanbayy o3eIoAe pue
JO WLIOJ O UI JOUUBW POZI[ensiA pue juoredsuer; ur siojowered pue suonemsyuo | SUONRIND 93e1aA® 1oy ‘Sopow uonisuen jue[d ay) Jo uoneoynuapt (e)
‘suonemp SOJ U0 UOT)RULIOJUT JUdsaId 01 papuawtuosar st 1 : INGININOD pajuoumoop are ssa001d sisk[eue §OJ 2y Jo spadse Summoroy a4l | 10d-SO

soseq J1oy) pue opew suondunsse oy
Jo s[rejop Surpiaoid pue pasn a1om jet]) s9ssa001d o) uIqLIosap £q vSd
oy jJo suoneordde pue sopeiddn a1ng se [[om Se ‘MITAdI 10ad sojejIIoe]

By} JouUeW € Ul pouriojtod s 95eI0)S UOTJBULIOJUI PUB UOHB)USWINO0( a-so
(Sonvar u1) saINqLIIY [P192dg (sonypiy u1) sanqLippy [p122ds Jo uondLiIdSa( puv La1fiuapy
pUE S9INQLIIY [IOUSL) :10J SO[dWIEXH /SIUdUIWIO))/Q[eUolIey SOINQLIIY [BIOUSD)ASE ], JO UOIBZIIONRIRY)) VO /AsEL

(e
on

NOILV.LNIINNDO0d, d-SO ASV.L -SISATVNV SOd 404 SHLALIYLLY d-Ct d194V.L



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:

e Internal hazards, including, but not limited to:
o Internal fires
o Internal floods
e 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.

e Identification of the hazards to be considered;

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

e Defining the hazard events to be included in the detailed PSA;
e Defining scenarios for internal fires and floods;

e 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,” 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.

*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;

e A loss of off-site power (LOOP) is often assumed as the initiating event for the 0.3g
and 0.5g earthquakes;

e 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’
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® (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:

e Hazard identification is correct and complete;

o Hazard screening is done using defined criteria and methods;

> 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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o 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);

e 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;

e 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.);

e 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-1 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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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:

e 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;

e 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);

e 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;

e 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:
e Initiating event definition is correct and complete;

e Initiating events are identified taking into account all plant configurations possible at
power operation and POSs;

e [Es 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;

e 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.)

e 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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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:

o 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;

e 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;

e 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;

o End states are clearly defined to be either core/fuel damage’ on one or more reactor units
or successful prevention with the capability to support the interface between Level 1 and
Level 2 PSA;

e 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:

e Clear definition of success and non-success end states;

o Comprehensive list of key safety functions and systems performing the functions;
o Realistic accident progression identification;

e Clear presentation of AS models;

e Completeness of AS models;

o 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.

! 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, [&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.

116



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
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9.1.

9. PSA ELEMENT ‘SY’: SYSTEMS ANALYSIS

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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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;

¢) 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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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 Dependence Analysis Procedure or Method PSA Elements
Type Category
Functional Development of accident sequences Accident sequence analysis

= dependencies Development of success criteria Success criteria

£ Systems analysis

E Support system Development of system models Systems analysis

= dependencies Accident sequence analysis
= (large event tree approach)
2 Shared component | Development of system models Systems analysis

dependencies

Human action

Development of accident sequences

Initiating events analysis

" dependencies Human reliability analysis Accident sequence analysis
g = Modelling of support state initiating Systems analysis
£ f‘..; events Human reliability analysis
53 Modelling of post-accident restoration of | Data analysis
8‘ ~ multiple unavailable components
Modelling of non-restoration of
component within a POS
Common Development of accident sequences Accident sequence analysis
environmental Development of system models Systems analysis
— effects
_§ Spatial Interactions | Physical analyses Systems analysis
2 Accident sequence analysis
A

Dynamic effects

Physical analyses

Initiating events analysis
(pipe breaks)
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Dependence

L GG Analysis Procedure or Method PSA Elements
Type Category
Common Cause Analysis of operating experience, insights | Initiating event analysis
5 Initiating Events from other PSA studies, link from Systems analysis
,E functional dependencies
2 Use of fault tree models
=)
Common Cause Definition of CCCGs Systems analysis
g Failures Use of accepted CCF model Data analysis
ER
23
7]
L QO
2 2
a

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:
e The PSA model reflects the current design, operational practices (procedures,
configuration strategy), and the operational experience;

o The parameter uncertainties are considered in the model;

e The quantification is performed correctly, taking into account the dependencies discussed
in Section 10;

e The results are reviewed to ensure that the solution reflects the plant characteristics;
o Illogical or incorrect minimal cutsets are removed;

e 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:

e 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.

e 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.

o 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'>. 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' 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.

" 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.'* 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."

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.

" 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.
"> 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 SA

S

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-DO06-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-HO02-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-FO1-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-GO1-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-DO01-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-CO01-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-DO06-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 Consideration of intrasystem common cause failures and more detailed modelling of CCF

SY-C16-S1 are important for realistic estimation of the plant risk for newly designed NPPs (Applications

2.1and 2.2.

Supplemental SA

S

AS-B03-S1 Use of best estimate codes, plant specific t/h analyses, and best estimates of important
AS-C03-S1 modelling parameters may help to gain additional insights for evaluation of design features
AS-C04-S1 and possible alternatives (Applications 2.1,2.4).

AS-C16-S1

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-DO06-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-GO01-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-DO01-S1 In design stage of a plant the information needed to support the internal fire or flooding PSA

HE-EO01-S1 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 Modelling of spurious operation that may lead to a failure of operator actions or result in an

HR-E07-S1 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-GO1-S1 Performing a detailed assessment of all HFEs avoids the need for iteration for specific

HR-G02-S1 applications (Application 2.6)

HR-K02-S1

IE-C02-S1 More detailed grouping of the events at the design phase helps to identify and eliminate

[E-C02-S2 deficiencies in the systems design (Application 2.1).

MQ-B05-S1 Use of reduced truncation values for quantification of the whole PSA model or in relation to

MQ-B05-S2 the particular IEs of major interest may be useful for the assessment of safety of an existing

MQ-DO01-S1 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),

0S-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-CO01-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)

234




TABLE 16.3

NPP OPERATION

SA Identifier Relevance to Specific Applications in the Category

Essential SAs

AS-B03-S1 Use of best estimate codes, plant specific t/h analyses, and best estimates of important

AS-C03-S1 modelling parameters is essential for adequate modelling of accident scenarios being

AS-C04-S1 addressed in the emergency operating procedures for Applications 3.2.1, 3.3.1, and 3.4.2.

AS-C16-S1

AS-C05-S1 Incomplete modelling of accident progression dealing with requirements of plant emergency

AS-C06-S1 procedures may cause incomplete or inadequate coverage of accident scenarios for

AS-C08-S1 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-DO05-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-BO1-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 Maintenance programme and ageing management may include more components than those

SY-B22-S1 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 Use of best estimate codes, plant specific t/h analyses, and best estimate of important
AS-C03-S1 modelling parameters is useful for realistic modelling of accident scenarios being used for the
AS-C04-S1 improvement of management training programmes based on plant specific PSA insights
AS-C16-S1 (Application 3.3.3).

AS-C05-S1 A more complete modelling of accident progression dealing with requirements of plant

AS-C06-S1 emergency procedures is useful for the improvement of management training programmes

AS-C08-S1 (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-DO05-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-DO06-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 A structured identification and consideration of subtle interactions and availability of a

DF-GO1-S1 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 Improvement of the management training programme and outage management would benefit

HR-G04-S1 from a more realistic HRA that use the time windows for operator actions which are based on

HR-K02-S1 plant specific thermal hydraulic analyses and/or simulator exercises and use of more precise

HR-K05-S1 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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SA Identifier

Relevance to Specific Applications in the Category

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 A more detailed modelling of specific system configurations (e.g. maintenance on specific

MQ-C02-S1 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)

0S-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).

0S-A03-S1 One time or specific known activities as well as specific duration of POSs that are determined

08S-C01-S2 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 The possibility to effectively handle test and maintenance basic events may be useful for the

SY-B14-S2 improvement of operator training programmes (Application 3.3.1).

SY-B19-S1 Improvement of operator training programmes may ask for inclusion of more components

SY-B22-S1 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 Use of best estimate codes, plant specific t/h analyses, and best estimates of important

AS-C03-S1 modelling parameters is essential for adequate modelling of the accident scenarios being

AS-C04-S1 addressed in the emergency operating procedures (Application 4.1.1).

AS-C16-S1

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
4.2.5and 4.4.2).

Supplemental SAs

AS-C05-S1 Incomplete modelling of accident progression dealing with requirements of plant emergency

AS-C06-S1 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-BO01-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-DO05-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).
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SA Identifier

Relevance to Specific Applications in the Category

DA-DO06-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-GO1-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-GO1-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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SA Identifier

Relevance to Specific Applications in the Category

SY-B14-S1 A realistic representation of test and maintenance unavailabilities in system models is useful
for risk informed in-service testing (Application 4.2.4).

SY-B14-S2

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 A deeper level of model resolution down to the level of details needed to assess the impact of

SY-C16-S1 specific changes associated with the application may be needed (Applications 4.1.1, 4.2.1,
4.23,424,425,4.3.1,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-B0O1-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 These SAs would result in a more detailed PSA and better understanding of particular

DA-F02-S1 performance issues (Applications 5.1.2, 5.1.3, Application Group 5.2).

DA-H02-S1

DF-F01-S1 Detailed identification and modelling of possible dependencies and availability of database

DF-GO01-S1 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 Application of reduced truncation values may be useful for planning the inspection activities

MQ-B05-S2 (Application 5.1.1), for the analysis of performance indicators (Applications 5.1.2 and 5.1.3),

MQ-DO01-S1 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 More components may need to be included into the model for Application Group 5.2.

SY-B22-S1

SY-C16-S1
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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 The modelling of multiunit attributes in the PSA model is required to help determine the

0OS-A01-S2 overall site risk for multiunit accidents, including modelling of POSs, multiunit CCF, the

OS-B01-S1 screening of multiunit hazards and modelling of accident sequences (application 6.1.4).

0S-C01-S4

HE-B06-S1

AS-B01-S1

DA-FO1-S1

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

SY-C16-S1 provide a better understanding of the deviations between an existing plant design and revised

design-related rules (Application 6.1.3).

Supplemental SA

S

DA-DO06-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-FO1-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-GO1-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).

242




SA Identifier

Relevance to Specific Applications in the Category

SY-CO01-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 (CDFavyg, FDF Avr)

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. CDFayg is normally
expressed on a per reactor-calendar-year basis.

Multiunit core/fuel damage frequency, annual average (MCDF oyg, MFDFvE)

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. SCDF avg is normally expressed
on a per site calendar year basis.

Site core/fuel damage frequency, annual average (SCDFavg, 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. SCDFvg is normally expressed on a per site
calendar year basis.
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Change in core/fuel damage frequency, annual average (ACDFsvg, AFDFavr)

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 7j with an increased CDF; ,
FDF; relative to CDFguse, FDFse. 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 (LERF Avg)

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 (ALERF ovg)

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. LERFvE is normally expressed on a
per reactor-calendar-year basis.

Site large early release frequency, annual average (LERF Avg)

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 ;) within the time 7j with an increased LERF;
relative to LERF4s5. 1t is referred to as a conditional probability because it is conditioned on
being in a specific plant configuration.

Release category frequency, annual average (RCFsvg)
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 (SRCF4vg)

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 (CCDF svg)
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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 (SCCDF avg)

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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APPENDIX II: PSA APPLICATIONS
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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’.
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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.'®

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).

'® 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 TAEA 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/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[—1.656g + oy)]. 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, (i1) 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™/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:

e All required safety functions are successfully performed during the defined mission
time

e 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 c/iff 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.
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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 (2mf)2. It is
expressed in gravitational acceleration (g) or centimetres per second squared (cn/s?).
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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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AC

AGR

ANS

AOT

AS

ASME

ATHEANA

ATWS

BDBA

BDD

BWR

CANDU

CCCG

CCDP

CCF

CCI

CCW

CDF

CDFM

CFDP

CLERP

CT

DBA

DBE

DC

DG

ABBREVIATIONS
alternating current
advanced gas-cooled reactor
American Nuclear Society
allowed outage time
accident sequence
American Society of Mechanical Engineers
a technique for human event analysis
anticipated transient without scram
beyond design basis accident
binary decision diagram
boiling water reactor
Canada deuterium uranium
common cause component group
conditional core damage probability
common cause failure
common cause initiator
component cooling water
core damage frequency
combined density factor model
conditional fuel damage probability
conditional large early release probability
cooling tower
design basis accident
design basis earthquake
direct current

diesel generator
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DHR

ECCS

EDG

EOP

EPRI

EPZ

ESF

ET

FDF

FHA

FMEA

FT

F-V

GA

HAZOPS

HCLPF

HE

HELB

HEP

HFE

HMI

HPCI

HPECC

HRA

HRR

HTGR

HVAC

310

decay heat removal

emergency core cooling system
emergency diesel generator
emergency operating procedure
Electric Power Research Institute
emergency planning zone

engineered safety feature

event tree

fuel damage frequency

fire hazard analysis (or assessment)
failure modes and effects analysis
fault tree

Fussell-Vesely (importance measure)
general attribute

hazards and operability study

high confidence of low probability of failure
human error

high-energy line break

human error probability

human failure event

human machine interface

high pressure coolant injection

high pressure emergency core cooling
human reliability analysis

heat release rate

high temperature gas cooled reactors

heating, ventilation, and air-conditioning



1&C

IAEA

ICCDP

ICFDP

ICLERP

ID

IE

IPSART

IRIDM

ISI

ISLOCA

ISLOCA

LCO

LER

LERF

LOCA

LOOP

LPSD

LWR

MAGNOX

MCP

MCR

MOV

MSIV

MCDF

MFDF

NDE

instrumentation and control

International Atomic Energy Agency
incremental conditional core damage probability
incremental conditional fuel damage probability
incremental conditional large early release probability
identifier

initiating event

international probabilistic safety assessment review team
integrated risk informed decision making
in-service inspection

interfacing systems loss-of-coolant accident
interfacing system LOCA

limiting condition of operation

licensee event report

large early release frequency

loss of coolant accident

loss of off-site power (also referred to as LOSP)
low power and shutdown

light water reactor

magnesium-aluminium alloy reactor

main coolant pump

main control room

motor-operated valve

main steam isolation valve

multiunit core damage frequency

multiunit fuel damage frequency

non-destructive examination
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NPP nuclear power plant

NRC U.S. Nuclear Regulatory Commission

OBE operating-basis earthquake

00S 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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SA
SAMG
SAR
SBO
SCCDF
SCDF
SEL
SFDF
SFR
SG
SGSV
SLERF
SLOCA
SM
SMA
SORV
SQRT
SRCF
SRT
SSA
SSC(s)

SSE

review level earthquake

reactor protection system

reactor pressure vessel

required response spectrum

risk reduction worth (importance measure)
special attribute

severe accident management guideline
safety analysis report

station blackout

site complementary cumulative distribution function

site core damage frequency
seismic equipment list

site fuel damage frequency
seismic fragility analysis

steam generator

steam generator safety valve
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