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FOREWORD

Activities concerning establishment and utilisata@muclear facilities and use of radioactive
sources are to be carried out in India in accorelavith the provisions of the Atomic Energy
Act 1962. In pursuance of the objective of ensusadety of members of the public and
occupational workers as well as protection of emvient, the Atomic Energy Regulatory
Board (AERB) has been entrusted with the respditgibi laying down safety standards and
enforcing rules and regulations for such activitiEee Board has, therefore, undertaken a
programme of developing safety standards, safafgs;cand related guides and manuals for
the purpose. While some of the documents covercésgach as siting, design, construction,
operation, quality assurance and decommissioninguaiear and radiation facilities, the
other documents cover regulatory aspects of theskties.

Safety codes and standards are formulated on this lb& nationally and internationally
accepted safety criteria for design, constructiod aperation of specific equipment,
structures, systems and components of nuclearatidtion facilities. Safety codes establish
the objectives and set requirements that shalubigldd to provide adequate assurance for
safety. Safety guides elaborate various requiresnamid furnish approaches for their
implementation. Safety manuals deal with specifipids and contain detailed scientific,
technical information on the subject. These documare prepared by experts in the relevant
fields and are extensively reviewed by advisory outtees of the Board before they are
published. The documents are revised when necessarthe light of experience and
feedback from users as well as new developmeritwifield.

This safety guide outlines standard review methogplfor Level-1 PSA. It also provides
consistent technical approaches on aspects of R84w@dance for preparation of the review
report. Review aspects related to PSA Level-2 a84 Pevel-3 are not addressed in this
safety guide. In drafting this guide, extensive lias been made of the information contained
in the relevant documents of the International AtoEnergy Agency (IAEA) and other PSA
standards and good practices.

Consistent with the accepted practice, ‘shall’ &itbuld’ are used in the safety guide to
distinguish between a recommendation and a desigiilon respectively. An Annexure and
bibliography are included to provide further inf@tion on the subject that might be helpful
to the user(s).

The initial draft of the guide has been preparethdanse and subsequently reviewed and
revised by the AERB committee on PSA for nucleailitees. Experts have reviewed the
Guide and the relevant Advisory Committee on prafian of Codes and Guides on
Governmental Organisation for Regulation of Nuclead Radiation Facilities vetted it
before issue.



AERB wishes to thank all individuals and organisations who have prepared and reviewed the
draft and helped in its finalisation. The list of persons, who have participated in this task,

along with their affiliations, is included for information.

(S. S. Bajaj)
Chairman, AERB
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DEFINITIONS
Acceptance Criteria
The standard or acceptable value against whichvidee of a functional or condition
indicator is used to assess the ability of a systsmucture or component to perform its
design function or compliance with stipulated regmients.

Accident

An unplanned event resulting in (or having the ptiéé to result in) personal injury or
damage to equipment which may or may not causagsel®f unacceptable quantities of
radioactive material or toxic/hazardous chemicals.

Accident Conditions

Substantial deviations from operational statesctvluould lead to release of unacceptable
guantities of radioactive materials. They are meevere than anticipated operational
occurrences and include design basis accidentelhasweyond design basis accidents.

Active Component

A component whose functioning depends on an exta@rpat, such as actuation, mechanical
movement, or supply of power, and which, therefanuences the system process in an
active manner, e.g. pumps, valves, fans, relaystesistors. It is emphasized that this
definition is necessarily general in nature ashie torresponding definition of passive
component. Certain components, such as rupturs,dibeck valves, injectors and some solid
state electronic devices, have characteristics lwhexuire special consideration before
designation as an active or passive component.

Active Maintenance Time
That part of the maintenance time during which anteaance action is performed on an
entity, either automatically or manually, excludingistic delays.

Ageing

General process in which characteristics of stmestusystems or components gradually

change with time or use although the term ‘ageimglefined in a neutral sense — the changes
involved in ageing may have no effect on protectosafety, or could even have a beneficial

effect - it is commonly used with a connotationcbinges that are (or could be) detrimental

to protection or safety, i.e. as a synonym of ‘agedegradation’

Anomaly

Deviations from normal which could be due to equepinfailure, human error or procedural
inadequacies but do not pose a risk which may ekeeghorised operational limits and
conditions.

Anticipated Operational Occurrence (AOO)

An operational process deviating from normal operatwhich is expected to occur during
the operating lifetime of a facility but which, wew of appropriate design provisions, does
not cause any significant damage to items impottasafety, nor lead to accident conditions.

Availability
The fraction of time in which an entity is capabfeperforming its intended purpose.



Basic Event

An event in a logic model, which represents théestia which a component or a group of
components is unavailable. Generally, basic evardscomponent failures, operator errors,
adverse environmental conditions, etc. Howevery tloan also relate to operation,
maintenance, etc.

Beyond Design Basis Accidents (BDBA)
Accidents of very low probability of occurrence, rasevere than the design basis accidents,
those may cause unacceptable radiological consegsgtiney include severe accidents also.

Beyond Design Basis Events (BDBE)
Events of very low probability of occurrence, whicéin lead to severe accidents and are not
considered as design basis events.

Catastrophic Event
Any event, which could potentially cause the lobgprimary system function(s) resulting in
significant damage to the system or its environnagak/'or cause the loss of life or limb.

Cause-Consequence Diagram (CCD)
A logic diagram showing the causes and consequari@sinitiating event.

Common Cause Failure (CCF)
The failure of a number of devices or componentgeidorm their functions, as a result of a
single specific event or cause.

Common Mode Failure (CMF)
Failure of two or more structures, systems or camepés in the same manner or mode due to
a single event or cause. It is a type of commoisedailure.

Component
The smallest part of a system necessary and suifitd consider for system analysis.

Computational Model
A simplified description of a complex entity or pess in terms of a collection of procedures
and data suitable for calculation.

Conceptual Model
A set of qualitative assumptions used to descrifgstem (or part thereof).

Consequence Tree
A logic diagram showing the consequences of aratim event.

Core Damage

Reactor state brought about by the accident camditwith loss of core geometry or resulting
in crossing of design basis limits or acceptanderza limits for one or more parameters.
(The parameters to be considered include: fuel sfiedn, fuel clad temperature, primary and
secondary systems pressures, fuel enthalpy, clathtion, % of fuel failure, b generation
from metal-water reaction, radiation dose, timeuregfl for operator to take emergency
mitigatory action).



Corrective Maintenance
The maintenance carried out after fault recognitmput an entity into a state in which it can
perform a required function.

Critical Component
Component, whose failure, in a given operatingeststthe system, results in the system
failure.

Critical Event

Any event, which could potentially cause the lokghe primary system function(s) resulting
in significant damage to the said system or itsrenment (and negligible hazard to life or
limb).

Criticality Analysis
Analysis for evaluating the likelihood and sevenfythe failure.

Cut Set
A combination of basic events resulting in an uimdédée event.

Deductive Approach
The approach, where the line of reasoning goes down the most general to the most
specific.

Defects
Any deviation from the pre-defined acceptable lgnibr any non-conformance with the
stated requirements.

Degraded State

The state in which an entity exhibits reduced peménce but insufficient degradation to
declare the entity unavailable, according to thecs@d success criterion. (Examples of
degraded states are relief valves opening premwptongside the technical specification
limits with less than 100 % flow but within a safebargin).

Dependent Failures
Interdependent, simultaneous or concomitant faglofemultiple entities.

Design Basis Accidents (DBAS)

A set of postulated accidents which are analyseatrive at conservative limits on pressure,
temperature and other parameters which are thehtasset specifications to be met by plant
structures, systems and components, and fissiauptdarriers.

Design Basis Events (DBES)

The set of events, that serve as part of the liastbe establishment of design requirements
for systems, structures and components within gitfadesign basis events (DBES) include
operational transients and certain accident cantunder postulated initiating events (PIES)
considered in the design of the facility (see a3esign Basis Accidents”).



Deterministic Analysis
Analysis using, for key parameters, single numésedues (taken to have probability of 1),
leading to a single value of the result.

Direct Cause
The latent weakness, which allows or causes therebd cause of an initiating event to
happen, including the reasons for the latent wesdne

Dual Failure
A normal operating system failure with simultaneonavailability of a safety system or any
other system.

Earthquake
Vibration of earth caused by the passage of seigrai®s radiating from the source of elastic
energy.

Engineered Safety Features (ESFs)

The system or features specifically engineeredialiesl and commissioned in a nuclear
power plant to mitigate the consequences of actidemdition and help to restore normalcy,
e.g. containment atmosphere clean-up system, conésit depressurisation system, etc.

Entity
It refers to a structure, system or component argpecific case may include humans.

Error of Omission
An error that amounts to omitting a part or entarek.

Event

Occurrence of an unplanned activity or deviatioosif normalcy. It may be an occurrence or
a sequence of related occurrences. Depending asetlezity in deviations and consequences,
the event may be classified as an anomaly, incideatcident in ascending order.

Fail Safe Design
A concept in which, if a system or a componentfaihen the plant/component/ system will
pass into a safe state without the requirememiitiate any operator action.

Failure Mode
The effect by which a failure is observed.

Failure Modes and Effects Analysis (FMEA)

A qualitative method of system analysis, which ines the study of the failure modes that
can exist in every component of the system andi¢termination of the causes and effects of
each failure mode.

Failure Modes, Effects and Criticality Analysis (FMECA)
A qualitative method of system analysis, which ines a failure mode and effects analysis
together with a criticality analysis.



Fault Tolerance
The attribute of an entity that makes it able tdfgren a required function in the presence of
certain given sub-entity faults.

Frontline Systems
The systems that directly perform a safety functiomtermed frontline systems.

Hazard
Situation or source, which is potentially dangeroies human, society and/or the
environment.

Human Behaviour
The performance, i.e. action or response of hunpamnador to occurrence of event(s).

Human Reliability
The probability that an human operator will perfoanrequired mission under given
conditions in a given time interval.

Human Reliability Assessment/Analysis
Assessment concentrating on the human errors ltaldbe committed by the operator having
a mission to fulfil on a system.

Incident

Events that are distinguished from accidents ims$epf being less severe. The incident,
although not directly or immediately affecting piesafety, has the potential of leading to
accident conditions with further failure of safstystem(s).

Incipient
The component is in a condition that, if left umedied, could manifest propagation of
degradation or flaw, ultimately leading to a fadwr unavailable state.

Inductive Approach
The approach in which the line of reasoning goemfthe most specific to the following
sequences resulting into condition or end statootern.

Initiating Event/Initiator
An identified event that leads to anticipated opileral occurrences or accident conditions
and challenges safety functions.

In-service Inspection (ISI)
Inspection of structures, systems and componentedaut at stipulated intervals during the
service life of the plant.

Level 1 PSA (Nuclear Reactor)

It evaluates core damage frequency by developinggaantifying accident sequence (event
trees) with postulated initiating events togethethvsystem unavailability values derived
from fault tree analyses with inputs from failuratal on components, common causes and
human actions.
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Level 2 PSA (Nuclear Reactor)

It takes inputs from Level 1 PSA results and questithe magnitude and frequency of
radioactive release to the environment followingecdamage progression and containment
failure.

Level 3 PSA (Nuclear Reactor)

Taking inputs from Level 2 analysis, it evaluatesgfiency and magnitude of radiological
consequences to the public, environment and theetgoconsidering meteorological
conditions, topography, demographic data, radicgielease and dispersion models.

Living PSA

A PSA which is updated to reflect the current desand operational features, and is
documented in such a way that each aspect of tthe rR&lel can be directly related to
existing plant information, plant documentationtioe analysts’ assumptions in the absence
of such information.

Logistic Delay

The accumulated time during which a desired aatemmot be performed due to the necessity
to acquire required resources, excluding admiriggalelay. Logistic delays can be due to
maintenance activity, travelling to unattended atiations, pending arrival of spare parts,
specialists, test equipment, information and sietabvironmental conditions.

Man Machine Interface (MMI)
The abstract boundary between people and the hegdwaoftware they interact with.

Maintenance

Organised activities covering all preventive anchedial measures, both administrative and
technical, to ensure that all structures, systemisc@amponents are capable of performing as
intended for safe operation of the plant.

Mathematical Model
A set of mathematical equations designed to repteseonceptual model.

Mean Down Time (MDT)
The expectation value of the down time.

Mean Time Between Failures (MTBF)
The expected operating time between two failures.

Mean Time to Failure (MTTF)
The expected operating time to first failure. Th& W is also called MTTFF (mean time to
first failure).

Mean Time to Repair (MTTR)
The expectation of the time to restoration (orefoair).

Minimal Cut Set

Combination of a minimum number of events such, tthane of the events in a minimal cut
set does not occur, then the undesirable evenhatlhappen.
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Mission Time
Duration/period for which the operation of the gystmust be ensured.

Model

An analytical representation or quantification ofreal system and the ways in which
phenomena occur within that system, used to premlicissess the behaviour of the real
system under specified (often hypothetical) condgi

Observed Cause
The failure, action, omission or condition, whidhedtly leads to an initiating event.

Operating State
The state when an entity performs a required foncti

Partial Failure
A failure which results in the inability of an emtito perform some, but not all, required
functions.

Passive Component

A component which has no moving part and only eepees a change in process parameters
such as pressure, temperature, or fluid flow irfgeering its functions. In addition, certain
components, which function with very high reliatyilibased on irreversible action or change,
may be assigned to this category (examples of y@smponents are heat exchangers,
pipes, vessels, electrical cables, and struct@esain components, such as rupture discs,
check valves, injectors and some solid-state @lpitrdevices have characteristics, which
require special consideration before designaticsmnaactive or passive component).

Postulated Initiating Events (PIES)
Identified events during design that lead to ap&téd operational occurrences or accident
conditions, and their consequential failure effects

Predictive Maintenance

Form of preventive maintenance performed continlyows at intervals governed by
observed condition to monitor, diagnose or trendstaucture, system or component’s
condition indicators; results indicate current &mire functional ability or the nature of and
schedule for planned maintenance. It is also knasvoondition based maintenance.

Preliminary Hazard Analysis
Analysis for identifying and assessing the (ecompmuman, etc.) hazards inherent in using a
system and which is carried out before using otih@re precise methods of analysis.

Preventive Maintenance
Maintenance carried out at predetermined interealsccording to prescribed criteria and
intended to reduce the probability of failure og thegradation of the functioning of an entity.

Probabilistic Risk Assessment (PRA)/ ProbabilistiSafety Assessment (PSA)

Study aimed at evaluating the risks of a systemngusa probabilistic method. A
comprehensive, structured approach to identifyailyife scenarios, constituting a conceptual
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and a mathematical tool for deriving numericalraates of risk . The term PRA and PSA are
interchangeably used.

Plant Damage States

Accident sequences, obtained from Level 1 PSA amglythat have similar effects on
containment response and fission product sourcesterre grouped into one state, called
plant damage state, for further analysis.

Quality
The totality of features and characteristics oftam or service that have the ability to satisfy
stated or implied needs.

Quality Assurance (QA)
Planned and systematic actions necessary to prawedeonfidence that an item or service
will satisfy given requirements for quality.

Random Process

Set of time-dependent random variables whose vatwesgoverned by a given set of
multidimensional distributions, which correspond ath the combinations of the random
variables.

Random Variable
Variable which can take any one of a given setadfi@s, each with an associated distribution.

Redundancy

Provision of alternative structures, systems, camepts of identical attributes, so that any
one can perform the required function, regardidsthe state of operation or failure of the
other.

Reliability
The probability that a structure, system, compormnfacility will perform its intended
(specified) function satisfactorily for a specifipdriod under specified conditions.

Risk

A multi-attribute quantity expressing hazard, dange chance of harmful or injurious
consequences associated with an actual or potew@dt under consideration. It relates to
quantities such as the probability that the spe@fient may occur and the magnitude and
character of the consequences.

Risk Based Approach
Approach in which the decision making is solelydh®n the numerical result of the risk
assessment judging against the probabilistic safégria set or established.

Risk Informed Approach

An approach to decision making that representsilaguphy whereby risk insights derived
from risk assessment, by comparison of the resulis the probabilistic safety goals, are
considered together with other information obtairfesin deterministic safety analysis,
engineering judgment and experience.



Risk Monitor

A plant specific real-time tool used to determihe tnstantaneous risk based on the actual
states of the systems and components. At any giren the risk monitor reflects the current
plant configuration in terms of status of varioystems and/or components, e.g. whether a
component is out of service for maintenance osteBte model used by the risk monitor is
based on and is consistent with living PSA forftelity.

Root Cause

The fundamental cause of an event, which, if coecwill prevent its recurrence, i.e. the
failure to detect and correct the relevant lateatikness(es) (undetected degradation of an
element of a safety layer) and the reasons fofaihge.

Safety (Nuclear)

The achievement of proper operating conditionsygméon of accident or mitigation of
accident consequences, reliability in protection site personnel, the public and the
environment from undue radiation hazards.

Safety Systems

System important to safety and provided to assted tinder anticipated operational
occurrences and accident conditions, the safe shwitdof the reactor followed by heat
removal from the core and containment of any ratioiy, is satisfactorily achieved.
(Examples of such systems are shutdown systemstgenwy core cooling system and
containment isolation system).

Scheduled Maintenance
The preventive maintenance carried out in accomlanth an established time schedule.

Seismic Hazard
Any physical phenomenon (e.g. ground vibration, ugb failure) associated with an
earthquake that may produce adverse effects.

Sensitivity Analysis
A quantitative examination of how the behaviourao$ystem varies with change, usually in
the values of governing parameters.

Severe Accident
Nuclear facility conditions beyond those of theige$asis accidents causing significant core
degradation.

Significant Event
Any event, which degrades system performance fongt) without appreciable damage to
either the system or life or limb.

Single Failure

A random failure, which results in the loss of daity of a component to perform its
intended safety function. Consequential failuresulttng from a single random occurrence
are considered to be part of the single failure.

Station Blackout (SBO)
The complete loss of both off-site and on-site Aver supplies.



Stochastic Analysis

Often taken to be synonymous with probabilistic Igsia. Strictly speaking, stochastic
conveys directly the idea of randomness, whereasbatilistic is directly related to
probabilities and hence, only indirectly concerneith randomness. Therefore, a natural
event or process might more correctly be descrasestochastic, whereas probabilistic would
be more appropriate for describing a mathematicalyais of stochastic events or processes
and their consequences (such an analysis, woutthystre stochastic if the analytical method
itself included an element of randomness, e.g. BI@drlo analysis).

Support Systems
The systems those are required for proper functgof the frontline systems.

System Logic Model
A model that identifies the combinations of compungtates that lead to undesired system
states.

Test
An experiment carried out in order to measure, tiiyaor classify a characteristic or a
property of an entity.

Unavailability

The inability of an entity to be in a state to peni a required function under given
conditions at a given point of time. It is measuasdhe probability (relative frequency) that
the entity is in an unavailable state at a poirttroé.

Uncertainty Analysis
An analysis to estimate the uncertainties and dxoonds of the quantities involved in, and
the results from, the solution of a problem.

Validation
The process of determining whether a product arieeiis adequate to perform its intended
function satisfactorily.

Validation (Computer Code)
The evaluation of software at the end of the safweevelopment process to ensure
compliance with the user requirements. Validateotherefore ‘end-to-end verification’.

Verification

The act of reviewing, inspecting, testing, checkiagditing, or otherwise determining and
documenting whether items, processes, services amundents conform to specified
requirements.

Verification (Computer code)

The process of determining that the controlling g¢tg and logical equations have been
correctly translated into computer code.
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SPECIAL DEFINITIONS
(Specific for the Present 'Safety Guide")

Accident Sequence
Sequence of events leading to an accident.

Down Time
The time interval during which structures, systeand components (SSC) are not available
for performing intended function

Gradual Failure
A failure due to gradual change of a given char&ties of structures, systems and
components (SSC) with respect to time.

Human Error

The departure of a human performance from whataukl, and which may affect, structures,
systems and components (SSC) availability, causésiteating event or inadequate response
to an initiating event.

Hypothetical Accident
It is generally a beyond design basis accident itiong categorized by probability of
occurrence less than 1.0E-07 per reactor year.

Maintenance Time
The time interval during which a maintenance acitoperformed on structures, systems and
components (SSC) including technical delays anstiogdelays.

System
Given set of discrete elements (or components)hwaie interconnected or are interacting.
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1. INTRODUCTION
General

Atomic Energy Regulatory Board (AERB) has licensedclear facilities with
traditional deterministic methods by applying aigesuch as compliance with single
failure, defense in depth, adequate safety marggin ldowever, recognising the
benefits of the Probabilistic Safety AssessmentAJPAERB in its revised safety
code titled ‘Nuclear Power Plant Operation’ AERB/GC(Rev. 1) made the
performance of Level-1 PSA (internal events, fullyer) for all nuclear power plants
as a mandatory requirement. The safety code ongde$ Pressurised Heavy Water
Reactor based Nuclear Power Plants' AERB/NPP-PHWHR$Rev.1) also specifies
the requirement.

A probabilistic safety assessment (PSA) of a nugbeaver plant (NPP) provides a
comprehensive and structured approach for identifyailure scenarios and deriving
numerical estimates of the risks to workers and bers of the public. PSA are
normally performed at three levels as follows:

(a) Level 1 PSA, which identifies the sequenceewdnts that can lead to core
damage, estimates core damage frequency and psouidehts into the
strengths and weaknesses of the safety systemgranddures provided to
prevent core damage.

(b) Level 2 PSA, which identifies the ways in whicadioactive releases from
plants can occur and estimates their magnitudegragdencies. This analysis
provides additional insights into the relative impace of accident prevention
and mitigation measures such as reactor containment

(c) Level 3 PSA, which estimates public health atiter societal risks such as
contamination of land or food.

PSA provides a systematic approach to determinethg#hesafety systems are
adequate, the plant design balanced, and the deferdepth requirement have been
realised. These are characteristics of the prababiapproach.

Despite benefits of PSA, there are certain limtagi of PSA which are arising from:

(@) difficulty in ensuring completeness of initra} event identification,

(b) unavailability of adequate plant componeniufa data,

(c) difficulties in modeling and quantification biman errors,

(d) difficulties in modeling and quantification @ommon mode/cause failures
and uncertainties associated with models and asatysps. The regulatory
decision-making should be based on the understgradithese uncertainties.

In view of these, a regulatory review of PSA becanmecessary step before the PSA
results are used in the decision-making. The AERBtg manual titled ‘Probabilistic
Safety Assessment for Nuclear Power Plants and dRgse Reactors’,
AERB/NPP&RR/SM/O-1, was issued in March 2008. Tdosument covers the PSA
review aspects, which were based on erstwhile |AdtAdelines and other PSA
related literature. PSA studies are performed ifferént organisations and there
exists wide variation in methods, models and assiomp used in the PSA. This



1.2

1.3

safety document for is prepared for standard revag@proach, timely and efficient
review. The formats for PSA report are elaboratedAERB/NPP/SG/G-9 titled
‘Standard Format and Contents of Safety AnalysgoRdor Nuclear Power Plants'.

Objectives
The objectives of this document are:

0] To provide guidance for review of Level-1 PSA

(i) To develop consistent approach and technical ga@lam certain aspects of
PSA

(i) To provide guidance on the preparation of the revieport.

Scope

This document is applicable for review of Level-2/4for nuclear power plants and
research reactors and covers both internal andrattevents. The guidance for
regulatory review of PSA applications such as opaton of Technical
Specifications, design modifications etc. is beytr&scope of this document.
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2.3

2. REGULATORY REVIEW
General

The decision making process uses Level 1 PSA &sadbe level of safety of nuclear
power plants and research reactors. For this pargfes PSA methodology should be
well developed for results to be used in the reguyadecision making process.

The review process provides a degree of assurantiee mbjective, scope, validity
and limitations of the PSA, as well as better ustierding of the plant itself in risk
informed decision making. The review approach ipeexed to differ depending on
the purpose of the review. For example, the revdawied out on the PSA for a new
reactor design may differ from that for an existiegctor, carried out as a part of a
periodic safety review.

PSA Review Team

The review team should be comprised of specialistie fields such as PSA, system
analysis, safety review, nuclear power plant arskaech reactor operation, severe
accident phenomena, external events and strucogaheering. The team may invite
experts to support the review, if the need arises.

Review process

The objective of the regulatory review of the P3$Ato assess whether important
technological and methodological issues in PSAteated adequately. The detailed
review should focus on the models and the data msB&A and it should be ensured
that they are representations of the actual desmnghoperation of the nuclear power
plant and research reactors. It provides confidéncthe PSA and reduces effort
required for reviewing the PSA applications. The@uhcy of the information in PSA

submittal is checked during the review. Appropriatethods, models, assumptions
and data used in PSA should be checked in thewepi®cess in order to have

confidence in the PSA results. Independent peeewewsf PSA should be carried out

and comments of the peer review, responses andnatdken reports should be
submitted by utility. AERB may decide to optimisetextent of the review based on
peer review report and relevant documents.

It is considered a good practice that the reviewsb&in and use the electronic
version of the PSA model rather than rely on pajogies of the fault trees and event
trees for efficient and effective review. This wd@nable the reviewers to:

0] search for specific information in the model,

(i) perform spot checks on the model and its quantifinaand

(i)  carry out independent sensitivity studies to deteemhow changes in
assumptions can affect the results of the PSA

During the review of PSA, methods used for simgknts should be compared. The
reworking of particular parts of PSA or carrying imdependent calculations to aid in
the understanding of PSA can also be considerddgloeview. The findings of the



review should be documented in PSA review repdre dontents of the review report
are described in Section 4.0

The reviewis intended to verify that the modeling approacltasrect and that the
methodology reflects the current state-of-the-arthe PSA. A detailed review of
specific areas should be undertaken. One of thertapt aspects of this review is to
check the adequacy of the PSA models against ttenimal requirements of PSA
standards. The guidance for review is provided écti®&n 3.0. In addition to all
information sources, PSA software, in which the elodas developed, should also be
made available, to the extent possible/feasibléhfereview of PSA reports.

The review of PSA reports follows a systematic flowormally utility submits PSA

reports to relevant AERB committees. AERB commgtésward the reports to PSA
committee for review. PSA committee should reviele tdocuments and give
recommendations. All these recommendations shoeldcdmplied by utility and

compliance report should be submitted to PSA cotemitThe PSA committee
should review the compliance and gives final reporAERB committee. The flow
chart for review of PSA level-1 reports is elabedain Annexure-1.



3.

3.1

3.2

3.2.1

TECHNICAL ELEMENTS AND ADEQUACY THEREOF FOR REVI EW
General
The important elements of review of Level-1 PSAlgsia comprise the following:

@) Review of Level-1 PSA (internal events, fullyer)

(b) Review of Level-1 PSA (Low power and shutdovamditions)
(c) Review of Level-1 PSA (External events)

(d) Quantification of the analysis

(e) Quality assurance in PSA

Each element of Level-1 PSA should be reviewed etaitl The reviewshould
demonstrate that the modeling approach is cornmedttlaat the methodology reflects
the current state-of-the-art in the PSA. A detailedew of specific areas needs to be
undertaken. Compliance with requirements of AERBfetya codes mainly
‘AERB/NPP/SC/O (Rev.1)" and ‘AERB/NPP-PHWR/SC/D (RE’, ‘AERB/NPP-
LWR/SC/D’ with respect to Level-1 PSA should be dted during the review.

In order to standardize the review, guidance néadeveloped, which can be readily
used during the review. Keeping this in view, tbéowing review guidance is given
based on the survey of available literature, goadtres, PSA standards and review
guidelines prepared for IAEA International peeriegvservices (IPERS).

Review of Level-1 PSA (Internal Events, Full Reer)

The following important technical elements shouéddonsidered while carrying out
the review.

0] Initiating Event (IE) analysis

(i) Success criteria (SC)

(i) Accident sequence (AS) analysis

(iv)  System analysis (SY)

(V) Human reliability analysis (HRA)

(viy Data analysis (DA)

(vii)  Analysis of passive systems, components and stegtu
(viii)  Uncertainty, sensitivity and importance analysis

(ix)  Audit of utilities PSA procedure.

Initiating Event Analysis
(a) Selection and identification of Initiating Ever{IE)

0] The review should verify that a systematic procechas been used to
identify the set of IE. The reviewers should verihat the set of IE
(e.g. list of IE given in safety guide on designsibaevents for
pressurised heavy water reactor, AERB/SG/D-5(PHW@intified is
as complete as possible, within the scope decidedhe PSA. It is
recognized that it is not possible to demonstratenpieteness,



(b)

(i)
(iii)

(iv)

v)
(vi)

however, by using a combination of the methodsdentifying IE, it
is possible to gain confidence that the contributio the risk from IE,
which have not been identified would be small.

The review should check for any design featuresciviaire novel or
plant specific and whether they are potential sesiaf new IE.

In the case of twin or multiple unit sites wherensosafety systems
may be shared or cross-tied, the review shouldy#rat those IE that
can affect both units (for example, loss of gridd amost external
events) have been identified and the PSA takesuatadf the shared
systems that are required by both/all of the Uiitstead of being fully
available for one unit).

Review of the operating experience of the nucleawvgy plant and
research reactor (if it is already operating) ahsimilar nuclear power
plants and research reactors to ensure that arigaEhave actually
occurred are included in the set of IE addressékariPSA. The review
should consider previous PSA if any and operatiomgberience
feedback/significant event reports etc. while resmg PSA.

Review should verify the criteria that were useddceen out very low
frequency events.

The set of initiating events identified should ¢ partial failures of
equipment since it is possible that they could maksignificant
contribution to the risk.

Grouping of IE

(i)

(ii)

(iii)

(iv)

v)

The review should verify that only IE resulting similar accident

progression and with similar success criteria lher initigating systems
have been grouped together. The success critexdhfos that specific
group should be the most stringent criteria oftla! individual events
within the group. The loss of coolant accidents QA) identified are

usually categorized and grouped according to theess criteria of the
safety systems that must be operated to prevelimitrcore damage.
For LOCA in the reactor coolant system piping, theiewers should
pay particular attention to the locations of thedd;, since this can
influence the success criteria for the requireetyadystems.

The success criteria for the LOCA groups shouldsbpported by
analysis and take account of equipment failures ¢bald occur as a
consequence of the break or the harsh environmemtrgted by the
LOCA.

Interfacing systems, LOCA and steam generator twgures are
usually grouped separately since the primary cadéakage from the
SG tube rupture bypasses the containment and henuat available

for re-circulation from the containment sump.

PSA studies have shown that station blackout hadenaasignificant
contribution to risk for a number of plants. Lodsgoid/external AC

power is an important IE and it is necessary fa thview to pay
particular attention to this event when it is felled by loss of all on-
site AC power in the event sequence.

The frequency of loss of grid should be specifies a (usually

stepwise) function of the duration of the loss. Téxdew should verify



that the derivation of this frequency/duration fiioic is clearly
documented, based on records of grid loss in tlea @and taking
account of any site specific factors such as rednog of grid lines or
susceptibility to storm damage.

(vi)  The review should make a comparison of the findlirgtiator groups
and frequencies with other similar studies.

(c) Estimation of IE frequencies

0] The review should verify whether the adequate pégetcific data are
available to characterize the parameter value @nahcertainty. If it is
found that ‘adequate’ data are not available, tee@ewers should
verify that the IE frequencies are estimated actingnfor relevant
generic and plant-specific data.

(i) The review should also verify that while using fiilant-specific data,
the most recent applicable data are considereggquéncy estimation.
The justifications provided for excluding certairata points also
should be reviewed.

(i)  The review should verify that while combining evide from generic
and plant-specific data, Bayesian update processeduivalent
statistical process is used.

(iv)  There are many systems in nuclear power plantseiwh@arts, trains
or components of the system are in on-line moderaddndant parts,
trains or components are in standby mode. For elempthree train
compressed air system is usually operated withtrane in operation, a
second train as a first backup and the third tesra second backup.
The order of the trains is rotated after one maftbperation in this
mode. The first train is stopped and replaced bysticond train. Thus
the former second train becomes now the train ieratpn and the
former third train first backup. Usually some pretree maintenance is
made at the formerly operating train, now in secdwadkup. The
review should confirm whether a reasonable religbihodel is used
to depict such system including consideration céc#jr operation
modes, scheduled and unscheduled maintenancesténsyfault trees
from the sequence analysis are used to estimat&etitiencies, it
should be checked whether the necessary modifitatiad extensions
have been made in a correct and consistent way.

(V) The review should verify that the IE analysis iscaimented in a
manner that facilitates PSA applications, upgrades] peer review.
The documentation typically includes:

- Initial IE list

- Basis for screening out the IE from further consatiens
- IE grouping criteria

- Final IE list

- Procedure for estimation of IE frequencies

- Key modeling assumptions.

3.2.2 Accident Sequence Analysis



@)

(b)

(©)

(d)

(e)

(f)

()]

(h)

The plant response to the initiating events idegtithe event sequences that
could occur leading either to a safe state, wheeeréactor is shut down and
the residual heat is being removed, or to core gemahe important safety
functions and associated safety systems shoulddbetified along with
important human actions, if any. The dependencresng the front line
systems and support system should also be idehtifi¢his task. The review
should verify that the event tree analysis for eaictine initiating event groups
addresses all the safety functions that need foebi®ermed and the operation
of the safety systems required as identified bysiiecess criteria. Event tree
analyses cover all possible combinations of sucoedsilure of the safety
systems in responding to an initiating event anehidy all the sequences
leading either to a successful outcome, where fecguft number of the safety
systems have operated correctly, or to core damage.

If one event tree is used to model several init@vent groups, the review
should verify that this event tree does indeed lepeeall sequences which
can evolve from the different initiating event gpsuand that this grouping
does not introduce excessive conservatism.

Where operator actions are modelled in the evesd &malysis, the review
should make certain that the procedures for thiéafimig event have been
produced (or will be produced for a plant beingigiesd) and cover the event
sequence being addressed. In addition, the tingiggired for operator actions
should be determined based on plant specific lsshate thermal-hydraulic
analyses and this should be reflected in the avees.

The review should verify that the personnel whappred the event trees have
communicated with the personnel who participatedhi systems analyses,
human reliability analyses and sequence quantificatin the development of

the event trees.

In the case, different system success requirementbhe event trees are
modelled by means of house events in the systethtfaas, the house event
descriptions should be reviewed and the interfac#s the respective event
trees checked.

If the time frames are derived from thermal hydi@ahalyses, then the details
should be available for review. If expert judgmisnased to estimate available
time frames, the basis for the judgment shouldheeked. The review should
verify that personnel from the operation sectionhef plant have taken part in
the estimation process.

The review should verify that the way the end stdtave been defined and
grouped is consistent with what has been done enigus PSA for similar
plants.

The review should verify that the AS analysis isulbented in a manner that
facilitates PSA applications, upgrades, and peeiewe The documentation
should typically include:

- Event trees



- Description of the accident scenarios

- Important human actions

- Front-line system and support system dependencayxmat
- List of house events with event description

- Key modeling assumptions

3.2.3 Success Criteria (SC)

@)

(b)

(©)

(d)

(e)

(f)

The review should verify that core damage criteaae been developed. This
is often done by adopting indirect criteria wheogecdamage is assumed to
occur following prolonged core exposure to the tbpthe core or over
pressurization and these should be differentiateccémprehensive analysis.
Core exposure is an acceptable surrogate for caneage if only limited
possibilities exist to mitigate core damage afterecexposure starts. This is
often assumed for light water reactors (LWR) butas necessarily applicable
for all reactor types. If a significantly long tinieterval is required to cause
core damage after core exposure, then this shaalthken into account in
framing a realistic definition of core damage.

The safety functions for prevention of ‘core damagdeuld be identified for
each of the initiating event groups. The safetycfioms required typically
include detection of the initiating event, reacshtutdown, residual heat
removal, etc. depending on the reactor type andntitare of the initiating
event.

The safety systems available to perform each os#fiety functions should be

identified. The success criterion for each systamtben be determined as the
minimum level of performance required from the eystand expressed,

typically, in terms of the number of trains of aluedant system which are

required to operate, or the number of relief valbsch are required to open

and close. The success criteria also specify thairements for the support

systems based on the success criteria for froatsiistems.

It is important to verify the success criteria ¢ tsafety systems to determine
whether they depend on the prior success or failficther safety systems and
ensure that this is taken into account in the dedimof the success criteria.

Wherever possible, success criteria should be eéfand used in the PSA
based on best estimate transient analysis. Howé&vegnservative success
criteria have been used in the PSA for some ofsifsgems in any accident
sequence, this should be clearly indicated andigdtIn addition, the results
should be reviewed carefully to ensure that suctsensatism do not dominate
the risk and hence obscure insights from the P&Alant specific accident
and transient analyses have been performed asopéine PSA in order to
determine safety systems success criteria, thewesfhould verify the quality
of these analyses.

Regarding the computer codes used to define theesaariteria, the review
should verify following but not limited to the sam



The calculation methods used are well qualifiechtmel the transients
and accidents being analysed and to obtain a lséstage prediction
of the results.

Both the computer codes and the code users hame $bject to
guality assurance procedures. The analyses havepsstormed only
by qualified code users. A record documenting th@lifjcation is
available.

The origin and the version of the computer codesduis clearly
documented and must be referenced. Computer codesdfied and
validated for the relevant area of their applicatio/erification,
validation and benchmarking (if done) are well doented.

All sources of primary plant data are clearly meméid. Best estimate
input data and assumptions are used whenever pmsBierivation of
the input data for computer codes from primary rinfation is
documented in such a way that it allows adequatdralp review,
check and verification.

For each case analysed, a sufficient descriptiomdit data, basic
assumptions, safety system set points and capebéite provided.

All calculations are well documented and the anslyessults which are
to be used further in the PSA study are well idiexdti

3.2.4 System Analysis (SY)

(@)

Fault Tree Analysis

(i)

(ii)

(iii)

(iv)

(v)

The review should verify that fault trees hdbeen developed for each
of the safety system failure states identifiedhea event tree analysis.
(For example, NUREG-0492 provides the detailed gjinds for
development of the fault trees).

The review group should carry out plant walk dovarsl conduct
interviews with the system engineers and plant apes to confirm
that the systems analysis correctly reflects thbuals and as-operated
plant.

In some cases, more than one model may be needetthefosame
system to address the success criteria definedliffarent initiating
event groups or in different branches of the ewe®, depending upon
the sequence of events prior to the demand for gshistem.
Alternatively, one fault tree may be used incorpiogahouse events to
switch in the appropriate success criteria. Théereshould verify that
list of all house events, adding the descriptiorhoiv they are to be
used is included in the PSA report and fault trees developed
accordingly.

The modeling of all the individual basic events fault trees, which
could lead either directly or in combination witther basic events to
the top event should be checked.

The basic events modelled in the fault trees shbald¢onsistent with
the available component reliability data. The comgrd boundaries
and component failure modes should be consistetht twose defined
in the component failure database.

10



(b)

(vi)

(vii)

(Vi)

The modelling of maintenance unavailability mustdomsistent with

the way the system is actually taken out of serfacenaintenance and
with the maintenance unavailability data that arailable to quantify

these fault events. Where operation of the plamside its technical
specifications has been excluded from the scopethef PSA,

maintenance configurations that are prohibited by technical

specifications or operating procedures are noteamwdelled in the
fault trees.

The reviewer should be satisfied that there is apgr system of
uniquely coding/labeling for each of the basic ésen the fault trees,
and that this is used consistently throughout el fault trees in the
PSA.

The failure modes of each of the components groupgdther into

super components should have the same effect ogyitem. All the

super components must be functionally independestich a way that
no component appears in more than one super componelsewhere
as a basic event.

Dependency Analysis:

(i)

The reviewers should verify that a systematialgsis has been carried
out to identify all the potential dependencies whaould reduce the
reliability of safety systems and components invjglimg protection
against initiating events. This will ensure thagt gelection of common
component groups and the screening for inclusidhenPSA has been
carried out correctly to ascertain that importasmmon cause failure
groups have not been omitted. The different tygetependencies that
can occur include the following:

(@ Functional dependencies - Functional deperidenbetween
safety systems or components can arise when tletidnimg of
one system or group of components depends on tfeéidaing
of another system or component. These dependecamearise
for a number of reasons including the following:

- Shared components

- Common actuation systems

- Common isolation requirements

- Common support systems — power, cooling,
instrumentation and control, ventilation.

(b) Physical dependencies — They can arise intays. Firstly, an
initiating event can cause the failure of a safeygtem or
component which leads to the failure of some of shéety
systems or components required to provide protectdne
example of this is where loss of all or part of @lectrical
distribution system, instrument ventilation system service
water system can lead to a transient and also degoa cause
the failure of, one or more of the required safeyptems.
Another example is for an interfacing system LOG#here
high pressure primary coolant flows through low sstee

11



(ii)

(iif)

(iv)

(€)

(d)

piping following a failure. Because of the locati@i the

LOCA, the discharge of the primary circuit fluidnckead to the
failure of components in the ECCS due to harshrenmental

conditions or flooding. Secondly, an internal hdzésuch as a
fire or a flood) or an external hazard (such asresmé

environmental conditions, a seismic event or aorait crash)
can cause an initiating event (a transient or a Ap@nd

failure of some of the safety systems or componetsired to
provide protection. For internal hazards, the gaf@gstem
failures can arise as, for example, a consequeipge whip,

missile impact, jet impingement and environmentias.

Human interaction dependencies — They ariseenwlthe
operators make errors during repair, maintenarestinty or
calibration tasks which lead to the unavailability failure of
safety systems or components such that they willoperate
when required following an initiating event. Humiaiteraction
dependencies include:

- Test or maintenance activities that require mutipl
components to be reconfigured

- Multiple calibrations performed by the same persbnn

- Post-accident manual initiation (or backup inibaji of
components that requires the operator to interait w
multiple components.

Component failure dependencies — They coweseHailures of
usually identical components which are otherwiseamalysed.
Such failures may be caused by errors in desigmufaature,
installation and calibration or by operational defincies and
are treated quantitatively by common cause failoethods or
other dependence quantification approaches. Comcamise
failure probabilities are usually quantified by ngsithe alpha
factor approach, the beta factor approach, the iMalGreek
Letter (MGL) approach or the binomial failure ratedel to
assess the probabilities of common cause failuresimilar
(redundant) components.

The review should verify that the hardware depenisn including
the functional dependencies which could arise withystems, have
been identified and modelled explicitly in the fatree analysis. The
inter-system dependencies which could arise dséaoed components
should be identified and modelled explicitly in ta@ilt tree analysis.
The common cause failures which can affect groupsedundant
components should be identified and modelled infaudt trees. The
analysis should identify all the relevant compongrdups and the
important failure modes. The basic events repr@sggigbmmon cause
failure should be modelled in the fault trees.

Adequate justification should be provided for themenon cause

failure probabilities used in the PSA. Where pdssithey should be

12



based on plant specific data. Where this is nosiptes use of data
from the operation of similar plants or genericadist acceptable. (For
example NUREG/CR-5801 and NUREG/CR-5485 provideessary

guidelines for CCF modeling in PSA). The review wdoverify that

the necessary details (i.e. common cause componemggoup, CCF

parameters etc.) are documented in PSA report.

3.2.5 Human Reliability Analysis

(@)

(b)

(©)

(d)

(e)

(f)

The review should verify that human reliability &rsés (HRA) is performed
in a structured and logical manner and that alpstef the analysis are
documented in a traceable way. This is due to #uot that there is a wide
variation in available methods for performing HRAdathe state-of-the-art in
this area is still evolving. Consistent applicatmfithe selected HRA methods
is critical for a successful HRA.

The review should verify that qualitative descops have been given in the
PSA report for each of the key human interactiortsciv identify all the
significant aspects associated with the actionhaf plant personnel. This
would include:

0) the timing of the action including supporting infomtion on
ergonomics and layout,

(i) the information available, and

(iii) the influence of prior actions.

It is important to verify that the screening of tih@man interactions identified
has been carried out correctly so that human ewbrsh could be significant
to the core damage frequency have not been screemedrom detailed

consideration.

Type A human interactions take place during norptaht operation before a
plant trip occurs. They have a potential to catgseunavailability or failure of
a component or system when called upon. Errors atayr during repair,
maintenance, testing, or calibration tasks. Theemewneed to verify that
important Type A interactions have been identifizmd included in the
assessment in a thorough and consistent mannes. Uially involves a
review of the plant's maintenance, testing, andbialon procedures to
identify these actions for the systems modellethe\PSA. The review should
also verify that the quantification process haslb#dene correctly.

Type B human interactions are those actions thasecan initiating event.
HRA analysis of these actions is rarely done wittiie scope of the PSA
analysis. The review should verify that the humamre causing initiating
events are accounted for in the occurrence fregeemd the initiating events
analysed.

Type C human interactions take place following ptaip when the operator is

following the procedures and trying to bring tharglto a safe state. These
actions are usually the most important human iotaras to be considered in

13



()]

(h)

(i)

()

the PSA. There are a number of available methodm#dyse these actions,
such as the Human Cognitive Reliability (HCR), Teiglue for Human Error

Rate Prediction (THERP), Accident Sequence EvalnaRrogram (ASEP),

Success Likelihood Index Method (SLIM) and othé#swever, the-state-of-

the-art in this area is still evolving. Regardledsthe method chosen for
analysing Type C human actions, the same reviewegs as for Type A

actions should be performed. The review shouldyw&rhether the estimation

approach for Type C human interactions addresseshdailure in cognition

as well as failure to execute.

A detailed HRA should be performed for all the hunaa&tions that appear in
important cut sets using the initial screening galut should also be ensured
that combinations of human actions are not truncatgt of the screening
guantification because human action dependencige kigually not been
considered at this point. Often in screening, tpeshdency between human
interactions is set to 1 to ensure that the relatedan action dependency is
not eliminated in the process. The review shouldfywehat the screening
values used initially represent an upper boundHerhuman error probability.

The review should verify that the specific rulesedisfor excluding or
including recovery actions are identified and fiesti. The rules should cover
the feasibility of the recovery actions. Modellinfthe human interactions is
to be thoroughly documented. The PSA should idgwtéarly and document
all the minimal cut sets that have recovery actiand include the recovery
actions. If more than one recovery action is appiethe same cut set, then it
should be verified that if their probabilities andependent/dependent.

For the recovery actions that have been includedraview should verify that
the time to diagnose and correct the failures fthdy mean that co-ordination
is required between the main control room (MCR)ffsend auxiliary
operators), the location in which the recovery @enperformed (MCR or
locally), the environment in the location, the a&xc¢o the location, and the
stress levels are all identified, justified and wioented.

If expert judgment methods, such as the directnegion approach, are used,
the review should examine the process carefullyoasow the process was
carried out. The review should cover the detailecdption of human
interactions, the situation influences with regémdthe event sequences or
scenario, the selection and number of expertslandlicitation process itself.

3.2.6 Data Analysis

(@)

One of the main issues with data is their appliggbito the NPP in

consideration. It is not often that there is mudtadavailable which are
entirely applicable, and the reviewers should recmgthat the analysts will
have had to use their judgment in selecting the besrces for each case.
Clearly, plant specific data are always to be pretéto generic data but, even
for a plant which has been operating for a numibgrears, the plant specific
data are often rather sparse and have to be codhirirssme way with generic
data. A balance has to be struck between the usesaiall amount of more
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(b)

(€)

(d)

(e)

(f)

()]

applicable (plant specific) data and the larger amof less applicable data.
For example, a Bayesian approach or other equilvatatistical approach can
be used, which combines the available plant dath the generic data. Care
should be taken that the generic data/Bayesiamspai@ not inconsistent with
the plant specific data, in terms of both comporgaiinitions and numerical

values, or that any discrepancies have been addguakplained and

accounted for in the combination process.

For a new plant, the designers may have suppliea thith data for a similar
plant which they have designed and which has beepération for a number
of years, but the analysts may still have had iy lezgely on generic data. In
any case, the reviewers should verify that the dwtee been sufficiently
justified in the PSA documentation and shown toddevant, item by item.

For initiating events with a low frequency or fajugpment with a low failure
probability, the data will be sparse or non-exist@ven on a generic basis,
and the values to be used in the PSA will then have assigned by informed
judgment. The review group should be satisfied ttreg bases for the
judgments on these numerical estimates have been gnd are acceptable.

The review may audit how the plant records havenhesed to make plant

specific estimates of the number of events or fadu The review should

verify the consistency between the definitionsailuire modes and component
boundaries used in the PSA and the definitions us#t data records.

Theestimation of the number of demands, operatingshoustandby hours are
important in the analysis of specific plant recor@iee review should verify
this estimation for selected components.

The mission times for components, such as pumpshaduie required to run
for some time post reactor trip, should be juddifiaking into account the
definitions of the long term safe states used m ¢lhent tree analysis. For
some accident sequences, following a large LOCAexample, the time
required for recovery of the plant to safe statey i@ a matter of weeks or
months. In such cases, the reliability model headltw for replacement/repair
of components which have failed during the misgiore, if this is within the
scope of the PSA. This will require estimates @ times required for access
and replacement/repair of the components. Timesaéoess should include
considerations of the radioactive environment @& domponent during the
particular accident sequence. For many accidentesegs, however, the
mission time will only be a matter of a few hourslaeplacement/repair may
not be practicable. In these cases, while it it @mteferable to determine the
appropriate mission time for each component in esstjiuence, it is often the
practice for a blanket mission time, such as 24rdioto be adopted as a
conservative approximation. This may be acceptptgided that it has been
justified and does not introduce an excessive cgatsm.

For the -calculations of system and component utehidly due to

maintenance, testing, or calibration, the use ainplspecific data, where
possible, is preferable to the use of generic db#aplant specific analysis has
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been performed, the review should verify that tlaécwations have been
performed correctly. If generic data have been udereview should verify
that the source is recent and is recognized aptaiie.

3.2.7 Uncertainty, Sensitivity and Importance Asad

(@) Uncertainty Analysis

(i)

(ii)

(iii)

(iv)

Review should be performed in order to gain faence that the
uncertainty introduced by incompleteness is reddgnamall. The
review should verify that studies have been cardaetito determine
the extent to which the results of the analysisseresitive to:

. Assumptions made in various parts of the analysis

" Analytical models selected (or the parameters thiiience
them) for severe accident phenomena

. Data/parameters used in quantitative analysis.

In particular, the review should verify to ensuhatt the scope and
level of detail of such studies are consistent i objectives of the
PSA. In all cases, the review should verify thate th
sensitivity/uncertainty analyses address the topicsvhich there is
significant uncertainty and those that are dominammtributors to
severe accident progression. The calculation of ¢hee damage
frequency should be complemented by sensitivitglisito explore
the major uncertainties separately.

For those scenarios that have been identifiedSA analyses, there are
uncertainties introduced by the relative inadequaicthe conceptual
models, the mathematical models, the numerical cqpations, the
coding errors, and the computational limits. Foe ttime being,
guantification of model uncertainties is still aryalifficult task, and
there is no generally accepted method availableTyet review should
assess the relative importance of model uncengsifty reviewing the
results of sensitivity analysis.

Data/parameter uncertainty, at present, is the neastily quantifiable
one among the three types of uncertainties. Corisgi¢he fact that
there exists wide variation in values of parametesed in PSA due to
scarcity or lack of data, variability within the gudation of plants
and/or components, and assumptions made by expertgrtainty
analysis should be carried out in PSA.

The review may consider to focus on the method(sg¢dufor
uncertainty analysis, the basis of selected digiobs and input values
for different parameters (including error factors etandard
deviations), and whether dependencies have begerbyareated in
the uncertainty quantification (for example, caatin of variables) to
ensure that the uncertainty analysis process mieally accurate, and
that the uncertainties have been propagated thratgh models
correctly.
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(b) Sensitivity Analysis

(1) The aim of carrying out sensitivity analysistes address those issues
such as the modelling assumptions and data whiehsaspected of
having a potentially significant impact on the Hésu These
assumptions or data are generally in the areasewiméormation is
lacking and heavy reliance must be placed on tladyst's judgment.
Sensitivity analysis can be performed by substitutialternative
assumptions or data and evaluating their individugdacts on the
results.

(i) Modelling assumptions should be addressed t®sease, since they
do not appear as such in the PSA results, butytlmapossible to use
simple bounding calculations rather than re-runnitige PSA
evaluation. The reviewers should verify that sévijt studies have
been performed on all the appropriate assumptindsiata.

(c) Importance Analysis

(1) Importance analysis determines the importarfceoatributors to core
damage frequency, accident sequence frequencies system
unavailability. The various importance factors tgily include the
Fussell-Vesely and Birnbaum importance factorstaedisk reduction
and risk achievement worth. The review should vyetihat the
importance analysis results are in general agreeméth the
sensitivity analysis qualitatively, and make logisanse.

3.2.8 Analysis of Passive Systems, ComponentsSandtures

In modern reactor designs there is a tendencycrfiorate passive safety systems to
carry out safety functions such as decay heat raimamwvd emergency core cooling.
The PSA should take account of the reliability leéde systems just as it does for the
active systems. A separate issue is that of trenrent in the PSA of failures of
passive structures and components, particularygsf energy pipework and vessels.

a) Passive Safety Systems

These have been introduced into modern designsotode higher reliability
than can be obtained from active systems sincedbayot depend on support
systems such as electric power, and often not diveamitiation by the
protection system. They are thus particularly vlleaduring station
blackouts. Although the novelty of these passiv&@eys has sometimes been
viewed as presenting difficulties in PSA, theiratreent is in principle the
same as that of the systems, such as accumulatmspf inherent passive
safety features, such as natural circulation oft@acoolant when the pumps
are not available, which have always been incotpdranto PSA.

There are, however, some aspects of novel desigpassive safety systems

which warrant the attention of the reviewers. Thayst, as with active
systems, have been shown to be effective by themguhulic analysis and by
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b)

extensive tests. This deterministic demonstratfoeffectiveness should cover
the full range of accident conditions for whichyttege claimed.

Passive systems tend to work at much lower pressbes do active systems
so that thermal hydraulic performance predictioras/rhe more difficult. The
successful performance of passive systems will hbeen demonstrated
within a set of boundary conditions (e.g. for coblEemperature, pressure and
inventory) which can only be ensured by the corsgstem set-up, including
the correct configuration of the relevant valvest(necessarily within the
passive system itself).

Given the correct boundary conditions, and a satiefy demonstration of
effectiveness, it may be assumed that the systeinwerk. The failure
probability of the passive system is then the pbdlta that the boundary
conditions are not realized, i.e. that the systetrup is incorrect. This can be
found by standard fault tree analysis, but theewwers should verify that full
account is taken of the potential for human emoleaving the system in the
proper condition, as well as of all necessary \@le=g. check valves) which
are required to act and any active initiation signa

Passive Structures and Components

These items may include structures, such as widlsrs and supports, and
high energy pipework and vessels.

(1) Structures- Failure of structures as a consecgieof certain high
energy events, for example seismic events and im@adt from
missiles generated by failures of pressurized tatir@y components,
are taken into account in the analysis of intearal external hazards
and the detailed review of conditional failure pabbities (fragilities)
requires assessment by specialists in these @#aswise, the failure
of a properly engineered structure is generallgmatio have such a low
probability that it need not be considered in tf®APThe reviewers
may accept this approach, provided that the regylabody has
accepted the deterministic safety case for thetstres, and that there
is nothing in the operating history of the plantiethcasts doubt on
particular items.

(i) Pipework and Vessels- The significance of thés PSA is twofold.
First, a spontaneous failure will constitute artiaing event, and an
estimate of its frequency will be required. Secgndhe pipework
associated with a standby safety system may fadnnib is brought
into action, contributing to the system failure lpmbility. As regards
initiating events, the main interest is in breacbethe primary circuit
(LOCA) and of the secondary circuit (steam lineaiseand feed line
breaks). For some plants, the utility may claint textain components
in the primary and secondary circuits (e.g. thete@apressure vessel,
the steam generator shells and critical lengthsipgwork) have been
engineered and inspected to such a high standatrdhth possibility of
their failure may be ignored, i.e. that it is odesithe design basis of
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3.3

the plant, and no specific protection should bevigled. If the
regulatory body accepts this claim in its deterstini engineering
assessment, then the PSA reviewers may accephésa failures need
not be included in the PSA model, or may be inaludeith a
correspondingly low estimated failure rate. Reviewvshould check
the overall sensitivity of the PSA results to thegluencies adopted. If
the sensitivity is low, and the values used aresarably consistent
with those found in other peer reviewed PSA, thppraach may be
regarded as acceptable. Where a probabilistituirenechanics code
has been used in the PSA, the reviewers shoulfybat it is a state-
of-the-art code which has had adequate QA, andleatode users are
sufficiently qualified and experienced to be awafets capabilities
and limitations.

Review of Level-1 PSA (Low Power and Shutdow@onditions)

3.3.1 General

3.3.2

The initiating events occurred during low power ahdtdown modes usually make a
significant contribution to the core damage frequerit could be due to the wide

range of activities taking place during these mottes simultaneous unavailability of

safety system equipment, the blocking of automatiwation of safety systems and
the high reliance on operator actions to restoietsfunctions. Much of the guidance

given in Section 3.2 for the full power PSA is alstevant to the low power and

shutdown PSA. This section gives specific guidaaygglicable to the low power and

shutdown modes.

Identification and Grouping of Plant OpargtStates

@)

(b)

(€)

The review team should be familiarized with tHesign, operation and
maintenance of the plant during outages. It incdudiie Technical
Specifications applicable to shutdown conditionsaintenance schedules,
operating procedures for startup and shutdown, @ievant emergency
procedures. In addition, it is prudent to study &wailable shutdown PSA
which have been performed for similar plant desighs addition, the
reviewers should confirm that the refuelling opienag are considered in the
applicable plant operating states (POS).

The review should be carried out to satisfyt tha PSA analysts have carried
out a systematic review to identify all the diffetePOS that could occur
during low power and shutdown conditions. It shob&d consistent with the
way that the plant is being operated during low @ownd shutdown as
specified in the plant Technical Specifications,eming procedures,
maintenance procedures, etc. The initiating evecdsirring during low power
and shutdown modes can also make a substantiailmtitn to core damage
frequency. This could arise due to the wide ranfjaativities taking place
during these modes, the simultaneous unavailabitify safety system
equipment, the blocking of automatic actuationafesy systems and varying
plant configurations.

A systematic review of the activities carriedt auring low power and
shutdown conditions should identify a large numiifd?OS. POS have similar
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3.3.3

3.34

3.35

characteristics with respect to the plant condgjatme initiating events that
could occur and the availability of safety systeguipment, all may be
grouped.

(i) Where the set of POS has been condensed, the rehiewd ensure
that the POS included in the same group have sictiaracteristics.

(i) Where POS have not been addressed explicitly, ¢hson for not
including them should be justified and documeniéte review should
conform to the set of POS identified for analystsah includes all the
different modes of operation of the plant which aot covered in the
PSA for full power operation.

Success Criteria

0] The review should verify that the PSA analyséve defined the consequences
that are addressed in the event sequence andysigar to full power PSA,
the safety functions that should be performed tev@nt these adverse
consequences occurring after an initiating everukh be identified, the
safety systems which are available to perform tisasety functions should be
identified and the minimum level of performance uiegd from the safety
systems (success criteria) should be defined. &fetysfunctions required for
an intact core are the same as identified for tilepbwer PSA although the
success criteria might be different depending endidxcay heat level.

(i) The review should verify that for any of th€®B which have a long duration,
the decay heat level may change and this in tughinthange the safety
system success criteria and provide a longer tiraéedor operator actions to
be carried out. If a POS has been subdivided te &count of the reducing
decay heat level, additional event sequence asalgsd the appropriate
transient analysis should be carried out to projigéfication for the different
success criteria used.

Accident Sequence Analysis

The review should verify whether the methods usedtie event sequence analysis
are acceptable. These are usually based on thepéwller PSA models with
appropriate revisions to reflect the different eystavailabilities and success criteria
for example, the headings related to reactor tdp be removed if the reactor is
already shutdown and those related to the operafigrarticular safety systems can
be removed if they are not available during the P@S in full power PSA, for
shutdown PSA initiating events may be categorizednéernal and external. The
review process should ensure that identificatiothefpotential sources, effectiveness
of barriers and the probability of mitigating operaresponse for shutdown PSA
model are developed and quantified. The review Isheerify that success criteria are
supported by appropriate analysis. Plant responselelimg may be reviewed
considering the low power and shutdown configuratibthe plant systems as well as
activities in each POS. It has to be ensured Heatrtodel is capable of reflecting this.

End State Categorisation
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(i)

(ii)

The review should verify that the end statemntified for the full power PSA
should be supplemented by additional ones whichessmt the conditions
which are unique to shut down and refueling (fossed type reactors). It
includes states where the reactor vessel headdesriemoved or the reactor
coolant system is open for inspection. For chatypss of reactors, these can
be categorised as ‘hot shutdown’ and ‘cold shutdestates.

The review should verify that an adequate setdditional end states have
been defined and that they are consistent withetbtready identified.

3.3.6 System Analysis

3.3.7

3.3.8

(i)

(ii)

The review should verify that the systems aslyhich is carried out using
fault trees and the technical guidance provideseiction 3.2.4 for full power
PSA, is applicable to shut down and low power PS#Aowever, there are a
number of differences such as:

- safety system success criteria may be different,

- safety systems may be in operation rather thantandey — for
example, the residual heat removal (RHR) system [{&iht water
reactors),

- safety systems may be manually initiated rathern thaitiated
automatically,

- the level of redundancy may be lower since somtheftrains of the
safety systems may have been removed from serfaseallowed by
Technical specifications), and

- the required mission time may be significantly eliént.

The possible modes of operation of the safety systmay be different, for
example, some of the modes of the system involeiogs-connections may
not be available during maintenance activities.

If the fault trees used in the Shutdown PSAiddeen developed from those
used in the full power PSA, the review should werihat a systematic
approach has been used to identify all the featofethe POS that would
affect the reliability of the safety system and tieeessary changes have been
reflected in the fault trees.

Common Cause Failure (CCF) Analysis

The review should verify the adequacy and approgmess of common cause failure
probabilities used in the shutdown and low poweAP®Bhe numerical values are
likely to be different from those used in the fphwer PSA since maintenance, test
and other activities could introduce additional heeusms which would affect the
potential for a common cause failure to occur.

Human Reliability Analysis

(i)

The guidance given for reviewing the HRA ane tissociated Human Error
Probabilities (HEP) as included in the full pow&Ain Section 3.2.5 are also
applicable to the shutdown and low power PSA. H®vethere are some
differences given below.
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(ii)

(iii)

(iv)

Review should verify whether following factorare considered while

estimating the HEP included in the shutdown andpower PSA:

- ongoing multiple activities in plant ,

- higher levels of activity in the plant,

- difficulty in diagnosing initiating events that havoccurred and
carrying out the appropriate recovery actions,

- the change from automatic to manual actuation dones of the safety
systems,

- the use of external contractors to carry out thenteaance work,

- there are a large number of POS that could occunglshutdown and
level of detailing of procedures may be differdrdrt the level for full
power operation,

- the levels of training of operators to deal witlcidents occurring
during shutdown may be different than the level fall power
operation,

- due to the lower decay heat level, the time sceddable for operator
actions to be carried out is longer than that lier ¢quivalent accident
sequence occurring during full power operation.

Review should verify that HRA methods used fall power PSA are

applicable to shut down and low power PSA. Reviénusd also carefully

ensure that where there are long time scales @l&ifar operator actions to
be carried out, caution should be exercised inyapplthe time reliability

correlations used in a full power PSA since theetiscales available during
shutdown conditions are often well outside the eamg which they are
applicable.

Review should verify that the HRA model hasken account of the
dependencies which occur between operator actibisscommon practice to
assume that there is a high degree of dependehwedresuccessive operator
actions unless they are carried out by differedividuals, or they are well
separated in time and location.

3.3.9 Data Assessment

(i)

(ii)

Review should verify that the initiating eveinequencies used in shut down
and low power PSA are either derived from operagirgerience from similar
plants, derived from the initiating event frequescused in the full power
PSA with factors applied to take account of thdedént conditions during
shutdown or calculated using a logical model whiddtudes all the ways that
the initiating event can occur due to configuratiomintenance and other
issues. In each case, justification should be pdexVithat the initiating
frequency is applicable.

Where the initiating event frequencies frone tlull power PSA are modified

for use in the shutdown and low power PSA, theenevshould satisfy the
following:
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3.4

3.4.1

3.4.2

- differences in physical conditions - for exampleg tower pressures
and temperatures in the reactor coolant systenmglstiutdown which
may affect the frequency of pipe break LOCA

- operator errors during maintenance which may atieetfrequency of
fluid systems being inadvertently drained due tomect valve line-
ups

(i)  Review should verify that the component fadurate data used in the
shutdown and low power PSA are applicable to shwtdoonditions and if the
same is not available, the component failure rateshose in the full power
PSA may be accepted if justification is made awdda

Review of Level-1 PSA (External Events)
General

This section provides guidance for the reviewlw PSA for internal and external
hazards, sometimes referred to as external evem&s) when internal hazards are
included. It addresses the identification of inédrand external hazards and the
screening carried out to eliminate those whichusmienportant contributors to the core
damage frequency. It then gives guidance on thpeeific hazards — earthquakes,
fires and floods (internal and external) which haygcally been among those found
to give significant contributions to the risk. A thedology similar to that for internal

flood assessment may be used for analysis of ealtélonds and all other similar

associated phenomenon. Guidance available in thBBAEegulatory documents

should be referred for extreme values for the esieevents. This illustrates the
general approach, which can be adapted to thewenfighe analysis of other hazards.

Seismic Events

0] Major elements of a Seismic PSA are:
(@) Probabilistic seismic hazard analysis (PSHA)
(b) Seismic fragility analysis
(c) Seismic plant response analysis
Review should verify whether the above elementsaaidressed adequately,
covering the aspects mentioned below. The reviewlshalso verify that each
of these steps is clearly identified in the PSA bades are given for data and
models used.

(ii) Probabilistic Seismic Hazard Analysis:

Review should verify whether a site-specific setsimazard analysis has been
performed and the following aspects are appropyiaddressed:

a) The frequency of earthquakes at the site refletts turrent
understanding of seismic experts.
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(iii)

b)

f)

9)

h)

)

A comprehensive up-to-date database of geologie@mological, and
geophysical data; historical, instrumental, andepséismicity; local
site topography; geological and geotechnical sitepgrties, is
available.

All credible sources of earthquakes are consid@neitie assessment
and the uncertainties in characterizing the seismicces are included.

Sufficient number of attenuation relations, appiater for the region
including the site have been used and adequatenitethbasis is
available for weightage provided for different atiation relations in
the logic tree. Local site response is also appately considered.

Uncertainties (aleatory and epistemic) associatétth all relevant
input parameters/models are appropriately captured.

Logic tree approach has been adopted for propaptteruncertainties
in each step of the hazard analysis. Weightaged twme different
parameters are justified.

Fractal hazard curves, median and mean hazard <aneeincluded.
Seismic source de-aggregation and magnitude-distdaeaggregation
are performed and results available.

Uniform hazard spectra have been developed andpietral shape is
based on a site-specific evaluation.

The basic data and interpretations are still validight of current
information, when an existing study is adopteden bf a fresh PSHA.

Possibility of other seismic hazards like faultpliscement, landslide,
soil liquefaction and soil settlement, have beetressed.

Seismic Fragility Analysis:

Review should verify whether:

a)

b)

Methodology for seismic fragility evaluation of sttures, systems and
components (SSC) is documented and acceptable nigteodology
covers components qualified by analysis, testirnd experience based
approaches including walk down.

The seismic-fragility analysis is plant-specifidgorovides an estimate
of seismic fragilities of SSC whose failure may tidoute to CDF.
Sources for the fragility parameters and their wadeties should be
documented.

The basis for screening is described and acceptdbéereening of
seismically rugged components has been performed.

24



(iv)

d)

f)

9)

h)

)

Seismic analysis has been performed to evaluatbahaviour of SSC
and the results are appropriately used for seifiadglity analysis.

The seismic-fragility analysis considers criticalldre modes of SSC
and these critical failure modes are identifiesbtigh plant walk down
and review of appropriate plant documents.

Plant walk down has been undertaken with focus omponent
dependencies, equipment anchorage, spatial int@mact and
equipment capacity. The findings of a plant walkwdo are
documented.

The seismic-fragility evaluation appropriately agsBes the findings of
plant walk down.

The calculation of seismic-fragility parameters based on plant-
specific data supplemented as needed by geneddfdain earthquake
experience) and test data. When test data or gedata is used,
uniformity in basic seismic parameter used for @spnting the seismic
capacity has been ensured. Use of such data isitedly justified.

Uncertainties in fragility curves should be docuteen

Seismic Plant Response Analysis:

Review should verify whether:

a)

b)

f)

A full scope level-1 PSA at full power exists ardt is the basis for
the system model used in seismic PSA.

The system model for seismic-PSA includes seisnmdeided initiating
events and other failures including seismicallyuiceld SSC failures,
non-seismically induced unavailability, and humaioses.

The systems model for seismic-PSA incorporatess#igmic-analysis
aspects that are different from corresponding dspecind in the at-
power internal-events PSA systems model.

The systems model for seismic-PSA reflects the wils-land as-
operated state of the plant.

The sum of the component fragility and its unavaiity due to
internal plant causes is used as the componentailabpity in the
calculations.

The approach for selection of SSC considers thie Isasety functions
viz. shutdown, decay heat removal and confinemémadioactivity.
The list of SSC selected for seismic-fragility ayséd includes all SSC
that participate in accident sequences includethénsystems model
for seismic-PSA.
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0) Physical and systematic (functional) dependenciestwden
components due to the seismic event are approlyrederessed.

h) The analysis to quantify core damage frequency apately
combines the seismic hazard, the seismic fragilitend the systems-
analysis aspects.

)] Assigned human error probabilities appropriatelycoamts for
psychological factors, like increased stress etc.

)] Detailed and specific HRA for seismic events isriedr out. The
effects of the seismic event on the probabilitthafman error and the
corresponding increase due to the seismic eventappgopriately
accounted for. The recovery actions should be vweieto identify
changes in any conditions due to the seismic ebentresult in higher
non-recovery probabilities (such as room accessearos or hazardous
room environments).

3.4.3 Fire Events

0] The review should verify analysis of internadef events which includes the
following steps:

- Initial screening to eliminate fire scenarios iromws that are small
contributors to plant risk

- Estimation of the frequency of fires of differenizes starting in
different rooms of the plant

- Assessment of the type of plant disturbance pakytaused by a fire

- Identification of other possible sources of fire

- Calculation of the propagation of the initiatecefaind propagation of
fire effects to affected components and operators

- Estimation of non-detection and non-suppressiotbaidities for the
initiated, propagating fire

- Evaluation of component dependencies and comporiaihtre
probabilities due to fire effects

- Estimation of the effects of the fire on human @i and possibilities
for increasing the probabilities of identified humerrors

- Calculation of the core damage frequency due tsflsy combining
the fire initiation frequency with the componentldee probabilities
and failure of operator recovery actions.

(i) The review should verify that if a screening pracisscarried out, for example
to identify the critical locations or compartmentege screening technique,
including the basis for any screening of fire aiitbn frequencies used,
should be assessed for its validity.

(i)  The review should verify plant specific data orad&tom similar plants to
determine whether plant specific fire initiatingduencies can be estimated. If
plant specific data exist, fire initiating frequésx are to be estimated by
means of accepted Poisson approaches describitiggghizood and Bayesian
approaches describing the uncertainties in thenpetexs.
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(iv)  The review should verify databases used for theeifiitiation frequencies and
it should be referenced so that during review it ba checked for consistency
between the databases and the data for the pleugt dealysed.

(V) The review should verify the effects of the fireopagation and it should be
calculated by means of one of the accepted firpggation approaches. Input
parameters to the calculations warrant review tterd@ne whether they
represent the actual plant. The review should yetie parameters to be
reviewed which include the amount of permanentrandient combustible
material available in each zone. The transmissi@mmwke through ventilation
ducts, fire dampers and the heating of instrumentd aomponent
compartments should be included in the propagati@iyses.

(vi)  The review should verify the probabilities of noetection and non-
suppression which are incorporated into the fireppgation analysis to
determine the probability that the fire propagatesritical equipment without
detection or suppression. The physical layout aadual as well as automatic
actions in determining non-detection and non-suggio® probabilities should
be considered during review.

(vii)  The review should verify whether the fire barriéieetiveness is established
and documented. The review should verify whethenepations in the
barriers, such as doors and windows that may haee keft open, have been
taken into account in probability assignments.

(viii)  The review should verify about scenarios of firesICR which may require
MCR evacuation and transfer of control to back upntl room/
supplementary control room. The review should adersthe procedures for
operator actions which may suffer from diagnostifiadiities and limited
instrumentation on back up panel.

(ix)  The review should verify that if fault trees arevel@eped for fire suppression
systems, the treatment of dependencies caused ebyirth are adequately
addressed.

(x) The shutdown and low power PSA for internal firewd take account of the
fact that the initiating events frequencies mayirtmeeased (for example, due
to welding operations being carried out), there rbayadditional inventories
of combustible materials introduced into some amaghe plant, automatic
fire suppression systems may not be available antesof the fire barriers
may not be fully effective (for example, fire bans may have been removed,
fire doors left open or penetration seals remov¥dhere possible, review
should consider a plant walk down to determine ¢ha&tus of the fire
protection systems during a representative sulitked®OS to ensure that this
is accurately reflected in the shutdown and low @oRSA.

3.4.4 Flood Events

0] The review should verify analysis for internfibods which includes the
following steps:
- initial screening to eliminate flooding scenaring@oms that are small
contributors to plant risk,
- identification of the possible water and steam sesy
- assessment of the type of plant disturbance pathntaused by the
flooding,
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3.5

(ii)

(iii)

(iv)

(v)

(vi)

- evaluation of the frequency of occurrence of atiating event caused
by these sources,
- estimation of the likelihood that the operator does detect and
control the flood,
- identification of the components that are affedigdhe flooding, and
- calculation of the frequency of core damage duatrnal flooding by
combining the initiating event frequencies with tpeobability of
occurrence of the accident sequence.
The review should verify that the frequencies atiating events are first
screened for their potential contribution to therecalamage frequency.
Initiating event frequencies that are significadwer than the frequencies of
internal event core damage sequence frequencidsecaereened out.
The review should verify that consideration of caments affected by
flooding takes into account elevations, barriereprd and drains. Drain
blockage should be considered. The review shoulifyvihat a conservative
approach is considered to assume that all compsraihin the compartment
that is affected. If this assumption does not causggnificant contribution to
the core damage frequency, the initiating event lsanscreened out. It is
necessary to assess the possibility of floodingnfome room to another.
The review should verify that all potentially cabtrting initiating events are
evaluated in terms of the means of detecting amdralting the event. The
means then should be considered in estimatingdghedetection probability.
The review should verify that additional human @ that may be needed to
mitigate the flooding consequences are identifiedl assessed for their
probability of success/failure. These include, #xample, isolation and
subsequent restoration of the electrical power lgegpt is important that the
HRA takes into account the loss of 1&C equipmend apurious indications
that may be generated due to the flood.
The review should verify the following and it shdube considered while
reviewing flood analysis for shutdown and low poWw&A:

- sources of the internal flood may be different frdmse during full
power operation - for example, water systems wlgich pressurized
during power operation may be depressurized dushgtdown;
temporary water systems and hose connections manyuse,

- initiating events frequencies may be increased +ekample, due to
incorrect valve alignments leading to flooding,

- flood protection features may be defeated — fomepla, there is an
increased potential for drainage systems to becbloeked due to
debris which accumulated during maintenance a@sitdoors in
segregation barriers may be left open, penetrateals may be
removed.

Quantification of the Analysis

The review should verify the following:

(i)

The next stage is to quantify the analysis &iedmine the core damage
frequency and to identify the sequences which daute to core damage. This
requires that a Boolean reduction be carried outth® logical models
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3.6

developed using event trees and fault trees foh edicthe initiating event
groups.

(i) The accident sequence frequencies are theculeaéd using the data, for
example, for initiating event frequencies, compdnémlure probabilities,
durations and the corresponding frequencies, comneamse failure
probabilities and human error probabilities.

(i) A number of computer codes are available tbah be used to carry out this
analysis. The reviewers should verify that the Rfg@antification process is
technically correct and thorough, and that key depacies are correctly
accounted for in the quantification process.

(iv)  The quantification process should be carried osing a suitable computer
code which has been fully validated and verified.

(V) In addition, the users of the codes should deqaately experienced, and
understand the uses and limitations of the code.

(vi) Reviewers should verify that the accident sames/cut sets identified do
actually lead to core damage.

(vii)  This is advisable for a sample of the seq@sndocusing on those which make
a significant contribution to the risk. Where ciitso are used in the
guantification process (either on cut set orderffrequency), the reviewers
should verify that they have been set at a sufiitydow level that they would
not lead to a significant underestimate of the sy of core damage.

Quality Assurance in PSA

The review process should consider review of thigywg PSA production process
along with the technical issues in order to givefience that those aspects which
have not been reviewed in detail have been peridrsstisfactorily. The review
should verify that the utility has procedures iaqd for the PSA production which set
out the basic principles and methodologies to beptedi and they are adequate to
produce state-of-the-art PSA.

The review should also verify that the relevant @équirements specified in
AERB/NPP/SC/QA are fulfilled by the utilities in RSproduction process. Review
may also take cognizance of other documents su&xE&B/NPP&RR/SM/O-1 and
IAEA-TECDOC-1101. It is a good practice to haveaagements in place for an
independent peer review of the PSA.

The review should also verify that the utility hamintained the control of all the
documents and workbooks used in the performancethef PSA as per QA
requirements to allow for any audit or review bg thRERB. All the documents and
workbooks used in the review of the PSA as per @fuirements should be
maintained.
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4.1

4.2

4.3

4.4

4.5

4. CONTENT OF REVIEW REPORT

The regulatory review report of level-1 PSA for lear power plants and research
reactors should include following:

Executive Summary

The executive summary of review report should askitbe objective and scope of
the review, review team members, methods and appesaconsidered in the review,
major review findings and recommendations.

Overview of the PSA Document

This section should provide an overview of the P&d&mittal covering the general
description of the nuclear power plant and reseaecttor for which the PSA is
carried out, structure of the PSA report and PStenembers.

Review Bases

The bases of the review and the relevant referensed during the PSA review
should be documented. The outcome and observatibtize plant walk-down and
interview with the plant personnel if any may bedmented.

Review Findings

The review findings should be properly documentedféiture reference and follow
up actions. The review process should verify andudeent that all the review
findings are reported along with the final conatuns of the review. The review report
should give the conclusion reached on the adeqaftlye PSA including the PSA
results with uncertainty and sensitivity analysHse problem areas identified if any
should be reported.

Recommendations

The review report should bring out the improvemamas in PSA where applicable,
for future work. It should include recommendationdere applicable, on the
scope/methodology/quality of the PSA, changes tambde in PSA in order to apply
it to particular application, or changes to be miadgesign or operation of the nuclear
power plants. It may also include the recommendati@garding the revision of the
PSA in order to keep it up to date and to ensued ihcontinues to meet the
requirements originally agreed for PSA.
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ANNEXURE-I

REVIEW PROCESS

AERB Submission of PSA
CommittQE(S) P report: Utlllty
Submission of PSA
documents
PSA Committee
Review Recommendatiol
of PSA Committee

~

A

Inclusion of
recommendations, and
Revision of PSA Reports

by Utility

Submission of Compliance report

\ 4

—

Review of Compliance Repot
and Revised PSA Reports b
PSA Committee

\ 4

Issue of Review Report to
AERB Committee(s).
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