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1. INTRODUCTION

BACKGROUND

1.1. In order for an operating organization to obtain regulatory approval to buld@arate a
nuclear power planta licence (authorization) is required to be requested from and granted by the
regulatory body. In accordance witequirement 24 fron&SR Part 1 (Rev. 1), paras 4.33 and 4.34

[1], the regulatory bodys required tassue guidance on the format and cohte@ndocuments to be
submitted by the applicant in support of applications for authorizeadiuth the applicans required

to submit or make available to the regulatory body, in accordance with agreed timelines, all necessary
safety related information apecified in advance or as requested in the authorization proces

1.2. The information to be submitted by the applicant should be preseataty in the form of a |
report, hereinafter referrad asthe safety analysis reporEurther requirements on documentation of
the safety assessment in the form of a sadaglysisreport, its objectives, scoadlevel of detail
andon updatingthe safety analysis repate establishedn Requirement 20f GSR Part 4 (Rev. 1),
para 4.62t0 4.65 [2].

1.3. This Safety Guide supersedes the guidance provided in the previous YeFsierupdateeflects
good practices andxperience from theuse ofsafety analysis repartfor newly lilt nuclear power
plant in different Statesit alsoreflects the progresmadein approaches tgafetyassessment since
the time of publication of therevious versionof this Safety Guideln particular,the Safety
Requirements on design and on commissiordang operatiorof nuclear power plants have been
revised asSSR2/1 (Rev. 1) Safety of Nuclear Power Plants: De$Bjrand SSR2/2 (Rev. 1) Safety
of Nuclear Power Plants: Commissioning and Operaijnand the Safety Requirements on site
evaluation for nuclear installations have been revaedISR-3 (Rev. 1) SiteEvaluation for Nuclear
Installations[5]. SSR2/1 (Rev. 1), SSR/2 (Rev. 1) andNS-R-3 (Rev. 1) together withthe other
safety requirements revised and applicable to this Safety Gegtablishsignificant enhancements of
the safety of anuclear power plantwhich is to be adequately demonstrated in Hafety analysis
report

1.4.The most significant changesadein this SafetyGuide are thoseorresponding to the nesafety
requirements establishéd SSR2/1 (Rev. 1)[3], in particular therequirementsregardingdesign
extension conditionghe strengthening of the independence and effectiveness of the different levels of
defencein-depth, the robustnessf the plantagainst extreme external hazardsd the practical
elimination ofplant stateshatcouldlead to an early radioactive release or a large radioactive release
The importance of addressing these changes al&s strongly highlighted by the feedback of
experience and lessons from the Fukushima Daiigbiear pwer plantaccident.

1.5. A keytargetof this Safety Guide is tomaintainconsistencybetween thecontentof the safety
analysis reportand the safety requirementsstablishedn the present IAEA Safety Standards. In
addition, applicable national onultinational guidancedocumentge.g. Refs ¢-9] were taken into
accountin the development of this Safety Guide

OBJECTIVE

1.6. The objective of thiSafetyGuide is to provide guidance on teucture anaontent of ssafety
analysis reporin suypport of a requestto the regubtoty body for authoization of the siting,
construction, commissioningperationand decommissioningf a nuclear power plantTo this end,

this Safety Guide is intended to facilitatéhe development of thesafety analysis repory the
operating organization anihe checkingof the completeness and adequacy of Hadety analysis
reportby the regulatory body. The content of #efety analysis reporecommendedh this Safety
Guide ensures comprehensiveness of the informationtahesafety of anuclear powerplant, as
requiredin the applicable IAEA safety requirements and in accordance with the relevant safety guides

' INTERNATIONAL ATOMIC ENERGY AGENCY, Format and Content of the Safety Analysis Report for
Nuclear Power Plant$AEA Safety Standards Series No. &34.1, IAEA Vienna(2004)
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SCOPE

1.7. This Safety Guide is intended mainly for the use in authorizationno€lear power plast
althoughit may, in parts, have a wider applicability to otherclearinstallations orfacilities. In

accordance with current practicélsis Safety Guidepplies alsdn seeking authorization afits of a
multiple unitnuclear power plantThis Safety Guide was written to apply directly for wateooled
reactorsand in particularfor light water reactors, although many secti@msl subsectionsnay be
applicable for other reactor types as well. The particular contents séfbiy analysis repofor these
reactor typesvill depend on the specific design of theclear power plantvhich will determine how
sectionsand subsectiongescribed in this Safety Guide are included inséfety analysis report

1.8. ThisSafety Guide assumes that it is advantagedasapproach the development thie safety
analysis reportfor the various subsequent stages thie nuclear power planticensing as a
continuously updated document that reflects abefiguration of thenuclear power plarat a given
implementation stage. In consequenites expectedio maintainthe same structure of treafety
analysis reporthroughout itsdevelopment procedsom siting up to decommissioningf a nuclear
power plantasmuchas practicable.

1.9. Although intended mainly for user new nuclear power plast the guidance presented iristh
SafetyGuide shouldalso be usedas far as practicabléor existingnuclear power plastwhenthe
operating organization revieathe existingsafety analyis reportto identify any areas in which
improvements of theafety analysis reporhay be appropriatésuch improvements should focus on
extending the scope and enhancing the quality of the information providedsaféiy analysis report
rather than ochanging the structure of tsafety analysis report

STRUCTURE

1.10. This Safety Guide has two main partsne general and reother specific the latterdirectly
devoted to thetructure and@ontent of individual chapters of tisafety analysis report

1.11. The general part et outin Section 2 and covers the following subsections:
Roles of thesafety analysis repoaind safety rules of different origins

Structureand outlineof thesafety analysis repofbr various stages of theuclear power plan
life time;

Structure of thesafety analysis repgrt

Unified description of the design of plant systems

Use, review and updating of teafety analysis repoduring plant operatign
Formal aspects of theafety analysis report

Relation of thesafetyanalysis reporto other licensing documents

Treatment of sensitive informatipn

= =4 -4 -4 -—a -—a A

Structure othe safety analysis repofor different nuclear installations

1.12. The specificpart of thisSafetyGuide set outin Section 3, coverthe structure anaontens of
each of the chapteos thesafety analysis repoandis furthersupported bywo appendicesAppendix

| indicatesthe most relevant information provided in each chapter ofdhfety analysis repoih
course of the licensing procegsppendixIl presents unified content and structure of information to
be provided fothedifferent systems and componetrt=ated in thesafety analysiseport

1.13. An example of the detailed list of conteritthe safety analysis repoid providedin anAnnex.

1.14. The structure proposed in th&afety Guide including the subdivision of thesafety analysis
reportinto the differentchaptersshould not be interpreted as stietidanceto be followed verbatim.
In each specific casehe operating organizatiotypically agres with the regulatory body on the
content, structure, form of the presentation, storage and useszifétg analysis report
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2. GENERAL CONSIDERATIO NS

ROLE OF THESAFETY ANALYSIS REPART AND SAFETY RULES OFDIFFERENT
ORIGINS

2.1. Thesafety analysis repoit a basic licensing documentevelopedempiled by the operating|
organization that the regulatory body uses in assessing the adequacy of the plant safety in all stages of
the nuclear power planifetime and the suitability of the licensing basl$e safety analysis report
compiledeitheras a single documefpreferably)or as anintegrated set of documents constituting the
licensing basis of the plgrghould provide adequate justificatitmdemonstratehat anuclear power
plantmeets all appropriate safety requiremewtslater stages of the plant implementatitrshould
alsoprovide adequate justificaticco demonstratéhat the plant has been built and commissioned as
intended, that althanges indesign, construction and commissioningave been properly addressed

and that thdnteractionsbetween the safety aspects of technibaman and organizational factors

have beenduly considered throughout the repdrt addition to providing a documented justification

that the plant has been designed to appropriate safety standarsifetiyeanalysis repoghould be

also able tademonstrate that the plant will be operated safely and proeldtedreference matél

for the safe operatioWVhile it may not be feasible to present the relevant information completely in

the safety analysis report, it should be presented in such a way that the regulatory body can conduct
the review and assessment process with limmtsstl of additional documentation.

2.2.A nuclear power plaris a strictly regulated nuclearstallation,subject to a number afpplicable

rules of different origin, including international conventions, national laws and regulations,
international or regional safetgtandardsand securityguidance country of originbd
guality standards, technical norms and other applicable riese may belifferencesbetween the

various rulesAmeng-Theserulesinclude those addressiffjerearestandards-othe classification of |

structures, systems and componerfiee protection, radiation protection, civil constructi@md
occupational health and safefijhe safety analysis reposghouldpresentthe whole set ofipplicable

rules, including principles for their hierarchical applicatwith specified process to resolve potential
differenceghat may arise betweeaiternative rules

STRUCTURE OF THESAFETY ANALYSIS REPQRT FORVARIOUS STAGESOF THE
NUCLEAR POWER PLANTLIFE TIME

2.3. Commonpracticein many States includes the developmentseVeralversionsof the safety
analysis reportor differentnuclear poweplantlicensing stages. Although approachétes, contents
and structuresf the safetyanalysis reporfor different licensing stages vary among Stesit is
typically developed for the thrdellowing stages:

1 Initial Safety Analysis Report (ISAR), which includes the basis fositeauthorization

1 Preliminary Safety Analysis Report (PSAR), whinhludes the basis for the authorization
of the construction

1 Preoperational Safety Analysis Report (POSAR), whiatiudes the basis fothe
authorization ofhenuclear power plartommissioning and operation. During thgclear
power planbperationthe POSARshouldbe further complemented by additional
information, leading to issuance of the Operati@eafkety Aralysis Report (OSAR)r Final
Safety Analysis Report (FSAR).

2.4. The structure of theafety analysis repogtroposedin this Safety Guide is best suited to the
PSAR, POSAR and FSAR. Nevertheless, itésommendedo maintain as far as practicahl¢he
samestructure of thesafety analysis repothroughout its developmeritom the ISAR up tothe
POSAR. It shouldbe expected that more information will be generated through the operating
experience as theuclear power planproject is near completioAs a guiding principle, any new
versionof the safety analysis repoghould provide update and revigd information on the topics
outlined in the previousssue of thesafety analysis repqriand should explain and justify any
significant differenceérom previous safety considerations. The level of information expectétkin
individual chaptersf different stages of theafety analysis repoid indicated in Appendik
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2.5. At theinitial safety analysis repogtage the information about theuclear power plantay be
limited, while information about the site should be reasonably compglteugh thefuture reactor
designcould not have been selected yet, the impact of the futuwaear power plarmn boththe site
and its environment nedd be based on a reasonable estimate, using éourading (enveloping)
approach Rather than describing safety features of the futuaear power plantheinitial safety

analysis reporshoulddescribe relevant safety principles and requirementsiamald,to some extent
also indicate how these requirementi be complied with. Since in mancases thenitial safety

analysis reportconsiss of a summary of requirementand these requirements angically not

described irdetail it may be practicable to combine several sections of a given chapter safétg
analysis repotinto oneintegratedsection.

2.6. The preliminary safety analysis reporhould contain sufficiently detailed information,
specifications and supporting calations needed for assigpgand demonstraigthat the plant can be
constructed commissioned,operated and decommissioné&d a manner that is acceptably safe
throughout its lifetime. Thepreliminary safety analysis repohould demonstrate thathe
requirements specified ihe initial safety analysis reporare fulfiled. The safety features
incorporated into the design should be described, with due regard to any site specifit. aspects

2.7. Thepre-operational safety analysis repatiould cotmin revisions and provide more specific
information on the topics outlined in thpreliminary safety analysis repptbking into account all
modifications implemented during the design and construstagef the nuclear power plantvith
justification of any differences from or revisions to the safety considerations or the design intent as set
out in the preliminary safety analysis reporThe preoperational safety analysiseport should
essentially justify the final detailed desighthe plant and present a demonstration of its safety. In
addition, thepre-operational safety analysieeport should address in greater detail tham the
preliminary safety analysis repoidsues related to the commissioning and operation of the plant
during the preoperationalstage The pre-operational safety analysieport shouldalso provide more

up to date information on the licensing basis for the plant.

2.7A The Final SafetyAnalysis Report (FSAR) should contain revisions of POSAR. Additional
information obtained during the operational stage should be incorporated periodically into the FSAR.
This information should include any plant modifications with their justification. Particular attention
should be given to documenting information affectimg decommissioning of the installation.

2.7B. This Safety Guide specifies the periodic updates of the approach and associated conditions
regarding the future nuclear power plant decommissioning (see Chapter 21). However, it does not
specifically addresthe scope of the safety analysis report for an advanced decommissioning phase,
when the nuclear fuel has been removed from the plant after a suitable cooling period

STRUCTURE OF THE SAETY ANALYSIS REPORT
2.8.Thesafety analysis reposhould be structured intbefollowing 21 chapters:

Chapter 1. Introduction and general considerations

Chapter 2. Site characteristics

Chapter 3Safetyobjectives andlesignrulesof structures, systems and compongnts
Chapter 4. Reactpr

Chapter 5. Ractor coolant system and associated systems

2 The bounding approach includé® identification of important physical and chemical parameters that may
affect the environment for thauclear power plartonsidered anthe use ofthoseparameters with the highest
impact value.

% In some cases (e.g. in states deploying a given reactignde several unitsfhe amount of information to be
provided in the preliminary safety analysis repoightdepend on the extent to which the proposed reactor
design conforms to a generic or standard design for which the licensing process hasdweed fokviously,
including the associated safety analysis report.
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Chapter 6. Engineered safety features

Chapter 7. Instrumentation and control

Chapter 8. Electric powgr

Chapter 9. Auxiliary systems and civil structyres
Chapter 10. Steam and power conversion systems
Chapte 11. Radioactive waste management
Chapter 12. Radiation protection

Chapter 13. Conduct of operatipns

Chapter 14. Plargonstruction andommissioning
Chapter 15. Safety analysis

Chapter 16. Operational limits and conditipns
Chapter 17Management systems

Chapter 18. Human factors engineering

Chapter 19. Emergency preparedness

Chapter 20. Environmental aspects

Chapter 21. Decommissioning and end of life aspects

29. The Annex of this Safety Guide provides an examplea afetailed structurdor individual
chapters of thesafety analysis reporfhe main bjective of thisAnnexis to indicate the expected
comprehensiveness of information provided inghfety analysis report

2.10. The proposedtructure of thesafetyanalysis reporincorporates several chapters, which were
often covered by separate documents. Examples of such chapte@omertional limits and

c ondi tfAmanagement systemsfemergency preparednéssfienvironmental aspeds and
fidecommissioningrad end of life aspeabs While in general it is acceptable to complementdsiiety
analysis reporby separate documents, ensuresufficient comprehensiveness of thafety analysis
report use of confidential informatiorand consistency with other licensing documeritsis
recommendedt least for newnuclear power plastto providea summary of such documents in the
safety analysis repordr to make references to thefe.g. see para 3.138 for a discussion on
information related to security This need may differ for different stages of Hadety analysis report
For example, including environmental aspects is relevant fonttial safety analysis reponsing
information usually available from the Environmental aopAssessment reponivhile in subsequent
safety analysis repathe radiological impact on people and environment should be comprehensively
covered by safety analysis included in Chapter 15 ofdlfety analysis report

UNIFIED DESCRIPTIONOF THE DESIGN OF PLANTSTRUCTURESSYSTEMSAND
COMPONENTS

2.11. In general, alplantstructuressystemsand components (SSCiat have the potential to affegt

safety should be described in the safety analysis refiuettype of information to beincludedin the

safety analysis repodabouteach plant systemiepend on the particulatype and design of the reactor
selected for constructioand should be sufficient to review their compliance to the national laws and
regulation mandatory for applicatiofror sometypes of reactorsmany of the sections discussed
below will be entirely relevant, while for otheeactortypesthose sectionsnay notapply directly.
However, as a general rule, all systems that have the potential to affect safety should be described in
the safety analysis report

2.12. Description ofall the structures, systems and compond®SC3 importantto safety should be
provided with a demonstration of their conformance to the relevant design requirements. The level of
detail of each descriptioshould be commensurate with the importance of the item desdobed
safety In order to ensure consistency and comprehensivendhe description of allthe SSCsor
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equipment important to safety,cammon structuravith more detailed specification dfi¢ intended
content is provided in Appendik

USE, REVIEW AND UPDATING OF THE SAFETY ANALYSIS REPART DURING
PLANT OPERATION

2.13. The use of theafety analysis repodhould not be limited to licensing and gooviding public
assurance regarding the safety of the plant prior the operatiorsafdty analysis repoghould be
continuously used by the licensee to manage safety. It is essential tlogietlading organization
implements the safety intent embodied in $aiety analysis reporby developing appropriate safety
management, procedures and instructions. Setfety analysis reposgerves tdadentify the limits and
conditions for safe plant operatiomvhich provide the basis for the development of operating
procedires and instructions.

2.14. Since thesafety analysis repoit an essential part of the overall justificatiorttud safetyof the

nuclear power plantt shouldcontinuouslyreflect the state of knowledge tife methods for safety
assessment as well g status of the plagbnfiguration Thesafety analysis reposhould therefore

be reviewed in adequate time intervals and should be kept up to date accordingly. The updating of the
safety analysis repomthould reflect as appropriate safety relatedvitiets performedduring the

nuclear power plardife time, including but not limited tothe following

1 Hardware modifications

Findingsfrom inspections

Procedural changes

Maintenance findings

Periodic safety reviewer alternative arrangements (see SE¥5para 2.8 [10])

Analysis of operational ewnts

= =4 =4 a4 A -2

Analysis of applicale experience from othewclear poweplantsand other industries, as
appropriate

1 Ageingof thestructures, systems and compongnts
1 Changes t@nalytical tebiniques, standards and criteria
I Requrements by the regulatory body

2.15. The safety analysis report should be consistent with the plant configumt@nthe plant
lifetime. Therefore the safety analysis report should be updated in timaiyer to reflect plant
modlflcatlons that have an |mpact on safety in accordance W|tf$-ISJS paras 11.2 and 11.B]]. &
i ver-It is essential that
all the act|V|t|es that couId |mpact the valldlty dfle safety anaIyS|s repostre clearly identified and
controlled by procedures that include a requirement to review the impact oae#adty. The full
impact of any modification on the safaif the nuclear pwer plantshould be evaluated andhere so
requiredsubmittedto theregulatorybody forapproval befordeingimplemened

2.16. Changes incorporated into thafety analysis reposhould be performeih accordance witlthe
procaluresestablishedy the operating organizati@ndbe easily traceablée.g. revision number and
date of release indicated in all the new pages incorpordteheinclude those incorporatedliring
the reviewprocess of theafety analysis repobly the regulatory body.

FORMAL ASPECTS OF T SAFETY ANALYSIS REPORT

2.17. The safety analysis repoghould documenthe safety of thenuclear power planiith a scope
andlevel of detail sufficientto support the conclusions reached and to provide an adequate input for
thereview of theregulatorybody. Depth of description in theafety analysis repoi$ determined by

the requirement that theafety analysis repoi$ a basic reference material, thus should be sufficiently
detailed to be understandable by itself.
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2.18. In view of theprimary responsibility of the operating organization for safetyenthe safety
analysis reporis developed by third party, e.g. bthenuclear power plantendot it should contain
sufficient andsufficiently detailed information, either in the report itself or in documents referenced,
to allow for the operating organization to conduct an independent verification. This verification should
be conductedirectly by the operating organization or byyarher qualified organization dts behalf
(seeGSR Part 4Rev. 1) para 4.644.66 and 4.6712]). Regardless of the process followed for the
development andgerification of the safety analysis repdtie operating organization remains
responsible fothe content, comprehensiveness and quality of the safety analysis report

2.19. Informationincludedin thesafety analysis repostiould be presented in a clear and concise way.
Each subject should be treated in sufficient depth and should be documented to permit a reviewer to
evaluate the safety level independently. Tables, drawings, plots and figures should be used wherever
they @ntribute to the clarity and brevity of the report.

2.20. The information contained in trsafety analysis reposhould be selfufficient toa reasonable

extent. The important supporting materials shouldrberenced irthe safety analysis reporfhese
materialsserve toenhane the review process and the later usability ofghfety analysis repodnd

should be easily accessible for the regulatory body to use the information needed for its review and
assessmentUse of external references and thektended use are inevitable (e.g. detailed design
documents, references to standards, detailed analysis reports, code validation reports and source
material for probabilistic safety assessmeBpme less essential external references are usually not
submited to the regulatory bodyogether with thesafety analysis repgrbut they should be made
availableupon requestDiscussions regarding lower level documents, as appropriate, are also useful
(e. g. operational procedures, emergency operating procedE®@PBs) and severe accident
management guidelines (SAMG)see NSG-2.15 (DS483, Step 11]12]. [Editorial: The two
sentences highlighted come from para 2.21]

2.21. User friendly format of thesafety analysis repodignificantly facilitates its use and review.
Therefore thesafety analysis repomadeavailableshould includean electronic forrat. Additionally,
use of internal reference links betwesafety analysis repothapters and sections in electronic form
is useful [Editorial: The lasttwo sentencesf this para were moved to 2]20

RELATION OF THE SAFHY ANALYSIS REPORT TO OTHER LICENSING
DOCUMENTS

2.22. In addition to thesafety analysis repgrthere are other documents used in the licensing process.
Typical examples are theeports on Environmental Impact Assessmenmtobabilistic safety
assessmenstudies and emergency preparednesor decommissioning plansin some States,
information from tkese reports is part of the safety analysis refgmne of the information contained

in thesafety analysis reponbay be the same as required for other licensing documents. In such cases,
the required information needs to Weorporatedin parallel in sgeral relevant documents to the
appropriate extent. The reason is that these documents may be responsive to different legislative
requirements and each of them should be essentialigaihined.

2.23. Consistency and continuity of information provided in different licensing documents as well as
in subsequent stages of thafety analysis repodhould be ensured in accordance Wi8SR Part 1
(Rev. 1) para 4.28 [IL In casea subsequent stage of teafety analysis reporindicates different
results in comparison with those fraime previous stages the information is improved or changes
have been mad#)e changes incorporated shouldelzplained angustified.

TREATMENT OF SENSITYE INFORMATION

2.24 It is understood that certain parts of the safety relevant informatiorbmay sensitive ohave
confidential nature. It is up to the operating organization to limit the content of such information
presented in theafety analysis repodr to adoptother adequate countermeasuréle latter may
include limitations of access to certain parts of thefety analysis repgrtio ensure that the information
publicly available will not disclose data which could be misused for malicious acts endangering
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nudear power plansafety security,or lead to violation of intellectual property rightsusiness or
sensitive informationAt the same time, it is also understood that intellectual property rigidgess

or sensitive informatioshould not impede a cqrehensive review of the safety analysis report by the
regulatory body,which should have access to all information deemed necessary to perform its
function. In addition to the safety analysis report used in the licensing it might be convenient to
prepare a safety report for public consultation; in that case the public version should not contain any
sensitive information.

STRUCTURE OF THESAFETY ANALYSIS REPORT FOR DIFFERENT TYPES OF
NUCLEAR INSTALLATIONS

2.25. This Safety Guide is intended to be usediarlear power plast Neverthelessome of its parts
maybe appliedo other nucleainstallationssuch aswclearfuel cycle facilitiesIn that caseticanbe
taken into account thatommon orsimilar structures, systems and componertsused in different
facilities, as well as considered operatingnditions In a majority of casesthe nature and the
magnitude of the associated risk is not comparalfitte that of anuclear power plantherefore, lhe
particularstructure anadontent of thesafety analysis repotypically depend on the specific type and
design of the nucleanstallationproposed, determing how different sectionfrom this Safety Guide
canbe covered in thesafety analysis reporCorrespondinglythe scope andcontent of thesafety
analysis reportor some nucleainstallationsmaybe significantly simplified as compared to gefety
analysis reportor thenuclear paver plant
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3. CONTENT AND STRUCTURE OF INDIVIDUAL CHAP TERS OF THE
SAFETY ANALYSIS REPORT

CHAPTER 1. INTRODUCTON AND GENERAL CONSDERATIONS

Introduction
3.1.1. Thesafetyanalysis reporshould start with an introduction, which includes:

(a) Identification of the purpose of the installation, justifying the need for energy and the choice of the
nuclear option;

(b) A statement of the majpurpose of theafety analysis report

(c) The maininformation about the procesd preparation of thesafety analysis reporthe major
contributors such as vendors and the utilization of information which has been prevjously
reviewed by the RB, if applicahle

(d) A description of the structure of tlsafety analysis repgrthe objectives and scope of baif its
chapters and the connections between them

(e) A description of the national and multinational guidance applied in the preparation safahe
analysisreport with justification of the possible deviations

Project implementation

3.1.2.Information provided in this section should include a description of the existing authorization
status, with indication of future project milestones, as appropriate.

Identification of interested partiesregarding design, constructionand operation

3.1.3. The primary contractors for the design, construction, and operation ofithear power plant
should be specified in this section, as appropriate. The principal consultants and outside service
organizations (such as those providing audits ofnla@agemensystem should be also identified.

The division of responsibilies between the designer(s), architeogineer(s), constructor(s), and
operating organizatioshould also be delineated.

Information on the plant layout and other aspects

3.1.4. Generalayout drawings for the entire plant (including multiunit plants) should be included in
this section, together with presentation of the physical and geographical location, connections with the
electricity grid and means of access to the site by rail, aoddvater.

3.1.5. Themain interfaces and boundaries betweersiten equipmentvith equipment and systems
external to the plarghould be describe@egarding external equipment it should be clearly specified
additionally, which one is under thiesponsility of the operating organization and what other is
under the responsibility of other organizations.

3.1.6. This section may also referdensitiveinformation on the provisions made for thecurityof
the plant. It may also include appropriate coverage of the steps taken to provide protection in the event
of amaliciousacton or off the site.

General plant description

3.1.7. This section should provide a general description of the plant, inclodiergll safety
philosophy, safety concepts be appliedand a general comparison with appropriate international
practices. It should enable the reader to gain an adequate general understanding of the plant without
having to refer to the subsequent chapter

3.1.8. The section should briefly presemg(in a table the principal elements of the plant, including

the number of units, the type e reactor the principal characteristics of the plant, the type of
nuclear steam supply systethe type ofnuclearfuel, the type of containment structure and systems,
the thermal power levels in the core, the corresponding net electrical power output for each thermal
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power levelthe type of ultimate heat sirdnd any other characteristics hecessary for utatetisig
the main technological processes included in the design.

Comparison with other plant designs

3.1.9.If applicable,this chapterincludes information about the reference plant (location and brief
datg. In casehe plant igffirst of a kind it is recommendetb compare the plant design witlesigns
licensed earlier, so as to identify the main differences and assist in the justification of any
modifications and improvements made. This comparison may focus on new safety featuneketor
power plans that differ from previous reactor designs suchttes use of redundant, diverse,
simplified, inherent, passive, or other innovative means to accomplish safety functions.

Drawings and other more detailed information

3.1.10. Basic technical and scheimalrawings of the main plant systems and equipment should be
included in this section. The drawings should be complemented with a brief description of the main
plant systems and equipment, together with their purposes and interactions. Referencebeshould
made, where necessary, to other chapters ofdfety analysis repotthat present detailed descriptions

of specificstructures, systems and components

Modes of normal operationof the plant

3.1.11. All operating modes of timclear power planthoul be described, including stapt, power
operation,shutting downshutdown(including long term shutdownmaintenance, testingefuelling

and any other allowable modes abrmal operation, including loatbllowing operation The
permissible periods of operation at different power levels in the event of a deviation from normal
operating conditions should be specified.

Principles of safety management

3.1.12. This section should briefly introduce management of safedn imsegral component of the
management of the operating organizatibshould be confirmed that the operating organization will
be able to fulfil its responsibility to operate the plant safely throughout its operating lifetime.
Principles of safety managemt shoulde described.

Additional supporting/complementary documents to thesafety analysis report

3.1.13. This section should provide a list and summary of the topical reports that are incorporated by
reference as part of treafety analysis reporTypically, the results of tests and analyses (e.g. results
of manufacturersd material tests and qualificat.i

Conformance with gopplicable regulations, codes and standards

3.1.14. This section should provide awverview of relevant regulations, codes and standards
represering the safety rules that have been used in the design, including information on the use of the
relevant IAEA Safety Standards. If these regulations, codes and standards have not beesdppgscrib
the regulatory body, a justification of their appropriateness should be provided.

CHAPTER 2. SITE CHARCTERISTICS

3.2.1. Chapter 2 should provide information on the geological, seismological, volcanic, hydrological,
meteorological and geotechnicaharacteristics of the site and the surrounding region and
characteristics of external human induceazards in conjunction with the information on the
radiological dispersion characteristics of the site and surrounding environment, the present and
projeced population distribution and land use that is relevant to the safe design and operation of the
plant. Sufficient data should be included to permit an independent evaluation

10
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valumformation provided in|
chapter 2 should be periodically updai(eyblcally every ten yeajstaking into accounthe latest
information and knowledge as a basis for evaluation of safety implications of the changes.

3.2.3. Site characteristics that mafeat the safety of thplant should be investigated and tieéevant
results of thecorrespondingassessment should beluded in this chapteiseeNS-R-3 (Rev. 1) [5],
NS-G-3.1[13], NSG-3.2(DS427 Step4) [14], NS-G-3.6 [15], SSG9 [16], SSG18[17], SSG21
[18] and SSG35[19].

3.24. This chapter of he safety analysis reporshould provide information concerning the site
evaluation as support for the design phase, design assessment phase and periodic safletk review
including casiderationson potentialchanges ofelevantsite parametersxpectedover the timeof the plant

This information shouldhclude:

() Collection of site reference data for the plant design (geological, seismological, geotechnical,
volcanic, hydrological antheteorological);

(b) Site specific hazard evaluation for external events of natural orgin darthquakessurface
deformation related to tectonic (i.e. faulting) and 4tectonic causesmeteorological events,
flooding, geologicaland volcanic hazardsend hazards from biological organignand human
inducedorigin (such as aircraft crashes and chemmgblosionsfrom activities performedat
nearby facilitiedindustrial and other facilitig}

(c) Design targets in terms a@&currence probability of external events, taking into account their
severity and associated uncertainties;

(d) Evaluation of the impact of the site related issues to be considered in the partssafetiie
analysis reporbn emergency preparedness and accident management;

(e) Arrangements for the monitoring of site related parameters throughout the lifetime of the plant

(f) Potential for specific hazards to give rise to impasitaultaneouslyon several unitén case of a
multiple unitsite.

3.25. A discussion of consideratiorearried out after the site survey stagencerning the site
exclusion and/or acceptance criteria applied for the purposes of preliminary screening of the site for
suitability, should I provided in this section of tlsafety analysis report

3.26. Site related information representsimportant input to the design process and may be one of
the sources of uncertainty in the final safety evaluation. The measures employed to accsustt for
uncertainty levels should be considered indafety analysis report

Geography and demography

3.2.7. This section should specify the site location, including both the area under the control of the
operating organizatioleenseeand the surrounding area in which there is a need for consuletton|
otherinterested partiesn the control of activities with the potential to affect plant operation, including
nearby flightrelated activitieslight exclusion zoneipelines, roadays and waterways

3.28. Information on such activitieshould include relevant data on the population distribution
including transient populationgnd density and on the disposition of public and private facilities
(airports, harbours, rail transport centrggpelines, roadways, waterway$actories and other
industrial sites, schools, hospitals, police services, firefighting services and musecipeés) around
the site.

3.29. This section should also cover {mablic uses of the land and water resources in the surrounding
area and should include an assessment of any possible interaction with therglaihie implications
for off-site protective actions in an emergency

Evaluation of site specific hazards

3.210. This section should present the results of a detailed evaluation of natural and human induced
hazards at the site be taken into account in desighstructures, systems aedmponentswith due
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consideration oenvisaged evolution of these hazards during expauietbar power planifetime;
seeNS-R-3 (Rev.1) [5] provides an overview of hazards to be considered

3.211 The screening criteria used for each hate@uding the envelope, probability thresholds and
credibility of events) and the expected impact of each hazard in terms of the originating source, the
potential propagation mechanisms and the predicted effects at the site should be discussed in this
sedion.

3.2.12. Hazards identified as potentially affecting the site can be screened out on the basis of being
incapable of posing a physical threat or being extremely unlikely with a high degree of confidence.
The arguments in support of the screening meahould be justified and described in this section of

the safety analysis report.

3.2.13. The definition of the target probability levels for design against external hazards and their
consistency with the acceptable limits should be presented. Attention should be paid to the external
hazards which coulghotentially lead to common cause faikg of the safetysystems and safety
features for design extension conditions.

3.2.14. The evaluatiompresented in this secti@hould take into account also unlikely natural hazards
exceedingthose considered for desigderived from the hazard evaluatiéor the site,in order to
ensure adequate margitzssavoidcliff-edge effects. In particulathe reliability of the heat transfer to
the ultimate heat sink should be given special attention.

3.2.15. It should beconfirmedthat appropriate arrangements arglace to update evaluations of site
specific hazards periodically in accordance with the results of updated methods of evaluation,
monitoring data and surveillance activities.

3.2.16. Output from the evaluation ofopential combinationsof such site specific hazardshat could
affect the safety of the installationshould bealso part of the information included in this section.

3.217. Where administrative measures are employed to mitigate the adverse effects of hazards
(especially for human induceelvents), information should be presented on their implementation,
together with the roles and responsibilities for their enforcement.

Proximity of industrial, transportation and other facilities

3.2.18. This section should present identificationlaations and routes representing potential risks

for the plant and the results of a detailed evaluation of the effects of potential accidents at industrial,
transport or other installations in the vicinity of the site. Projected developments over thegedvi
nuclear power plankife time relating to this information should also be presented and upthated
future stages of theafety analysis repoats required.

3.2.19. Any identified threats to the plant should be considered for inclusion in the dasigeuents
to help determine any additionaleasuregonsidered necessary to mitigate #uwerseeffects of the
potential incidents identified.

Activities at the plant site that may infl ue

3.220. Any processes or activities at thige that if incorrectly carried oytcould influence the safe
operation of the plant should be presented and described; examples of such processes or activities are
vehicular traffic in the plant area, the storage and potential spillage of fuelsagdsather chemicals,

intakes (e.g. of air for control room ventilation) or contamination by harmful particles, smoke or gases.

3.221. Measures for site protection (e.g. dams, dyl@sflood control and drainage) and any
modifications to the site (such as soil substitution or modifications to the site elevation) are usually
considered at the site characterization stagd their assessment in relation to the design basis should
be included in this section of tisafety aalysis report

Hydrology

3.222. This section should present sufficient information for evaluation of the potential implications
of the hydrological conditions at the site for the plant design and safe operation with special attention
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devoted to the cditions potentially affecting residual heat removal to the ultimate heat sink. Cooling
water channels and reservoirs to be used for cooling the plant should be described. Low water
conditions and possibilities of using ground water sources in extraordsitamtions should be
considered.

3.2.8. The conditions to be taken into account should include potential floods resulting from
phenomena such as abnormal ice effects, heavy rainfall and runoff floods from watercourses,
reservoirs, adjacent drainage ar@ad site drainage. This section should also include a consideration
of flood waves resulting from dam failureipoding caused by landslides, ice jams and otber
related floodingas well asseismically generated water based effects on and off the site. For coastal
and estuary sitegvaluations should include storm surgginamisandseichesFor both coastal and
riverine flooding, reasonable combinations of hazardsuld-be—considerefe.g tides and strong

wind) and potential changes caused by climate change should be considered

3.2.24. The information given in this sectioshould be preparetb allow the assessment of the
transport ofadionuclides in the groundwater and surface watstemthe dispersion of radionuclides
to the environmerdndthe measures taken to preclude tetease of radionuclidas the environment
throughcharacterization of hydro geologisubsurface properties and surface water features

Meteorology

3.2.5. This sectiorshouldprovide a description of the meteorological aspects relevant to the site and
its surrounding area, with account taken of regional and local climatic effects. Data derived from on
site meteorological monitoring or other meteorologstations should be documented.

3.2.8. This section should include information relevant to the assessment of the hazards from
meteorological events potentially affecting the plant and for assessment of transport of radioactive
material to and from the sitand the dispersion of radionuclides to the environment.

3.2.Z. The extreme values of meteorological parameters or meteorological events, including
temperature, humidity levels, rainfall levels, wind speedssti@ght and rotational windsacluding
tornadoeqdue to the sudden pressure drop that accompanies the passage of the center of)a tornado
waterspouts (due to their potential to transfer large amounts of water to the land from nearby water
bodies) dust stormssandstormsand snow loadsicing and pack iceseeSSG18 [17]), should be |
evaluated in relation to the design, taking into account envisaged evolution of such extreme
parametersver thenuclear power plarife time. The potential for lightning and windborne debris to
affect plant safetyincluding the desigibasis missile hazard from hurricanes and tornadsies)ld be
considered, where appropriate.

Geology, seismology, and geotechnical engineering

3.2.8. This section should provide information concerning the geological, tecgaigmological and
volcaniccharacteristics of the site aadufficiently large region surrounding the site. The evaluation
of seismic hazards should be based on a suitdBmotectoniomodel substantiated by appropriate
seismologicakvidence andjeological orseismologicadata. The results of this analysieat will be
used further in other sections of thafety analysis repofincluding structural desigrand seismic
qualification of componentsshould be described isufficient detail. The potential for volcanic
phenomena to affect plant safety should be considered, where appropriate

3.2.8. Site reference data relating to geotechnicaperties osoil and rock underlying the site (both
static and dynamic properties including damping and modulus degradation propsrtek) be
discussedGeologicalhazards such as slope instability, subsidence or uplift of the site surface, soil
liquefaction,instability of subsurface materials atite longterm performance of subsurface materials
andfoundationsover the life ofthe plant should be characterized in this section. The process of the
collection of data for the design of foundations, the evaluation a#ftbets ofsite response arsbili
structure interaction, the construction of earth struciutes effect of groundwater conditiorasd
buried structures, and soil improvements at the site should be described.

3.230. This section should present the relel data for the site and the associated ranges of
uncertaintyincluding spatial variabilityfo be used irsite seismic response analysisd structural
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design. Reference should be made to the technical reports describing in detail the conduct of the
invedigation campaigns, and their extension, and the origin of the data collected on a regional basis
and/or on a bibliographic basis.

3.231. The design oBubsurface materiand of buriedstructuresand site protection measures, if
relevant, should also be documented. A description of projected developments relating to the above
mentioned information should also be provided and should be updated as required.

Site characteristics and the potential effects of theuclear power plant

3.2.32. The taracteristics of the site and surrounding environment regargipgrdion ofradioactive
material in water, air and sahould be described in this secti¢gseesection 4 fronNS-R-3 (Rev. 1)

[5D).

Radiological conditions due to externakources

3.233. The radiological conditions in the environment at the site and its surroundings, with account
taken of the radiological effects oftsite and collocated installatior@d other externaladiation
sources, if any, should be described in sufficient detail to serve as an initial reference point and a basis
for assessment of radiological conditions at the site and the environment.

3.2.34. A description should be presented of the radiation monitorysgeisis available and the
corresponding technical means for the detection of any radiation or radioactive contamination. If
appropriate, this section may reference other relevant sections sHfétg analysis repoconcerned

with the radiological aspects licensing the plant.

Site related issues in emergengyeparednessand accident management

3.2.3%. Theissues regardinfeasibility of emergencpreparednest terms ofplantaccestility and
oeftransportin-caseof any equipment necessary fmemergencyincludinga severe acciderghould
be discussed ithis section, taking into account a#actorunits and other nuclearand nonnuclear
installations on the given sjtas applicable Information provided should include availability of
adequate access and egress roads for evacuation of pergmindingaccess to the sitepd-nearby

populationshelteringand supply networks in the vicinity of the site.

3.2.3. Theavailability of local transport networks and communications netwduksg and after an

external evenandfor-the-implementation-of a-suitable-emergency-plenfeasibility of planning to

implement emergency response actisinguldbe described. It should lemsuredhat the requirements
for adequate infrastructures external to the site are met.

3.2.37. The needs for any necessary administrative meashmgd be identified, together with the
relevant roles responsibilitiesof bodies and response organizatiorsther than the operating
organization.

Monitoring of site related parameters

3.2.38The strategy for monitoring and the use of the results in preventing, mitigating and forecasting
the effects of site related hazards should be described in this section.

3.239. The provisions to monitor site related parameters affected by earthquakes and surface faulting,
geological and volcanic phenomemaeteorological events, flooding, geotechnical and hazards from
biological organism&r humaninducedhazardqsuch as aircraffiight activities,chemical explosions

and activities at nearby industrial and other faciljts&®ould be described in this section. This may be
used to provide necessary information for emergem@rador actions in response to extermalents,

to support the periodic safety review at the site, to develop dispersion modelling for radioactive
material and as confirmation of the completeness of the set of site specific hazards taken into account.

3.240. Onsite meteorological monitoringrpegramme should be described which can be potentially
used for updating meteorological data in the future, for prediction of dispersion of radioactive
substances during plant operation or for early warning against extreme meteorological events.
Monitoring of demographic and hydrological conditions over the life time of the plant should be
described in this section as wgdbeNS-R-3 (Rev. 1), para 5.15]).
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3.241. Long term monitoring programmes should include the collection of data recorded using site

specific instrumentation and data from specialized institutions for use in comparisons to detect
significant changes from the design basis; for example, those due to the possible effects of global
warming.

CHAPTER 3.SAFETY OBJECTIVES AND DESIGNRULESOF STRUCTURES,
SYSTEMS ANDCOMPONENTS

3.3.1. Chapter 3 should outline the general design concepts, requirements, codes and standards,
applicable for different kindef structures, systems and compondBSC3 and the approach adopted

to meet the safety objectives. The compliance of the actual desigmlimvitieseelementsshould be
demonstrated in more detail in other chapters ofddfety analysis repqrin particularin those

devoted to description alifferent SSCs.

General safetydesign basisaspects

3.3.2. The overall safety philosophy and general approaches for ensuring safety should be presented in
this sectionln addition toanythe national requirementand associated regulatory guidantbese
approaches should be based on thguirements for the design &REA—SafetyRegquirement
establishedregardingnuclear power plast established iesign, (SSR2/1 (Rev. 1)) [3]. Several
relevantsubjects-are-discussed-in-the-following-sections.

Safety objectives

3.3.3. This section should summarize the overall safety philosophy, safety objectives and high level
principles used in the project. These should be based aeléwantsafetyprinciplesset out inSF1
Fundamental Safety Principlg&0].

Safety functions

3.3.4. This section should identify plant specific safety functions to fulfithim safety functions by

the plant desigfeaturesin accordance with the Requirement 45&R2/1 (Rev. 1) [Banddepending

on the nature of théacility or activity. The corresponding relevant SSCs necessary to fulfil these
safety functions should be introduced.

3.3.5. If main safety functions are subdivided into more detailed specific safety functions and
functional criteriawith the objectived facilitate their use, they should be listed héoe example heat
removal which isconsidered a safety function necessary not only for the safety of the reactor core but
also for the safety of any other part of the plant containing radioactive m#tatiakeds to be cooled,

such as spent fuel pools and storage areas.

Radiation protection andcadiological acceptance criteria

3.3.6. This section should describe in general terms the design approach adopted to meet the
fundamental safety objectivisee SFL, para2.1 (a)[20]) and to ensure that, in all plant states,
radiation doses within the installation or in the plant surroundings due to any release of radioactive
material are kept below authorized limits and as low as reasonably achievablRAALA

3.3.7. Relevant radiological acceptance critdda nuclear power planstaff and for the public
assigned for each category of plant states consistently with their concurrency (normal operation,
anticipated operational occurrengcdssign basis aaténts and design extension conditions) should be
introduced in this section.

General design basis and plant states considered in the design

3.38. The general approach to define the design basis should be described, taking into account
operational statesaccident conditions and also impacts from both external and internal hazards.
Information provided should include the operational states and accident conditions under which a
given structure, system or component will be demanded.
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3.39. This section shouldescribe the plant capabilities to cope with a specified range of operational
states and accident conditioModes of normal operation of théapt should be specified. Plant states
considered in the design should be listed and grouped into categyoeklition to normal operatipn
these categories shouidclude anticipated operational occurrences, design basis accidents, design
extension conditions without significant fuel degradatiom design extension conditierwith core
melting (severe accides)t

3.310. The Iasis forthe categorization of plant states (typically frequencies, or other associated
characteristigsshould be explainedRostulatednitiating eventswhetherof internal originor caused

by internal and external hazardég relevan} should be listed.This categorization shouldhe
commensurate with the content of SectofChapter 15) othis Safety Guide

Prevention and mitigation of accidents

3.311 This section should describe the measures taken to prevent and to mitigate nuclear or
radiological radiation-accidents and to ensure that the likelihood of an accident having harmful
consequences is extremely low. (seel$para 3.30and 331 [20)).

Defence in depth

3.3.12. This section should describe the approach adopted to incorporate the defence in depth concept
into the design of the plant. It should be demonstrated that the defence in depth concept has been
considered in alstages of théifetime of thenuclear power planfor all plant stateandfor all safety

related activitiesin accordance witt5SR2/1 (Rev.l) paras 2.12to 2.18 [3]. It should also be
demonstrated that measures are taken for adequate robustness and indepemtelazise Rdrticular
emphasis should be placaddescribing howindependence of safety systems and safety features for
design extension conditions with core meltisgpproached

3.3.13. It should be demonstrated that there @ingsical barrierso the rebase of radioactivitgnd
systems to protect integrity of the barriers and measures are taken to ensure robustness of provisions at
each level of defence in depth.

3.3.14. Where appropriate, any envisagggerabr actionsto mitigate the consequences of events and
to assist in the performance of important safety functessential for defence in depth should be
described

3.3.15. Where appropriate, any envisagefl-site supportnecessaryreeded—outside-the—plant-site
shauld be described.

Application of general design requiremeatsl technical acceptance criteria

3.3.16. This section shoulohcludehigh level description of the deterministic design principles. Where
aspects of the design are based on conservative deterministic principles, such as those embodied in
international standards or internationally recognized industrial codes and standandeggulatory
guidance documents, the use of such design approaches should be elaborated in this section of the
safety analysis repgnvith reference made to the specific applicable codes and standards.

3.3.17. The scope of implementation of the single failure crite@od how compliance with this
criterion is achievedhould be described here, as parth# envelope considered ihe design. If
relevant, consideration is given to the possibility of a sifagjlare occurring while a redundant train
of a system is out for maintenance and/or is impaired by internal or external hazards.

3.3.18. Provisions tcwomply with requirements 21 and-28 from SSR2/1 (Rev. 1) [3]for protection
against common cause faiés should also be addressed here.

3.3.19. Any other relevant approaches aimed at ensuring safety should be spesifiedhis section
such asthe following (a) simplification of the design(b) passive safety featureé;) gradually
responding plant systemg) fault tolerant plant and system&) operaor friendly systems;(f)
equipment that employs theak before break concepbrsatestate-design

3.320. Specific technical acceptance criteria associated with integrilgdofidual barriers against
releases of radioactive materials used in the design should be listed here. If probabilistic safety
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objectives or criteria have been used in the design motiesse should balso specified in this
section.

Practical elimination othe possibility oplant statesarisingthat could lead t@n early
radioactivereleaseor alarge radioactive release

3.321. This section shouldescribe the approaclsedto identify the conditions which could lead to

an early radioactive release or to a large radioactive release aswmtmarize the design and
operational provisions implemented demonstratehdr @ r act i c al * (sedSERAfL (Ravt i on 6
1), para5.31[3].

3.322 In this section, reference should &lso made as appropriateto other sections of theafety
analysis reporfsee Chapter 15) where relevant confirmatory analysis is presented

Safety margins and avoidance of cliff edge effects

3.3.23. This section should summarize the approach taken to ensure adequate tmgmginent cliff
edge effectsrelated to damage of barriers against releases of radioactive substances to the
environmentseeSSR2/1 (Rev. 1)[3].

3.3.24. The section shouldhiparticular describe the approach and other assumptions for deterministic
safety analysis (conservative or realistic) selected for demonstration of adequate safety margins,
including use of sensitivity studies tiemonstrate thavoidance of cliff edge &fcts in the analyses
applicable for design extension conditions.

3.3.25. The section should also describe the approach used for demonstration of safety margins for
internal or external hazardRegarding naturahazardsit should be described hoadequate safety
margins are ensured fboazards exceedintposeconsidered in the desigeeeparagraph 5.21A4om
SSR2/1(Rev. ] [3].

Design approaches for reactor core and fuel storage

3.3.%8. This section shouldlescribedesign approaches adopteddemonstrateperformance of the
safety functions in the reactor and in the fuel stoegas in particular in the spent fuel podihese
design approachesnay imply differences in implementation of defence in depth, different
specification of derivedafety functions, different monitoring meaasd substantial differences in
time evolution of accidentg\ccording to requirement 4 from SSR1 (Rev. 1) [3] there is a need to
consider shielding of the irradiated fuel elements as necessary for meetiimgit for occupational
radiation dosedviore detailed description of design provisiasiso be included in relevant sections of
chaptes 4 and 9 demonstration of evolution of the accidents avadilability of sufficient margins
should be included inhapter 15(SeeNS-G-1.4; DS487 Ste@) [21].

Considerations of interactions between multiple units

3.3.27. For multiple unit sites, this section should describe any sharing of systems between the units as
well as any interconnections between theaunishould be confirmed thatedQuirement 33 from SSR
2/1(Rev. 1)[3] is met

3.3.28. Interconnections between the units appropriate for further safety enhanciéraaptshould
be explicitly described in this section explaining the positasgwell as the adverseffects of such
interconnections.

3.3.29. When one or more units are mothballed [conserved] and kept irsteaége state (e.g. in
preparation for future decommissioningh description should be provided of any severed
interconrections or services provided by shared systems. In addition, results of analyses addressing the
impact of severing the interconnections and shared services on other operating units should be
provided.

4SSR2/1 (Rev 1) [3],footnote 4: The possibility of certain conditiomssing may beonsidered to have been
O6practi cal litywoudlbepmysically impodsible forfthe conditionsaadseor if theseconditions
couldbe considered with a high level of confidence to be extremely unlikely to arise
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Design provisions for ageing management

3.330. This section should definbe design life time of items important to safety and should describe
how relevant mechanisms of ageing and wear out were taken into accowrtlear power plant
design in order to ensure design life time of most imponadear power plantomponents. Special
attention should be devoted to the reactor pressure vessel, in particular to its neutron embrittlement.

3.331 It should be described how adequate margins are maintdadedg into account ageing
relevant degradation mechanisms, includihgse caused btestingand maintenance, plant states
during a postulated initiating eveaind plant states following@ostulated initiating event

3.332. It should be described hogonsideration of ageing effects caused by environmental factors
(such as conditions of vibration, irradiation, humidity or temperature) over the expected service life of
the items important to safety have been considered inghalification programmeReference should

be made to a comprehensive ageing management programme (see chapter 13).

Classification of structures, systems and components

3.3.38. This section should provide information on the approach adopted for the categorization of
safety functios identification ofSSCs needed to perform the safety functems safety classification

of the SSCs see SSR2/1 (Rev.1)[3] and SSG30 [22]. In particular, thedescriptionshould include

the details of the following:

1 Methodologyand crteriaamplied for safety classification;
1 Categorization of the safety functigns

1 Safety clasification of the SSCs;
1

Associated engineering, design (e.g. environmental qualification, seismic categorization)
and manufacturing rules for different safety classes of SSCs

I Vaerification of theclassification

3.3.3. If there is a potential for structures or systems to interact, then details should be provided of the
way in which it has been ensured in the design that a plant provision of a lower class or category
cannot undulympair the role of those with a higher classification.

3.3.35. A list of mainstructuressystemsand componentisnportant to safetyvith their related safety
functions, safety classification, seismic categorization and any afiseciatecdafety requirements,
should be included hereitherin an annexo or as a referenda thesafety analysis report

Protection against external hazards

3.3.3%. This section should provide a list of external hazards considered in the design, quantitative
design parameters of individual hazards, relevant design criteria, codes and standards, methods of
assessment araddescription of the general design measures provided to ensure that the essential SSCs
important to safety are adequately protected agairestditrimental effects of all the hazards
considered in the plant design.

3.3.37. Bothhazards of natural origin as well hBemaninducedhazardsfound relevant for the given
site should be taken into accoultazards with potential impact on sevemnaklear power plantnits
simultaneously should bepecificallyconsidereqseepara5.15B fromSSR2/1 (Rev.1) [3] and NS
G-1.5[23]. An indicativelist of external hazards to be considesbduld be identifieth Chapter 2.

3.3.38. Consideration should be given to causation and likelihood in postuletim@pinations of
potential hazards(para 5.17 of SSR/1 (Rev. 1)[3], such as induced effects caused by primary
external hazards, for example flooding following an earthquake. Menerally, combinations of
various kinds of loadsincluding loads from randomly occurring individual evenshiould be
considered and described here.
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3.3.3. The general information concerning different hazards taken into consideration in the design
shoud be presented in this chapter. The detailed design information, including calculation and test
resultsshould bepresented in Chaptersl2.

Seismic design

3.340. The seismic design characteristics apecific design requirements applicable for design of
SSCs, includingodes and standards, methodologied basic assumptions, to be taken into account
shouldbe presented in this sectisee SSR2/1 (Rev.1)[3]. The SSCsdesignsolutionsfor ensuring
the compliance with the requiremerglould bepresentedni Chapters 42. Information provided
should include:

1 Seismicdesignparameters

Designgroundmotion (including levels SE1 and SL2);
Applicableseismicsystemanalysis
Seismicanalysismethods

Proceduresised foranalyticalmodeling;

Interaction ofstructures with different safety classification

= =4 -4 a4 A -2

Seismicinstrumentation;
1 Controlroomoperabr notification.
Extremeweatherconditions

3.341 This section should present the design basis weather conditions for the extreme meteorological
hazardgasidentifiedin Chapter 2 of theafety analysis repgricodes and standards applicable for the
design, methodologiesvith basic assumptions, specifiequirements regarding loads and load
combinations to be taken into account. The design measures for ensuring the requirethjsatetgs

and compliance with the requirements are present€thapters 4.2

3.342. Possibleoff-site protective actionand the required human interactidosmitigatethe impact
of extreme weather conditiorshould be specified in Chapter 13 and described in details with the
justification of the successful protection against the design basis hazard for each case.

Extremehydrological conditions

3.343. This section should present the design basis external floodiogv water levetonditions and
hazards aglentifiedin Chapter 2 of theafety analysis repgrtodes and standards applicable for the
design, methodologieshasic assumptions, specific requirements regarding loads and load
combinations to be taken into account. The design measures for ensuring the requirethjsatetgs

and compliance with the requirements are present€thapters 4.2.

3.344. This sectbn should describe the methods and procedures by which the static and dynamic
effects of the desighasis flood conditions identified in Chapter 2 of g&fety analysis repodre
applied to structures that are designated as providing protection agaénsakeflooding.

Aircraft crash

3.345. This section should specify and describe all structures, systemsrtsrop systems) and
components that are necessary to perform functions required to attain and maintain a safe shutdown
condition or to mitigatehe consequences of aircraft crashlit should define the design basis aircraft

crash characteristics as defined in Chapter 2 ofdlfiety analysis repoandapplicabledesign codes

and standards, assumptions and specific requiremegésding loadsnd load combinations to be

taken into account The design measures for ensuring the required safety/performance and
demonstration ofompliance with the requirements should be present&hapters 4.2,
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Missiles

3.346. Thelevel of protection againstllaexternalmissiles (other than aircraft) identified in Chapter 2

of the safety analysis repoghould be included. This part should specify the design basis missile
hazard, provide the design basis missile data, identify the codes and standards tiigedefsign of
protective measures, methodologieth basic assumptiorendspecific requirements regarding loads

and load combinations to be taken into account. The design measures for ensuring the required
safety/performance and compliance with the neuents should be presented in Chaptet.4

Externalfires, explosion andoxic gases

3.347. This section should discuss the protection against external fires, explosions and toxic gases
originated from other industrial and transportation activities. The design basis external fire, explosion
and toxic gases hazards identified in Chapter 2 ofhe safety analysis repoghould be discussed
including the codes and standards applicable for the design, methodologies basic assumptions, specific
requirements regarding loads and load combinations to be taken into account. The design measures for
ensuring the required safety/performance and compliance with the requirements should be presented in
Chapters 4.2.

Otherexternalhazards

3.348. This section should discuss the protection against any other external hazards considered in the
design,covering eahin aseparate section. The design basis hazards should be discussed including the
codes and standards applicable for the design, methodolagflesbasic assumptions, specific
requirements regarding loads and load combinations to be taken into adtwudésign measures for
ensuring the required safety/performance and compliance with the requirements should be presented in
Chapters 4.2.

Protection against internal hazards

3.349. This section should provide a list of internal hazards considered in the design, quantitative
design parameters of individual hazards, relevant design criteria, codes and standards, methods of
assessment araddescription of the general desigeasuresnovided to ensure that the essential SSCs
important to safety are adequately protected against the detrimental effects of all the hazards
considered in the plant designorder to ensure safe shutdown of the plag¢ SSR2/1 (Rev.1) [3],

NS-G-1.7 (DS491 Step 5]24] and NSG-1.11(DS494 Step HR5]. Thelist of internal hazardshould

include the following

9 Internal fires and explosions;
1 Heavy load drops;

1 Internal flooding;
1

Pipe whipping following their ruptures and dynamic effects associatedigithenergy pipe
ruptures

1 Internal missiles such as those oraged from rotating structures;
9 Failures of pressurized components, supports or any other structures

3.350. Similarly as in the case of external hazards, consideration should be gh@mnriegligible
combination of internal hazards (such as flooding due to an internal missile) or plausible combination
of external and internal hazards.

Internalfire, explosion andoxic gases

3.351 This section shouldummarizehe protection againgtternal fires, explosions and toxic gases
originated from the omite activities and technological failures. The design parameters, the loads and
exposures, protection measures and the required human interactions should be specified and described
with the justification of the successful protection. The descripao justificationof the relevant
countermeasureshouldbe included irpart9A of thesafety analysis repor€onfirmation of adequacy
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of the design measures for ensuring the required skfedy and compliance with the requirements
should be presented in Chapter$24

Internal flooding

3.352 This section shouldummarizehe protection against internal floods. The des&guirements
theresultingloads andheir implicationsand therequired human interactions should be specified and
described with the justification of the successful protection. This includes the identification of all
potential flooding mechanisms and the protection and drainage measures in relation with therparticula
SSC. In additionthe analysis of thdamage of th&SC should be covered by this section. The design
measures for ensuring the required safetyel and compliance with the requirements should be
presented in Chaptersl@.

Internal missiles

3.353. This section shouldescribethe protection against internal missiles. The destguirements

the loads antheir implications eff-site-protective-actionand the required human interactions sholild
be specified and described with the justification loé tsuccessful protection. This includes the
identification of all potential missile generating events,ghemetersf generated missiles, including
turbine missilesand any othemissileseitherinsideor outside the containment. The design measures
for ensuring the required safeligvel and compliance with the requirements should be presented in
Chapters 4.2.

High energyline breaks

3.354. This section shouldlescribethe protection against high energy line breaks. The design
requirementsthe loads andheir implications eff-site—pretective—actionand the required humarh
interactions should be specified and described with the justification of the successful protection. This
includes the identification of all postulated failures of higkrgy pipelines and the dynamic effects of

the pipe break and the SSCs potentially affected. The design measures for ensuring the required safety
leveland compliance with the requirements should be presented in Chafiers 4

Otherinternalhazards

3.355. This section shouldescribethe protection against any other internal hazards considered in the
design,each covereth a separate section. The design basis hazards should be discussed including the
codes and standards applicable for the design, mddweés with basic assumptions, specific
requirements regarding loads and load combinations to be taken into account. The design measures for
ensuring the required safeligvel and compliance with the requirements should be presented in the
specific Chaptexr 412.

General design aspects foeivil engineering works ofsafety classified buildings and civil
engineering structures

3.356. This section should present relevant information on the design approaches to civil engineering
of buildings and structures, including their foundations. It should also briefly introduce the way in
which the margins have been taken for the constructitmitdings and structures that are relevant to
nuclear safety, including the seismic resistance of buildings and strupexsfic information on
compliance with the design rules for civil engineering works and structures should be provided in
Chapter 8.

3.357. General information on civil engineering works and structures should be composed of the
following items: (a) Applicable codes, standards and other specificatidbs;Loads and load
combinations;(c) Design and analysis proceduréd) Structural acceptance criterige) Materials,
quality control, and special construction techniquéB; Testing and irservice inspection
requirements.

3.358. In addition to general design principles for structural and civil engineering, sparfic
information should be provided on the foundatidms;ied structuresbuildings and civil structures.
This section should focus on the specific information related to foundations.
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3.359. This section should also specify the safety requirements for theirooetat building itself,
including its leaktightness, mechanical strength, pressure resistance and resistance to hazards.
Specificinformation should be providddr concrete containments afmt steel and concreiaternal
structures of the containmenth& major structures to lz@ldressedhould include:

1 Reactor support system
1 Steam generator support system

1 reactor coolant pumgupport system

1 Primary shield wall and reaat@avity secondary shield walls;

1 Other major internal structures, such as suppadfjelling cavity walls, ircontainment

refudling water storage tankspent fuel intermediate storage poolpperating floor,
intermediate floors and various platforms

The detailed descriptionsf the stretures containing general arrangement layouts, sections and
principal features of major internal structust®uld be presentéd Chapters 9B.

3.360. The general information to bgrovidedfor the safety classified buildings, civil engineering
structurescontainment and containment internal structures |stedld includehe following:

1 Applicable Codes, Standards, and Specifications

=

Loads and Load Combinatigns
Structural Acceptance Criteria
Testing and Irservice Inspection Requirements
Treatmenbf design extension conditions, as appropriate.
3.361 Otherbuildings, for which the design rules should be described, include:
Auxiliary building;
Safety building
Fuel storage building

= -4 -4 -—a O -—Aa -—a -2

Building with control locations (i.econtrol room supplementarycontrol room and other
emergency response facilities and locatipns)

9 Diesel generator building
General design aspects fomechanical systems and components

3.362. Relevant information on design principles and criteria, codes and standards used in the design
of mechanical componen&nd information on physical separatisimould be included in this section.
Information should be provided concerning the design leadisload combinations with appropriate
specified design and service limits for components and supports.

3.363. Methods, assumptionspmputer programmes or experimental verification used in dynamic
and static analyses to determine the structural andidmat integrity of the mechanical components
should be presenteahd their adequacy justifiedinformation concerning the design transients and
resulting loads and load combinations with appropriate spectdesign and service limits for
classifiedcompaents and supporshould be presented

3.364. A complete list of transients used in the design and fatigue and fracture analysieaétal

coolant systemand core support componengs well as other supporting componeatsl reactor
internals and other systems that perform a safety funcloould be presentedhe list should include

the number of events for each transient, as well as the number of load and stress cycles per event and
for events in combination, the number of transients assdongtie design liféme of the plant and

describe the environmental conditions to which equipment important to safety will be exposed over
thedesignlifetime of the plant (e.g., coolant water chemistry).
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3.365. Requirements for ensuringtructural integty of pressureetaining componentsvith their
component supports, and core support structures designed and constructed in accordance with the rules
should be described his discussion should also incorporate design information related to component
desgn and include current design information, representative, or bounding informBgsign
information should be given also for components not important to safety located in the vicinity of
safety components and how the failure of these components waldwetsely affect the function of

the nearby safety components

3.366. This section shoulddescribe the approach aedgineering designules forthe design and
analyses of the piping system, including piping components and associated supports. The discussion
should cover requirements and procedures used in preparing the design specification of the piping
system, including loading combinations, idesdata, and other design inpuffie specific information

on piping design of particular systems is given in Chapterabd8A.

General design aspects foinstrumentation and control systems and components

3.367. Relevant information on design priplds and criteriand the codes and standards used in the
design of instrumentation and control systems and components should be included in this section.
Information on general design principleshould be provided regardinga) Deign basis; (b)
Performance (cb) Reliability; (de) Independencef provisions for the different plant statggd)
Qualification; (fe) Verification and Validation(gf) Single failure criterion applicatiorfhg) Access to
equipment(ih) Security aspectpéssiblytreated in a separate classified documdi)Quality; (ki)
Testing and testability(lk) Maintainability; (mb) Identification of items important to safetyn)
Common cause failure criteria

3.368. The design basis should identifynctional and no+functional requirements including
functions, conditions and requirements for the ovanatrumentation and contrahd each individual
instrumentation and contralystem. This information is then used to categorize the functionsoand
assign them to systems of the appropriate safety; dasSSG30[22].

General design aspects foelectrical systems and components

3.369. Relevant information on design principles and criteria, and the codestaauthrds used in the
design of electrical systems and components should be included in this section. Information should be
provided on general design principles regardifg) Design basis; (b)Redundancy; (ch)
Independence(de) Diversity; (ed) Controls and monitoring;(fe) Identification; (gf) Capacity and
capability d systems for different plant statelsig) Considerations of the external grid and related
issuegi) Power guality

3.370. The design basishould identify functional and nefnctional requirements including
functions, conditions and requirements for the overall electrical sysamghdor each individual
electrical systenshould be also described and hdws tinformationis used to categorize the functions
andto assign them to systems of the appropriate safety idagsordance witlsSG30[22].

Equipment qualification

3.3.71 This sectiorshould describe;onsistently with SSR/1 (Rev. 1)[3], the scopef qualification

and qualification proceduseadopted to confirm that the plant items important to safagjuding |
safety features fadesign extension conditisnare capable of meeting the design requirements and of
remaining fit for purposén the range of individual or combined environmental challenges identified
for the situationsinder whichthey are supposed to perfarirhe identified challenges should take into
accountall the stages and durationtbk plantlifetime.

3.372 1t should bepresentechow the qualification programme takes account of all identified and
relevant potentially disruptive influences on the plant under which the SSCs are performing, including
internal and external hazard based events. If acceptance criteria aferutbedqualification of plant

items by testing or analysis, these should be described here.

3.3.73. The sectionshould include information on the methods used to ensure that the SSCs are
suitable for their design duty, remain fit for purpose and conttougerform any required safety

23



DS449i F&C of the SAR for NPPs 2nd review bySSCsi 10 November 2017

function claimed in the design justification (in particular those functions claimed in the safety analyses
and presented in the corresponding chapter ofdfety analysis repQrt

3.3.74. The criteria should be providetat are used for qualification, including the decision criteria

for selecting a particular test or method of analysis, the considerations defining conditions resulting
from the applicable plant conditions and pastident environmental conditions and #atsmic and

other relevant dynamic load input motion, and the process to demonstrate the adequacy of the
qualification program. The criteria should be presented for electromagnetic qualification, including the
decision criteria for selecting a particulast or method of analysis, the considerations defining the
electromagnetic impact, and the process to demonstrate the adequacy of the electromagnetic
qualification program

3.375. A list of itemsimportantto safety together with theiqualification recquirements and, once
available, confirmation of qualificatioishoud be established and provided or referenced here.

In-service monitoring, tests, maintenance and inspections

3.3.76. This section should provide an overview of regulations, normstandards applicable for the
area of inservice monitoring, tests, maintenance and inspections. Specific rules for each of the areas
listed should be provided.

Compliance with national and international standards

3.3.77. This section should include a staent of the conformance of the plant design with the design
principles and criteriastablished imational and international standardgich themselves will allow
compliancewith the safety objectives adopted for the plant.

CHAPTER 4 REACTOR

3.4.1.This chapter should provide relevant information on the reactor to demonstrate its capability to
perform relevant safety functions throughout design lifetime in all [@t&tes The eactor pressure
vessel as a part of the reactor coolant system prebsuredary should be described separately in
chapter 5 of thesafety analysis reporifhe contents of this chapter shodéemonstrate compliance

with the requirements 4t® 46 from SSR 2/1(Rev. J [3]; recommendations to meet thequirements
applicable ¢ this chapter are provided N5-G-1.12 (DS488, Step gr6].

Summary descriptior

3.4.2. A summary description should be provided of the mechanical, nuttieamathydraulic
behaviour of the various reactor components, including the fuel, reactor vessel internals, reactivity
control systems anelated instrumentation améntrol systems.

3.4.3. For each of the reactor composert more detailed descriptioshould be provided, in
accordance with Appendix.|l

Fuel desigr?

3.4.4. A description should be provided of the n&laments of théuel taking into account Appendix

II, as applicablewith safety substantiation for the selected design basesjustigcation for the
design bases of the fuel should incladéescription of the design limits for the fuel and the functional
characteristics in terms of the desired performance wlbjglant states

® AppendixI| provides guidance to describe NPP systems design in the Safety Analysis Report.

® ' n this Safety Guide the term fAfuel o means arrays
insulator pellets, springs, tubular cladding, end closures, hydrogen getters, and fill gas; burnable poison rods
including components similaio those in fuel rods; spacer grids and springs; end plates; channel boxes and
reactivity control rods.

24



DS449i F&C of the SAR for NPPs 2nd review bySSCsi 10 November 2017

Nuclear design
3.4.5.The following information shald be provided in this section:

(i) The nuclear design bases, including nuclear and reactivity control limits such as limits on excess
reactivity, fuel burnup, reactivity coefficientsieutron flux distribution,power distribution
control and reactivitynsertion rates

(i) The nuclear characteristics of the lattice, including core physics parametergnrichment
distributions in***U and Pu vectors contents (if applicablburnable poisomods distributions
and concentrationsburnup distributionsboron reactivity coefficient and boron concentrations
control roc type andocations shutdown margin specificatiandrefuellingschemes

(iif) The analytical tools, methods and computer codes (together with information onerdamtion
and validationincluding uncertainties) used to calculate the neutronic characteristics of the core,
including reactivity control characteristics

(iv) Further nuclear safety parameters of the reactor core, such as radial and axial powegr peakin
factors and maximum linear heat generation rate;

(v) The neutronic stability of the core, includiXgnon stability throughout aroperatingcycle, with
consideration given to the possilalromalies irthe different modes of normal operaticovered
by thedesign basis

(vi) Special core configurations such as mixed core or sofdeormaloperation.
Thermal-hydraulic design
3.4.6. This section should provide the following information:

(i) The thermathydraulic design bases for the reactor core armha@#nt structures, and the interface
requirements for ththermathydraulic design of the reactor coolant system

(i) The analytical tools and methods and computer codetiding theirverification and validation
with uncertainties) used to calculdatermathydraulic parameters;

(iif) Flow, pressure and temperature distributions, with the specification of limiting values and thei
comparison with design limits;

(iv) Justification of thehermathydraulic stability of the core.
Design of the reactivitycontrol systems

3.4.7. All reactivity control systems should be described. A demonstration should be provided that the
reactivity control systems, including any essendiakiliary equipment and hydraulic systems are
designed and installed to provide teguired functional performance and are properly isolated from
other equipmentin addition, the design limits oresignevaluation of reactivity control systems
should be provided.

Evaluation of combined performance of reactivity control systems

3.4.8. This section should describe the relevant situations and evaluate the combined functional
performance for accidents where two or more reactivity control systems are used.

3.4.9. This section should also include failure analyses to demonstratihehegactivity control
systems are not susceptible to commaunse failures. These failure analyses should consider failures
originating withinany ofreactivity control system as well as those originating from plant equipment
other than reactivity systenasd should beomprehensivelyprovided with supporting discussion and
logic.

Core components
3.4.10. Descriptions of the following aspects should be provided:

(i) The systems of core components, defined as the general external details of the fureictires
into which the fuel has been assembled (e.g. the fuel assembly or fuel bundle), related components
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required for fuel positioning and all supporting elements internal to the reactor, including any
separate provisions for moderation and fuel lacafdescription of interfacesleferenceshould be

made to the other sections of gefety analysis repotthat cover related aspects of the reactor core
and also fuel handling and storage

(i) The physical and chemical properties of the materials fmethe core components, as well as
nuclearphysics thermathydraulic, structural and mechanichlaracteristicef the components

(iif) T he expected response to static and dynamic mechanical loads and their behaviour with respect to
design limits, togier with a description of the effects of irradiation and corrosion on the ability of
the core components to perform their safety functions adequately over the lifetime of the plant

(iv) Any significant subsystem component, including any separate pnovigianoderation and fuel
location, with corresponding design drawings

(v) A consideration of the effects of service on the performance of safety functions, including both
surveillance and inspection programmes to monitor the effects of irradiatiomeind an the core
components.

CHAPTER 5. REACTOR OOLANT SYSTEM AND ASSOCIATED SYSTEMS

3.5.1. Chapter 5 should provide relevant information on the reactor coolant system and its associated
systems, where possible in the scope of information and formailzkxsin Appendixl. The contents

of this chapter should demonstrate compliance witrapigicable designequirementsrom SSR2/1

(Rev. 1) [3] 6ee thegeneralrequirement1 and 230 26 and thespecific requirementst?7 to 50).

Specific guidancédor the design of these systeragprovided inlNS-G-1.9(DS481 Step) [27].

3.5.2. A description and justification should be provided to demonstrate thaeabwr coolant
systemswill retain its required level of structural integrity in operational states and accident conditions
(for nonaffectedstructures, systems and compongrtgormation on integrity of the reactor coolant
pressure boundary should contain the results of dimiled stress evaluatiorend studies of
engineering mechanics and fracture mechanics of all components comprising the reactor coolant
pressure boundary subjected to opersl states including shutdown operating modes, and
postulated accident loads.

Summary description

3.53. This section should provide a summary description ofghetor coolant systenasd its various
components. It should indicate the independent and interrelated performance and safety functions of
each component and should includeocaerviewof important design and performance characteristics.

3.5.4. A list of all components of tlreactor coolant systenshould be provided, together with the
corresponding applicable codes. The specific detailed stress analyses for each of the major
components should be directly referenced so as to enable further evaluations to be made, if necessary.

3.5.5. A description of design features and justification of the performance should be provided
ensuring that the various components of th&ctor coolant systenand the subsystems interfacing
with the reactor coolant systemmeet the safety requirementor designFor example, his should
include, where applicable, the reactor coolant punmpspressurized water reacto(®?WR) or
recirculation pump$n boiling water reactor€BBWR), the steangeneratorgPWR) or boilers(BWR),

the reactor coolant pipingr ducting, the main steam line isolation system, the isolation cooling
system of the reactor core, the main steam line and feedwater piping, the pre¢BWIR3r the
pressurizer relief discharge systamd the residual heat removal system, includingcathponents

such as pumps, valves and supports.

3.5.6. A schematic flow diagram of threactor coolant systenenoting all major components,
principal pressures, temperatures, flow rates, and coolant volume under normabkttatypower
operating onditions should be provided. A piping and instrumentation diagram aé#wotor coolant
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systemsand connected systems as an elevation drawing showing principal dimensionseaictbe
coolant systemi relation to the supporting or surrounding conegtuctures should be given.

Materials

3.5.7. A justification of the materials used for the components of the reactor coolant system and
associated systenstiould be providedspecificallyfor those forming the primary pressure boundary.
Information provided shoulddescribethe corresponding material specifications, including chemical,
physical and mechanical properties, resistance to corrosradjation considerations (e.g. waste
management and doseljmensional stability, strength, toughnessckrtolerance and hardness. The
properties and required performance of seals, gaskets and fasteners in the pressure boundary should
also be considered’he sectionshouldaddress applicable degradation mechanisms and fabrication
challenges including stres corrosion cracking and sensitization of welds explicitiyshould also
addressthe necessary precautions or analysis justifying the adequacy of the chosen materials
processes ifight of the above be provided.

Reactor coolant system and reactor cdant pressure boundary

3.5.8. This section should describe measures implemented to thesintegrity of thereactor coolant
systemsthroughout the plant lifetimeancluding prevention ofcold overpressurizationln addition,

this section should provideformation on means of overpressure protection of the reactor coolant
pressure boundary including all presstekeving devicesigolation,safety and relief valves). Coolant
leakage detection provisions should be descritoed

3.59. Description sholdl be also provided in this sectiofithe scope of thieak before breakoncept

or break preclusiorconcept and itsimplementation in thereactor coolant systemgiping. The
description should include monitoring means and analytical demonstration important to ensure
limitation of the break size in theactor coolant systemis should be also describelde implicatiors

of the concept used on the design of other syst@momponentgsuch as reactor internals) and on

the scope opostulated initiating evestcovered by the analysis in chapter 15.

Reactor vessel

3.510. The description of the reactor vessel design should be provided in this section in a manner that
is detailed enough to demonstrate that the materials, fabrication methods, inspection techniques and
load combinations used conform to all applicable reguriatindustrial codes and standards. Design
information should include the reactor vessel materials, the préssuperature limits and the
integrity of the reactor vessel, including embrittlement consideratiofmation on neutron flux
distributionand expected neutron fluence on the walls of the reactor pressure gesset from the

core characteristicshould bencluded (see chapter 4).

3.5.11. Information should also be provided on provisions to ensure vasgettion against seismic
loadsand suroundingenvironmental conditionsncluding effects of thepressurizedhermal shock
andbehavior ofreactor vessel penetrations.

Reactor coolant pump¢ recirculation pumps

3.5.12. A description and justification should be provided of peeformance and design features that
have been implemented to ensure thatréaetor coolant pump$ressurized water reactpiBWR9

or recirculation pumpsbpiling water reacto)s meet the safety requirements for desigre
description should providenfiormation on the hydraulic parameters that ensure adequate cooling of
the fuel and adequate flow coastdown characteristics in the event of pump trip to avoid undesirable
thermathydraulic conditions. The information should present the provisieaide to preclude rotor
overspeeding and to address cavitation and possible vibration ofettetor coolant pumand
associated structures in the event of a delsagis loss of coolant accidefithe descriptiorshould
alsoaddress seal performanadacluding performance under prolonged station blewck conditions

The evaluation of pump and motor lubrication system failures (e.g. leaks of lubricant or loss of
cooling) to prevent bearing stuck of pump and motor should be included.
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Primary heat exchangers(steam generatorsjn PWR

3.5.13. A description and justification should be provided of the performance and design features that
have been implemented to ensure thatstikam generatomseet the safety requirements for design.
The description should include the internal structures ofstham generatorand connections to
feedwater and steam exit and drains, as well as accesses for inspection and leak. detection

3.5.14. The description uld also provide information odesign limits for water chemistry,
concentration of impurities and radioactivity levels in the secondary side cftéhen generators
during normal operation.

3.5.15. Potential effects dfieat exchangaube damage and tlisign criteria to preverit should be
specified, including

(1) Design conditions anplant stategonsideredor thesteam generatdubes andccidentconditiors
selected that define the allowable stress intensity limits to be used and the justification for this
selection

(2) Extent of tubewall thinning that could be tolerated without exceeding the allowable stress
intensity limits defined in (1) above under thestulated condition of a desidpasis pipe break in
the reactor coolant pressure boundary or a break in the secondary piping during reactor operation.

Reactor coolant piping

3.5.16. A description and justification should be provided of the performantd@@sign features that

have been implemented to ensure that the reactor coolant piping meets the safety requirements for
design.The description should include the design, fabrication, and opeabficovisions to control

those factors that contribute $tresscorrosion cracking.

Reactor pressure control system

3.5.17. A description and justification should be provided of the performance and design features that
have been implemented to ensure that the reactor pressure control system meets the safety
requirements for design. In addition to the pressurizer systems (pressurizer heaters anth sprays
pressurized water reactofBWRSs), these should include also tlepressurization systems such as
pressureelief tankor pool (in PWRSs) or wet well (in boiling water reactommkessureaelief and safety

valves and associated piping.

3.5.18. The description of theeactor depressurization systems used for design basis accidents and
those used for design extension coiedié should be provided, including clearjustification ofthe
independence of the levels in defence in delpitato the relevance of these systems

Reactor coolant system component supports and restraints

3.5.19. A description and justification should be provided of the performance and design features that
have been implemented to enstire integrity of supports and restraints and their adequacy.

Reactor coolant system and connected system valves

3.520. A desciption and justification should be provided of the performance and design features that
have been implemented to ensure that the valves interfacing withattter coolant systenmseet the
safety requirements for desigimhis description shouldnclude safety and/or relief valves, valve
discharge lines and any associated equipment.

Access and equipment requirements for irservice inspection and maintenance

3.5.2L. In this sectioninformation should be provided on the system boundary, subject to inspection.
In particular, components and associated supports should be discossmling all pressure vessels,
piping, pumps, valves, and boltingpvering the following areas:

9 Accessiliity, including radiation protection aspects, working conditions (e.g. temperature and
hygrometry) and systems operability

9 Examination categories and methpds
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1 Inspection intervals

1 Provisions for evaluating examination results, including evaluation rdstfor detected flaws
and repair procedures foomponents that reveal defects;

f System pressure tests.

The programmes and their implementation milestones should be described and reference to any
applicable standards made.

Reactor auxiliary systems

3.5.2. This sectionshould providea description and justification of the performance and design
features that have been implemented to ensure that the various connected or associated systems
interfacing with thereactor coolant systenmeet the safety requirentsrfor design. Selection of the
systems to be covered in this section should be done without repetition of the information in other
chapters, in particular in chapter 6, chapter 9 and chapter 10.

3.5.23. Examples of thassociatedystems to be coveredtims section include:

1 Chemical and inventory control systems for the reactor cqolant
Reactor coolanthakeup-andcleanup systems
Residual heat removal system
reactor coolant systenggh point vents
Heavy water collection system fpressurizedheavywater reactas;
Moderator system and its cooling systemgdmgssurized heawyater reactcs;

Reactorcoreisolationcooling system forboiling water reactag

=A =4 =4 4 4 -4 -4

Isolationcondensesystem forboiling water reactar.

CHAPTER 6. ENGINEERED SAFETY FBTURES

3.6.1. Chapter 6 should present relevant information on the engineered safety features and associated
systems Engineered safety featlwdo be covered in chapter 6 are understood as gtasetures,

systems and componemsgseded for performing safety functioadequatelyin case of design basis
accidents design extension conditiongncluding core melt accidentsand for some anticipated
operational occurrences

3.62. Description of theengineered safety featwrahould dmonstrate their capability to mitigate the
consequences of the accidents and to bringnticiear power plarib the controlledstate and finally

to reach asafe state, in accordance with the relevant requirenestéblishedn SSR2/1 (Rev. 1)
requirementsb1to 58 and 630 67 [3].

3.63. It is assumed that each group of the systems covered in different seelion will separately
address safety systems and safety features for design extension comgitapyopriatewith focus
on adequatendependence between relevant two levels of defence.

3.64. Systems and provisions necessary for transferring heat to the ultimate heat sink/diverse heat sink
should be presented with special care and their function of heat transfer for cases of azandsl h
exceeding site design basis should be addressed.

3.65. Theengineered safety featgrprovided in different plant designs may vary. Téregineered
safety feature explicitly discussed in this chapter are those that are typically used to limit the
consequences of postulated accidents in-igitercooled power reactors, and should be treated as
illustrative of theengineered safety featuaed of the kind of informative material that is needed.
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3.66. Whenusingl he use ohonpermanent equipmemss part othe-accident managemest should

be described in this chapter that there are adequately rdesgin features to enable reliable
connectionof nonpermanenequipment, including conditions induced by external hazards exceeding
those of desigbasis(see paras 6.28B, 6.45A and 6.68 from S$R(Rev. 1) [3]).

3.6.7. For each of theengineered safety featgredetailed description shoylds far as reasonable
include the items specified in Appendid. In descrbing the materials used iengineered safety
feature components material interactions with fluids that could potentially impair operation of
engineered safety featwreshould be taken into account The description should cover the
compatibility of materialsfor engineered safety dtures with core coolant and containment spray
solutions. All organic materials that exist in significant amounts within the containment building
should be described, includimmastics, lubricants, paisibr coatings, electrical cable insulation and
asph#.

Emergency core cooling systesmand residual heat removal systems

3.68. This section should present relevant information on the emergency core coolingssystem
residual heat removal systemsd associated systems. The description should coverehgtheered
safety features:safetysystens designedo cope withdesign basis accidenand safety features for
design extension conditisnincluding core melt accident§hese systems can be relatedthe
primary or secondarycircuits or to the containment depending on thmeactordesign (e.g safety
injection, feedwatersteam dump and passigafetysystems)It should provide relevant information
on all theengineered safety featuregither active opassivein accordancevith the general dggn
aspects presented in Chapteindrder tomeetthe requirement2 of SSR2/1 (Rev. 1) [3] andthe
guidance provided ilNS-G-1.9 (DS481 Ste®) [27]. Relevant coolant storage tanks should be also
described in this section. The actuation lofgimotection systems) should be described in Chapter 7
and not be included here.

3.69. This section should provide required information on ehgergency feed water system (if not
covered in section 10.3) essential means for residual heat removal thrthegeecondary side of the
steam generators in case of pressunzater reactorgaccident conditions)The information provided
shouldbe linked to general design aspects presented in chapter 3 and ddmmolastrate compliance
with the requirements @SR2/1 (Rev. 1)[3] and NSG-1.9(DS481 Step) [27].

3.610. Similarly as the emergency feed water system description above, this section should describe
the emergencgteam dump systeas another essential means for excessive or residual heat removal
from the steam system under certakrident conditionsseeSSR2/1 (Rev. 1)[3] and NSG-1.9

(DS481 Ste) [27]. Optionally, the descriptionof this system can be included in chapter 10 of the
safety analysis report

Emergencyreactivity control system

3.611 This section should provide information on any means for ensuring reactor shijedgviay
injecting concentrated borpim addition b those provided by the standaedctivity controlsystem.

Safety features for orium stabilization

3.612. This section should provide relevant informationsaifiety features to stabilizee coriumas a
necessary means for molten corium solidification either inside the reactor pressure vessel or in a
dedicated corium localization system as a necessary preconditioarfi@inment basemat protection
andensuring containment integrity in the loteym.

Containment systems

3.613. This section should present relevant information on the containment systems incorporated to
contain the effects of accidents and to prevent the loss of containment integrity in all plant states,
including design extensionconditiors with core melting. This section should describe how
containmentfunctional requirementsf SSR2/1 (Rev. 1)[3] and NSG-1.10 (DS482 Stefl) [28]

were met The section in combination with chapter 15 shoplavide sufficient demonstration of
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containment integrity for all plant states asttbuldprovidethe basis fordevelopment oprocedures,
specification of needeidstrumentationpperabr responsendequipment response.

3.614. Description of the systems in this section should inclbdéh primary and secondary
containmensystems Description and justification of threquiredperformanceshould be provided for

design of the concrete and steel internal structures of the containment. The systems to be covered
should includeas applicable

1 The mntainmentheat emoval systems/containment spray system and othetive heat
removalsystems

The ontainmenpassiveheatremovalsystens,

The system for control of hydrogen and other combustible gases in the containment;
The mntainmenisolation system

The systerafor protection of the containment against overpressure and underpressure
The containmet annulus ventilation system

The containment ventilation system;

= =4 =4 4 4 -8 -4

The containment filtered venting system
1 The ®ntainment penetrationairlocks, doors and hatches.

3.615.In this section the maximum allowable leak rate for accident conditions should be spétified.
addition, ontainmentleakagetesting system should be described in this sectitthshould be
demonstrated that the comtaentitself, containment penetrations, anther containment isolation
barriers allows for periodic leakage testamgpart of the operational programmekis sectiorshould
provide sufficient basis for development and implementation of sodtainment leakageesting
programme see SSR2/1 (Rev. 1)[3] and NSG-1.10 (DS482 Stefll) [28]. The following tests
should beconsideredwith information on the proposed schedule for performing preoperational and
periodic leakage rate tests and thevaht special testing requirements:

1 Containmentntegra |leakratetest
1 Containmenpenetratior eakratetest
1 Containmentsolationvalveleakageatetest

Habitability systems

3.616. This section should present relevant information on the habitability systems. The habitability
systems are thosengineered safety featsrgorovided to ensure that essential plant personnel can
remain at their posts, including those in tomtrol locatons (i.e. control room, supplementary control

room and other emergency response facilities and loctimwhnical support centres, emergency
centres as well as other relevant places needed to take actions to operate the plant safely in operational
states and to maintain acceptable conditions in case of acciflearaples of means for ensuring
habitability of control places include shielding, air filtration/purification systems, compressed air
storage systems and other provisions for control of working condigeesparas 3.9.12 and 3.9.18)

3.617. Habitability of controlocationsunder design extensia@onditionswith core meltingshould be
addressedh this section of thesafety analysis reporEor remote sites, habitability of those locations
should be demonstrated in case of combinadioexternal hazards exceeding the design basis events
and intenal events

Systems for the removal and control of fission products

3.6.18. This section should provide relevant information on the systems for the removal and control of
fission products (if not already described as a part of the containment systems). In addition, the
following specific information should be presented to derratesthe performance capability of these

systems: considerations of the coolant pH and chemical conditioning in all necessary conditions of
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system operation; effects on filters of postulated design basis loads due to fission products; and the
effects onifter operability of design basis release mechanisms for fission products.

Other engineered safety features

3.6.19. This section(s) should present relevant information on any etigineered safety featwsre
implemented in the plant design and not covdrggrevious sections. Examples include, but are not
limited to: the steam dump to the atmosphere and backup cooling systems. The list of these systems
will depend on the type of plant under consideration. It may be decided whether certain systems (such
asauxiliary feed water system) are described here or in chapter 9 dealing with auxiliary systems in
much broader senge in chapter 10 dealing with steam and power conversion system

CHAPTER 7. INSTRUMENATION AND CONTROL

Instrumentation and control system description

3.7.1. This chapter should providelevant information on instrumentation and control systems as
described in Appendix Il. The chapter shodielscribe how theequirements 59 to 67 of SSR 2/1
(Rev.1) [3] are met.Recommendations regiing design ofnstrumentation and contrglystems are
provided in SS&9[29].

3.7.2. This chapter should identify those instruments and their associated equipment that constitute
provisions for planbperational states aratcident conditions Both safety important and naafety
important instrumentation and control components intendddlfib the functions mentioned above
should be described in this section.

3.73. This chapter shoul@stablish thainstrumentation and contra@ystems andomponents are
qualified for their intended function during their service life in all plant states.

Instrumentation and control system design bases, overall architecture and functional
allocation

3.74. This section should identify all instrumentatiagntrol, and supporting systems, including
alarm, communication, and display instrumentation and should specify functions allocated to
individual systems.

Furthemore,this section should describe:
9 Overall architecture of the instrumentation and coptrol
1 Instrumentation and contreystem design basis
1 Provisions for normal operation and accident conditions;
1 SafetyCclassification
1 Defence in depth and diversity strategy
1 Identification of safety criteria.
General design considerations foinstrumentation and control systems

3.75. This section shouldescribe howthe applicable criteria according to the importance to safety of
the system are addressed, including:

1 Quality of components and modules

1 Software qualityncluding its verification, validation and life cycle processes as applicable,
together with the related safety system;

Description how the performance requirements of all supported systems are met

Potential hazards to the system, including inadverignations, error recovery, se#sting,
and surveillance testing
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1 Access controlcomputer securitgnd other aspects regarding security
Redundancy and diversity requirements
Independence requirements
Fail safe design of the protection systems

1

1

1

1 Systencalibration,testing and surveillances

1 Design of bypass and inoperable status indications;
1

Prevention of a fault propagation path for environmental effects (e.g-ghigigy electrical
faults and lightning) from one redundant portion of a system to enathfrom another
system to a safety system

1 Defence in depth and diversity analyses for each potential failure cmdejon cause failure
(including softwarepandexposure of the system bothinternal and externddazards

T Humanmachine interface;

it ! aui ion:
1 Set points;

1 Hardware and Software classification;

1 Equipmentualification

1 Replacement, upgrades and modifications of instrumentation and control systems

Descriptionitybbywdtelseé gfin®e @ uan thebased obcompater aepupity i e d
analysis maye treated in a separatiassified documer(see 3.13.27)

Control systems important to safety

3.76. This section should provide relevant information on the control system and demonstrate that

Requirement60 from SSR 2/1(Rev.)) [3] is met—ln—particularinformationthati . eAppropriate

and reliable control systeshall beis-providedat the nuclear power platd maintain and limit the
relevant process variables within the specified operatiamgies)

Reactor protection system

3.77. This section should provide relevant information on the reactor protection system and
demonstrate thaRequirement 6from SSR 2/1(Rev.1) [3] is met. In particular, information on the
following specific aspectshould be provided, including:

(a) The design bases for each individual reactor trip parameter with reference gosthkated
initiating evens whose consequences the trip parameter is credited with mitigating

(b) The specification of reactor trip sgst set points, time delays in system operation and
uncertainties in measurement, and how these relate to the assumptions made in the chapter of the
report on safety analys

(c) Any interfaces with the actuation system for engineered safety fe@halesling the use of shared
signals and parameter measurement channels)

(d) Any interfaces with nosafetyrelated instrumentation, control or display systems, together with
provisions to ensure independence

(e) The means employed to ensure the separati redundant reactor trip system channels and the
means by which coincidence signals are generated from redundant independent;channels

(f) Provisions for the manual actuation of the reactor trip system from the main contrgltheom
supplementary cordl roomand other emergency response faciljities
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(9) Where the actuation logic for reactor trip is implemented by digital means, a discussion of the
activitiessoftware lifecycle, verification and validatiomnd functions oEomputer securityools
asapplicableshould be provided

(h) . Monitoring, inspection, testing and maintenance of system and equipment

Actuation systems for engineered safety features

3.78. This section should provide relevant information on the actuation systems for engineered safety
feature actuation system atmddemonstratéow Requirement 6from SSR 2/1 (Rev.1]3] is met.In
particular, information on the specific aspects listedairaB.77 regarding the reactor protection

system, as applicable, should be provitetk also

3.79. In some plant designs, the actuation systems for reactor trip and the engineered safety feature
actuation system are designed as one single systemisirtabe it should be demonstrated how
independence of safety functions is met and the strategies to protect against common cause failure
within the safety systems should be specified.

Systems required for safe shutdown

3.7.10. This section should describe the instrumentation and controls of the systems required to
achieve and maintain a saftate which are described in chapters 5, 9 and 10 of this Safety Guide.
This include instrumentation and controls used to mairib@reactor core in a subcritical condition,
providing adequate core cooling to achieve and maintain both hot and cold shutdown. A list of
indications, controls, alarms and displays available at the control room and supplementary control
room and used bthe operator to bring the plant to a safe state, to confirm that a safe state has been
reached and is maintained and to monitor the status of the plant and the trends in key plant parameters,
should be provided.

Information systems important to safety
3.711. This section should describe plant information systems important to safety that includes:

(@) A list of the parameters that are measuithé physical locations of the sensanrd the
environmental qualification envelopealefined by the most severe ogional or accident
conditionsandby the duration of the time period for which the reliable operation of the sensors is
required

(b) A specification of the parameters monitored by the plant comgistglays available in the control
room, in the supplementary control roomand in other emergency response facilitiebe T
characteristics of any computer software (scan frequency, parameter valadatmosschannel
sensor checking) used for filtering, trending, generation of alarms and long teagesof data.
If data processing and storage are performed by multiple computers, the means of achieving the
synchronization of the different computer systems shoulldmelescribed

3.712. In addition this section should provide relevant informatiom any other diagnostic and
instrumentation systems required for safety for example any particular system needed for the
management of severe accidents; leak detection systems; monitoring systems for vibrations and loose
parts; and protective interlock $gms that are credited in the safety analyses with preventing damage

to safety related equment and preventlng acmdents of certalnee,ﬁgesaw&m{ewtleel@a%m{e#aces

Interlock systems important to safety

3.713. This section should describe all other instrumentation systems that include interlock systems
important to safety

3.714. This section should describe relevant analyses and considerations of interlock systems that
prevent oveipressurization of lovwpressure systems, interlocks to prevent quressurizing the
reactor coolant system during léemperature conditions, intedks to isolate safety systems from
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nonsafety systems, and interlocks to preclude inadvertenttieteetween redundant or diverse
safety systems for the purposes of testing or maintenance.

Diverse actuation system

3.715. This section should provide description of diverse actuation system design that includes
sensors, initiating circuits, bypasses, interlocks, priority actuation logic for automatic and manual
control of plant equipment, operator interfaces, and support systems.

3.716. This section sbuld provide an assessment of level of diversity in digital instrumentation and
control system architecture, description of independence of safety functions, application of single
failure criterion, consideration of common cause failure, safety clasgificand qualification
requirementsAll plant states should be taken into account in the assessment.

3.717. This section should provide relevant information to demonstrate that sufficient levels of
diversity are provided by the diverse actuation systeatl plant states

Data communication systems

3.718. This section should describe all data communication systems that are part of or support the
other systems described in this chapter, addressing both safety asafeiyrcommunication systems.

3.719. Justification should be provided to demonstrate that the data communication systems conform
to the relevant recommendations in the regulatory guides and industry codes and in the standards
applicable to data communication systems.

3.720. The means andriteria for determining if a function has failed as a result of communications
failure should be described.

Instrumentation and control in the main control room

3.721. This section should provide a description of the general philosophy followed ingiga &
the main control room and demonstrate that Requirement 65 of SSR 2/1 (R&\vs het.

3.7.22. This section shouldescribe how thstrumentation and contrglystems allovihe operating
organizationin the control room to initiate or tak@anual control of each function necessary to
control the plant and maintain safety.

3.7.23. This section should provide a description of the main control room layout, with an emphasis on
the presentation of information from tlivestrumentation and contrah the main control roomand
humari machine interface, including:

9 Sufficient displays in the control room to monitor all functions important to safety;

1 The status of the plant;

1 Safety status and trends of the key plant parameters;

1 Safety classified indicatns and controls to implement emergency operating procedures and
severe accident management guidelines.

3.724. This section should describe how huiim@achine interface design of the main control room
conforms to the human factors engineering programndessibed in Chapter 18.

3.7.25. Habitability of main control roogrsupplementary control rooand othelemergency response
facilities are addressed in other chapter ofshtety analysis repo(Chapter 6).

Instrumentation and control in a supplementary control roonT

3.726. This section should provide an appropriate description of the supplementary control room
functions and layout in order to demonstrate that Requirement 88Rs2/3 (Rev. 1)3] is met.

" Emergency response facilitiesher than the supplementary control room are to be included in this section also.
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3.727. This section shoulddescribe howthe supplementary control room contains controls,
indications, alarms and displays that are sufficient forojperabr to bring the plant to a safe state,
confirm that a safe state has been reached and is maintained,raaditor the status of the plant and
the trends in key plant parameters.

3.728. This section should describe how huiiraachine interface design of supplementary control
room conforms to the human factors engineering programme as described in Chapter 1

3.729. The means of physical and electrical isolation between the plant systems and communication
signals routed to thmain control roomand the supplementary control room should be described in
detail to demonstrate that the supplementary controhrisoredundant and independent of thain

control room

3.730. The mechanisms for the transfer of control and communications frometinecontrol roonto

the supplementary control room should be described so as to demonstrate how this transfer would
occur under accident conditionBrotectionagainst security aspects, including unauthorized access,
should be also described.

Emergency response facilities

3.7.3L. This section should descriltbe instrumentation and contrah the emergenc response
facilities (seeChapter 1Df this Safety Guideand should demonstrate that Requiremerft@n SSR

2/1 (Rev. 1)[3] is met. In particularit should be shown that information about important plant
parameters and radiological conditions at plent and in its surroundings, means of communication
on and off site are provided to the facilities available for the plant staff to perform expected tasks for
managing an emergency under conditions generated by accidents and hazards, in someudasgs incl
certain control functions.

Automatic control systems not important to safety

3.732. This section should describe the automatic control systems not important for safety. It should
be demonstrated that postulated failures of control systems willegpade the operation of systems
important to safety. It should also be demonstrated that the effects of a failure of an automatic control
system will not create a condition that exceeds the acceptance criteria or assumptions established for
design basisaidents.

Digital instrumentation and control systems application guidance

3.7.3. If digital instrumentation and controls systems are used, the overall scope of the application
should include information on (1) the design qualification of digital systersding the-software
verification and validatiopef—digital-systems (2) protection againstommoncause failure, (3)
functional requirements when implementing a digital protection sysiénhpredeveloped software,

(5) software tools, and (6) digital data communicatidhe description should demonstrate that
Requirement 8 of SSR 2/1(Rev. 1 [3] is met. Additionally, protection against cybeattack
prevention of unauthorized access and other computer security measures should be (seeided
3.13.27)

Hazard analysis forinstrumentation and control systems

3.734. This section should provide relevant informatitmn demonstrate that hazard analysis for
instrumentation and control systems consider all plant states and modes of normal operation, including
transitions between different modes of normal operatéod falure or nonravailability of
instrumentation and control systems
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CHAPTER 8. ELECTRICPOWER

Description of the electrical power system

3.8.1. This dapter should provide relevant information on the electrical power systems. The
information provided foindividual electrical power systems should follow the extentapplicable
the structure specified ippendix II.

3.8.2. This dhapter shoulddescribehow the Requirement68 from SSR2/1 (Rev. 1)[3] is met.
Specific ecommendations regardinige designof electrical powersystems are provided in SS33
[30].

3.8.3. Chapter 8 should provid#efinitions, design features and classifications ofsd# power
system, orsite power system, standby power system, alternate AC power sgsgrDC power
systems

3.84. In addition, prioritization of powesupply from these power supply systems to the-saiaty
loads and the safety loads should be described, not only during operational states but also in accident
conditions.

3.85. Chapter 8 should also provide relevant information on Hwsvsafety power system can be
supplied, i.e. by either the preferred power supplies or the standby power sources. A description
should include the alternate AC power system that supplies the safelr systems in design
extension conditions.

General principles and design approach

3.86. Among the safety design criteria, rules and regulations, the following information specific to
electrical systems should be described:

(a) Postulated initiatingevents considered in the design wathfunctional requirementapplicable to
the electrical systemander the steady state conditions, short term operation conditions and
transient conditions defined in the design basis

(b) The impact of such events ati the onsite electrical power systems (AC and DC)

(c) The plantés capability to maintain safety fu
period for which the plant is in a station blackout conditloes of all AC power supplies)

(d) The design for reliability (redundancy, independence, diversity)

(e) The possibility of common cause failures, which could render the safety power systems
unavailable to perform their safety functions when called upon, in the design, maintenance,
testirg and operation of the safety power systems and their support systems

(f) The plant specific divisions of the electrical power systems, including various system voltages and
designation of parts of the system that are considered to be essential

(g) Subsantiation of the functional adequacy of the electrical power systems important to safety,
including breakers, and assurance that these systems have adequate redundancy, physical
separation, independence and testability in conformance with the desiga;criter

(h) A general description of theff-site power system which is composed of the transmission system
(grid) and switchyard connecting the plant with the gnd its interconnection to other grids and
the connection points to the-gite electrical sysim (or switchyard)

(i) Replacement, upgrasland modificatios of electric power systems
Off-site power systems

3.8.7. This section should provide information relevant to the plant on thsitefelectrical power
systems. It should include a description of thesitf power systems, with emphasis on features for
control and protection (breaker arrangements, manualaatmmatic disconnect switches) at the
interconnection to the esite power system.

37



DS449i F&C of the SAR for NPPs 2nd review bySSCsi 10 November 2017

3.88. This section should also provide the -sife power system design requirements such as
switchyard design, the number of circuits to thesiia power system includin the design
requirements to support the safety function of the system to provide sufficient reliability, capacity and
capability.

3.89. This section should describe all design provisions used to protect the plant frgite off
electrical disturbances artd maintain power supply to iplant auxiliaries. Information on grid
reliability should also be provided and any design specific provisions necessary to cope with frequent
grid failures.

3.810. This section should describe failure mode and effac@ysis of offsite power system
componentsin addition, results of grid stability analysis (including stability aftermain generator
trip) should be provided.

On-site AC power systems

3.811 This section should provide relevant information on fhatgspecific AC power systeand its
main equipmentlt should include a description of the-site AC power systems, including the
standby AC power systems (diesel or gas turbine driven systems), the generator configuration and the
uninterruptibleAC power system available fanticipatedoperational occurrenseanddesign-basis
accidens conditions The following results should becluded

1 Selection of undevoltage(underfrequency anavervoltage) protectioget points

1  Selection of shottircuit protection measures;

_Selection of pwer quality limits

I Selection ofequipmensize protection and coordination

3.812. This section shouldescribethe power requirements for each plant AC load, includiapthe
steady state load; the stagt kilovolt-amperes for motor load¢b) the nominal voltage(c) the
allowable voltage drop (to achieve full functional capability within the required time pe(dhe
sequence and time necessary to achieve full ifumalt capability for each loadie) the nominal
frequencyj(f) the allowable frequency fluctuatio(g) the number of trains, and the minimum number
of trains of engineered safety features to be energized simultaneously.

3.8.13. This section shouldescrile how:

(a) Onsite AC power systens engineeredo ensure the reliable delivery of emergency power to
engineered safety features amihterruptible AC power system loads

(b) On loss of offsite power condition, the standby AC power source is startddsafety loads are
sequenced to the safety buses without the overloading a primary mover, and in time frames
consistent with the assumptions presented in the chapter 15 on safety analyses;

(c) Indesign basis accidergscident-conditionwith asubsequent loss of efite powerthe required
safety loads can be sequenced onto the standby AC power -spueese—ofdesign—basis
aceidens, without overloading the primary mover and in time frames consistent with the
assumptions presented in the deafd5 on safety analyses

(d) Uninterruptible AC power is continuously provided to essential safety systenigsanonentation

and control systeminportant to safetynstrumentation—and-control-systenisespectively the
availability of off-site AC powemhile-rermal-offsite-AC-power-systems-are-available-and-during
sectuloiod loss ol oo coworouenfs

(e) An alternate ACpowersuppl s provided at the nuclear power
on AC power to bring the plant to a conteal state following loss of of§ite power and safety
standby power sources considering the diversity (mgsusceptible to the events that caused the
loss of onsite and offsite power sourcesyufficient capacityo operate systems necessary for
coping with a station blackout, and auxiliaries qualified for their intended use

(f) Protection of AC power systems
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(g9) There are adequately robust features to enable the sabé nzepermanenequipment to restore
the necessary electrical power supplycore melt accidentéseeRequirement 68, para 6.45A
from SSR2/1 (Rev. 1) [3])

On-site DC power systems

3.8.14. This section should provide relevant information on the DC power system. This inttledes
description of characteristics, design featurasngs of breakers, transformers, batteries, switchgears,
rectifiers and inverters that support the safe operation of the plant. The following information specific
to DC power systems should be provided:

i Evaluation of the long term discharge capacityhef battery (the projected voltage decay as a
function of time without charging when subjected to design loads);

1 Major DC loads present (including theinterruptible AC power system inverters and any DC
loads not important to safety such as the lubricatibpumps for the turbine bearings);

9 A description of the fire protection measures for the DC battery vault area and cable systems.
3.8.15. The power requirements for each plant DC load should be justified, including:
i Steady state load;
Surge loads (inddingaccidentconditions);
Load sequence;
Nominal voltage;
Allowable voltage drop (to achieve full functional capability within the required time period);

Number of trains;

= =4 -4 -4 A -

Minimum number ofengineered safety featutrains to be energized simultaneously (if more
than two trains are provided)

1 Protection of DC power systems

3.8.16. This section shouldemonstrateontinuity of DC power supply so that the monitoring of the
key plant parameters and for the completibslmrt term actions necessary for safety is maintained in
the event of loss of all the AC (alternating current) power souhcfesmation onthe possibilities to
recharge batteries from alternate AC power sources should also be provided

Electrical equipment, cables and raceways

3.8.17. This section shouldemonstrat¢hatelectrical equipmentables and their racewagiacluding
cable supports, wall and floor penetratiarsl fire stop$ are selected, rated and qualified for their
service and for environmental conditionk the justification, ecount should betaken of the
cumulative radiation effects and thermal ageing expected over their serviceSéfemic
gualifications fire resigance of electrical equipmentpuses, cable trays and their suppaarsd
electromagnetic interference qualificatisimould be also described

3.8.18. This section should identifat leastfour classes of cables: (Ifistrumentation andontrol
cables, (2Jow voltage power cabled (kV or less),(3) medium voltage power cables (greater than 1
kV to 35 kV);and @) highvoltage power cableg¥eater than 35 kW

3.8.19. This section should describe the environmental qualification of cabléglectric pestrations
that have to withstand conditions inside the containment during and &ft&s af coolant accidena
main steam line break or other adverse environmental conditionieding severe accidest

Grounding, lightning protection and electromagnetic compatibility

3.820. A description of electromagnetic compatibility protection of the nuclear power plant and its
electrical and instrumentation and contraystems should berovided This section should also
include adescription ofthe grounding and lightning protection (both internal and external protection)
system, including the components associated with the various grounding subsystems (e.g., station
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grounding, system grounding, equipment safety grounding, any special grouondimgnsitive
instrumentation and computer or lsignal control systemsGrounding and lightning protection plan
drawings should be also includedl.description ofelectromagnetic compatibilitprotection of the
nuclear power plarghould be also provided

3.821. The industryrecognized consensus standards used in designing the subsystems should be
identified, as well as the bases for the related acceptance criteria. Analyses and any underlying
assumptions used should be provideddemonstrate that the acceptance criteria for the grounding
subsystems will be successfully incorporated into tHeuds plant.

CHAPTER 9. AUXILIARY SYSTEMS AND CIVIL STRUCTURES

39.1 Chapter 9has two main parts. Part A of chaptersBould provide iformation about the
auxiliary systems not included in other chapters. In particular, this chapter should identify systems that
are essential for safe shutdown of the plant or for protection of the health of the public. For each
system, the description shHduto the extent possibldollow the structure given in Appendii.
Description of auxiliary systemshouldmeet therequirement$9, 7174, 76 and 80 fronsSR2/1

(Rev. 1)[3]. Recommendations on safety desigraakiliary systemsre provided inD3440 Step 5

[31].

3.9.2 Part B of chapter 9 should describe civil structures of the plant. This part should describe how
various civil structures in the plant comply with the general design requirements and other rules
specified in chapter 3. For each cisitucture the description shoutd the extent possibléollow the
structure of information given in Appendix Il. Design of civil structures should follow the general
design rules using recognized engineering practices, as stated &/B&ev. 1)[3], recuirements

11, 17, 18nd58.

3.9.3 It is clear that both plant auxiliary systems as well as civil structures can vary between the
designs. The examples of subsystems provided below are not therefore intended to represent a
complete list of systems toe discussed in this chapter of gafety analysis reporfThe structure of

the chapter can be modified accordingly to the specificities of the design, also taking into account
information provided in other chapters of $afety analysis report

9A AUXIL IARY SYSTEMS

Fuel storage and handling systems

3.9.4. This section should provide relevant information on the fuel handling and storage ¢gstems
Requirement 80 from SSR/1 (Rev. 1) [3])in order to ensure that the fuel is maintained in safe
conditionsat all times It should include details of the proposed arrangenregerdingsubcriticality,
shielding, handling, storage, coolirgpent fuel pooleakagesind load dropsransfer and transport of
nuclear fuel within the@uclear power planfThe follaving subsystems should be covered:

1 Freshfuel storage and handling system

1 Spent fuel storage and handling system
1 Spent fuel pool cooling and cleaip system
1 Handling systems fduel caskdoading

3.9.5. For fresh fuel, informatigorovidedshould include considerations such as packadiagdling,
storage, criticality prevention and fuel integrity monitoring and control.

3.9.6. Forreprocessed andadiated fuel, information provided should include considerations such as
appropriate proviens for radation protection, criticality prevention, fuel integrity control, including
special provisions to deal with failed fuel, fuel chemistry, fuel cooling, and arrangements for fuel
consignment and transport. Special attentbauld be devoted tthe provisiongefor the @ractical
eliminatiordof significantfuel degradationn astorageguel pooland uncontrolled releases
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3.9.7. The use of nomermanent equipmeffor performing safety functions in the spent fuel pool as
part of the accidentnanagement should be described in this chapteluding demonstratiothat
there are adequately robust design features to enable reliable connéatiorpermanenequipment,
including conditions induced by external hazards exceeding those of desig(sba para 6.68 from
SSR2/1 (Rev. 1) [3])

Water systems

3.98. This section should provide relevant information on the water systems associated with the plant.
It should include, in particular the following systems:

Service water system
Componentooling water system for reactor auxiliaries (intermediate cooling cirguits)
Essential chilled water system

De-mineralized water makep system

= =4 -4 A -

Ultimate heat sinkystenfincluding any diverse system)

i Condensate storage and transfer system

3.99. Robustness of the systems necessary for transfer of residual heat to the ultimate heat sink system
and of the heat sink itself in case of extreme external hazards should be addressed in this section.

Process and posaccident sampling systems

3.910. This section should provide relevant information on the auxiliary systems associated with the
reactor process system. It should include, for example, information on the process aautidest
sampling systems. The compressed air systems are dealsepidinately in another section of this
chapterwhile the chemical control and volume control system was already covered in chapter 5.

Air and gas systems

3.9.11. The air systems that provide station air for service and maintenance uses should be described
in this section, including compressed air systems and service gas systems. A description should be also
provided of the capabilities to interconnect and/or isolate the instrumentation and control air system
from the station service air system if the dagigovides two such systems that can be interconnected.

Heating, ventilation, and air conditioning systems

3.9.12. This section should provide relevant information on the heating, ventilatioograditioning
and cooling systemsThe following heating, vatilation, air conditioningsubsystems should be
covered:

1 Controllocations(andother areas requiring habitability contfdipating, ventilation, air
conditioning

Spent fuel pool arelaeating, ventilation, air conditioning
Auxiliary and radioactive waste arbaating, ventilation, air conditioning
Turbine buildingheating, ventilation, air conditioning

Engineered safety featurksating, ventilation, air conditioning

= =4 -4 A -

Chilled water system fdmeating, ventilation, aiconditioning

8 It includes the main control roorthe supplementary control roomther emergency response facilitarsd
other areas/rooms hosting sensitive equipment (e.g. instrumentation and control or electrical equipment and
computers).
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Fire protection systems

3.9.13. This section shoulgrevide—relevantinformation—on—thefireprotection—systems—it—should

describethe provisions made to ensure that the plant design provides adequate fire protection. This
section should prade relevant information to demonstrate that thesign of thefire protection
systems include adequate provisions for defence in depth, considering fire prevention, fire detection,
fire warning, fire suppression, smoke control and fire containment. @asion should be given to

the selection of materials, physical separation of redundant systems, resistance against external
hazards (if considered to mitigate consequences of extraaty and the use of barriers to segregate
redundant trains.

3.9.14. The extent to which the design has been successful in providing adequate fire protection should
be assessed; this section may refer to other sections séfitty analysis repofor this information

(e.g. the chaptet5 on safety analys). Where appropriate, the provisions to ensure the fire safety of
personneshouldalso be described in this section.

Support systems for diesel generators or for gas turbine generators

3.9.55. Support systems for the diesel generators (or for gas @sibshould be covered by this
section.The dectrical part of the AC systems has been already covered in chafitee 8lesign of
supporting systems should be such as to ensure that the performance of these systems is consistent
with the safety significare of the system or component that they sdrvall plant statesThe

following subsystems should be typically addressed in this section:

9 Diesel generator (or gas turbine generator) fuel oil storage and transfer;system

91 Diesel generator (or gas turbigenerator) cooling water or cooling air system, as applicable

9 Diesel generator (or gas turbine generator) starting system

9 Diesel generator (or gas turbine generator) lubrication system

9 Diesel generator (or gas turbine generator) combustion air intakexaaust system.
Overheadlifting equipment

3.9.16. The overheadifting equipmentshould be described in this section with the associated safety
requirements. Related rules and assumptions for design should be given and justified. Focus should be
given on critical load handling operations with potential effect on performance of kafetipns.

3.9.17. Information to be provided should includ@) parameters defining the load that, if dropped,
would cause the greatest damafp);the areas of the plant where the load would be hanfigethe
design of the overheadifting equipment (d) and the operating, maintenance and inspection
procedures applied. The following systems should be described in particular:

1 Reactor building crane
1 Fuel building crane.
Miscellaneous auxiliary systems

3.9.18. This section should provide relevant information on any other plant auxiliary system whose
operation may influence plant safety and that has not been covered in any other pagabétihe
analysis reportExamples of systems be included in this seion are:

1 Communicationsystemsincluding diverse means to ensure communicatienitenand
off-site

Lighting and emergency lighting systems;
Equipment and floor drainage system;

Interfacing water systems (raw water reserves, demineralized water gysteste and
sanitary water system);
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1 Chemistry

i Storage system farsingnonpermanent equipment design extension conditions

9B CIVIL ENGINEERINGWORKS AND STRUCTURES

3.9.19. Part 9B of thesafety analysis repostiould describe how general design requirements specified
in chapter 3have been complied with in the designnoiclear power plargpecific structures. Three
groups of civil structures should be considered: foundations, reactor btilding other civil
structures. In description of the structures, the unified format of the information provided (specified in
Appendix Il) should be followed to the extent possible.

3.920. The following information specific to civil engineering works asttuctures should be
provided:

(a) Details of the range of anticipated structural loadings, together with the defined safety
requirements of the buildings and structures and the consideration given to hazards in the design

(b) A description of the extertb which loadlsource interactions have been considered, with a
confirmation of the ability of the buildings and structures to withstand the required load
combinations while fulfilling theimainsafety functions

(c) If a safety and/or seismic classificatifor buildings and structurésvebeen used, the basis of the
classification should bdescribed for the design option outlined. It should be demonstrated that
the safety classification of buildings containitigmsimportant to safety is consistent withe
classification ofstructuressystemsand components that it containsee NSG 1.6 (DS490 Step
5) [32];

(d) If a structure is intended to provide sepagatditionalfunctions from its structural function (e.g.
functions of radiation shielding, separation and containment), the additional requirements
identified for these functions should be specified and reference should be made to other sections
of thesafety analysiseport if appropriate.

Foundationsand buried structures

3.9.21. In this section, information on foundations should be provided, including plan and section
views in order to define the primary structural aspects and elements relied on to perform the
foundation function.The description should include ssiructure interaction (selS-G-3.6 [15]).
Additionally, the ype of foundation and its structuretharacteristics and the general arrangemént

each foundation should be presented. In particular, foundations of steel or concrete containment
should be discussed, as well as all seismically classified structures.

Reactor building/Containment

3.9.2. This section should descrilasign features of the reactor building provided to comply with

the applicable safety requiremerds SSR2/1 (Rev. 1) [3], including requirements 53 to 56,
accordance wittlNS-G 1.10(DS482 Stefi1) [28]. Specific design features of the primary containment
such as itdeak tightnessmechanicalesistancepressuraetaining capabilityand protectionagainst

hazards should be covered. Concrete and steel internal structures of the containment should be
described. If the design incorporates a secondary containment, this should also be described here.

3.9.8. This section should also provide sufficient informatito demonstrate containment
performance in all plant states and combination of loads in accordance with the acceptance criteria
establishepsee NSG-1.10(DS482 Stefl) [28].

Other structures

3.9.24. Similarly as in previous cases, other csifuctures of the plant that are relevant to nuclear
safety, should be described in this sectibrs includes the contraluilding, the auxiliary building, the
ultimate heat sink structures and the emergency response facilities.

° Reactor building means a building covered with the princaryainmentor the secondargontainment
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CHAPTER 10. STEAM AND POWER CONVERSION SYSTEIS

3.10.1. Chapter 10 should provide information on the design of plant steam and power conversion
systems. The information provided should follow to the applicable extent the structure specified in
Appendixll and demonstrate how thestgm design meets tiRequiremen7 from SSR2/1 (Rev. 1)

[3]. The Pllowing information specific to steam and power conversion systems should also be

provided:

(a) The performance requirements for the turbine generator(s) in operational states

(b) A description of the main steam line piping and the associated control valves, the main condensers,
the main condenser evacuation systéme, turbine generator systethe turbine gland sealing
system, the turbine bypass system, the circulating wegséers, the condensate clean system,
the condensate and feedwater system, and, where applicable, the steam generator blowdown
system

(c) The water chemistry programme, together with a discussion of the materials of the steam,
feedwater and condenseistyms

(d) The consideration of flow accelerated corrosion in the design of the systems.

3.10.2. The chapter should emphasize those aspects of the design and operation of the steam and
power conversion systems that affect the reactor and its safety featumontribute towards the

control of radioactivity. The information provided should show the capability of the system to function
without compromising (directly or indirectly) the safety of the plant, under both steady state and
transient situations.

Role and general description

3.103. In this sectiona summary description indicating principal design features of the steam and
power conversion systesshould be provided. This description should include an overall system flow
diagram and a summary table of the important design and performance characteristics, including a
heat balance at rated powandshouldindicate safetyelated system design feeds. The bounddes

between the reactor coolant system and the main steam supply / feedwater system should be specified

Main steam supply system

3.104. In this sectionthe main steam supply system and main steam line piping should be described
including piping and instrumentation diagrams showing system components, including interconnecting
piping.

3.105. Descriptions should include sufficient details for ensuring reliable performance of safety
functions, including fast and reliable isolation atelam reliefDemonstration that separation of steam
lines prevent$eakage from one affecting the other and protection against aircraftstraghl also be
included(see para. 3.3.45)

3.106. For theboiling water reactodirect cycle plantdescriptionof the main steam systeghould

cover all componentsom the outermost containment isolation valugs to and including the turbine
stop valvesandshouldinclude connected piping of large diameters, up to and including the first valve
that is either armally closed or is capable of automatic closures during all modes of reactor operation.

3.107. For thepressurized water reactplants,description ofthe main steam systeshouldextend

from the connections to the secondary sides osteam generatongp to and including the turbine

stop valves and includes the containment isolation valves, safety and relief valves, connected piping of
larger diameters, up to and including the first valves that are either normally closed or capable of
automatic closure during all modes mbrmaloperation, and the steam line to the auxiliary feedwater
pump turbinaf applicable Steam bypasgdumpstation to the atmosphere (if not includeciapter &

may be also described in this section.
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Feedwater sygems

3.108. Both main and auxiliary feedwater systems should be described in this section, including the
capability to supply adequate feedwater to riielear steam supply systeand criteria for isolation
from the steam generator foom thereactorcoolant systemand environmental design requirements.

3.109. The descriptiorshould includeanalysisof component failure and of the effects of equipment
malfunction on theeactor coolant systenand an analysis of detection and isolation provisions to
preclude release of radioactivity to the environment in the event of a pipe leak or break and/or
degradation of the integrity of safetylated equipment.

Turbine generator

3.10.10. In this section, the turbine generator system, associated equipmduatlifigcmoisture
separationand turbine ovespeed protectign use of extraction steam for feedwater heating, and
control functions that could influence operation of teactor coolant systenshiould be described in
this section.Piping and instrumentatio diagramsand layout drawings that show the general
arrangement of theurbine generatosystem and associated equipment with respect to safeted
structures, systems and componessuld be provided.

3.10.1. Information to demonstrate tls&ructural integrity of turbine rotors and the protection against
damage to a safetglated component due to failure of a turbine rotor that produces zeihéyby
missile should be provided.

3.10.2. The section should describe tiebine generatasysem equipment design and design bases,
including the performance requirements under operating conditions. It should also describe the
intended mode ofiormaloperation €.g.base load or load following), functional limitations imposed

by the design or opetianal characteristics of theactor coolant systengs.g., the rate at which the
electrical load may be increased or decredsgdneans ofreactor control rod motion or steam
bypass), and design codes to be applied.

3.10.1. The information provided shitd include the seismic design criteria, the bases for the chosen
criteria, and the seismic and quality group classificationguidiine generatosystem components,
eguipment and piping.

Turbine and condenser systems

3.10.4. In this section, the pringal design features and subsystems of associated with the operation
of the turbine and the condenser should be described. These subsystems may be design specific but
they usually include:

1 Main condenser
9 Condenser air extraction systéaff-gas treatment iboiling water reactQr
1 Circulating water system
1 Condensate system
1 Condensate cleamp system
9 Turbine auxiliary systems
0 turbine gland sealing system
0 turbine bypass system to the condenser
1 Generator auxiliary systems.
Steam geneator blowdown processingsystem

3.10.5. Thesteam generatdlowdownprocessingystem and its design basis should be described in
this section in terms of its ability to maintain optimum secondaig water chemistry in recirculating
steam generatsrof pressurized water reactodsiring normal operatiomand anticipated operational
occurrence(e.g., main condenser-iaakageandprimary-to-secondary leakage).
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3.10.5. The design bases should include consideration of expected and design flowsfuotes| of
normaloperation (i.e., process and process bypass), process design parameters and equipment design
capacities, expected and design temperatures for tempesanhsidive treatment processes (e.g.,
demineralization and reverse osmosis), and poestrumentation and contrdbr maintaining
operations within established parameter ranges.

Break preclusion implementation for mainsteamand feedwater lines

3.10.77. This section should describe the scope of the break preclusion implementationmairthe

steam and feedwater lines. Those aspects should be emphasized which are important from the
viewpoint of the direct impact on the plant safety (either direct effects on performance of the
fundamental safety functions, or indirect effects like secondamage of the plant systems e.g. by

pipe whip or extraordinary pressure loading). If releytrd description should include hahe leak

before break concept has been implemented.

CHAPTER 11. RADIOACTVE WASTE MANAGEMENT

3.11.1. This chapter shouttéscibe the adequacy of the measures proposed for the safe management
of radioactive waste of all types that is generated throughout the lifetime of the Appiitable
requirementsnclude thoseegarding waste minimizatiofseeSSR2/1 para4.8 [3]) andtreatment of
radioactive wastéseerequirements 78 and Tm SSR2/1 (Rev. 1) andRequirement 2from SSR

2/2 (Rev. 1) [4]). Furtherrequirements arg@rovided in GSR Part Predisposal Management of
RadioactiveWaste[33] and specific guidance i8SG3 The Safety Case and Safety Assessment for
the Predisposal Management of Radioactive Wg and SSG40 Predisposal Management of
Radioactive Waste froiduclear Power Plants and Research Reaf36is

3.11.2. More specificallythis chapter should descrilzenong others
1. The capabilities of the plafr pretreatment, treatment, conditioning and storade-efinimize,

control-collect-handleproceandstoreliquid, gaseousand solidradioactive wasteand

2. The instrumentation used to monitor gassiblereleases ofadioactivity both onsite and off
site.

Disposal of the waste takes place in a dedicated facilityfirgl-radioactive wastedisposal
facilityrepesitery and is therefore not coveredthiis chapterHowever,any wasteacceptance criteria
for repositories, if existing, should be taken into account in this chapter.

3.11.3. Sources of radioactive waste described in this chapter should cover radioactive wastes
generatedluring normal operatin (.e. in different operational activities, such as refuelling, purging,
equipment downtimand maintenance). Radioactive wastes potentigbyeratediuring anticipated
operational occurrenseand accident conditions should be determined and descrédpadasely in
chapter 15.

3.11.4. Sections below should provide relevant information on the radioactive prastssing (i.e.,
pretreatmentireatmentand conditioninglystemsas well as waste storage facilities locateesiba

They should include description of the design features of the facilittepretreatment, treatment,
conditioning and storage dfat-control—collect—hatle,—procesandstoresolid, liquid and gaseous

forms of radioactive waste arising from all aties on the site throughout the lifetime of the plant.
Conditioning of liquid and solid waste for future disposal should be also covEneddescription

should include thestructures, systems and componeptsvided for these purposes and also the
instrumentation incorporated to monitor possible leaks of radioactive waste. Scope and structure of the
descriptionof systemdor the processingf radioactive wastes should folloto the extenpracticable,

the @mmon structure specified in Appendix
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Source terms

3.11.5. Description of the main sources of solid, liquid and gasadigactivewaste and estimates of
their generation ratas well as liquid and gaseous releases utidayperatioml statesin compliance
with the design requirementhould be provided in this section.

3.11.6. Assessment of gaseous and liqatasesresulting from accident conditions should be
covered in chapter 15 and used as input here.

3.11.7. This section should also provide information on the accumulation rates and the quantities,
conditions and forms of radioactive waste resulting from normal operation, and on the methods and
technical means for its processing, storage and trangpfatmation on radioactivevasteresulting

from accidents may be derived from safety analysis results reported in Chapter 15.

3.11.8. The consideration of waste should cover solid, liquid and gaseous waste, as appropriate, in all
stages otheir managemerandthroughout the lifetime of the plant. This section shalddcribethe
specificoptionsconsideredor the safe predisposal management of waste.

3.11.9. Measures to minimize the accumulation of wgsteratedat all stages of the lifetime of the

plant should be described. They should include measures taken to reduce the waste arising to a level
that is as low as practicabléheseMmeasuresare required tcsheuld-alse—be-—aimed atinimize
minrimiziag-both the volume and the activity of the wa&tee para. 4.8 of SSH1 (Rev. 1) [3]), and

should be implementeith such a wayso as to meet any specifieguirementgriteria, such as wast
acceptance criterjdhat are may-be-posed-bassociated witlthe design of the waste storaged

disposaffacility.
Liguid waste management systems

3.11.10. This section should describe the capabilities of the planpretreatment, treatment,

conditioning and storage db-eentrol—cellect—process—dle;and-storeliquid radioactive waste

generated during operation and resulting from accident conditions.

3.11.11. More specifically, the information provided in this section should include descriptions of the
following activities and measures that are as$ediwiththe radioactive liquid wastgeneratedt all
stages of the lifetime of the plant:

1 Control and containment @faste, including proposals to categorize and separate it, as
necessary

1 Handling ofwaste including provisions for its safe handling while transporting it from the
point of origin to the specified storage point. A consideration of the possible need to retrieve
waste at some time in the future, including during the decommissioning stagédbe
made

T Processingf wastein accordance with established proceduneth account taken édking
into-accounthe interdependences among all steps ipthdispesaimanagement of
radioactive wasteys-well-as-the-impaet agicludingthe anticipatedisposal optionin
assessing differemiptions, consideration should be given to establishing the most suitable
option that, to the extent possible, does not foreclose alternative options, in case preferences
for waste disposal change over the lifetimehef plant.The possible need for specialized
systems to deal with issuebprocessinde.g.evaporating and conditioningguch as
volatility, chemical stability, reactivity and criticality, should be addressed, and any such
system in place should be ddabed

i Storage of wast its quantities, types and volumd@$e need to categorize and separate waste
within the provisions for storage should be considered. The possible need for specialized
systems to deal with issues of long term storage, such as cooling, containment, volatility,
chemical stability, reactivitgnd criticality should also be addressed, and any such system in
place should be described.
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3.11.2. This section should include assessment of liquid discharges during operational states.
Assessment ofadioactive releasei accident conditions and re8ob radiological consequences
should be included in chapter 15.

3.11.1. This section should also address the conceptual solutions available to deal with potentially
large volumes of contaminated watgneratedinder accident conditions.

Gaseous waste meagement systems
3.11.4. This section should describe the capabilities of the plantpretreatment, treatment,

conditioning and storage ab-control—colectproceshandleandstoregaseous radioactive waste

generatedluringoperation.

3.11.15. This section should also include assessment of gaseous discharges during operational states.
Assessment ofadioactive release accident conditions and resulting radiological consequences
should be included in chapter 15.

Solid waste managemensystems

3.11.16 This section should descrlbe the capabllltles of the nlantpretreatment treatment,
conditioningand storage i (prior to
shlpmenl—- wet and dry solid radloactlve waste generatadng operatlon In thls section, the term
"solid waste management system" means a permanently installed system.

3.11.17. Similarly as in the case of liquid wastes, information provided for solid waste shwatd
their control, handlingprocessingstorage and preparations feafe transport of waste to another
facility for long term storage or disposabnfirming that applicable requirements from S&GRB6] are
met

Process and effluent radiological monitoringand sampling systemsincluding on-site
and off-site monitoring

3.11.1. This section should describe the systems and equipment that naowdteampleéhe process
and effluent streams in order twmeasure andcontrol and—ebservethe auheorizedlimits—of
releasedischargeof radioactive materials generatiedoperational statesnd accident conditions. This
section should also demonstrate that the meansdiationmonitoringcomply with Requirement 82,
paras 6.77 to 6.8Zrom SSR2/1 (Rev. 1)[3] and thosdor off-site monitoringcomplywith para 6.84
of the same reference

CHAPTER 12. RADIATION PROTECTION

3.12.1. This chapter should provide information on the policy, strategy, methddgrovisions for
radiation protection. The expected occupational radiation exposures during operational states,
including measures to avoid and restrict expasushould also be descrihetiowever, public
exposure for all plant stategicluding determation of doses during normal operatigmould be
addressed separately in chapterdt®l usedn chapter 20of thesafety analysis report

3.12.2.Potential radiation exposures of workers in tiuglear power planinder accident conditions
including those withcore meling, should be addressed and the means and other measures taken to
minimize the exposure described.

3.12.3. This chapter should deal omith radiation exposure of occupationally exposed workers in
thenuclear power plant

3.12.4. Thenformation provided in this chapter should either directly include brief description of the
ways in which adequate provisions for radiation protection have been incorporated into theodesign
should refer to other sections of thefety analysis repovthere this information can be obtained.

3.12.5. This chapter should demonstifai@s basic protection measures considering time, distance and
shielding have been considered. It should also be demonstrated that appropriate design and operational
arrangemesthave been made to reduce the amount of unnecessary radiation sources.

48



DS449i F&C of the SAR for NPPs 2nd review bySSCsi 10 November 2017

3.12.6. Scope of the information provided in this chagieuld reflect high level safety requirements
on relevant design provisions and thre operational radiation protection progrme established in
accordance with SSR/1 (Rev. 1)[3] and SSR2/2 (Rev. J) [4], with additionalrecommendations
provided inDS453(in publicatior) Occupational Radiation ProtectidB7].

As low as reasonably achievableonsiderations

3.12.7. This section should provide a description of the implemented design provisions and operating
organizationd6s policy and the opebotlaih operatianal app ! i
statesas well as in accident conditiofar the entire lietime of the plant, including decommissioning

It should be in line with the general design requirements (chapter 3).

3.12.8. Specific measures taken to comply with ALARA principle should be described. This section
should provide the estimated annualgtcauncy of the plantds radiation
and inanticipated operational occurresc&he necessity ofv o r k presenée in certain plant areas

where radiation levels are high shouldjbstified andworking hours in those areéimited by means

of careful planningto reduce radiation doses to workers

Radiation sources

3.12.9. This section should provide a description of alkiten radiation sources existing both in
operational stategincluding outages for inspections, maintenance eafdelling) as well as in
accident conditionsThe sources should include contairstd immobileradiation sources (such as
reactor corgreactor vessel; reactor internals and control roesctor coolantchemical and volume
control systemspent fuel pool cooling systeriquid, gaseous andbd radioactive waste systerns
determined consistently with chapter-ldesidual heat removal systenspent fuel other activated
componentsi e.g. biological shield as well assources ofairborne adioactive material (such as
leakages from systems and equipment for transport of radioactive Hoitdsation of air and gaseous
leakages from distribution of coolant from spent fuel pool affecting containment atmgshiedre
building atmosphere andliary building atmosphere).

3.12.10. Special source terms should be discussed for accident conditions inaedigg extension
conditiors with core melting. Quantitative characteristics of different sources should be provided.

3.12.11. This section sbuld also describe possible pathways of radiation exposures for the workers in
the nuclear power planassociated with the potential sources in all operational states as well as in
accident conditions.

Radiation protection design features

3.12.2. This section should provide description of the design features of the equipment and the
facility that ensure radiation protection. It should provide information on the variety of means for
minimizing the source term, minimizirthe total working time ira radiation zone, measures taken to
lower the radiation level of the area around any equipment or component, to reduce the generation of
activated corrosion products and minimize their transport and deposit.

3.12.13. Description of the means for reducithg radiation exposure should cover among others

1 Minimizing contamination by choosing more corrosiesistant material, using adequate
water chemistry regime, enhancing the purifying capacity of the primary coolant and
decontaminating the facilities

1 Use of shieldingprior mockup training remote control and other staff actidnsshortertime
of external exposure;

1 Reducing internal exposure by isolation, ventilation, decontamination and use of protective
clothing and respiratory equipment;

1 Dividing the plant areas by radiation and contamination level into zones and restricting access
to controlled area;

1 Categorizing the plant personnel by working conditions and carrying out corresponding
control and supervision;
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1 Monitoring individuals and woikg areas;
9 Establishing signs to avoid inadvertent access and the resulting unnecessary exposure.

3.12.14. This section should describe haekthe principles of radiation protecticare applied in the
designtaking into account th®equirement 1 from GSR Part[37]sheuld-be-deseribedncluding
description of means implemented to ensheg:

(a) No person receives doses of radiation in excess of the authorized dose limits as a result of normal
plant operation;

(b) The occupationaxposures in all plant statease ALARA;
(c) Dose constraints are used to avoid inequities in the dose distributions;
(d) Measures are taken to protect workers from receiving doses near the dose limits year by year;

(e) All practicable steps are taken &woid or minimizepreventexposires due to accidents with
radiological consequencesncluding analysis of potential accidents and response with
countermeasures

(f) All practicable steps are takenritigatethe radiological consequences of any accident.

3.12.5. This section should also provide complementary information (in addition to information
already provided irfChapter 11) for the monitoring of all significant radiation sources, in all activities
throughout the lifetime of the plant. It should include widiial monitoring by personal dosimeters
and workplace monitoring in accordance with Requiremenp&2 6.83from SSR2/1 (Rev. 1)3].

3.12.%. This section should contain description of the instrumentation for fixed area monitoring of
radiation and entinuous monitoring of airborne radioactive material. In addiiteshould provide the

criteria for the instrumentation selection and placement, and should address design provisions for any
decontamination of equipment, if necessary.

3.12.77. Means formonitoring and decontamination of personmetiuding both fixed and portable
should be described. This should include adequate provisions for monitoring during operational states,
design basis accidents and design extension conditions including \ppeoeréate severe accidents.

Dose assessment

3.12.18. Dose constraintsfor the plant staff in all plant operating states should be stated here,
consistently withChapter 3 (see para 3.3.7he section shouldemonstrat¢hat the established dose
constraintsare achievable in plant operational states and accident condiissessment of potential
effective and equivalent doses from different soucfgadiationand for various staff activities should

be presented.

3.1219. Dose assessment shiube based on radiation monitoring (during plant operation), on
operational experience from similar plantsoorappropriate computational models. Data from similar
plants and description of computational models should be provided safey analysis port or
should be adequately referred to.

Operational radiation protection programme

3.12.2. This section should descrifeonsistently with operational programmes describe@hapter

13) the administrative measures, the equipment, instrumentd#oitities and procedures for the
radiation protection programme. It should be demonstrated that the plant radiation protection
programme is based on a prior risk assessment that takes into account the location and magnitude of
all radiation hazards, anawersthe following

(a) The asignment of responsibilities for protection and safety of workers to different management
levels

(b) The designation and functions of qualified expextsapropriate

(c) The integration of occupational radiatiprotection with other areas of health and safstizh as
industrial hygiene, industrial safety and fire safety;
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(d) The dassification of workng areas and access control;

(e) Issuance of radiation protection procedures and relevant documents to ragiatiection
personnellocal rules and supervision of work;

(f) Monitoring of individuals and the workplacd&eeping investigation records on radiation and
contamination in the plant, results of processes and area monitoring and other radioactive
information;

(9) Limiting the number of personnel for working in the controlled asas management of work
planning and work permits;

(h) Protective clothing and protective equipment;
(i) Facilities, shielding and equipment;

() Establishment and storage of pernmat records on dose equivalent of plant persorres|th
surveillance of plant personnel;

(k) Application of the principle of optimization of protection;
(I) Source reduction;
(m) Strengthening the training, retraining and personnel qualification review;

(n) Investigation and reporting of amadiation accidents, and taking corrective actions against
recurrence of such an accident

(o) Arrangements for response to emergencies.

CHAPTER 13.CONDUCT OF OPERATIOS

3.13.1. Inthis sectionit should bedescribed how the operating organization takes over itsapyim
responsibility for safety in the operation ohaclear power plarin accordance with the requirements
included in SSR2/2 (Rev. 1)[4]. More specificallythe chapter should address:

1 Important operational issues relevant to safety

1 Approaches adopted by the operating organization to address the identified issues by
implementing relevant operational programmes

9 Provisions taken by the operating organization to establish and maintadtegnate staff and
the related technical competence, skills and the operating procedures to be followed by the
operabr to ensure public health protection and safety.

3.13.2. The level of detail provided in this chapter may differ significantly betwéenedit stages of
the safety analysis repgrimost complete information shld be provided in thereliminary safety
analysis reporbr final safety analysis report

Organizational structure of operating organization

3.13.3. This section should provide a description of the structure of the operating organization and
specify the functions, roles and responsibilities of the different componéhis it. The organization

and responsibilities of review bodies (e.g. safedbmmittees and advisory panels) should also be
described. Thedescription of the organizational structure should allow to verify that all the
management functions for the safe operation of the power plant, such as policy making functions,
operating fundbns, supporting functions and reviewing functions, are adequately add(sssedS

G-2.4 [39)).

3.13.4.The description should cover the functions and responsibilities of individual organizational
items and the process for qualification of operating personnel and should be directed to activities that
include design, manufacturing, construction, commissiqropgration and decommissioning lmjth

the plant and the plant configuration control
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3.135. This sectiorshould also identify qualification requirements for geesonnel considereaskey
staff by the operating organization

Training

3.136. This section should provide information allowingrificationthat thegeneralqualification and
training programme for plant staff is adequate to achieve and maintain the required level of
professional competence throughout the lifetime of the plantniafiion provided should includae

initial qualification requirements, the staff training programnedresher training and retraining and

the applicable documentation systeniraining programmes and facilities, including simulator
facilities, should rdéct the status, characteristics and behaviour of the plant units, and should be
briefly describedsee NSG-2.8 [39)).

3.137. It should bedescribedn this section hova systematic approach to training is to be adgpted
including consideration of updating based on operational experience and research results. The training
programme should be based on an analysis of the responsibilities and tasks involved in the work, and
should apply to all personnel, including managers.

3.138. Where the licensing regime includes provision for the licensirapefabrs andfor personnel
in other roles or positionshis section should describe the system and explain the provisions that will
be put in place to comply with the licensirgguirements.

Operational safety programme implementation
Conduct of Operation

3.139. Operational programmes are specific programmes performed lmpdnating organizatioto

ensure the adequate state of the plant towards relevant requirements in terms of safe operation. This
section of thesafety analysis reposhould sufficiently describe such programmes or indicate the plans

for its implementation in future stages ogthuclear power pladife time.

Maintenance, surveillance, inspection and testing

3.13.1. In this section theafety analysis repoghould provide a description and justification of the
arrangements that the operating organization intendgty toidentify, control, plan, execute, and
review maintenance, surveillance, inspection and testing practices that influence reliability and affect
nuclear safety.

3.13.1. The surveillance programmes should be described including predictive, preventive and
corective maintenance activities to be conducted control potential degradatiors structures,
systems and components aodprevent failuressee Requirement 31 from S&R (Rev. 1) [4] In
addition, it should be demonstrated that the surveillance gmoge is adequately specified to ensure
compliance with theperational limits and conditien

3.13.2. This section should also include information about approaches and methods used in
demonstratingthe appropriateness of the plant inspections, includimgeivice inspections. In
particular, emphasis should be placed on the adequacy ofs$kevine inspections for the integrity of

the primary andecondary coolant systems, owing to their importance to safety and the severity of the
possible consequencetfailure.

3.13.13. The operating organization should also identify the different types of testing that can affect
the safety functions of auclear power plardnd the way for ensuring that testing is initiated, carried
out and confirmed within the timeales allowed.

Core management and fuel handling

3.13.4. This section should describe how the operating organization makes the necessary
arrangements for all operational activities associated wotle managemerdand fuel handling to

ensure the safe use of the fuel in the reactor and safety in its transport and storage on the site. It should
be shown that, for each refuelling batch, tests or simulations are performed to confirm that the core
performance meets thafsty requiremente.g. those used in safety analysis in chaptésd® NSG-

2.5 [40).
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3.13.5. It should also be shown how the core conditions are monitored in order to remain within
operational limits. In addition, it should be shown that appropnegthods have been established for
dealing withdefects irfuel rods or control rods, so as to minimize the amounts of fission products and
activation products in the primary coolant or in gaseous effluents during normal operation

Ageing nanagemenandlong term operation

3.13.%. This section should describe all parts of the plant that can be affected by ageing and should
present the proposals made for addressmg the selected issues |dentﬂra:bmhnceto the safety
relevance of SSC&he F Lj’:
deseribegtThe description should covappropnate material monltorlng and sampling programmes
needed for verification of the ability adquipment and thetructures, systems and componewots
perform their safety function throughout the lifetime of the plant. Appropriate consideration should be
given to the feedback of operational experience with respect to aggngmmendationsn ageing
managemen&nd long term operatiomre provided in NSG-2.12 §1] (DS485 Step 2, Ageing
Management and Development of a Programme for Long Term Operation of Nuclear Powgr Plants

3.13.16AThe LTO programme focused on ageing management should be described if applicahle. The
description should cover thadditional measures necessary to verify the capability of SSCs to fulfil
their safety function and to meet their qualification requirements during the LTO period.

Control ofmodificationsmmplementation

3.13.T. The operating organization should in this section describe the proposed method of designing,
planning, executing, testing and documenting the modifications to the plant throughout its lifetime.
This should take account of the safety significance of tbpgsed modifications to allow them to be
graded and referred to the regulatory body, where necedRacpmmendations regarding plant
modifications are provided in NG-2.3 [11].

3.13.8. It should be confirmed in this section that the modification cbmrocess covers safety
significant changes made to the plant systems and compoojgetsational limits and conditien plant
procedures and process software, permanent and temporary changes to the plant.

Programme for the feedback of opengtexperiene

3.1319. This section should present a programme for the feedback of opesaperience to be
implemented. The programme should provide measures to ensure that operational events and incidents
on the given plant and on other relevamiclear power plas are identified, recorded, notified,
investigated internally, and used to incorporate, when appropriate, lessons for its own operation. The
programme should include consideration of technical, organizationaltenanhfactor aspectdlore

detailed guidance is provided the revision of NS5-2.11, DS479Step11 Operating Experience
Feedback for Nuclear Installationist2].

Documents and records

3.13.D. Information on the managementsystem provisions (creating, receiving, classifying,

controlling, storing, retrieving, updating, revising and deletfogthedocumentstecords and reports

relevant for the operation of the plant over its lifetime should be provided in this sethien

associated reteon times should bepecifiedin accordance with the level of importance towards

plant licensing, operation and decommissionihg.particular, this should include theperating
organizatio® s documentary provisions f orn, as tvadl asnilzen a g e me
management of waste addcommissioning of the platdee NSG-2.4 [39]).

Outages

3.13.2. This sectionshould providea description of the relevant arrangemefas conducting
periodic shutdowns of the reactor. Description on how the plant configuration in accordance to
operational limits and conditionsnd safety analysis repoit maintainedshould be given in this
section.Particular attention should be pa@rheasures taken to ensgadetyand radiation protection
during specific circumstances of the outages, such as multiple activities and actors from different
fields and services, organization and planning, time pressure and managémeftreseen events.
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Feedback of experience and how it has been analysed and incorporated to improve the management of
outages should be also described.

Plant proceduresand guidelines
Administrative procedures

3.13.2. This section should describe atllevant documentthat will be used by the plant staff to
ensure thaprocedures and guidelines foormal operation, anticipated operational occurrences and
accident conditions are conducted in intended manner. It is not expected to include here detailed
written procedures. Depending on the stage of the projeckatety analysis repoghould either
provide preliminary arrangements and schedules for their preparation, or should provide a brief
description of the nature and content of the procedanesguidelines,and a schedule for their
preparation. Three categories of proceduaesl guidelines, respectivelghould be covered as
described below.

Operating pocedures

3.13.2. This section should provide a descriptioritaf system ofhe plantoperatingproceduresThe
information presented should be sufficient to demonstrate thaip#ratingprocedures are or will be
developed to ensure thatettplant is operated within theperational limits and conditien The
operating procedures for norh@peration should provide instructions for the safe conduct of normal
operation in all modes, such as startup, posaration shutting down, cooldown, shutdown, load
changesinaintenance, testingrocess monitoring anefuelling

Proceduresand guidelines fopperating the plant duringccidensmanagement

3.13.2. This section should provide a descriptiortlaé procedures that will be used by tperating
organizationin anticipated operational occurrescer in accident conditionand other scenarios\
justification of the selected approach should be proviBeth event based approaches and symptom
basedapproaches can be uséithe requiredperabr actions to diagnose artd deal with accidental
conditions should be covered appriately. The approach used for verification and validation of the
procedures should be presented, including, when it applies, humars.fétcstrould be shown that
procedures are applicable to the representative set of sceraaiimipbted operationalccurrences,
accident conditionand scenarios not covered by safety analysgardlessof their probability of
occurrencg linkageto theresults of the safety analygisesented in Chapter 15 thife safety analysis
reportor to resultsfrom otheranalyss performedshould bealso madeasappropriate More detailed
guidance on the development and implementation of emergency operating procedures is provided in
NS-G-2.15(DS483Step 1) [12].

3.13.5. This section should provide a description of the selected approach to plant accident
management. The correspondigyereaccident managemeptocedures oguidelines developed to
preventthe progression of accidents, including accidents reeverehandesign basisccidents, and

to mitigate their consequences if they do ocshould be presentetdihe information provided should

make reference to the overall accident management programme at the plant, if appropriate.
Recommendations on the developmesmid implementation ofsevere accident management
procedures or guidelinese provided irbS483[12].

3.13.8. In relevant cases, mullinit events, contingency for an alternate water and electric power
supply as well as degraded regional infrastructimeuld be addressett should also be confirmed
that severe accident management guidelinage been developed in a systematic way, with account
taken of:

1 The results from the plant specific severe accidents analysis;
1 The identified vulnerabilities of thglant to such accidents;

1 The strategies selected to deal with these vulnerahilities
1

The availability of interconnection means between units in a multiple unit site

54



DS449i F&C of the SAR for NPPs 2nd review bySSCsi 10 November 2017

Nuclear safety andsecurity interfaces

3.1327. Security issues are usually dealt wi#bparately accordintp special regulationsand the

related documentsre withheld from public disclosuréAlthough applicant's plans for physical
protection of the facility (see NSE3 [43] and NSF023 [44]) are described in a separate, confidential,
application (or part of the application), this section of the safety analysis report should recognize the
existence of such plans.

3.1328. Howeverthis confidential section should indicate how the operating organization ensures that
safety requirements and security requiremearss managedvithout compromising each other, in
accordance with Requirement 17 from S&R (Rev. 1) [4] This includes the stablishment of an
effective system to address safety and secasfyectsn a coordinated mannend involving all
interested partiegpgetherwith the identification of specific provisions important for integration of
safety and security

CHAPTER 14 PLANT CONSTRUCTION AND COMMISSIONING

3.14.1. Chapter14 should include demonstration that thaclear power planwill be suitable for
service prior to entering theonstructionstage in accordance with SSR1 (Rev. 1)[3], Reqiirement
11, andwith SSR2/2 (Rev. 1)[4], Requirement25 (para 6.14 and 6.16

3.14.2.Chapterl4 shouldalsoinclude demonstration that timeiclear power plantill be suitable for

service prior to its entering the operatiorgthge in accordance with SSR2 (Rev. 1) [4],
Requirement25, paras 6.4, 6.14 and 6.1/ this chapter the operating organization should describe
the commi ssioning programme intended to verify
design prior to the operation of the plant.

3.14.3.Relationship betweethe plant safety justificatioandthe commissioning programme should

be demonstrated. The commissioning programme should, among other things, confirm that the
separate plant items important to safety will perform within their spatifits and ensure that the
safety functions can be reliably performed.

3.14.4. In additionas part of the commissioning programme, validatiothefoperating procedures
which is conducted with the participation of future operagiagsonneshould bgustified.

3.14.5. This chapter should also present the details of the commissioning organization, including the
appropriate interfaces between design, construction and operating organizations during the
commissioning period, which should include any prawrisi for additional personnel and their
interactions with the commissioning organization.

3.14.6. It should also be shown that qualified operating personnel at all levels sifleeately

trained andlirectly involved in the commissioning process. Thecpsses establishéu the licensee|

to develop and approve test procedures, to control test performance and to review and approve test
results should be described in detail. This should include the actions to be taken when the initial
outcomes of théests do not fully meet the design requirements.

Specific information to be included insafety analysis reportprior to construction

3.14.7 Specific information to be included in tisafety analysis repogtrior to plant construction
should include:

1 A de<ription of the construction prograng _includingthe major stages and milestones;

1 A description of the main organizatioasdcontractors that will manage, supervise, or
execute the construction ;

The plans for the utilization efformation on (recenf)lant construction experiences;

A description of the arrangements to ensure quality of the construction, compliance With
requlatory requirements and associated requlatory guides;
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1

A description of the arrangements to ensure that tbeidtsplant conformsgo the

information provided in the Safety Analysis Repmmtl arrangement to feedback any site
adaptation$or update, when relevant, of the safety analysis report;

A description of the operating organization activities and arrangements to supervise the

construction athesite and, when relevant, edfte

Description of the majostagef the initial test programme and discussion of the overall
test® objectives and general prerequisites for each major phase

Description of preoperational stage andommissioningplanned for each unique or
first-of-a-kind design featuréncluding specification of the test method and test
objectives

Plans to follow guidance in applicable regulatory guides in the development and conduct
of the initialtestprogrammeand in the development afispection schedule prior fael
loadingdate

Plans for the utilization of available information on plant operating experiences to
establish where emphasis may be warranted in the test programme

Description on the overall schddurelative to the expected fuel loading date, for
developing and conducting the magtagef the test programme

Plans pertaining to the trial use of plant operating and emergency procedures during the
period of the initial test programme

General plans for the assignments of additional personnel to supplement plant operating
and technical staff during each magtageof the test programme.

Specific information to be included insafety analysis reportprior to commissioning

3.14.8. Specifidnformation to be included in theafety analysis repogrior to plant commissioning
should include updated information on:

1

Description of the major stages of themmissioningprogramme,including both non

nuclear testing, comprising individual popemtional tests, overall preperational
systems tests, structural integrity tests, integrated leakage tests for the containment and of
the primary and secondary and system and nuclear testing, comprising initial fuel loading,
subcritical tests, initial ciiitality tests, low power tests and power ascension t@ststhe

specific objectives to be achieved for each major stage

Description of the organizational units and any external organizations or other personnel
that will manage, supervise, or execute stages of theommissioningprogramme

Description of the system that will be used to develop, review, and approve individual
commissioningproceduresy the licensegncluding the organizational units or personnel
that are involved and thaiesponsibilities

Description of the administrative controls that will govern the conduct of each stajmr
of thecommissioningprogramme

The measures to be established for the review, evaluatiompgnavalby the licenseef
commissioningesults for each majatageof the programme

Baseline data for equipment and systems for future reference

The applicant's requirements pertaining to the dispositiocoofmissioningprocedures
and test data following completion of tbemmissioningorogramme

% Test includes such agndor inspections, welding inspections, leak tightness test and pressurised test for
pressure boundary and fusdsemblynspections at fuel fabrication facility and the site, prior to-nodear
commissioning for eacstructure, system and componantonstructiorstage
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1 The listof regulatory guides applicable to initiebmmissioningprogrammes that will be
used or alternative methods along with justification for their use

1 Information on the programme for utilizing available information mant operating
experiences in the development of the init@mmissioningprogramme, including
identification of the participating organizations in the programme, and a summary
description of their qualifications

9 Schedule for development of plant proceduesvall as a description of how, and to what
extent, the plant operatimgroceduresand emergencgperatingprocedures will be use
tested during the initialommissioningprogramme

1 Description of the procedures that will guide initial fuel loading andaindriticality,
including the safety and precautionary measures to be established for safe gperation

1 The schedule, relative to the fuel loading date, for conducting each stageof the
commissioningprogrammeincluding the complete inspection schilu

9 Abstracts for all commissioning tests that will be conducted during the initial
commissioningprogramme, with emphasis @afetysystems andafetyfeaturesthat (1)
are relied on for the safe shutdown and cool down of the plasperational stateand
accidentconditions, (2) are relied on for establishing conformance ep#rationalimits
andconditions that will be established by the technical specifications, and (3) are relied on
to prevent or mitigate the consequencesaaficipated operatiohaoccurrence and
accidentconditions

I Summary of thecommissioningprograms implemented in the mastagesof the
commissioning programme, including an assessment on the achievement of test
objectives.

CHAPTER 15. SAFETY ANALYSIS

3.15.1. Chapter 15 should provide a description of the safety analyses performed to assess the safety of
a plant in response toostulated initiating evestand accident scenarios on the basis of established
acceptance criteria These analyses include eeninistic safety analyses of normal operation,
anticipated operational occurrescdesign basis accideanddesign extension conditisnincluding

consi derati ons o0 moredmeiingecidenisandprolmbilistimsafety assessmeant

3.15.2. The description of the analyses and the associated assumptions provided in chapter 15 may be
supported by reference material, where necessary. The level of detail provided in this chapter should
increase ashe nuclear power planproject developgrom the sitingstagethrough the construction

stageup to thecommissioning andperationstages

3.15.3. Scope of information provided in chapter 15 should reflect the requirements on safety analysis
relevant fornuclear power plantesign seeSSR2/1 Rev.1) [3], in particular regirementsl6, 17,

19, 20 and 42and GSR Part 4 (Rev. 2], requirementsl4 to 21. More specifically, guidance on
deterministic safety analysis igrovided in DS491 (Step 11) [45] and on probabilistic safety
assessmeih SSG3 [46] andSSG4 [47].

3.15.4. The information provided in this chapter should be sufficient to justify and confirm the design
basis for the items important to safety, and to ensure that the overall plantisesigable of meeting

the establishedcaeptance criteria, in particular these limits and thauthorized limits foradiatien
doses-antdadioactive releasezmssociated tésreach plant stai@nd that the consequences of accidents
are as low as reasonably practicable addition, the level of detail should provide sufficient

' Analyses to justify operator actions in course of accident management for the representative set of accident
scenarios can be includatsoin this chapter.Results of thee analyses atgpically used as a basis in the
development of emergency operating procedures.
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information to allow for independent verification of safety analyasgequired bysSR Part 4 (Rev.
1) [2], Requirement21, whenapplicable

3.15.5. Safety analyses should tethe extent possibleomprehensively presented in this chapter.
However, certain analyses may be placed in other chapters sé&fetg analysis repo(for instance

analysis of loads and consequences of internal and external hazards or analysis of structural capacities
of differentstructures, systems and compongnts

General considerations

3.15.6. This section should provide an introduction to the chapter on safety analysis, covering both
deterministic and probabilistianalyses The scope of safety analysis and the approach adopted (e.g.
conservative or realistic, as appropriate) should be described here, individually for each plant state or
accident scenario from normal operation upédsign extension conditiswith core meling.

3.157. This section should also explain how previously identified generic issues and relevant
operating experience @been utilized in enhancing quality of safety analyassrequired in several
paragraphs o6SR Part 4Rev. 1)[2], includingRequirement19.

3.159. Any applicable reference documents on the methodology used in safety ashtyditbe
introduced here. Due to the large complexity of the chapter it is also appropriate to describe in more
detail the structure of the whole chaptethis section.

Identification, categorizationand grouping of postulated initiating events and accident
scenarios

3.1510. The approach used to identifpstulated initiating evestand accident scenarios both for
deterministic and probabilistic analys&sould be described in this section. This may include, among
other things, the use of analytical methods such as screening of diefelegh master logic
diagrams, hazard and operability analysis and failure mode and effects asabBi5491 [4].

3.15.11. It should be confirmed in this section that the identificatiopastulated initiating eveatand
accident scenarios to be analysed has been performed in a systematic way éedl tbathe
development of a comprehensive list of events.

3.15.2. In presenting the events, they should be subdivided into categories in accordance with their
anticipated frequencies and grouped according their (gffect on the plant)The purpose of this
categorization is: (a) To justify the basis for the range oftsvender consideration; (b) To reduce the
number of initiating events requiring detailed analysis to a set based on the most bounding cases in
each of the various event groups credited in the safety analyses, in order to avoid events with very
similar sysem performance (such as in terms of timing, plant systems response and radiological
release fractions); (c) To allow for appropriate acceptance criteria for the safety analyses to be applied
to different event groups or categories

3.15.1. The basis for the categorization and groupingpo$tulated initiating evestshould be
describedand justified Besides normal operatipthe list of scenarios to be addressed ingakety
analysis reportshould coveranticipated operational occurrescalesign basis accidentdesign
extension conditiom without significant fuel degradation adédsign extension conditisrwith core
melting. Postulated initiating evesttaking place in almodesof normal operatior{from shutdown
through low power up téull power operation) should be covered, including potential events which
could occur during commissionirgnd testingof the nuclear power plantSincedesign extension
conditiors typically develop due to additional multiple failures, such mulfipleres supposed to be
plausible should be presentadhis section.

3.15.14. The resulting list of plant specific events and accident scenarios of all types (both internal and
external to the plant)ffor all modes ofnormal operation (including operatn at power or during
shutdown and refuellingdnd for other relevant plant conditions (such as manual or automatic plant
control)that will be analysed, should be presented in this section.

3.15.5. Where appropriatéor the consideration as sourgef initiating evens, interactions between
the electric grid and the plant and interactions between different reactor units on the same site should
be described in this section.
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3.15.5. Considered failures initiated in other plant systems besides the reaali@mt systemsuch as
the containers ostorage for fresh or irradiated fuel and storage tanks for radioactive gaseous or liquid
wastesshould be also described here.

3.15.16A.Where appropriate for the consideration as sources of initiating events, the interactions
between the reactor core and the spent fuel pool, as well as their mutual impact, should be identified.

3.1517. It should be also described how relevant internalesteirnal hazards, both of natural as well
as ofhuman inducedrigin have been considered in determinatiopadtulated initiating evest

3.1518. This section should aldist the conditions that could lead to earlyradioactive releaser a
large radioactive releasand thus need to bépractically eliminated with reference to specific
analyses presented in tlsafety analysis report

Safety objectives and acceptance criteria

3.15.0. This section should describe how specific safety aiwmlyefers to the principles and
objectives of nuclear safety and to general acceptance criteria introduced in Chapter 3 on general
approaches to design sifuctures, systems and components

3.1520. Both radiological acceptance criteria related to thélagical consequences and technical
acceptance criteria related to the integrity of barriers should be specified in this section for different
categories of events and types of analyses. Information on acceptance criteria given in this section
should be onsistent with more general information provided in chapter 3.

3.15.2. If probabilistic values such as core damage frequency or large releases frequency are set up as
acceptance criteria eafetyobjectives, these specific values should be also provided here.

3.15.2. The selection of the acceptance criteria for indivighasitulated initiating evestand accident
scenarios should be described in this section. The range and conditions of diplafadrch specific
criterion should be clearly specified.

Human actions

3.15.2. This section should describe the approaches adopted to take into account humamt.iors
plantand the methods selected to model these actions in both determimispoohabilistic analyses
seeGSR Part 4Rev. J [2], Requirementll Differences in approaches to consideration of human
actions between deterministic and probatidianalyses should be desciibe

3.15.2. It should also be confirmed that credited human actions can be accomplished with the
authorized minimum shiftomplement, in particulan scenarios involving external hazards affecting
multi-unit plants.

Deterministic safetyanalyses
General descriptiomf the approach

3.15.25 In this section it should be describ#uht sufficient marginshave beendemonstratedising
deterministic safety analysis in whiccceptable approachdse., conservativebest estimateor
realistic, as suggested 5491 [4]) have been appliednd howin the case dbest estimatanalysis
the uncertainties iboththe computer codes atiteinput data were taken into account.

3.15.26. The computer codes used for the deterministic analyses should be briefly described. The
verdgon of a computer code used should be clearly identified with reference to the relevant supporting
documentationlf a set of codes is used, the method used for combining or for coupling these codes
should be described.

3.15.27. Emphasis should be given to the brief substantiation of the applicability of the computer code
to the particular analysi¢n particular, a summary of the scopewvefification andvalidation of the
computer codes should be presented, with refeieto more detailed topical reports.

3.15.28. The plant mode{scluding nodalization schemes3ed for the deterministic analyses as well
as the assumptions made concerning plant parameters, the operability of systemsopedathne
organizatiod sctions (if any) should be described. The key validations of the plant rtindieiding
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assessment amodalization and physical modatenvergenceshould also be summarized. Sufficient
plant data used for development of the plant models should be providedier to allow for
independent verification of safety analysisapiplicable; se&SR Part 4Rev. 1)[2].

3.15.29. Main simplifications made in development of plant models should be described and justified.
The set of assumptions for safety analysied in the deterministic safety analyses performed for the
different types of scenarios should be described in this section.

3.15.30. Any additional guidelines (such as on the choice of operating states of systems and/or support
systems, conservative tindelays anaperabr actions) for developmenf the plantmodels should be
described or referred to.

Analysis of normal operation

3.15.31. This section should demonstrate that the normal operation can be carried out safely and hence
should confirm that

1 Radiation doses to members of the public corresponding to the planned discharges and/or
releases of radioactive material from the plantvatein-the-autherizethelow the dosmits
and kept as low as reasonably achievable, as required by para. 2B-2fSRev. 1) [3]

1 Plant parameters in normal operational regimes are maintained within the boundaries specified
by the relevantperationalimits andconditions andthat a reactor trip or initiation of the
limiting and safety systems would be avoided

3.15.32. All possible regimes of normal operation should be covered in this descriittiquarticular
attention to transient operational regimes such as changes in reactor power, reactor shutdown from
power operation, reactor cooling downigd=loop opeation, handling of irradiated fugbhndtransport
off-loading of irradiated fuel from the reactor to the spent fuel.pool

Analysis of anticipated operational occurrences and design basis accidents

3.15.33. This section should provide the assumptions used and the results obtained from the analyses
of postulated initiating evestbelonging to the categories afiticipated operational occurrescand

design basis accidentSufficient informationconfirming the adequacy of the design oficlear power

plant systems or components as well as of the envisagestabr actions by demonstrating
compliance with the associated acceptance crjtghn@uld be provided.

3.15.34. This section of theafety analys reportmay be further subdivided into different sections for
anticipated operational occurrescand fordesign basis accident

3.15.35. The analyses presented in this section should cover events taking placeaottineoolant
systemsduring normal operation, including low power and shutdown modes. Assalys events
associated with spent fuel pools and radioactive wasteagemenprocessingystems are covered in
separate sections of chapter 15.

3.15.36. For each group pbstulatednitiating evens it may be sufficient to present analyses for a
limited number of bounding scenarios that represent a bounding response for a group of events. The
basis for selection of these bounding events should be describdteamslilting selectio justified.

3.15.37. Plant parameters important to the outcome of the safety analysis should be presented,
including as a minimum all parameters important for assessment of the compliance with the selected
acceptance criteria.

3.15.38.The responsef the plant systems to thgostulated initiating evest including operating
conditions in which a system is actuated, and the associated time delays and capacity after actuation,
should be presented and demonstrated to be consistent with the overall &imetjoirements for the

system as described in thafety analysis repodhapter on the description of the design of individual

plant systems.

3.15.39. In the section it should be demonstrated that all the relevant acceptance criteria for a
particularpogulated initiating evenare met, and results from as many specific analyses as necessary
should be included in theafety analysis report
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3.15.40. For each individual group péstulated initiating evestanalysed, a separate section should
be includedoroviding the following information:

(a) Postulated initiating evento be analysedA description of thepostulated initiating eventhe
category to which it belongs and the applicable acceptance criteria to be met. Selection of a
bounding case with ifgistification should be described

(b) Tools and methodology: Computer codes and models used for the analysis

(c) Plant parameters: Specific values of important plant parameters and initial conditions used in the
analysis, with indication of referenceofninal) values and uncertainties of the parameters. An
explanation should be provided of how these values have been chosen and the degree to which
they are conservative for the specfligstulated initiating everdr scenario being analysed. In the
case wkn the approach with quantification of uncertainties was seletited ranges and
probability distribution of parameters should be specified and justified

(d) Availability of systems(control and limitation systems, active and passive safety systams)
operabr actions: A detailed description of the plant operating configuration prior to the
occurrence of thpostulated initiating everghould be provided. This description should include
information on availability ofsystems (including consideration of the worst single failure in
safety systems) armperaor actions that are credited in the analysis. Assumptions on availability
of systems andperabr actions should be consistent with established conservative assugnptio
regardingthe operability of different plant systems in accordance with the rules for conservative
safety analysisseeDS491 [4];

(e) Analysis assumptions and treatment of uncertaintigermation on any additional failures in
nuclear power plargystems and components postulated to occur isgheificaccident scenario
and any other conservatiassumptions should be provided,;

(f) Plant response assessmehtdiscussion of the modelled plant behaviour, highlighting the timing
of the main eventénitial event, any subsequent failures, times at which various safety groups are
actuated and time at which a safe long term stable state is achieved). Individual system actuation
times, including the reactor trip time and the timeopérabr interventon, should be provided.
Key parameters should be presented as functions of time during the event. The parameters should
be selected so that a complete picture of t h
context of the acceptance criterion beingnsidered. Any abrupt or otherwise unexpected
changes of parameters should be explained. The results should present the relevant plant
parameters and a comparison with the acceptance criteria, with a final statement on the
acceptability of the result. Thetatus of the physical barriers and the fulfilment of the safety
functions should also be discussed

(g) Assessment of radiological consequencébe results of the assessment of radiological
consequences, if applicable for a given event, should be pedsérie key results should be
compared with the radiological acceptance criteria. Analysis of radiological consequences can be
presented together with other results in a common section for each rgdesarated initiating
eventanalysed, or it can beaied in a separate section together witthatesign basis accident
analyses having radiological consequenceith appropriate selection of bounding cases for
different categories of events

(h) Sensitivity studies and uncertainty analysébe sensitity studiesand uncertainty analyses,
whenever needed in accordance wid$491 [4], should be performed and presented to
demonstrate the robustness of the results and to support conchfdio@sccident analyses.

3.15.41. In order to support presentation of independence between levels of defence and rabustness
anticipated operational occurresde particular it is recommendedo include intosafety analysis
reportalsothe realistic analysis of certagmticipated operational occurrerssevith the main objective

to demonstratehat the plant operational systems (in particular control and limitation systems) can
preventanticipated operational occurrescigom evolving into accident conditions and that the plant
can return to normal operation following anticipated operational occurrencBetailed guidance for
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performing conservative and realistic analysisaoficipated operational occurrescis prowded in
DS491[45].

Analysis of design extension conditions without significant fuel degradation

3.15.42. This section should present the assumptions and the results from the anatiessgnof
extension conditios without significant fuel degradation for accidents taking place in the reactor
coolant system. The analysis presented in this section sbeuidnstrate that core malj can be
prevented with an adequate level of confidence and that there are adegngats toavoid cliff -edge
effects.

3.15.43. Scope and components of the information provided should be simtlawsasiescribed
above fordesign basis accidemttaking into account the main differences in approaches to safety
analysisin particular ebest estimate approach usesddescribed iDS491 [4)].

Analysis of design extension conditions with core melting

3.15.44. This section should present the assumptions used and the results obtained from the analyses
of design extension conditisrwith core melting, with subsequent releases of radioactaterialsto

the containment. The analysis presented in this sectfmuld identify the most severe plant
parameters resulting from the core melt sequences, and demonstrate that:

1 The plant cané brought into a state where the containment functions can be maintained in the
long term

1 The plant structures, systems and components (e.g., the containment design) are capable of
avoidingpreventingan earlyradloactlve releaseralarge radloactlveeiease mcludlng
contalnment b5pas thie

activ e-or a large
S opractlcally el i mi nat e

{__Compliance with the acceptance criteria is achieved by features implemented in the design and
net-onlyby theimplementation oevereaccident management guidelines

1 The possibility ofconditionsarising that could lead to an early radioactive releaselarge
radi oactive releas®& is o6practically eliminate

3.15.45. Scope and components of the information provided for this categdssigh extension
conditiors should be similar as described abovedesign basis accidenttaking into account the
main differences in approaches to safety analysis as descriD&i [4)].

3.15.4. Description of the physical and chemical processes and phenomena thesiseéh and ex
vessel) that may occur during the progression of a severe accident shouldriedesd how these
phenomena affect containment performance.

3.15.4. The information provided shouladdress the impact of tmost challengingonditionsand
demonstrate thdhe established acceptance criteia met.

Analysis ofpostulatednitiating evens and accident scenarios associated with spent fuel pool

3.15.8. This section should present the safety analysis performedo&iulated initiating evest

specifically initiated in the spent fuel po@pecific operating modes related to fuel handling (e.g.
emergency core unloading) should be also considered. It should be demonstrated that the relevant
acceptance criteria (usually more restrictive than in events initiated in the reactor coolant system)
regardingmaintaining subcriticality, heaemoval, structural integrity, shieldirgnd confinement of

radioactive gases released from irradiated fuel in the spent fuél gpeocomplied with.The

information presented should contribute to confirmation thetidents with significant fuel
degradation in the po.jmMowedhearefom3dlpBlact i cally el i min

12 CPracticallyeliminatedconditionsare not part oflesign extension conditions
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3.15.8. Scope and components of the information provided should be similar as described above for
design basis accidesind fordesign extension conditiongithout significant fuel degradatiotaking |
into account differences in systems involved, large thermal inertia opghlet fuelpool, more
stringent acceptance criteria, and specific pathways for releases of radioactivenebhsthe

a ala nNracantan ala a ala N a ala m aVa N aan A N ala

t| fuel

degradation-n-thepools-adaractically-eliminated [moved to 3.15.48]
Analysis ofradioactive releases from a subsystem or component

3.1550. This section should present the safety analysis performe@oftiulated initiating event
caused by theelease of radioactive material from a subsystem or comp@yeitally from systems
for treatment or storage of radioactive waste) fromor leakag from a radioactive waste system up
to overheating of or damage to used fuel in transit or stomdarge break in a gaseous or liquid
waste treatment system.

3.15.8.. Scope and components of the information provided should be similar to those described
above fordesign basis accidenttaking into account that the main focus of the analysis is on the
dispersion of radioactive substances in the environment rather tharalysis of processes inside the
nuclear power plant

Analysis of internal and external hazards

3.15.2. Analysis of all relevant site specific internal and external haZérdst already covered in
other chaptersof the safety analysis repbrshould be presented in this section foe hazards
specified ineChapter 3.

3.15.8. The analysis of hazards should sh@fnot already covered in other chaptetisat such a
hazard can be screened out due to its negligible likelihood, or thatthear power plandesign is

robust enough to prevent any transition from the associated load from developing into an initiating
event, or that the hazard causes an initiating ese@t combination of theralready considered in
analysis ofpostulated irtiating evens.

3.15.5. The analyses should be conveniently subdivided into hazards initiated insidectaar
power plant(internal hazards), external hazards caused by natural events, and external hazards
initiated by human activities using appropei@ngineering tools for each kind of the hazard.

3.15.%. Analysis of hazards presented in this section should in general cover design basis hazards. For
external hazards of natural origin the analysis should also cover hazards exceeding those considered
for design basis and should verify that there are adequate margivadaeliff -edge effects leading to

an early radioactive release olagge radioactie releaseseeSSR2/1 (Rev. J), para 5.21A3].

Probabilistic safety analyses

3.15.%. This section should summarize the scope of the completeabilistic safety assessment
study, the methods used and the results obtained, covering both Level 1 and Level 2 studies, including
consideration of events in the spent fuel pool and hazardgpplisable. The completarobabilistic

safety assessmemstudy itself should be made available for review as a separate report to the
regulatory body, if required.

General approach to probabilistic safety analysis

3.15.Y. This section should describe theope of therobabilistic safety assessmgrdrformed with
justification of the selected scope. The methodology and computer codes used slarddribed

Sources of important input data should be introduced with justification of their use. If any quantitative
probabilistic safety criteria or goals have been used in the development of the plant design, these
should also be referred to here.

3.15.8. The bak data used for the assessmaeuith their uncertainties t®uld be provided, including
the assessment of the frequency of initiating events, component reliatilitynon cause failure
probabilities and human error probabilities.
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Results oprobabilistic safety assessmdrevel 1

3.1559. The methods used and resultspobbabilistic safety assessmdrgvel 1 [46] should be

summarized in this section. The results should includedhels-of-aceident-seguenpmbabilistic
safety assessmentodelling including event sequence and system modellmgnan performance

analysis, dependence analysis and classification of accident sequences into plant damage states.

: videdl he results ofhe quantification of
the probabilistic safety assessmdr&vel 1and their associated uncertairgtyould bealso provided
including an analysis of the most important contributors to the frequency of fuel damage for all the

plant modes of operation andemal and external events mcluded in the scope obltbbablllstlc
safety assessmesti "

Results oprobabilistic safety assessmémvel 2

3.15.6.. The methods used and resultspobbabilistic safety assessmdmdvel 2 [47] should be
summarized in this section, focused the expected magnitude (source term) and frequency of
radioactive materiatelease to the environment as a consequence of cormgnéligether with a
suitable uncertainty analysis

3.15.@. Results of th@wlant damage state analysis providingractured interface between thevel
1 and Level2 probabilistic safety assessmedtitould be presented. Use maint damage staigs the
input to thecontainment behaviour analysis performed by the containevemt treemodel should be
described.

3.15.8. Main results of thecontainment performance analysds. containment \&ent trees
evaluations, and theource term evaluations should be summarized in this section.

Probabilistic safety assessmensights ad applications

3.15.61. The summary results of the probabilistic analyses should be described in this part of the
safety analysis reporfAssessment of compliance with the established probabilistic acceptance criteria
or goals, if relevant, should be made. The results should be presented in such a manner that they
clearly convey the quantitative risk measures and the aspects of the gdagt that are the most
important contributors to these risk measures. Intended uggobhbilistic safety assessmetat

support future plant operation should be introduced.

3.15. 64A. A description on the i nscitgihctasl perloivmidnea
of plant event sequences that would lead to an early radioactive release or a large radioactive release
should be summarized.

Summary of results of the safety analyses

3.15.66. This section should provide a summary of the overall esoitthe safety analyses,
individually for each category of the events and covering both deterministic and probabilistic analysis.

3.15.6. It should be confirmed in this section that the requirements of the analyses have been met in
every respect, providg justification if requirements have been changed, or have been changed as a
result of further considerations. In the latter case any compensatory measures taken to meet the safety
requirements should be specified.

CHAPTER 16 OPERATIONAL LIMITS AND CONDITIONSFOR SAFE OPERATION
3.16.1. Chapter 16 should describe plant operational limits and cond{f@Ss) and should

demonstrate that they will ensure compliance with 28RRev. 1) Requiirement6 [3] and that they
include d required components in accordance with SBR(Rev. 1) Requiremeng8 (para 5.44
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3.16.2. Chapter 16 should also document, in accordance witlR@JRev. 1)[4], requirementst
(paras 4.@0 4.15) and 25 (para 6.4, thatthe OLG are consistent with the design and with relevant
safety analysis, that proper measures are taken to ensure operation in compliance wittn&ltk:
staff is properly trained to be familiawvith the OLG, that deviation from OLE are evaluated,
documented and reported as required and thats@te&Cregularly reviewed and revised.

3.16.3. The OLCs form an important part of the basis on which the operating organization is
authorized to operate the plaisee NSG-2.2 [48]). The OLCsshouldbe presenteeéitheras part of

the safety analysis reporh this chapter or as a separate document that is referenced safte
analysis report

Scope and application

3.16.4. This section should describe the scope and range of applicafbilisfOLCs. The OLCs a@

generally presented in the form of safety limits, limiting setting for safety systems, limits and
conditions for normal operation; surveillance and testing requirements and action statements for
deviations from normal operatiatmat are formally derived from thimiting plant configuration,

possible plant states and acceptable range of operating parameters verified in relevant chapters of the
safety analysis repgrin particular chapter 15 his is to ensure that the operatiortlué plant will be

at all times within the safe operating regime established for the planOO@sshould provide clear

and unambiguous instructions ttoe operating organizatiostaff that are clearly linked to the safety
justification for the plant.

Bases for development

3.16.5. In this section it should be demonstrated timnOLCs have been developed. In particular, it
should be confirmed that the OLCs are based on the safety analyses of the plant and its environment in
accordance with the provisie made in the design. The justification for each of the OLCs should be
substantiated by means of a written indication of the reason for its adoption and any relevant
background information. Amendments to OLCs shduédincorporated as necessary as a trexul

testing carried out during commissioning or modifications performed on the plant, once in operation.

Safety limits

3.16.6.The detailed OLCs for operatioshould be included in this section witmiting values of
importantparameters and operabilitpnditions of systems and components.

Limit s andconditions for normal operation, surveillanceand testingrequirements

3.16.7. The corresponding requirements for surveillance, maintenance and repair to enshee that
important parametersor normal operilon remain within acceptable limits and that systems and
components are operable should be specified and described in this section. Where appropriate, such
requirementshouldbe justifiedtaking into account insights frow probabilistic safetyassessment

The actions to be taken in the event that operational limits and conditions are not fulfilled should also
be clearly established.

Administrative requirements

3.16.8. In some cases, essential administrative aspects, such as the minimurmpb#ttzmn and the
frequency of internal reviews, may be also covered by the operational limits and conditions. Reporting
requirements for operational events shaalkb be covered. The relevant administrative requirements
should be described in this sectio

CHAPTER 17. MANAGEMENT FOR SAFETY
3.17.1. Chapter 17 should describe the overall management of all safety related activities to ensure

compliance with principle 3 of SE [20] regarding the leadership and management for saféiy
information providedn this chapteshould cover establishing, assessing, sustaining and continuously
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improving effective leadership and managenfensafety and should allow for verifying compliance
with GSR Part 2 Leadership and Management for Safély [4

3.172 Descripton of the management system in the safety analysis report of a given stage of the NPP
lifetime (from siting up to decommissioning) should reflect differences in scope and focus of the
management system used in different stages of the NPP lifetime idaccerwith appendices Il to

VIl of GS-G-3.5 [B0].

3.173. Justification that responsibilities of the operating organization have been established according
to the applicable requirements should be provided, covering management of safety in design,
estalished according to requirements 1 to 3 from SZR (Rev. 1) [3], and management of
operational safety, established in accordance with requirerhefts8 and 9 from SSR/2 (Rev. 1)

[4]. Recommendations to meet these requirements are providst®i3.1 [51] and GSG-3.5 [BQ].

3.174. Chapter 17 should describe halifferent management processes aimed at ensokiacall
safety objectives are established, controlled, monitored and reviewed, giving safety the highest
priority.

General characteristics ofthe management system

3.175. This section should describe howals, strategies, planand objectivesare set up bythe
organization, consistentlyiththeo r g a n i gagetypblioyn 6 s

3.176 Further on, this section should provide overall description of the management system starting
from the high level objectives with explanation how the management system is covered by different
levels of the plant documentation.

3.177. It should be also deribed how the management system ensures effective coordination of the
site management, corporate structure, technical support organization or any other interested party of
the operating organization. The description should provide justification on thenava effective
management control of the design and operation will be achieved so as to promote safety.

3.178. This section shouldlescribe howthe managemensystemintegratedts elementsjncluding
those regardingafety,health, environment,security, quality, humanandorganizationafactor, societal
andeconomicsothatsafetyis notcompromised.

Specific elements of the managemesystem

3.179. This section should describe overaltcountability for the managementsystem and
assignmentof all individuals for the coordination, developmenapplicationand maintenancef
themanagemergystem.

3.1710. In accordance with Requirement 10 from GB&t 2 [4)], this section should descritbew
all processesnd activities covered by the management systehall be developed aneffectively
managedo achieveheo r g a n i goaldwithoubcénspromisingsafety.

3.17.1. It should be also described how the other relevant factors of the management system, such as
application of the graded approach and management of resources, will be addressed in the
management system in accordance with GSR Pantding specifically he Requirements &, and

9[49].

Quality management

3.17.2. This section should specifically describe those processes of the management system aimed to
ensure quality of the classified structures, systems and components as applicable in differerit stages o
the NPP lifetime (see SS8) [22]).

Measurement, assessment and improvement of the management system

3.17.18. In accordance with GSR Part 2, Req.[®], this sectionshould describe how the
effectiveness of the management system will be monitored and assessed, including all processes and
arrangements made to ensure continuous improveniegcription of the arrangements should
include internal and external audits pened periodically and other kinds of independent evaluations
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Fostering a culture for safety

3.17.4. This section should describe hdhve managementsystem establishes the framework to
foster and sustain a strong safety culture, in accordanceRegbirement 12 from GSR Part 2[4
with due consideration of safety culture attributes given if3=85 [60].

3.17.5. This section should also describe, in accordance with Requirement 14 from GSR Bhrt 2 [4
how snior management plan tensurethat regular sel-assessmenand independent
assessmentof leadership for safety and of safety culture include assessmentat all
organizationalevels and for all functionsin the organization and thatsuch selfassessmennakes
useof recognizedexperts irtheassessment déadershipandof safetyculture.

3.17.%6. This section shoulshclude how enior management plans to use the results of the assessment
of the management system in #iethancement of the organizational culture for safety.

CHAPTER18 HUMAN FACTORS ENGINERING

3.18.1. Chapter 18 of theafety analysis reposhould describ¢éhe human factors engineerifiFE)
program,and its application to the specific plant designmeetthe Requirement32 (paras 5.53 to
5.62) fromSSR2/1 (Rev. 1)[3]; further guidance ibeing prepared undebS492(Stepl0) [52]. The
same applies to all operationstatesand accident conditions and to all plant locations where such
interactions are anticipatedn particular thehuman factors engineerin(HFE) considerations
presented in the safety analysis report should cover at minimufimltheing:

(1) Human factors engineerirlFE) programme management, including the authority and oversight
in the design process

(2) The human factors analysis methodpligul;

(3) Assumptions for the choice of humarachine interfacéHMI) design taking into account human
factors engineerin(HFE);

(4) Human factors verification and validation including identification and resolution of human factors
engineering(HFE) isstes identified during the design project and assumptions made during
analyss,

(5) A description of how humamachine interfacéHMI) design has been implemented in the overall
plant design

(6) A description of human performance monitoring strategyp#ébety critical tasks

3.18.2.This chapter should provide information how human capabiléies limitationswere taken
into account irthe nuclear power plant design to suppbetaskperformancef the plant personnel

3.18.3. Although this chapterhsuld cover the issues associated with the human factors
comprehensively, such factors should be also considered in other chaptersabéthanalysis repqrt
including those relevant fositing (Chapter 2)jnstrumentation and controlChapter7), radation
protection Chapterl12), operation Chapterl3), safety analysi (Chapterl5), management systems
(Chapterl7), emergency preparedne€hépterl9) and decommissionin@hapter21).

Human factors engineeringprogramme management

3.18.4. This sectioshould outline the human factors engineering programme processes as well as
inputs and outputs for these processes (i.e. analyses, design of human machine interfaces and
evaluation such as verification and validation).

3.185. This section should describe:

- The integration of human factors engineering with other plant design or modification
activities;
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- The coordination required between responsible personnel, project and design authorities and
different disciplines to perform human factors engineeaictiyities;

- The process for communicating outputs of analyses to the responsible engineering disciplines
and ensuring that the outputs have been addressed.

- The organization ancbmpetenies necessarfpr integrating human factors engineering into
the desig;

- The framework fodocumenting and tracking human factors engineering issues that are
identified by the human factors engineering processes

- The responsibility and authority in theiman factors engineering team regardiveg
integratbn of thehuman fators engineeringspectsnto the design

Human factors engineeringanalysis
Review ohuclear power planbperating experience

3.186. This section should describe the review of operating experience, how it was used to identify
human facta engineeringrelated safety issues and document thathinman factas engineering
related safety issues were identified and analysed.

3.187. In addition, this section should also describe a methodology used for the development and
assessment, and to summarize tiselts of the assessment.

Functional requirements analysis and function allocation

3.188. This section should describe the functional requirements analysis and the scope of the analyses
performed.

3.189. This section should include identification and lgsia of those functions that must be
perfor med t o s atobjectivgs; thathasdo grdvemtratcitients thea dowld cguse undue
risk to the health and safety of the pupbbaid to mitigate the consequences of such accidents if they
were tooccur.

Task analysis

3.1810. This section should describe the task analgpisroach for groups of operating personnel
(such as reactor operator, turbine operator, shift supervisor, field operator, safety engineer and
operation and maintenance staff)eradnt to the task being analysedeThsks described ahld cover

all plant states

3.18.11. This section shouldescribewhether specific tasks needed for accomplishment of a function
in different locations (e.gnaincontrol room, supplementary control room, field and technical support
centres) are identified for all plant states, forpddint operatiormodes and considering all groups of
operating personnel (including reactor operator, turbine operator, shift superfield operator,
safety engineer, and operation and maintenance staff).

3.18.2. Description of the scope should address how representative human important tasks
(maintenance, test, inspection and surveillanegre selected, as well as the rangglaht operation
modes included in the analyses.

3.18.1A. The main results of the task analysisnducted should be also described in a specific
section

Staffing and qualifications

3.18.13. This section should describe the staffing and qualifications analyses, and the scope of the
analyses performed. In coordination with Section 13.1, it should document that the requirements for
the number and qualifications of personnel were analysed sgsegematic manner, including a
thorough understanding of task requirements and applicable regulatory requirements.

68



DS449i F&C of the SAR for NPPs 2nd review bySSCsi 10 November 2017

3.18.4. The scope should include the number and qualifications of personnel for the full range of
plant conditions and tasks, including ogéonal tasks flant operational states and accident
conditiong, and plant maintenance and testing (including surveillance testing).

3.18.5. In addition, any other plant personnel who perform tasks that directly relate to plant safety
should be addressd.

Treatment of Important Humakctions

3.18.%6. This section should describe ttieatment of important humaactionsin the human factos
engineeringprogramme. This section should document how ithportant humanactions were
addressed in other activities of theman factas engineeringporogramme such that important human
tasks have been thoroughly addressed.

Human-machine interface design

3.18.77. This section should descrilaestructured methodologpplied forhumanmachine interface
design that permits the identification and selection of candidateanmachine interfacapproaches,
the definition of a detailed design and the performancehwhanmachine interfaceests and
evaluations as necessary.

3.18.18. This chapter should also describe the process by whichanrmachine interfacalesign
requirements are developed dndnanmachine interfacdesigns are identified and refined.

Humanmachine interfaceesign inputs

3.18.19. This section should describevathe human factas engineeringlesign process translates the
function and task requirements intomanmachine interfaceharacteristics and functions.

Humanmachine interfaceetailed design and integration

3.1820. This section should describe holumanmachine interfaceprovide the operating
organizationwith the information necessary to detect changes in system status, to diagnose the
situation, to affect the system (when necessary) and to verify manual or automatic actions.

Humanmachine interfaetests and evaluations

3.18.2L. This section should describe how tests and evaluations of catesighand detailed design
features should be conducted during the process of develbpingnmachine interfaceto support
design decisions.

Humanmachire interfacedesign of the main control room

3.18.2. This section should describe (consistently with chapter 7) lonvanmachine interface
design provide displays and controls in the main control room for manual, system level actuation of
critical safety functions, and for monitoring those parameters that support them.

3.18.2. This section should also describe hiny main control roorhuman-machine interfaceesign
is giving due consideration to:

1 Type ofhumanmachine interfacto be used according to its purpose;

1 Organization ohumanmachine interfacginto workstations (e.g. consoles and panels);

1 Arrangement of workstations asdpporting equipment in the main control room.
Humanmachine interfacef Supplementary control room

3.18.2. This section should describe hdwmanmachine interface&lesign considerhuman factes
engineeringorinciples and human characteristics of personnel uacEdentconditions, particularly
for immediate actions.

3.18.5. This section should describe (consistently with chapter 7) hewWwumanmachine interface

design process for the supplementary adntoom and other emergency response facilities
performed to ensure the design process for the main control room, using similar procedures, criteria
and methods.
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3.18.5. This section should also descrile functions of the supplementary control room and other
emergency response facilities requitecbe maintained in case of internal or external hazardéhéor
control andmonitoringof the critical functions antb conduct and ensusafe shutdown

Procedure development

3.18.Z. This section should document, in coordination with chapter 13, that the procedure
development incorporatdsiman factas engineeringorinciples and criteria, along with other design
requirements, to develop procedures that atenieally accurate, comprehensive, explicit, easy to use,
and validated.

3.18.8. This section should describe the objectives and scope of the procedure development
programme. This section should address the following:

1 Plant and system operatidinsplantoperational statgéncluding startup, power
operation anticipated operational occurrene@esl shutdown)

M Test and maintenance

1 Alarm response

1 Generic technical guidelines for emergency operating procedures
1 Accident management guidelines.

Humanmachine interfacéraining programme development

3.18.8. In accordance with the general qualification and training prografeeseparas 3.13%), this
section should document a systematic approach fdnth&@nrmachine interface training programme
development.

3.1830. The overall scope diumanmachine interfaceraining programme developmehould be
defined, and should include the following:

9 Categories of personnel to be trained, including the full range of positions of operational
personnegl
All plant operational states and accident conditions

Specific operational activities (e.g., operations, maintenance, testing and surveillance)

Full range of plant functions and systems, including those that may be different from those
of predecessor plasi(e.g., passive systems and functipns)

1 Full range of relevarttumanmachine interface(e.g. main control roomremote
shutdown panel, local control stations and technical support centre) including
characteristics that may be different from thoEpredecessor plants (e.g., display space
navigation, operation of Asoftdo controls).

Verification and validation of human factors engineeringresults

3.18.3. This section should document that verification hefmanmachine interfacedesign was
performed against task requirements that have been identified in task analysis.

3.18.2. This section should document the criteria applied for the verification, including the selection
of standards and guidelines (human factors engineeringelma)l suitable for the review of
characteristics of the humamachine interface components included in the scope of the evaluation

3.18.32A This section should describe the validation concept, including the independence of
validation fromthe activities associated witdesign, test design justifications, scenario selection and
criteria selection.

3.18.3. This section should documembw the test scenarios used for validation testing allow for the
assessment of the resourges aced at t he p eapprapnatedehgéhs of tilrie anpl ms a |
an appropriateneaningful number of scenarios.
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3.18.33A This section shouldescribethe main findingsand conclusions of the findhuman factors
engineeringalidation of the dagn.

Design implementation

3.18.31. The objective of this section is to document (in particular at the stage @ihshesafety
analysis repojthow it will be verified that the alsuilt design conforms to the verified and validated
design that resulted from tiheiman facta engineeringlesign process.

3.18.3. The scope should include the following considerations:

9 Verification and validation fodesign aspects that cannot be completed as part of the
humanmachine interfaceerification and validation program

1 Confirmation that the alsuilt humanmachine interfacgprocedures, and training conform

to theappreveddesignintent,

1 Confirmation that alhuman facta engineeringssues in the tracking system are
appropriately addressed

3.18.3%. Thefinal safety analysis repoghould describe how aspects of the design that were not
addressed imerification and validatiomill be evaluated.

3.18.3. Thefinal safety analysis reposhould describe the final (@aiilt) humanmachine interfacg
procedures and training, as well as the process for correcting any identified discrépaheidgiman
factors engineering design and aisidy

3.18.38. In addition, thefinal safety analysis repoghould describe the process for ensuring that all
human factas engineeringrelated issues documented in the issue tracking system will be verified as
adequately addressed.

Human performance monitoring

3.18.®. This section should describe a human performance monitoring programme for determining
that no significant safety degradation occurs because of any changes that are made in the plant and to
confirm that the conclusions that have beemwdr&rom the integrated system validation remain valid

over time.

3.1840. This section should describe the objectives and scope of the human performance monitoring
programmeto provide reasonable assurance that the following criteria are met during ssioming
and operation:

1 The design can be effectively used by personnel, including within the control room and
between the control room and local control stations and support centres;

1 Changes made to tleimanrmachine interfacg procedures, and trainidg not have
adverse effects on personnel performance (e.g., changes do not interfere with previously
trained skills);

Human actions can be accomplished within established time and performance criteria;

The acceptable level of performance established dthimgntegrated system validation is
maintained.

CHAPTER 19. EMERGENY¥ PREPAREDNESS

3.19.1. This chapter should provide information on emergeacyngemenfseparedness|
demonstrating in a reasonable manner that, in a nuclear or radiological emergerastionk
necessary for the protection of therkersgpublic including emergency workerthe publicwerkersand
the environmengtant could be taken, and that the decision making procegéidéomplementation of

71



DS449i F&C of the SAR for NPPs 2nd review bySSCsi 10 November 2017

these actions would be timely, disciplinesyordinated and effective. Th chapter of the safety
analysis report should coverrsite emergency arrangementbeuld-coverfor -accident conditiords
(design basis accidents and design extension conditionsjvtbatd haveresult inadverseharmful

effects or-\S|te and oﬁ5|te warrantlnqprotectlveactlons—the—em%enmemﬂqe—eﬁ—me—a;e&s—where
pted.

3.19.2. The description should include information onehjectivesgods of emergency responaad
strategesy to achieve tbse goalsandon theorganization and managemenot a coordinated and
effectiveemergencyesponselt —andshould provide sufficient information to show héwerelevant

practicalgoals of emergency respongie—emergency—ptawill be met Description onhow the
operating organization meets thelevant requirementsof ;—seeGSRPart—7Preparedness—and
Response-for-a-NuclearorRadiological- Emergeh8FA Safety Standards Series NGSRPart 7

Preparedness and Response for a Nuclear or Radiological Emejs#jrstyould also be provided

3.19.3. The _arrangements fdeliaison and cerdination withthe—actions—ofotherauthorities—and

oerganizationgff-site response organizatiomsvelved—ir—the—response—to—an—emergestyuld be
describedn-detailin this sectionThis-should-include-a-deseriptionldife procedureshat will be used
to notify off-site notification point(sandto providesufficient information for an effective cfite

responsen aII |ur|sd|ct|onsshould also be descrlbeHe—pFeee@uFeﬁqat—WHJ—beHsed—te—anlement
v—be

W&FFan{eel—m%heeven%eLa—severeaeeident
3.19.4. Theprevision®nsite emergency arrangemeniacludingprogrammes otraining anden-sie

and—offsite-exercises, to ensure thappropriateadequatelevel of arrangements—feemergency
preparedness and resporse-is in place beforecommissioning should be described. Tgienned
intervals fereseenfor the regularperiodic drills and exercises to maintain adequate emergency
preparedness shouldso be establisheeescribed, together withagd justification for the intervals
choseed.

3.19.5. Furthemdiseussienguidance and informationn emergency preparedness amgponsehe
maﬁe%—beeeve#ed—%ths—eh&p&e#e##eeaie&a#alyes—wprowded m—Aenens—te—FlFetect

PFeteetwe—AeHensRef—{és} %%%&M%F%&Hd—%&p&%hwear or
Radiological- EmergengyAEA Safety Standards Series N8SG2, Criteria for Use in Preparedness
and Response for a Nuclear Radiological Emergency56];; and GSG-2-1-Arrangements—for
Preparednessfora-Nuclear-orRadiological EmergdABA Safety Standards Series NGSG-2.1,

Arrangements for Preparedness for a Nuclear or Radiological EmerfiaficArrangements for the
Temrination of a Nuclear or Radiological Emergency (IAEA Safety Standards Series Nal1}(SG

[X], Ref.[55].

Arrangements for performing functions that are essential for theemergency responddanaging
operations-in-an-emergency

3.19.6. This section should contasm—appropriated escr i pti on of the opera
arrangement$or implementing functions that are essential for an effective emergency regponse
accordance witlsectiorihe relevant functional requiremerdgstablished in Sectioh of GSR Part 7

[54]ferrespomlingse-to-an-emergencysee-Section-5-6f GSR-Part7{5%he Bdescription should
be—p#ewdeehe#eeﬁncludeth&eme#genewrangementmp Qlace @he—pre{eenen—ef—the—wepkers

asudres for

1 Execute promptly and manage safely and effectively thgiteremergency response including the
transition from normal operations to operations under emergency conditions;

13 |n accordance witklsSR Part 754], the operating organization show@tbomakeon-site emergency
arrangements for preparedness and respgongeents that go beyond the design basis accidents and for
conditions that go beyond the design extension condibiahthese arrangements are beyond the scope of the
safety analysiseportand this Safety Guide
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1

Classifypromptly the emergency, declare the emergency class, initiate-gige@mergency

response and nagifand provide sufficient information to the fite notification poin(s);

Decide on and takewcessarynitigatory actions ossite;

Assess and determinat preparedness stage, when and under what conditions assistance-frg

site emergency services may need to be provided on the site;

Assess the hazards and possible development of hazardous conditions initially and through

emergencyo inform deisions of necessary emergency response adiuhsake necessary
urgent protective actions to protect all persons present at the site in an emergency;

Ensure suitable, reliable and diverse means of communication for use in taking protective a

on the site and for communication with relevant-sitie officials;

Protect emergency workers responding on theasitkassess hazardous conditions in which

emergency workemight have to perform response functions

Communicate with the public effectively andnsistently with relevant cHite response

organizations;
Manage radioactive waste generated in an emergency safely and effectively;

Terminate the emergency on the site and provide relevant information in this regard to relev

off-siteresponse orgamations

Document, protect and preserve, to the extent practicable, data and information important fq

analysis of the emergency atit emergency response;

Analyse theemergency and the emergency response to identify actions to be taken to avoi

emergencies and to improve emergency arrangements.

3.19.7. MeasuresArrangementdor ensuring the protection afll people present at the sitpldnt

staffemergency workersnonessential personnend visitors) and how thesarrangementsvill be
coordinated withetheri off-site emergencyesponsectionsorganizationsshould be described. Whe
necessary, reference to other sections of the safety analysis report where this saesised
mentionedshould be made.

m off
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Emergency response falities

3.19.8. Information should be provided about geeticularavailability —at-theplantincluding
resistonec—to—odernal-hazards—and-habitabilib—cenditamn

the following in accordance witlisee

Requirement 2&om-of GSR Part 7 [54]

(a) Technical support centre, operational support centre and emergencyoeenteeemergency
faeilittes in which response personnel wiovide advice andsupportto operating personnel in
the control room to mitigate the consequenaecide on, initiateandor manageat-on-site
measuresesponsd;-except for the detailed control of the plar@ndferfrom whichtransmitting
data on plant conditionsill be transmitedto theeff-siteemergencyperationdacility;

(b) Supplementary control room which hAsppropriate measures to enable the control of essential
safety systembBom-a-supplementary-controlropm

(c) An—eff-site_Eemergency operations facility in which overall emergencyresponsewill be
coordinated and data on plant COﬂdItIONH‘t—SIte and oft3|te monitoring results will be

3.19.9.The Bdescription of emergency response facilities should include details of any equipment,
communications and other arrangements necessary to supperptheci—f—i—cassigred funttions i e s 6
of these facilitiesand to ensureéhe continuousavailability-ef-emergency—arrangemenperability
underaccident conditionattherespense-facityrhe habitability of these facilities and the provisions

to protect workersincluding emergency workergluring accidentonditions should also be described

and justified.

Capability of the operating organization for the assessment éfie-potential radioactive releases

in accident conditionEenseguences-of-aceidents
3.19.10. This section should providel@aileddemonstratiorhathow thethe-operating organization

sheutd—melude—the\ssesment—efcontmuallvthe condltlons at the plant mcludlrthe actual or

predicted levels of core damage;

(b) FhePpredicingen ef-the extent and significance of amgdioactivereleasesf-radioactive-material
if an accident has occurred;

(c) i iori hen applicable, novideirg data and informatiofrom
off-site monltorlng systemto the operating organization and to the regulatory pady
required bynational arrangements.

ing response

3.19.11. It should be demdregted that the response of the necessary instrumentation or systems at the
plant under emergency conditionsaigeguatesufficient to ensure theerfermanedulfilment of the
required safety functions. A reference to other chapters of the safety analysidirepadescrileing

the equipment qualificatioregquiredprogrammemay also be acceptable.
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Emergency preparedness for muliple -unit sites

3.19.12. If a new reactor is located on, or near, an operating reactor si@witisting emergency
arrangements (i.ex; multiple -unit site), and the emergengyan-arrangementfor the new reactor
includes—various—elementdilize the arrangementsf the existing-eneperating reactorthis section
should:

(a) Address the extent to which the existingi—t ceréits —emergencyplan-arrangements of thd
operating reactésrthe-existing-siteis credited for the new unit(s), including how the existing
plararrangementwould be able to adequately accommodate an expansion to include one of more
additional reactorslt should also considesnd—includeany required modificatian to-ef the
existing onsite emergencyplararrangementse.g. ferto _address the issuef issues—sueh—aq
staffing—training,—emergency—actionteveland-the-like,and consideringhe alse-potential for

simultaneous accidengsinvolving all thereactors located at the site

{by-Describe anyreguired-updates tothe existing emergencyarrangemets such as emergencly
responsdacilities and equipment, includirtge-alerinotificationand communicatiosystens and
support from offsite _emergency servicexonsideringthe alse-potential for simultaneous

accidents involving several reactors locatedhat Sitescedrrenee—of-an—emergency—on—sevefal
reactors-atthe-same-time

{@(_Llncorporate any requwed changes to mesnﬂg—eng{e—and—eﬁs%—eme#geney—pespens

Rpizations;

{eh(c) If applicable, addresBdescribe the training andemergencyexercise requirements for the
operatorgrem-of all the reactors;

¢

{e)d) Describe how emergency arrangemernitg;luding the petential-interface with security
measures, are integrated and coordinated twélkemergency arrangements of adjacent sites.

CHAPTER 20. ENVIRONMENTAL ASPECTS

3.20.1. This chapter should provide a brief description of the approach taken to assess the impact on
the environment of the plant operatiéor operationalstatesas well asfor accident conditions
including severe accidentsRadiological environmental aspects should be included in this chapter of
the safety analysis report

3.20.2. It is assumed that an overall environmental imph¢he plantis covered by a dedicated
environmental impact assessmeanport. This chapter of theafety analysis repoi$ a link between

the environmental impact assessmeeport and thesafety analysis repoitself. Depending on the
stage of the projeceither relevant data from tlevironmental impact assessmeaport are used, or
appropriate update of the information originally covered byetmgronmental impact assessméent
provided. In case of thiaitial safety analysis repgrthe sourcs of the quantified information for this
chater are relevant parts of tle@avironmental impact assessmegport. In subsequent stages of the
safety analysis repgnnore specific and accurate information on radiological effects of different plant
states is available in chapters 11, 12 and 15hik ¢ase chapter 20 can be based on appropriate
references to other chapters.

General aspecs of the environmental impact assessment

3.20.3. This section provides the introduction to the chapter. In partitéainterrelation of the
environmental impacts assessment to the status of the project atatubeogeviews,approvals, and
consultationsassociated with the environmental impassessmershould be summarized.

“ The scope of the environmental protection aspects include in the safety analysis report should be
commensurate with national regulations.
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Site characteristics important for theenvironmental impact

3.20.4. This section should briefly summarize all site characteristics addess®epter 2 of the
safety analysis repowthich are important from environmental impact point of view, includamg,
water, ecologyas well asrelevant dat@n the population distributiomeology, and neteorology

3.20.5. The appropriate scope of relevant informatiositnspecific factorsan be found ilNS-R-3

(Rev. 1)[5] SitefEvaluation for Nuclear Installatish pndNS-G-3.2 (DS427Step 11Dispersion of
Radioactive Material in Air and Water and Consideration of Population Distribution in Site Evaluation
for Nuclear Power Plan{d4].

Plant features minimizing environmental impact

3.20.6. Plant characteristics determining radiological releasesninimizing the radiological
environmental impact should be summarized here, with references made to other chapteefetthe
analysis reporas appropriate.

Environmental impacts of corstruction

3.20.7.The onstructionof the plantitself does not represent a source of radiation. However, other
potential sources of radioactivity, such as adjacent nuclear instailatiosealed radiation sourges
used during the plantonstructionshoutl be considered for determination of the quantitative
radiological impact on construction workers at the site of the proposed plant. Assumptions,
methodology and results of such radiological impanzlysisshould be described in this section.

Environmental impacts of normal operation

3.20.8. This section should demonstratenpliance withall operational targets for solid, liquid and
gaseous discharges aadequacy ofmeasureso comply with authorized limitsAll radiation impacts
on surroundings und@tantoperation should be consideréatluding:

9 Direct ionizing radiation from the buildings and facilities in which radioactive materials
are handled

1 lonizing radiation emitted by radioactive nuclides in gaseous discharges from controlled
area devices

1 lonizing radiation emitted by radioactive nuclides in liquid discharges from controlled
area devices.

3.20.9. Further on, the section should summeattie measures that will be taken to contadioactive
discharges to the environmefdonsistently withchapters 11 and )2External exposure from the
plume of radioactive gases and aeroselsased from the ventilation stacks, external exposure from
radioactive faHout (deposition) and internal exposure from inhalaiad ingestiorof radionuclides
shoutl be addressed.

3.20.10. Further information on methods and approachesth®rassessment of radiological
consequences @lant operation for thenvironment is provided in GSR Par{Rev. 1)[2]; DS491
Step g45]); NS-G-3.2 DS427Stepl4) [14].

Environmental impacts of postulated accidents involvingeleases ofadioactive
materials

3.20.11. The environmental effects of accidents involving radioactive material that can be postulated
for the plant under reviewshouldbe addressed in this sectidrhe list of accidents covered should be
provided. The scope of the section should cover thesitfconsequences terms of projected
effective dosesor sufficient distance from the plafdr design basis accidenas well as for selected
design exterien conditiors with core melting(except those which are practically eliminatetihe

type of data and information needed will be affected by sitel statiorspecific factors, and the
degree of detail should be modified according to the anticipated mdgrif the potential impacts.

An overview of the offsite protective actiont® limit adverseradiologicalimpacts during accidents
should be described.
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Environmental impacts of plant decommissioning

3.20.2. Similarly as it was done for thglant normaloperation, radiological impacts of the plant
decommissioning should be summarized in this section, with the reference made to chapter 21.

3.20.1. Further information on issues associated with decommissioning can be found in GSR Part 6
Decommissioning of &cilities [57]; SSG47 [58]; WSG-5.2 Safety Assessment for the
Decommissioning of Facilities Using Radioactive Mate[58) .

Environmental measurements and monitoring programmes

3.20.14. This section should refer to the -afte monitoring regime for contamination levels and
radiation levelsconsistently withChapter 11 The dedicated environmental monitoring programmes

and alarm systenmshould bedescribed that are required to respomdihplanned radioactive releases

and the automatic devices to interrupt such releases, if appli&bleutes, which could be the
source of uncontrolled ionization radiation and radioactive substance leakage beyond the power plant
systemsshould be ad@ssed. Warning signals or automatic blockades preventing the unauthorized
regime together with the activation levels settingBould be specifiedzurther information on issues
associated with environmental monitoring can be foimdRS-G-1.8 Environmenal and Source
Monitoring for Purposes of Radiation Protect[66].

Records of radioactive releases and availability of information to the authorities and the

public

3.20.5. This section shouldescribe thanethods to make, store and retain records of radioactive
releases that will routinely be made from the site. Furthgth@section should describe the measures
that will be taken to make appropriate data available to the authorities and the puhimuld be
demonstrated that the forms and deadlines of the records comply with relevant regulations and
conditions given by the regulatory body in the licefor operation

CHAPTER 21. DECOMMISIONING AND END OF UFE ASPECTS

3.21.1.This chapter should describe decommissioning agagein the lifetime of a plant, which
comes after the permanent cessation of operation (permanent shutdown) and plant tpamgition

The feasibility of decommissioning and capability to decommission the gheuld beconceptually
demonstrated already during design and construactiages before the initial criticality occurs or
before plant operation commences. This demonstration is usually done in an initial decommissioning
plan.

3.212. Already during nuclear power plansiting, it should bedemonstrated how the pladesign
allow minimizing contaminationduring decommissioningAdditionally, it should be also described
thatduring plant lifetime appropriate radiological survegse conductethcluding of the subsurface,
site water storage and drainage systems and groundwatereaods maintainedf residual
radioactivity. The associated safety issues should be described in this chapter.

3.213. During operation of the plant, the initial demmissioning plan should be periodically updated

to allow for an increasing level of detail, introducing new information available from the plant
operation and reflecting regulatory, technical and other developments related to decommissioning. It
should benoted that the level of detail ithe initial decommissioning platakes a sharp increase
beginning 510 years prior tadhe expected end obperatinglifetime, when detailed planning for
decommissioning begins. Where applicable, cost estimates and dinpnavisions should also be
provided. Further information on decommissioning is provide@3R Part 6 [3], SSG47 [58] and

in WS-G-5.2[59].

General principles and regulations

3.214. In addition to general principles adopted for decommissioning, this section should provide
information on the documentation required and regulations to be followed, which ensure that both the
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radiation exposures to workers and to the public, and theranbwadioactive waste and hazardous
materialgeneratedare properly managed and minimized.

Decommissioningstrategy

3.215. This sectiorshould present the options identified and the method chosen for decommissioning.
The main differences between tlaternative—appreachedecommissioning optionshould be
explained (e.gin terms of the optimization of protection and saféiye protection ofrinimization-of
the—radiological-consequences—for—personnel—the—publicth@denvironment and optimization
minimizing the generation of waste, and well efsthe-technological, economic, social and other
relevantindicaterdactory. Options and their effects on the timing of the decommissioning process
should also be discussed.

Facilitating decommissioningduring design and operation

3.216. This section of theafety analysis reposhould briefly discuss the proposed decommissioning
concept, with the following aspects taken into account:

(a) Design solutions that minimize the amount of wgsteerate@ndthat facilitate decommissioning;

(b) Design solutions that incorporate monitoring or leak detection capabilities, to allow for earlier
identification of uncontrolledelease ofadioactivity;

(c) Consideration of the types, volumes and activities of ratli@awaste generated during operation
and decommissioning;

(d) Identified options for decommissioning;
(e) Anticipated programmatic changes necessary to transition
(f) Adequate documentary control and maintenance of suitable and sufficient records;

(9) Anticipated organizational changes, including provisions in place to preserve the institutional
knowledge that will be needelliringthe decommissioningtage

Decommissioning plan

3.217 This section should present a tentative programme of decommissiactings including a
timescale, containing the following basic activities (including their anticipated schedule of
implementation):

(a) The development of an engineering study for deaissioning, identifying the policy and
objectives;

(b) The selectionof a decommissioningstrategy that is consistent with the national policy on
management of radioactive waste

(c) Planning, phasing or staging of the decommissioning process, includirapaate requirements
for surveillance and updated safety analyses throughout the process. In multiple unit plants,
phasing may create a new plant configuration where some units aistsef (mothballed) and
others are operating, which could involvereséing of shared services provided by shared safety
and process systems;

(d) Identification of the systems, toodd equipmentequiredduring decommissioningncluding
those already availab&nd organizationf the decommissioningctions

(e) The development of safety analysis repofor decommissioning;

(f) The development of a programme for bringing the reactor to a safe condition for total or partial
dismantling including possible partial sa®rage (mothballed in preparation for
decommissioning) of selected units in a multiple unit plants;

(g9) The development of a programme for ensuring that services (heating, electricity and water supply)
will be available to support the work;
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(h) Estimation of types and volumes of wastes arifiagn decommissioningincluding radioactive
waste

(h-bis) Description of waste management strategies for different waste &ypkslentification of
potentially reusable or recyclable material

(i) The development of a programme for providing adequatiéitiss for the handling, processing,
storage antransport of the radioactive waste arising during decommissioning;

(i) Providing for the physical protection, monitoring and surveillance of the unit during the
decommissioninghasesdentified;

(k) Trackingof the authorizationprocessor the conduct of decommissioning actiaghsoughoutthe
entiredecommissioningtage

Provisions for safety during decommissioning

3.218. This section should provide a short description of the measures necessary to ensure safety
during decommissioning on the basis of the specified safety principles and safety objectives. The
measures should be described that are adopted at the desigaingdrin future operation with the
following objectives: (a)to minimize the volume of radioactive structurés,to reduce toxicity of the

waste, (c) to lower the activity level of irradiated componen{sl) to restrict the spread of
contamination and permit easier decontaminati@),to facilitate the access of personnel and
machines antheremoval of waste, an() to ensure the collection of important data.

3.219. An estimate of the volume @fw-and-intemediate-levetadioactivewaste should be provided.
Special attention should be paid to the following aspects:

(a) Sources of radioactive materials should be identified and assessed

(b) Radioactive (airborne and liquid)scharges during thdecommissiomig process demonstrating
that will be in accordance with the ALARA principgadwill be kept within authorized limits;

(c) The practicability of adherence to the concept of defence in depth against radiological hazards
during the decommissioning processuld also be demonstrated.

End of life aspects othe decommissioned site

3.2110. This section should specifthe proposed end statd the site to be reached following
decommissioning and site clearance works. This should inalddscription of the @ssible future use
of the site and remaining facilities

79



DS449i F&C of the SAR for NPPs 2nd review bySSCsi 10 November 2017

APPENDIX |

DEVELOPMENT OF THE &FETY ANALYSIS REPOR IN THE COURSE OF HE
LICENSING STAGES

Project phases
gggﬁ,ﬁ;gei%fﬁty Site Permit ConstrU(_:tion Commissiqning
Initial SAR _Pgrmlt Preopgratlonal
Preliminary SAR| SAR (Final SAR)
Introduction and Preliminary Final information | Verified/updated
General Description of information information
the Plant
Site Characteristics Final information | Verified Verified/updated
information information
Safety Objectives and | General design | Reactor type Verified/updated
DesignRulesof requirements specific design information
Structures, Systems, requirements
and Components
Reactor Description of an | Description of Verified/updated
envelope and SSC®and information
general requirements on
requirements on g operation of
given part of the |systems
design or SSC
Reactor Coolant and | Description of an | Description of Verified/updated
Associated Systems envelope and SSC and information
general requirements on
requirements on g operation of
given part of the |systems
design or SSC
Engineered Safety General Description of Verified/updated
Features requirements on | SSC and information
the design of SSC requirements on
operation of
systems
Instrumentation and | General Description of Verified/updated
Control requirements on | SSC and information
the design of SSC requirements on
operation of
systems
Electric Power General Description of Verified/updated
requirements on | SSC and information
the design of SSC requirements on
operation of
systems
Aucxiliary Systems and | General Description of Verified/updated
Civil Structures requirements on | SSC and information
the design of SSC requirements on
operation of
systems

> SAR: Safety Analysis Report.
1 sSC:structure, system and component
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Project phases

Chapter of Safety . ——
Analysis Report Site Permit Construction | Commissioning
Initial SARY _Pgrmlt Preopgratlonal
Preliminary SAR| SAR (Final SAR)
10 |Steam andPower General Description of Verified/updated
Conversion System requirements on | SSC and information
the design of SSC requirements on
operation of
systems
11 |Radioactive Waste General Description of Verified/updated
Management requirements on | sourceterms, SSC| information
the design of SSC and requirements
on operation of
systems
12 |Radiation Protection |General Demonstration of | Verified/updated
requirements on |compliance with |information
radiation the requirements
protection
13 | Conduct of Operations| General Demonstration of | Verified/updated
requirements on | compliance with |information
conduct of the requirements
operations
14 | Plant Construction General Demonstration of | Demonstration of
and Commissioning requirements on | compliance with | compliance with the
commissioning | the requirements | requirements
15 |Safety Analysis General Demonstration of | Verified/updated
requirements on | compliance with | demonstration of
scope, methods |the requirements | compliance with the
and criteria for requirements
safety analysis
16 |Operational Limits General Description and | Verified/updated
and Conditions requirements on | specification of | description and
operational limits | operational limits | specification of
and conditions and conditions operational limits
and condibns
17 |Management Systems| General Description of Updated descriptio
requirements on | management of management
management system system
system
18 |Human Factors General Description of Updated descriptio
Engineering requirements on |scope, of human fact®
human factas methodology and | engineering
engineering results of human
factors engineering
19 Emergency General Description of Updated descriptio
Preparedness requirements on | emergency of emergency
emergency facilities and facilities and
preparedness emergency plans | emergency plans
20. |Environmental Preliminary or Updated Updated
Aspects expected information, information,
information, referring to other |referring to other
consistent with | parts of the SAR | parts of the SAR
EIA document
21 |Decommissioning and | General Preliminary Updated
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Chapter of Safety
Analysis Report

Project phases

Site Permit
Initial SAR™

Construction
Permit
Preliminary SAR

Commissioning
Pre-operational
SAR (Final SAR)

End of Life Aspects

requirements on
decommissioning
and end of life
aspects

information on
decommissioning
and end of life
aspects

information on
decommissioning
and end of life
aspects
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APPENDIX I

UNIFIED DESCRIPTION OF THE BSIGN OF PLANT STRUCQURES, SYSTEMSAND
COMPONENTS

[1.1 A common structure with basic specification of the content proposed for sections dealing with
structures, systems and components (in particular systems) is given below. Wheo & topi
relevant to a SSAd t is suggested to keep the section and
description is necessary.o

Structure systemand @mponenbr equipmenfunctions
I1.2 The safety and nesafety functions of the SS& equipmenshould be described here.
Design basis

I1.3 This section should include the safety design criteria, rules and regulations applying to the SSC,
such as:

T List of plant operational conditions and postulated initiating events when the SSC is in
operation or wl be called upon

Conditions to be practically eliminated, if relevant

Safety requirements related to operating conditions, including stresses and environmental
conditions €.g.temperature, humidityressure, vibratioandirradiation;

Safety classiftation

Protection against external hazards

Protection against internal hazards

Seismic categorizatign

Single failure criterion and protection against common cause fajlures
Isolation considerations

Equipment qualification

= =4 -4 -4 -—Aa -8 -2 -2

Design standardsequirements and fabrication, constructismdoperational codeand other
more specific design aspects such as:

0 Overpressure protection
0 Thermal shock
0 Leakage detection or collection.
Structure systemand @mponenbr equipmentlescription

I1.4 In this section, the SSC should be describ&€tde description includes list and numbering of
components, basic drawings of the components and the ladylain. design parameteishould be
provided such as number of components, dimensions, operational capactyioihy operational
parametersandpower supply. The nature and the importance of topics can be differestiuctures,
mechanical, electrical anstrumentation and contreystems or components.

.5 Summary information regarding manufacturipcumemation and recordsof the main
componentsshould be described, indicatirsyipporting documents availabladditionally, relevant
information on software based equipment and systems should be also included.

Materials

II.6 In this section, adequate and sufficient information should be provided regarding the materials
used in componentshe behaviour of these materials under irradiation (when applicaisleyell as
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the material interactions with fluids that could potenjidthpair operation ofengineered safety
feature systems. The intent of the information included in this section of the SAR is to ensure
compatibility of the materials with the specific fluids to which the materials are subjected. Their
specific propertiegjuality and chemistry requiremersisould bedescribed.

Interfaces with other equipment or systems

[I.7 The support systems (e.ghoseproviding electric power, lubrication, ventilatiaand cooling
water), supported systems and other connected systems shouligésbebedas well as the
corresponding design requirement$low diagrams of pipelines and blediagrams of
instrumentation and controlsingleline diagramsand locations of unitend mechanisms including
valves, pipelines, vesselgistrumentation and contrelind actuators should be presentédclosing
structures and system layout should be also presefitedboundaries with other systestsouldbe
shown.

II. 7A Constructability or installation readiness of the system, component or equipment at the plant
should be provided to ensure it can work as designed after installation. Interference of the system,
component or equipment with other systems and surmogrstiructures should kaso providedn the
safetyanalysisreport to ensure maintainability.

Systemcomponent orguipment operation
I1.8 This section should summarize the operation of the system or equipment.
Instrumentation and control

1.9 This section should describe the method aointrol, the alarms, indications and interlocks
associated with operation of the SSC.

Monitoring, inspection, testing and maintenance

[1.10 This section should present the monitoring, inspection, testing and maintetiaciceling
ageing managemenwhich will help demonstrate that:

1 The status of the equipment/system is in accordance with the design intent

1 There is adequate assurance that thgeggnt/system is availabbnd reliablego operate as
required

1 There has been no significant deterioration in equipment/system availability, performance and
integrity since the last test.

Radiological aspects

[1.11 This section should describe the measuigken to ensure that the dose rates to operating
personnel, arising from the equipment/system operation or maintenance, are as low as reasonably
achievable iroperational stategnd in accident or posiccident conditions.

Performance and safegssessment

[1.12 This section should present the measures taken to address each of the safety design aspects or
requirements listed in the above section 2. This may include description of the method and results of
the analysis demonstrating required caliignf the equipment.

[1.13 This section should describe the conformity assessment with the applied regulations, codes and
standards.
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ANNEX

TYPICAL TABLE OF CONTENT OF A SAFETY ANALYSIS REPORT
CHAPTER1. INTRODUCTION AND GENERAL DESCRIPTION OFTHE PLANT

1.1Introduction
1.2 Project implementation
1.3Identification ofinterested partiesegarding design, construction and operation
1.4Information on theplantlayout and other aspects
1.5 Generabplantdescription
1.6 Comparison wittotherplant designs
1.6.1 Additional information concerning new saftagtures
1.7 Drawings and other more detailed information
1.8 Modes of normal operatioof the plant
1.9 Principles of safety management
1.10 Additional supportingor complementarglocuments considered as a part of the safety analysis
report
1.11 Conformance with gplicable regulations, codes and standards

CHAPTERZ2. SITE CHARACTERISTICS

2.1 Geography andemography

2.2 Evaluation of site specific hazards

2.3 Proximity ofindustrial transportation andtherfacilities

2.4 Activities attheplarg i t € t hat may influence the plantoés
2.5 Hydrology

2.6 Meteorology

2.7 Geologyseismology andjeotechnicaéngineering

2.8 Site characteristics and the potential effects of the nuclear power plant
2.9 Radiological conditions due to external sources

2.10 Site related issues in emergemryangementand accident management
2.11 Monitoring of site related parameters

CHAPTERS3. SAFETY OBJECTIVES AND DESIGNRULES FORSTRUCTURES,
SYSTEMS AND COMPONENS

3.1General safety design basis
3.1.1Safetyobjectives
3.1.2 Safety functions
3.13 Radiation protection and radiological acceptance criteria
3.14 General design basis and plant statassidered in the design
3.1.5Prevention and mitigation of accidents
3.1.6Defence in depth
3.1.7Application of general desigrequirements and technical acceptance criteria
3.1.8Practical elimination of the possibility pfant event sequencasisingthat could result in high
radiation doses or in a large radioactive release
3.1.9Safety margingnd avoidance of cliff edge effects
3.1.10Design approaches for reactor core and fuel storage
3.1.11Considerations of interactions between multiple units
3.1.12Design provisions for ageing management
3.2 Classification of structures, systems, and cormapisn
3.3 Protection against external hazards
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3.3.1 Seismidesign
3.3.2 Extremaveather conditions
3.3.3Extreme hydrological conditions
3.3.4Aircraft crash
3.3.5 Missiles
3.3.5.1 Missiles generated by extreme winds
3.3.6External fires, explosions arnoxic gases
3.3.70ther external hazards
3.4 Protection against internal hazards
3.4.1Internal fre, explosion and toxic gases
3.4.2 Internaflooding
3.4.3Internal mssiles
3.4.4High energy line breaks
3.4.5 Other internal hazards
3.5General desigaspects forigil engineeringvorks ofsafety classifieduildings anctivil
engineeringtructures
3.5.1 General design principlestructural and civil engineering
3.5.2 Foundations
3.5.2.1Applicablecodes standards andpecifications
3.5.2.2 Loads ahloadcombinations
3.5.2.3 Design anahalysisprocedures
3.5.2.4 Structuradcceptanceriteria
3.5.2.5Materials,quality control andspecialconstructiontechniques
3.5.2.6Testing andn-serviceinspectiorrequirements
3.5.3 Buildings
3.5.3.1Applicablecodes standards andpecifications
3.5.3.2 Loads ankbadcombinations
3.5.3.3 Design anahalysisprocedures
3.5.3.4 Structuradcceptanceriteria
3.5.3.5Materials,quality control andspecialconstructiontechniques
3.5.3.6Testing andn-serviceinspectiorrequirements
3.6 General design aspects foeamnanicabystems and¢omponents
3.6.1Specialtopics formechanicatomponents
3.6.1.1Designtransients
3.6.1.2Computeprogrammesised inanalyses
3.6.1.3Experimentaktressanalysis
3.6.1.4Considerations for thevaluation of thdaultedcondition
3.6.2Dynamictesting andanalysis ofsystemscomponents andquipment
3.6.3Codes for Class 1, 2, andc8mponentscomponensupports anaore supportstructures
3.6.4Controlrod drive systems
3.6.5Reactompressurevesseinternals
3.6.6Functionaldesign,qualification andn-servicetestingprogrammes fopumps,valves and
dynamicrestraints
3.6.7 Piping design
3.6.8 Threaded fasteners (Code for Class 1, 2, and 3)
3.7 General design aspects fastrumentation and control systems and components
3.7.1 Performance
3.7.2 Design for reliability
3.7.3 Independence
3.7.4 Qualification
3.7.5.Verification and validation
3.76 Failure modes
3.7.7 Control of access to equipment
3.78 Quality
3.79 Testing and testability
3.710 Maintainability
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3.7.11 Identification of items important to safety
3.8 General design aspects fdedricalsystems and components
3.8.1 Redundancy
3.8.2 Independence
3.8.3 Diversity
3.8.4 Controls anchonitoring
3.8.5ldentification
3.8.6 Capacity and capability
3.8.7 Considerations of the external grid and related issues
3.9 Equipment qualification
3.9.1 Seismic
3.9.2 Environmental
3.9.3 Electromagnetic
3.10 Inservice monitoring, tests, maintenar@ee inspections
3.10.1 Safety design bases and requirements
3.10.2 Inservice monitoring
3.10.3 Inservice testing
3.10.4 Inservice maintenance
3.10.5 Inservice inspection
3.11 Compliance with national and internatiostaindards

CHAPTER4. REACTOR

4.1 Summary description
4.2 Fuel design
4.2.1 System / Equipment functions
4.2.2 Safety design bases
4.2.3 Description
4.2.4 Materials
4.2.5 Interfaces with other equipment or systems
4.2.6 System / Equipment operation
4.2.7 Monitoring, inspection, testing andhintenance
4.2.8 Radiological aspects
4.2.9 Performance and safety evaluation
4.3 Nuclear design
4.3.1Design bases
4.3.2Description
4.3.3Analytical methods
4.3.4Changegrom prior reactor design practices
4.4 Thermahydraulic design
4.4.1Designbases
4.4.2Description of thermahydraulic design of the reactor core
4.4.3Description of the thermal and hydraulic design of the Reactor Coolant System
4.4 4Evaluation of the validity of thermal and hydraulic design techniques
4.4 5Testing and veritiation
4.4.6Instrumentation requirements
4.5 Design ofreactivity control systems
4.5.1 System / Equipment functions
4.5.2 Safety design bases
4.5.3 Description
4.5.4 Materials
4.5.5 Interfaces with other equipment or systems
4.5.6 System / Equipment opd#on
4.5.7 Instrumentation and control
4.5.8 Monitoring, inspection, testing, and maintenance
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4.5.9 Radiological aspects

4.5.10 Performance and safety evaluation
4.6 Evaluation of combined performancereactivity control systems
4.7 Core components

4.7.1 System / Equipment functions

4.7.2 Safety design bases

4.7.3 Description

4.7.4 Materials

4.7.5 Interfaces with other equipment or systems

4.7.6 System / Equipment operation

4.7.7 Instrumentation and control

4.7.8 Monitoring, inspection, testing, an@intenance

4.7.9 Radiological aspects

4.7.10 Performance and safety evaluation

CHAPTERS. REACTOR COOLANT ANDASSOCIATED SYSTEMS

5.1 Summary Description
5.2. Materials
5.3. Reactor coolant system and reactor coolant pressure boundary
5.3A Reactor Vessel
5.4 Reactor coolant pumggecirculation pumps
5.4.1 System / Equipment functions
5.4.2 Safety design bases
5.4.3 Description
5.4.4 Materials
5.4.5 Interfaces with other equipment or systems
5.4.6 System / Equipment operation
5.4.7 Instrumentation and dool
5.4.8 Monitoring, inspection, testing, and maintenance
5.4.9 Radiological aspects
5.4.10 Performance and safety evaluation
5.5Primary heat exchangers (steam generato®BWR
5.5.1 System / Equipment functions
5.5.2 Safety design bases
5.5.3Description
5.5.4 Materials
5.5.5 Interfaces with other equipment or systems
5.5.6 System / Equipment operation
5.5.7 Instrumentation and control
5.5.8 Monitoring, inspection, testing, and maintenance
5.5.9 Radiological aspects
5.5.10 Performance arsafety evaluation
5.6 Reactor coolant piping
5.6.1 System / Equipment functions
5.6.2 Safety design bases
5.6.3 Description
5.6.4 Materials
5.6.5 Interfaces with other equipment or systems
5.6.6 System / Equipment operation
5.6.7 Instrumentation and cornitro
5.6.8 Monitoring, inspection, testing, and maintenance
5.6.9 Radiological aspects
5.6.10 Performance and safety evaluation
5.7 Reactompressurecontrol system
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5.7.1 System / Equipment functions
5.7.2 Safety design bases
5.7.3 Description
5.7.4 Materials
5.7.5 Interfaces with other equipment or systems
5.7.6 System / Equipment operation
5.7.7 Instrumentation and control
5.7.8 Monitoring, inspection, testing, and maintenance
5.7.9 Radiological aspects
5.7.10 Performance and safety evaluation
5.8 Reactorcoreisolationcooling system (BWRs only)
5.8.1 System / Equipment functions
5.8.2 Safety design bases
5.8.3 Description
5.8.4 Materials
5.8.5 Interfaces with other equipment or systems
5.8.6 System / Equipment operation
5.8.7 Instrumentation and control
5.8.8 Monitoring, inspection, testing, and maintenance
5.8.9 Radiological aspects
5.8.10 Performance and safety evaluation
5.9 Reactor coolant system component supports and restraints
5.9.1 System / Equipment functions
5.9.2 Safety design bases
5.9.3 Descripion
5.9.4 Materials
5.9.5 Interfaces with other equipment or systems
5.9.6 System / Equipment operation
5.9.7 Instrumentation and control
5.9.8 Monitoring, inspection, testing, and maintenance
5.9.9 Radiological aspects
5.9.10 Performance and safety ewdilon
5.10 Reactor coolant system and connected system valves
5.10.1 System / Equipment functions
5.10.2 Safety design bases
5.10.3 Description
5.10.4 Materials
5.10.5 Interfaces with other equipment or systems
5.10.6 System / Equipment operation
5.10.7Instrumentation and control
5.10.8 Monitoring, inspection, testing, and maintenance
5.10.9 Radiological aspects
5.10.10 Performance and safety evaluation
5.11 Access and equipment requirements feeirvice inspection and maintenance
5.11.1Accessibility
5.11.2Examination categories and methods
5.11.3Inspection intervals
5.11.4Provisions for evaluating examination results
5.11.5System pressure tests
5.11.6Programme and milestones implementation
5.12 Reactor auxiliary systems
5.12.1 Chemicahndinvertory control system
5.12.1.1 System / Equipment functions
5.12.1.2 Safety design bases
5.12.1.3 Description
5.12.1.4 Materials
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5.12.1.5 Interfaces with other equipment or systems

5.12.1.6 System / Equipment operation

5.12.1.7 Instrumentation and control

5.12.1.8 Monitoring, inspection, testing, and maintenance

5.12.1.9 Radiological aspects

5.12.1.10 Performance and safety evaluation
5.12.2 Reactor coolant mak and cleanupgystem

5.12.2.1 System / Equipment functions

5.12.2.2 Safety design bases

5.12.23 Description

5.12.2.4 Materials

5.12.2.5 Interfaces with other equipment or systems

5.12.2.6 System / Equipment operation

5.12.2.7 Instrumentation and control

5.12.2.8 Monitoring, inspection, testing, and maintenance

5.12.2.9 Radiological aspects

5.12.2.10 Performance and safety evaluation
5.12.3Residuaheatremovalsystem

5.12.3.1 System / Equipment functions

5.12.3.2 Safety design bases

5.12.3.3 Description

5.12.3.4 Materials

5.12.3.5 Interfaces with other equipment or systems

5.12.3.6 SystemEquipment operation

5.12.3.7 Instrumentation and control

5.12.3.8 Monitoring, inspection, testing, and maintenance

5.12.3.9 Radiological aspects

5.12.3.10 Performance and safety evaluation
5.12.4Reactor Coolant System high point vents

5.12.4.1 SystemEquipment functions

5.12.4.2 Safety design bases

5.12.4.3 Description

5.12.4.4 Materials

5.12.4.5 Interfaces with other equipment or systems

5.12.4.6 System / Equipment operation

5.12.4.7 Instrumentation and control

5.12.4.8 Monitoring, inspection, testirgnd maintenance

5.12.4.9 Radiological aspects

5.12.4.10 Performance and safety evaluation
5.12.5Reactotheavy water collectiofpressurized water reactd@s/Rsonly)

5.12.5.1 System / Equipment functions

5.12.5.2 Safety design bases

5.12.5.3 Description

5.12.5.4 Materials

5.12.5.5 Interfaces with other equipment or systems

5.12.5.6 System / Equipment operation

5.12.5.7 Instrumentation and control

5.12.5.8 Monitoring, inspection, testing, and maintenance

5.12.5.9 Radiological aspects

5.12.5.10 Performance and safety evaluation

CHAPTERG6. ENGINEERED SAFETY FBTURES

6.0Engineered Safety Feature materials
6.0.1 Metallic materials
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