Federal Environmental, Industrial and Nuclear
Supervision Service of Russia

FEDERAL STANDARDSAND RULESIN THE FIELD
OF USE OF ATOMIC ENERGY

Approved by

Decree of the Federal Environmental,
Industrial and Nuclear Supervision
Service of Russia No 4

of 10 December 2007

NUCLEAR SAFETY RULES FOR
REACTOR INSTALLATIONS OF NUCLEAR POWER PLANTS

NP-082-07

Effective since
“01” June 2008

M oscow 2007



UDK 621.039

NUCLEAR SAFETY RULESFOR REACTOR INSTALLATIONSOF
NUCLEAR POWER PLANTS

Federal Environmental, Industrial and Nuclear Supervision Service of Russia
M oscow, 2007

These federal standards and rules “Nuclear S&etgs for Reactor Installations of
Nuclear Power Plants” establish requirements foclear safety ensurance of reactor
installations of nuclear power plants during desgrgineering, construction and operation.

These federal standards and rules are issuedstitsitie the Nuclear Safety Rules for
Reactor Installations of Nuclear Power Plants PBMa AS-89 with AlterationNel and
Section 4 of Nuclear Safety Rules for Nuclear PoRlants PBYa-04-74

“The document has been developed by specialist& @t NRS, taking into account comments and proposals
produced by the following organizations: FSUE "8tResearch and Design Institute AtomenergoproE&UE
“Russian State Concern for the Production of Elegtrand Thermal Energy at Nuclear Power PlantSUE
“All-Russia Research Institute for Inorganic Ma#dsl' named after A.A. Bochvar, FSUE “All-Russia @ps
and Research Institute for Integrated Power Tedgys] FSUE “Experimental Design Bureau “Gidropress”
FSUE “State Research Center of the Russian Federaistitute for Physics and Power Engineering rchafeer

A.l. Leipunsky”, Joint Stock Company “Novosibirskh@mnical Concentrates Plant”, FSUE “State Research
Center of the Russian Federation Research Institofte Atomic Reactors”, Joint Stock Company
“Mashinostroitelny Zavod”, Joint Stock Company “Nmeinsk Shipping Company”, Joint Stock Company
“TVEL”, FSUE “Experimental Design Bureau of IndusairEngineering named after A.A. Afrikantov”, FSUE
“Mining and Chemical Combine”, FSUE Production Asistion “Mayak”, FSUE “Research and Development
Institute of Power Engineering named after N.A. [Bdhal”, Balakovo NPP, Beloyarsk NPP, Bilibino NPP,
Kalinin NPP, Kola NPP, Kursk NPP, Leningrad NPP,oBmsk NPP Department of Nuclear and Radiation
Safety of the Federal Atomic Energy Agency, RRC f¢hatov Institute”,.



TABLE OF CONTENTS

LIST OF ABBREVIATIONS ...ttt e e e e e e ennnne 4
BASIC TERMS AND DEFINITIONS ... e 5
1. PUIMPOSE QN0 SCOPE .uuiiiiiiiieeeiiie et e e e e ettt e e e e e e e e et e ettt e e e e e e e e aeeessaanaaeaeeeeeeennnnnns 8

2. Nuclear safety requirements for reactor and other safety important systems 8

2.1.GENERAL REQUIREMENTS...cetettiutttttteseesassntseeeaeesassteseessnsaanseseessansssssseesssansnssseeseessnnssnns 8
2.2.CORE AND ITS STRUCTURAL COMPONENTS ....ccttuuuaaatertinnaaareesnnnnaaaeeessnnnaanseeeeessnnnnns 10
2.3.CONTROL AND PROTECTION SYSTEMS....ciiutttrereeesaainntreeeeeesannsnsereesasssnneesssssnsssseeeeeaans 11
2.3.1. General reQUITEIMENTS .......oieereeierie ettt sttt sre e see e s e e sbeebesneeses 11
2.3.2. Emergency proteCtion SYSLEM .........ceieeiueeeereerieeeesieeseeeeesseesesseesseessesneesseessesneesnes 12
2.3.3.Neutron flux and reactivity CONIol...........oocereriinineeeeseee s 15
2.4.NORMAL OPERATION CONTROL SYSTEMS AND CONTROLLING SAFETY SYSTEMS........... 16
2.5.RI COOLANT CIRCUIT(PRIMARY CIRCUIT) 1eevttttutunuunaaaaaaeaaaaeeeeeeeeensssnnsnnnnnaeaaaeaaaaaeeees 19
2.6.EMERGENCY CORE COOLING SYSTEMS.....uuttttteeeeiiistreereeesaasnenneeeeesssnnnneessssssseeesessanns 20
2.7.REFUELING EQUIPMENT AND CORE REFUELING PROCEDURE......c.cuvivuiiiiiiiieiieieeieennens 21
2.7.1. REFUBING EQUIPIMENL ......eeieieiecieeie et ee st e e e e ene e sneeseeneenns 21
2.7.2. REFUBIING SEBQUENCE......ceeeeeieieiteeie ettt sttt st sbe b nns 22
3. Nuclear safety ensurance during the NPP unit commissioning ..................... 23
3.1.REACTOR FIRST CRITICALITY. ... tettttttuuaaaaeestuuaeaaeessunaaeesennnmnssnsaaaeeessnnnaaeaaessnnnaaaseees 23
S.2.NPPFIRST POWER ....cetiutttitteeeaaaiitteteaeasasstteeeessassneeesssasssseeeessassssseeeesssnssseesannnnn 24
4. Nuclear safety during OPeration ........ccooeiiiiiiiiiiiiiii e 25
5. The Rules complianCe CONLIOl .....oovvviiiiiii e 27

APPENDIX. Fuel Rod Damage Limits and Requirements for Russian NPPs with
the Most ComMMON RIETYPES ..ot e e e e e e e e e e e eeaes 28



LIST OF ABBREVIATIONS

AZ
BN

BSC (BSP)
CPS

CSS

ECR
EGP-6

FA

FFLS

FR

MCR

NHP
NOCS
NPP

PP

RBMK

RI

SAR

SIS
VVER

Emergency Protection
fast neutron reactor

Back-up Shutdown Center (Panel)
Control and Protection System
Controlling Safety Systems
Emergency Control Room
graphite-moderated loop-type reactor
Fuel Assembly

Failed Fuel Location System

Fuel Rod

Main Control Room

Nuclear Heating Plant

Normal Operation Control Systems
Nuclear Power Plant

Preventive Protection
high power channel-type reactor
Reactor Installation

Safety Analysis Report

Safety Important System
Water-Water Power Reactor



BASIC TERMS AND DEFINITIONS
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Accident shall mean the operational event at a NPP wheat®aetive substances and(or)
ionizing radiation have been released beyond desigmdaries of Rl and NPP envisaged for
normal operation and in quantities which exceece sgperation limits. An accident is

characterized by an initiating event, developmexth® and consequences.

AZ rod shall mean the device to affect reactivity whiclused in AZ (emergency protection
system).

Control and protection system shall mean the combination of technical, softwanel a
information support means to ensure safe behavitbreochain fission reaction.

The control and protection system is théety important system combining normal
operation functions and safety functions and caingjsof elements pertaining to normal
operation control systems, protective, controliamgl supporting safety systems.

Control train shall mean the combination of sensors, communicatiocuits, signal
processing and/or parameter display means whidesgned to exercise control in the scope
envisaged by the design.

Core refueling (refueling) shall mean the nuclear hazardous operations ateRted to
loading, withdrawal and moving of FEs (FRs), reatti controls and other components
affecting reactivity for their repair, replacemamid dismantling.

CPS actuator shall mean the device consisting of a drive medmnicontrol rods and
connecting elements which is designed to changgivég of the reactor.

CPS drive shall mean the device intended for changing pasitibthe CPS mechanical rod
and keeping it in fixed position.

CPSrod shall mean the reactivity controls used by CPS.

CPSrod position indicator shall mean the device to determine a position ©P& rod in the
reactor core.

Diagnostics shall mean the control function which purpose isliétermine whether the object
of diagnostics is workable (unworkable) or in or(failed).

Diversity principle shall mean the principle of reliability improvemehtough application in
different systems (or within one system in diffearehannels) of different means and/or similar
means based on diverse functional principles.

Emergency alarm signal shall mean the signal generated and recorded éydhtrol and
monitoring equipment to trigger preventive protestiand warn the personnel on possible
operational events.

Emergency protection (AZ) shall mean:
» the safety function allowing for fast rendering tieactor subcritical and maintaining it
as such;
* the complex of safety systems performing the AZfiam.

Emergency protection hardware set shall mean the control and protection system harelwa
which performs functions of monitoring and contoser emergency protection in the scope
envisaged by the RI design.

Emergency protection signal shall mean the signal generated by AZ hardwaretioate AZ
rods and which is sent to recording devices as a®lto MCR and BCR for the personnel
notification.

Equivalent FR cladding oxidizing depth shall mean the total thickness of equivalent layer
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which would react with water steam in the assunmptiat all locally consumed oxygen would
have been used to generate the stoichiometric riuno dioxide ZrQ as reduced to the
cladding initial thickness. In the event of theddang loss of integrity oxidizing of both outer
and inner cladding surfaces is considered.

Fuel assembly shall mean the engineering item containing nucleeterials, which is
intended for generation of thermal energy in a eackeactor through the controlled nuclear
reaction.

Fud rod (FR) shall mean the individual assembly unit containiiglear materials, which is
intended for generation of thermal energy in a eackeactor through the controlled nuclear
reaction and (or) accumulation of nuclides.

Fuel rod damage shall mean violation of at least one of design agenlimits established for
fuel rods.

Fuel rod destruction shall mean the loss of integrity of the fuel rodisture to result in a loss
of the FR geometry which ensures its design cooling

Fudl rod leak shall mean the fuel rod damage associated withdbstegrity of its cladding
of a gas leak type or direct contact of nucleal With the coolant.

Group of CPS rods shall mean one or several CPS rods combined tagithéhe purposes
of control to be moved simultaneously and affeattwity.

Independence principle shall mean the principle of the system reliabilibgprovement
through application of functional and/or physicaparation of trains (elements) where, if
implemented, a failure of one train (element) does lead to a failure of another train
(element).

Maximum design fuel rod damage limit shall mean maximum permissible values of fuel rod
parameters and characteristics under conditiortesign basis accidents, which, if exceeded,
may cause destruction of fuel rods.

Maximum reactivity margin shall mean reactivity which may occur in the renetben all
reactivity controls and other removable absorbezsnathdrawn from the core at the moment
of a fuel cycle and in the reactor state featurthg maximum value of the effective
multiplication factor.

Monitoring shall mean the part of control function which isetluate a parameter value or
determine (identify) a state of the process or mgeint subject to monitoring.

Nuclear accident shall mean the accident involving a fuel rod damiamgexcess of the safe
operation limits and/or personnel exposure in exoéshe permissible limits, as initiated by:
. disruption of monitoring and control over the nagléssion reaction in the reactor core;
. criticality during refueling, transportation anastge of nuclear fuel,

. disruption of heat removal from FRs;

. other causes leading to FR damage.

Nuclear hazardous operations shall mean the operations being performed at Riglwander
certain conditions may lead to a nuclear accident.

Nuclear safety shall mean the Rl and NPP property to prevent deauaccident with a
certain probability.

Preventive protection shall mean the function performed by the NPP uartnmal operation
control system to prevent AZ system actuation andi@lation of safe operation limits and
conditions.

Reactivity controls shall mean the engineering means such as solididliqr gaseous
absorbers (moderators, reflectors) which provid#dange in reactivity in the reactor core if
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their position or state is changed in the reactoe.c

Reactor shall mean the device for carrying out the corglhuclear fission reaction to
generate thermal energy.

Reactor core shall mean the section of the reactor where nudlegly moderator, absorber,
coolant, reactivity controls and structural compusedesigned to provide for the controlled
nuclear chain fission reaction and to transfer gné&s the coolant are located.

Reactor installation shall mean the complex of systems and componert§?éf designed to
convert nuclear energy into thermal energy. Itudels the reactor and directly related systems
necessary for its normal operation, emergency Bgpémergency protection, maintaining it in
safe condition provided the required auxiliary angporting functions are performed by other
NPP systems. The RI boundaries are establishezhfdr NPP in the design.

Reactor shutdown system shall mean the system intended for rendering thectoe
subcritical and maintaining it as such using thetigity controls.

Redundancy principle shall mean the principle of the system reliabilityprovement through
application of structural, functional and inforneatiredundancy in the scope that is maximum
necessary and sufficient for the systems to pertberdesignateflinctions.

RI operator shall mean the individual from the operating persdrwho directly controls RI
at MCR (BCR).

Severe core damage shall mean the beyond design basis accident wheleréds damage
exceeds the maximum design limit and the permissibhit of radioactive substance
emergency release to the atmosphere can be achieved

Withdrawal of reactivity controls shall mean such movement or alteration of statéhef
reactivity controls which leads to introductionpdsitive reactivity (insertion of the reactivity
controls leads to introduction of negative reatyivi



1. Purpose and scope

1.1. These Nuclear Safety Rules for Reactor Irsttalis of Nuclear Power Plants
shall cover all NPPs which are under design, emging, construction and operation in
Russia.

1.2. These Rules establish requirements for desifaracteristics and operation
conditions of RI systems and components as wetirganizational requirements regarding
nuclear safety ensurance during design, engineecgstruction and operation of RIs and
NPPs.

1.3. The Rules have been developed on the ba#ie dbeneral Safety Provisions for
Nuclear Power Plants (GSP) and the experience giamdesign, development, construction
and operation of NPPs. The Rules specify the G@Rinraments as regards Rl and NPP
nuclear safety ensurance except for nuclear foehgé and transportation requirements.

1.4. Nuclear safety of a Rl and NPP is determingtkebhnical perfection of designs;
required quality of manufacturing, assembling, rdhg and testing of safety important
systems and components; their operational reltgpiiiagnostics of technical conditions of
the equipment; quality and timeliness of mainteeagned repair of the equipment; monitoring
and control over processes during operation; orgdioin of work; and qualifications and
discipline of the personnel.

1.5. Nuclear safety of RI and NPP is ensured byystemn of technical and

organizational measures envisaged by the deferdeptih concept, including:
. implementation and further development of inhesaigty features;
. use of safety systems built on the basis of thecypies of independence, diversity and
redundancy, and single failure criterion;

use of reliable, field-proven technical solutiomsl gustified methodologies, calculation
analyses and experimental studies;

following the Rl and NPP safety norms, rules amehdards, and design requirements;

stability of processes;

implementation of quality assurance systems astaties of creation and operation of
NPP;

building and implementing safety culture at allgets of creation and operation of NPP.

2. Nuclear safety requirements for reactor and other safety
important systems

2.1. General requirements

2.1.1. Design, construction and operation of an NBRver unit, as well as
development and manufacturing of Rl and NPP compsnehall be carried out in
compliance with the applicable regulatory documemdNPP safety.

2.1.2. The RI design and NPP deign development predede the NPP construction.
The Rl and NPP designs shall identify safety imgrartsystems, their main characteristics,
reliability, service life, as well as their opergji sequence, operating conditions, relevant
means of monitoring and diagnostics.
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2.1.3. Changes to composition, design and/or ctexiatics of Rl and its safety
important systems as well as operating conditiohshe NPP shall not be done without
corresponding modifications introduced to the desigf Rl and NPP.

2.1.4. In the RI design development and(or) modation of the reactor core, when
new designs of fuel assemblies and new fuel cortiposiare applied, the improvement of
control and protection system and other safety mapmb systems, a required scope of bench
and in-pile tests shall be carried out. The RI gleshall demonstrate that the sufficient
number of studies has been conducted to provehbaequired safety criteria are met.

2.1.5. Quality assurance programs shall be devdlépeall stages of Rl and NPP life
cycle.

2.1.6. To maintain and verify design charactersstlte safety important Rl and NPP
systems (components) shall be subjected to ingpecand tests during their manufacturing,
assembling, aligning, as well as to periodic in/g&r inspections.

The RI and NPP designs shall provide for toolingyvides, methodologies and
frequencies of safety important systems checkshagéieir design characteristics, including
comprehensive testing (signal sequence and trasgmigime including those of AZ
response, switching over to emergency power suuyrces, performance of safety
functions, etc.).

The RI and NPP designs shall contain lists of systeand components which
performance and characteristics are to be verdietthe operating or shutdown reactor, along
with a description of RI and safety important RUawPP systems’ conditions.

Devices and methodologies for inspection of safetportant systems and their
components shall not affect NPP safety.

2.1.7. The Safety Analysis Report of Nuclear PoRkamt (corresponding SAR NPP
sections) shall be the main document justifyingleac safety of RI. In case of NPPs for
which no safety analysis report has been developedh document shall be an existing
Technical Safety Analysis (TSA) or an In-depth Bafenalysis Report (ISAR). A SAR NPP
shall be developed by the operating organizatiofewdssuring that SAR NPP is consistent
with Rl and NPP designs.

2.1.8. The Rl and NPP designs shall establish aid SPP shall contain a list of
initiating events of design basis accidents andsiadf beyond design basis accidents; a
classification of design and beyond design bastsdants by their frequency of occurrence
and severity of consequences; as well as an asalyslesign basis and beyond design basis
accidents and their consequences. Among beyond@rdésisis accidents the severe core
damage accidents shall be considered.

2.1.9. During RI design process one shall pursa tiie cumulative frequency of
severe beyond design basis accidents estimatecherbdsis of the probabilistic safety
assessment would not exceed p@r reactor-year.

2.1.10. The Rl and NPP designs shall contain alysisaf possible failures of safety
important systems (components) identifying failurédangerous for Rl and NPP and
evaluating their consequences on the basis of piadiec and deterministic safety analyses.

2.1.11. The Rl and NPP designs shall list andfjuspperational limits and conditions,
safe operation limits and conditions and desigritéimstablished for design basis accidents.

2.1.12. For each design basis accident or a grbagadents the Rl and NPP design
shall set corresponding design limits for desigsidaccidents, which shall not be exceeded
considering actuation of safety systems.
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2.1.13. The RI designs shall demonstrate that taeimum design fuel damage limit
established for design basis accidents with therest consequences is not exceeded.

The RI designs shall establish design fuel damagésl for other design basis
accidents; their values shall be less than the maxi design fuel damage limit.

The fuel damage limits for NPPs with the most comiypaised reactor installations in
Russia are given in Appendix.

2.1.14. The Rl and NPP designs shall list andfyusticlear hazardous operations.

2.1.15. The RI and NPP designs shall list methaglebband codes used for safety
justification, and those used in SIS, along with ftope of their application. The codes and
methodologies in use shall be verified and cedifia accordance with the established
procedures.

2.2. Core and its structural components

2.2.1. The core shall be designed such that angtivédg changes during normal
operation and operational events, including deb@gis accidents, do not lead to violation of
the corresponding fuel damage limits.

Requirements for reactivity coefficients of NPP ateas with RI types most
commonly used in Russia are given in Appendix.

2.2.2. The Rl and NPP designs shall demonstratedilvang design basis accidents
involving reactivity fast build-up fuel enthalpys @veraged over a pellet transversal cross-
section (average radial), shall not exceed thdilgnvalue established in the design basing on
experimental data, as well as fuel rods and fusemblies destruction shall be ruled out.
Conditions shall be given for beyond design basgdents under which destruction of some
fuel rods and fuel assemblies could be possible.

2.2.3. The RI design shall establish correspondbéeteeen fuel damage limits and
primary coolant activity as regards the refereramianuclides considering efficiency of the
coolant clean-up systems.

2.2.4. To justify that the requirements statingt tthee safe operation limits for fuel
damage should not be exceeded are met in caseethtmmal events, the RI design shall
contain an analysis of thermal and engineeringhdity of the core along with a justification
that the margins envisaged in the RI design arfecsarit.

2.2.5. The FR cladding oxidizing during the RI ggagm shall not lead to their over-
embrittlement. The RI design shall justify (on theesis of the experimental data) and contain
values of the equivalent oxidizing depth of the ERdding for normal operation and
operational events, including design basis accglent

2.2.6. For fast neutron reactors with sodium cdolarshall be demonstrated that
sodium coolant voids are excluded during normalafgen and operational events, including
design basis accidents.

2.2.7. The core and its components’ (including fieels and fuel assemblies) design
and implementation shall be such that during noromwdration and operational events,
including design basis accidents, the corresponfdiagdamage limits would not be exceeded
considering:

* Rl design operational modes, their number and desigrse;

» force (mechanical), thermal and radiation impadh&core components;

e physical and chemical interaction of the core $tmat materials and coolant;

« limiting deviations from design, process charasters and process parameters;

e shock and vibration impacts, thermal cycling, radia and thermal creep and
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material aging;

* influence of the coolant fission products and adores on strength and corrosion
resistance of fuel rods;

« other factors that degrade mechanical propertiehefcore structural materials
and integrity of the FR cladding.

2.2.8. The RI and NPP design shall justify and mlevor engineered means for the
possibility to remove damaged core components aftirsign basis accident.

2.2.9. The core and CPS actuators shall be desigoetthat control rod jamming,
ejection or their spontaneous disengaging with @f&s are excluded.

2.2.10. The RI design shall demonstrate that ie chsinanticipated movement of the
rod of highest worth or a group of CPS rods thd foes are not damaged to result in
violation of the safe operation limits consideridg actuation without the CPS rod of highest
worth.

2.2.11. During normal operation and operational ne&veincluding design basis
accidents the possibility shall be excluded forniimgpated movements and(or) deformations
of the core components inducing reactivity growtll aegrading of heat removal which lead
to fuel damage in excess of the corresponding désiuts.

2.2.12. The RI and NPP designs shall demonstratguestify that in case of seismic
impacts typical of the NPP site the unobstructeeiition of the control rods and AZ rods into
the core and reliable cooling are ensured.

2.2.13. The core and reactivity controls’ charastes shall be so that the insertion of
reactivity controls into the core and(or) reflector any combination of positions thereof
during normal operation and operational eventsluding design basis accidents, ensures
introduction of negative reactivity at any sectadrtheir moving route.

2.2.14. The FA design shall be so that changedapes of fuel rods and other FA
components, which are possible during normal ofmerabperational events and design basis
accidents, do not lead to blocking of FA flow areaulting in fuel damage in excess of the
corresponding limits and do not disrupt normal perfance of CPS rods.

2.2.15. The FA design shall have distinguishing kimgs showing nuclide
composition and enrichment of fuel in FRs. This kireg shall be identified visually and(or)
with the help of refueling devices.

2.2.16. Fuel rods of different enrichment, thosetaming burnable absorber in fuel,
those with mixed fuel, and the like, special butaabbsorbers within FAs shall bear
distinguishing markings legible for visual monitogi means and(or) industrial monitoring
means during assembling of FAs.

2.2.17. The RI and NPP designs shall provide fagjireered means and monitoring
methods for fuel cladding leaktightness to be agblat the shutdown and(or) operating
reactor. Such engineered means and monitoring mietkball ensure reliable and timely
detection of leaking FAs (fuel rods). There shadl dyiteria for rejecting leaking fuel rods
(FAs). The RI and NPP design shall list and justifgthodologies used for fuel cladding
leaktightness monitoring at shutdown and(or) opegateactor.

2.3. Control and protection systems

2.3.1. General requirements

2.3.1.1. The RI shall incorporate control and ptt® systems designed for:

. control over reactivity of the reactor core andp@Wwer;

. monitoring of the neutron flux (power) density, fiste of changes, process
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parameters necessary for protection and contral aztivity of the reactor core
and RI power;
. rendering the reactor subcritical and maintaintregisuch.

2.3.1.2. Composition, architecture, characteristicgd operational sequence of control
and protection systems shall be justified in thed@sign. The RI design shall include a
guantitative reliability analysis to demonstrateatttCPS reliability indicators meet the
requirements of regulatory documents they are stitpe

2.3.1.3. The RI design shall include an analysisSCBIS response to external and
internal impacts (fires, earthquakes, flooding,cetemagnetic noise, etc.), to possible
malfunctions and failures (short circuits, inswatidegrading, voltage drops and pickups,
false actuation, loss of controls, etc.), which dastrate that there are no responses that may
be hazardous for RI.

Should the control and protection system respomsesrdous for Rl be revealed
during operation, RI shall be shutdown and the mmessshall be taken to exclude such
responses. The operating organization shall erieatehe corresponding changes are done to
the RI design in accordance with the establishedgature.

2.3.1.4. The RI design shall provide for, at least) reactor shutdown systems, each
one being capable, independently from the othemeaflering the reactor subcritical and
maintaining it in this state considering singldues criterion or human error. These systems
shall be designed in accordance with the diversifependence and redundancy principles.

3.2.1.5. During normal operation, operational esentluding design basis accidents
at least one of the reactor shutdown systems (wihoas not perform the AZ function) shall
have:
. efficiency that is sufficient for rendering the ¢éar subcritical and maintaining
it as such, considering possible reactivity release
. response time sufficient for rendering the reastdcritical without violation of
design fuel damage limits established for desigeisbaccidents (taking into
account performance of the emergency core cooliatems).

3.2.1.6. The RI design shall determine and justify number, worth, location, group
composition, operating positions, sequence and mgowpeed of CPS rods (including
emergency protection rods) as well as the numb#renf drives.

3.2.1.7. The RI design shall determine and justiigthods and conditions of tests,
replacement and repair of CPS rods, their drivelsatiner reactivity controls.

3.2.1.8. The CPS actuators shall have indicatonstefmediate positions of their rods,
terminal position indicators and terminal circuitekers which are actuated, if possible,
directly by the rod. Other prompt reactivity comgrehall have positioning and(or) terminal
position indicators.

3.2.1.9. In case the RI design envisages the uae afiditional (to the standard) CPS
system during the first criticality of the reactohjs system shall meet the requirements of
Section 2.3 as regards the CPS system.

2.3.2. Emergency protection system

2.3.2.1. At least one of the two reactor shutdoystesn shall perform the emergency
protection function.

2.3.2.2. The RI design shall demonstrate that dus performing the AZ function
possess the features below without a rod of highesh:
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* response time sufficient to render the reactor stibed without violating safe
operation limits in case of operational events;

» worth sufficient for rendering the reactor subcatiand maintaining it in this state
in case of operational events, including designshascidents.

In case the AZ effectiveness is not sufficient egioto maintain the reactor subcritical
for a prolonged period of time, the RI design spadivide for automatic actuation of the other
reactor shutdown system (systems) having highece¥eness and sufficient for rendering
the reactor subcritical considering possible redeEgositive reactivity.

2.3.2.3. The emergency protection shall have at k& independent rod groups.

2.3.2.4. The emergency protection shall be desigwethat the initiated protective
action shall be fully performed considering theuiegments of para. 2.3.2.2, and monitoring
of the emergency protection function performancd|die ensured.

2.3.2.5. The RI design shall contain a proceduredietermining and eliminating
causes that led to actuation of the emergency gifoteas well as a sequence of operating
personnel actions to restore normal operation dcfiek AZ has actuated.

2.3.2.6. At an AZ signal the AZ rods shall be attdarrespectively of their current
position, operating or intermediate.

2.3.2.7. The design reactivity controls, as prodide the RI design shall exclude
introduction of positive reactivity if the emerggnarotection rods are not placed in operating
position. The RI design shall determine the opegatpositions of AZ rods and their
withdrawal sequence.

2.3.2.8. When the reactivity controls perform th@mbined functions of normal
operation and emergency protection the RI desigti sbntain and justify their functioning
procedure. At this, the AZ priority functioning shiae ensured.

2.3.2.9. The AZ structure shall be selected soocaprbvide compliance with the
mandatory criteria (single failure, common causkeif@) and meet reliability indicators.

2.3.2.10. The AZ hardware shall include at least twdependent sets.

2.3.2.11. Each AZ hardware set shall be designedatdhe protection is ensured over
the range of neutron flux density changes fronf %9 up to 120% of nominal value as
regards:

* neutron flux density — by at least three indepenhtiams;

* neutron flux build-up rate — by at least three peledent trains.

2.3.2.12. When it is necessary to divide the neufhax density measurement range
into several sub-ranges it shall be arranged ddltbaneasurement sub-ranges are overlapped
within not less than one decimal exponent in thetno& flux density units of measure and
provided with automatic switching of sub-ranges.

The possibility of connecting a recording device dach neutron flux density
measurement channel shall be provided.

2.3.2.13. Each AZ hardware set shall be designetiagahe emergency protection is
ensured over the entire range of process paramat@surements by not less than three
independent channels for each process parametdnct the protection is required.

2.3.2.14. Each emergency protection hardware sdt bR designed basing on the
majority logic which is to be selected through tkegability analysis given in the RI design.
The minimal majority rate shall be 2 out of 3.

The each set’s control commands designated for &dators shall be transmitted at
least via two trains.
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2.3.2.15. The RI design shall justify that it isrmpessible to combine, in each
emergency protection hardware set, the measuricgoss of neutron flux monitoring
channel and the measuring sections of the neutwarbtiild-up rate monitoring channels.

2.3.2.16. The emergency protection shall be setgdglsom NOCS to a degree at
which a termination of operation or failure of aoff NOCS components does not affect
capabilities of the emergency protection to perfoiesignated functions.

2.3.2.17. A failure in the parameter display chaniméormation recording channel
and diagnostics channel shall not affect capadslinf that channel to perform emergency
protection functions.

2.3.2.18. For each of the channels and for the eviselt the possibility shall be
provided of testing the emergency protection sigygeration and transmitting time without
actuation of AZ rods.

2.3.2.19. The emergency protection system shalligecfor automatic monitoring and
performance diagnostics of the emergency protediemdware sets and protection channel,
the channel failure information being displayedVIR, as well as for AZ signals indicating
failures of channels or sets.

2.3.2.20. The RI design shall justify and list noetblogies of metrological
certification and checks of the AZ hardware.

2.3.2.21. The RI design shall justify permissigildnd conditions of terminating
operation of one set or one channel in the AZ datation, Rl power, conditions of other sets
etc.).

2.3.2.22. When one channel of one of the AZ hardveats is put out of operation
while the set remains operative the emergency kignahis channel shall be automatically
generated.

2.3.2.23. A list of parameters at which the emetgeprotection functions shall be
performed, emergency protection actuation settiagsl conditions as well as signal
transmitting time before AZ rods actuate shall bstified in the RI design. Emergency
protection actuation settings and conditions dhaltelected so as to prevent violation of safe
operation limits.

2.3.2.24. The RI design shall contain and justifiysaof initiating events requiring
actuation of the emergency protection.

2.3.2.25. As minimum, the AZ shall actuate in tbiofving cases:

. when the AZ neutron flux density setting is appioesk

. when the AZ neutron flux density build-up rate ipgtis approached,;

. when voltage is lost at any emergency protectiawlaare set and CPS power
supply buses;

. when any two out of three protection channels feutron flux density and
neutron flux build-up rate fail in any AZ hardwaget remaining in operation;

. when the AZ process parameter settings requirintjiaiion of protection
features are approached;

. when the emergency protection is actuated by th&@NEBCR) switch.

2.3.2.26. The RI design shall justify whether trse wof the preventive protection
(protections) in case of operational events notiiratg AZ actuation is permitted along with
it (their) conditions of use.

2.3.2.27. The emergency protection shall be dedigethat the technical features
exclude a possibility of manipulating the contrals emergency protection channels and
alterating the settings (in the manner that isesmtisaged by the RI design and safe operation
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regulations of the NPP power unit) without notifyinhe personnel and actuation of the
emergency protection rods.

2.3.2.28. Performance of the reactor emergencyegtiion functions shall not depend
on availability and conditions of the power suppburces.

2.3.3. Neutron flux and reactivity control

2.3.3.1. To monitor neutron flux the reactor shzdl equipped with the monitoring
channels so as to provide for the monitoring otierentire range of changes of neutron flux
density in the core from 1@ up to 120 % of nominal value by, as minimum:
» three independent from each other neutron flux ilenseasurement channels
with indicating instruments;
» three independent from each other neutron flux ithelcbange measurement
channels.

2.3.3.2. The RI design shall justify that it is messible to combine the measuring
sections of neutron flux monitoring channel and teasuring sections of the neutron flux
density change monitoring channels.

2.3.3.3. At least two out of three neutron flux signh monitoring channels shall be
equipped with recording devices which can be catedo any neutron flux density
monitoring channel. These recording devices shadlvide for the possibility of taking
measurements and recording of instrument readiugs the entire design range of neutron
flux density changes.

2.3.3.4. Neutron flux density monitoring channéisilkbe calibrated over the entire
design range of the reactor thermal power changbs. Rl design shall justify, identify
methodology and describe a conduct procedure df satbration and its frequency during
operation of the NPP power unit.

2.3.3.5. When the neutron flux density measuremange is divided into several sub-
ranges it shall be arranged so that the measuresubnatanges are overlapped within not less
than one decimal exponent in the neutron flux dgnsnits of measure and provided with
automatic switching over the sub-ranges.

2.3.3.6. If the neutron flux density monitoring ohals indicated in para. 2.3.3.1 do
not provide for neutron flux monitoring during loag (refueling) of the core, the reactor
shall be equipped with an additional monitoringtegs The additional monitoring system
may be removable and be installed only for the ¢oaeling and refueling periods. It shall
include not less than three independent channelsidatron flux density monitoring and
displaying and recording devices.

2.3.3.7. To monitor reactivity changes the RI dessfpall provide for a reactivity
measurement instrument fitted with sensors, promfarmation displays, recorders and
capabilities for automatic switching over neutrdmxfdensity and reactivity measurement
ranges.

2.3.3.8. The RI design shall justify the methodgloand errors of determining
reactivity (number and locations of sensors, caboh algorithms and constants,
measurement errors and ranges).

2.3.3.9. Reactivity monitoring channels shall baipged with the means of automatic
performance check and failure warning alarms.

2.3.3.10. The RI design shall justify and describethodologies of metrological
certification and checks of reactivity control chats.
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2.3.3.11. The RI design shall justify and set uprahteristics of the automatic RI
power control system, which ensure RI operatiomauit violation of operational limits. The
possibility and permissible time of RI operatiortivaut the automatic power control system,
in particular, when it fails, and the permissibled@wer in this mode shall be justified in the
RI design.

2.3.3.12. If several measurement channels are ctethéo the input of the automatic
power control system, there shall be a device ¢eive signals from operating measurement
channels which will ensure that there are no regodaver changes induced by the automatic
control system in case of switching off or failufeone of these channels.

2.3.3.13. For RIs which are refueled when the mraid shutdown there shall be
technical measures in place which exclude a pdwgibf introducing positive reactivity by
two and more design reactivity controls simultarsiypuas well as introducing positive
reactivity by reactivity controls during nucleaefuoading (unloading).

2.3.3.14. The reactivity growth rate by reactivityntrols shall not exceed 0.@q/s.
For CPS rods with worth higher than @d positive reactivity shall be introduced step-by-
step, the step worth being not greater thanBgk3is ensured by engineered measures). The
RI design shall indicate the step worth, lag betwsteps and reactivity growth rate.

2.3.3.15. Before the reactor start-up the emergegmoyection rods shall be in on-
position.

The reactor subcriticality at any point of the fagtle after the emergency protection
rods have been put in on-position and other CPS noskrted in the core shall be not less
than 0.01 when the core features the maximum eféentultiplication factor.

2.3.3.16. A failure of the neutron flux density & density change rate monitoring
channel shall be signaled on for the operator acedrded. At this, the signal indicating the
failure of such channel shall be generated.

2.3.3.17. The RI design shall contain requiremémtshe means of ensuring, during
operation, the prompt automatic detection and dngrof current reactivity margins of the
reactor core and their changes. The RI design glsify a procedure for determining a total
worth of reactivity controls, worth of emergencyofaction rods, worth of CPS rod groups,
reactivity coefficients through parameters affegtimeactivity (power, coolant temperature,
moderator temperature, dissolved absorber condemiya&tc.), as well as methodologies and
errors of determining these values

2.3.3.18. The RI design shall provide for meanaraf methodologies for the reactor
core subcriticality monitoring.

2.3.3.19. The RI design shall provide for meansohitoring of power density non-
uniformity in the reactor core and means of opeeattalculation of critical power ratio
margins.

2.3.3.20. For the reactor cores where absenceutfameflux density oscillations has not
been proved the RI design shall provide for medmsanmitoring and control over the neutron
flux density oscillations and the oscillation catprocedure that does not violate the design
operational FR damage limits shall be described.

2.4. Normal operation control systems and controlling safety systems

2.4.1. The RI design shall describe and justifyumesgnents for composition,
architecture, main characteristics, number andtimcaconditions of NOCS, CSS and their
components as well as RI diagnostics systems.

2.4.2. The RI design shall justify and list:
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. monitored parameters and signals on RI conditions;

. controlled parameters and controlling signals;

. PP settings and actuation conditions;

. locations of RI diagnostic system sensors;

. parameters determining whether actuation of safgdtems is required.

2.4.3. The RI design shall demonstrate that the 8@@Gd CSS provide monitoring of
the technical state and safe operation of Rl dunagnal operation and operational events
including design basis accidents.

2.4.4. The RI design shall include and justifydisf protective features and interlocks
for Rl equipment as well as technical requiremémtgonditions of their actuation.

2.4.5. NOCS and CSS shall include devices for ggimgy the following signals, as

minimum:

. emergency warning (siren with a distinguished soymtth) — in cases
anticipated by the RI design;

. emergency (visible and audible) — when parametpmoach the emergency
protection actuation settings and conditions;

. warning (visible and audible) — in cases of operatl events at Rl systems and
components and when parameters approach the PRtiastusettings and
conditions;

. indicating — on availability of voltage in power pply circuits, state of
equipment, instruments, etc.

2.4.6. Diagnostics of NOCS and CSS shall be pravide

2.4.7. CSS and NOCS shall be designed so as tadprav possibility to identify
initiating events of accidents, actual operatingoethms of Rl safety important systems,
deviations from standard algorithms and deterntieepersonnel actions.

2.4.8. To meet the para. 2.4.7 requirement, therdary of the below shall be
provided:
* parameters and indications of conditions of Rleys (components) which allow for
confident determining of the initiating event;
* controlling signals;
* parameter changes which characterize conditiofd eafety important systems;
* parameters at which the protective features areatad,
* positions of safety system valves;
* parameters characterizing the radiation situation;
* operating personnel actions including visual infation;
* gperating personnel conversations over the comratiaicsystems.

2.4.9. The RI design shall justify and contain datathe scope and frequency of
recording and keeping the information indicategamna. 2.4.8.

2.4.10. The means of recording shall be availabteensure keeping the information
in case of design basis and beyond design basieats (in a “black-box” type device).

2.4.11. The RI design shall establish:
. permissible reactor power values depending on N@€Sormance when its
function is partially lost;
. conditions for putting NOCS and CSS and their sestiunder repair.

2.4.12. For controlled and monitored parametergdnges and rates of their changes
shall be justified for normal operation and openadl events including design basis accidents.
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2.4.13. NOCS and CSS components shall be subjecheivological testing and
certification.

2.4.14. The RI design shall include an analysigesjponse of NOCS and CSS to
external and internal impacts, possible malfundiand failures (short circuits, insulation
degrading, voltage drops and uptakes, false aotudtiss of signals, etc.) and failures of RI
major equipment, which demonstrate that there areesponses hazardous for RI. Should
NOCS and CSS responses hazardous for RI be revealedg operation, RI shall be
shutdown and the measures shall be taken to exctudd responses. The operating
organization shall ensure that the correspondingngés are done to the RI design in
accordance with the established procedure.

2.4.15. The use of programmable features and cod@®OCS and CSS shall be
justified and confirmed by tests. The programmdgdeures and codes shall be verified.

2.4.16. The RI and its systems shall be contrdilech MCR and, if necessary, from
local control stations.

2.4.17. At each power unit, in addition to MCR,rthehall be a back-up control room
(BCR) to provide for rendering the reactor subcaitiand Rl emergency cooldown as well as
monitoring of process parameters necessary foafety should it be impossible from MCR
due to any reasons (fire, etc.).

2.4.18. Requirements to composition of the equignaer hardware of MCR, BCR
and local control stations shall be determinedveRI design.

2.4.19. The BCR shall receive and display infororaton the state of all systems and

individual system components including, as minimum:

. neutron flux density in the core;

. parameters of coolant and systems involved in eemengcooldown;

. indicators of intermediate and terminal positioh€BS rods;

. indicators of conditions of reactivity controls gions of pump valves and
components which unambiguously show whether thectikéy controls are
available for designated functions and the factheir actuation, as well as the
parameters of the liquid absorber solution (wheedus temperature, pressure,
concentration etc.;

. indicators of valve positions and condition of gyss which support cooldown.

2.4.20. A possibility of disabling MCR and BCR miaming and control circuits due
to a common cause failure under the consideredhtindy events shall be excluded; and a
possibility of simultaneous control from MCR and B®@f each specific element shall be
excluded through the use of engineered means.

2.4.21. The concentrations of liquid absorber asigen the RI (NPP) design shall be
ensured in the reactor, primary circuit, emergediguyid absorber tanks and all systems to be
filled with a liquid absorber as per the Rl (NPRsidn. A technique and frequency of
measurements of a neutron-absorbing nuclides ctiatiem in the liquid absorber solution
shall be determined in the Rl (NPP) design.

2.4.22. Engineered features shall be provided tmitoio the content of neutron-
absorbing nuclides in the solution of a liquid axsgous absorber, if used, in Rl and
emergency liquid absorber tanks during RI operatidlso, engineered features shall be
provided to maintain homogeneous concentratioh@fbsorber solution in its hosting tanks.

2.4.23. The engineered means or organizational unesishall provide for incoming
inspection of the content of neutron-absorbing idesl used in the reactivity controls against
the design characteristics.
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2.4.24. Each emergency liquid absorber tank shalleQuipped with at least two
channels to monitor the level and(or) measure presswith the resulted signal being
displayed at MCR and BCR.

2.4.25. The NOCS and CSS shall be provided witralskd power supply during
normal operation and operational events includiegjgh basis accidents (including the power
unit blackout) in the scope justified in the Rl id@s

2.4.26. The NOCS shall include close-circuit teden and means of communications
between MCR, BCR and local control stations (teteya loudspeakers, radio, etc.).

2.4.27. The NOCS and CSS shall include an opergaiaiormation support system.

2.4.28. The NOCS and CSS shall include means tsrird information to the Off-
Site and On-Site Emergency Control Centers to ocbmiPP during beyond design basis
accidents, as required for assessment of theisituamd decision-making.

2.4.29. The RI design shall include organizatioaatl(or) technical measures to
exclude unauthorized access to NOCS and CSS.

2.5. Rl coolant circuit (primary circuit)
2.5.1. The RI design shall define the primary dirboundaries.

2.5.2. The RI design shall justify operational abllity of the primary systems and
components during the design service life considephysical and chemical, thermal, force
and other impacts possible during normal operatint operational events including design
basis accidents. Number and nature of impacts tedmsidered to determine the design
service life shall be described and justified ie BRI design.

2.5.3. The design shall demonstrate that the dtneoigthe reactor pressure vessel is
ensured during normal operation and operationahtsvencluding design basis accidents
throughout the NPP power unit service life.

2.5.4. The layout of equipment and geometry ofghmary circuit shall provide for
natural circulation of coolant in the primary cittwhen the forced circulation is lost or
unavailable including that during design basis @eais.

2.5.5. The primary circuit pipelines shall be egag with devices for monitoring and
preventing impermissible movements under reactoreels resulted from breaks. The RI
design shall justify strength and effectivenessuafh devices under design basis accidents.

2.5.6. The heat exchanging equipment used to gahsht from the RI primary circuit
shall have the heat exchanging surface that iscgerif to compensate for a degrading of its
heat transfer properties during operation.

2.5.7. When the forced circulation is used, the psiproviding for such circulation, if
de-powered or in case of AZ actuation at any reaptawer level, shall have sufficient
momentum to ensure forced primary coolant flow lutiie moment when the gravity
circulation will ensure removal of residual heattheut exceeding the fuel damage
operational limits.

2.5.8. The RI design shall provide for the means of
. automatic protection against impermissible oveues in the primary circuit
during normal operation and operational eventauilialg design basis accidents;
. compensating for coolant amount changes due togsanhpe alterations;
. compensating for coolant losses in case of leaksxifdum leak to be
compensated for by this means is established iRtliesign.
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2.5.9. The RI design shall provide for leak limsten the piping running from the
main circulation pipeline. A waiver to install le&initers shall be justified in the RI design.

2.5.10. The primary circuit components shall beigoed with devices reducing
seismic impacts. A waiver to equip the primary wircomponents with such devices shall be
justified in the RI design.

2.5.11. The RI and NPP designs shall establishctwant quality indicators; its
chemical composition and permissible content oforaaclides during operation; the design
shall envisage engineered features and organizdtimeasures for their maintaining and
monitoring. Technical solutions and organizatiom&lasures to ensure the coolant quality, as
well as those related to methods and means ofatstoring, shall be justified in the Rl and
NPP designs.

2.5.12. The RI design shall provide for technicaasures to protect the primary
circuit against coolant drainage which is not eagedd by the NPP power unit safe operation
process regulations. A partial drainage during iregrad refueling shall be justified in the RI
design.

2.5.13. The RI design shall provide for means aethods of detection of the primary
coolant leaks locations and flow rate with accurasyified in the design.

2.5.14.The technical and organizational measures shalluégcan unanticipated
ingress of clean condensate and liquid absorbertisol having concentration which is less
than determined by the RI (NPP) design into thengry coolant and other systems which,
according to the Rl (NPP) design, shall be fillathwhe liquid absorber solution.

2.6. Emergency core cooling systems

2.6.1. The Rl and NPP designs shall provide ierémergency core cooling systems.
A composition, structure and characteristics of éheergency core cooling systems shall be
justified in the Rl and NPP designs.

2.6.2. The emergency core cooling systems shaltldsegned taking into account
independence and redundancy principles and be leapdbperforming their function of
preventing violation of the fuel damage design tgmn case of design basis accidents.

2.6.3. A list of parameters, settings and cond#iah emergency cooling systems’
actuation shall be justified in the RI (NPP) destgnthe basis of an analysis of design basis
accidents.

2.6.4. Acceptability of and conditions for disalglione channel of the emergency core
cooling system shall be justified in the RI (NPR¥ign.

2.6.5. The RI (NPP) design shall consider all gassimpacts to the systems
(components) related to actuation and operatidhe&mergency core cooling systems.

2.6.6. The RI (NPP) design shall specify techniaal organizational measures
targeted to prevent unauthorized access to thegamey core cooling systems.

2.6.7. The RI (NPP) design shall contain a jusdtfmn of reliability indicators of the
emergency core cooling systems.

2.6.8. When the reactor is subcritical, the actuaand operation of the emergency
core cooling systems shall not render it otherwise.

2.6.9. The emergency core cooling systems shalligeedfor cooling down and long-
term maintaining the reactor core at the coolamampater values justified in the Rl (NPP)
design.
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2.7. Refueling equipment and core refueling procedure

2.7.1. Refueling equipment

2.7.1.1. The RI design shall justify and describe tefueling equipment and the
requirements they are subject to, fulfilment ofigthensures safe handling of FAs and other
core components during refueling and also in cddailnres and damages to the refueling
equipment.

2.7.1.2. The FAs being reloaded shall be providath veat removal without
exceeding the fuel rod temperature parametersosttt by the RI design for the refueling
operations being conducted in normal operationfaihares.

2.7.1.3. The refueling equipment shall be desigsedhat in their normal operation
and failures the normal operation conditions of &id at-reactor fuel storages are not
violated.

2.7.1.4. The Rl and NPP designs shall specify #guirements for assembling,
operation, maintenance, repair, tests and periodjgections of the refueling equipment and
also requirements to its reliability.

2.7.1.5. The refueling equipment shall be desigi@edjineered) to be accessible for
inspection, repair, tests and maintenance.

2.7.1.6. When designing the refueling equipmentrtteasures shall be provided to
prevent damages to, deformations, destructionap df FAs and other core components and
to prevent impermissible forces to them during rtheithdrawal or insertion. Values of
maximum permissible forces shall be specified ie I design. The use of refueling
equipment which is not foreseen by the designasipited.

2.7.1.7. When designing the refueling equipmentsliall be provided that a
termination of power supply does not result in FAother reloaded core component drop.

2.7.1.8. The RI design shall justify and set fgpimissible speeds of fuel assemblies
and other core components’ movements by the refgielquipment.

2.7.1.9. There shall be engineered features (ouksl etc.) ensuring that the refueling
equipment moves within the permissible boundaries.

2.7.1.10. The RI design shall foresee the equiprf@nteliable transfer of FAs and
other components of the core to safe locationsase @f a failure or violation of operating
conditions.

2.7.1.11. The refueling equipment shall featurert®gpanels) with indicators to
present information on a position (condition) amgmtation of FAs, other components of the
core being reloaded, and grips.

2.7.1.12. A possibility for movements of the refoglequipment at the moment of its
connection with the process channel or during timerof FAs or other components of the
core being reloaded (withdrawn from the core) sbalexcluded.

2.7.1.13. Interlocks shall be provided to prevenbvements of the refueling
equipment while FAs and other reloaded componehtkeocore are in the positions which
are not foreseen by the design.

2.7.1.14. A closed-circuit television system to mamthe refueling shall be provided.
The Rl and NPP designs shall define a list of n@igeoperations subject to the closed-circuit
television monitoring.
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2.7.2. Refueling sequence

2.7.2.1. The RI design shall justify:
refueling methods;
refueling frequency, scope and procedures;
. engineered means and organizational measures ddrgietensure nuclear safety
during refueling, including monitoring of the neatrflux density;
. working concentration of the liquid absorber (ifedy sampling locations,
concentration monitoring and maintaining means.

2.7.2.2. In addition to failures of refueling systequipment, the Rl and NPP design,
as well as SAR NPPgshall consider possible loading (refueling) errcaaed their
consequences, and measures aimed at errors elonisatll be developed.

2.7.2.3. The core refueling procedure shall bengefiby a refueling program and(or)
manual, work schedule and refueling map developeth®& NPP personnel, approved by the
NPP administration and agreed upon in accordanitetie established procedure.

2.7.2.4. During refueling and repair operationg trganizational measures and, as
possible, engineered means shall prevent alierctsbfem getting into the inner space of the
equipment, valves and pipelines of the reactoalfaton.

2.7.2.5. For the reactors where refueling is cdrreit when the CPS rods are
disengaged, the refueling shall be carried out igathe CPS rods and other reactivity
controls inserted into the core. At that, the reaatinimum subcriticality during the refueling
shall be not less that 0.02, considering possitrta®

2.7.2.6. For the reactors where refueling is cdraet having the CPS rods disengaged
and reactivity is compensated for by a liquid absorthe refueling shall be carried out when
the CPS rods and other reactivity controls areriadeinto the core. A liquid absorber
concentration shall be brought up to the value twhiould ensure (taking into account
possible errors) the reactor subcriticality of lests than 0.02 (without taking into account the
inserted CPS rods).

2.7.2.7. For the reactors where the required stibelity during refueling is ensured
by a liquid absorber, the engineered means anchizafgonal measures shall be provided to
prevent the clean condensate supply to the reantbprimary circuit during refueling.

2.7.2.8. For theressure vessel reactors with the upper locatiddR$ rod drives, the
reactor and CPS actuators’ design shall ensuretlileaCPS rods are disengaged when the
upper part of the reactor is removed; at that, nieans of diagnostics shall record the
disengaged state.

2.7.2.9. The RI design shall include engineeredsmes that exclude the “uprising” of
CPS rods during refueling.

2.7.2.10. Reloading of FAs and other core companahthe shutdown channel-type
reactor shall be carried out with AZ rods put inpmsition. At this, the reactor minimum
subcriticality during refueling shall be not lebat 0.02, considering possible errors.

2.7.2.11. As regards the reactor installations ehmywer refueling takes place, the
permissible operational modes (power, coolant fl@ate, etc.) during refueling shall be
justified and defined in the RI design. Also, wortth means used to suppress excess
reactivity, which can be introduced due to fueliagors or reactivity effects, shall be
justified.
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2.7.2.12. During power refueling the primary citcutegrity shall be intact, and the
means shall be provided to check that there ateaks of the primary coolant.

2.7.2.13. As regards the reactors with partial effg, after refueling the tests
(measurements) shall be conducted to verify thenntiEisign and calculated neutronics
characteristics of the core. For the reactors withline refueling the frequency of tests
(measurements) shall be justified in the RI design.

During the tests the checks shall be done to vewhether the experimental
measurement results agree with the calculated aeas) it shall be done against the criteria
established in the RI design.

3. Nuclear safety ensurance during the NPP unit commissioning

3.1. Reactor first criticality

3.1.1. During the first criticality process the exjmental data on the reactor
neutronics, reactivity effects, worth of controtisoand AZ etc. shall be obtained.

3.1.2. The first criticality of the reactor, inciag its loading with nuclear fuel, shall
be carried out in accordance with the First Critigd’rogram. The First Criticality Program
shall be developed and approved by the operatiggnaation.

3.1.3. The First Criticality Program shall include:

» alist of systems and equipment needed for thedirscality in the reactor;

» aprocedure for loading the reactor with FAs (FRS);

* aprocedure of reaching criticality;

e adescription of tests (measurements) and theotuetin

* anticipated values of critical charges, criticalspions (conditions) of reactivity
controls, their worth, assessments of impacts aotnéty produced by loaded FAs
(FRs) and coolant;

« test and measurement techniques;

* nuclear safety measures during the first critigalit

3.1.4. Readiness for the first criticality is chedlon by:
* a Working Commission designated by the operatigguization;
* a Commission designated by a state nuclear andtiauisafety authority.

3.1.5. The Working Commission shall check:
» whether the work performed complies with the Rl &iRP designs;
e equipment operability, availability of equipmenstieecords, the pre-startup and
alignment operations completion records;
< availability and formats of the operating documéatg
* availability of work permits for the shift persodin@and availability of records
demonstrating that the operators-physicists hagsquhthe exams.

The Working Commission shall generate a record o gystems and equipment
readiness and personnel preparedness for thefitistlity. The record shall be approved by
the operating organization in accordance with sieldished procedure.

3.1.6. The Commission designated by a state nueedrradiation safety authority
shall check on:
» technical preparedness of the NPP power unit ®fitkt criticality;
« design and operating documentation;
* personnel training adequacy for the first critigali
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3.1.7. The first fuel delivery to the site of théR power unit under commissioning
shall be carried out subject to availability of tN€®P operation license issued by a state
nuclear and radiation safety authority and as detexd by results of the inspection carried
out by a state nuclear and radiation safety authtwicheck on the NPP power unit readiness
for the nuclear fuel delivery.

3.1.8. A decision to achieve the first criticalghall be made in accordance with the
established procedure on the basis of the Workingw@ission’s record stating that the
systems and equipment are ready and that the pesisare prepared for the first criticality,
and on the basis of the report from the operatinggmization stating that it has eliminated the
deficiencies following the results of a state nacland radiation safety authority’s inspection
related to the NPP unit readiness for the firgtoaiity.

3.1.9. Should an abnormal situation arise in thers® of the tests (measurements)
during the first criticality, the tests shall bennated and the reactor shall be rendered
subcritical.

3.1.10.Results of the core loading with FAs (FRs) and aésults of tests conducted
during the first criticality shall be documentedtive records and reports to be submitted to a
state nuclear and radiation safety authority iroed@nce with the established procedure.

3.2. NPP first power

3.2.1. The NPP power unit first power involves apsby-step and gradual power
build-up, determining and updating the NPP powet amd RI parameters, integrated testing
of NPP power unit systems and equipment, performafglanned tests (measurements) at
each stage and analysis of obtained results.

3.2.2. The first power of the NPP unit is conduatedccordance with the NPP Power
Unit First Power Program which is revised, if nexzay, on the basis of the first criticality
results. The First Power Program shall be developad approved by the operating
organization.

3.2.3. The First Power Program shall include theplé@mentation procedure,
anticipated values of the reactor physical charesties (effects of reactivity, etc.), Rl thermal
engineering characteristics, test methodologiesleaun safety measures during the first power
and the like.

3.2.4. The First Power Program shall provide fetd@nd probation of the NPP power
unit operational modes, inspection of the safetgteaps in a scope and sequence which
provide for gaining the nominal power level by tieactor in a safe manner including testing
of safe and dynamically stable operation undersiearis at all stages of power gaining
process.

3.2.5. The Working Commission shall check whetherNPP power unit is ready for
the first power. The Working Commission shall cheokthe readiness of the NPP power unit
systems and equipment for the first power, buildipgreactor power, turbine generator start-
up and NPP power unit connection to the grid, magthevel as regards the shift personnel,
their preparedness and availability of work permiise Commission shall generate a record
on the NPP power unit readiness for the first powére record shall be approved by the
operating organization in accordance with the distadd procedure.

If necessary, a state nuclear and radiation safayority designates a commission to
check on whether the NPP power unit is ready ferfitist power.

3.2.6. The first power of the NPP power unit shallcarried out after the deficiencies
outlined in the Working Commission’s record and tates nuclear and radiation safety
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authority’s (if there was a check by a state nucéeal radiation safety authority) record have
been eliminated.

3.2.7. A decision to conduct the first power operatshall be made in accordance
with the established procedure on the basis offbeking Commission’s record on the NPP
power unit readiness for the first power and therapng organization’s report on elimination
of the deficiencies following the results of a staiuclear and radiation safety authority’s
inspection (if conducted) related to the NPP usstdiness for the first power.

3.2.8. Basing on the results of the first critialand first power the operating
organization shall issue a report and update SAR,Nfecessary.

4. Nuclear safety during operation

4.1. The Process Regulations for Safe OperatioNlRIP Power Unit are the main
document which provides for safe operation of thePNpower unit. They contain safe
operation rules and techniques, general procedursafety related operations as well as safe
operation limits and conditions. The operating orgation shall develop the Process
Regulations for Safe Operation of NPP Power Unit.

4.2. The NPP power unit operation shall be caroed in accordance with the
operating manuals developed by the NPP administratin the basis of the design and
engineering documentation and Process Regulatarisafe Operation of NPP Power Unit as
updated basing on the NPP commissioning resultstakidg into account the operating
experience.

4.3. The operating organization shall formalizeRaactor Installation Certificate
before commencing the operation.

4.4. The operating organization, on the basis & Bl and NPP designs and
considering the requirements of the process regukaffor safe operation of the NPP power
unit, shall arrange for the development and isduthe following documents for the safety
important systems:

. inspection and test manuals;

. schedules for maintenance, preventive maintenandenaajor overhauls of the
systems and components;

. test schedules and schedules for safety systenfsrp@ance tests.

4.5. State of the RI and its systems, and conditiomder which the NPP operation is
permitted shall be justified in the RI and NPP desi and specified in the Process
Regulations for Safe Operation of NPP Power Unit.

4.6. Should the operational limits be violated by perating personnel a certain
sequence of actions, which is set forth in the lRPR) design and Process Regulations for
Safe Operation of NPP Power Unit and aimed at brqpnghe NPP power unit to normal
operation, shall be implemented. If normal operattannot be restored, the NPP power unit
shall be shutdown.

4.7. In case of an abnormal situation (acciderttg NPP power unit shall be
shutdown. Its causes shall be identified and ekteid and measures targeted to restore
normal operation of the NPP power unit shall beetalOperation of the NPP power unit can
be continued only after the causes of the abnosih&tion (accident) have been eliminated.

4.8. The operating organization shall conduct itigatons of NPP occurrences and
accidents in accordance with the federal standar$ rules. It shall also submit the
information about these events in accordance wiéhpgrocedure established in the federal
standards and rules.
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4.9. In case of design basis accidents the pertantiens shall be defined by the NPP
Power Unit Accident Elimination Manual, which islte developed on the basis of SAR NPP
by the operating organization. The Manual shallresil design basis accidents and identify
measures targeted to eliminate the accident coesegs.

4.10. To manage beyond design basis accidentsrahedl and NPP designs and
SAR NPP, the operating organization shall develoguale on beyond design accident
management.

4.11. The NPP Power Unit Accident Elimination Manuwad Beyond Design
Accident Management Guide shall specify the prooedar putting into effect the action
plans for protection of the personnel and poputaitiocase of a beyond design basis accident.

4.12. Emergency drills shall be conducted for thePNpersonnel to have them
prepared to undertake actions in case of abnormati®ns and accidents. Frequency and
conduct procedure for these drills shall be apptdwethe operating organization.

4.13. It is strictly prohibited to open up the mshentation and controls, change
settings of the emergency and warning alarms amdegiion systems commencing the
accident initiation until the Accident InvestigatioCommission starts working. The
engineered means and organizational measuresb&hplovided for to prevent a loss of the
recorded information and unauthorized access tacdevand components, databases and
archives of the control system which contain resavtithe equipment conditions before the
accident initiation and during the subsequent gerio

4.14. Safe operating conditions of the shutdowrttoeawith the nuclear fuel in the
core, including loading and refueling modes, sheljustified in the RI design and described
in the Process Regulations for Safe Operation oP NFower Unit. As minimum, the
following shall be identified for these modes:

» the scope of monitoring in accordance with the meguents of paras. 2.3.3.1,
2.3.3.3 and 2.3.3.6 of these Rules, including memmgamonitoring of the neutron
flux density and liquid absorber concentratioryséd in this Rl type;

» availability requirements for the safety importagpstems.

4.15. For the reactors where nuclear fuel loadimdyr&@fueling are carried out with the
reactor, primary circuit and related systems fillgith a liquid absorber, as well as during
tests and repairs of the primary circuit equipmeatyes and pipelines, the liquid absorber
concentration shall be not lower than that sehfost the RI (NPP) design.

4.16. The operating organization, on the basishef design documentation and
operating experience shall develop a basic lishuaflear hazardous operations at the NPP
power unit.

4.17. Operations at the safety important systenmngonents) associated with
shutdown for repair and restart, as well as tedtgclware not foreseen by the Process
Regulations for Safe Operation of NPP Power Unitl aperating manuals, shall be
considered nuclear hazardous operations.

4.18. Nuclear hazardous operations shall be coaduat accordance with a special
Work Program approved by the NPP administration.

Nuclear hazardous operations which are not foresegnthe by the Process
Regulations for Safe Operation of NPP Power Unit @perating manuals shall be conducted
in accordance with a special Work Program approvedhe operating organization and
coordinated with Rl and NPP designer-organizations.

The Work Program shall include:
e the nuclear hazardous operation objective;
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e alist of the nuclear hazardous operations;

» technical and organizational measures to ensurearuand radiation safety;

« criteria and control over proper completion of theslear hazardous operations;

» a directive on designation of an individual respblesfor conduct of the nuclear
hazardous operations.

Generally, nuclear hazardous operations shall bdwxied at the shutdown reactor.

4.19. While performing nuclear hazardous operatotivities the shutdown reactor
subcriticality shall be not less than 0.02 for ttate of the reactor with the maximum
reactivity margin (for the channel-type reactor f&P) rods shall be in the on-position and
the other CPS rods inserted into the core).

4.20. After the repair of the safety important @gouent and systems is completed, a
check of compliance of these systems’ charactesistith the design characteristics shall be
carried out. The check shall be carried out in etmace with the existing manuals or
programs developed under the procedure establlsh#te operating organization.

4.21. During any tests of safety important systémescheck of compliance of the test
results with the criteria set forth in the Rl anéM designs shall be carried out. The test
results shall be documented in a record.

5. The Rules compliance control

5.1. The operating organization shall continuousintrol the compliance with the
requirements of the Rules.

5.2. The operating organization shall arrange faraglic (at least once in two years)
inspections related to control over the NPP’s caamgke with the requirements of the Rules
and establish a procedure for conduct of NPP nucbadety inspections by in-house
commissions. Results obtained through inspectignthé NPP operating organization shall
be submitted to a state nuclear and radiationysatéhority.
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APPENDIX. Fuel Rod Damage Limits and Requirements for Russian
NPPs with the Most Common RI Types

1. NPPswith VVERSs

1.1. Operational limit for fuel damage:
e gas leakage defects — not more than 0.2% ofublerdds in the core;
e direct contact of the nuclear fuel with the coolamot more than 0.02 % of the
fuel rods in the core.

1.2. Safe operation limit for fuel damage:
e gas leakage defects — not more than 1% of tHedds in the core;
« direct contact of the nuclear fuel with the coolamtot more than 0.1 % of the fuel
rods in the core.

1.3. Maximum design fuel rod damage limit correspondstite conditions where the
following limiting parameters are not exceeded:

* FR cladding temperature shall be not more than 4200

* equivalent depth of FR cladding oxidizing shall metceed the limiting value
established in the design on the basis of expetahédata;

» afraction of reacted zirconium in the core shallnot more than 1% of its mass in the
FR cladding;

* maximum fuel temperature shall be less than théimgelemperature.

1.4. Reactivity coefficient values in terms of the ol specific volume and fuel
temperature, total reactivity coefficient in terna$ the coolant temperature and fuel
temperature, as well as reactor power, shall nqids#tive in all critical states possible over
the entire range of the reactor parameter changeegdnormal operation and operational
events including design basis accidents.

2. NPP with RBMK's

2.1. Operational limit for fuel damage:
e gas leakage defects — not more than 0.2% ofublerdds in the core;
« direct contact of the nuclear fuel with the coolamot more than 0.02 % of the
fuel rods in the core.

2.2. Safe operation limit for fuel damage:
e gas leakage defects — not more than 1% of tHedds in the core;
e direct contact of the nuclear fuel with the coolantnot more than 0.1 % of the
fuel rods in the core.

2.3. Maximum fuel rod damage limit corresponds to tladitions where the following
limiting parameters are not exceeded:
» FR cladding temperature shall be not more tha®120
* equivalent depth of FR cladding oxidizing shallnm more than the limiting value set
forth in the design basing on the experimental;data
» afraction of reacted zirconium in the core shealinet more than 1% of its mass in the
cladding;
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« maximum fuel temperature shall be less than théimgelemperature.

2.4. Reactivity coefficient values in terms of the fuemperature and power shall not be
positive over the entire range of the reactor patamchanges during normal operation and
operational events including design basis accideiit'e RI design shall justify the
permissible range of safe values of steam coefficaé reactivity. One has to pursue to have
the steam coefficient of reactivity values close zero during normal operation and
operational events, including design basis accg&devithile operating the NPP the steam
coefficient of reactivity shall be confirmed by nseeements done in accordance with verified
methodologies and with frequency established irRhéesign.

3. NPP with the BNs

3.1. Operational limit for fuel damage:
e gas leakage defects — not more than 0.05% dutieods in the core;
« direct contact of the nuclear fuel with the coolanhot more than 0.005 % of the
fuel rods in the core.

3.2. Safe operation limit for fuel damage:
* gas leakage defects — not more than 0.1% ofudlerdéds in the core;
» direct contact of the nuclear fuel with the coolamot more than 0.01 % of the
fuel rods in the core.

3.3. Maximum design fuel rod damage limit for fast sodicooled reactors with MOX-
fuel and fuel cladding made of austenitic steel ®BBhDcorresponds to the situation where
the following limiting parameters are not exceeded:

 fuel rod cladding temperature — 900
« fuel temperature — 2300;
* volume swelling of FR cladding — 15%.

3.4. Reactivity coefficient values in terms of the fte@mnperature and power of the reactor
as well as a total coefficient of reactivity inrtes of the coolant and fuel temperature shall be
negative over the entire range of the reactor par@anthanges during normal operation and
operational events including design basis acciddfas beyond design basis accidents, the
permissible range of the void coefficient shaljiified in the Rl and NPP designs.

4. NPP with the NDHPs

4.1. Operational limit for fuel damage:
» gas leakage defects — not more than 0.2% ofutblerdds in the core;
» direct contact of the nuclear fuel with the coolamot more than 0.02 % of the
fuel rods in the core.

4.2. Safe operation limit for fuel damage:
* gas leakage defects — not more than 1% of tHedds in the core;
» direct contact of the nuclear fuel with the coolanmtot more than 0.1 % of the
fuel rods in the core.

4.3. Maximum design fuel rod damage limit correspondstite conditions where the
following limiting parameters are not exceeded:
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» FR cladding temperature shall not be more tha®120

* equivalent depth of FR cladding oxidizing shall i@ more than the limiting value
established in the design basing on the experirhdata;

» afraction of reacted zirconium in the core shallnot more than 1% of its mass in the
cladding;

*  maximum fuel temperature shall be less than théimgelemperature.

4.4. Reactivity coefficient values in terms of the aodl specific volume, fuel
temperature, reactor power, a total reactivity ioeht in terms of the coolant temperature
and fuel temperature shall not be positive in atical states possible over the entire range
of the reactor parameter changes during normalatiparand operational events including
design basis accidents.

5. NPP with EGP-6s

5.1. Operational limit for fuel damage (tube fuel rodghaa fuel composition as uranium
dioxide grits within a magnesium matrix:

« temperatures of the FR outer surface -°€30

» clad non-integrities are not allowed.

5.2. Safe operation limit for fuel damage:
» loss of integrity of the outer cladding of at lease fuel rod;
» achievement of 50-fold exceedence of FFLS readowgs the background for
any fuel assembly in the reactor.

5.3. Maximum design fuel rod damage limit:
« cladding temperature of the fuel rod relived oémtal pressure — 11%0;
« cladding temperature of the fuel rod under opegaititernal pressure — 9%D)
* local depth of interaction between the FR outeddilag and matrix material is not
more than 85%.

5.4. Reactivity coefficient values in terms of fuel fgenature, void content in the coolant
and power shall not be positive over the entirgeaof the reactor parameter changes during
normal operation and operational events includiegjgh basis accidents.



