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CANDU 9 Safety & Licensing RequirementsCANDU 9 Safety & Licensing Requirements
λλ licensable in Canadalicensable in Canada

–– “up“up--front” review by the AECB to front” review by the AECB to 
ensure no fundamental barriersensure no fundamental barriers

λλ licensable in customer’s countrylicensable in customer’s country
–– example of dualexample of dual licensabilitylicensability: : 

desire for Exclusion Area desire for Exclusion Area 
Boundary <500m led to dry highBoundary <500m led to dry high--
pressure steelpressure steel--lined containmentlined containment
and and two independent ventilation two independent ventilation 
isolation systemsisolation systems

λλ meet IAEA Standards and Guidesmeet IAEA Standards and Guides
λλ meet utility requirements for meet utility requirements for 

modern evolutionary plantmodern evolutionary plant
λλ enhanced safetyenhanced safety
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Heat Transport SystemHeat Transport System
λλ one loop design (Bruce B) chosen for simplicityone loop design (Bruce B) chosen for simplicity
λλ alternating channels connected to different inlet headers to alternating channels connected to different inlet headers to 

increase margins for large LOCA power transient (interlacing)increase margins for large LOCA power transient (interlacing)
λλ pressurizerpressurizer volume handles change from zero power cold to volume handles change from zero power cold to 

full power hotfull power hot
–– greater assurance ofgreater assurance of thermosyphoningthermosyphoning in accidentsin accidents
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Feeder ConnectionsFeeder Connections

SameSame
480 channel480 channel
core as Darlingtoncore as Darlington

To inlet header 1To inlet header 1
To inlet header 2To inlet header 2

To outlet header To outlet header 
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ECC SystemECC System
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Grouping & SeparationGrouping & Separation
λλ defence against common cause & external eventsdefence against common cause & external events
λλ each group must on its own:each group must on its own:

–– shutdown the reactorshutdown the reactor
–– remove decay heat & contain radioactivityremove decay heat & contain radioactivity
–– monitor state of the plantmonitor state of the plant

λλ eithereither Main Control Room (MCR) Main Control Room (MCR) oror Secondary Control Area Secondary Control Area 
(SCA) can perform the above safety functions including (SCA) can perform the above safety functions including 
earthquakesearthquakes

λλ SCA needed only for major fire in MCR or hostile takeoverSCA needed only for major fire in MCR or hostile takeover
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CalandriaCalandria TubesTubes
λλ increased heat transfer under accident conditionsincreased heat transfer under accident conditions
λλ shotshot--peeningpeening of the outside surface, forof the outside surface, for QinshanQinshan projectproject
λλ black oxide on the inside surface, added for CANDU 9black oxide on the inside surface, added for CANDU 9
λλ reduces required moderatorreduces required moderator subcoolingsubcooling, and therefore the size , and therefore the size 

of moderator heatof moderator heat--exchangers or risk of summerexchangers or risk of summer deratingderating
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Effect of Increased Heat Transfer in AccidentsEffect of Increased Heat Transfer in Accidents

nucleate boiling onnucleate boiling on
peenedpeened surfacesurface

film boiling onfilm boiling on
smooth surfacesmooth surface
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Reserve Water TankReserve Water Tank
λλ large highlarge high--elevation tank similar to CANDU 6 dousing tank elevation tank similar to CANDU 6 dousing tank 

supplying:supplying:
–– ECC water, directly to sumpsECC water, directly to sumps
–– steam generator emergencysteam generator emergency feedwaterfeedwater

λλ for severe accident mitigationfor severe accident mitigation
–– makeup to shield tank (added)makeup to shield tank (added)
–– makeup to moderator (added)makeup to moderator (added)
–– makeup to heat transport systemmakeup to heat transport system
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ContainmentContainment
λλ prestressedprestressed concrete with steel liner for increasedconcrete with steel liner for increased

leaktightnessleaktightness & robust severe accident performance& robust severe accident performance
–– designdesign leakrateleakrate 0.2%/day at design pressure0.2%/day at design pressure

λλ nono pressure suppression via dousing (simplification)pressure suppression via dousing (simplification)
λλ two redundant, separated, fully independent ventilation two redundant, separated, fully independent ventilation 

isolation systemsisolation systems
λλ reduced exclusion area boundary (less than 500m.)reduced exclusion area boundary (less than 500m.)
λλ hydrogen mitigation for severe accidentshydrogen mitigation for severe accidents
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Exclusion Area BoundaryExclusion Area Boundary

CANDUCANDU

CANDU 9CANDU 9
< 500 m.< 500 m.

PointPoint LepreauLepreau
914 m.914 m.
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Hydrogen ControlHydrogen Control

HydrogenHydrogen
IgnitersIgniters

HydrogenHydrogen
MixingMixing
DuctDuct

DuctedDucted
Local AirLocal Air
CoolersCoolers

UnductedUnducted
Local AirLocal Air
CoolersCoolersBlowoutBlowout

PanelsPanels

HydrogenHydrogen
RecombinersRecombiners

Fuelling
Machine
Vaults

λλ small hydrogen small hydrogen 
source term (cool source term (cool 
moderator)moderator)

λλ natural convection natural convection 
flow patternsflow patterns

λλ no hydrogen trapsno hydrogen traps
λλ large containment large containment 

volumevolume
λλ dispersed ignitersdispersed igniters
λλ passivepassive recombinersrecombiners
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Hydrogen MixingHydrogen Mixing

Accident modeAccident modeNormal OperationNormal Operation

Hydrogen Mixing DuctHydrogen Mixing Duct
Local Air CoolerLocal Air Cooler

BlowBlow--out panelsout panels
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Severe Accident GoalsSevere Accident Goals
λλ stop severe accident at the channel boundary using the stop severe accident at the channel boundary using the 

moderator (no fuel melting)moderator (no fuel melting)
λλ stop severe core damage atstop severe core damage at calandriacalandria boundary using the boundary using the 

shield tank (no meltshield tank (no melt--through)through)
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Severe Accident Prevention and MitigationSevere Accident Prevention and Mitigation
λλ ShutdownShutdown

–– three methods: control system & two shutdown systemsthree methods: control system & two shutdown systems
λλ Decay heat removalDecay heat removal

–– normal & auxiliarynormal & auxiliary feedwaterfeedwater (Group 1)(Group 1)
–– fullfull--pressure & temperature shutdown cooling systempressure & temperature shutdown cooling system
–– emergency highemergency high--pressurepressure feedwaterfeedwater (Group 2)(Group 2)
–– makeup from reserve water tank to steam generatorsmakeup from reserve water tank to steam generators
–– moderator as emergency heat sinkmoderator as emergency heat sink
–– shield tank / end shield coolingshield tank / end shield cooling

λλ Electrical powerElectrical power
–– normal Class IVnormal Class IV
–– emergency Group 1 Class IIIemergency Group 1 Class III
–– seismicallyseismically--qualified Group 2 Class IIIqualified Group 2 Class III
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CANDU Fuel Channel CrossCANDU Fuel Channel Cross--SectionSection

Gas annulusGas annulus

FuelFuel

PressurePressure
TubeTube

CalandriaCalandria
tubetube

ModeratorModerator
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Heat flowHeat flow

NormalNormal

Low Pressure (Sag)Low Pressure (Sag) High pressure (Expand)High pressure (Expand)

FuelFuel

PressurePressure
TubeTube

CalandriaCalandria
tubetube

ModeratorModerator

Gas annulusGas annulus

Heat Rejection to Moderator in Severe AccidentHeat Rejection to Moderator in Severe Accident



24/05/01 CANDU Safety - #25 - CANDU 9 Safety & Licensability.ppt    Rev. 0     vgs 21

CalandriaCalandria as Core Catcheras Core Catcher

ConcreteConcrete
StructureStructure Shield TankShield Tank

CalandriaCalandria

FuelFuel
ChannelsChannels
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Specific Water Volumes Near the FuelSpecific Water Volumes Near the Fuel

Fuel
Channels

ModeratorModerator
Can remove 4.4% decay powerCan remove 4.4% decay power
Has 8 litres of water per kWHas 8 litres of water per kW
at 1% decay powerat 1% decay power
Takes >5 hours to Takes >5 hours to 
heat up and boil offheat up and boil off
with no heat removalwith no heat removal

ShieldShield TankTank
Can remove 0.4% decay powerCan remove 0.4% decay power

Has 32 litres of water per kWHas 32 litres of water per kW
at 0.5% decay power.at 0.5% decay power.

Takes >20 hours toTakes >20 hours to
heat up and boil offheat up and boil off

with no heat removalwith no heat removal
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ShieldShield TankTank
CalandriaCalandria

CollapsedCollapsed
ChannelsChannels

PossiblePossible
MoltenMolten
CentreCentre

CrustCrustHeat fluxHeat flux
< CHF< CHF

Water makeup &Water makeup & boiloffboiloff

CalandriaCalandria as Core Catcheras Core Catcher
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CANDU 9 CANDU 9 -- Severe Core Damage MitigationSevere Core Damage Mitigation
Reserve Water TankReserve Water Tank

Level ControlLevel Control

Head TankHead Tank

CalandriaCalandria

1.4 m1.4 m
0.6 m0.6 m
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Demonstration ofDemonstration of LicensabilityLicensability in Canadain Canada
λλ two year formal review by AECBtwo year formal review by AECB
λλ > 200 documents> 200 documents
λλ acceptance of Licensing Basis acceptance of Licensing Basis 

Document (Canadian and foreign  Document (Canadian and foreign  
requirements)requirements)

λλ review of design requirements, review of design requirements, 
design methods, safety analysis, design methods, safety analysis, 
probabilistic safety analysis, QA, probabilistic safety analysis, QA, 
decommissioning, safeguards etc.decommissioning, safeguards etc.

λλ address Generic Action Itemsaddress Generic Action Items
λλ 13 key issues identified and 13 key issues identified and 

eventually resolvedeventually resolved
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Review Focussed on Thirteen IssuesReview Focussed on Thirteen Issues

–– Large LOCA analysisLarge LOCA analysis
–– PT rupture/ModeratorPT rupture/Moderator
–– InIn--core LOCA/SDS1core LOCA/SDS1
–– Digital control systemDigital control system
–– Plant Display System/Control CentrePlant Display System/Control Centre
–– Containment designContainment design
–– Backup heat sinksBackup heat sinks

–– Moderator temperature predictionsModerator temperature predictions
–– PostPost--accident monitoringaccident monitoring
–– Experience feedbackExperience feedback
–– Safety critical softwareSafety critical software
–– Grouping and SeparationGrouping and Separation
–– Severe accident programmeSevere accident programme
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LicensabilityLicensability in Country of Originin Country of Origin
λλ ““The CANDU 9 design complies or can be made to comply with The CANDU 9 design complies or can be made to comply with 

licensing requirements in effect, in Canada, on January 1, 1995;licensing requirements in effect, in Canada, on January 1, 1995;
λλ ““AECL'sAECL's proposals to address Generic Action Items for the CANDU proposals to address Generic Action Items for the CANDU 

9 design are acceptable.  In all cases the proposed method for 9 design are acceptable.  In all cases the proposed method for 
addressing Generic Action Items is equivalent to or an improvemeaddressing Generic Action Items is equivalent to or an improvement nt 
with respect to what is currently accepted on operating CANDU with respect to what is currently accepted on operating CANDU 
reactors in Canada, andreactors in Canada, and

λλ “AECL has adequately addressed the major issues identified in th“AECL has adequately addressed the major issues identified in the e 
June 1996, June 1996, “AECB Staff Interim Statement on CANDU 9“AECB Staff Interim Statement on CANDU 9
LicensabilityLicensability””.”.”

λλ “AECB staff therefore concludes that there are no fundamental “AECB staff therefore concludes that there are no fundamental 
barriers to CANDU 9barriers to CANDU 9 licensabilitylicensability in Canada”in Canada”
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ConclusionsConclusions
λλ CANDU 9 incorporates:CANDU 9 incorporates:

–– emerging international safety standardsemerging international safety standards
–– utility requirements for modern evolutionary plantutility requirements for modern evolutionary plant
–– severe accident prevention and mitigation using inherent severe accident prevention and mitigation using inherent 

CANDU characteristics and passive systemsCANDU characteristics and passive systems
–– licensabilitylicensability in Canada through formal AECB reviewin Canada through formal AECB review
–– lessons learned from licensing CANDU 6 in Asialessons learned from licensing CANDU 6 in Asia

λλ CANDU 9 designed to be an internationally licensable productCANDU 9 designed to be an internationally licensable product


