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Safety R&D GoalsSafety R&D Goals
λλ Resolve AECB Generic Action ItemsResolve AECB Generic Action Items
λλ Reduce releases during normal operationReduce releases during normal operation
λλ Improve protection against higher frequency eventsImprove protection against higher frequency events
λλ Improve system response to design basis eventsImprove system response to design basis events
λλ Contain severe core damage consequencesContain severe core damage consequences
λλ Validate and improve safety analysis codesValidate and improve safety analysis codes
λλ Develop passive and advanced safety conceptsDevelop passive and advanced safety concepts
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FocusFocus
λλ safety R&D in Canada is done by the industry (AECL and the 3 safety R&D in Canada is done by the industry (AECL and the 3 

domestic nuclear utilities)domestic nuclear utilities)
λλ AECB does a small amount of confirmatory R&D and reviews AECB does a small amount of confirmatory R&D and reviews 

& critiques the industry programme& critiques the industry programme
λλ R&D split into 2 main areas:R&D split into 2 main areas:

–– unique aspects of CANDUunique aspects of CANDU
λλ physics, fuel, fuel channels, heavy water, moderatorphysics, fuel, fuel channels, heavy water, moderator
λλ emphasis on realistic modelsemphasis on realistic models

–– generic nuclear worldgeneric nuclear world--class R&D in areas of strengthclass R&D in areas of strength
λλ hydrogen ignition and detonation, iodine behaviourhydrogen ignition and detonation, iodine behaviour
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ADVANCED DESIGNSADVANCED DESIGNS CURRENT PROJECTSCURRENT PROJECTS

SAFETYSAFETY
REPORTREPORT

CODESCODES

MODELSMODELS

KNOWLEDGEKNOWLEDGE

SAFETY R&DSAFETY R&D

Linkage of Safety Research to Plant LicensingLinkage of Safety Research to Plant Licensing
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λλ 2000 people2000 people
λλ large (orig. 200 MW(large (orig. 200 MW(thth)) )) 

heavyheavy--water moderated water moderated 
research reactor (NRU)research reactor (NRU)

λλ severe accident insevere accident in--reactor reactor 
loop (loop (BlowdownBlowdown Test Test 
Facility) in NRUFacility) in NRU

λλ zerozero--energy reactor (ZEDenergy reactor (ZED--2)2)
λλ hot cellshot cells
λλ fuel fabrication and testfuel fabrication and test
λλ detritiationdetritiation
λλ critical heat fluxcritical heat flux
λλ moderator circulationmoderator circulation

Chalk River LaboratoriesChalk River Laboratories
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WhiteshellWhiteshell LaboratoriesLaboratories
λλ organicorganic--cooled reactor cooled reactor 

(now decommissioned)(now decommissioned)
λλ large scale vented large scale vented 

combustion facilitycombustion facility
λλ radioradio--iodine test facilityiodine test facility
λλ RDRD--14M figure14M figure--ofof--eighteight

thermohydraulicsthermohydraulics test looptest loop
λλ largelarge--scale gas mixing scale gas mixing 

facilityfacility
λλ pressurepressure--tube ballooning tube ballooning 

and moderatorand moderator subcooling subcooling 
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ThermohydraulicsThermohydraulics ofof
FigureFigure--ofof--Eight LoopEight Loop
λλ full elevation simulation of heat full elevation simulation of heat 

transport systemtransport system
λλ 10 full10 full--length channelslength channels
λλ mass flux, transit times, mass flux, transit times, 

pressure & enthalpy pressure & enthalpy 
distribution similar to CANDUdistribution similar to CANDU

λλ large and small LOCAlarge and small LOCA
λλ ECC injection & refillECC injection & refill
λλ natural circulation at full and natural circulation at full and 

partial inventorypartial inventory
λλ loss of shutdown coolingloss of shutdown cooling
λλ primary purpose: code primary purpose: code 

validationvalidation

RDRD--14M14M
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λλ fullfull--scale, full length heated fuel scale, full length heated fuel 
channelchannel

λλ representative feeders and endrepresentative feeders and end--
fittingsfittings

λλ 3737--element fuelelement fuel
λλ blowdownblowdown and refill performanceand refill performance
λλ LOCA in CANDU channel can be LOCA in CANDU channel can be 

tested in full scaletested in full scale
λλ primary purpose: code validationprimary purpose: code validation

Cold Water Injection FacilityCold Water Injection Facility
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Critical Heat FluxCritical Heat Flux
λλ purpose: to determine with high accuracy the onset of critical purpose: to determine with high accuracy the onset of critical 

heat flux under highheat flux under high--power conditionspower conditions
λλ used to determine overpower tripused to determine overpower trip setpointssetpoints
λλ fundamental & parametric studies infundamental & parametric studies in freonfreon
λλ final tests in fullfinal tests in full--scale, fullscale, full--length heated 37length heated 37--element channels element channels 

with realistic bundle endwith realistic bundle end--plates, appendages, etc.plates, appendages, etc.
λλ onset of dryonset of dry--patch, drypatch, dry--patch spread, and postpatch spread, and post--dryoutdryout

temperaturestemperatures
λλ now testing CANFLEX fuel (43now testing CANFLEX fuel (43--element)element)

–– carrier for advanced highcarrier for advanced high--burnupburnup fuelfuel
–– increase margins for natural uranium fuel increase margins for natural uranium fuel 
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Pressure Tube IntegrityPressure Tube Integrity
λλ fracture properties of pressure tube (fracture properties of pressure tube (ZrZr--2.5%2.5%NbNb alloy) under alloy) under 

normal operating conditionsnormal operating conditions
λλ effects of irradiation and ageing (creep & growth)effects of irradiation and ageing (creep & growth)
λλ set fitnessset fitness--forfor--service conditionsservice conditions
λλ support leaksupport leak--beforebefore--breakbreak
λλ properties monitored by samples removed from operating properties monitored by samples removed from operating 

reactorsreactors
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High Temperature Fuel Channel IntegrityHigh Temperature Fuel Channel Integrity
λλ internallyinternally--heated and pressurized heated and pressurized 

pressurepressure--tube insidetube inside calandriacalandria tube tube 
inside water tankinside water tank

λλ strains or sags to contactstrains or sags to contact calandriacalandria
tubetube

λλ integrity of pressure tube before integrity of pressure tube before 
contact contact 

λλ integrity of channel after contactintegrity of channel after contact
λλ defines required moderatordefines required moderator

subcoolingsubcooling to preventto prevent calandriacalandria tubetube
dryoutdryout after contactafter contact

Pressure tubePressure tube

HeaterHeater

ModeratorModerator

SteamSteam
CalandriaCalandria tubetube
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ModeratorModerator SubcoolingSubcooling RequirementsRequirements
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Moderator CirculationModerator Circulation
λλ measure threemeasure three--

dimensional dimensional 
velocity and velocity and 
temperature temperature 
distributions in distributions in 
CANDU CANDU 
moderator moderator 
geometrygeometry

λλ used for code used for code 
validationvalidation

λλ inlet & outlet inlet & outlet 
pipes can be pipes can be 
configured for configured for 
CANDU 6, 9 etc.CANDU 6, 9 etc.
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Hydrogen Mixing and CombustionHydrogen Mixing and Combustion
λλ Large Scale Vented Large Scale Vented 

Combustion FacilityCombustion Facility
λλ hydrogen combustion hydrogen combustion 

and detonation and detonation 
boundaries in various boundaries in various 
steam / air/ hydrogen steam / air/ hydrogen 
mixturesmixtures

λλ interior geometry can interior geometry can 
be configuredbe configured
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CANDU 9 SimplificationCANDU 9 Simplification
λλ ECC water tank ball sealECC water tank ball seal

–– leaktightnessleaktightness
–– surface flawssurface flaws
–– vortexesvortexes
–– ageingageing
–– deformationdeformation

λλ ECC oneECC one--way rupture diskway rupture disk
–– large sustained flows large sustained flows 

from NRU high head tankfrom NRU high head tank
–– absence of fragmentsabsence of fragments
–– flow areaflow area
–– reverse pressurereverse pressure
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Other AreasOther Areas
λλ fission product release and transportfission product release and transport

–– goal is to develop physically realistic modelsgoal is to develop physically realistic models
–– large feeder & end fitting surface area provides natural traplarge feeder & end fitting surface area provides natural trap
–– hothot--cell & incell & in--reactor tests in NRU (reactor tests in NRU (BlowdownBlowdown Test Facility)Test Facility)

λλ severe core damagesevere core damage
–– demonstrate basic phenomena of core collapse for CANDU demonstrate basic phenomena of core collapse for CANDU 

in scaled facilityin scaled facility
λλ containmentcontainment thermohydraulicsthermohydraulics

–– not unique, use world data for code validationnot unique, use world data for code validation
λλ passive safety designspassive safety designs
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Code Validation and R&D
Technical BasisTechnical Basis

Relates accident to Relates accident to 
phenomenaphenomena

Validation MatrixValidation Matrix
Relates phenomena to Relates phenomena to 

teststests

Validation PlanValidation Plan
Describes tests to validate Describes tests to validate 

code for phenomenacode for phenomena

R&D ProgrammeR&D Programme
Performs tests in Performs tests in 

validation planvalidation plan

Programme Programme 
Execution Execution 
Plan (PEP)Plan (PEP)

Business plan Business plan 
giving scope, giving scope, 

schedule, schedule, 
resources for resources for 

each codeeach code
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SummarySummary
λλ CANDU safety R&D focussed on aspects unique to CANDUCANDU safety R&D focussed on aspects unique to CANDU
λλ some worldsome world--class generic R&D also performedclass generic R&D also performed
λλ industry carries special responsibility for safety R&Dindustry carries special responsibility for safety R&D
λλ object is to develop physically realistic models based on object is to develop physically realistic models based on 

experiments, to get an accurate picture of safety marginsexperiments, to get an accurate picture of safety margins
λλ formal code validation process underway, which will require formal code validation process underway, which will require 

quantification of uncertaintiesquantification of uncertainties


