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Emergency Preparedness and Response Emergency Preparedness and Response 
Aspects for Research ReactorsAspects for Research Reactors

Establishing Emergency Response Establishing Emergency Response 
CapabilityCapability

LectureLecture
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Introduction Introduction 

Many research reactor facilities operate  Many research reactor facilities operate  
without having emergency plan or/and without having emergency plan or/and 
without adequate cooperation with offwithout adequate cooperation with off--site site 
organisationsorganisations

This lecture will concentrate on emergency This lecture will concentrate on emergency 
preparedness and response aspects that are preparedness and response aspects that are 
specific for research reactor facilitiesspecific for research reactor facilities
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ContentContent

Radiation protection at research reactor Radiation protection at research reactor 
facilitiesfacilities
Research reactor emergency planning Research reactor emergency planning 
needsneeds
Threat assessment for research reactorsThreat assessment for research reactors
Needs analysis and response strategyNeeds analysis and response strategy
SummarySummary
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Radiation Protection at Research Radiation Protection at Research 
Reactor FacilityReactor Facility

AimAim

ScopeScope

OperationOperation
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AimAim

Conditions under which radiation exposure of Conditions under which radiation exposure of 
personnel can occur:personnel can occur:

Radiation source is under control and Radiation source is under control and 
exposure can be limited exposure can be limited 
Control over radiation source is lost and Control over radiation source is lost and 
exposure can be only limited by remedial exposure can be only limited by remedial 
actionaction
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ScopeScope

Protection of reactor personnel against Protection of reactor personnel against 
radiation exposureradiation exposure
Instrumentation and equipment for personnel Instrumentation and equipment for personnel 
monitoringmonitoring
OnOn--site radiological monitoring and surveyssite radiological monitoring and surveys
OffOff--site radiological monitoringsite radiological monitoring
Decontamination of personnel, equipment and Decontamination of personnel, equipment and 
structurestructure
Detecting and recording activity releasesDetecting and recording activity releases
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OperationOperation

Programme Programme 

OrganisationOrganisation

TrainingTraining
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Radiation Protection SystemsRadiation Protection Systems

Stationary dose rate metersStationary dose rate meters
Stationary dose rate monitorsStationary dose rate monitors
Monitors of radioactive substances in the Monitors of radioactive substances in the 
atmosphereatmosphere
Laboratory stationary equipment for Laboratory stationary equipment for 
contamination identificationcontamination identification
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Radiation Protection Systems (1)Radiation Protection Systems (1)

Stationary equipment for monitoring effluentsStationary equipment for monitoring effluents
Portable, operational devices for measuring Portable, operational devices for measuring 
surface contaminationsurface contamination
Portable, operational facilities for measuring Portable, operational facilities for measuring 
doses and doe ratesdoses and doe rates
Facilities for measuring doses and Facilities for measuring doses and 
contamination of personnelcontamination of personnel
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Research Reactor Emergency Planning Research Reactor Emergency Planning 
NeedsNeeds

EP needs depend primarily on:EP needs depend primarily on:
Size and type of facilitySize and type of facility
Availability of onAvailability of on--site resourcessite resources

First, you must do:First, you must do:
Threat/risk assessmentThreat/risk assessment
Needs analysisNeeds analysis
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Research Reactor Planning NeedsResearch Reactor Planning Needs

Threat assessment:Threat assessment:

What kind of emergencies are possible?What kind of emergencies are possible?

What are potential consequences ?What are potential consequences ?
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Threat AssessmentThreat Assessment

Conventional hazardsConventional hazards

FireFire
ExplosionExplosion
Chemical threatsChemical threats
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Threat AssessmentThreat Assessment

Radiological hazardsRadiological hazards
CriticalityCriticality
Shielding eventsShielding events
Overexposure of workersOverexposure of workers
Fuel damage and release in reactor buildingFuel damage and release in reactor building
Fuel damage and release to environmentFuel damage and release to environment
SpillsSpills
Lost radioactive sourcesLost radioactive sources
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Research Reactor ClassificationResearch Reactor Classification

Regarding the threats RR can be grouped into Regarding the threats RR can be grouped into 
four classes:four classes:

Zero power RRZero power RR –– up to 1 kWup to 1 kW
Small RRSmall RR –– 1 kW to 1 MW1 kW to 1 MW
RR RR -- neutron sourcesneutron sources –– 1 MW to 10 MW1 MW to 10 MW
High flux RRHigh flux RR –– over 10 MWover 10 MW
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Zero Power RR Zero Power RR –– up to 1 kWup to 1 kW

Potential emergenciesPotential emergencies
CriticalityCriticality

Security eventsSecurity events
Nuclear material theftNuclear material theft

Possible health effectsPossible health effects
OnOn--site: severe deterministic effects (death)site: severe deterministic effects (death)
OffOff--site: no consequencessite: no consequences
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Small Reactors Small Reactors –– 1 kW to 1 MW1 kW to 1 MW

Potential emergenciesPotential emergencies
Over powerOver power
Loss of coolantLoss of coolant
Fuel failure and fission product releaseFuel failure and fission product release
Loss of AC and DC power sourcesLoss of AC and DC power sources
High primary coolant IHigh primary coolant I--131 concentration131 concentration
Loss or degraded control of safety systemsLoss or degraded control of safety systems
Fire Fire 
Civil engineering destructionCivil engineering destruction
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Small Reactors Small Reactors –– 1 kW to 1 MW (1)1 kW to 1 MW (1)

Security events:Security events:
Nuclear material theftNuclear material theft
Terrorist destructionTerrorist destruction

Possible health effectsPossible health effects
OnOn--site: severe deterministic effects (death)site: severe deterministic effects (death)
OffOff--site: no consequences likelysite: no consequences likely
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RR RR -- Neutron Sources Neutron Sources –– 1 to 10 MW1 to 10 MW

Potential emergenciesPotential emergencies
Over powerOver power
Operator/user over exposureOperator/user over exposure
Fission product releaseFission product release
Fire Fire 

Security events:Security events:
intruder or terrorist attackintruder or terrorist attack
nuclear material theft nuclear material theft 



III2_10 Emergency Preparedness and Response Aspects for Research Reactors 19

RR RR -- Neutron Sources Neutron Sources –– 1 to 10 MW (1)1 to 10 MW (1)

Possible health effects:Possible health effects:
onon--site: operator/user over exposuresite: operator/user over exposure
offoff--site: foodstuff/ground contaminationsite: foodstuff/ground contamination

Public protective actions:Public protective actions:
iodine administrationiodine administration
shelteringsheltering
foodstuff controlfoodstuff control
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High Flux RR High Flux RR –– over 10 MWover 10 MW

Potential emergenciesPotential emergencies
Failure to scramFailure to scram
Fuel melting and fission product release Fuel melting and fission product release 
Primary system leak, loss of coolantPrimary system leak, loss of coolant
Partial core damagePartial core damage
Effluent releaseEffluent release
High ambient dose rates beyond the site High ambient dose rates beyond the site 
boundaryboundary
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High Flux RR High Flux RR –– over 10 MW (1)over 10 MW (1)

NonNon--nuclear and security accidentsnuclear and security accidents
water flood and civil engineering terrorist water flood and civil engineering terrorist 
destructiondestruction
nuclear material theft and sabotagenuclear material theft and sabotage

Possible health effectsPossible health effects
OnOn--site: personnel over exposure, radioactive site: personnel over exposure, radioactive 
iodine intake by personneliodine intake by personnel
OffOff--site: foodstuff/ground contamination, site: foodstuff/ground contamination, 
radioactive iodine intake by publicradioactive iodine intake by public
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High Flux RR High Flux RR –– over 10 MW (2)over 10 MW (2)

Public protective actions:Public protective actions:
iodine administrationiodine administration
shelteringsheltering
foodstuff controlfoodstuff control
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Man Made Action ThreatMan Made Action Threat

What class of adversary is to be considered?What class of adversary is to be considered?

What is the range of the adversaryWhat is the range of the adversary’’s tactics?s tactics?

What are the adversaryWhat are the adversary’’s capabilities?s capabilities?
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Research Reactor PreparednessResearch Reactor Preparedness

Is there an accident classification system Is there an accident classification system 
based on facility conditions?based on facility conditions?
Is classification system well understood by Is classification system well understood by 
staff and outside services?staff and outside services?
Is there a 24 hour contact point for the Is there a 24 hour contact point for the 
facility?facility?
Can facility emergency response organization Can facility emergency response organization 
be activated 24 hours a day?be activated 24 hours a day?
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Research Reactor Preparedness (1)Research Reactor Preparedness (1)

Are there arrangements with offAre there arrangements with off--site site 
emergency services?emergency services?

Do these offDo these off--site services have appropriate site services have appropriate 
training to respond to emergency at facility?training to respond to emergency at facility?

How is radiation protection and dose How is radiation protection and dose 
monitoring provided to offmonitoring provided to off--site services?site services?
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Needs analysisNeeds analysis

What is the response strategy?What is the response strategy?
What resources do I need?What resources do I need?
What resources do I already have?What resources do I already have?

Strategy

Resources
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Response StrategyResponse Strategy

ClassifyClassify
Life savingLife saving
Assess and protectAssess and protect
InformInform
ManageManage

C L A I M   !
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ClassifyClassify

Promptly detect accident situationPromptly detect accident situation

Very quickly rank it in terms of severityVery quickly rank it in terms of severity

Trigger automatic actions associated with Trigger automatic actions associated with 
classification levelclassification level
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LifeLife--savingsaving

Evacuate people from the high hazard areaEvacuate people from the high hazard area

Provide immediate medical first aidProvide immediate medical first aid
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Assess and ProtectAssess and Protect

Survey and monitorSurvey and monitor

Determine need for protective actionsDetermine need for protective actions

Implement protective actionsImplement protective actions
Sheltering or evacuationSheltering or evacuation
Stable iodineStable iodine
Access controlAccess control
Food ban in immediate vicinityFood ban in immediate vicinity
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InformInform

Inform the public on protective actions Inform the public on protective actions 
neededneeded

Inform the mediaInform the media
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ManageManage

Coordinate facility response with outside Coordinate facility response with outside 
services and offservices and off--site authoritiessite authorities

Monitor unfolding of events and actionsMonitor unfolding of events and actions

CommunicateCommunicate

Follow upFollow up
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SummarySummary

State what has been learnedState what has been learned
Define ways to apply this lectureDefine ways to apply this lecture
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Where to Get More InformationWhere to Get More Information

Publication No. 60, Annals of the ICRP 21 1Publication No. 60, Annals of the ICRP 21 1--33
IAEA Safety Series No. 115IAEA Safety Series No. 115
US NUREGUS NUREG--08490849
US NRC Regulatory Guide 2.6, HF 201US NRC Regulatory Guide 2.6, HF 201--44
US ANSI/ANSUS ANSI/ANS--15.1615.16--19821982
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