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A LITTLE PART OF OUR CRITICALITY HISTORY …A LITTLE PART OF OUR CRITICALITY HISTORY …

The CEA The CEA ValducValduc Criticality Experiment Facilities (located in Criticality Experiment Facilities (located in 
near Dijon, France) are known all over the world for nearly near Dijon, France) are known all over the world for nearly 
45 years of experiences in the field of criticality45 years of experiences in the field of criticality

It is today an unique set of human capabilities and It is today an unique set of human capabilities and 
experimental facilities and devices located and operated in experimental facilities and devices located and operated in 
the same place especially concerning critical solutions the same place especially concerning critical solutions 
assembliesassemblies

The CEA The CEA ValducValduc Criticality Laboratory operates different Criticality Laboratory operates different 
facilities designed in the 1960facilities designed in the 1960--1970’s to meet specific 1970’s to meet specific 
objectives. These facilities are still in operation but we objectives. These facilities are still in operation but we 
have to look toward Future …have to look toward Future …
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Operating experimental devices in the field of nuclear Operating experimental devices in the field of nuclear 
criticality safety and neutron science experiments for:criticality safety and neutron science experiments for:

Nuclear Criticality Safety Program needsNuclear Criticality Safety Program needs
Nuclear Data and Codes Qualification Program needsNuclear Data and Codes Qualification Program needs

Supplying with reactors and accelerators a wide range of Supplying with reactors and accelerators a wide range of 
radiation (neutron and photon) to meet any requirements, radiation (neutron and photon) to meet any requirements, 
from very low to very high doses to the benefit of different from very low to very high doses to the benefit of different 
internal (CEA) or external (Industrials) customersinternal (CEA) or external (Industrials) customers

Holding the “Center of Excellence” in charge ofHolding the “Center of Excellence” in charge of Criticality Criticality 
AccidentsAccidents StudiesStudies for CEAfor CEA witch was established to witch was established to 
support its needs in the field of Criticality Accidents support its needs in the field of Criticality Accidents 
Expertise based on:Expertise based on:

Preservation and dissemination of the CEA backgroundPreservation and dissemination of the CEA background
Experiments on SILENE for solutions accidents studiesExperiments on SILENE for solutions accidents studies
Experiments on CALIBAN for metallic accidents studiesExperiments on CALIBAN for metallic accidents studies

OUR MISSIONSOUR MISSIONS
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An Experimental Reactor with solution core:An Experimental Reactor with solution core:
SILENE (1974)SILENE (1974)

A bench devoted to Airborne Release Fraction studies:A bench devoted to Airborne Release Fraction studies:
BISE (2002)BISE (2002)

A subA sub--critical facility:critical facility:
AppareillageAppareillage B (1963)B (1963)

A large Special Nuclear Materials inventory:A large Special Nuclear Materials inventory:
Solutions (Highly Enriched Uranium and ReactorSolutions (Highly Enriched Uranium and Reactor--Grade Plutonium)Grade Plutonium)
PWR type rods (uranium oxides rods called REP)PWR type rods (uranium oxides rods called REP)
PWR High PWR High BurnUpBurnUp type rods (mixed uranium and plutonium rods called type rods (mixed uranium and plutonium rods called 
HTC)HTC)

Related equipment:Related equipment:
PhysicoPhysico--chemical analysis en fuel recycling laboratories for uranium andchemical analysis en fuel recycling laboratories for uranium and
plutoniumplutonium
Counting laboratory (Counting laboratory (DosimetryDosimetry and and α, β, γα, β, γ radiations measurement) radiations measurement) 

EXPERIMENTAL DEVICESEXPERIMENTAL DEVICES
LOCATED IN THE BUILDING 010LOCATED IN THE BUILDING 010
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EXPERIMENTAL DEVICES’ MAP EXPERIMENTAL DEVICES’ MAP –– Building 010Building 010

BISESILENE

Appareillage BAppareillage B

Pool Pool CoreCore
DesignDesign

MIRTE MIRTE 
ProgramProgram

Pu Pu TemperatureTemperature
ProgramProgram

CylindricalCylindrical CoreCore
DesignDesign
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Two Experimental Reactors with metallic cores:Two Experimental Reactors with metallic cores:

CALIBAN (1971)CALIBAN (1971)

PROSPEROPROSPERO

Two Electrostatic Accelerators:Two Electrostatic Accelerators:
SAMESSAMES
ALVAREZALVAREZ

EXPERIMENTAL DEVICESEXPERIMENTAL DEVICES
LOCATED IN OTHER BUILDINGSLOCATED IN OTHER BUILDINGS
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EXPERIMENTAL DEVICES’ MAP EXPERIMENTAL DEVICES’ MAP –– OtherOther BuildingsBuildings

PROSPEROCALIBAN
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VVALDUCALDUC LaboratoryLaboratory
CriticalityCriticality ExperimentExperiment FacilitiesFacilities

____________________________________

OVERVIEW OF Appareillage BOVERVIEW OF Appareillage B

A SubA Sub--Critical Critical (*)(*) Facility able to reproduce and studyFacility able to reproduce and study
a wide range of criticality configurationsa wide range of criticality configurations

(*)(*) Criticality is approached up to a value around Criticality is approached up to a value around kkeffeff = 1= 1--ββ/10/10
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Appareillage BAppareillage B
Key Dates and Key Dates and ExperimentalExperimental AbilitiesAbilities

1963:
First Critical Experiment conducted at Valduc

1963-1995:
CEA Programs supporting the French nuclear fuel cycle plants andCEA Programs supporting the French nuclear fuel cycle plants and
associated R&D facilitiesassociated R&D facilities

1995-1997:
Full renovation of Full renovation of AppareillageAppareillage B in compliance with the new safety B in compliance with the new safety 
and security requirements of French nuclear facilitiesand security requirements of French nuclear facilities

1998-2004:
Joint CEA/IPSN (IRSN) – COGEMA (AREVA) programs

2004-2011:
IRSN programs (Pu Temperatures / MIRTE)

More than More than 3000 sub3000 sub--critical experimentscritical experiments were performed were performed 
with with AppareillageAppareillage B since 1963B since 1963
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AppareillageAppareillage BB
AssetsAssets

Experimental Platform using:Experimental Platform using:
Large Special Nuclear Materials inventoryLarge Special Nuclear Materials inventory
Related equipment Related equipment 

Adaptable to different experimental needs:Adaptable to different experimental needs:
Modular design and versatility (experimental core, storages, etcModular design and versatility (experimental core, storages, etc.) .) 
Multipurpose control system (programmable controllers, etc.)Multipurpose control system (programmable controllers, etc.)

Flexible and easy to operate:Flexible and easy to operate:
Quick modification of test configurations (rod array setups, solQuick modification of test configurations (rod array setups, solution concentration and ution concentration and 
acidity adjustments, etc.) acidity adjustments, etc.) 
Immediate access to experimental cell following use of subImmediate access to experimental cell following use of sub--critical approachcritical approach

Attractive features:Attractive features:
Representative configurations of fissile media and geometries enRepresentative configurations of fissile media and geometries encountered in countered in 
laboratories, plants and transportationslaboratories, plants and transportations
Reduced and well known experimental uncertainties in the order oReduced and well known experimental uncertainties in the order of 100 f 100 pcmpcm (2(2σσ) ) 
magnitude magnitude 
Allows reactivity worth measurement due to its high Allows reactivity worth measurement due to its high sensivitysensivity to perturbations to perturbations 
(moderation, concentration, acidity, poisoning, temperature, etc(moderation, concentration, acidity, poisoning, temperature, etc.).)
Accommodates to implement subAccommodates to implement sub--critical measurement techniquecritical measurement technique

Major assets of interest:Major assets of interest:
Suitable for Criticality Safety Package QualificationSuitable for Criticality Safety Package Qualification
Preserves and disseminates selected information that enables to Preserves and disseminates selected information that enables to sustain Nuclear sustain Nuclear 
Criticality Safety expertise capabilityCriticality Safety expertise capability
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Appareillage BAppareillage B
OneOne Program Program towardtoward an an OtherOther One …One …

DismantlingDismantling of the «of the « BB--PuPu » Program » Program ExperimentalExperimental DeviceDevice

Complete adaptation for the «Complete adaptation for the « MIRTEMIRTE » Program» Program

July 13, 2007July 13, 2007 DecemberDecember, 2007, 2007

JanuaryJanuary, 2008, 2008

NovemberNovember, 2008, 2008

DecemberDecember 2, 20082, 2008
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AppareillageAppareillage BB
A Large Contribution to Code ValidationA Large Contribution to Code Validation

Highly accurate integral experiments conducted by teams Highly accurate integral experiments conducted by teams 
from from ValducValduc Criticality Experiment Facilities contribute to:Criticality Experiment Facilities contribute to:

the qualification of the CRISTAL (*) Criticality Safety Packagethe qualification of the CRISTAL (*) Criticality Safety Package
→→ 517 Benchmarks517 Benchmarks
(*)(*) CRISTAL is a French system of wellCRISTAL is a French system of well--established codes and data for performing established codes and data for performing 

nuclear criticality safety analysesnuclear criticality safety analyses

provide a wide range of criticality safetyprovide a wide range of criticality safety--related experimental related experimental 
benchmark data for the OECDbenchmark data for the OECD--NEA ICSBEP HandbookNEA ICSBEP Handbook
→→ 40 Evaluations involving a total of 681 critical configurations40 Evaluations involving a total of 681 critical configurations

The The ValducValduc Criticality Laboratory is involved in:Criticality Laboratory is involved in:
OECDOECD--NEA ICSBEP Working GroupNEA ICSBEP Working Group as Internal or External as Internal or External 
Reviewer of Benchmark Description ReportsReviewer of Benchmark Description Reports
OECDOECD--NEA Working Party on Nuclear Criticality SafetyNEA Working Party on Nuclear Criticality Safety (WPNCS) (WPNCS) 
as Members of the Expert Group on Criticality Excursion Analysisas Members of the Expert Group on Criticality Excursion Analysis
ISO/TC 85/SC 5 GroupISO/TC 85/SC 5 Group as Project Leader of Nuclear Criticality as Project Leader of Nuclear Criticality 
Safety Safety –– Analysis of a postulated Criticality Accident Standard Analysis of a postulated Criticality Accident Standard 
(ISO/DIS 27467)(ISO/DIS 27467)
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AppareillageAppareillage BB
Recent main applicationsRecent main applications

Qualification of the decrease from Qualification of the decrease from 241241Pu to Pu to 241241AmAm
““AgingAging”” Effect Program (2004 Effect Program (2004 –– 2005)2005)
~ 10 experiments performed~ 10 experiments performed
Preliminary calculations have shown an effect about 3% on Preliminary calculations have shown an effect about 3% on kkeffeff

Measurement of the temperature coefficient of dilute Measurement of the temperature coefficient of dilute 
plutonium solutionsplutonium solutions

BB--PuPu Program (2006 Program (2006 –– 2007)2007)
13 experiments performed13 experiments performed
Some of them had demonstrated a positive temperature effectSome of them had demonstrated a positive temperature effect

Qualification of structural materials crossQualification of structural materials cross--sectionssections
MIRTE Program (2007 MIRTE Program (2007 –– To be continued)To be continued)
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MIRTE PROGRAMMIRTE PROGRAM
MMatériaux en atériaux en IInteraction et en nteraction et en RRéflexion éflexion TToutes outes ÉÉpaisseurspaisseurs

INTERACTION FORTE EPAISSEURINTERACTION FORTE EPAISSEUR

AluminumAluminum
CopperCopper
SteelSteel
NickelNickel
LeadLead
ZircalloyZircalloy
ConcreteConcrete
GlassGlass

AluminumAluminum
GlassGlass

INTERACTION FAIBLE EPAISSEURINTERACTION FAIBLE EPAISSEUR REFLEXIONREFLEXION

CopperCopper
SteelSteel
NickelNickel
TitaniumTitanium
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MIRTEMIRTE PROGRAMPROGRAM –– GlassGlass (March(March 2525 –– AprilApril 1,1, 2009)2009)
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MIRTEMIRTE PROGRAMPROGRAM –– TitaniumTitanium ((SeptemberSeptember 0909--18,18, 2009)2009)
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Appareillage BAppareillage B
PerspectivesPerspectives

AppareillageAppareillage B programs are currently “planned” until 2012B programs are currently “planned” until 2012

AppareillageAppareillage B B uses are currently “available” until uses are currently “available” until 20142014

IRSN strongly supports IRSN strongly supports AppareillageAppareillage B as the major B as the major 
response to Criticality Safety Package Qualification needsresponse to Criticality Safety Package Qualification needs

AppareillageAppareillage B Licensing, in compliance with the new safety B Licensing, in compliance with the new safety 
and security requirements of French nuclear facilities, will and security requirements of French nuclear facilities, will 
have to be done after 2015have to be done after 2015
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VVALDUCALDUC LaboratoryLaboratory
CriticalityCriticality ExperimentExperiment FacilitiesFacilities

____________________________________

OVERVIEW OF SILENEOVERVIEW OF SILENE

A SuperA Super--Critical Critical (*)(*) Reactor able to reproduce and studyReactor able to reproduce and study
a wide range of criticality accidents kinetics in fissile solutia wide range of criticality accidents kinetics in fissile solutionon

(*)(*) For a Super Prompt Critical Pulse a For a Super Prompt Critical Pulse a 33ββ reactivity step can be insertedreactivity step can be inserted
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SILENESILENE
Solution Solution ReactorReactor and and ChemicalChemical ProcessProcess FacilityFacility

SILENE SILENE isis not not onlyonly a a reactorreactor but but alsoalso a a chemicalchemical processprocess facilityfacility supportingsupporting::
•• Critical or sub-critical experiments
• Fissile solutions storage for the fuel before and after experiments
• Fuel adjustment and purification according to a PUREX Process
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SILENESILENE
ReactorReactor CoreCore, Tanks and , Tanks and ChemicalChemical GloveGlove BoxesBoxes
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A LARGE CONCRETE IRRADIATION ROOMA LARGE CONCRETE IRRADIATION ROOM

CELL VOLUME: 2280 m3

(19 m x 12 m x 10 m)
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TURN AROUND THE SILENE CORETURN AROUND THE SILENE CORE
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OVERVIEW OF THE BASEMENT (1)OVERVIEW OF THE BASEMENT (1)
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OVERVIEW OF THE BASEMENT (2)OVERVIEW OF THE BASEMENT (2)
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HOW DOES IT WORK ?HOW DOES IT WORK ?
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SILENESILENE
Key Dates and Key Dates and ExperimentalExperimental AbilitiesAbilities

DecemberDecember 14, 1964:14, 1964:
107 Kg HEU (UF6)  107 Kg HEU (UF6)  comingcoming fromfrom OakOak RidgeRidge (Union (Union CarbideCarbide
GazeousGazeous Diffusion Plant)Diffusion Plant)

1967-1972:
Criticality Accident Study Program using CRAC FacilityCriticality Accident Study Program using CRAC Facility

1974:
First SuperFirst Super--Critical Experiment conducted at Critical Experiment conducted at ValducValduc with SILENEwith SILENE

More than More than 2000 divergences and 1000 sub2000 divergences and 1000 sub--critical critical 
experimentsexperiments were performed on the SILENE reactor for were performed on the SILENE reactor for 
criticality accidents and radioprotection studies, and for criticality accidents and radioprotection studies, and for 
industrials uses (materials and components irradiation) industrials uses (materials and components irradiation) 
since 1974since 1974
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SILENE is operating following 3 kinetics modes according SILENE is operating following 3 kinetics modes according 
to rod ejection rate:to rod ejection rate:

Pulse modePulse mode
Free Evolution modeFree Evolution mode
Steady State mode  Steady State mode  

SILENE is operating following SILENE is operating following 4 shielding configurations to 4 shielding configurations to 
obtain mixed leak radiation with a wide range of obtain mixed leak radiation with a wide range of γγ / n / n 
ratios:ratios:

WithoutWithout mixed n and mixed n and γγ radiation (1.3)radiation (1.3)
LeadLead preponderance of n component (0.2)preponderance of n component (0.2)
PolyethylenePolyethylene preponderance of preponderance of γγ component (11)component (11)
SteelSteel degraded energy n spectrum (0.4)degraded energy n spectrum (0.4)

SILENESILENE
AssetsAssets
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SILENE SILENE –– PULSE MODEPULSE MODE

Rapid removal of the Rapid removal of the 
control rod (2m/s)control rod (2m/s)
Brief high power excursion Brief high power excursion 
Power peak up to 1000MWPower peak up to 1000MW
Total energy up to 2x10Total energy up to 2x101717

fissionsfissions
Doubling time down to Doubling time down to 
1.5ms1.5ms
Peak width down to 6msPeak width down to 6ms
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SILENE SILENE –– FREE EVOLUTION MODEFREE EVOLUTION MODE

Slowly removal of the control Slowly removal of the control 
rod (1cm/s)rod (1cm/s)
Representative of a criticality Representative of a criticality 
accidentaccident
11stst peak:peak:

power : 2power : 2x10x101717 fissionsfissions
energyenergy : 5x10: 5x101616 fissionsfissions

Total Total energyenergy: 5x10: 5x101717 fissionsfissions
DurationDuration: few minutes: few minutes

1E+ 12

1E+ 13

1E+ 14

1E+ 15

1E+ 16

0 80 160 240 320 400

TIME ( s )

po
w

er
 (f

is
si

on
s/

s)

1E+ 14

1E+ 15

1E+ 16

1E+ 17

1E+ 18

en
er

gy
 (f

is
si

on
s)

pOWER
ENERGY



CEA-DAM
Valduc Criticality Experiment Facilities

32OECD-NEA
Pocatello – September 21-22, 2009

SILENE SILENE –– STEADY STATE MODESTEADY STATE MODE

Stable power level Stable power level 
Slow displacement of the Slow displacement of the 
control rod (1mm/s)control rod (1mm/s)
Power from 0.01W to 10kWPower from 0.01W to 10kW
Total energy up to 5x10Total energy up to 5x101717

fissionsfissions
Allows to perform complex Allows to perform complex 
kineticskinetics
Suitable for long irradiations Suitable for long irradiations 
(several hours)(several hours)
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Studies of criticality accident phenomena, intended to Studies of criticality accident phenomena, intended to 
better define and model accident mechanisms and better define and model accident mechanisms and 
phenomenology and provide data for safety phenomenology and provide data for safety 
assesmentsassesments, relevant to surveillance and prevention , relevant to surveillance and prevention 
policiespolicies
Enhancing detection instruments and qualifying them in Enhancing detection instruments and qualifying them in 
various criticality accidents scenarios (Criticality various criticality accidents scenarios (Criticality 
Accident Alarm System qualification and testing)Accident Alarm System qualification and testing)
Research and development of dose measurement Research and development of dose measurement 
methodsmethods
Radiation Protection studies Radiation Protection studies 
Biological Biological dosimetrydosimetry and studies on physiopathology of and studies on physiopathology of 
complex irradiationscomplex irradiations
Experimental validation of calculations codes in the Experimental validation of calculations codes in the 
fields of Criticality Accidents or Health Physic fields of Criticality Accidents or Health Physic 
ProtectionProtection

EXPERIMENTAL ABILITIES (1)EXPERIMENTAL ABILITIES (1)
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Training of teams for emergency preparedness Training of teams for emergency preparedness 
((organizing actions such as personnel evacuation, rapid organizing actions such as personnel evacuation, rapid 
medical screening, training of teams to deal with medical screening, training of teams to deal with 
criticality emergency situations)criticality emergency situations) as mentioned in as mentioned in 
ANSI/ANS 8.23ANSI/ANS 8.23--19971997

Emergency Emergency responseresponse personnel trainingpersonnel training
ReRe--entryentry team personnel trainingteam personnel training
TechnicalTechnical staff trainingstaff training

DevelopmentDevelopment of the handsof the hands--on training and training for on training and training for 
operatorsoperators proficiencyproficiency
Information Preservation and Dissemination to sustain Information Preservation and Dissemination to sustain 
knowledge in criticality safetyknowledge in criticality safety

Reactivity worth measurementsReactivity worth measurements
SubSub--critical measurementscritical measurements

EXPERIMENTAL ABILITIES (2)EXPERIMENTAL ABILITIES (2)
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SILENESILENE
Radiobiology studiesRadiobiology studies

Study the effects of intense Study the effects of intense 
mixed radiation fieldsmixed radiation fields
Improve biological Improve biological dosimetrydosimetry

Relationships between chromosome Relationships between chromosome 
failures and doses using irradiated failures and doses using irradiated 
blood samples blood samples 

Therapeutic strategy for criticality Therapeutic strategy for criticality 
accidents victimsaccidents victims

Better knowledge of Better knowledge of letalletal dosesdoses
DosimetricDosimetric management for the management for the 
triage of victimstriage of victims

International International exercicesexercices for clinical for clinical 
biochemistry laboratories  biochemistry laboratories  Phantom prepared for 

irradiation with blood 
samples and hair 
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LAST INTERNATIONAL INTERCOMPARAISON LAST INTERNATIONAL INTERCOMPARAISON 
DOSIMETRY EXERCICE DOSIMETRY EXERCICE –– ValducValduc, 2002, 2002

66thth International International ExerciseExercise of of 
CriticalityCriticality dosimetrydosimetry

19701970CRACCRAC, 1993, 1993SILENESILENE

1971, 1973, 1975 1971, 1973, 1975 
60 60 laboratorieslaboratories participatingparticipating, , 
20 in 20 in ValducValduc ((duringduring 2 2 weeksweeks))
First comparaison First comparaison betweenbetween
biologicalbiological and and physicalphysical
dosimetriesdosimetries
3 3 simuledsimuled criticalitycriticality accidents accidents 
withwith SILENE:SILENE:

IntegratedIntegrated Doses (nDoses (n--γγ) en Gy:       ) en Gy:       
(1,9(1,9--2,3), (0,92,3), (0,9--0,2), (1,90,2), (1,9--0,3) 0,3) 
One One steadysteady state and state and twotwo free free 
evolutionevolution kineticskinetics
More More thanthan 200 200 dosimetersdosimeters usedused
per per runrun

NEUDOS’9 NEUDOS’9 specificspecific session session 
OECD OECD –– CEE CEE –– IRSN IRSN –– CEACEA
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NEXT PLANNED INTERNATIONAL INTERCOMPARAISON NEXT PLANNED INTERNATIONAL INTERCOMPARAISON 
DOSIMETRY EXERCICE DOSIMETRY EXERCICE –– ValducValduc, 2010, 2010

Invitation to Invitation to participateparticipate for US for US 
LaboratoriesLaboratories to to thethe nextnext
National National ExerciseExercise ofof CriticalityCriticality
dosimetrydosimetry
Schedule on SILENE in Schedule on SILENE in weekweek
2009/422009/42

77thth International International ExerciseExercise of of 
CriticalityCriticality dosimetrydosimetry

19701970CRACCRAC, 1993, 1993SILENESILENE

1971, 1973, 19751971, 1973, 1975
20022002SILENESILENE

20102010SILENESILENE (?)(?)
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EDAC I

1970 1990 2003

EDAC II EDAC 21

SILENESILENE
A A tooltool to design to design andand support 3 support 3 generationsgenerations of French of French 
CAAS (EDAC)CAAS (EDAC)
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CAAS are CAAS are systemssystems usedused to to 
detectdetect criticalitycriticality accidents in accidents in 
nuclearnuclear plants or plants or facilitiesfacilities
and to and to initiateinitiate workersworkers
immediatimmediat evacuationevacuation to to limitlimit
exposureexposure risksrisks
SILENE SILENE waswas usedused to to 
developdevelop and and qualifyqualify the the 
French EDAC system French EDAC system 
((basedbased uponupon a a combinationcombination
of n and of n and γγ measurementsmeasurements))
SILENE permit EDAC SILENE permit EDAC 
system system testingtesting in in truetrue
conditionsconditions

SILENESILENE
UsedUsed for for CriticalityCriticality Accident Accident AlarmAlarm Systems Systems testingtesting
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TRAINING FOR OPERATORS PROFECIENCYTRAINING FOR OPERATORS PROFECIENCY

International International AgreementAgreement betweenbetween LANL LANL 
andand CEA for CEA for developmentdevelopment ofof thethe handshands--
on training on training andand training for training for operatorsoperators
proficiencyproficiency for for thethe USUS--DOE / NCSPDOE / NCSP
US US OperatorsOperators are training in are training in ValducValduc
((betweenbetween 2008 2008 andand 2010)2010)
TheoricalTheorical andand PracticalPractical training on training on 
SILENE, CALIBAN SILENE, CALIBAN andand PROSPEROPROSPERO
Training Attestation Training Attestation delivereddelivered by CEA by CEA 
afterafter knowledgeknowledge verificationverification
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SILENESILENE
PerspectivesPerspectives

SILENE uses are currently “available” until fall 2010SILENE uses are currently “available” until fall 2010

SILENE Licensing, in compliance with the new safety and SILENE Licensing, in compliance with the new safety and 
security requirements of French nuclear facilities, is security requirements of French nuclear facilities, is 
probably impossible without a complete refurbishment:probably impossible without a complete refurbishment:

SILENE SILENE Chemical process facilities are difficult to maintain in safe Chemical process facilities are difficult to maintain in safe 
and efficient conditions due to their old design dating from CRAand efficient conditions due to their old design dating from CRAC C 
facility for part of them (glove boxes for example)facility for part of them (glove boxes for example)
SILENE command control is outdated (1974) and also very difficulSILENE command control is outdated (1974) and also very difficult t 
to maintainto maintain
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VVALDUCALDUC LaboratoryLaboratory
CriticalityCriticality ExperimentExperiment FacilitiesFacilities

____________________________________

OVERVIEW OF CALIBANOVERVIEW OF CALIBAN

A Super PromptA Super Prompt--Critical Critical (*)(*) Reactor able to studyReactor able to study
criticality accidents kinetics in metallic systemscriticality accidents kinetics in metallic systems

(*)(*) For a Super PromptFor a Super Prompt--Critical Pulse a maximum Critical Pulse a maximum 0.9$ reactivity step can be inserted over prompt critical state0.9$ reactivity step can be inserted over prompt critical state
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CALIBANCALIBAN
Super Super PromptPrompt--CriticalCritical ReactorReactor

CALIBAN

GODIVA-IV
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CALIBANCALIBAN
Key Dates and Key Dates and ExperimentalExperimental AbilitiesAbilities

1971:
First Super PromptFirst Super Prompt--Critical Experiment conducted at Critical Experiment conducted at ValducValduc with with 
CALIBANCALIBAN

1971-2009:
CEACEA--DAM Programs supporting the French Nuclear Weapons DAM Programs supporting the French Nuclear Weapons 
Stockpiles Stewardship and associated R&DStockpiles Stewardship and associated R&D

More than More than 3000 divergences and sub3000 divergences and sub--critical critical 
experimentsexperiments were performed on the CALIBAN reactor for were performed on the CALIBAN reactor for 
criticality studies, and various other applications (neutron criticality studies, and various other applications (neutron 
science studies, materials and components irradiation for science studies, materials and components irradiation for 
hardness testing)hardness testing)
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CALIBANCALIBAN
Recent main applicationsRecent main applications

Integral measurement of Integral measurement of 235235U isomer with CALIBAN ReactorU isomer with CALIBAN Reactor
USUS--DOE / NNSA DOE / NNSA –– CEACEA--DAM DAM –– 235m235mU Program (2005 U Program (2005 –– 2006)2006)
~ 60 experiments were performed~ 60 experiments were performed
The results of this experiment have been compared to the last evThe results of this experiment have been compared to the last evaluated aluated 
cross section and presented in the 5th NEMEA Workshop cross section and presented in the 5th NEMEA Workshop 

Reactivity worth measurements by perturbation method with CALIBAReactivity worth measurements by perturbation method with CALIBAN N 
and SILENE reactorsand SILENE reactors

Experiments have been already performed with CALIBAN since few yExperiments have been already performed with CALIBAN since few years ears 
((239239Pu Pu –– 237237Np) and some other experiments are plannedNp) and some other experiments are planned
Calculations have been recently performed to prepare future expeCalculations have been recently performed to prepare future experiments on riments on 
new materials, such as light elements, structural materials, fisnew materials, such as light elements, structural materials, fission products sion products 
and actinides and actinides 

Calculation of kinetic parameters of CALIBAN Reactor from stochaCalculation of kinetic parameters of CALIBAN Reactor from stochastic stic 
neutron measurementsneutron measurements

Few experiments have been already performed with CALIBAN using fFew experiments have been already performed with CALIBAN using few ew 
methods (2007 methods (2007 –– To be continued)To be continued)
SubSub--critical, critical, and even supercritical, critical, and even super--critical experiments were performed. critical experiments were performed. 
With the RossiWith the Rossi--α method, it was found that the prompt neutron decay α method, it was found that the prompt neutron decay 
constant at criticality was 6.02constant at criticality was 6.02××101055 ss--11 ±± 9%9%
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VVALDUCALDUC LaboratoryLaboratory
CriticalityCriticality ExperimentExperiment FacilitiesFacilities

____________________________________

CONCLUSIONSCONCLUSIONS
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FUTURE OF THE BUILDING 010 …FUTURE OF THE BUILDING 010 …

SILENE uses have SILENE uses have continiouslycontiniously decrease between 2003 and decrease between 2003 and 
2006 with the IRSN progressive withdrawal of radiobiology 2006 with the IRSN progressive withdrawal of radiobiology 
and radioprotection studies programs  and radioprotection studies programs  
In January 2005, IRSN decided to stop using SILENE In January 2005, IRSN decided to stop using SILENE 
SILENE Facility is planed to be dismantled in 2012 after the SILENE Facility is planed to be dismantled in 2012 after the 
ultimate Fission Product’s PUREX purification campaign and ultimate Fission Product’s PUREX purification campaign and 
HEU solutions reconditioning for long term storageHEU solutions reconditioning for long term storage
The Plutonium Purification Laboratory was used until fall The Plutonium Purification Laboratory was used until fall 
2005 and it is planed to be dismantled in 2010 after 2005 and it is planed to be dismantled in 2010 after 
plutonium solutions reconditioning for long term storage and plutonium solutions reconditioning for long term storage and 
americium solutions evacuationamericium solutions evacuation
Radiochemistry Analysis Laboratories will be necessary until Radiochemistry Analysis Laboratories will be necessary until 
complete complete refusbishmentrefusbishment or as long as U or or as long as U or PuPu solutions will solutions will 
be under process into the Building 010be under process into the Building 010
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TO CONCLUDE CONCERNING THE BUILDING 010TO CONCLUDE CONCERNING THE BUILDING 010

It is an unique combination of people and materials located It is an unique combination of people and materials located 
in the same placein the same place

It is nearly the last facility of its kind in the world with sucIt is nearly the last facility of its kind in the world with such h 
fissile material inventory witch is now impossible to fissile material inventory witch is now impossible to 
reproducereproduce

It is considered as vital by French and US Experts to It is considered as vital by French and US Experts to 
maintain such abilities to support fissile material operations maintain such abilities to support fissile material operations 
and to prevent criticality accidentsand to prevent criticality accidents
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VVALDUCALDUC LaboratoryLaboratory
CriticalityCriticality ExperimentExperiment FacilitiesFacilities

____________________________________

NEEDS FOR FUTURNEEDS FOR FUTUR
FRENCH FRENCH –– US COMMON INTERESTUS COMMON INTEREST
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Valduc Plant
Building 010

Nevada Test Site
Device Assembly Facility

A COMMON VISION …A COMMON VISION …
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POSSIBLE FRENCH POSSIBLE FRENCH –– US COLLABORATIONUS COLLABORATION

Possible French Possible French –– US collaboration US collaboration betweenbetween CEA, IRSN CEA, IRSN 
and USand US--DOE / NNSA for DOE / NNSA for jointlyjointly refurbishrefurbish ValducValduc CriticalityCriticality
ExperimentsExperiments FacilitiesFacilities (Building 010) (Building 010) witch need to be up witch need to be up 
graded to be in compliance with the new safety and security graded to be in compliance with the new safety and security 
requirements of French nuclear facilities to be able to requirements of French nuclear facilities to be able to 
performed new experimentsperformed new experiments

Capability to propose a New and French Capability to propose a New and French –– US Common US Common 
Experimental Platform for Neutron Science and Criticality Experimental Platform for Neutron Science and Criticality 
able to be a response for future world needs and to sustain able to be a response for future world needs and to sustain 
statestate--ofof--thethe--art and upart and up--grade our knowledge in Criticality grade our knowledge in Criticality 
SafetySafety
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TIME SCHEDULE FOR THE NEW PLATFORM PROJECTTIME SCHEDULE FOR THE NEW PLATFORM PROJECT

20092009--20112011: Dismantling of the Chemical Plutonium : Dismantling of the Chemical Plutonium 
Recycling LaboratoryRecycling Laboratory
20112011--20142014: Dismantling of existing Experimental Devices : Dismantling of existing Experimental Devices 
and related facilitiesand related facilities
20142014--20152015: Dismantling of the Radiochemistry Analysis : Dismantling of the Radiochemistry Analysis 
LaboratoriesLaboratories

20102010--20112011: Approval of the : Approval of the General SpecificationsGeneral Specifications
20102010--20132013: Feasibility Studies, Definition of General : Feasibility Studies, Definition of General 
Purpose for Safety and Security Objectives Purpose for Safety and Security Objectives Preliminary Preliminary 
DesignDesign
20122012--20182018: Final Design, Construction and First Tests: Final Design, Construction and First Tests


