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IntroductionIntroductionIntroductionIntroductionIntroductionIntroduction
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C l l ti I t t RP Cl ifi tiC l l ti I t t RP Cl ifi tiCalculation Input to RP ClassificationCalculation Input to RP Classification
Relevant for Personnel and EnvironmentRelevant for Personnel and EnvironmentRelevant for Personnel and Environment Relevant for Personnel and Environment 

ActivationActivation
Components & HandlingComponents & Handling
(+ Nuclide Vector)(+ Nuclide Vector)(  Nuclide Vector)(  Nuclide Vector)
Cooling WaterCooling Water
Ai A ti tiAi A ti tiAir ActivationAir Activation

Dose Rates & Shielding DesignDose Rates & Shielding Designg gg g
Contamination Risk Contamination Risk 
(including Alpha Emitters)(including Alpha Emitters)
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(including Alpha Emitters) (including Alpha Emitters) 



It ti b d th i lIt ti b d th i lIteration based on the previously Iteration based on the previously 
defined RP Classificationsdefined RP Classificationsdefined RP Classificationsdefined RP Classifications

New Target

Existing Target
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O iO i
IntroductionIntroduction
OverviewOverview
IntroductionIntroduction

Required specificationsRequired specifications
FLUKA calculationsFLUKA calculations

FLUKA calculations for Radiation Protection FLUKA calculations for Radiation Protection 
Characterization Characterization 

Existing target activation (Radioactive Waste Handling)Existing target activation (Radioactive Waste Handling)Existing target activation (Radioactive Waste, Handling)Existing target activation (Radioactive Waste, Handling)
New Target Design Options New Target Design Options 
(Engineering Design, Waste, Handling,)(Engineering Design, Waste, Handling,)
VentilationVentilation

Target Cooling CircuitTarget Cooling Circuit
C t i tiC t i tiContaminationContamination
CorrosionCorrosion
ConsequencesConsequences
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ConsequencesConsequences
ConclusionConclusion



R i d S ifi tiR i d S ifi ti
RW specifications for the nToF targetRW specifications for the nToF target

Required SpecificationsRequired Specifications
RW specifications for the nToF target RW specifications for the nToF target 
disposaldisposal

Specific and total activitiesSpecific and total activitiespp
Alpha emittersAlpha emitters
Residual dose rates around the storage Residual dose rates around the storage 

t it icontainercontainer
ContaminationContamination

Target handlingTarget handlingTarget handlingTarget handling
Residual dose rates around the existing targetResidual dose rates around the existing target
Procedures and dose planningProcedures and dose planningProcedures and dose planningProcedures and dose planning

New Target designNew Target design
Impact on radionuclide vectorImpact on radionuclide vector
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Impact on radionuclide vectorImpact on radionuclide vector
Residual dose rates & handlingResidual dose rates & handling



R i d S ifi tiR i d S ifi tiRequired SpecificationsRequired Specifications
Ventilation requirementsVentilation requirementsVentilation requirementsVentilation requirements

Radioisotope productionRadioisotope production
Different operational scenariosDifferent operational scenariospp
Dose to the critical groupDose to the critical group

Cooling System & ImplicationsCooling System & Implications
Contamination: facts/hypothesesContamination: facts/hypotheses

•• InspectionInspection
•• Possible RepairPossible RepairPossible RepairPossible Repair

Corrosion: facts/hypothesesCorrosion: facts/hypotheses
•• InspectionInspection

P ibl R iP ibl R i•• Possible RepairPossible Repair
Intervention scenarioIntervention scenario

•• Handling, Inspection, RepairHandling, Inspection, Repair
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g p pg p p
•• Planning & OptimizationPlanning & Optimization



FLUKA C l l tiFLUKA C l l ti
Geometry ImplementationGeometry Implementation

FLUKA CalculationsFLUKA Calculations
y py p

the simulation includes a detailed layout and design, the simulation includes a detailed layout and design, 
for both the target and the tunnel up to the for both the target and the tunnel up to the 
experimental areaexperimental areaexperimental areaexperimental area

New Design OptionsNew Design Options
flexibility to change design parameters and estimate flexibility to change design parameters and estimate y g g py g g p
respective influencesrespective influences

Detailed Estimates concerningDetailed Estimates concerning
t fl ( h i ) [Y K di]t fl ( h i ) [Y K di]neutron fluences (physics) [Y. Kadi]neutron fluences (physics) [Y. Kadi]

energy deposition (engineering design) [Y. Kadi]energy deposition (engineering design) [Y. Kadi]
isotope production (radioactive waste, air activation)isotope production (radioactive waste, air activation)p p ( , )p p ( , )
residual dose rates (handling, waste)residual dose rates (handling, waste)

AccuracyAccuracy
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well benchmarked code in all required fieldswell benchmarked code in all required fields



Geometry DetailsGeometry DetailsGeometry DetailsGeometry Details
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T t i th PitT t i th PitTarget in the PitTarget in the Pit
TargetEarth TargetEarth Pit filled

(concrete)

Beam

Beam PipeMarble
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p

Concrete



Important Input ParametersImportant Input Parameters
Chemical CompositionChemical Composition

Important Input ParametersImportant Input Parameters
pp

accurately known for the used accurately known for the used lead (lead (e.g.e.g., 19ppm Bi), 19ppm Bi)
for steel:for steel: variation “known” from benchmark experiments carried out variation “known” from benchmark experiments carried out 
at CERN, “confirmed” by preliminary dose rate measurement and at CERN, “confirmed” by preliminary dose rate measurement and 
fi ll t b l t d d i th t t lfi ll t b l t d d i th t t lfinally to be evaluated during the target removalfinally to be evaluated during the target removal

Irradiation HistoryIrradiation History
beam intensity and irradiation time profile is beam intensity and irradiation time profile is accurately knownaccurately known

GeometryGeometry
implemented in a very implemented in a very detailed waydetailed way

MC CalculationMC CalculationMC CalculationMC Calculation
extensive calculationsextensive calculations (computer cluster), statistics is better than the (computer cluster), statistics is better than the 
systematic errorsystematic error

FLUKA ModelsFLUKA Models Activation/Residual DRActivation/Residual DRFLUKA Models FLUKA Models –– Activation/Residual DRActivation/Residual DR
well benchmarkedwell benchmarked for low/mediumfor low/medium--mass materials at CERFmass materials at CERF
recent comparison for high mass isotopes show a very good overall recent comparison for high mass isotopes show a very good overall 
agreementagreement
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agreementagreement



Residual Dose RatesResidual Dose Rates -- BenchmarkBenchmarkResidual Dose Rates Residual Dose Rates BenchmarkBenchmark
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TargetTarget -- Residual Dose Rate vs Co ContentResidual Dose Rate vs Co ContentTarget Target -- Residual Dose Rate vs. Co ContentResidual Dose Rate vs. Co Content

0% Co
0.01% Co

0 1% C0% Co 0.1% Co

Measurement 
Location
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R id l D R t C l l tiR id l D R t C l l ti
80

Measured Dose Rate: 15mSv/h

Residual Dose Rate CalculationsResidual Dose Rate Calculations
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IsotopeIsotopeIsotopeIsotope Isotope Isotope 
P d tiP d tiP d tiProduction Production Production 

Waste DisposalWaste DisposalWaste DisposalWaste DisposalWaste DisposalWaste Disposal
June 15th 2007 nToF Review - RP FLUKA Calculations 15



E i ti L d T tE i ti L d T t
Detailed geometryDetailed geometry

Existing Lead TargetExisting Lead Target
g yg y

target and support, surrounding structure target and support, surrounding structure 
downstream tunnel structuredownstream tunnel structure

B & I di ti P tB & I di ti P tBeam & Irradiation ParametersBeam & Irradiation Parameters
Irradiation time:  Irradiation time:  6 months/year [20016 months/year [2001--2004]2004]
Proton intensity:Proton intensity: 7x107x101212 p/pulsep/pulse ~1 pulses/2 4s~1 pulses/2 4sProton intensity:  Proton intensity:  7x107x101212 p/pulse p/pulse -- ~1 pulses/2.4s~1 pulses/2.4s
Protons on target: Protons on target: real average: 1.3x10real average: 1.3x101919 p/yearp/year

(maximum: 3.2x10(maximum: 3.2x101919 p/year )p/year )(( p y )p y )
Activation of targetActivation of target

specific and total activity as well as expression of the first specific and total activity as well as expression of the first 
as multiple of the respective exemption limitas multiple of the respective exemption limit
residual dose rates around the targetresidual dose rates around the target
nuclide vector for waste disposalnuclide vector for waste disposal
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nuclide vector for waste disposalnuclide vector for waste disposal
time evolution of main parameterstime evolution of main parameters



in terms of Exemption Limitsin terms of Exemption Limits… in terms of Exemption Limits… in terms of Exemption Limits
after 4 years of operations and 3 years of cooling: September 2007

Specific activity (Bq/g)Specific activity (Bq/g) Specific activity Specific activity 
(Multiples of LE)(Multiples of LE)
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(Multiples of LE)(Multiples of LE)
Nuclide Vector



Ti D dTi D d T t l A ti itT t l A ti itTime Dependence Time Dependence -- Total ActivityTotal Activity

September 2007September 2007
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Nuclide VectorNuclide Vector
nonnon αα emittingemitting

Nuclide VectorNuclide Vector
Lead Target

after 4 years of operations and 3 years of cooling: September 2007

non non αα--emittingemitting
Most abundant in terms of Most abundant in terms of 
th E ti li it (LE)th E ti li it (LE)

g

the Exemption limit (LE)the Exemption limit (LE)
Steel Support
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Nuclide VectorNuclide Vector
αα emittingemitting

Nuclide VectorNuclide Vector
Lead Target

after 4 years of operations and 3 years of cooling: September 2007

αα--emittingemitting
Most abundant in Most abundant in 
t f tht f th

Lead Target

terms of the terms of the 
Exemption limitExemption limit
Significantly smallerSignificantly smaller
than thethan the PSI PSI 
reference value reference value 
for a specific activity for a specific activity 
of of ~ 20kBq/g (<<ATA)~ 20kBq/g (<<ATA)
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Residual Dose Residual Dose Residual Dose es dua osees dua osees dua ose
RatesRatesRatesRatesRatesRates

June 15th 2007 nToF Review - RP FLUKA Calculations 21



Residual Dose Rate (µSv/h)Residual Dose Rate (µSv/h)Residual Dose Rate (µSv/h)Residual Dose Rate (µSv/h)
after 4 years of operations and 3 years of cooling: September 2007

(2) x

(1) x
(3) x
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Ti D dTi D d D R tD R tTime Dependence Time Dependence –– Dose RatesDose Rates
(1)
(2)
(3)

Hotspots to be 
shielded locally 
(~5cm Pb < 2mSv/h)

September 2007
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Target DisposalTarget Disposal ConclusionConclusion
Characterization of the nuclide vectorCharacterization of the nuclide vector

Target Disposal Target Disposal –– ConclusionConclusion

Specific activities, total activity, residual dose rate Specific activities, total activity, residual dose rate 
(for different cooling times)(for different cooling times)

detailed calculation and good statisticsdetailed calculation and good statisticsdetailed calculation and good statisticsdetailed calculation and good statistics
including alpha emitters (showing low levels)including alpha emitters (showing low levels)
dose rate + gamma spectroscopy measurementdose rate + gamma spectroscopy measurementg p pyg p py
contamination measurement on Al, SS, Pbcontamination measurement on Al, SS, Pb

TransportTransport
might be performed as Classmight be performed as Class--AA

final activation levels are checkedfinal activation levels are checked
hotspots of target can be shielded locallyhotspots of target can be shielded locallyhotspots of target can be shielded locallyhotspots of target can be shielded locally

Possible elimination pathway Possible elimination pathway 
all necessary input is availableall necessary input is available
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all necessary input is availableall necessary input is available
coordinated by RP & NAGRA, to be sent to PSIcoordinated by RP & NAGRA, to be sent to PSI



New TargetNew TargetNew TargetNew Target New Target New Target 
Design OptionsDesign OptionsDesign OptionsDesign OptionsDesign OptionsDesign Options
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New Target Design OptionsNew Target Design Options

Several configurations were studied:Several configurations were studied:Several configurations were studied:Several configurations were studied:
Pure LeadPure Lead

Existing target (or cladedd)Existing target (or cladedd)g g ( )g g ( )
MiniMini--pool solution to avoid pool solution to avoid 
the direct contact between the target and the cooling waterthe direct contact between the target and the cooling water

TantalumTantalumTantalumTantalum
Tantalum solution to withstand higher mechanical stresses and may Tantalum solution to withstand higher mechanical stresses and may 
solve the contamination issue without need for claddingsolve the contamination issue without need for cladding

HybridHybrid
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HybridHybrid
Combination between lead and tantalumCombination between lead and tantalum



CC SSPb Cylinder With MiniPb Cylinder With Mini--Pool SolutionPool Solution
Side viewSide view Front viewFront view

● Length: 40 cm
● Diameter: 53 cm

2 2 ×× 0.5 cm 0.5 cm 

LeadLead
MiniMini--pool thicknesspool thickness

22 0 50 52 2 ×× 0.5 cm 0.5 cm 
Aluminum Aluminum 
container thicknesscontainer thickness
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container thicknesscontainer thickness



S C ( )S C ( )Sliced Ta Cylinder (Air) + Al cladding Sliced Ta Cylinder (Air) + Al cladding 
Side viewSide view Front viewFront view

● Length: 30 cmg
● Diameter: 30 cm

0.2 cm 0.2 cm 
air thicknessair thickness

11

0.2 cm 0.2 cm 

1 cm 1 cm 
tantalum thicknesstantalum thickness
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Al cladding Al cladding 
thicknessthickness



S C SS C SSliced Ta + Lead + Cooling SystemSliced Ta + Lead + Cooling System
Sid iSid i Front viewFront viewSide viewSide view Front viewFront view

Tantalum:Tantalum:
● Length: 25 cm● Length: 25 cm
● Diameter: 20 cm

Lead:Lead:

h 40● Length: 40 cm
● Diameter: 55 cm

Water:Water:
● Thickness: 1 cm
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● Thickness: 1 cm



PbPb Ta: Nuclide VectorTa: Nuclide VectorPb Pb –– Ta: Nuclide VectorTa: Nuclide Vector
after 4 years of operations and 3 years of cooling: September 2007

Tantalum results in about aTantalum results in about a factor of 4 higher total activityfactor of 4 higher total activityTantalum results in about a Tantalum results in about a factor of 4 higher total activityfactor of 4 higher total activity
Having much less mass and being concentrated around the Having much less mass and being concentrated around the 
beam core part this results in a factor of ~50 higher specificbeam core part this results in a factor of ~50 higher specific
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beam core part, this results in a factor of ~50 higher specific beam core part, this results in a factor of ~50 higher specific 
activityactivity



Cooling WaterCooling Water ComparisonComparisonCooling Water Cooling Water -- ComparisonComparison
after 4 years of operations and 3 years of cooling: September 2007

The The tritium contenttritium content beingbeing
the main element of the the main element of the 

li t lid tli t lid tcooling water nuclide vector,cooling water nuclide vector,
shows changes of shows changes of up to a up to a 
factor threefactor three depending ondepending onfactor threefactor three depending ondepending on
the target solutionthe target solution
In case of theIn case of the hybridhybridIn case of the In case of the hybridhybrid
solution the increase issolution the increase is
less than a factor of twoless than a factor of two
A possible A possible washwash--out of isotopesout of isotopes stemming from the pipes stemming from the pipes 
or the target (cladding) is or the target (cladding) is not considerednot considered. Always being . Always being 

t th ill h bt th ill h b t d i th filtt d i th filt
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present, they will however be present, they will however be captured in the filterscaptured in the filters..



PbPb Ta: Residual Dose RatesTa: Residual Dose RatesPb Pb –– Ta: Residual Dose RatesTa: Residual Dose Rates
after 4 years of operations and 3 years of cooling: September 2007

Existing Lead Target Tantalum Solution Hybrid Solutiong g y

Pb
Ta

Pb
Ta

PbPb

Pure TantalumPure Tantalum solution results in solution results in important residual dose ratesimportant residual dose rates
towards the towards the beam exitbeam exit
A possible A possible hybrid solutionhybrid solution leads to leads to acceptable residual dose ratesacceptable residual dose rates at at 
the exit sidethe exit side
TheThe hotspot at the entrance sidehotspot at the entrance side could be easily covered with acould be easily covered with a leadlead
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The The hotspot at the entrance sidehotspot at the entrance side could be easily covered with a could be easily covered with a lead lead 
plugplug as soon as the target is removed as soon as the target is removed 



ComparisonComparison Residual Dose RatesResidual Dose RatesComparison Comparison -- Residual Dose RatesResidual Dose Rates

Location (3)

Very bad at short
cooling times!

(2) x

September 2007
(1) x

(3) x
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Target Nuclide VectorTarget Nuclide Vector ComparisonComparisonTarget Nuclide Vector Target Nuclide Vector -- ComparisonComparison
after 4 years of operations and 3 years of cooling: September 2007

TantalumTantalum leads to significantleads to significant higher isotope productionhigher isotope productionTantalumTantalum leads to significant leads to significant higher isotope productionhigher isotope production
Tantalum Tantalum shows important shows important residual dose ratesresidual dose rates at both the proton beam at both the proton beam 
entry and exit entry and exit 
The latter can beThe latter can be overcome by aovercome by a hybrid solutionhybrid solution
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The latter can be The latter can be overcome by aovercome by a hybrid solutionhybrid solution
Both, Both, the existing and the hybrid targetthe existing and the hybrid target seem to be a seem to be a possible solutionpossible solution



Ai A ti tiAi A ti tiAi A ti tiAir Activation Air Activation Air Activation 
& Ventilation& Ventilation& Ventilation& Ventilation& Ventilation& Ventilation
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Critical GroupsCritical Groups
Critical Gro p

Critical GroupsCritical Groups
Critical Group:
Border GuardsExperimental

Area

Decay Tube

Target
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General:General:
Air Activation Air Activation -- AssumptionsAssumptions

General:General:
Facility operation time: Facility operation time: 6 months6 months
Air volume considered for activation: Air volume considered for activation: 600m600m33

Air volume considered for decay: Air volume considered for decay: 120m120m33

No dilutionNo dilution
Dose to Public: annual dose based on Dose to Public: annual dose based on longlong--term term 
dose conversion factors (P. Vojtyla)dose conversion factors (P. Vojtyla)
Dose to Personnel: dose rate due toDose to Personnel: dose rate due to directdirectDose to Personnel: dose rate due to Dose to Personnel: dose rate due to direct direct 
exposure (conversion factors from the Swiss and exposure (conversion factors from the Swiss and 
French legislation)French legislation)g )g )

Possible Ventilation System:Possible Ventilation System:
Ventilation speed: Ventilation speed: 5000m5000m33/h/h
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Enclosed Case: Waiting time before access: Enclosed Case: Waiting time before access: 1 day1 day



Annual Dose CalculationAnnual Dose Calculation
FLUKA simulationsFLUKA simulations to calculate the to calculate the isotope isotope 

Annual Dose CalculationAnnual Dose Calculation

production yieldproduction yield (39 different isotopes considered)(39 different isotopes considered)
Exposure of personnel (access to nToF area)Exposure of personnel (access to nToF area)

Dose conversion coefficientsDose conversion coefficients based on the based on the 
Swiss and French legislationSwiss and French legislation

D t th bli ( t id CERN)D t th bli ( t id CERN)Dose to the public (outside CERN)Dose to the public (outside CERN)
Definition of critical groups (border guards)Definition of critical groups (border guards)
C l l ti fC l l ti f d i ffi i t (P V jt l )d i ffi i t (P V jt l )Calculation of Calculation of dose conversion coefficients (P. Vojtyla)dose conversion coefficients (P. Vojtyla)
based on environmental modelsbased on environmental models

Different ventilation scenariosDifferent ventilation scenariosDifferent ventilation scenariosDifferent ventilation scenarios
Existing situationExisting situation
Continuous ventilation (laminar flow)Continuous ventilation (laminar flow)
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Continuous ventilation (laminar flow)Continuous ventilation (laminar flow)
Enclosed area and flush before access (full mixing)Enclosed area and flush before access (full mixing)



S OS O
Isotope production term is “transported” according

Studied OptionsStudied Options
Isotope production term is transported  according 
to the assumed ventilation scenario
Assumptions for exposure:

personnel: direct (full) exposure at the pit
critical group: specific dose conversion factors

C ti til ti tContinuous ventilation system
laminar flow to the pit
ventilation speed of 5000 m3/hventilation speed of 5000 m3/h

Enclosed ventilation system
full mixing in the cavernfull mixing in the cavern
one day waiting time before flush (before access)
ventilation speed of 5000 m3/h
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direct exposure happens during full air exchange



SS CCVentilation System Ventilation System -- ComparisonComparison

All calculations consider strict conservative assumptions
Continuous ventilation leads to a maximum annual dose to the 
public of ~1 μSvpublic of 1 μSv
An enclosed scenario with flush before access would reduce 
the dose to the public by a factor of 100 with a maximum 
exposure of personnel up to a total dose of ~15 μSv (howeverexposure of personnel up to a total dose of ~15 μSv (however 
under unrealistic assumptions)
The continuous ventilation scenario is highly depending on 
the chosen ventilation speed
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the chosen ventilation speed 
(main contributing isotopes)



C liC liC liCooling Cooling Cooling ggg
SystemSystemSystemSystemSystemSystem
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Target CoolingTarget Cooling ContaminationContamination
Facts/HypothesesFacts/Hypotheses

Target Cooling Target Cooling -- ContaminationContamination
Facts/Hypotheses Facts/Hypotheses 

Origin Origin -->  >  Many Hypotheses Many Hypotheses as outlined beforeas outlined before
Level of contamination only Level of contamination only estimated, depositsestimated, deposits exist, based exist, based 
onon dose rate measureddose rate measured above and belowabove and belowon on dose rate measureddose rate measured above and belowabove and below
Contamination: Contamination: contained or soluble?contained or soluble?

OptionsOptionspp
accept contaminationaccept contamination and continue and continue 
running with existing circuitrunning with existing circuit
accept contamination andaccept contamination and upgradeupgradeaccept contamination and accept contamination and upgrade upgrade 
certain parts of the cooling circuitcertain parts of the cooling circuit
decontamination/replacementdecontamination/replacement

Foreseen MeasurementsForeseen MeasurementsForeseen MeasurementsForeseen Measurements
Visual inspection (partly remote)Visual inspection (partly remote)
Contamination sampleContamination sample
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Pictures & MacroPictures & Macro--PicturesPictures



Intervention ScenariosIntervention Scenarios
Planned (individual/collective dose)Planned (individual/collective dose)

Intervention ScenariosIntervention Scenarios
Planned (individual/collective dose)Planned (individual/collective dose)

Sand removal (~20 Sand removal (~20 μμSv)Sv)
Taking of pictures (~20 Taking of pictures (~20 μμSv)Sv)
Taking of samples ( 80Taking of samples ( 80 μμSv)Sv)Taking of samples (~80 Taking of samples (~80 μμSv)Sv)

Corrosion Inspection (Endoscopy)Corrosion Inspection (Endoscopy)
Previous visual inspection and detailed intervention planningPrevious visual inspection and detailed intervention planning
Person needs to be lowered into the target shaftPerson needs to be lowered into the target shaft
Attached to the crane with safety passageAttached to the crane with safety passage
MockMock--up training and time optimizationup training and time optimizationp g pp g p

If major Corrosion is observedIf major Corrosion is observed
Replacement of Pipes inside the ShieldingReplacement of Pipes inside the Shielding

Dismantling of most of the shieldingDismantling of most of the shieldingDismantling of most of the shieldingDismantling of most of the shielding
Localized residual dose rates (hotspots) as well as generally high Localized residual dose rates (hotspots) as well as generally high 
values with respect to the needed long interventionvalues with respect to the needed long intervention
Estimated time for full intervention: 6 months 3 personsEstimated time for full intervention: 6 months 3 persons
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Estimated time for full intervention: 6 months, 3 personsEstimated time for full intervention: 6 months, 3 persons



Residual Activation in the ShaftResidual Activation in the ShaftResidual Activation in the ShaftResidual Activation in the Shaft
3D residual dose rate3D residual dose rate3D residual dose rate 3D residual dose rate 
mapsmaps are available for are available for 
various cooling times various cooling times 
i id th h fti id th h ftinside the shaftinside the shaft
Can be performed in a Can be performed in a 
specialized 2specialized 2--stepstepspecialized 2specialized 2--step step 
approachapproach accounting for accounting for 
the activation coming from the activation coming from 
th ll & t i lth ll & t i lthe walls & container onlythe walls & container only
HotspotsHotspots are located at are located at 
the exit point (window) ofthe exit point (window) ofthe exit point (window) of the exit point (window) of 
the beam as well as the the beam as well as the 
lateral walllateral wall
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Dose Planning: Corrosion InspectionDose Planning: Corrosion Inspection
Preliminary estimatesPreliminary estimates

Dose Planning: Corrosion InspectionDose Planning: Corrosion Inspection
Average dose rate in the shaft: ~50 Average dose rate in the shaft: ~50 μμSv/hSv/h
Expected hot spots: ~250 Expected hot spots: ~250 μμSv/hSv/h
Intervention time in the shaft: 5 minutesIntervention time in the shaft: 5 minutesIntervention time in the shaft: 5 minutesIntervention time in the shaft: 5 minutes
Intervention time close to hot spots: 2 minutesIntervention time close to hot spots: 2 minutes
Needed minimum safety factor: 2 (Time) x 2 (Dose Rates)Needed minimum safety factor: 2 (Time) x 2 (Dose Rates)y ( ) ( )y ( ) ( )
Estimated maximum individual dose: ~50 Estimated maximum individual dose: ~50 μμSvSv

Requirements (details to be refined) Requirements (details to be refined) 
Work in contaminated areaWork in contaminated area

•• protection clothing, respiratory mask (filter), preparation of mobile protection clothing, respiratory mask (filter), preparation of mobile 
SAS  SAS  

Careful intervention planning, optimization, mockCareful intervention planning, optimization, mock--up up 
trainingtraining
Monitoring during the intervention with preMonitoring during the intervention with pre defineddefined
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Monitoring during the intervention with preMonitoring during the intervention with pre--defined defined 
thresholds to stop the workthresholds to stop the work



Replacement of the Cooling CircuitReplacement of the Cooling Circuit
Preliminary estimatesPreliminary estimates

Replacement of the Cooling CircuitReplacement of the Cooling Circuit
Preliminary estimatesPreliminary estimates

Average dose rate in the area: ~5 Average dose rate in the area: ~5 -- 10 10 μμSv/hSv/h
Average dose rate close to the tank: ~50Average dose rate close to the tank: ~50 -- 100100 μμSv/hSv/hAverage dose rate close to the tank: 50 Average dose rate close to the tank: 50 100 100 μμSv/hSv/h
Expected hot spots: ~0.5 Expected hot spots: ~0.5 -- 1 mSv/h1 mSv/h
Estimated individual dose (preliminary): ~1 mSvEstimated individual dose (preliminary): ~1 mSvEstimated individual dose (preliminary): 1 mSvEstimated individual dose (preliminary): 1 mSv
Estimated collective dose (preliminary): ~3 mSvEstimated collective dose (preliminary): ~3 mSv

RequirementsRequirements
long intervention asking for detailed optimization even forlong intervention asking for detailed optimization even forlong intervention asking for detailed optimization even for long intervention asking for detailed optimization even for 
parts with low residual dose ratesparts with low residual dose rates
many requirements see partly beforemany requirements see partly before
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many requirements see partly beforemany requirements see partly before



ConclusionConclusionConclusionConclusionConclusionConclusion
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RP C l l tiRP C l l ti SS
Needed input for existing Needed input for existing 
RP Calculation RP Calculation -- SummarySummary

Ventilation requirementsVentilation requirements
target disposaltarget disposal

all availableall available
final report in preparationfinal report in preparation

qq
all input availableall input available
different options studieddifferent options studied
final report in preparationfinal report in preparationp p pp p p

delay: nodelay: no
resources: noresources: no

Existing target handlingExisting target handling

final report in preparationfinal report in preparation
delay: nodelay: no
resources: noresources: no

Cooling System &Cooling System &Existing target handlingExisting target handling
all needed input availableall needed input available
procedures preparedprocedures prepared
additional inspection neededadditional inspection needed

Cooling System & Cooling System & 
ImplicationsImplications

Measurements needed Measurements needed 
Possible interventionsPossible interventionsadditional inspection needed additional inspection needed 

(cooling system)(cooling system)
delay: nodelay: no
resources:resources: 0.5 FTE month0.5 FTE month

Possible interventionsPossible interventions
Refined intervention Refined intervention 
scenarios neededscenarios needed
delay: 1delay: 1 2 weeks2 weeksresources: resources: 0.5 FTE month0.5 FTE month

New Target designNew Target design
preliminary designs studiedpreliminary designs studied
physics includedphysics included

delay: 1delay: 1--2 weeks2 weeks
resources: 0.5 FTE monthresources: 0.5 FTE month

delay: 2+ monthsdelay: 2+ months
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physics includedphysics included
engeneering design neededengeneering design needed

delay: 2+ monthsdelay: 2+ months
resources: 2+ FTE monthsresources: 2+ FTE months



Supporting Supporting Supporting Suppo t gSuppo t gSuppo t g
MaterialMaterialMaterialMaterialMaterialMaterial
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Isotope ProductionIsotope Production BenchmarkBenchmarkIsotope Production Isotope Production -- BenchmarkBenchmark
1 A GeV 208Pb + p reactions Nucl. Phys. A 686 (2001) 481-524p y ( )

One expects an accurate characterization of the nuclideOne expects an accurate characterization of the nuclide
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One expects an accurate characterization of the nuclide One expects an accurate characterization of the nuclide 
vector for nToF, well below the required accuracyvector for nToF, well below the required accuracy



Specific Activity (Bq/g)Specific Activity (Bq/g)Specific Activity (Bq/g)Specific Activity (Bq/g)
after 4 years of operations and 3 years of cooling: September 2007
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Tantalum cylinderTantalum cylinder
Side viewSide view Front viewFront view

● Length: 30 cm
● Diameter: 30 cm
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S C SS C SShort Ta Cylinder Surrounded by LeadShort Ta Cylinder Surrounded by Lead
Side viewSide view Front viewFront view

L h 15

Tantalum:Tantalum:

● Length: 15 cm
● Diameter: 20 cm

● Length: 40 cm

Lead:Lead:

● Length: 40 cm
● Diameter: 55 cm
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Continuous Ventilation DesignContinuous Ventilation DesignContinuous Ventilation DesignContinuous Ventilation Design
Direct Exposure (Person inhaling the Air)Dose to public (critical group)
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Enclosed Ventilation DesignEnclosed Ventilation DesignEnclosed  Ventilation DesignEnclosed  Ventilation Design
Direct Exposure (Person inhaling the Air)Dose to public (critical group)

June 15th 2007 nToF Review - RP FLUKA Calculations 55dose conversion coefficients (P. Vojtyla)dose conversion coefficients (P. Vojtyla)



Envisaged Ventilation System OptionsEnvisaged Ventilation System Options

Standard
Ventilation

Dose to public: ~1Dose to public: ~1 μμSv (laminar) <0 1Sv (laminar) <0 1 μμSv (enclosed)Sv (enclosed)Dose to public: ~1 Dose to public: ~1 μμSv (laminar), <0.1 Sv (laminar), <0.1 μμSv (enclosed)Sv (enclosed)
Dose to personnel:Dose to personnel:

~86~86 μμSv/h (laminar flow continuous ventilation)Sv/h (laminar flow continuous ventilation)
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~86 ~86 μμSv/h (laminar flow, continuous ventilation)Sv/h (laminar flow, continuous ventilation)
~15 ~15 μμSv (enclosed configuration, per flush) Sv (enclosed configuration, per flush) –– PP3232, Be, Be77



Residual Dose Rate MapsResidual Dose Rate MapsResidual Dose Rate MapsResidual Dose Rate Maps
3D residual dose rate3D residual dose rate3D residual dose rate 3D residual dose rate 
mapsmaps are available for are available for 
various cooling timesvarious cooling times
Can be performed in a Can be performed in a 
specialized 2specialized 2--step step 
approachapproach accounting foraccounting forapproachapproach accounting for accounting for 
the target onlythe target only
HotspotsHotspots are located at are located at pp
the entry and exit point of the entry and exit point of 
the beam as well as the beam as well as 
around the stainless steelaround the stainless steelaround the stainless steel around the stainless steel 
supportsupport

June 15th 2007 nToF Review - RP FLUKA Calculations 57



T t R l P dT t R l P dTarget Removal ProcedureTarget Removal Procedure

Fully remoteFully remote 
procedure

Scenarios in case ofAssociated 
work

Scenarios in case of
crane failure were 
carefully investigated
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work 
procedures 

carefully investigated



E l R l f S dE l R l f S dExample: Removal of SandExample: Removal of Sand
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R l f S dR l f S dRemoval of SandRemoval of Sand
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S ifi tiS ifi ti SS
Needed input for target Needed input for target 

Specifications Specifications -- SummarySummary
Ventilation requirementsVentilation requirementsp gp g

disposaldisposal
Specific and total activitiesSpecific and total activities
Alpha emittersAlpha emitters

qq
Radioisotope productionRadioisotope production
Different operational Different operational 
scenariosscenariosAlpha emittersAlpha emitters

Residual dose rates around Residual dose rates around 
the storage containerthe storage container
ContaminationContamination

Dose to the critical groupDose to the critical group
Cooling System & Cooling System & 
ImplicationsImplicationsContaminationContamination

Target handlingTarget handling
Residual dose rates around Residual dose rates around 
the existing targetthe existing target

ImplicationsImplications
Contamination: Contamination: 
facts/hypothesesfacts/hypotheses

•• InspectionInspectionthe existing targetthe existing target
Procedures and dose Procedures and dose 
planningplanning

New Target designNew Target design

•• InspectionInspection
•• Possible RepairPossible Repair

Corrosion: facts/hypothesesCorrosion: facts/hypotheses
•• InspectionInspectionNew Target designNew Target design

Impact on radionuclide Impact on radionuclide 
vectorvector
Residual dose rates &Residual dose rates &

•• InspectionInspection
•• Possible RepairPossible Repair

Intervention scenarioIntervention scenario
•• Planning & OptimizationPlanning & Optimization
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Residual dose rates & Residual dose rates & 
handlinghandling

Planning & OptimizationPlanning & Optimization


