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FLUKA Calculation Details & MethodFLUKA Calculation Details & Method
Geometry, beam details, irradiation & cooling Geometry, beam details, irradiation & cooling 
timestimes
Relevant quantitiesRelevant quantities

ResultsResults
Target with pure compositionTarget with pure composition
First estimate for detailed compositionFirst estimate for detailed composition
Respective inherent uncertaintiesRespective inherent uncertainties

New targetNew target
General design goalsGeneral design goals

OverviewOverview
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The TargetThe Target……
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Detailed geometryDetailed geometry
target and support, surrounding structure target and support, surrounding structure 
(shielding, cooling basin,(shielding, cooling basin,……))
downstream tunnel structuredownstream tunnel structure

Beam & Irradiation ParametersBeam & Irradiation Parameters
Irradiation time:  Irradiation time:  6 months/year6 months/year
Proton intensity:  Proton intensity:  5x7x105x7x101212 p/supercyclep/supercycle
Protons on target: Protons on target: 3.2x103.2x101919 p/year p/year 

(real average: 1.3x10(real average: 1.3x101919 p/year)p/year)
Activation of targetActivation of target

specific and total activity as well as expression of specific and total activity as well as expression of 
the first as multiple of the exemption limitsthe first as multiple of the exemption limits

FLUKA CalculationsFLUKA Calculations
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Geometry DetailsGeometry Details
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Target in the PitTarget in the Pit
TargetEarth Pit filled

(concrete)

Beam Pipe

Concrete

Marble

Beam
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Measurement 
Location

0% Co
0.01% Co

0.1% Co

Target Target -- Residual Dose RateResidual Dose Rate
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Residual Dose Rate CalculationsResidual Dose Rate Calculations
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Nuclide inventoryNuclide inventory
specific and total activityspecific and total activity
content of alpha emitterscontent of alpha emitters

Elimination pathwayElimination pathway
temporary, intermediate & final storagetemporary, intermediate & final storage
acceptance by NAGRA/PSIacceptance by NAGRA/PSI
•• maximum alpha content, residual dose ratemaximum alpha content, residual dose rate

Transport Transport 
class Aclass A
•• contamination, residual dose rate, containercontamination, residual dose rate, container

Radioactive WasteRadioactive Waste
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Nuclide inventoryNuclide inventory
specific and total activityspecific and total activity
content of alpha emitterscontent of alpha emitters

Elimination pathwayElimination pathway
temporary, intermediate & final storagetemporary, intermediate & final storage
acceptance by NAGRA/PSIacceptance by NAGRA/PSI
•• maximum alpha content, residual dose ratemaximum alpha content, residual dose rate

Transport Transport 
class Aclass A
•• contamination, residual dose rate, containercontamination, residual dose rate, container

Radioactive WasteRadioactive Waste
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Target Disposal Target Disposal –– Waste StudyWaste Study

Specific activity (Specific activity (Bq/gBq/g)) Specific activity Specific activity 
(Multiples of LE)(Multiples of LE)

Nuclide Vector
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The FLUKA study is based The FLUKA study is based 
on the on the entire nToF operation entire nToF operation 
period period (2001(2001--2004)2004)
Several cooling timesSeveral cooling times were were 
calculated; shown results calculated; shown results 
refer to Mai 2006refer to Mai 2006
Target assumed to be Target assumed to be pure pure 
leadlead

Nuclide VectorNuclide Vector

Stainless Steel Frame

Lead Target (pure Pb)
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First estimate for detailed First estimate for detailed 
compositioncomposition (NAGRA)(NAGRA)
Simplified geometrySimplified geometry, high , high 
statistical uncertaintiesstatistical uncertainties
LowLow--alpha contentalpha content

~2 ~2 Bq/gBq/g specific alpha activityspecific alpha activity
(<10kBq/g)(<10kBq/g)
~1 ~1 MBqMBq total activitytotal activity

To be confirmed by detailed To be confirmed by detailed 
FLUKA calculationsFLUKA calculations

Nuclide VectorNuclide Vector
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Residual Dose Rate MapsResidual Dose Rate Maps

3D residual dose rate 3D residual dose rate 
mapsmaps are available for are available for 
various cooling timesvarious cooling times
HotspotsHotspots are located are located 
at the entry and exit at the entry and exit 
point of the beam as point of the beam as 
well as around the well as around the 
stainless steel supportstainless steel support
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Chemical CompositionChemical Composition
accurately known for the accurately known for the PbPb ((e.g.e.g., 19ppm Bi), 19ppm Bi)
for Steel: for Steel: ““knownknown”” from benchmark experiments, confirmed by dose from benchmark experiments, confirmed by dose 
rate measurement and finally to be confirmed during the target rate measurement and finally to be confirmed during the target 
removalremoval

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

GeometryGeometry
implemented in a very detailed wayimplemented in a very detailed way

Statistical Uncertainty of MC CalculationStatistical Uncertainty of MC Calculation
good statistics for pure lead casegood statistics for pure lead case
important uncertainties for estimate of the alpha contentimportant uncertainties for estimate of the alpha content
to be improved with a more detailed calculationto be improved with a more detailed calculation

FLUKA Models FLUKA Models –– Activation/Residual DRActivation/Residual DR
well benchmarked for lowwell benchmarked for low--mass materials at CERFmass materials at CERF
recent comparison for high mass isotopes show a very good overalrecent comparison for high mass isotopes show a very good overall l 
agreement (see next slide)agreement (see next slide)

Related UncertaintiesRelated Uncertainties
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Related UncertaintiesRelated Uncertainties
1 A GeV 208Pb + p reactions Nucl. Phys. A 686 (2001) 481-524

•• DataData
•• Old FLUKAOld FLUKA
•• New FLUKANew FLUKA
•• New only when exp data existsNew only when exp data exists

One expects an accurate characterization One expects an accurate characterization 
of the nuclide vector for nToFof the nuclide vector for nToF
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Characterization of the nuclide vectorCharacterization of the nuclide vector
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 statistics for pure targetdetailed calculation and good statistics for pure target
first estimate for detailed compositionfirst estimate for detailed composition
including alpha emitters (showing low levels)including alpha emitters (showing low levels)
additional measurements during the target removaladditional measurements during the target removal

TransportTransport
should be performed as Classshould be performed as Class--AA

final activation levels are checkedfinal activation levels are checked
hot spots of target can be shielded hot spots of target can be shielded 

Possible elimination pathway Possible elimination pathway 
all necessary quantities are preparedall necessary quantities are prepared

coordinated by NAGRA, to be sent to PSIcoordinated by NAGRA, to be sent to PSI
details currently prepared (more in the talk of L. Ulrici)details currently prepared (more in the talk of L. Ulrici)

Target Disposal Target Disposal –– ConclusionConclusion



24.01.2007 Characterization of the nToF Radioactive Waste 18

Target DesignTarget Design
not in direct contact with the cooling waternot in direct contact with the cooling water
optimized smaller dimensionsoptimized smaller dimensions

•• less materialless material
•• minimizes radioactive waste productionminimizes radioactive waste production
•• however, leads to higher contact dose rateshowever, leads to higher contact dose rates

–– compensated by a respective target containercompensated by a respective target container
Update of FLUKA calculationsUpdate of FLUKA calculations

nuclide inventorynuclide inventory
residual dose ratesresidual dose rates
handling procedureshandling procedures

Inspection of old targetInspection of old target is necessary for the final is necessary for the final 
verificationverification

measurements of specific activity and residual dose ratesmeasurements of specific activity and residual dose rates

New Target Design ConstraintsNew Target Design Constraints


