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Radiation Protection Aspects

“Direct” 1) Induced radioactivity in components – dose to personnel
2) Air activation – dose to population and personnel
3)  Cooling water activation – dose to population and personnel

“Indirect” 4)  Damage to equipment – dose to personnel 
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FLUKA calculations

- same geometry as for energy deposition studies
- passive absorber with and without iron shielding
- 180 days of operation at nominal intensity
- annual loss (M.Lamont): 1.15 x 1016 protons per beam 
- horizontal losses

TCAPA TCAPB TCAPC
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Residual dose rates

One day of cooling

primary collimator

first secondary collimator
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Residual dose rates

One day of cooling
first secondary collimator

Good agreement with
previous studies !

Brugger et al. (2005)
   - less sophisticated geometry
    - factor 2 higher losses

This study
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Residual dose rates

One week of cooling

primary collimator

first secondary collimator
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Residual dose rates

Four months of cooling

primary collimator

first secondary collimator



CWG12 July 2007 Stefan Roesler

Residual dose rates

One day of cooling

TCAPA

TCAPC
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Residual dose rates

One day of cooling

TCAPB
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Residual dose rates

One week of cooling

TCAPA

TCAPC
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Residual dose rates

Four months of cooling

TCAPA

TCAPC
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Residual dose rates

One day of cooling

TCAPA with shielding

TCAPA without shielding
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Residual dose rates

One day of cooling

TCAPC with shielding

TCAPC without shielding
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Residual dose rates - TCAPA
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Residual dose rates - TCAPC
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Residual dose rates – TCP / TCSG / TCAPA / TCAPC

One week of cooling



CWG12 July 2007 Stefan Roesler

Area classification
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ALARA - 1
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ALARA - 2

required
recommended



CWG12 July 2007 Stefan Roesler

Air activation

Track-length spectra

activation in sections 
B and C dominates
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Air activation – Section B Neutrons

ProtonsPositive pions
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Air activation – Section C Neutrons

Protons

Positive pions
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Summary - 1

“Direct” 1) Induced radioactivity in components – dose to personnel

2) Air activation – dose to population and personnel

- dose rates at PA about one half of that at first secondary collimator
- iron slabs increase dose rates at PA by 20-30% and decrease dose
  rates at magnets by about 20%
- short cooling times (up to one week):  several 10 mSv/h  on contact
                                                              about 1 mSv/h in aisle
- long cooling times (>1 month): several mSv/h on contact
                                                   several 100 µSv/h in aisle
- received doses have not yet been calculated (scenarios needed)
- classification as high radiation area
- work planning and optimization according to ALARA Level 2 or 3

- small impact on air activation expected (within 10%)
- isotope production has still to be calculated
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Summary - 2

“Indirect”

3)  Cooling water activation – dose to population

4)  Damage to equipment – dose to personnel 

“Direct”

- additional contribution not yet studied but no significant change 
  of total activity expected
- cautions for PA handling similar to collimators and magnets

- increased lifetime of warm magnets (positive!)
- increased damage to cables in vicinity, not yet studied but
  expected to be similar or lower than at collimators
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Summary - 3

Uncertainties: 

- annual loss (1.15 x 1016 protons per beam)
- Phase 2 collimators not considered (but losses at nominal intensity used)
- distribution of losses among different collimators, here only horizontal
  losses considered (conservative?), will change with Phase 2 collimators
- FLUKA geometry (factor 2?), models and methods (< 30%)
- statistical uncertainties (~10%)

Open questions (?): 

- water flow control
- water handling during exchange
- alignment
- scenarios for work on PA’s (e.g., replacement) and on any components in 
  their vicinity
- structural damage and containment of the tungsten (brittle under radiation?)


