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Abstract

In order to optimize the shield design of the high energy proton accelerator, three
shielding benchmark problem calculations were performed with Monte Carlo code,
MCNP-X. Three shielding benchmark problems such as the intercomparison problem,
the beam spill problem and the full beam stop problem were suggested for shielding
characteristics. Iron and concrete were considered as a shielding material. The neutron
generated from proton was the most important particle, because proton has short specific
range and photon has low flux level and radiation weighting factor. The shielding
capability of Iron was shown to be superior to that of concrete. The shielding thickness
of Iron and Concrete in beam line satisfying the limit of 0.>mRem/hr, were 100cm and
500cm, respectively. In the case of neutron scattering facility, shielding thick was
required 300cm for Iron and 200cm for concrete under the concept of multi-layer shield
design.
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19 2 Intercomparison problem model

2) The beam spill problem
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3) The full beam stop problem
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4. Equivalent Dose Conversion Coefficient
obAl AFE A 7kH el mdo] tiste] MCNP-X AAHS:

neutron, photonel]l tsled [ref.2]9] fluence-to-effective dose conversion coefficientES %4 &

8} Equivalent Dose Rate® ZIAEdv). =

B3 ol

-
Eay

FAE Flux+=

=Fo| A Alg% DCF(Dose Conversion

Factor)+ ¥ 2 % X 33 #Zo. # 25 FAAC tigh DCFolw, ¥ 3 ZmpAo] djsh
DCF #kelt}.
3 2 Neutron Dose Conversion Factor
Energy . . -
(MeV) 10.0 20.0 30.0 50.0 80.0 100.0 180.0
XA A 4 8.81 6.76 6.04 5.50 5.23 5.16 5.05
Effective Dose 4751+02% | 4825+02% | 4328+05% | 4338+0.7% | 462.8+0.8% | 495.0+09% | 418.7+1.1%
(pSv * cm?)
e ; 1.710e-4 1.737e-4 1.558e-4 1.562e-4 1.666e-4 1.782e-4 1.507e-4
(rem/hr)/(#/cm” - sec)| o ’ B ) ' ’
Energy(MeV) 200.0 400.0 500.0 700.0 1000.0 1500.0 2000.0
A A A 5.04 5.01 5.0 5.0 5.0 5.0 5.0
i 1158.4+0.9 | 1414.9+0.8 | 1642.0+0.8
Effective Dose | o1 9.1 104 | 512.6:1.3% | 649.6:1.0% | 951.8+0.9%
(pSv - cm?) % % %
DCF % 1.530e-4 1.845e-4 2.33%e-4 3.426e-4 4.170e-4 5.094e-4 5911e-4
(rem/hr)/(#/cm” - sec)
¥ 3 Photon Dose Conversion Factor
E
Hersy 0.05 0.1 05 10 15 20 3.0
[MeV]
A A A 1 1 1 1 1 1 1
Effective Dose 038+14% | 052+14% | 230+16% | 433:19% | 584+191% | 7.33¢21% | 9.75+2.3%
(pSv - cm”)
DCF . = . -
9 1.368e-7 1.872e-7 8.604e-7 1.559¢-6 2.102e-6 2.63%-6 3.510e-6
(rem/hr)/(#/cm” - sec)
Energy _ .
4.0 5.0 6.0 8.0 10.0 20.0 30.0
[MeV]
A A A 1 1 1 1 1 1 1
Effective Dose o e . - - " -
¢ ) 11.6742.3% | 13.12¢2.1% | 14.63£1.9% | 17.38¢1.9% | 20.65:2.0% | 3167:1.8% | 38.63+1.7%
(pSv + cm?)]
DCF . - G -
9 4.201e-6 4.723e-6 5.267e-6 6.257e-6 7.434e-6 1.140e-5 1.391e-5
(rem/hr)/(#/cm” - sec)
Energy
40.0 50.0 100.0 200.0 500.0 1000.0 2000.0
[MeV]
A A A 1 1 1 1 1 1 1
Effective Dose A38141.7% | 46.87+15% | 57.45:17% | 67.99+15% | 7881:21% | 83.15:26% | 8828+18%
(pSv + cm?)]
DCF 1.577e-5 1.687e-5 2.068e-5 2.448e-5 2.837e-5 2.993e-5 3.178e-5

(rem/hr)/(#/cm” - sec)
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1) The Intercomparison problem
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2) The beam spill problem
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¥ 4 Iron ##A A thadt beam spill probleme] A ¢l Equivalent Dose

2 A FA Effective 2 A T Effective 29 H FA Effective
[cm] Dose [rem/hr] [cm] Dose [rem/hr] [cm] Dose [rem/hr]
10 1.7997E-4 60 1.9840E-4 110 3.6150E-5
20 3.4529E-4 70 1.7612E-4 120 2.6606E-5
30 3.1550E-4 80 1.5354E-4 130 1.9624E-5
40 2.8633E-4 90 6.3427E-5 140 6.1832E-6
50 2.5410E-4 100 4.7537E-5 150 3.3331E-6

% 5 Concrete x# Ao gt beam spill problem®l] 4 2] Equivalent Dose

2 A FA Effective 2 A FA Effective 2 A FA Effective
[cm] Dose [rem/hr] [cm] Dose [rem/hr] [cm] Dose [rem/hr]
410 7.6183E-1 460 2.2450E-2 510 1.4341E-3
420 2.5289E-1 470 8.7437E-3 520 1.1176E-3
430 1.7799E-1 480 7.8932E-3 530 1.2338E-3
440 1.2742E-1 490 5. 7087E-3 540 6.1311E-4
450 6.5763E-2 500 2.4625E-3 550 45414E-4
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of AA 71FA 05 mrem/hrg A&t AS o o] 7|ExE Wt AAg Ao FA

= X 4% 58 FFE5H9 W Iron9 49 <F 100cm, Concrete 550cm$l A 0.2 U EFGET]

3) The full beam stop problem
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¥ 6 Multi-layerel] t3F full beam stop problemo] A 2] Equivalent Dose

A4 %A | Effective | A4 A E%zge Ao A E%zge
[cm] Dose [rem/hr] [cm] Crem/hr] [cm] Crem/hr]
220 1.37E+8 340 3.16E+6 420 1.23E+1
240 5.96E+7 360 9.84E+4 490 445E-4
320 941E+6 380 4.80E+3 500 8.62E-5
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