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Analysis of Shield for the Nuclear Ship MUTSU

By

Takayoshi Fuse, Kiyoshi Takeucut and Akio Yamaj

Abstract

On the nuclear ship MUTSU, a higher-than-expected level of radiation was found, with out-

put raised to 1.4 per cent.

To investigate the radiation leakage, the analysis of the shielding

problem utilized a four-step sequence of PALLAS-2DCY cylindrical #—z calculations with fixed

sources distributions in the core.

The neutron dose contours show the importance of streaming in the gap between the reactor

vessel and the primary shield. Dominant consideration of thermal insulation exclude shielding from

this area resulting in an imbalance in the shielding effectiveness.

The neutron dose rate at the

upper part of the reactor vessel is increased by neutrons incident on the head from cavity scatter-

ing. The calculation indicates that the neutron dose rate at the top of the primary shield is

5rem/hr at 100 per cent output.
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Table 1 25 group neutron energy structure

Group | Energy (MeV) || Group | Energy (MeV)
1 13.35 14 0.99
2 10.93 15 0.81
3 8.95 16 0.66
4 7.33 17 0.54
5 5.99 18 0.45
6 4.91 19 0.36
7 4.02 20 0.30
8 3.29 21 0.24
9 2.70 22 0.20

10 2.21 23 0.16
11 1.81 24 0.13
12 1.48 25 0.11
13 1.21
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Table 2 Literature of nuclear data

fi Level of in-

Element c elastic scattering|

H |ENDF/B-m
O |ENDF/B-1 |ENDF/B-1

Fe |ENDF/B-I | UNC-5139 | ENDF/B-1
Pb |ENDF/B-TI | UNC-5099 | ENDE/B-TI
Si |ENDF/B-T |ENDF/B-I1 | ENDF/B-II

Ca |ENDF/B-II | ENDF/B-I




Table 3 Composition of concretes

Ordinary concrete
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Table 4 Composition of reactor and shield used
in the calculation

Atomic density

Flement| we 54| i | s I he
(102¢ atoms/cm®)
H 0.762 0.01017 0.01017
O 48.35 ~0.04306 0.04306
Si 23.48 0.01194 0.01769
Al 8.21 0.004345 0
Fe 5.43 0.001388 0
Ca 11.57 0.004122 0.005510
Mg 2.23 0.001351 0
S 0.12 0.000053 0
Heavy concrete
] ] Atomic density
Flement| w04 | Aoy | v in he
(10% atoms/cm?)
H 0.304 0.006942 0.006942
(0] 35.39 0.05051 0.05051
Si 6.92 0.005626 0.01065
Al 0.932 0.000832 0
Fe 49.92 0.02117 0.02117
Ca 5.29 0.003014 0
Mg 1.23 0.001155 0
S 0.0363 0.000026 0
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Table 5 Analysis of MUTSU and FTR

MUTSU FTR
Code PALLAS-2DCY DOT-1m
Dimension of shield 648 X 449 cmg 890x 1110 cm¢
Number of calculations 4 4
Spatial mesh points 2800 2115~13328
Angular mesh points 28 166
Energy group 25 21
Energy range 13.4MeV ~110KeV 14.9MeV ~0.41eV
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