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Table 9.2 Density and hydrogen content
of shielding materials

Material Hydrogen Density
content g/cn’
g/cm’

Polyethylene ) 0.14 0.96

Concrete *¥ 0.022 2.26

Zirconium Hydride 0.10 5.6

Vater 0.11 1.0

Plane Source

Fig.9.1 MORSE-GG calculational geometry of concrete wall with offset slit

with iron compensational shield for fast neutrons
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Fig.9.2 Ratio of fast neutron dose rates (>0.2MeV) behind shield wall with
and vithout offset slit calculated by MORSE-GG code for 14MeV

neutron source. T=80cm, W=lan, U,=24.3cm, U,=0.7cm, U,=U,=6cm.
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Table A.1 Recommended value of the maximum diameter of straight duct and ratio

dose rate between front and rear surface of bulk shield wall

T E Dose attenuation in bulk wall Maximum diameter (cm)
(cm) | (MeV) 1.5° 5° 15° 30° 1.5° | §° 15° | 30°
0.5 | 1.4-5%| 1.4-5 | 1.1-5 | 4.26 | =™ — | — | —
1 3.1-4 3.0-4 2.4-4 1.0-4 1 2 2
2 3.3-3 3.2-3 2.7-3 1.3-3 1 3 7
75 4 1.5-2 1.5-2 1.3-2 7.6-3 1 4 13 15
6 2.5-2 2.5-7 2.2-2 1.4-2 1 4 13 15
8 3.2-2 3.1-2 2,8-2 1.9-2 1 4 13 15
10 3.5-2 3.5-2 3.1-2 2.1-2 1 4 13 15
0.5 1.6-7 1.5-7 1.1-7 3.5-8 — - - —
1 1.2-5 1.2-5 8.5-6 2.9-6 — - — -
2 3.4-4 3.3-4 2.6-4 1.1-4 1 1 2 3
100 4 3.1-3 3.0-3 2.5-3 1.3-3 1 5 7 12
6 6.6-3 6.5-3 5.6-3 3.1-3 1 5 14 15
8 9.4-3 9.3-3 8.0-3 4,8-3 1 5 15 15
10 1.1-2 1.1-2 9,5-3 5.9-3 1 5 15 15
0.5 1.7-9 1.6-9 1.0-9 2.6-10| — — - -
1 4,5-7 4.3-7 2.9-7 7.3-8 - - — -
2 3.5-5 3.4-5 2.5-5 7.6-6 - — 1 1
125 4 6.4-4 6.2-4 4,9-4 1.9-4 1 3 4 1
6 1.8-3 1.8-3 1.4-3 6.3-4 1 4 9 10
8 2,9-3 2.8-3 2.3-3 1.1-4 1 4 10 12
10 3.7-3 3.6-3 3.0-3 1.5-3 1 5 12 15
0.5 1.6-11{ 1.,5-11| 9,0-12( 1.8-12| — — — -
1 1.4-8 1.4-8 8.9-9 1.8-9 — — - —
2 3.3-6 3.2-6 2.2-6 5.2-7 — - - —-—
150 4 1.2-4 1.2-4 8.7-5 2.8-5 1 1 2 2
6 4.4-4 4,3-4 3.3-4 1.3-4 1 3 5 6
8 8.1-4 7.9-4 6.2-4 2.6-4 1 4 8 10
10 1.1-3 1.1-3 8.6-4 3.7-4 1 5 10 15

* Read as 1.4X107°

s+ Smaller than 1 (No recommended value)
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Table A.2 Recommended value of the maximum width of straight slit and ratio
dose rate between front and rear surface of bulk shield wall
T E Dose attenuation in bulk wall Maximum width (mm)
(cm) | (MeV) 1° 5° 15° 30° 1° 5° 15° { 30°
0.5 1.4-5%| 1.4-5 1.1-5 4,2-6 3 3 3 3
1 3.1-4 3.0-4 2.4-4 1.0-4 3 3
2 3.3-3 3.2-3 2.7-3 1.3-3 5 7
75 4 1.5-2 1.5-2 1.3-2 7.6-3 5 7
6 2.5-2 | 2.5-2° | 2.2-2 | 1.4-2 9 { 10 | 10 | 10
8 3.2-2 3.1-2 2.8-2 1.9-2 9 10 10 10
10 3.5-2 | 3.5-2 3.1-2 2.1-2 9 10 10 10
0.5 1.6-7 1.5-7 1.1-7 3.5-8 2 3 3 3
1 1.2-5 1.2-5 8.5-6 2.9-6 3 3 3 3
2 3.4-4 3.3-4 2.6-4 1.1-4 3 5 5 5
100 4 3.1-3 3.0-3 2.5-3 1.3-3 5 5 7 7
6 6.6-3 6.5-3 5.6-3 3.1-3 5 5 7 7
8 9.4-3 9.3-3 8.0-3 4.8-3 7 10 10 10
10 1.1-2 1.1-2 9.5-3 5.9-3 7 10 10 10
0.5 1.7-9 1.6-9 1.0-9 2.6-10 1 2 2 2
1 4.5-7 4.3-7 2.9-7 7.3-8 2 3 3 3
2 3.5-5 3.4-5 2.5-5 7.6-6 2 4 4 3
125 4 6.4-4 6.2-4 4.9-4 1.9-4 4 5 6 6
6 1.8-3 1.8-3 1.4-3 6.3-4 5 6 7 7
8 2.9-3 2.8-3 2,.3-3 1.1-4 6 8 8 8
10 3.7-3 3.6-3 3.0-3 1.5-3 6 8 8 8
0.5 1.6-11 | 1.5-11 | 9.,0-12| 1.8-12 1 2 2 2
1 1.4-8 1.4-8 8.9-9 1.8-9 1 3 3 3
2 3.3-6 3.2-6 2.2-6 5.2-7 2 3 3 3
150 4 1.2-4 1.2-4 8.7-5 2.8-5 3 5 5 5
6 4,4-4 4.3-4 3.3-4 1.3-4 5 7 7 7
8 8.1-4 7.9-4 6.2-4 2.6-4 5 7 7 7
10 1.1-3 1.1-3 8.6-4 3.7-4 5 7 7 7

* Read as 1.4X10°%

141

(5639)




142

(540)

Table A.3

between front and rear surface of bulk shield wall

Recommended value of the maximum diameter of slant duct and ratio of dose

rate

Dose attenuation in bulk Maximum diameter (cm)
E .vall, vhere incident angle Bulk wall thickness
equal to 0° Tscn 100ca | 125cm | 150ca
(MeV) Bulk vall thickness Slant angle
75cm | 100ca | 125¢cm | 150cn 15° | 30° [ 15° | 30°| 15°| 30° | 15°| 30°
0.5 |1.4-5%| 1.6-7 |1.7-9 |1.6-11| — 1| = =] =1=1-=1-
1 3.1-4 1 1.2-5 | 4.5-7 | 1.5-8 3 4 1 1 - - - -
2 3.3-3 |3.4-4 |3.6-5 |3.3-6 10 14 3 5 1 2 - -
4 1.5-2 | 3.1-3 |6.4-4 |1.2-4 15 15 10 12 S 8 21 5
6 2.6-2 | 6.7-3 | 1.8-3 | 4.4-4 15 15 15 15 9 13 7 12
8 3.2-2 |{9.4-3 | 2.9-3 |8.1-4 15 15 15 15 10 14 8 13
10 3.5-2 | 1.1-2 | 3.7-3 |1.1-3 15 15 15 15 12 15 10 15

* Read as 1.4X107°

»» Smaller than 1 (No recommended value)

Table A.4

Recommended value of the maximum width of slant slit

between front and rear surface of bulk shield wall

and ratio of dose

rate

Dose attenuation in bulk Maximum width (mm)
E vall, where incident angle Bulk vall thickness
equal to 0° T5¢ca 1 100cm ] 125¢cm l 150cm
(MeV) Bulk wall thickness Slant angle

75cm | 100cm | 125¢cma | 150cm 15° | 30° | 15° | 30°| 15°| 30°| 15° | ‘30
0.5 | 1.4-5™| 1.6-7 |1.7-9 | 1.6-11 3 3 3 3 2 2 2 2
1 3.1-4 | 1.2-5 | 4.5-7 | 1.5-8 5 5 4 4 3 3 YA 2
2 3.3-3 | 3.4-4 |3.6-5 | 3.3-6 S 5 5 S 3 3 3 3
4 1.5-2 }3.1-3 | 6.4-4 | 1.2-4 7 7 5 5 5 S 4 4
6 2.6-2 | 6.7-3 | 1.8-3 | 4.4-4 7 7 7 7 5 S 5 5
) 3.2-2 1 9.4~3 | 2.9-3 ) 8.1-4 10 10 8 8 7 7 6 6
10 3.5-2 | 1.1~2 | 3.7-3 | 1.1-3 10 10 8 8 7 7 6 ]

* Read as 1.4X107°
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