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Wall with Duct and Slit
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Akio YAMAJI

Abstract

A compensational shield is necessary to maintain the shielding
performance of a wall with air-filled regions equal to that of a
wall without irregularities. In this paper, a design method of iron
compensational shield is described for a straight duct and -slit,
slant duct and -slit, offset slit and cylindrical offset plug in a
concrete shield wall against gamma radiation. The characteristic
of the present method is to install the iron compensational shield
in the concrete wall, to compensate the lowering of shielding

efficiency without increasing the concrete wall thickness and to
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determine the dimensions of the compensational shield using the
densities of the concrete and iron, duct diameter, slit width and
the concrete wall thickness independing on the incident gamma-ray
encrgies. The aim of this study is to develop an useful shielding
design method for irregularities in the shield wall of reprocessing
plant, hot laboratory and nuclear power plant. For this reason,
the present method was made under the conditions applicable to the
shielding design of above mentioned facilities. These conditions
are, for example, 75-150cm of concrete wall thickness and 0.5-10McV
of incident gamma-ray energy.
To verify the present method, experiments using reactor gamma
rays were performed for concrete wall with shield irregularity and
its compensational shield, which indicated radiation behind shield
wall was reduced effectively by the compensational shield and the
dose rates behind the wall became nearly equal to those of the
bulk wall. However, the verification 1is not enough, since these
experiments were performed using reactor gamma rays and only with a
few cases of duct diameter and slit width. For this reason, a
multigroup single scattering code G33 was intended to use the
further verification of the present method. At first, to verify G33
code, experiments were analyzed with the code for configurations
of shield 1irregularity 1in concrete wall with and without
compensational shield. The agreement between the calculations and
the measurements is fairly good. Consequently, G33 code was applied
to verification of the present method, and the calculations showed
that the shielding performance with compensational shields becomes

approximately equal to that of the bulk shield wall. In chapter 9,
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the present method was applied to a 14MeV neutron shield wall with
offset slit and its compensational shield, and a good shielding
performance equivalent to that of the bulk wall was showed by using
MORSE-GG Monte Carlo code. In chapter 10, the applicability of the
present method to a lead compensational shield was investigated for
gamma radiation for a concrete shield wall with offset slit
by wusing G33 code. The calculations showed that the shielding
performance with 1lead compensational shield also becomes nearly
cqual to that of the bulk shield wall.

In appendix 1, a German nuclear standard 1is presented for a
design of a double bent duct in concrete shield wall against gamma
radiation. In appendix 2, recommended values are presented for the
maximum diameter of straight- and slant- duct, and the maximum
width of straight- and slant- slit with compensational shield.

From the results and discussions, it is concluded that the
present method 1is a reliable and useful tool for the shielding
design of the concrete shield wall with irregularities in reprocess-

ing plant, hot laboratory and nuclear power plant.
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Fig.1l.1 Example of compensational shield used in radiation facilities.
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Table2.1 Example of shield wall thickness
Facility Shield wall Thickness (cm)
N.S. Mutsu(?®) C/V side shield 100~110
Barnwell Remote process cell 61~152
reprocessing plant(‘ﬂ
VASTEF @*) No.1~5 cell 75~155
Table 2.2 Percentage of calculated dose rate of each incident ¥ -ray

energy group to the total behind concrete wall with
thickness of 75,100 and 150cm,respectively.

Incident ¥ -ray

energy group

Percentage of dose rate of each incident ¥ -ray

energy group to the total behind concrete wall

(MeV) with thickness of
75cm 100cm 150cm
0 ~ 0.5 0.1 <0.001 <0.001
0.5 ~ 0.9 46.4 16.0 0.7
0.9 ~ 1.35 7.4 6.6 2.0
1.35 ~ 1.8 27.7 40.5 35.1
1.8 ~ 2.2 18.3 36.8 61.8
2.2 ~ 5.0 0.1 0.2 0.4
Table2.3 Example of duct diameter and slit width in facilities

Diameter of air-filled straight duct

Vidth of offset slit
Width of offset hatch plug

0.42cm

1.6~14.3cm
<1.5, 1.8, <3.3, <3.6¢cnm

(N.S.Mutsu(®))
(N.S.Hutsu(®7)
(EBR-I fuel cycle facility ™)
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Table 3.1 Dose attenuation between front and rear surface of concrete shield wall,

and allowable maximum diameter of straight duct

Incident Dose attenuation in concrete shield wall Maximum duct diameter (cm)
gamma-ray Concrete shield wall thickness Concrete shield wall thickness
energy T5ew | 100ca 150cm Tem | 100ca |  150cm
(MeV) Incident angle Incident angle
15° 30° 15° 30° 15° 30° 15° 30° 15° 30° 15° 30°
0.5 1.1-5%| 4.2-6 1.1-7 3.5-8 9.0-12 1.8-12 0.67 0.75 0.09 0.08 <0.01 <0.01
1 2.4-4 1.0-4 8.5-6 2.9-6 8.9-9 1.8-9 3.0 3.6 0.79 0.84 0.04 0.03
2 2.7-3 1.3-3 2.6-4 1.1-4 2.2-6 5.2-7 8.5 11.6 4.1 5.0 0.61 0.53
4 1.3-2 7.6-3 2.5-3 1.3-3 8.7-5 2.8-5 13.8 15.0 11.0 15.0 3.7 3.8
6 2.2-2 1.4-2 5.6-3 3.1-3 3.3-4 1.3-4 13.8 15.0 14.9 15.0 6.9 8.1
8 2.8-2 1.9-2 8.0-3 4.8-3 6.2-4 2.6-4 13.8 15.0 15.0 15.0 9.1 11.2
10 3.1-2 2.1-2 9.5-3 5.9-3 8.6-4 3.7-4 13.8 15.0 15.0 15.0 10.5 13.2

* Read as 1.1X10°°

Table 3.2 Allowable maximum diameter of straight duct calculated
by G33-GP code for the incident angles 15° and 30°

Maximum duct diameter (cm)
Incident Concrete shield wall thickness
gamma-ray 75cm 100cm | 150cm
energy Incident angle
(MeV) 15° 30° 15° 30° 15° 30°
0.5 <1 <1 <1 <1 <1 <1
1 YA 2 <1 <1 <1 <1
2 7 10 3 4 <1 <1
4 13.8 15 11 15 4 4
6 13.8 15 15 15 8 13
8 13.8 15 15 15 12 14
10 13.8 15 15 15 156 15
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Fig.3.4
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Fig.3.5
Ratio of dose rate at straight duct exit to the maximum dose rate
behind bulk shield wall using point source and duct diameter based

on the data in Table3.Z2.
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Fig.3.6

Ratio of dose rate at straight duct exit to the maximum

dose rate behind bulk shield wall using point source.

Source energy Egq = 2MeV
Shield wall thickness T =100cm
€ i~ Duct diameter D =3cm
g Compensational shield thickness U=136cm"
3
QE’ 10" | =
= o without compensational shield 3
o » with compensational shield -
5= . -
5 Detector position -
Source position s RN
e 10°F s CILN] S
£ ‘ L E
E : .
@ || - Tt ]
g i / .
.T_, '0' s 150cm : =
© \ o X ]
- BN -
- o N ’
o
- E B \0\0\0 -
a @ 0 '\
S5 10 |k e —— =
5~ F T T ]
B [ .
s — B -
(€ o 2 -
1(5' 1 1 1 1 1 I
0 10 20 30 40 50 60
6 (degree}
| L | 1 ] ' T
0 50 100 200 300 400
X f(cm)
Fig.3.7

Ratio of dose rate at duct exit to at the same point of

bulk shield wall using point source of various positions.
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Fig.3.10 Concrete shield wall with straight slit
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Fig.3.11 Ratio of dose rates with and without a straight slit at a point of
slit exit calculated by G33-GP, as a function of the wall thickness
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Table 3.4 Dose attenuation betveen front and rear surface of concrete shield wall,

and allovable maximum width of straight slit

Incident Dose attenuation in concrete shield wall Maximum slit width(mm)
gamma-ray Concrete shield wall thickness Concrete shield wall thickness
energy 75cm 100cm 150cm 75¢cn 100cm L 150cm
(MeV) Incident angle Incident angle
1° 15° 30° 1° 15° 30° 1° 15° 30° 4 1° |15° [30° | 1° [15° [30° | 1° |15° J3¢°
0.5 1.4-5%| 1.1-5 |4.2-6 |1.6-7 |1.1-7 |3.5-8 | 1.6-11]9.0-12|1.8-12] 3| 7 31 7 3| 3] 3
1 3.1-4 |2.4-4 |1.0-4 |(1,2-5 |8.5-6 |2.9-6 |1.4-8 |8.9-9 |1.8-9 5 5| 71 1
2 3.3-3 | 2.7-3 |1.3-3 [3.4-4 |2.6-4 |1.1-4 |3.3-6 |2.2-6 |5.2-7 7(10,10( 5| 7| 7| 5| 7| 7
4 1.5-2 | 1.3-2 | 7.6-3 |3.1-3 |2.5-3 |1.3-3 |1.2-4 |8.7-5 | 2.8-5 gj10(10f(10(10(10| 7 7 7
6 2.5-2 | 2.2-2 |1.4-2 |6.6-3 |5.6-3 |3.1-3 |4.4-4 |3.3-4 |1.3-4 9/10(10(10|10({10| 101010
8 3.2-2 | 2.8-2 |1.9-2 |9.4-3 |8.0-3 |4.8-3 |8.1-4 |6.2-4 | 2.6-4 9/10({10(10|10(10}| 101010
10 3.5-2 |3.1-2 | 2.1-2 |1.1-2 |9.5-3 |5.9-3 |1.1-3 |8.6-4 |3.7-4 8(10(10(10| 10|10 |10 10|10
* Read as 1.4X107° Incident | Dose attenuation in concrete shield wall | Maximum slit width (mm)
gamma-ray Concrete shield wall thickness ¥all thickness
energy 120cnm 120cm
(MeV) Incident angle Incident angle
2° 5° 2° 5°
0.5 4.2-9 4.0-9 3 5
1 8.7-7 8.4-7 5 7
2 5.6-5 5.5-5 7 7
4 8.9-4 8.7-4 10 10
6 2.4-3 2.3-3 10 10
8 3.7-3 3.7-3 10 10
10 4.7-3 4.6-3 10 10
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