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Streaming through the Gaps around Divertor Pipings in ITER

%
Satoshi SATO, Koichi MAKI l, Yasushi SEKI
+ + *
Hideyuki TAKATSU , Seiji MORI , Toshimasa KURODA 2

. *3
and Sergei ZIMIN

Department of Fusion Engineering Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki—ken

(Received March 10, 1993)

Neutron and gamma ray streaming through the annular gap around di-
vertor piping in International Thermonuclear Experimental Reactor (ITER)
was investigated. A stepwise gap is proposed near the midpoint of the
annular gap in order to reduce the dose rate at the upper port. The
optimal step position and width to satisfy the design limit of dose rates
were examined. TFrom these studies, the following results were obtained.

(1) 1In case of the straight annular lem wide gap around cooling pipes
through the 3m thick shield, dose rate at the upper port in a day after
shutdown is about 4 orders larger than the reference value of 25uSv/h
(2.5mrem/h) for the biological shielding design. But by providing a step
structure with the offset ratio of 2.2 times of the gap width at the mid-
point of the shield, the dose rate can be evaluated as low as 1/20 of
the biological shielding value 2.5uSv/h (0.25mrem/h) including a safety
factor of 10 for the reference value. It satisfies the requirement of
the shielding design.

(2) The optimal step pesition to minimize the dose rate at the upper

+ Department of ITER Project
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#7 Kawasaki Heavy Industries, Ltd.
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port is the midpoint of the shield.
(3) The dose rates are not further more reduced even if the offset
width is set more than twice of the gap width, and the offset width of

twice the gap width is recommended.

Keywords: ITER, Streaming, Annular Gap, Divertor Piping, Dose Rate,

Shield, Step Structure
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Table 2.1 Atomic number densities of composing materials
used in tramsport calculation
No Material |Element |Number Density
(10%cem™
1 Plasma Iy 1.0 x 10710
2 Carbon C 8.023 x 1077
3 58S Fe 5.721 %1072
Cr 1.575 %1077
N i 9.848 x07°
Mo 1.255 x 1073
Mn 1.819 x 1673
4 H;0 H .700 %1072
o] 3.350 %1072

Table 2.2 Material volume fractions of each region

No Material Composing Volume
material fraction
1 Diverteor C 0. 789
Cu 0.064
H,C 0. 147
2 S S+ HL0 S8 0.2
H5C 0.8

Table 2.3 Atomic number densities of composing materials
used in activity calculation

N o Mater {al Element [Number Density
(10%cm™3

1 Carbon C 8.023 1072

2 sS Fe 5.727 x 1072

Cr 1.575 %1072

N i . 848 x 1073

Mo 1.255 =073

Mn 1819 x1073

C 7.801 x107%

g i 7.700 %1073

P 4,034 x107°

8 1.789 X075

Co 2.28% X107

N 5431 > 1075

3 H,0 o} 3.350 X 1072
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Nuclear Group Constant Set Fusion-40

with Neutron 42 Groups and
Gamma-ray 21 Groups Structure -

Two-dimentional Transport Code -

DOT3.5 ey

Y
Neutron Flux Distribution
during Operation

Induced Activity Calculation Code
CINAC-V4

Gamma-ray Source Distribution in a Day after Shutdown

Nuctear Group Constant Set GROUPIN

with Gamma-ray 54 Group Structure

Two-dimentional Transport Code ¥

DOT3.5

Gamma-ray Flux Distribution in a Day after Shutdown

Dose Rate in a Day after Shutdown

Fig. 2.1 Calculation procedure
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Fig. 2.2 The structure around ITER divertor piping
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Fig. 2.3 Two-dimensional R-Z (cylindrical) model.
This figure shows the calculation model used in
streaming analyses of the straight annular gap.
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Fig. 2.4 Two-dimensional R-Z (cylindrical) model.
This figure shows the calculation model used in streaming
analyses of the annular gap with the step structure. In
this figure Ag means the gap width, Ah/Aw means the step
position and Ar/Ag means the ratio of the step width to
the gap width. Each parameter range examined is as follows:
Ag=0.5, 1.0, 2.0 (cm)
Ah/Aw=0.25, 0.50, 0.75
ArfAg=1, 1.5, 2.2, 3
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Table 3.1 Ratio of operatiomal neutren flux at step outlet

to that at step inlet

Operational neutron flux just behind the step outlet (point@®)
Ratio: R =

Operztional neutron flux just in front of the step inlet{point@)

Step position 1dMeV Above 0. 1Me¥ Total
i
1/4 2.1x 107t §.9x 107! T.4x 107!
1/2 4. 1% 1073 5.6x 1072 g, 2x 1072
3/4 £ 3% 1073 B.2x 1072 | 8.7x 1072
@
® step ®
®
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Fig. 3.1

Total neutron flux contour around a coocling pipe during
0.5MW/mZ wall loading operaticn.

The
The
the
the

cooling pipe has the annular gap with step structure.
gap width is lcm, the step position is midpoint of
shield, the thickness of the shield is 310.4cm, and
step ratio is 2.2 times of the gap width.
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Fig. 3.2 Neutron flux distribution in the annular gap around
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0.5MW/m? wall loading operation.
The gap width is lem, the step position is midpoint of
the shield, the thickness of the shield is 310.4cm, and
the step ratio is 2.2 times of the gap width.
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the shield, the thickness of the shield is 310.4¢m, and
the step ratio is 2.2 times of the gap width.
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the cooling pipe along line A-A'" in Fig. 2.4 during
0.5MW/m? wall loading operation.
The gap width is lcm, the step position is a quarter point
of the shield, the thickness of the shield is 310.4cm, and
the step ratio is 2.2 times of the gap width.
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Neutron flux distribution in the annular gap around

the cooling pipe along line B-B' in Fig. 2.4 during
0.5MW/m? wall loading operation.

The gap width is lem, the step position is a quarter point
of the shield, the thickness of the shield is 310.4cm, and
the step ratio is 2.2 times of the gap width.
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Fig. 3.6 Neutron flux distribution in the annular gap around
the cooling pipe along line A-A' in Fig. 2.4 during
0.5MW/m? wall loading operation.
The gap width is lcm, the step position is three quarters
point of the shield, the thickness of the shield is 310.4cm,
and the step ratio is 2.2 times of the gap width.
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Fig. 3.7 Neutron flux distribution in the annular gap around
the cocling pipe along line B-B' in Fig. 2.4 during
0.5MW/m? wall loading operation.
The gap width 1s lcm, the step position is three quarters
point of the shield, the thickness of the shield is 310.4cm,
and the step ratio is 2.2 times of the gap width.
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symbol of [] shows fast neutron flux (above 0.1MeV neutron
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Fig. 3.11 Gamma-ray dose rate at the upper position of the shield
in a day after shutdown following 0.5MWa/m? fluence
operation as a function of the step positiom.
The width of the gap is lcm, the thickness of the shield is
310.4cm, and the step ratio is 2.2 times of the gap width.
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Fig. 3.12 Gamma-ray dose rate at the upper position of the port
cover in a day after shutdown following 0.5MWa/m?
fluence operation as a function of the step position.
The width of the gap is lem, the thickness of the shield
is 310.4cm, and the step ratio is 2.2 times of the gap
width. 2.5mrem/h is the reference value for the shielding
design and 0.25mrem/h is the biological shielding design
value including safety factors 10 for the reference value.
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