


III. Results and Discussions 

1. Shielding Properties during Operation 

Nuclear heating rates for thermal design of various 

components and nuclear heating rate in the winding pack of 

SCM are estimated as shielding properties during operation 

ofJT・60SU. It is to be evaluated whether the thickness of 

shielding consisting of the vacuum vessel and added shield is 

sufficient or not for the shielding design limits. 
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2. Calculational Conditions 

Neutron source intensity during operation is lxl020nls 

and a half of this value is applied to this model because of 

modeling the upper half space of the JT.・60SU.

Considering twか year D-T operation with neutron 

production rate of 4x1023 n1y， the conservative condition 
of induced activity calculation is continuous 8000 sec 

operation. Estimating time points for gamma-ray dose 

rates after shutdown are one day， one month and one year. 
The design limit values for radiation shielding properties 

are illustrated in Table 2. 

Zone number and name， and zone compositions 

Zo Zone name Zone composition 
neNo 

Plasma D 1.0xl0"" n.lcm 
2 AScdrdaepd E四sohgielladiEr D 1.0xlO"1l n.lcm3 

3 Ferrite steel : water = 0.8 : 0.2 
4 Vacuum vessel 1 SS316・water= 0.7: 0.3 
5 Vacuum vessel II SS316 
6 Vacuum 
7 Thermal shield SS316 
8 Toroidal field coil AustCHItc SS.Cu:LIq0.: Hc:ctc. 

inboard leg ニ 0.513:0.110:0.126:0.251
9 Outer COIl CsHuOplpd ocrt o SS316 
10 Center solenoid coil Austenlte SS:Cu.Llq 8 Hc:Etc. 

=0.552:0.118:0.136:0.194 
11 Vacuum 
12 Thermal shield SS316 
13 Thermal shield SS316 
14 Coil case 
15 Insulator }ATF11c5tC-H=ite 4S9S1Je0同ll1:L05lq 0 He:Insulator-Etc. 
16 Winding pack 121・0.017:0.266
17 Insulator 
18 Thermal shield SS316 
19 Thermal shield SS316 
20 Poloidal coil 
21 Poloidal coil }加StenitesSCU0M.13eetc 
22 Poloida1 coil =0.552:0.118:0.136:0.194 
23 

CBI1y0loosgtaICt alshIBId 
SS316 

24 Concrete 
25 Air Air 
26 Room wall/sheering Concrete 
27 PRooloyf ethyleHE Polyethylene 
28 Concrete 
29 Air Air 
30 Duct wall SS316・、，yater= 0.7: 0.3 

Table 1 

Content of Co is supposed 0.05% (weight per cent) in stainless steel type 
3 16 and austenite ste芯l

Shielding design limits in radiation shield for応 60SU

Shielding property Shielding 
design limit 

For inboard TFC* during operation 
nuclear heating rate in winding packs 0.2 mW/cm3 

For outboard TRC during operation 
nuclear heating rate in winding packs 1 mW!cm3 

Dose rate after shutdown 

IIISIde thE fcaryciolistty at roin o one month 20μSv/h 
Inside the facility room in one day 20μSv/h 
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Table2 

*TFC : toroidal field coil 
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distance from the torus axis(cm) 
Fig. 1 Two dimensional RZ torus model企omthe torus 

center to the facility room in JT・60SU
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Fig. 2 Expanded two dimensional RZ torus mod巴1from 

the torus center to the cryostat in JT-60SU 



poloidal magnets is illustrat，巴d in Table 5. Since the 

poloidal coils are arranged in symmetry with respect to the 

equatorial plane， the total nuclear heat of the poloidal coils is 

twice value of that in Table 5 as 2.3 kW. These total nuclear 

heat in every coil is important to design the refrigerator for 
the SCM. 

Under the neutron production rate of lx1020 n/s， peak 

nuclear heating rate in the SCM winding pack is 0.19 

mW/cm3 at the inboard on the mid-plane， and that at the 

outboard n巴arthe NBI duct， indicated by the point P in Fig. 2， 
is 0.27 mW/cm3. These values satisfy the design limit of 

0.2 mW/cm3 in the inboard SCM winding pack and that of 

1 mW/cm3 in the outboard SCM near the duct， respectiv巴ly.
Consequently， the total shield thickness in the present design 
is found to b巴 sufficientfor shield for SCM. And the 
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(1) Neutron and gamma-ray f1uxes， and dose rate 

Total neutron and gamma-ray flux distributions during 

operation ar巴 presentedin Figs. 3 and 4. A dose rate 
distribution converted from these radiation fluxes is also 

present巴din Fig. 5. 

(2) Nuclear heat in every component 

Nuclear heats in various components are il1ustrated in 
Table 3. Nuclear heating rates on the added shield surface 

in the inboard and the outboard are 5.2 W/cm3 and 6.0 

W/cm3， resp巴ctively.

Zone Zone name Nuclear heat (W) 
No. 

Plasma 
2 AScdrdaEpd e司sotfHfellad yEr 
3 1.32xlO8 

4 Vacuum vessel 1 2.93x107 

5 Vacuum vessel II 5.43x105 
6 Vacuum 
7 Thermal shield 154x1003 3 
8 TFC inboard leg 1.57xl 
9 OutEr COIl EsnuOp1pd ocH oi 

8.32 
10 Center solenoid coil 0.42 
11 Vacuum 
12 Thermal shield 
13 Thermal shield 3.21x1OJ 

14 CoiI case(inner side) 
15 lnsulator 
16 Winding pack 2.19x10J 

17 Insulator 
18 Thermal shield 1.05x10J 

19 Thermal shie1d 
20 Poloidal coil 6.85 
21 Po10idal coil 2.30x10' 
22 Poloidal coil 

1.13x10003 4 
4 

23 Cryostat 7.75x1 
24 Biological shield 8.34x1 
25 Air 
26 Room wall/sheering 2.94x10J 

27 PRooloyf EthylE n E 1.94 
28 2.10 
29 Air 
30 Duct wall (NBIl 5.53x105 

Table 3 Nuclear heat in every zone of Jτ~60SU 
(ReaI nuclear heats are double of these values) 

(3) Nuclear heat in SC恥f

Nuclear heat in the toroidal SCMs is presented in Table 

4. In this table， supposing the thickness of the thermal 

shield in the magnets to be 4mm of SS316， nuclear heat in 
the inboard and outboard thermal shields is estimated to be 

316 W. Total nuclear heat in the toroidal magnets is 

9.57x2=19.14 kW， where x2 means that the present model 
is a half of the whole tokamak. Nuclear heat in th巴

500 
distance from the torus axis(cm) 

Fig.3 Tota! neutron flux distributionduring DT operation 
of neutron production rate 10出 n/sin JT司60SU
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thickness 40 cm of the NBI duct consisting of 80% of 

SS316 and 20% of water is a1so expected to be sufficient 

for shie1ding the SC恥1.

2. Dose Rate after Shutdown 

Dose rates after shutdown are estimated企omthe 

viewpoint of safety for human direct access maintenance. 

distance企omthe torus axis( cm) 

Fig.6 Dose rate distribution at one day after shutdown of 
8000sec DT operation with neutron production rate 
1020n/s in JT60SU. 
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(1) Dose rate by two dimensional transport code 

Dose rate distributions in one day， one month and one 
year after shutdown are estimated by the 2・D code as 

shown in Figs. 6， 7 and 8， respective1y. The dose rate in 

the facility room at one day after shutdown is very high 

such as 102~ 1 03μSv/h because of decay gamma-ray企om

24N a (its halflife= 15 .02 h). Its con甘ibutionto dose rate 

decreases in a week or so after shutdown. After that the 

effect of 40K (half liた=1.28x109y)on dose rat巴remains

to the last and the dose rate becomes gradual1y the natural 

dose rate of 0.1μSv/h. In fact the dose rates in the 

faci1ity room expressed in Figs. 7 and 8 become to the 

value. 

On the other hand， according to Fig. 7 the dose rate 

inside the cryostat at one month after shutdown is 103 

f.lSv/h near NBI duct. The va1ue by the two dimensional 

RZ torus mode1 is overestimated due to the horizontal duct 

of the NBI opening with 360 degrees in the model. The 

ぬreedimensiona1 correction is therefore indispensable to 

the dose rate calcu1ated by the two dimensiona1 model. 

首standrbomiEAtomZ2xisdめ
Fig.7 Dose rate distribution at one month after shutdown of 

8000sec DT operation with neu仕onproduction rate 
10"りn/sin JT・60SU.
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Fig.8 Dose rate distribution at one year after shutdown of 
8000sec DT operation with neutron production rate 
10"Vn/s in JT-60SU. 
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Zone Zonen創ne Nuc1ear heat (W) 
No. 

Thermal shield (4mm) 154x100431J 154x103 
Coil case 1.39xl 

8 TFC inboard leg 1.57x103 

9 Outer coil support 8.32 

12，13 C Thermal shield (4mm) Coil case 1.37xl03 L 3.21x103 

14 Coil case 1.02xlO 
15 Insulator + coil case 7.03xl0 
16 Winding pack 2. 19x103 

17 Insulator + coil case 
18 Coil case 2，64x 1 02> 1.05xl03 

Coil case 4，99xlO 
Thel1TlaJ shie1d (4mm) 4.3x101 

Sum 9.57x100 

Nuc1ear heat in the toroidal SCMs 
(Real nuc1ear h巴atsare double ofthese values) 

Table 4 

Nuc1ear heat in th巴poloidalSCMs 

Zone Zone name Nuclear Heat (W) 
No. 
10 Center solenoid coil 0.42 
20 Poloidal coil 6.85 
21 Poloidal coil 2.30x101 

22 Poloidal coil 1.13x103 

Sum 1.16xl0j 

*Total nuclear heat is twice ofthis summed vaJue. 

Table 5 
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(2) Correction for three-dimensional configuration 
The ratio of the high energy neutron flux (> 0.1 MeV) 

by 3-D model to that by 2-D model is suitable as the 
correction factor for 2-D calculations， since high energy 
neutrons take p訂 tin the induced activity in the case of 14 

Me V neutron sourc巴.

The ratio of other facility or reactor can b巴appliedas a 
corr巴ctionfactor if used materials are roughly the same 
and the g巴ometricalconfigurations are roughly similar to 
each other. The relation b巴tweenJτc60SU and ITER is 
such a one. From the neutron fluxes by the 3-D Montβ 
Carlo cod巴MCNPand the 2・DSn code DOT3.5 for ITER， 
the correction factors inside the cryostat are estimated at 
three points A， B and C indicated in Fig. 9， and these 
values are shown in Table 6. Since the ratios of め01O2D 

become from 1132 to 1126， th巴 roundvalue of 1130 is 
applied as th巴correctionfactors. 

(3) Corrected dose rates 
In the present induced activity calculation， the 

continuous 8000 sec operation is assumed. In a real 
operation， 40 pulses of 200 sec period will be operated in 
two ye訂 s. Therefore， only several month operation 
before shutdown contributes to th巴doserate in one month 

after shutdown. Consequently， the correction factor is 
considered less than 112 due to白ereal pulse pattern. 

From the above discussion， correcting the dose of 2-D 
model by the factor of 1/30 as 3-D configuration 
corr巴ctionand the factor of 112 due to pulse pattern， the 
dose rate can be seen ~ 10μSvlh. Therefore， dose rate in 
the cryostat at one month after shutdown is expected to 
satisfy the design target of 20μSvlh. 

While， workers cannot enter into the facility room one 
day after shutdown since dose rate in the room is several 
hundred IlSv/h in one day after shutdown due to decay 
gamma-ray from 24Na. They must wait a week or so to 

enter th巴room.

IV. Conclusion 

Neutronics investigation has been made for the 
I下60SUand following results are obtained. 
1. Under neutron production rate of lx1020 n1s due to D-T 
operation， peak nuclear heating rate in the SCM winding 

pack is 0.19 mW!cm3 at the inboard on the mid-plane， and 
that in the outboard n巴arthe NBI duct is 0.27 mW/cm3. 

These values satisfy the design limit of 0.2 m W /cm3 in the 
inboard SCM winding pack and that of 1 mW/cm3 in the 
outboard SCM near the duct， respectively. 
2.The dos巴ratein one month after shutdown of 40 pulse 
operation of 200 sec period in two years is ~ 10μSv/h in 

cryostat near the NBI duct and is expected to satisfy the 
design target of 20μSvlh. 
3.Consequently， total shield thickn巴ssof vacuum vess巴1in 

inboard and outboard， and additional shielding in the 
present design is expected to barely satisfy the shielding 
design targets. 
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Table 6 Correction factors of ~ Jd2D by using 3-D and 2-D 
high energy (>0.1MeV) neutron flux巴sin lTER 

Position o 'n 

Back of 1FC (A) 
Between TFC 
and cryostat (B) 
Near cryostat (C) 

Z 

1500 

j 500 

官
占 o

i i ・田0

4・1000I 口

ー1500

o 5叩 l凹o 1500 2日泊
dis凶田量出nthe回国明s(ロ叫

R 

Fig.9 Evaluation points (A，B，C) for the ratio of the 
high energy neutron fluxes in 2-D torus model 
ofITER.(5) 
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