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Preliminary Design Study of a Steady State Tckamak Device
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Preliminary design study has been made for a steady state tokamak

with the

programs.

The

plasma current of i10MA, as the next to the JT-60U experimental

goal of the research program is the integrated study of steady

state, high-power physics and technology. Present candidate design is

to use supercenducting TF and PF magnet systems and long pulse operation

of 100's-

negative
titanium
also the

The

1000's of sec with non inductive current drive mainly by 500keV
ion beam injection of 60MW. Low activation material such as
alloy is chosen for the water tank type vacuum vessel, which is
niclear shield for the superconducting coils.

present preliminary design study shows that the device can meet

the existing JT-60U facility capability.

Keywords:

JT-60U, Steady State Tokamak Operation, Non Inductive Current
Drive, Super Conducting Magnets, Low Activation Materials,

Remote Handling, Tritium Processing

This work has achieved under the collaboration with Hitachi,
Toshiba and Mitsubishi Industries.

+ Department of Fusion Facility
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4.39 4.803 3.68 4.668
6.222 5.955 5.95 3.79
6.222 5.955 5.395 4,097
§.222 5.855 4.128 4,743
6.222 5.955 4.128% 3.314
6.222 5.955 4.129 3.314
6.222 5.855 4.827 3.554
6.222 5.955 4.827 4.805
6.222 5.955 5.285 4.88
4.982 4.962 5.628 5.828
0.561 0.377 -0.238 -1.386
0.194 0.221 -0.701 0.091
1.48 1.009 0.863

58.07 49.33 45.44

-0.4 -1.135 -1.262

-0.118 0.236 0.275
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10 10 10
4.3 4.3 4.3
1.3 1.3 1.3
0.44 0.45 0.45
1.9 1.9 1.893
0.3 0.3 0.3
a1 0.6 0.6
~48 -53 -75
7.24 7.51 7.472
2.954 3.001 3.008
1.256 1.155 1.179
-2.569 -3.258 -3.271
-1.043 -0.642 -0.877
2.033 1.581 -0.283
0.203 -0.16 -1.76
-1.153 -1.643 -4.38
-3.634 -3.87 -6.81
-4.874 -4.84 47,1585
-5.185 -5.14 -7.485
-3.965 ~4,16 -6.98
0.5¢ -0.144 -3.018
2.748 2.125 0.268
6.752 6.016 3.946
-1.722 -0.863 -1.243
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0.873 - 0.988 1.545
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1.682 1.154 1.154
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7.2 T3 AXEEFEAICETCPFEBWAOEK

7.2.1 7I9Xvn5A— 5B BREIEAL

T5 A8 T A= FEAT T BRBEDE(LEFEHFTIC L o TR, Gl oxd
BEBBTIATNTA—F EEERDTOESY,

- 7T A RAE . R, =2cm (79 X4 3%H)
. R,, =2cm (77 X<WNEH)
- 7 Av ETFNE Z, =2cm
- XV EfEE R.Z =+3cm
- 75 X2 B I, =200kA
72, il - BREMLOBRERELZ2 7 AvERILUTE L
CHEAL T NR—5E B, =0.1
CHRALRES Y25 YR, =0.01
KT 1T IARNT A—FEALH T 53 1 WEEIELEF L/, PF 77U,
PF6U------ PF6L, PF7TLUHZIALEFIIHETE (6. 188 ., oh

LA VEREALEZ 1M T2 ) BS I LELBREERTFTNICE S LEERE
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#T.1 TIAXNRNTA-F - S BRI L

o i | EADEEHELIR BEEATIE (EdE)
NG A =4 BELtE EFR+Ta14MANo. (MAT)
R in —2c¢cm PF1U 0.18
Rout +2c¢m PF1U 0.15
Zp +2cm PF6L 0.10
. +3ecm PF2L 0.19
n —3em PF2L 0.19
+3cm PF5L 0.25
Zn —3cm PF5L 0.19
I p 200kA PF2L 0.16
Bp +0.1 PF1U 0.18




JAERI-M 92-—140

7.2.2 34 VEBEIELORERT
BIESDBATICINE T, 79 A<l g s — s 2 T o cEfbseE T, £P
FaA VBRI ORELFRL b, FOBEHIIOERETL 2.
75 A<hlH T A —F FHEfH ol kil

5.6 0m ARgyyp= Ocm—+6cm

ROUT
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8.2 FHuoAFVEEIANVHER

8. 2.1 7TIXROEHN - BEOHOER

HoA4 ZVEE T4V (PFC) ORBEEHRR 7T AOBEL + ) Fi2 & il
£577% 5 DCEEHIE L TRASE CRENZIEORE VS OPLEILE D, HEY
FUFIzE O RDOEND AL VERNY -, TA VOB, BEEE/ Y - 2KS8.
1. £8.20FT, £8. 21 VWL R L) KERECHEERNFIREN LD,
0.38Ecoul 75 AERNHMOATHE, COHBMOELETRESZEEE T
5 ATBRETIIy b by THEPEET B LR, KFEEPORRMEKOEFEFLE
wh ). KREGBOBHFREL, BT, o TROA F VG A IVERE
LT, t =5 BB LESRKELL VI LEFNEENERL, t =50%T
TS ELAEEAMET 2 o ONNEESOBREOMALEGLETHRET 2, K8.3 &
E8 A FNRFhOBEEHEETRT. M8.2ICPFCEREOHBMERH LT

gy -

#8. 1 PFC&EH/INy—V M R A)
By 4 (5) -30 0 0. 3 5 10 T 50 55 250 a4n

2 4 Ko, F—rN
t (7 0.0 2.9 0.8 -0.7 -3.0 ~-26.8 -33.9 -34.1 96
2 (6U) .0 12.5 ] 0.3 —-12.86 —22.6 —-37.3 —-22.9 —31.6 28
k) {5U) 0.0 29.3 32.0 24.5 31.1 13.6 10.6 —-2.5 150
4 (£U) 0.0 29.9 28.6 28.6 18.2 1.0 -0.8 —8.0 208
§ {31 0.0 z29.9 28.6 25.9 19.7 — 5.6 “-7.9 —-21.86 208
[ (2uU) 6.0 29.9 28.6 19.9 22.8 —-17.58 —18.6 -~ 33.4 208
7 (1) 0.0 29.9 28.6 19.9 15.9 —23.4 ~23.13 —34.9 208
8 (1L} 0.0 29.9 28.68 10.9 15.9 ~25.0 —2 4.7 —36.5 208
9 (2L} 0.0 29.9 z8.6 23.2 17.3 —-19.1 —-20.0 ~34.1 208
10 (3 L) .0 29.9 28.6 23.2 23.1 2.9 —0. 6 —-15. 1 208
11 (4L} 0.0 29.9 28.6 25.4 23.5 13.2 10.2 0.9 208
12 {5 L} a.¢ 244 z24.3 27.6 28.6 33.1 29.5 18.9 2014
13 {6L) 0.0 13.4 9.0 —5.7 -33.9 —41.0 —~22.9 —-29.7 42
14 {TL) 0.0 1.3 1.4 -4, 4 0.6 —25.8 —~30.8 —-31.2 160

P 0 0 oo 2,000 2,000 190,000 10,000, (10,000 1|

#8.2 PFC&HE/WZ—V

(MEQKTRYV)
B% 41 (8) ~30~0 o~0. 3 0. 3~5 5~10 10~540 50~55 §5~2590 34N
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14 (TL) 303 ~1,68¢0 —1,450 137 -730 0 —-981 -51 160

Out=58R Rz B x RARL



Sdepn-PT R -50, 20
»>

502 ~41K

“IERAYA-I0RY

11,182

JAERI—M 92-—140

ZARY-23.4KM

L]
17,10

FRIT-13 ¢
FE1-32

T-NE

11 =V &R

TEITAISTON

TMATP-75. 90K

122¥-25, %0

Cron]

FU.E—=E4, 3%

11 wair

S .1 1IN

......

rY-3z.301. 240

TT.NK-1300N

ERREELE

-
- - - =

- = = = -
x o - - -
T " = <

-
- =
R ARE A rR- 10y

11 kVRR

>
18LVan

o
-
-

SENERDTRE

1.3{(2 . nn
Pan-f 1015, DRy

L

LRI [

Pt g

i

-iid

r o nor-oirotonox

H -
3 -
t:_‘

frai-1f]
tiyr
T 3w
[

ALYV -4, 1%

16,0k

P F C B AR

X8.2



#8.3

JAERI-M 92140

PF CREMEHEHETE

(te=D. ISUBOFERECABEALRELENAKLEZARNER)
No. XE S PR BT EWREET
1 (7U) 1.2 MW— 469 V- 2.5 kA 16.0 MW— 469 V— 34.1 kA |4gp=nl
2 (&U) 1.1 MW-— 87 V— 12.5 kA 3.3 MW- 87 V— 37.3 kA |t=5-105
3 (s5U) 7.6 MW~ 237 v— 32. kA 0.6 MW~ 237 V—  2.5°kA |t=5~108
] (40| 10.4 MW- 346 V- 28.9 kA 3.1 MW-— 346 V— B.9 kA |t=5~—105
5 (30} 8.2 MW-— 272 V- 289.9 kA 5.9 MW-— 272 V— 21.6 kA |t-5-108
] (2U} 8.7 MW-— 289 V- .259.9 kA 9.7 MW-— 2809 V— 32.4 kKA |Ip=2NA—10MA;405
7 (ru) 9.2 MW— 1086 V— 29.90 kA 10.7 MW— 366 V— 34.9 kA | Ip=ZRA—10MA:40S
8 (1L) 9.2 MW—- 306 V~ 25.05 kA P1.2 MW— 306 V— 36.5 kKA | ip=2MA—10MA:40S
9 (zL) 8.0 MW— 267 V- 29.9 kA 9.1 MW-— 267 V— 34.1 kA |Ip=zZMA—I0MA;40S
10 (3L) 5.3 MW-— 175 V— 25.9 kA 2.7 MW-— 175 V— 15.1 kA | Ip=2MA—+i0MA;408
11 (4L) 4.0 MW~ 133 V- 29.8 XA #p=0. 1~0.5:6.75
12 (5L} 8.2 MW— 248 V- 33.1 kA fp=0.1-0.6:6.75
13 (6L} 5.0 MW-— 369 V- 13.4 kA 15.2 MW— 368 V- 41, kA |t=5~105
14 (7L) 1.1 MW-— 730 V- 1.4 kA 22.8 MW~ 730 V— 31.2 kA |lp=2MA—~10MA
MmMRHAEREA ] B6.6 MW EMEEESERM 108, 9 MW
£REsR 196.6 MW
%£8.4 PFCHENMERTIFE
{(t=0~0. 35 e cTLEARELAZIAHOEHNERERETR)
No. AR R A
1 (7U) 6.7 MW-— 26351 V- 2.5 kA
2 (6U) 13.7 MW— 1153 V- 12.5 kA
13 {5U) £1.4 MW= 1293 V- 32. kA
4 (xu) 14.7 MW~- 491 V- 29.9 kA
5 (3U) 27.2 MW— 908 V- 29.9 kA
6 (zu) 30.0 MW-— 1001 V- 29.9 kA
7 (1w 30.7 MW-— 1024 V— 29.9 kA
8 (1L 31.3 MW-— 1044 V- 29.9 kA
9 (2 L) 33.0 MW- 1103 V- 28.9 kA
10 (3L} 14.9 MW- 1165 V— 29.9 kA
11 (4L} 30.1 MW-— 1007 V- 29.9 kA
i2 (s5L) 17.7 MW— 723 V- 24.4 kA
13 (8L) 10.6 MW— 791 V- 13.4 kA
14 (7L) 0.3 MW-— 850 V- 1.4 kA
ERAER 3zl.8 MW
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8. 2.2 ZI3AR0EHBEO-OOER
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OB BWT S 7T AOME - BREFFHBAICND L EPLETH S, Bl
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T A EERENOBLC EOBREBETE PR LEREFRS . 5ITRT,
HhNE TR EEMNEROBETELDTI AR NRTA—F (FARN—-5 (-7
LD—HERL) KBTS %,

75 X872 — 5 DEAL

AN =0.1 ARp,, =2cm
Al =200kA ARp, =2cm
AZ, =2cm VANV =+3 cm

AR =+3 cm

8.2.3 ZERK

DEnEBCB T ERHNEREEOBFEAVHHAEROREGTADLELT S
BHNRT - ERD, BN —VERDDICHR o TRERIY A ) A FEREGT
AsE L, BRBEEBOA YE—F Y22 0%, ERBOBRKVATNSIA o, ,=30°
FRE LT $70. 74 — FEROEH, HEY 72 VOB, AU X5 OEHNE
FBTREODERABOEHSE LTEIAVEL) I mQEEREL 72, £/3VAER
NBEECEN MG TIERERKOEN NS — Y 2R 8. 3 WKRT,

i, ERMERCENZMGT 2BERKOEN S - 2K 8. 4 1T

f 150HVA

................................

115HYA |

KEQH :
LEL] _—
= 10 '
-3 [} 3 250 t
(5)
-TOHR

K8.3 ERNHEHEEERERVEI NS -

A40NVA |
E-R k)] :
EHR S Foom|
........... . .,
-30 [} r 50 t’
(s)
TeAom K8.4 ENMEHEREOBH -
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8.2.4 RO FVREE A Vs Ly FRED K

FOL S VB IAVICBVTYS 2 Ly F05RAE LZEAE, ROl ¥ VD
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EEE b O YRS T A & AR ELERTE L B OMAE b TR ) b0 L
T3, 7L FREXEBDOEKZUTORT,

W 25 DC5kV—-35kA

R 0.15~0.62G]—-0.056~0.14Q
BENEERER ¥

8.3 TEIBITAHEMHE
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0. ruoAFNVEEIAIL

FoA AR (TF) 3403, REL-BRAZEENICRET L EBIC, 4
BH MBS r LBBE ANV EEHT 2, BKESH10.4T (727) RUKE
B4.3mOT7IATOPLEERS 2TORFAE*REETHDED] 6O Vb
B, (H9.1)

9.1 TEHE
hOA FVESS (TF) a4 VOFERELTROEI. LITRT,

#9.1 FuA ¥R (TF) o4 VOXEHS

a4 VR y D #
BT © (mm) 4,495x%x8,550
T4 NVE (1) 16

75 X (T) 5.2
TN (T 10.4
Av¥ye A (H) 23

LA LF—  (G]) 14

ACRE S (MAT) 112

HHEIF nifi il 155 £
EET (k A) 35
HE|EEREE (A mm?) 39

¥ — ¥ 200

& X AR G NNy —F R
MEEEE {NbTi)38n

AR L N R Cable-in-Conduit %!
Fag )y 7 (%) 1.4
BEADOEE  (K) 4.5

9.2 EKKE

B T 4 )Y OEAREYS 2 Cable-in-Conduit B & L, EAGHICEERFREOR Y (
NbT3Sn# AT %,

HEHSREAESHEEEERAND N THETEEI NS, Nb /S &I &
Z11TEBYAEREREE (jc) & 800[A/mm*|Thsb, (H9.2) I
A NVEEOHERIHZR 9. 3 IXART,

37 BEEMOEREEIBEARE] 1 TICBWT9. 6 K, DHRGRERGE. 9
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e, SHKEEHIEIAVECNET DY T RANMIIDIHRNT S, T/, 4
vER-—FRlEaA VAR A VKRB -2 HEAL, I A VEOTHERKET 5 H
EE L7, (XM9.4)

9.4 [HHRTA

b4 VRS (TF) a4 VOBROI y FA V- ECogA %9, 52/R7,
BEARBRRA v HE—FIANOTFATHT10. 4 TTHbL. MPhoEBE, BED
b OSSR T A VO FUMLE EDBRFOAE TR T .

Thickbh, Iy FZPL— RO A<ENEE (R=5.6m) B8FHY Y7
MEE1.4% %), HEED2%HUTTH S,

9.5 W EBERTT
FOA4 LRSS (TF) O34 VICSET S ERDE, BB L 2HOERIRTRD
A ¥R OMEERATELARENTH S,

(1) BCERS
FoA VRS (TF) 2401 6BEEECEELAEGEOE 70y 2 ICETLIER
HERY. 6 RT, FNRNFNR1IIA NS, UTOeBYTH L,

7—7hH 52,800 t

EARY3] 16,300 t

EESTN 9,800 t
(2) =@
t=80secDEDOLlIANUL)DEFEDOTHEHI. 78T,

s 400 t./m

BLYhE—2T 5928 t -m

FEHEE—A B 6,256 t -m
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AHLERITTHREUTICRT,
EMPEOHBLA<BEFIEHUERIAEEI>Or — A OBITHERE, P—7 X
HR~O#EE R (LET4 1mm) PELRE LIS, THRERUPLETIEA YF-F
B, EETIE7T 7 FR— FEOEEIAE LT LEBERELTWE, (H
9. 8)

WMAHELTIE, g4 MvF—2 (JSCSH) oA v F=-FFEa—-F4) »FEic
BWTEK (40(kg/mm?BE) thoTwd (M9, 9) , 24 VEZBEOE
HiESUSaryIy b5 0k g/ mm’IBETH 5,

cnbLOMEEFIZ, JSCSESUSSIG6LD4.2KTD0.2%WH (1€
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9. 2B EMOYHEMEL, £9.3 10K XHI (BARE) oS EY MR U

HAEZ/RT.



JAERI-M 92140

L

74 \

SE&LS
430 4495 700
A A
Q T .
s 2
o~ L2 v
B/
et
\\ )
N
RZ$30
ﬁ —
"
y Sik
42’3[ 100 o0] | 3b% |, 3551
/125 ﬁ /8 /700\
Br @ A—A

X 9.

1

FoA Y NVESE (TF) o4V



JAERI-M 92—-140

Wiy EEEREHA oAl € 6K

HYHBUWELYORL Fyve T 6 M

o
N (o
3
Y
N NN e
- _ /
A . _ A
Al
s '*oE [~ 53C £
“ S gz S'o
934z

(pjsal ) €

14 el 2l [l o]

i I ] 4 T
NZ'b |
~y -

/l

R 1
S -
émﬂ‘/ﬁll II ]
- (s709(y9| ~—Z¥~ i
TN ,Mcvm —r

—

(%S %es) Mbe

0,00, dwsay jusuioaly Jpay

(Ol

Ol

(zWW/ ) (nD jhouypim) 2p



92—140

JAERI-M

v--v H If

] -
TEMXA LIl V6RE fﬂ . 4 .
by e HE o
I S 4 &
H B C
Fan .
B3 — I
— N
R A R AP ol 5
w_.. = ..:luaij ﬂ.?H:'I n_.m M- SEvF 0E Y
S HE L0 T
u_\._ &t 1L no® 0— gy
e 0 o wea B
[ it J o % - i 5 b= I
17 L T Rl i
o] Al g .
m. \ — %Y =1 AR -5 rW W
- —-¥Y
qu»i VYAAKLEARE vand aake =
VARC gane

|H_\ 5285 ( 85 ~—.} |

B0 —OMX% JEEE AR

T

3 A h\@ . 09X
;: ‘ - . Em ST YN
+1+ R FR ERNIR —xY BHBH — % mnm

YAHL BO4e YALL BAKS

Y o
I & I S 4/ ORI |
qri-JF 210 3 ~ R P ~
axﬁ\ ¥ 6V = ; BTHEHT
vaag 8A%¢ ! [ B S A

= T el RS 00b




MACNETIC FIELDIT}

Z-AX15! 4

HAGNETIC FI1ELD DISTRIBUTION RLONG COIL MIGC-PLAKE
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=
=
- WRX. F{ELD = 10.417 (T}
eT
a
sl
et
al
1
<
i+
1
<
.1
<
ot
2
1
g L -
“doo  1.00 B 300 <00 s.oo0  g.00 1.5 .00 10.00  11.00  12.00
oT R-AXTIS{N}
-]
wl
aT
=3
'Tq.
gt
ol
]
9.5 Midplane b b O A FIVELFSA
HOOP FORCE OF TF COIL YRLUE OF ERCH MESH
NO. FR  (KG}
B 1 2.440C 8
2 2.440E 6
3 P.MDE S
4 Z.443E €
s 1.913C 8
8 [.7828 8
i 1  [.GBBE &
s 1.301E 6
s 1.059C 8
10 §1.376E &
11 1.24BE §
3 12 1.188E &
13 1.103C 3
15 |.Q4BE &
16 1.003E &
I8 B.4S0C §
17 6.295E §
24 18 6.268E &
Ckerrcoe]
1 TOTAL HOOF FORCE/COIL = 5.278C 1
CENTERING FOREE/COIL = -1.533F 7
14 YERTICRL FORCE/COIL = 9.730E &
1
0 e ~

3 4 5
R-RXIS( N

9.6 TFaAVECEBITH
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OVERTURNING FORCE OF TF COIL YALUE OF EACH MESH
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9.7 TFa2ALNREENISHA (t=80s)

dR=0. 38 mm

/ d.9='- al.!l mm

ok £.0F mm 425 1.48mm
d.e-'db,ﬁnu
di~ 300 mn

L

477

{l'

[,

il

R=-342mm ] dps 860 mm

di= 32.8mm Ik do=i9.5mm

de~096mm “: TR
\_‘_—"ﬂ (171, *

o

w

i

{h

, !

AR 45+ 020 mm
ds“D.‘{bmm
d2=-p. Sbmm

?\ dk:—b. 14 2w
48= 13.0 mm
d3e ), Slmm
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SYMBOL VALUE

.431558E-01
.48851TE+00
.833879E+00
.317924E 401
.T524B0E+01
.186995E+Q1
.621532E+01
.056069E +01
.450605E+01
.925141E+01 -

I (kg )
1255/

QWO bR —
W LW PRI — = 00 o —

—

9.9 TFadNyr—Aohasi (BE+BHTERN+EED)
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# 9.2 {AMHPEE

SUS316L JSCS Nb3Sn/Cu FRP
, {Conduit) (I LZHE) (SCHF) ($88344)
T URE 4 4 4 3
tea/mrd) 2.06X10 2.06X10 1.44X10 2.0X10

VLV S - Y. 0.275 0.275° 0.33 0.3
TR (R G

1 fﬁ:ﬁ/mm : g8.08x1¢03 8.08X103 541X103 2.0X102
REARIRE R

5 5 . :
(300K—4K) (1/C)| 1.08X10 1.06X10 1.12X10°5 | 2.44X103

LREE (gice) 7.82 7.82 8.96 2.0

# 9.3 BrRUBoOBEESN L £OFMMEERREUEINE

Ez 1.24x10%
TLOEE S
1 | (kg/mm) E x 8.79%10
F ;
iE Ey B.74X10
E 3
) RN ENG (kg/mrf) 2.0X10%
LI Y 0.3
B iR A (mmz) 1.8><105
2 xﬁmu@éiz;x%i—x N 2510
" Ciox {mm)
x = Ry N
yBEEV[EE 2T — X b 3
| & gmm;)[ﬁ% 2(:1?&4) i 5.40X10
| z §4 [ Z2RE— A 5
] I 2 (mm?) 3.40X10
Y CuBO"/orEﬁ_;«E
A : / AR
A .
8!
[an]
Y
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10, RoAf FEEIA L

ROA4 FNVEEE (PF) a4 iz, 739 A< hERIOMAO Y X~EiRxRE
Xgn 8FEOFLY VAL FIAN (CSaAN) &, T7AXA2HReHHTL6HD

AE2A NV (EFIA4N) b%b, (10.1)

10.1 FEHT
ROA FVEEYE (PF) a4 VEEELETLENKL 0.1 KR T,

#£10.1 KuAf&Fi@s (PF) a4 VEE#E

CSza N EFzaAl
a4 VK ryooRd M A
H78 (mm) 1,420 BAX 7,750
a4 V¥ (E) 8 6
BAHSE (T) <7.0 <5.0
ERzANMFE—- (G]) 1.74
BAEEH (MAT) 6 0
BAKEMR (kA) 35 35
HEXBHEREE (A/mm?) 24 34
y— ¥ 208 160
& S HRAEE FTRNINr —
B TR NbTi
A8 B AR Cable-in-conduit HY
wERIA K N 1 v D

10.2 HEHEF .
Koaf ¥V (PF) a4 VoRABS 2 7TTUTREREL T, BEZEAIND

TiafHws, BREG®EE (jc) BR7TTT1400[A/ mm?], 5TT240 0]

A/ mm? e LTRETT 5.
FLVL A FIafn (CSaAA V) RUSMIZA NV (EFa4 V) oFnEhnE

HREELEL 0.2 1KR T,
CSaA4 MLV RS, SUSHPORZ2FaV Yy PHEET %,

AL R T VT VBERY - HEB, YU -3 EICEBRME, £ LTSN
N —F 2 ERIBITHEETHEL-HBELT 5,
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FAEp o OBAR, REREBHMT 280 TARCES T 5, £0) bELEAR,
BT OE) THD, KA Y OBE, EROTISZLERBRZR 1 8. 212/R7,

- b OA Y VRS T4 VITER
Bl FoOMEERSL 2 REBRAEDKICEBAR LR, 34 VEBICREREFE
7Et, BRI AF -V ERFIEREIL, BV -F2r=v b AEH2.5mX2.5
mH4ty b)) TTCHRERERETLH, ERY - Fr=y FEBEPIGEFEZ B L
LAY, BEV—-Fzov ol - BREFOFMLEEVLETH L,

- RO A TV T4 VETEMR
MBIRTA TV IS VRERI MO Y VEG A VEBHREEL LT 5,
RElRO A & VT4 ViREREPOEREMNEEEOMoREICESR L&, &
W) —Fa=—y b ETHE,

-HEH e REOS[E 7L
BIAN~DEKRH e OEEIE. 24 MV ERICHEERGAA LV 22y F2FT
THEBT 2, NV Tazy bR EvoFc— LV FEYFIEL TITR Vv, HREIR2
KEFEOHA, BEOHENERET 5, NV T2y b 3T NS MEBSERORE
BETHL, EH e BEEDOERMEANA~NDOF|EZ LI bOA FUVEE T4 VAEER & ik
RICHBREZS I 2. IAVRERLETHE L2 VRICGELEMICEET %,

sk, HABRESIEZL

1SGERARA A= FTEBICT =k =V R TRRICIERT 5, BETI4
Lidhof ¥V T4 VRERERE, RCBEAREL LT 5,
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FUIBEKTAEFRATLLELT, IANVEREHE35kALTLET7AME
FBizs Fmmiicikh,

150 (w) x 350 (h)
DTAY A ZERET D, BETAMZES 0 0mmeET oL,

1. 2m (h)
1. 2m (h)

PFC2EBEAT 8. 6m (w) X
TFC2EEAT 9. 9m (w) X
Lt T bEFnFnl4m~16m (w) X3m (h) 9. XELERHE
Y B et s, B — TV ML -0 RE LS, RUBHRAR - AHAD
BT EDLLENFD B,

H18.3CHTFZ oA VBREHRERT,

18.2 EEBHHTEOELEKE

EBEBTEIRBEERELBRVTETERE LTUTOMBEERE T 2R5 «
T o Twh, HTFRIIRE, EEFERL, ABHBELL VWO TANR— AT
LWikEEicd s (£18.1) . HFuBBEEIAVOBR) —Fa=y i, BRIEOP
IGCEEES T 2N AE Y, M1 8. 4 TELEORBERLYRT .. 4%
OFE B O/NEYL, B, BEROSEISErFEMICED T ULENSH L,

#18.1 #HEHoOUEEN (BE)

AAKE e R 75m®
hnz H e R b 200m?
1 ki (&, NBI) 900m?
k) F 7 AL 100m?
AR — F v LT 420m*
B —Fax=v} 550m?

H e Wfbtess (BfEEa4 0, NBI) 420m°
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v

19, ZREMEBRSHRE

5

19. 1 REAFHERUBRIARE

ELEEORE L LT, DDEEZHEUD TEEZH 24e L Tw 545, 2 THEDD
EEHoEL FOEEEE, HEKOVWTREL, COBREZECDT HitonT
NEAPEEL TIT S & ET 5,

D-DEj DiE. SRR E & L CEe EoRETEE R, KL THMFREE L B
IR E LV F T AR TH S,

Fratgats & L. BEHERARE, BaHbs. RUBEHEM R AR, KT E
HERCETE RN, RETICBLRMHLADARR LI LET S, PUF Y
AxtsgicownTik, [hUF 7 A RERRBHRTEHEEFIRRTSHREE] KL
hHR R LA EET A,

19. 2 MstEstir

19. 2. 1 APJ—3Iv7RhIERE

IFLEBRAGME T, BEEFRZOL DR LG TEEL., 2D, EEFES
WER K Y v 2 FRO—RERE T B & BEFHNDHRFARBELTEHENZ L
Twbd, 250, #OFIICIE, WERE EEIC5 &, poflfeikh/z2 714 4
2%y b (BEEDANOBRBIFS I & Eird, Kk B 2 K EE OB EER)
TR AR T B - THEEHBEE R Z > Tv 2, AEEDIFLRIZ DO W T,
AT E DR, BEEEROFABICAOL LI IEF0/Mlcs 544 X% v b EE
BL. B, REEBEOLLKEKE~DAL) -3 »7EEikT 5, #8F DPIGE F
B OMOESITE, IFLEEMNL Y O OERYFRLBELZEL, T i DH
BB E M EAE MR 22 AMET D, b52A, HTPIG SEFEEOHHAI~ IR
BOEVEE, BESLRBHET L, COFELAH X, IFLEBOTOEER RS
BTN B -V ETE D EIBRATEIGEN D TH D, |, o T, ZI T
BEZEY VBRI YDA ET R, IFLEW EFOZ2 A4+ 5y PEMEIMTER
I BIELTHHMET RN, 7544 A5 vy PROESREE, EEFHFNEE
B AN—F, FOMBETELERSD) KR FAFRF v POEREFETE
ET e MR LIT A E LT 5,

Loipld | BMEREIET OB ITHE - T, FEll S, BSREEY KIS TRRRES A,
i 4 O BARRERT R E BT T2 LEFDH b,

19. 2. 2 HHAKOHEML

KEEOHKEMEICE L TEE 2B Onp) NEBIC L W ERENE PN TH D
SNIEI0MeVELET O L &2 WERIGCTER 2 L, ¥FEHMiZ7.1secTH 5, T, FA N
— PSRRI OB HIALS A L TESHTRESZIT 5 LT 5 L. NI,
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“N=0o ¢ nV=3.03X10"(atoms/sec) Tab B, 7.96(Cijsec) HL &% b,
72720, HHFE 4 D 8.36X10°em” + sec(>10MeV)
W AR o 145X 107 cm’
IR DN O BT B ; 3.3X10%2 /c
HHIKE V! 0.244 X 10%m’
72750, A= FAEE 108042 X4.3m/0.025m)
BEERFE |« X0.006°X2(¢ 12 - 2m)

Tk BATARRE M7 H3.26 X 10°Cifee + sec(V=2.44X10%cc) & %2 B, BUERF IR
2W0secTH L%, WHADF 48— FiFER+ 1 BBE (EWIREIZH 5 msec) &
T2 5. 326X10°CiecDIBFEE 2 %o B BRI % B 1X10° p CifccALEE DIBEE &
h, VWE. BESOmD /N, TERE., BECEHRL TEERAORERLZHILT 2
L T0emirs b CRHDI EH L, SEERAKITED BHEERICELT 2
Trid. HETHLIEELONE, LI - T, EEPEHENORE. HBEEM
M ALPDy BAE (HES V27 ORE, EREREL L) E#HFLECLEHE
Sbhd be L. AT, 1BEFVOT, HAE. 35EICE 107 men/hr
BELLZD, B RFCHE LG R R,

19. 2. 3 ®BHKICEDRTSREHER .

¥ A 8— ZEEERE M T, TEb ~SmiseciEE &R D BED, i
AR HIARICER T A L TEINS,

R RAER (4X10%y) LVEHMETA LKL 9. 1 DRICE L, BHKICE
LI ORESIE, EM 100 B0 #EEL L 75 L51kg(3.9myfsec) L b, 72720
S m/sects BT 2B HE 26X 10%gremday & L. 4 N — s GHESETIRY
81.5m*& L7 25, vod— )V FRUREE CORBREEIBEVOTHERL T
Wb,

1 HEICIRAT A B, 164, SERIIGHACERTLE (1 F KK
BIETEELZVIES) #8109, 2KRT. ChooBEMLa N BEERYZ A
F VAR BBIE TS LS. SEREBREZED A & YAABEETAS I mEERAET T
NBEEEY, £19. 20BEHCRT, ETOBELERTL &, 14 L XHHBHE
HE» S I mOMETSEMESER T, Mlremhr DREERE L L05EEEFLE S
LEBLULEEBTE L, YCoNFEDAH L% ) 20mem/hefBE & 2 b, A 4 VABREER
OB TIRI~2EREORN -T2 I LFAE TH ALY, FOHEETH AL D
Dy BB (FEERROBRBEEEPORT S) FLERL D,

Atp —REBRMEOBEENG E LT BAY E LA, 2k, 7VIzy
A (AL2000)B 0Lt ¥ 0 & B 3558%12iE, “B(n, ¢ )'Li, Li(n,n « )T, "B(n,T)’Be,
Be(n, @ ’Li, “Li(n, ¢ )T HREDRICICEZ MY FY7A0OFRE, BHK~NOBELZ L
R HED, BEBTBERTLILEND L,
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F19., 1MLV RET B ELHGESER VRTINS RERE

¥ % OB OB BB B K Bgy
1 g A% SRRt
HEAEE GO By 072 14 Al
62 9.73m 137 x10 © 0 0
Cu
64 8 6
12.7h 2.51X10 954 X10 0
Cu
60, 5.27y 3.06X10 > 3.06 X10 ° 3.03 X10 °

#19. 2 wWiKITER L -EREE

4E BV 20 A F AABBRTOWREDEVIES A j}éyg&%mﬁ
e A= DFFEH
ki | AR egonn | segon
FBOmH N
Ci/year FEHEE C f'ﬁ%ﬁ_‘%’ﬂCi SEREIER

mrem/h  at Im

. ) 2
62¢y 1.88 sop %10 | 502x107° 6.53 X 10

6 2 -1 -1 2
“Cu 3.44% 10 72 X 10 7.2 X10 9.36 X 10

6 3 39410 7 153 X107 1
OCo 4.19 X 10 . : 1.99 X10

19. 3 FUFTAXE
19. 3. 1 FERTHOM)F7LMHETE
D—DEIHI BT, BETE M) F 7 ARE B ERERBEMPICNT ¥
TR, IBEAEEEREREM (VY F Yy ABNR) FBLTMYF Y ARER
ABESINL, COMNIFOABEBERELT, N FYAKORETOEERERS
REEZEELTVD, COFRNTUBELZGED MY F 7 AKOEMBERE, KEF
DD, FAREPLERT S &,

20Pa - m®X 50sec/shot X 800shot ~330mol(293k)
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5, DOT~6.6kgBDE % 5,
Tz, SODOFRD M) F U LBER, BEF MY FY A (DT) B4EE4X10°
Pa. misec? & TIAEIZHI00PPmEE X 505 DT, ~0.32Ci/cc(12GBa/ec) & %t % 4
Zhil, FFRR LNV ORVEGTERER (B AVEEMEY) TH), BELEEH
VETH DL, BRFTHAR (B8H) ToRE2FL LT SBENL TR+
HoTwiiew, ZALPOFETEETAI E2RHF LTI CLEND 2,
FYFHADEERFEELTE, TPLETHREFTHD A, 1) TLxay —
=7 (MS) ~OWHAE, 2) 2y FEIL, 3) MEZEHASEK ELILNE,

1) ELFa7-v—TKEREE

ELF a2y -—v—-TLEEWR
W=g/(y-y) &£ 0. W=4Tkg(33) & % %,

72720, MEKE [ q=6.6kg

FHRAER | v =0.16(MS5A, 25°C TOF WA S ; 0.182/270.9)
BETAR | y~0.02MS5ADKEEE, 200C,1Torr)

CDEVHF2F - —TEBREGCHMOT, oML L2 FEED (1009 v k
VFTLER) THEAREEAEZRL Y. 1R,
COEYILBTEAEEL, BT LAY AN HETRERZVOT, BEMYF Y AKkD
ARG, PO F AT, EHER, BEBRESE N F Y AORBEEICHE T
L5 HOREDVMLETH 5,

2) 4 FEAE
2 bEALAER) (REDET) ThHhLHEA2HBELT, BILEREELRE+
%,
MR P ) F 7 AKIZFE Ty PATHD, KA =0, 25L3 3L,
1REEO L2 FPLEE . ~2 4kg., 100V v PV 2 RECME—EL7- ) 0af
BEEAREWIE, W=100(") v } ) X0.6X1.6X 1.4(kg) X 0.25/1.25=16.8(kg)
L, ERMEEE D 1. 4 (BREEMES
1REMLR, 2 REfCEERE . 0. 6
2REMEMAFR . 100U v Mib
2XKREYbfEL A PEIR, 16. 8/0. 25=67. 2 (kg)
L7z oTC, EEEFEAANTEEE N MY F 7 AKG2EBITE 1009 v F IV
FI AE—ETIThilitnwI itk b,
607 v PLO—RFLBFICE AV FPEAEL 7202 » FEALELZ100) v FAOZKRE
HUABELAEEAOBRSER1 9. 21357,

3) MEZEH A

TLFxa -V T URERELLEE. H5VE M F Y AKOHEOTEHA L
NBFH e AERAAFTHLLAES TIEHATIHMEG. YR WELIAE
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1932 BEEREBOZHMED ) F U LAREROBBEHEE

FHBIIHRESNLTWY e, BESH»L., BEERRIC EDFEEFNYFTALANY) -2
4 A PITERDEEEED» WM TFET L. Y- &L, 77 oA Bl el B L {RE
F 2 k6O MEESIEITERD 11X 108 f5& %2 5, (GOFLHERED 79 X< P E138.3X107
atom mol/hr;ITER +E75atom mol/hr)Z R & D | 60F G DB HEEIF 0K EHEO P ) F 17
A)— 7 BRHET L LUTORICES,

M F % 4 — 2 B(Ci/Day)

i B %
ITER 60RM
(DG HARBEPTFLEL TV BHEE o7 o
P, LREGEAGRHAE 2T ) 1.68 -

QFIFIAL YRy Y —-HEE 4
VASLRAERI O T W ERE 0.6 6.7X10
(NBIA & »iRE)

GFYFIALYRY R Y- HE

QRHM DB % SR 42%107 47%10 ¢
(b F Y AR, HEHESR )
BREMERR TR, TAPEY 20— VE)

Gl it 2.32 259%10°

PLE# 5 T-60F Mg 0 BE BEmEo P F 74 — 7 =id, 85T 259X 10°°
Ci/DayliB & ¥, ARI2365HEEE Lgeis 72 & LT HEMAEH 945X10 *CiyearTH ). =
NESEASHELTHRECRZLREVWETH S,

1933 LRAHAZONVIFULRELY) -7 BEOBE

FAN—5 PALEERETBLCHHACEAT S Y F Y AREBEET 5o 60FLLE
BOBBEAETIE, WEEK ST T7A V7 -2 WO 205577 7 74 FTRIL
TWABERE BN L VO TEEICRIMT 2w L TWwE, D7D,
BRARERNTI ATEEAMLTCWIES P2 )2, T TE, 77 A7HMEE
BLTEHANEATS FYF Y ARFET AN, 45— 2 bEEFHDNT —vOE
WIEFF 2B L THHA~NBATALLL S, REAMKKEL, WThETZ 7747
— N E LTEET 2, MI193I0 4 4 /58— SR, R4 HEFREN, BRMtL
N
1) EEEH

SHE &M TEOMY & L, TPERMI— FTiET 5, ¥4 /85— 7DV TiRCunE
Z4mm(CASE]l) &£2mm(CASE2) o @b zitE L. HEL 7.

CASE 1
4mm 3
5
T,D e Go) (Cu) & 60m
0 .2 -2
%X}?rzg‘ggg_ls ) 90T 300°C 180T
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CASE 2
TD_ o 5mm 2mm 2 6ond

(1%x10 " m?*s7) (@) (Cu)

D : T =9999:1 980°C 300°C 180°C

B193 JT-60%FUHES & 4 /3 — & BB (ERRES0m )

T, D el S5mm - 3
(1X10 m s ) o
D : T =9999:1 150 80

M19.4 JT-60)F.[MEHE SR B (EEME633m ?)

2) FEEHZR

(FA48—7F)

FANR=FWZETIAERS5mmDY S 7 74 Fa%dh Y, F OIS E A
DVNTWVE, F53 774 FEP)FTAZRIZEAEEBLEWOTHARKRD M) F 7 A
BEDLYIATHRZEMTZEEZLH, SITRTT 774 FHFHFESTEREH
BT P ) F o LDBAGTHE L TEET 5,
EHEEELI9S5ICAR T, HMI95- 1D, FANRN— 7 oGHA~NBATL Y F
TADT Ty ATBEERERE AL -EILE D, WHKkF0 Py Fy ARERE
19520 £ 512, FZEEEICHB L TRE kb, RICERERN 2 SN LT, G
B3 LCuD/E 2d4mm e LA ERKSOH T2.2 X 1078 Cil, 2mm DA, 9 X107°
CiNlicz b, BTEEMICTFMT A0 2mmOGE0#ERETH VWS,

75 X2 A PSR L EIRENEL, U F Y ADOBENGERRICHEEL T
By ThsdEEETH EEEOBEREIZEMIGHETH 5. £ T R T4008H 7
5 X S DEE N BEREIC > TS E LTHEMITETH B, LidT- T,
IERGEEEL - LTh, ERSOHBETH D, TOBE, FAN—-FGHKRO MY
Fou MR, BEKOBILRS L (L HOXI10° CNRETH D,

(HZEE) B

SHEEEYN196-1L,RUKING2 T T, CORELLIZIOHRERELHEITTLH
HATTrYFyAH0EHELST, WEHAOHFERIEVEEZ LN,

) FotolES

AMMBELERBROME L LTiE, CCTOFETHELAZLIC P F 742 KERK
BEL, FOEEERE2HEHLTVE, BMRLZZ M) F o 23R-FVIVRICARLT
BB EREI LD, TIRD L b EXRERESEHE L THENLEMBTH LS, B
EEENVETENALT A L HEZLNDLIOT, HEHELTOFAELLGDF v 748
ﬂ‘gfi)éo
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19. 3. 4 ZHEUBIIFEFROR
1) BT RIBEROEE
REVEILOVWTOEENZFMIBED BAM LR LRI EDLERELDTH 2
2. EABRILELLEVIDLELTRET S, EEUBINZERIIODVWT, R
BBCEFERLIET L,
a)ﬁ%ﬁ%}
Py

I GAFAT Y B

-5 X NEAERAE PR T ASTEE (NBD,SEAENEAEE (RF)

-ﬁZEK g Ly PAFEE, FANRNTERE

CBEHERER (P - ESTFRIS 2T F AR

-%ﬁzﬂﬂ B, (TiEHEAM4LE)

- by FY AENNGREREE

vﬁﬁmﬁm,ﬂ%ﬁm H A AL ER A

%ﬁ’bﬁﬁfﬁﬂuy_

- IR AR IR
b) BEFEROHML

(a) ABESS | EZEHEE, SHMEL, GHMRERL, EFEkL, A%

EEFE (ER. BEIAOMKN) . FUF YA (RE BE)
OIS, BEAEE, BRAHER (BARKE. BHEERXE)

w)z&t@$§
BEDOIR HZepgiE, £-Bo{LENBRERG. M F T A

e (EW)

HEARNGH HHUKOBE (FEIARTER) | HZEHE
B OBE

HZER e E ] HHAROME (GHKES) | KESHE
Al DkiR

- SCROEF g IvF

- Py F Yy AER B, P F AR (W)
REOWIE

- fEEAE, EOR B, BEUKOLE (FEIM L)
& DOWHR AKESAOBE. PUF Y LARE (EX)
(c) W OFMm, HASE (EEE)
TN
c) R A&HE
%a$&ﬁm T, AEREREICSABEEL M) FYARE BEROIK, RO
GerE 2 R L CEHE. T 5.
&)FU%?AﬁE%\ﬁE%%\FU%Tkéﬁwﬁﬁ
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(b) REREZO ) F 7 AERLA~NOBESDEE
(c) WMERANMEN (BRKE, HHERELLY) ZEOLEM

2) EEETL T HBITEME L FME
(a) FRATSFATH]
FREZF LT, BEFROREY - FRTHY LT 5,
HE  EZEREBRLEIIAARASY Y FORERY —2
BER: 72 X745 Srar
HE HY S ERBANY F U ADKT
AW BB U KRB, AR ORRERR
ARESLE. 13y POEBRTERSNLFSRHNO ) F 7 AL THEEICKE
S,
FRr)FyLERE  EHETHTFREELRCM)F Y ABEFFERLZE T
23 HE9I0CiE % b,
(4 X108 =0.033mol=0.2g=1910Ci)
BEEOKL M) FIAE  ERLAE VI FYLAOMEHRE I OBET S E
0.13Ci £ %2 5,
{1910(Ci) X 10(sec)) +  {10(shot/day) X 200(sec) X 72(day)}
0.13CIAEE (FHE © 40X40X70=1.12 X 10°m® o i ik
XhtkTrE, F)F Y ABEIFLISXI0C/m® &
b,
(b)y #R
REHOZEN L) FUa (T) BER., TOFEREICERE THIZEIER
HAEED 12000 LT THY, 2EELHEOZ FHALTHIBELZ V. LAL,
TDH) B %PKGFETH B L THREBENMERFERETRT LR ), B
BERIETE v, 1275, €BKOTHEL THEHEXBOTFREL T THE720,
X IEANOREANRLL 2 WIS BT, O LABA~FERECHER Y L w
HHFERFNHFIETEL, D EOZ &3, REROSSME & L TIHEYTH 555,
EHi, BREEFE. TOREAZEZETLIE, 2AL»0RRE (2L
W, 794FR2% 0 FEERRICL DV HER L TTRERCENT 2) #E A1 kiThid
LbhnwEsd,

S0 THFERE
HHXE  EK 2% 10°Bg/fem’(5.4 X 10"'Ci/m*)
AKEGGFIK  7X10"Bgfem’(1.9 X 10°Ci/m’)
EBIHER | TER 9 X 10'Bg/fem(2.43 X 10°Ci/m?)

AFFIR 5X10°Bgem’(1.35 X 107Ci/mY)
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