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Induced Activities of Fusion Reactor Structural Materials

Hiromasa [IDA and Yasushi SEKI

Division of Thermonuclear Fusion Research

Tokai Research Establishment, JAERI
(Received February 1, 1978)

Induced activity,biological hazard potential and decay heat

of the JAERI Demonstration Fusion Reactor (JDFR) with molybdenum

alloy as a blanket structural material and gamma-ray dose rates
in and around the reactor after shutdown are calculated. Induced
activities of other blanket materials, tantalum and tungsten used
in molybdenum alloy, other fusion-reactor structural materials
and impurities are also calculated to examine effects of the
gamma-ray dose rates in reactor design. The quantities of radio-
active wastes from JDFR and JAERI Experimental Fusion Reactor
(JXFR) are estimated.

Keywords: Fusion Reactor, Induced Activity, Structural Materials

Dose Rate, Molybdenum Alloy, Tantalum, Stainless Steel, Impurities
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Fig. 3.10 The induced activity in molybdenum blanket as function of cooling time
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B Be EoToCTIF Mo ODMPCEIZPMND DfE ( 4x10-°4Ci cc ) LALELT
BHPH#E ZHEL 2o

37:2%AL OMPOE & ICRPEIEIIER S AL TWVIIWLA, 308 (18) HEESTH I N
TEY, CCTHEFOM (3x10-*uCi cc ) BHINI,

£ ¢ DRFAEZEIC DO TCMPCEY, HABCTEND S, Table 3.2, 3 3iCRL/ABHP
EICIEAERENHDL N, =4 —OFHMITETNEEDEELTAR, CCTCODEEEMN
CiHFE XA THH Do

Table 3.2 BHP at shutdown

Blanket Ci /W BHF at shutdown
structural
System material Isotope at shutdown km® air S kW
JXFRX S.S. 5¢ Mn 46x1 02 46
*® Mn 27x10-! - 14
*8Co 1.8x10 -1 90
80 Co 4.2x10 —3 14
Total 164
JDFR Mo alloy 29 Mo L1 157
(25)

3k JAERI Experimental Fusion Reactor

Table 3.3 BHP at 100 yr.after shutdown

Blanket Ci/ W BHP at 100 yr.
structural
System material Isotope at 100 yr., km® air/ kW
JXFR S.8. 83INi L.o0x10* 5.0x 1 02
JDFR Mo alloy $3)g 8.0x 10—% 2.0x 1 0—2
#3mNp 68x 105 1.7x 102
Total 37x 102
JDFR¥ Al 2841 19x 107 Lox 102

% This is the case where Al is used in place of Mo.
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Fig. 3.11 Afterheat in the molybdenum blanket
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Fig. 4.6 Dos Rate Distribution Caused by Induced Activity of Lead
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- Table 5.1 Weights of JXFRs and JDFRs components
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t = % P % E 7
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Tk b 2 2000(8.S.) 100 ( AL)
1200 (8.8.)
i
3000 206000
(Zavsy—1)
4800 11000
[ I - 3 Va0 §.8. 4000 S.8. 95040
£ 840 £ 1600

DVIOEOCERIBMEEETH 2,

2) BRI OBAET T Ty PEROBICT 5 vy FRDRH
% ( S.8.) AHAEE (S.S.) 25Ty, RIEFORIKITF
L %3 7i28.8. TH20, LI TCHHEVWRIERLUZ 77 7
A bELtrtehT 5 vy PORICEITNATNEL, KT
FOSHEEINENEAECHD L TREBLTHS,
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Table 5 2 Specific activities of blanket, shielding and
toroidal magnet . (JXFR)
awf— Ci Ci/ec
- kL x 4 o @&
¥ b LR = -
0 |83x107 |69 ~T7.9x107* |58 My, %8 Co, 3! Cr
Tz 148 | 33x10% | 27 ~45x10*|38Co, 5 Fe, 5! Cr, 5 Mn
s b 5.8 1 & | 80x10% | 70X10- ~19X10—* |55 Fe, 54Mn,
104 | 41x10°% | 37x10-2 ~i.8><10"5 55 Fe, %% Co,
0 3x10-2~15x10-% [51Cr, %5 Fe, % Fe, *® Co ,**Mn
Ea vy 17 A 2x10~-2 ~64X10-% | Fe, 5! Cr, 58 Co
E & *®
y— 1 & Tx10-% ~1,5x10—9 [53Fe, 3*Mn
104 TX10-% ~87x10-1115%F¢
0 1x10—% ~45x10-15%(%8Co, 3 Mn
14 A 5X10-8 ~3.0x10-15|58 Cp, 3% Fe, **Mn
S8 1 1X10-% ~1.4X10-13|55Fe, 5¢Mn
NN 104 7X10-7 ~1.4%10-18|3%Fe,  80Cp
AL 0 1X10-%*~12x10-12|% Cy, 8% Cu
14 A 2x10-7 ~3.0x10-29,80Cy
= 1 £ 1X10-7 ~26x10-2%9|%0Cop
1 0 5xX10—8 ~80x10-21%0Co

2 EMEEEEGEOE

* RS H7I100MW, BEHF 0.1 7MW,/m?
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Table 53 Specific activites of blanket, shielding and
toroidal magnet . {JDFR)

3w ] Ci Ci/ce
) MoOH | SR , ¥ 4 #% B’
b 4 B AR A 5 KB
0 54x10° | 150 ~0.23 89Mo ,99MTe
73 v
14 H | 69x107 |31 ~85x10~5 | #IMNb 95N
5 b | MoB%
: 1 & | 1.7x10% | 6.8x10—2%2~15x10~8 #1MNp, %2 Nb ,93Mo ,?%Zr
{ &)
1 04 | 39x105 14x10-2 ~87x1 07 83Mo ,"2NDb
0 | 38x10° [23x10-% ~13x10-7 55Fe ,%1Cr ,58 (o ,**Mn,”" Fe
movs | 14H | 25%X10% | 16x10-2 ~6.2x10-° 55Fe ,59Cr ,58(Co,"%Fe,"*Mn
g
y—F 1 % | 1.3X10°% |84x10-%*~19x10-8 | S5Fe¢ % Mn
1 04 | 1.3x10% |81x10—-3 ~13x10-° i5Fe
0 15x10-7 ~26x10-13 | 38Co ,5%Mn
145 79%10—8 ~1.9x10-13 | 38Cqy ,53i e ,5¢Mn
5.8.
1 E 2.2x10-3 ~Lix10-1% | 55Fe ,%Mn
roAa 104 14X10=% ~11x10-1% | 55Fe ,%0Co
na Ao 0 21X10-7 ~2.4x10-1 | 84Cu %8 Cu
174 14X1071°~15x10-13 | 80 (o
R
1 4 12x10= 0~13x10-18 | 80y
1 04 3.7x1011 ~39x10-1% | ®?Co
0 1.4xX10% |47 ~34x10-2 24Na ,27Mg ,2% Al
75 v 7 a2 | 178 [37x1027 [17x10-5 ~37x10710 | #Al
o, P oj=w o4 |1 & | 37x102 17x10-3 ~37x10-1" | 294}
104 |37x10% | L7x10~3% ~37x10-1¢ 28 A1
0 1.7x10° 64 ~57x10-3 58Mp ,%8Co ,%!1Cr
v 17 B | 66x10% 129 ~36x10-3 | 58Co ,%%Fe ,% Cr,’*Mn
5.5,
P !1 A 1.6x108% 8.9 ~19x1 ¢-8 5 Fe ,% Mn
‘ 104 |82x10% |[51x10-1 ~17x10~* 55Fg ,B8Co
_'7__,,4____._,_—1

% REEH N 2000MWEE AR 12 9IMW
* 2 E MR R O
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Table 54 Total amounts of radioactive wastes . and
their specific activities at shutdown .
REBRIEF
Ci/cc [V (rPv1EFE)
o H O REKESE 14ELDOER
A I, SO
6.9 ~79x10-4 2000 200
(8.8.)
#E & &%
3x10-%~15x10-8 9000 900
(Earzy)—1+1)
8§.8. 1x10-% ~45x10—1% 4000 400
Fogd #£naqgn
& 1104 ~1,2x10—-12 840 84
EIEF
Ci/cc ko b > SEE
B o & e FREE 1ELY0HER
A I, S - .
150 ~023 4500 150
(Mo )
B OB &
23x10-3 ~1.3x10-7 20000 1000
(Eavr)—t)
5.8 1.5x10-7 ~26x10—-13 9500 480
[\ =2 B V= I O %
& 21X10-7 ~24x1 014 1600 80
77w I~
7 47 ~3.4x10-2 1200 40
(AL)
A BV }
7 64 ~5.7%10~3 3600 120
(8.8.)
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Table 55 Total amounts of radio active wastes and

their specific activities after a year of coolig

HER I
Ci/cc Fr{ 1 04E) ( P ¥/ E)
B K & ﬁE‘ REHER 1ESDOER
73 » b
7.0x10-1 ~1.9x10—-* 2000 200
(5.8.) :
#® o &
7 Xx10-3% ~15x10-"7 9000 900
(B&avsi—1)
§.8. 1 xX10-% ~1.4x10-'5 4000 400
=2 - ) = O %
o] 1 X10=-7 ~2.6x10—29 840 84
LI
Ci~ ce F(20F) v /S
B HK H & EmMER tEM D OEE
A s M
68x10-2 ~15x10-% 4500 150
(Mo ) .
B & #
B4x10=*~19%x10—8 20000 1000
(EavzU—-+t) .
§.8. 22x10-8 ~11x10-1%. 9500 480
oA #ia4
R 1.2x10-0~13x10—18 1600 80
75 V)J'.y k
1.7x10-8% ~37x10—10 1200 40
(AL
A I, k
7 ” 8.9 ~19x10-3% 3600 120
(8.8.)
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6. tr U

AWEETR V77 VA2 7507y MEEHCAVTOLSRIEF OFEKHRE » BHP -
Bl « EBANNOBRELHE L, 2 YT FVUADT 7 7 » MEEMEHTH
(AL, V, Ti)%, =V 77FvicimmInsaeEddsdy, TBEHE LTLERINLT
EMDHRERZ AN, BT RATVHLZNET Iy PEEMLUACHNS NAHE, T#
MIC DN T OBRNEELAHELFORMNICEZL 2 EBITONTRN,, £ LTEREICH N
ERGORRERZTEE L, LEOHRROBR LR/

1 ¥FFA2EMEFEREL-BOFTIHHMIL54X10°Ci ThHho, HEHHEELIOHT
COEDIVRICET D, FHL2ELEBELTHCORIVBEAEHEANL .
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65) TIEFOBIHTE, ) 7P YORMLOLERERNIMLITRBLE LD, TOHET
VeI ERECIDREIEACERINACBARLILI L, BHENORET PO A gz
U b OREERC L o TREBH, FHLEREERDSERETS BRECE,

6) HZ, REOFLEKFEIBH TREIECHRLOMBEIIZALLESEL, RV T
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BLFRIFLOFAMA TP
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BEHESRT T CANEDE TR,
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