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Shielding Design of Reactor Core Region

in Fusion Experimental Reactor
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Shielding propérties for SCM and biological shields are investigated
for ITER core structure. From these investigations, we obtained
following results.

In TFC, copper radiation damage and insulator dcse considering
safety factor 3 do not satisfy the shielding design limits in 3 MWa/m?
first wall neutron fluence. In oder to satisfy the limits, inboard
shield thickness must be added by 8 cm.

Dose rates in center solenoid coils are 2-3 orders larger than
biological design limit of 25 uSv/h at one day after shutdown.
Therefore, it is impossible for workers to access directly the coils.
While, dose rate just outside the cryostat is much smaller than the
limit. Therefore, workers can enter into the reactor room.

Two dimensional calculation can express passing neutron around the

vacant space between outboard shield and cryostat. TIwo dimensional
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calculation is indispensable to shielding investigation, when this
effect is large.

It can be seen that homogenizing voids makes shielding properties
overestimated. Support structures free from voids should be devised in
reactor core design.

In the present report, shielding properties were investigated on
reactor core structure excluded various penetrations, such as ducts and
ports, etc. The effects of these penetrations on the shielding
properties will be présented in another report.

These results cbtained can also be appliied to the domestic mext

facility of FER.

Keywords: Fusion Experimental Reactor, FER, ITER, SCM Shield,
Biclogical Shield, Copper Radiation Damage, Insulator Dose,

Dose Rate
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1. # El

19887 E D S BES Nt iTh N RS EIs (FER : Fusion Experimental Reactor) (&,
1987 FE E TOHIEMichiz>THH SN I NTOR (International Tokamak Reactor) '°
EMFTLCREITENAFERD L REBREKFIEh TV, RACHERE ., 75 XAvWEHOD
Fe s R—Z R BB B INTORBRICE IS X0z 2V F - UASHRMOHE
ELT. Alcatorf]s A3 WVIRINTOREIICESWT T 5 X+ BHEit s it L <. 19884FELL
BoRIHTH., 73 X0z A AF—FLASEEOLARE LTL €~ FILARAESWT
WE, EOHFAAICR., 2 AF—FLALEBHRFECT S AvoF LR LRPERIEEL
fos, BECTRIER S AVEBRICKELTVWE, £ T, BETHINTO RIROERIF
P IADT S ATEBROS~AEORERBRERFIET 2. TI3Xv0F o Fuly
ARARECT AR BUBEER-TET, £/, TARY FHO/NTR B, 77
PRSI eBERINT S,

19884 & & BTS2y 24 bt 6?5 SHEHMESERIFTEAFEREITER ( International
Thermonuclear Experimental Reactor ) R, EH L7 9 XvDF— 7 ~—2 &0 T, WTL
THED LN BE-Ty INTORBROBMEFOMEZHITPSRLHE FEREITER
L HEOZ VIREE - B ER -T2, BREFORF BV T, FEFOKES
FEBOIX MABIRECELGTARE T A —FTHd, COLHIRFEEOTHELKES
WA vy b A2BIZRATER. 4 vE— FHOEREOEETEH B, —F . FICERETRIS
SERIE. ERBTECEEoRE VNI A—s L TR, 4 v F— FOERABEATEL | F
KHEBE A VB L TREREELEZ L5 A -2 L0 Ah 5, Eit, B—BH
ﬁ%ﬁﬁﬁMh%v&mmaoFER&ITERTm%w%¢ﬁ¥ﬁﬁgﬁxfzﬁum@§
WEH-TWVWE, OB . MARTORBTRE-—BOHTRFOLZEZZEE T LI LIC
NHWeHRABTE 20 I, $7/2. R, BAlAF ORIt e D 2Tt WiE— %$ﬁ%
BEPEHT AN GSHECERT AL B -EodlFTRAMET I MW, of & L TRFT
i, BEASBEEINL LD H-RBOETHEESES T 2ERAELEST LV EER
BEHEEL ENTES, |

PEoBdse ., AR, BESEBFOBERFHORMNZEHMNELTVEOT, FHiZiT
FERELITERERETACERILABWT., BEAVBHBICEANLZFTEZEAT Ln%WﬂA
EBRFELTRNEZED S, COLHHEHAM S, 198BF ORI TR . RETHSHBC %
bﬂtlTER%%%&LT\%—E¢ﬁ?ﬁﬁ%lMW/mTﬂﬁL\%@ﬁ%ﬁ%ﬁwf
WmT B NP FEAMEMAF I TERRZ, fIELAidC1 988F0 03 FOTETHE
B THEDSNSHW, 1989 FD8HLUBRR TS XvDREZIZZFL DT A — 58
EEINK -7, 1988FOHMAEBRHOITERPR., 198 9FEQCITERER
ZPRNB, AL E— FTRITOWMBELTWIEMESERFZ. 198 8FICHaRitah
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#ITERT® D, LUIF.ALHE—b+Tld, CO1988FLHEFFE&NALITERZHE
ITER&EFRET o

AR OBNIT. BRAEBF, S 20FLHIC O W THEBE Y 7/ % v M iIXT DN
LR EFBOERERSEETMT AL THSE, JIT, RENRELTHFLE L LTR
FLTWBHEMIE . ROFEEEIET. b, AvE— b TR FLBEVISESERT 2 &
AR BREASFIREC DS PR E— rEOEREEEH D, ChS0EBRERWAH
GEHET T AL E— TR, CHSOEERERVALFLOMEZRIMEL LTS,
IHALENTOERERC VTR BERDALE-PEBWTRBTETETH 5,
WoETIH. HEOWRE LARBRRMSERFOMEL . BEE~ 7 % v M 5B
B SRR R VTR~ S, 3 EICiE ., Rk & ERAERC>WT1 R
HETF VL VRYLEBREEZRND ., | KTiBEERC X3P LHOEMMSETHESR 4
o, 2T EERICEAFOHOERBYTFHEEEL TICALT. CNSD2DDETR.
BRAFEOEE D OERR ST PSR OERSE O ERRELFASERIN. 1. 2K5T
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2.1 EBFOHE

ArF— b CERBEFEOMNRE LAKMEERIFI TERY X, #1HO6EMIEPhysics
phase LMEEN, KBTI X2 FEE LAEE, EKET I X8RP SEKE-ZEKE
TR 2OEEANEEUFEENRL T VE, COTV = A XOFEKE-ZERARERICBT2E
—BPETEEHRFEEI . OMW, ol T, F—Bd#EFryrx 2130, 02MWa /ol &
Wo It LT Physics phase O 7% 6 & { Technology phase TR . 1. 3 MW
S DE-BTEFAN T, BB F I XM I MWa ol COEESTEINT
B EBRTELLTRIMWa, ohlEF 70 Y ARMWMA 25%EHE T 5 S EBERE N
TW3,

¥ /- . Physics phase & Technology phase Tik. 79 X< E¥E, BI¥R., BREHAR
B, LN omsi3 A —7%?ab1e 2.1 iZ7~"F o Physiecs phase & Technology phase @R o A

Table 2.1 Principal values of ITER.

Phase Technology phase | Physics phase |

Parameters Basic oper. . Extented oper.
Plasma current le 18 MA 22 MA ; 25 MA
Major radius R 5.5 m 5.8 m 5.8 m
Minor radius a 1.8 m 2.2 m ., 2. 25Bm
Torcidal field on axis By 5.3 T ~5 T \ ~5 T
Elongation X 2 1. 88 roo2
Safety factor a¢ 3 3 2.7
Fusion power Py 1000 MW 1000 MW 11000 MW
Neutron wall lcading Pn 1.3 M/nof 1. 05M§/of : 1. 0 MW/ nf

S VW % Fig. 2.1 {C7R'T o Physics phase ORI, 73 A v EEREEHEEEZRE (ED .
FOTIXZIC22MADKRERBRERTETH B, ChiextL T, Technology phase

TR EEES . BEEMER Physics phases A E LTEY . £ OoNALCAIB) BRIk % 3T
AT Lo Eicky Physics phasek DI NERFHBRVEIFEBEO T X=2ERkT A LI
BoTWa,

EFGEROENE ., 1o, BB ~74% .y bERdiEF A r~BoBR-LGHSL Z &

..._3_
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<. BlERR, TR VB Lb 772 PHROERBREEES Y., BEERORE
EEFMTAIETHY  BEMMTHHAPBLEERM O v v 2 v— 5 OMEHRIBE & EE
$5 L Ths, N, BEHRLERHR»LELIETHE, b5—2i . ARZEHEHESL
LEBLIETHD.

TERVIC ., BBEY 7% v T 3 EREAH BEE ETabled 2V KR T RAHRAM L
LT . Technology phasedSZ0kWELTF & Physics phase DSOKWLELF & D/h& WD id, Technology
phaseCit . ERM AV XOBBEIEEATFELTVWENSTH D, 41 ¥ ab— 7 ORINHEER
EFGEFo7 4 v X WOBREBEECS c0RI. D - TRERMOLRMICEALT
WK+ 28 TH B, Physics phase TR FHEF 70 x ¥ 2H0.02MWa /mE/phE0icsd .
INMSD3>OBIRMEELIRZIIFERECEESH L, CHIEX LT, Technology phaseTIH .
b F7 1z vy2ELTIMWa, /nfE CHZZEGTHBERINTVEDOT, CHS5D3 2D
BIGERSET LEEURME S A -5 L b,

Table 2.2 TFC design criteria and design range.

items criteria design range
winding peak nuclear heat (m¥/cni) 1 1 -5
total nuclear heat
physics phase (kW) - < 50
technology phase (kW) 20 < 20
insulator dose (rad) 2% 10 2x108-5x 109
fast neutron fluence (n/cnf) 1x 1019 ¢ 1x1019
copper dpa (dpa) 5x 1671 ¥ | ¢ 1x1073
{copper Tesistiviy) {Q-m) gx 10 10% -

¥ Copper dpa is permitted up tc 9x 107% dpa, if copper is
annealed at the resistivity to reach 9x1671° Q-nm.

wic, 2EHEOEBERSVTRND  EEEFETTOBANEAS & LT Einrfic 3fF
FPUCERBRASHBOWIEZAMEELTED ( FE~OUBADEED DR, FELERI
Hbz2W1EMEBELTVWS, 0Ly, FEEROFEOHEBES 1 B3 1 AR
OEEET25 2 Sv, h (2. 5mren/h) AT &G 3 &, AEERFRFTCERENS, -
T, BETOFZEOHERO PR L T . £FRGEFRETOIEP o RBFIERIBE W, L
L., EBRTOFZOBEBRIE, PS5 XA vhoEAEGRTALTRABLAATEFRIZL-T
REROT. BEEDTOFEOHBESEVI LR . R LAPRTRFENEEYDH ETEF
EREEMEREIET &R FRELIBOFENORBELZHARITEERENTL, O
Dieh, FELBOFZORBREFUHEHEEUT LTI LV HIEED» S | BT oFEEED
LFEEHS LHIBENRS,
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BEoFoRte 0T, TEBEORESREBO R MERORESART HEE S £
— 4 THD. FEBRILAESBA v ' 2FZ23FFR, A vEF— FHOEREOEESTH 5 .
FDpH, COBETIR, 4 vy F— FIROEREC DOV TEIRUVERBE{LLLBED 1 v
— FERRSEOLL. BB, hu%ﬁwvﬁxzbkﬂ?%ﬁm%ﬁ%&@%%éﬁ wE 5o

3.1 BRIAFELAEETNV

COEORM . RICBRAEIICA vE-FOESRUCEBRE b af S ve 2%y bickd
T AHEMAHREOBEEZESHIIL, 41 v F— M OEREOIER/NELETT I ETEH
o WMEFHELLTR . BRSEBFORERDOS ¥ ¥ — FHos0 1 WxAEEFL2H
Thas =y iy Micd 28R AHGEL . EERUEREOBMEEZERTZ. T O
T, E2—- FELTHR IRTHZI—F ANISNY | A#HL., BEHE2. +rGI1CX
40P 2FR L, COBMERIT. PEF4 2BV v v B2 1 AL LARE_TE D,
Fi  BEEHY, FORENMEEOLY s v FAUEBOA —512P 5  ZEOEESEO 4 —
SIS 8EHV, ANISNIIDHELATHTES A vy vHBE, Tnor2HOWTERY
IERAESOHERUVNEETICRAPPLEZ — FORERAL:,

STEOHRELAFRO L2, TNenE X oEREETRIC 2D ¥, 4 FBEBAFS S &
Hﬁ)>”ﬁ5?2ﬁ@®ssmﬁ&m%ﬁ—ﬁ;4¢5%?w& b5 12, TlenB &
ERA DT RICHRE S N BIER AR CIEENERBEORVWHE L S h TV A HEH O
Bz e LT, mﬁﬁH&Lf%§ BUIBHME RS — T 243 B5EFNVTHB, ThEho
1R F—5 ZAEF I %EFig. 3.1, Fig. 3. 2ic7RY o

(R, I TER®DPhysics phase MU F E R &Technology phase®@ A v — FEEFEL T,
ERE2EOES L eSS xy PO 2 ERBEOMBEETMET b DEF L%
FNZENFig 3.3, Fig. 3. 4Rt TNENOE/MA v v a¥iz. 103.107TH53, =
BFALAYEEZEER L O IBEORFHEER.GICX4 0 DB EHEy P2 ~—2
E LT, Tabled. IO X HILii B, Tabled. ICHR L AME O THEE MK E KT 3 &
Table3. 20 & HITH 3 4

LRILP—FREFVIEBIT BT S Xvh50PETHEERL,. XL 3 cBR LTS5,
F—BROFHTHFEMEIMW, &t ds, 73 X2 SAMEDTHTET L.

i = 1 MW/ nf = 17 P 13 :

THEALNE ., HEEFMCBE BT I LB O o4 v E— FEOE T COEN CER)
Zald b, fa EAVT,. BE1 cmOPAREF VOB THEEFS R, UToRcs
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serape-off(15.0)
: 0.0
graphite  (2.0)
2.0
S S x¥%,

120(100-x)% (30)
—_— 32.90
void (2.0)
— 34,0

S S y% '
N20(100-y)% (36)
— 10.0
void (6.0)
— 750
le can  (2.0)
— 18.0
Epoxy (2.0)
—— §06.0
SCM winding (42)
— 122.0
Epoxy (2.0)
— 124.0
He can  (26.0)
— 150.0

Fig. 3.1 One dimensional poloidal

model for S§S volume
fraction survey.
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scrape-off (15.0)

0.0
graphite (2.0)
2.0
S S 95%
120 5%  (30.0)
: 32.0
void (2.0)
34.0
S S 70%
Ha0Q 30% (36.0)
70.0
W, BaC, lead (z cm)
10.0+2
void (6.0)
76.0+z
lle can (2.0)
78.0+2
Epox (2.0)
80.0+z
SCM winding (42.0)
— 122.0+z
Epoxy (2.0)
—— 124,04z
le can (26.0)
150.0+z

Fig. 3.2 One dimensional poloidal

model for additional

shielding material survey.
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scrape-off (15.0)

0.0 0.0
graphite (2.0) graphite (2.0)
2: 0 2.0
S.S 90% blanket vessel (l.35)
120 16% (l1.0) 3.9

13.0 Be, Li20,S S, H20=47.25%
void (2.0) ,15.75%, 9%, 9% (19.5)
15.0 230
S S 95% H20 5%(15) void (2.0)
30.0 25.0

S'S 70% HoO 30%(13) S S 95% 120 5% (15.0)
43.0 40.0
S S 70% H20 30%(30) S S T0% 20 30% (13)
73.0 53.0

void (6.0) void (2.0)
79.0 55. 0
lle can (2.0) S S T0% 120 30% (30)
8§1.0 850

Epoxy (2.0) void (6.0)
83.0 91.0

SCM winding (42.0) Ile can (2'0)
125.0 | 93.0
Epoxy (2.0) Epoxy (2.0)
127.0 95.0
lle can (26.0) SCM winding (42.0)
153.0 137.0
- Epoxy (2.0)

139.0
lle can {(26)

165.0

Fig. 3.3 One dimensional poloidal Fig. 3.4 One dimensional poleoidal

model for shield thickness
survey in technolegy phase,

model for shield thickness
survey in physics phase.
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Table 3.1 Atomic number densities composing materials used
in calculations.

No Material Element Number Dencity
1 Plasma 241~2 2H> 6 7~7 2 1. 000 * 1 0-1°
C 13~18 0. 0 *10°

Mo 37~42 1. 255 #1083

2 3163%US 247~2 Cr- 43~48 1. 575 *1 02
Ni 48~54 9, 8438 *1 03

Fe EE~B0 5. 909 *10°%

3 H:0 253~2 H 6§ 1~68 6. 686 * 1 Q"2
O 19~24 3, 343 *1 02

4 | Air 259~2 N 91~8686 4. 220 %x10-°°
O 19~24 1. 1790 *10°%

514 1 ~ 8 5. 118 *1 073

5 | Natural Liz20 265~2 TLi 7 ~12 6. 385 * 1 0°¢
0 19~24 3. 4484 %1073

. SLi 1 ~ 6 2. 069 *107°

6 |Li20(°Li 30%) 27 1~2 TLi 7 ~12 4. 828 *x107°
s 19~24 3. 4484 %1072

7 Be 277~2 “Be 79~84 1. 236 *10°!
18 g 85~90 2. 196 ® 1 Q"¢

8 B.C 283~2 '"B 163~1681[8. 784 ® 1072
C 13~18 2. 745 * 1072

9 Pb 289~2 Pb 115~12014§3. 296 *1 0%
10 | Cu 295~3 Cu 109~114;:8. 464 ® 1072
11 |Vacume 301~3 Air 258~264 1. 000 *10°°
c 13~18 4. 478 * 1072

1 2 | EPOXY(CieHze02) 30 7~3 H 61~66 4, 976 * 1072
o] 19~24 7. 464 *1 Q7%

182y 3 93~188 1. 7260 * 1 08

13 |W 313~3 183y 1690~204 (9. 254 #1078
184w 205~210 |1, 976 ® 1 02

BBy 211~216 1. 821 %1072

14| C 319~3 C 13~18 8., 023 * 1072
15 | He () 325~3 1He 25~30 2. 6888 %1058
16 | He (i) 331~3 ‘He 25~30 1. 8963 %x10-¢
17| Al 337~3 Al 97~102 (6. 0017 1072
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Table 3.1 (Centinued)
Nz 175~180 (6. 9365 * 104
"Fe 55~60 6. 687 * 1 0-4
0 19~24 4. 123 * 1 0%
1 8 | Concrete 343~348 C 13~18 3, 004 *=10"4
(p=2.2tg/cm®) H £ 1~866 6. 364 #® 1073
Si 229~23411. 680 *x1(0"°2
K 151~158|2. 734 % 1074
Ca 157~16213. 301 * 1 Q"3
iFe iCi2 6. 08 2%1075 OMp 2 ¥4,
Table 3.2 Material wvelume fractions in variocus =zones.
N o H OE M & Material g b5
Be 277~28210. 4725
LizO(®Li30%)271~276 (0. 15765
1 Blanket :349~354 |8SUS 247~2852 0. 05 :
Hz0 253~288[0. 05
He (&) 325~330|0. 1
2 | SUS:Hz0-0.95:0.05 355~360 {5US 247~252 |0. 95
H20 2538~258 0. 05
3 | SUS:He0=0.90:0.10 381~366 |SUS 247~252 0. 9
H:0 253~258|0. 1
4 | SUS:H20=0.70:0.3C 367~372|SUS 247~252|0. 7
H:0 253~25810. 3
5 He—c an 373~8378|8SUS 247~252|0. 86
SUS 247~252{0. 33
6 S CMEEH 379~384 |Cu 295~3001(0. 34
He () 331~336[|0. 23
EPOXY 307~312|0. 1
SUS 247~252|0. 335
T & ey v 1y 385~390 | Cu 295~300|0. 855
He (i) 331~3361|0. 310
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HOELERNT 2. itEEE» S 2o0HBEAK AL HOS SOERIFRE
HAldc . #ERICiEPig. 2. 2ITR Lo RS O R B e i g AR R - 7205 7 & Fig. 8.8
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BaEOY— I BRAETH S, Fig . 0LERROBRANRBRBL I A SV F v PO
LT RIRRABOE -EIRTAEEE LMW,/ d& LABEOETE S, Chick
LT A vvab—y ORGE ., HOMSHERIESPEEIEF 7 v v 21, B-BP#EF
0T vZELT]I TER®Technology phase®H 4 FIET&H 2 3MWa,/ of 28K LEED
HEETCH D, ,

Fig. 3.5 mofEakdic, SMWa /Mo T 74z y AOBEICT0 c mDEREEST
A vyalb— ORI IHTBEEEZEE LBV EPRINT VS RiT . SO
EHSIRE R L ¢ . BABRARE , 2ERBOIET. SEIHF 7 v v A RE OHRITEEE
AEERLBWAS A~ THEIEHES, LEL, JORR. AR, COX D KHETEHEE
KT 2L S DIEFEARART 5 BO 6D THIEC , FaAd Fuv s %y bICHT 58k
o — st E525S SOHRERDZ2LHDOLDTH S, COLIBHA» S IOHZ
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EREOA—Fi3S8THd, ANISNRIVIHELATHTEHES Y v oHlil. ThotH
WTHHY ARRARSOHERUHERRICHAPPLE2— FOREA LI,
HEowg s LiERE2ryr—2dn ., FRFN. 1 TE R®DPhysies phase & Technology
phaseTH %o, CHHLED UKL P —F AEFAEZTNENFig 4. 1, Fig 4. 2ILRd . £NEN
OEMA v vaBid. 204,217 THB, CHNOEDEFATE .. F— 5 28D S EFERK
EHENFIIAARS » PETEFEOHREL TS, FEICHEHLAEEEBRL TV S
HEBORTHEERI. GICX4 00Ty b2 x—2E LT, E3ETRLMTable 3.
1AW 3 5 Table 5. ICHERR L 7= ¥ & I\ THERE L 72 RIS O MIAR & Table 3. 2% 5 4
IRFTGFP—FREFNVLBIF L7 5 Xvbo0dErFaaZEid, LTok>e512,
BOVPHEMFEAE LMW, fédds, 75X ehoAHEEORHFRT .

_ 1 MW/ nf _ 17, e 13 e
fn T4 06¥eV X 16X 102 4.445x 100 i s = 4.445x 1017 nfenfs . (4 1)

THIoNB, P—FAEFADA4 v E—FHOE—-B, 79 FF— FloE—-BEozhih
BERTHIB M-I RXREFVOPHEFREES i . ROKTHAL NS,

Sn = Zn (Rin + Rout) fa . {4.2)

Physics phase . Technology phaseFNFMNOR 4. Rowtld B TO L H»RHERTH S,

Physics phase Rin = 345cm,.
Rouf_ == 8 i 5 cm.
Technology phase Rip = 355c¢cm.
Rout = 7 4 0 cm,

ChRLERHWE S, FNFND phase O TEHRES RO L3 05,

Physics phase . Sn 3.240x 10Y7 n7s.
Technology phase S, = 3.058x10'7 n s,
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W OBORREAER sw/end. 10§/ en’TH B
DIFostBEREMLL A v F— FHOEEBE -/ 2 PR3 2 ERBHEUT 7S A4 27
v FAAOEETOBEREZLI TMTable 4.1 icx &3,

Table 4.1 ID-calculated shield property results during operation.

items Technology phase
Physies phase
(Design range) inboard blanket non inboard blanket

st wall neutron
fluence 0:02 MWY/m?2 3 MWY/m?

Peak nuclear heatig
rate in SCM_winding 0.636 mW/cm? 0.56% mW/cm> 0.142 wW/cm?

1-5 m¥/cm?)

TCF total nuclear
heatin 9.1 kW 8.0 KW 2.1 kW

(P.= 50 / T.= 20 kW)
SCM copper dpa

{1x10"° dpa) 5.2x 1076 dpa 7.02% 1074 dpa 1.66x 107 dpa
[nsulator doss 0.189 MGy 25.5 MG 6. 17 ng
(50MGy <5x10%rad> ) | (1.89x 10 rad) (2.55%x 107 rad) ( 6.17x10° rad )
Fast neurtron . . 17 , 17 \
fluence, £.56%10'° n/enf | 6.29% 10 n/enf | 1.46x 101 n/cm
(1x10'"n/cnt)

Biclogical dose
( 2hpuSv/h
< 2.5 mrem/kh > ) | 5x10%xSv/h 15 uzSv/h
inside cryostat (5x 103nren/h) ( 1.5 mrem
outside 55X 10734 Sv/h 2X 1078 uSv/h
cryostat (5% 10 *mrem/h) ( 2x1077 mrem/h )

COROPT, bafFrerzy FOLERBE, ROLSBAHAETRDLIZEDTH S,
1 RTEHEOBRELT A VE-FD A 502032 PO T4 VERD OESEE.
Hig, a4 VERZ2EVESl cmO F—F+ YROSERBELW, cmOBENTESNS,
COEICA v F— FHOBICHYT ER2FSFR2 itk T A vFE—Fo et 50
%y P ORERASEONL, TY MR- FD oS STk POBRBGE, BT Y
P — FERGSESENLOERAT A ENTELIOT A vF - FO P s R
v POBRBB IR A S22 PORERREERT LB TES, ERE, 1 v F—
FEHOE-BIEELIF-TEY . TOHREEET L LERGOESRESHRIT (Z#HA
)y TERD ., FEEETRLEL . REE,»SHNEIHE-TELB-TWVWE, JDL3 I
ZEAPORZONHEERT 2L £FERETdle 4 IOEL DR L/2EBERPERS
bDEHEFEINS,
AFERRFREMEFVESDOWTE B FEEE I, & LTHELALEDTH S i
BEHOEEOWFREEEEZ IM, /M&EN 203 F—F2F0LH DT EE 0. 665MY,f &
LR TH B, Technology phase DB FREEH TH A 1.3/ nficfcnd 54 v — FI
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L7y b — FEROE-BOBRERBIL. 8w/end, 10w/cn®%1.3,70.665=1. 96F+HIEHS
N, Mb. fvFE—F@E7y b E— FEOE -BOBERBETL ., TNENIL Tv en®RT
19. 6% ecm®& 78 B o 7% . Physics phaseT R FRESE L OM¥/nf XD T, 1.0,70. 665=
LSELT 4 vE—FBETY b E— FHOBE—BORREHRER, FREFNIL 0w en’RY
15. 0w, en3& 75 5%

4. 3 FELEOERSETTME

FELROFEREEETEL., TOEE N v v B RELTHV yvHEZRD ., BT v~
W B RAHET AN —F 4 Y AEFig 4 IR T o COYRAFLARTHIDA-27 27 A
EWFEND, COVRFATR, EzHopEFRESANE, ACT4a—-Fitk-T. F
WEE SN D THEOEIZ vy — v iCfEn, FEEZROZEBROEM L L THERHNESE
BHLY vy vHEBERESHET S, COBEHIZR .. ME{LMER., FEF7 - - vERT v v
4=V FEhOEEFIATS5 Y-y PCHAINLIBEAWS, /2. ACT4THExN
fe Al VBRI BEESIC LT ANISNY . DOT3. 6¥53VWHMORSEY 0N v
ﬁ%%ﬁﬁﬂ—F%mUTﬁ77ﬁiﬁﬁ%ﬁﬁb\APPLE~23_F%ﬁMTﬁ§$%
Bt 5,

Physics phase. Technology phase®@EF 7 Az v 2 E LT, #NFND Y = — X THRA
ZNT A0, 02MFa/nf . 3MWa/f A2 RELRE Ui, FELEZ I HEBLARKRADH ¥ K
SFiEFig 4. 12, Fig. 4. 13T T MAOH—BRIcBiIF a7 v vRHEELET 5 &, #BEHIE
HEODH20{ERE WV, ECAN, INVIVATRBERMFEOCLIS 0ETHE, COLIIC
TALZREPILBVOR ., RO LS REBI L S0 3Ma/ D7 VT Rz & - THEAME
En3BerR., IW/ dohitFREN T3 FodRlMic L 2F R ttansoT, 35
EHNTHEMEVWESRHOEBRERIRELTLEL, 7 vy ABIREBEALEV, £
Fgh%l DOBETRCNS ORBINEILRBOBBIC X »TH v v BRBESLELS 1
B, Lok BEBHICK S Fig 4. 14, Fig 4. 151CRTH v <M EH | Fig 4. 16, Fig. 4.
1TERT HEROXH bEMOBRIZRT . ¥ v vHEERERI | Technology phase TR 72 b
*— FROERESEFECLD I 544X 5 » POHEMTH25£Sv/h (2. 5nren/n: ERRRET
HAEE) L0 bFEO/PEVREEE>TWVWS,

H—REXRTD SEESHLOFREREHES T EFig 4. 18ICRT o CORREA Y F— FRRET Y
P~ FROBREEHOBRAC BT 2BEFES L0 0FEHMHEOHBHEREER THINE
LtmbDTHbo MPTDA-+BRUA->B->Clid. Physics Phase DZh N4 ¥ K- FRU
7o b F— FERENOFERSFESATERLTVWS, $4. D> E>FRUD—>E—~G—H
it . Technology Phase D F N FHA vE—FEUF 7Y P #—FEREHNOFENFESFTETR
LTW3, 2V YA TREBEHEIFFOL S OFREVY ., FEILE ] HOBREOFEENHEE
OFEOHEH2 0 ERETFTHEE-TWAI ENbh S, ChRBIMRLAEEE T - 1K<
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Coupled 42-Group Neutron
and 21-Group Gamma-Ray
Cross Section Set.{GICX40)

Y

Neutron Transport Calec.
(ANISN,DOT3.5,MORSE)

L 2 )
/// Neutron Flux
Distribution
Activation Cross
Section, Decay L
—— Chain Data, Induced Activation Cale.
Delayed GCamma-Ray (ACT4)
Yield

¥

//VDelayed Gamma SOURCE //

Decay Heat,
Delayed Gamma
SOURCE

Y

Gamma-—~Ray - Gamma-Ray Transport
Cross Section Calculation
(GROUPIN) (ANISN,DCT3.5,MORSE)

M

//&amma—Ray Flux Distribution_//

Y

L -

Flux to Dose Shutdown Dose Calculation
Conversion and Plotting (APPLE-2)
Factor .
Library file Dose Distribution and
Graphic Display Gamma-Ray Spectra Plot
(AMOEBA) /\_/

Library file
Graphic Display

Fig. 4.11 Calculation flow chart for THIDA-Z system.
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Table 4.2 3Biological dose rate distributions along non TFC line
on mid-plane. [uSv/h(mrem/h)]

center first wall | inside outside
solenoid cryostat eryostat
Technolo hase
vty P 2% 1 8. 6x 1010 3.0% 102 3. 0% 1979
at fu11 blanket (2% 1 ) (8.6 109 | (3.0x1073) | (3.0x10° %)
one
d T hl has
attor | PSuithomt PMRC | px 102 1.7x 1010 | 5.0x1072 3.0% 102
shut- 1nboard blanket | (5x101) (3.6 1019 { (3.0x1073) | (3.0x 10719
M| physies ph 4x10% 4.4% 103 2.0% 107 5.0x107%
S1¢CS as¢e . . .
ysies p (41X 10%) Aaxiesy | Goxio-h |G ox1077)
Technology phase
with 1.5x10§ 8. 2x 101° 2.5% 102 1.1><10‘9O
at full blanket (1.5%102) | (8. 2x10%9) [(2.5x1073) | (1.1x107'%)
one
week | Technology phase
after without 4% 107 LIx1032 1 29X 1072 111077,
sgut— inboard blanket | (4x10%) (1.7x10%%) | (2.5x1079) (1. 1x107'%)
own
Physics phase 72x 101 7.8% 109 1.1x 109 1.0x 1077
(2x10%) (2.8x10% | (.1x10-h | (1.ox107%)
Table 4.3 Decay heat rate distfibutions along non TFC line
on mid-plane. [w/cm?]
inboard Outboard
first | shield * | SCM first | shield®™ | SCM
wall | boundary winding wall boundary | winding
Technology
phase w%th 0.11 0.08 2% 1075 0.1 [3x107% |5x10718
at | full blanket
325 Technolog
after | phase wifhout 0. 26 0.07 4x107% 0.1 |3x107% |5x10"18

shut | inboard blanket
down
Physics phase | 0.008 0.003 1.5x107% |0.008 |6x107¢ |1x10-12

Technolog

hase wit 0.10 0.08 1.5% 1075 6.1 3x 107¢ | 3x1071%
.at ull blanket
one
week Technologﬁ
after| phase without 0.25 0.07 3x 1078 0.1 l3xi07% |3xi0p718
ShUt inboard blanket
OwWn

Physics phase | 0.005 0.02 7% 1077 0.005 |23x10°¢ |2x10°7'3

m from torus center.

% [nboard shield boundary means at a peint K = 330¢
9cm from torus center.

30
#% Qutboard shield bcundary means at a point R = 82
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Table 5.1 Material volume fractions in various zones.
N o Bmos Mg Material
SUS 165~168
19 | & a8 v} 148 233~23 Cu 197~200
He (%) 221~22
20 |He—can 237~24 SUS 1665~18
SUS 165~1686
2 1 ¢ EPOXY, SCM #f 241~24 Cu 187~20
He (#) 221~22
EPOXY 205~20
SUS 165~16
2 2 | SUS:H20=0.5689:0.2867
245~24 Ha20C 169~17
SUS 165~1686
23 ! SUS:H20=0.838:0.044
249~25 HoO 169~17
Be 185~18
Liz0 181~18:
24 Blanket (®Li 30% B
SUS 165~16
258~25 H:0 166~17
He {Z 217~22
sSUS 165~15
25 |88, F©¥37r4F 2BT~26 Hz0 169~17
Graphite{(C) 213~21
SUS : Ho0=0. : 0. 1 SUS 165~16
26
261~26 H:0 169~17
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Table 5.1 {(Continued)

Graphite(C) 213~216 |0, 213

Mo 25 ~ 8 | 1.345%1073%
27 | FA4=F 265~2638

Cu 197~200100. 4268

H:0 169~172|0. 340

Graphite(C) 213~216 |0, 445

SUS 1656~168 |0. 233
28 |Shell 260~272

H:0 169~17210. 1

Fli=whA 225~228]0. 222

1 0.

2 g/lce

*) Mo

g5.

9 4

£6. 022%10%3%10724% 0,

021 (W#EY=1.

34451073
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ST EfEIL . Physics phase &Technology phase™T . ZnZF10. 06nK/en R T80, 020K/ en>T
% Ndesign range® ROMEL TV B T Technology phaseic B 2 DGR E . 1
Vs L— 2 BN EIL . design rangek U 1,50 LINEVWHER > TWVE . L DEE
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Table 5.2 2D-calculated shield property results in poloidal cross
section including TFC during operation.

item Design range | Physics phase . Technology
(with inboard blanket)

Peak nuclear heating

rate in winding | 1-3 m¥/em> 0.657 mW/cn® 0.644 mW/cn®
Total nuclearing 50 kW 6.4 kW 7.5 kW
Copper dpa 1% 197%dpa 6. 1% 107 ®dpa §.9%107% dpa
Insulator dose SUMGS 0. 16MGy 26 ng
(5% 107rad) (1.8x107rad) (2.6x107%rad)

Fast neutron fluence 1% 101%n/cn? §.2% 10150/ /cn? 9.2x 10 7n/cm?

— — - = — - duct shield thickness = T0 em - - -
Peak nuclear heating

rate in winding 1-5 m¥/em® 0.05Tn¥//en® 0.020mW/en
Copper dpa 1x 10" 3dpa 5% 10" "dpa 2% 10" %dpa
Insulator dose 50M§y 0. OlTng g, QSMGg
{5x 107rad) (1.7%10°rad) (9.8x 10 rad)
Fast neutron fluence | 1x10%%n/cm? 1%x10%%n/cn? 1% 10 7n/en?
Inside cryostat
TFC surface TX 103 u Sv/h 5x 108 Sv/h
7__9@_191@;21_:31}? ______ (7> 10 aren/h) (5% 107mrem/h}
TFC surface ~10% 1 Sv/h ~108 Sv/n
just above divertor 25 12 Sv/h (~10"mrem/h) (~10'mrem/h)
— " (2. 5mrem/h)
Out51dedc{yostat 5 I : Sy/
on midplane JINY n h
_________________________ (Qxﬂfg'?rgrem/it}) (5% ID"Ymrem/h)
just above divertor ~ 1024 Sv/h ~ 1024 Sv/h
(~10 mren/h) {~10!mrem/h)
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Table 5.3 leE & ¥ 3,

hﬂﬁzﬂ®f75—7Vl4F34w%®ﬁ§$d\ﬁ%¢%1E&ﬁlﬁﬁ@ﬁﬁmb
WT . Physics phase TIXEXETEEHE(E25 12 Sv/h (2. Smren/h) £ 1) % 1 HHRE R & < .Technology
PM%TH\3ﬁkgmitﬁ%50C®ﬁm\m%ﬁéﬂt4V$—Fﬁﬁ¢\55u@4y
ﬁ—F%QFD4§W7V$vPb%%&f%ﬁyvﬁmiéﬁﬁ$&mﬁgb§\Q@ﬁﬁ
$ﬁﬂV?"VV/4P34wE%ﬁM%wént:&m;%ﬁyvﬁﬁﬁzgmﬁggbf
WD BT ABSIEE L TEEEET AL TESON, BRI L L TR, Physics
DM%EE@7w171$TT%5C&ﬂ%%O

cw%@ﬁa%xzﬁvbmﬂwﬁﬁ@®ﬁ§$m\@E$@ﬁ%$&ﬁﬁﬁﬁmme\7
oA FEO R4 SN TRy FOBOTRE A FVEFVOHEERD OFHE Lo
o N E FEOEREL 7 544 RSy P EOMOEMOBRRER ., TY b F— FOERE
Bk o PHSNAHREL) bREMEEN TV T T, LB, BHERS7 1ELS
Lfﬁﬁﬂgé%%ﬁbtéfhﬁ\Tﬁbﬁ—ﬁ%@ﬁﬁ%&ﬁi{ﬁzyv}&@%@g
Mot Table 5.3 KICEQTVAELD b, 3~4 Hh&(RaiReFTchs. #01
QKH»TWF£—F%®ﬁﬁ¢&7§4ﬁ29vF&@ﬁ@%@@ﬁ%%ﬁ\ﬂﬂ%ﬁﬁﬁ
%22 Snren/h BERABZbOETFHETHI LB TED,

$1 FA T s WEDI 544 RS PRAORBRIIBL TR, LHEFVOREX

Table 5.3 Dose rate distributions along non TFC line poloidal
cross section. L[uSv/h(mrem/h).

center first inside cryostat outside cryostat
item
solenoid wall just above just sabove
divertor midplane | diverter midplane
at one day

after shutdown

3% 102 5x 109 ~10°3 3% 104 ~10"1 5x 1073
Physics phase | ( 30 ) | (5x10%) (~102) (3% 10%) (~1072) (5x107%)

Technology 1194 Tx 1010 | ~10¢ 3% 10% ~107% 3x1073
phase with (1x103) | (1% 10%) | (~10%)  (3x10%) (~107%) (3x107%
full blanket

at one week
after shutdown

| o1x 102 2% 109 ~102 103 ~1071 TX 1078
Physics phase | (1x10) | (2x10%) (~101) (6% 102) (~1072) (1x1077)

Technology 1% 10% 1% 101° ] ~10¢ 3% 10° ~10"¢ 5x107°
phase with (1% 10%) | (1x109) | {~10%) {(3x10%) (~107%) (5x 1077}
full blanket
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Table 5.4 Comparison of 2-dimensional with I-dimensiconal results
in technology phase. (total fluence = 3 MWa/m?)
jtems design range 2-D results 1-D results
During operation
TFC nuclear propertiss
Nuclear heating rate 1—5 mW/em3 0.644 mW/cm3 0.569 m¥/cm®
Total nuciear heat b 0 kW 7.5 k¥ 8.0 k¥
Insulator dose 5% 109 rad 92.6%x 109 rad 6% 109 rad
Fast neutron fluence 1% 101%n/en2s | 9.2% 1017n/en?s | 6. 3% 1017n/cn?s
Copper dpa 1x 1073 dpa 8.9% 1074 dpa 0% 107% dpa
Biological dose rates
Outside cryostat 2. 5mren/h 9% 10" nren/h 2% 10" "nren/h
Inside cryostat Tx 197 mrem/h 1.5 nrem/h
SS dpa at first wall _—— ~ 2 0 dpa ~ 2 0 dpa
At one day after shutdown
Biological dose rates
Center solencid 1x 102 mrem/h 2% 107 nrem/h
First wall 2. 5mrem/h 7% 10% mrem/h | 8. 6% 109 nrem/h
Inside cryostat 3% 10% mrem/h 3% 10~ 3mrem/h
Outside cryostat 5% 10 %nrem/h 3% 107 nren/h
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B 1MW, of W 17 » 13 .
fn ¥ TIothelx. BxTooT = 4 45X107n nfs = 4.445%10%3 n/ents o (6. 1)
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THEZ oS,

Sp, = fnp +a . (6.2)
a=6bcnxHWa &, PHEFEEE S, Ei\‘ﬁ@é&'ﬁé_&'ﬂ}iéﬂ%o
S, = 2. 889x10!® n s . (5.3)
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