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This report describes the results of the investigation on critical
igsues of FY 86 FER reactor configuration/structure design.

Accuracy evaluation of shielding calculation and crack growth
prediction of first wall and divertor based on the elastic-plastic
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2) WE30cm, H,OB0 cm, B.CEB& PhBDESAEZL12BE

CDIEED RFDTIER, HOBDEEH#0cem, 10cm, 20em & LTB, CEBOEXAE
AB, 7, COETHE, HOBOEEXZ#0cam & LB, CBELPOYBOREIAEAT, MERETE
DE—IHEEERBBOEERD S, TOHEHRE Fig. 2.2 — 4, Fig. 2.2 — 5 TR
4, B.CEBDESELT, 10cem, 15cm, 20em& LT, PhEOESEZHEHCE s1-80
Thbd,

Fig. 22 —44b, B,CEBOEX15cm, 20 cm OFFCIE, PhEBOEEXE0 cm Th,
REEEOEY—J7H 1 mW, crd DFHIFRHEFHET 5, 2ERBBEORWSEH 15 Kk WIKHW TR,
Fig. 5.2.2 —5mchprsdiic, B,CBDOEX20 cm Ok, PbEDEZ 3 cm LI EDBEIC
EIESEa o h s

Litdb, t0IETE, WEBOEX3 0 cm, B.CBDES20 cm ,PbEDES 3 cm O&ST
53 cm OEBREEIBENEL B,

3) WE30cm, H:OB10cm , B.CEEPHEDESEELBE

WEBDES430cem, HOBOE XA 10 cm KETFL, B.CEBLPHEBOES AT E
by, HEEI A VEMTOKRAEEOE -7, ~) 7 L2FRL+STHEE I M VEO2ERME

_4_
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OL{bAE, FNEFN Fig. 2.2 -6, Fig. 2.2 —TImRd,

Fig. 2.2 -6.410, B,CEBDEXH10 cm OFE, PoBOESH0 cm 0BG, RUBCE
DEXA5 cm OBFL, PhBOESA3 cm LLEOBEIE, BRAFEOC—7HE1mW of DF
SR |

$/2, Fig, 2.2 -7 410, 2BRABOHWEMS 155 Wit 20T, BLOEDESHE cm DR,
PHBOES 15 cm DTTHRHBETAHIZEL, B,CBOESN10mdid, PbEDEST7em
Lt oINSt ERRET 5,0

PiEXD, BHREWCHT S 2 >0 ERE T 2 EREOLESOR/MEE, 57 cm £755,

4) WE30cem, HOB20 cm, B,C/EBL PhBOESEELA LGS

WEBDEX430cm , HOBOEX%2 0 cm KEEL, B.CEL PHBOESHELSH/H,
HEE D 4 VEMTOMRREEDO C—7H, ~) U ARSBEITEES 3 VEO2BRABROE
b2 FnFH Fig. 2.2 —8, Fig. 2.2 —9itimd. 2L, cnooicd, B.CBOES L
LT1 cm OBFEDHR LI,

Fig. 22 -840, B,CBOEEA1 cm T, PbENO cm OFEX, 5, PoESLEVE
ATHMRAFEO C— 7 HOHWESE I mW o 2T,

Fig. 2.2 =945, B,CEBOE&XM1 cm &5&, POESESX 9 cm KR, 2EKRERE
15 k WoOslREH%HT .

Plb& by, MERBICEYT 52 SOHKRENEHTERAOLEZI DI BRGNS VEIZC 0 cm &
5.

5) D~ 4) THREMHAHTEBOES, RUZOABOES & LEKIIWBES 2EA LG

WEDRSAZZLIBEDHNTLY—2ELT, 2045 —-RAEHEZL DL,

Nol :WEEB.CEBTHRL, B.CEBOEEA30 cm KEEL, WEBOESEZELSE/LTr—X

No2 | WHEB, B.CHE, PbEBO3IBTHENL, BLCEDEE%20cm, PhEDOEZZ10 cmic
EElL, WEBORXAZE/LI Iy —2A

No3 :W/B, B.CHE, H.O/E, PbECH#EL, B,.CHE, H:0E, PbEOEZZLhTN10
em ICHEEL, WBOBEXZEfLEE iy —R

Nod :WiE, B,CJg, H,OB, PbETHRKL, B.CEBOEX%1cm, H.OBDOEE% 1 0cm,
PbEOES42 0 cm KEEL, WEDRSZE(LSELT —R

PLEDAa — 2T T, BREBEEOC— 7 {HERDIFERE Fig. 2.2 — 1 0iLRd. ZOK
50, BHELEL W,/ o £RETAROTT, 2BOESOTH 2 EREDE & O R/NMER,
Nol DI —ATWEDEEAZ2 0 cm OHT, 2EBEDESA5 0 cm THb,.

F7, AHRMBARDILERE Fig. 22-11105RT. CONKLD, HHREL 5 kWERNEY
BZROTT, EEREOES ZR/NETI0E, 1D —AT, WBOESH2 6 cm OFT, 27
S5 6 cm &5,

PDEED, HRAEEDC—/ HRUERABROHSKEHE4HE T 5 EREOR/NEE X5 6 om
&1 5,

6) WBDAH M LK LEHET, WEBORSZEZES

WBOESDEicHd 2BEREEO -7 i, 2MRBBOE{LEENEN Fig. 2.2 -1 2,
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Fig. 2.2 — 1 3IKmd. @i OFHREMAICONTE, W49 cm LEORESORICHEL, #EHD
EHISLEC DT, 895 3 cm LIEDESORICEE T A L0, ThENDH,LREND,
INGhs, WBOADESICE, AHHNEELMET 5 ERADESE 5 3 cm &5,
Lk, D~ 6) oMItERLD, BREEEO 7 ERFAMBRBONINEEZATN 1M
W, cenf , 15k WOEHAMETAMOPTERMARDESER/NETELr—2F, 28D 3r—A

TH 5o
@O WEE=x30cm, B,.CEBEX23cm 2EX53 cm
@ WEBEX30cm, B.CBEX20cm, PbBEE3 cm, £F&5 3 cm
® WBEX53cm £Ex53 cm

ThoDEREPOHhAEL DI, MHIKHRELZBEEILHOBHBETIT R IUBLL T
A, DIEHWTEHRT L E, B2EBOBRUC HHEEENH & LTHLBR/NDEVE, €0,
~4N—y, ~ G- YDfEEE D, C D7, B.CEBTHIETRHMHELEZY TS NT
WADT, HOBARHLTWAZL LZBRL TS, F— 2@ THRAKRLERP TS b
£k, Fr—A@ITon TR, WEBO H,0 RUWOHERILIC L » THESNTHEDT, WEDH
TORMIEEEZKTELCLEBER LTV S,

20 DPA, 7axvz, BIEEDHKEL

ERAOHRZEEZETRIDNE S DERELFIATRD i, TOERDO3Fr—Xic20wT, DPA,
Zivz A, BRIGER5HET S, TEEGELTE, BEPHETHEARM CIMWY /nf &34 5
RYyMEBRE KD S5, DPAIK DO TIE, MEHEI 4 vAOHICKT 5 DPAZFMT 5, 70T VA
oW TE, TAAX -0 I MeV U EOdTHFORBEE I A vHO 7L Y RERD D, 72, K
W BROSME LTk, 1 ¥¥alb—% (Epoxy) OBEA KDL, ChoOYHBOEY -7
ARDDHE, KOESICH B,

T i
HEgk DPAY* fluence™* dose ™™™
© WE3IOImB.,CE23 6.11x10*dpa | 907%10"" n,ent . 128x10° rad
@ WE30cm B.CE20cmPb@3cm | 800%X10* dpa | 125%10"% nentf | L.70x107 rad
3 WES53 an 7.05X107* dpa | 1.14%10**n/ent | 1.50x10° rad

* DPA DIMWY Smf iextd A SC MAEO dpa
s+ f{luence :E > 0.1 MeVOh#E+D SCMAE®D fluence T, 1MWY “of iCX5 5
**¥% dose Insuiator (Epoxy)® dose rate TIMWY /of T3 418

HEFERODZ7A4TYZIZOIMWY /nf HOTLEEDEI0.3EZFRLLMNENDH DL, CHL O
Whohhd ke, DPA, 70z v, BNEBEEOREHEK YL THRSREEHET 5.
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2.2.4 F&0

LLL, TRE#HEETFVEROT, MEZ A VEMEOBRATEEOY — 76, 2MEEE, %«
ELHOHED DPA, 0.1MeVRULEDh#EDR 7T v 2, 4 Vsl —5ORINERORE|EE
ZENTHET 5 BREORNESERD I, ZOHRE, 2F0L ) UEBROERERTFEFDES &
(£ Al

FUTRTYBOEIHEI I om TEO VA~ MEDESH2 3 cm DIFES, VYV IRATVE
30cm, Farh—~4FE20un, B8B3cnDES, R, #7257 vBDH (53 cm) b
LILSIHE T, 2 CEREOE SIS 3an ki b, '

BL, #FOHEAE, EROMT, B0 2 HECEREN S0, ARAOFERE LTI}, BiE
THOEY Y IAF VBOESH3 0an, Favh—~4 FEDEX2 3cm OREE 5 3cm O
SRELEFL DL, L, REAMICEF I X FPERIFED SO LETH S,

STHEDOHB TREREOR/NESIZE 3en FMENAM, EREOCRFEIINLTE, Ch
CETE LD Licxd 3 2/ E RO EREBICONT 2/ 2 ALK ENSH 5, Wand, or B,C
ERICHT 2 EBRERRERESA TR OO TI I TORRTHIE e F LT 4 BIKHEIED
HEERT L, 1, 1RITHBHEOHEEREL F— 5 2ABIRTOERELE L GELIMT ST &48
HENTo Dy ¢ OBLFMAERET 370 | KTREHERRCHL 7 77 5 — 2 #5815 24EH
HbH, TDEE TFC OERFHEEERETRELEAH0T, Hilsy A% 2 - D08 S s
ETHB, ¥ ¥ 7 A7 VEROBE I HERBHEGE | /2RO SRS 3R don Thd, W
ABCHHLTCHEAHTHAHSWEAENESE L LREL TREIRIEEOEXENTHNWEEL S
N5, LLEO@EwmboW, W/ B,C, W/ B.C /PblERORNAEEXIFS Tom L¥ERT 5.

HIT C DERBALIC L D S8 BRICHANEOREE S PERL LcnEA . RELTH SS #
Wit e 1 EEHRFTO ACSIFONALEKEEL S (JAERI-M—87—139 Table 3.6.1 ~ 3
£H) o SS EB LW (B.C, Pb) Mk i SCMOREE - TFC ORREAENHT
T4 ANEHEBESDEEECRBEIELVEEL >TOI3DTE CRETHHEDES AL &0
HRETH Do S S ERIZPEYERE T 6.6 com (He BR[E 8.6 om 51) THY, W (B,C,Pb)
EHROBEIE 6 Tem (He F4E 1 0em 288) THBo LD ->T1 0 em LT ESHERL
LIS, BEBLCTOMETE Table 2.2 — 1R Uik D ICEEMESEEIGES ST
BEFRFELTH S, L LEBICHERESRE SS 316 &5k THOW (B, C, Pb) HEik
CHANTERGBE DS F o h, MR IS o P Ry b8 U AR S S B, IREITIR Z O AT
DT AEINA %,



JAERT-M 87—138

Table 2.2-1 Material Composition for Inboard Shield used
in One-dimensional Shielding Calculations
Region ( Region T Composition Region thickness
No. 5 (Volume Percent) 5
1 Plasma Vacuum 112 cm
2 Scrape-off lLayer Vacuum 30 cm
. W Q0% 30 cm
3 Rem?;agi? fg;eld 316SS 5% 20-40 cm b #
e H,0 5% 40-60 cm
4 Gap Vacuum
Semi-permanent 31655 5%
> Shield(H;0 Shield) H,0  95% 0-30 cm
Seml-permanent 31658 52, H20 57 _
6 Shield(B.C Shield) B,C  90% 0-30 cm
Semi-permanent . _
/ Shield({Shield Jacket) Pb 100% 0-15 cm
8 Gap Vacuum
9 He Vessel 3168 100% 10 cm
31658 347
10 TFC Conductor Cu 337 54 cm
11 He Vessel i 31655  100% 19 cm

* Basic thickness is fixed at 30 cm.
After optimizing the other region thickness, this region thickness
When the shield is constructed only

is changed from 20 to 40 cm.

with the tungusten region, this region thickness is changed from

40 to 60 cm.

———0 @————@

Plasma } & | Removable Semi-permanent ————=
I Shield Shield s| = | S
| Tlw 90% |ZH095% BC  90% | 2|l g i°
| & |SUS 5% |~ |sUS 5% sSUs 5% [100 2 T
| & [H0 5% Ho 5% | %

Fig. 2.2-1 One dimensional calculation model and shielding

construction.

78V
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I T | f T T T

W region thickness = 30¢m

without Pb region
L : H,0 region thickness (cm)

10

20 30

B4C region thickness (cm)

Fig. 2.2-2 Peak nuclear heat densities in SCM

T

L=0

T i | 1 ; T ]

W region thickness =30c¢m
without Pb region
L © H,0 region thickness (cm)

10

B,C region thickness (cm)

Fig. 2.2-3 Total nuclear heat of SCM and He can
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3 ; 1
W region thickness 30cm
H,0 region thickness Ocm
L : B4C region thickness {cm)
fa

p——

Peak nuclear heat density (mW/cm®)

O

I
5 10 15

Pb region thickness (cm)

S

Fig. 2.2-4 Peak nuclear heat densities in SCM

190 | i
W region thickness 30c¢m
= 1 H,0 region thickness Ocm
= L* B,C region thickness {cm)
_ 100 - -
O
a
i
3
ég 5() - -]
- L=10
2
S Sg——
L I S —
O | i
0 0 {0 10

Pb region thickness (cm)

Fig. 2.2-5 Total nuclear heat of SCM and He can
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(@

I I
W region thickness 30cm

H,O region thickness 10cm.
L B4C region thickness {cm)

N
I
|

—

Peak nuclear heat density (mw/cm?)

O

!
5 10 15

Pb region thickness (cm)

-

Fig. 2.2-6 Peak nuclear heat densities in SCM

190 , |

W region thickness 30cm
H,O region thickness {Ocm
L:B,C region thickness (cm)

100 |- N

(kW)

o0 - -

Total nuclear heat

Pb region thickness {(cm)

Fig. 2,2-7 Total nuclear heat of SCM and He can
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= 3 . ;
L W region thickness 30c¢m

% H,O region thickness 20cm

L+ B4C region thickness {cm)

=

*_—U__,’ 2 _
-

S
5

Lo

i

S -
£

= L=

j

o

o

T 0 ! l

0 5 10 15

Pb region thickness {(cm)

Fig., 2.2-8 Peak nuclear heat densities in SCM

150 | i
W region thickness 30 cm

H,O region thickness 20cm
L: B4C region thickness (cm)

100 - .

(kW)

Total nuclear heat
h
]
|
|

0 5 10 15

Pb region thickness (cm)

Fig. 2.2-9 Total nuclear heat of SCM and He can
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3 1 i
No. 1 B,C regicn thickness 30cm
No. 2 B,C region thickness 2Ccm
Pb region thickness fOcm
oL No. 3 B,C region thickness {Cem _|]
Pb region thickness [0cm
H,0 region thickness 10cm
No.4 B,C region thickness 1cm
) Pb  region thickness 20c¢m
region thickness
0
10 20 30 40
W region thickness (cm)
Fig. 2.2-10 Peak nuclear heat densities in SCM
150 T I
No. 1 8,C region thickness 30cm
No. 2 8,C region thickness 20cm
Pb region thickness {Ocm
100+ No. 3 B,C region thickness 10cm
Pb region thickness {10¢m
H,0 region thickness 10cm
No. 4 B,C region thickness 1 cm
Pb region thickness 20c¢m |
30 regicn thickness 1Ccm
R ST A e
O 1 L )
10 20 30 40
W region thickness  (cm)
Fig. 2.2-11 Total nuclear heat of SCM and He can
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Fig. 2.2-12 Peak nuclear heat densities in SCM
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Fig.

W region thickness (cm)

2.2-13 Total nuclear heat of SCM and He can
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2.3 YUURFUERBEORS (RRID4ILER

2.3.1 HK

grrzFy (W) 2HGNE, SS #RICH~<~1 0 cm EXHEMT 5 alfEER S N fce 777
L, EETHVOL TERLAHEN T L2OEATETREM E LTR SSE2HWE, Lk, &
I TIREREAEDSL - WEREEORTEITHE .

2.3.2 EHEHAHE
(1 FEHER

HEEROBMERAE Fig. 2.3 — LITRY, &AM SS 3 1.6 WOERBHETICWER S F 18
ENIHEAEL B, HBER TRILTITAS 28, 3HEAHNE LTHdD Path — 145 Path—3
hERETDH, EHKEIL58 cm ( JAERI M 87-139 Fig. 3.6.1-2mL7ASS#E&KLD
10 cmid) T35 L kexiE L7z,
2) FtEa-Fr&EF—¥

HEEIRL Sy —F ANISNTITH S, EIEHEHIET 4 28, # Y <#2 1 BHOGICX
40&5HV I, BT/ A =513 Py— S EflE L, INHEHE T2 —7130.01 %L L7 R
31 MW,/ i L,
(3] FdkeF

AN ISNOEIREFIVE Fig. 2.3 ~ 2 iR Lz, 79 X<thibai & T2 8BHBERETEH
Bo JHhid ACSHFEEELNGDTH S, ERKFEEZS 8cm THY, SSEHRDE 8emk D10
cm L LTWE, 722 L TEC OFHERELTHE L,

2.3.3 FEER
(1) AFF (W/H.O lo#st)

W, H,OH& TFCEREHEDEES Fig., 2.3 — 3 IKRL. W8 b #fhiEiCREENSH
5o Mz, SS EHk (6 8 em') OFHMEER LAY, W8 5 B(HATIE SS Eilicth~2~4
EHER L T b, LinLl, W7 0%, WO 5 OHBTEWIER (5 8cmt) (343 LE SS EliA
VKRBT LEREST O,

(2] BixR (Ekits vMD SS FHROEE)

Bi#%®D Path —2, 3DOHBHEREL Path—1 (AKR) OLDOHEFHT Table 2.3 — 1
WEEWBT, 72150, W/ H, OLBETW8 5% & L7, Path — 213 SS ik (6 8cemt) &
FESOEREME -7 5, Path — 312 SS EO~2fEOARNX S LT3,

(3} TFC OF#HE

TFC#ERESERIE Path —1, 2, 3, (4) iCIET 2EES PathD b s by v
CTEAMFSFEELTRD B, 72420, Path —4 D0 TESEEEL TOWAELOT Path — 3 &[4
CERGE Lo

PO FVEX2rXx2139m=1344em, 12+%75 HEERELT,

Path—3+4 :10cmx24=240cm (17.9%)
Path —2 30 emx12=360cm (268%)
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Path —1 :1344cm~240cm—360cm=744cn (553%)
Lfchd - TRIZRBRIT,
H=77%x05503+12%x0268+21x01789
=112 (kW)
ERHOHND,

2.3.4 #RLSHBOBHE

SO TR LN FTENRR L SBROBELUTICR T,

© MEEMoo—srE—2 @3 Path —3 (4) icHIBd 24008 TET 25, HREBLIAOE
READEEE - THREBEL TS, 271, WHB S BBEOFERSMKETH S, BRERICOL
THBMENABTHOTE (3mW, e, 35 kW) EFE LT 5,

@ 58 cnDERETHEELHELETEC EL0/EETHY SS Bk (6 8 cmt ) IcH~1 0 cm{&
BHRS 2 EBmENT.

® TFCOBRHREIL]1 I kWEETH L,

@ W/ H,OlAW@EiLDEZD, B.CHEOMHIC LY I SILHEBSED S,

® FBRHUUEIREICE LTE, HREBEORE L ZALERBOMED, SO EEPLETH
%o
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Shield vessel (55316

U;L - =
W

c /I//Shield\
2

i

Lt /

! /

Path- 1 (Pott-8) parh-2 "pain-3
(a} Geometry '"A" (b} Geometry 'B"

Material Composition of Tungsten Shield (Volume fraction )

Case No. W H20 Remarks

t 0.7 0.3 Pebbie packing
2 0.85 015 Two size pebble , red
3 0.95 0.05 Plate

Material  Compositicn of Shieid Vessel

55316 H,0
0.85 015 |

Fig. 2.3~1 Concept of Tungsten Shield Structure for the Inboard
Shielding Analysis

g
3 48
= - OH
-1} W (= = .
Hpt 4 . ol = g = |g| Cell
{a) GeomerTy A - Plasmo |2 W Shieid 2] o :’CE:;U
( PGTh' ] ) “ poee - T post
1449 2364 (em)
g
X bi z 5
OH
(b) Geomerty "B’ 3w 8| w |3 o|d =5 coil
* Plosma E,Shie!d 2 |shield| 8| B 3 < AR
- «| Center
(Path-2,3) - o R F R

For Path-2, x=19, y=10, z=19
For Path-3 , x=0, y=24, 1=24

Fig. 2.3-2 Geometrical Model for the One-Dimensional Calculation
of Tungsten Shield
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Thickness of Shield

W Shiefd @ 58cm

5SS Shield . €8cm
%3 g .
> L4 ) SS Shield 1T
g T \\ ; 410 =
% <t
0= 1.2 \\_-_ ] %
S - N\ o 7108 &
A —_—— N [
3 \ =
=10 L 1 S
Z ! 06
£ 70 80 90 100

Max . Nuclear Heating (mW/cm?)
Nuclear Heating of TFC (kW)

I
20

70 80 00

W Volume Fraction (%)

5 32

bl

ég ol SSEEGM

0 L o

£

S

B 241+

<I

§ -

=]

a 20 - 4

S 70 80 90 100
W Volume Fraction (%)

Dependence of TFC Shielding Properties on
W/H20 Volume Fraction

Fig. 2.3-1
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2.4 ERSTEBEESME (RFT-U5E)

2.4.1 mEtHE

BAEDO BT OZYELHBEOEHE 2R 4 20 ERETEORZ (MEEWH) =3 Id 54
BEhH b, BERGTEORRAT v TicEF 58EREDRRAL Fig, 24 1 — LIKKR Lo AEOE
REONLZERFESCNGE{OFERASESIN/LEOTHY, HFHLTBEERITOLDILEZAD
BRICDNWT, TRENDHEDVBILICERIIFKD X DICREL TN ETIEOLERD 5. B
FEFTOFERERTHIEEVWTEINSOERO T >0 TREDITEON T 5, HIAE 2
Kot SNFTEIKBF 537 A —5 (A v o538, Pr, SN) OE5A AP, 1IRTBLUZR
SO SN BB AR T PO OB EPN SIS BRI
HEFSRICOVTORR BB AT S | o FHEE ORI SHRERONE b S0 B BET G H
OREFMETES T EARNE L, BEHIC>OVTRE, HEXZCHERALTHS GICX 40 (Hf
BT 4 27, ENDF /B—M7 4 A) LA GICX 40V4, GICX 50 (htEF 4 2%,
ENDF/B—N)%;U(HCXFN§W¢ﬁ?135ﬁ,ENDF/B—N)%ﬁwtﬁ%%ﬁa
WV, BREOERARIT S, Table 2.4.1 — | KFRATELSETCROBEEE D, £/ Sy &
EXHTEIOE Y FHNOHBEEERL L, CHICEEERYHOA2MORSE & ENDF /B —
N7 74uhs 33l EARELBEICEMI 2 v+ - SBICER LAFRR 7 — 7y 20
5MCNP O 2O 2 — FAHRH Lice EB7— 7 239FE L0 O TR ISREERGE E RSy
B, SEOBF TR, HELORUSR &0 MCNP HERASREEL LT GBNHIL) B
ATt Hc e L,

RICGTREHE T~ &S GRS BHEOMES: Fig. 241 —2KR LI, ChoiEEH
TAHE

@ B O#E

@ (2iR) Hv<BoOE - &%

@ dETic K AHEHE « BEEEETE

@ T« v ER OSSR~ O
oK S, SO TRIREZDOESITRD hoELAFHPHETO&HZE) , @L@IT20TiE
SROFEE L,
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Shielding Calculation Process and Causes

of Calculation Errors
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Fig. 2.4.1-2 Relation of Phenomena to be Analyzed In
_ the Shielding Design
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2.4.2 HEFHE

BRSO « kTR 1, 2IREDSN I—FP3mTevyFhAroa—FEEHT 5, %
CTLHNOOBEMO T — F&ER L TH—EROBR LA, BERs T 5, & L O
BOFNELB2RILEN 2~ FDOT 35 OMERMAETSEL I, ZORNERNTET &IC
FOSBROHBHESL T -9 -2 BWBEOHAEE S,

HHT L E2 - Fid, 1®TSN3I—FANISN, 2& TSN I—F DOT3.5, s vs
Avea—F (3%T) MORSE~1, B s v¥—€YFhrma—F (3%E) MCNPTE
%5, Table 2.4.2 — 1iCHE 7 ~ FOHHET L0/,

1 EReFnv

BAFERE Fig. 242 —1iTmRd. W6 IEEFER KA 7 v a »CIKEBERE Y TEGE
HEAB8Tm, PMEEL2Tm, Toryry—vav1.7) &L, BRERLOEDERO L S LIKES
O A

© 75X, EERE, o SRR LRTIOVT, ol Frmes2CERICLVE

HIER L1,

@ o RTLAY (Z2=0) TEFHHE L,

@ W#y 7 b, BRI b, FAN—FEZER L,

@ oA SANEICES —BE L (Fe4sra40b),

BhOFE D — Pt 2BIREF Vi o0 TS SIcEMicigikd 2, .

BB O R (AHEUAREH) & Table 2.4.2 — 20§ &7, HEREE oL s34
ADRDOERIG 2RI SNFTRICBIAHD 7 7 v 7 2ABHERITZEREH-T SS 316010
BEEOMERE Lic (ERRICBOTERELFAS FEMTREL, §7 ik, EFESSOBS
MBGEATE) o ghoboa s a4l (-5 28F) H5E, fod draL v
METHBRENGM, % SS 31605 0 BHEHOMARTER L.

RICBHE 2 - FEOHE® FIC20TRT,

CANISN ]

AEEF LA Fig, 2.4.2 —2RFRT. CRUIFD I » F7 LA YAEBRARMCY -1 DT,
P2 2thLhad ¢ 5MA/ER (F—F2REFN) Thd, T4 v v 2 RIERIEE o4 LIS
Tt lem &L, COHBERIHEMEOLE S &SI, MORSE HZfAEED <7 viimiE 2 ek
5 ¢EEHNET B,

(DOT3.5)

HEEF1% Fig, 2042 —3Fd,. F—7 2AH0AEREE TS RZ BBERTIy F7 L4 v %
Z=0l&LTRE G k& Lic, BF A (R=0) REEMT, sk OhhmidEz
BRAMA L 2o 94 » ¥ A BIEEHERE 2 TORMIC L NIT 2 cmBEESH 5 L @2 AL TICE 50
EHEE L0, AEREROSLSHFINTOOT, HHDH{LE-THSE, ILEKRE I LT
i~3cem(R) , 4~5cm(Z) CTho, 1L, 77 Xv0HA FEEHRTRERT 0 cm BEE
THL LT 57, BERETLEHSMNICER FRIXEZ HRIOWTHRPBIDEED 2 v ¥ 20F
I > THWAEMARH L, 77 X2@HicE T 2T HREFF T —FKEREL .

[(MORSE —1)

AMHEFUE Fig, 24.2 — 4i0RT, Wi L Z 2 0 OBSE0IWRSATWEY, EEo=
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FUTH 2= OETHIEE B FH 0 4 S AMEAIEEF LU Tz, #4 Y 174 77 5 £HERT
OTEHEB IO b o 4 FAKEIC 1 5 DRED s 5 —& Liz. MREEEERHEA L L
Foo 75 w7 ADFMITEEA Y b T 4775 ENTFT oI s VYT R TRT 42— 55T 5,
EL YR FATF IS A A FEERRO SR 3ERE L,
[ MCNP ]
HEEFVEFEANITIEMORSE — 108D ER—TH %, 5L, Fad FuFRIKEs 5 =45
BT TIN b —FRE LI, V7w ZAOFEDIHHMORSE ~ 1 EECMERL) ¥ 7T 4775
AEE L7 (Fig. 224.2—5) ¢ 2Dt T 927 s LY TR« TRT XA — 85T 5,
(2) Bt

ANISN, DOT 3.5 3KUMORSE — I OFTEICEBEHELTGICX 4 0 (PHET 4 28,
Hy=iE2 1B 28023, HL, MORSE — Lic>WwTit ANI SNz kD fESEO~ 7 nliimfk
AERE L TERE 5, MCNP TiZIEERNICS L8 2 EECHIL = & v —fdigicfEl s hrc
WrmRE T -7 vkt (RELTC) R4 4, #7597 A VIAENDF /B-NZERALTW5,
ANTS NOFHER Py~ S T TR, DUREEREIZ001%E L7, DOT 3.505RE
P, — SOEMTITREY, NAHERER 1 %E U, BBEEmE &S 75 X v BRI —HR%E HAHmiE
BAEEZ TaAF—IHEIE (15-13.72MeV) O&ELK. AESTRIIFESLSTH 5,
EVFHNOHETOD 4 7TRHEE LTiE Russian Roulette (Weight cutoff ) ©A%H
Wite
(3) &t®EIEH

ATET AEREEMAERKRDEBOTH S !

@D 14MeVH#ETHE (GICX 40 TEREIE, 15—-1372MeV)

@ @SEtHEFE (E>01MeV, 1~24F)

® LrpdFHE (1~4 28

@ 2H/2EHR (43~63FD
MEBEMCNP OFETHHMEMIE GICX 4 0 LRI T A LF —HED L R # v ZABEHKICK O RD T,
R U 2R Y BT S S ~ ¢, ERNEHOERSHERICAE S, Ny Fe—sHE
THMEERSBOND & EHAHNC L RUFHESBHSERKICEE EDs, EVFHVIFERE
THBEEPETF (E >0.1MeV) DADHELE Lice £ FhB LU 2K 7Y <3 TOMHER
k0 B IR E 7 LT DRSS b & ICHE L,
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Table 2.4,2-1 Main Features of Calculation Codes used in

FER Shielding Calculation

Dimension {(Coordinates) Method of Solution
Program
——————————————————————————————————————————————————————— Remarks
Name . . .
Geometrical Representation ‘ Cross Section
One (plane, sphere, cylinder) i Discrete Ordinates Ref.(1)
ANISN e ————————— e ————————————————
Spatial mesh intervals Multi-group
Two (XY, RZ, R6) Discrete Ordinate Ref.(2)
DOT3.5 | mm o e e e e e
Spatial mesh intervals Multi-group
Three (XY) Monte Carlo Ref.(3)
MORSE-L Combination of lst ~ 4th .
. Multi-group
equation
Three (XY) j Monte Carlo | Ref.(4)
MCNP Combination of lst ~ 4th . .
. : . Pointwise
equation (Combinatorial geometry)
|

Table 2.4.2-2 Material Composition of Components
used in the Benchmark Calculation

e % WOE (kR H D)
i ik & 58316 (0.85), H.O (0.15)
Ny e 4 B B $8316 (1.0)

S8316 (0.33), Cu (0.34)
ik He (0.23), =#+%v (0.1}

a8 5 52 £ = $S316 (0.5)
TSRS AL —TF T EkE (1.0)F
B — o4 o EH 58316 (0.1)

 JHFHER 1 x 1 0%
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2.4.3 FIEMER

=7 2R, A, HEGERICEID A1 4 MeV B FIR, SEPHTHOBESRRELE LT
Fig. 243 —1/,5 Fig. 243 —6iCind. TYFANOFHBEERIN I 97 LV TR e T RF
4 A =S IEBEBTEET 7 v 7/ RTH B, BEREADECETREET SNFDE 070
BERZEELTOREL L T B, AHERAED 1 0 0 cm L EOfEEICIEFe CHELTH
WODT7 7 97 AFRHDONATHREL, TV FANOGEONERBREE «c ) —HERIGRT !

ExY—% CPU
FACOM
M—1380
MORSE —1 42K 15445
MCNP 190H8 20 4%

{(COFHRTHEA Y e Fu 708, VT e T4 775 E2HTHIEL, )

¥4 ANISNE DOT 3.5 DB TR, ANEREFECBOCTHELENS LGNS, 2HET
ANISN D#E DOT 3.5t~ 2 ~6 EEEDMBE L7 » T 5, AMIERE TRME I ML HE
(=B LTWV5,

WICSNITEL =Y FH VOB LORETIE, fsd ( fractional standard deviation)?s
RKEVEBHAZBROTREENHEZE HLTVEES5KRA L, NTRERNEERSEMIEL
WOT, SNABRELEEES T 7w 2 AICEBR L THE LA D% Table 2.4.3 — 1ITR . —f%
1 AMeVIBHTHRICBLTIE MCNP & SNEDEBARZ WD (7729 —-2~3), fsd bk
WICKECHIDEERRETELV, GEPEFHRIZEL TE, MCNP® fsd &/hS0DT,Sy
RLEDEZRRTCHE L, SNITEOLAPHEIBEE CHREDEL S >TVE I M0 b, Ih
AR OH SR P b B,

RIC ANISN&EDOT 3.5 k% TFC OB EMELK L/ 6D% Table 2.4.3 — 2
Rt HIELEYFANTETEEA Y F 27249 (MORSE—1), WY o Fs704
(MCNP ) OHBIZLDBEBELUERBEONUD 2O TRRL T, 8B, »—F ZNEIEH
KELETFCREZETA2FHFR 15 AEIC LEREDORETHEM, £4 b LERY ¥ 77
4778 ER S, ERMGTERR BPIZERSHCPU) DfHET fsd S+ E 0 ELE
BECLRAMTHED, SHRBASHD N TRELRFH LAHELRS BLENS B,

ANISN & DOT 3.5 DETIZ ANISNOL A 2 8REE THEEDE L > T 5, TOME
B Fig. 243—-1, 2iA o AT HROBEMA & —BLTHS,

DOT3.5RLDKRDENIZT 7 v I ROEFESGRSGE Fig. 2.4.3 -7, BItRL e RldL
EYTANOEHBED NS v I VYT ATAT 4 A 5T, W MERETREELE, L
ERAE T RIS RN O R ~ TR TOFETH B0 L, DOT 3.6 TR 3w F7 LA
Y (N ANERD , 77 R el b (ETHER) OfRL v 7507 25 -THEDT, ZOFR
DA TNGHES ORI EFTELCEE TS, SBROFBBELTEYTHLOHETS LD FEMI
fRIED S A LicstEIE T b,



Table 2.4.3-1

Range of
Depth{cm)
60 - 65
75 — 8O
80 ~ 85
90 -95

*]
*3
*3

wn

[
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Comparison of Neutron Fluxes in the Inboard, Outboard and
Upper Shields Calculated by ANISN, DOT3.5 and MCNP
(Upper row: ANISN, Middle row: DOT3.5, Lower row: MCNP)

Inboard
14 MeV Fast
%1 *32
L8149 T(1.73) 1.22+11{0.670)
L9449 (2,70}, 1.83+11(1.01}
L2049 (0.177) P.B2+11¢0.038})
LO0W+8 (2.13) 7.37+9 (0.638)
B3R (2.79) 9.88+9 (0.882)
Lb44+7 (1.9) 1.12+10¢0.147)

9

Read as 3.8l x 10
Ratio to the MCNP result
Fractional Standard Deviation(fsd)

Qutboard Upper
14 MeV Fast 14 MeV
2.27+9{1.49) 7.63+10(0.729) -
2.66+9(1.75) 8.31+10{0.810) 2.2849(1.46)
1.5249¢0.735) 1.05+11(0.037} 1.56+9(0.248)

2.4947(1.39)
2.63+7(1.47}
L.79+710.7485)

— F

9.68+7(0.621)
LL3BHBI0.T73Y)

L01+9(0.635)
L07+9(0.673)
-59+9(0.234)

Table 2.4.3-2 TFC Irradiation Properties in the
Inboard Region Calculated by ANISN

and DOT3.5
Codes
* ANTSN DOT3.5
Items
Fast Neutron g 8
Flux (E>0.1 MeV) 6.66 x 10 8.50 x 10
Copper DPA -13 -13
Rate (dpa/s) 4.01 = 10 5.05 % 10
Insulater Dose 7 7
Rate (MeV/cmals) 7.63 »x 10 9.49 x 10
Nuclear Heating 1.46 x 10° 1.70 x 10°
Rate (MeV/em®/s) (S8316) (55316)

* Maximum value in the superconductor region

Fast

7.46+10€0.
1.37+1100.

3.89+3{0.
7.1648¢0.

565}
249)

543)
215)
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2.4.4 RO
(1) ch 7 SRR )

AN S THEINE T~ FRETEA e ZRIET T, ANISNE DOT 35D FBE
AR TR RICER L, ANISN OFHEEOME & 3DRABEOHEE—H LT 5, DOT
3EDOEMA v Y aREHPPHOOTREZBARICHEML THEEEILNLOT, WEDEEF S
S0 LH B E[Fetsdh 5,

Ty FANORTRGEBRN CHREITEESE A pLD RSV, MCNP R E#EICT B L Syt
BREEEEAHEEETEOFHML TS (Table 243 - 1),

2) Hr=fHEsLUERFEIZ>0T

SOy Fe— 2 BETREPHTRE 2K VB E TOHBERERBLTHAELDT, 0§
HUERRRER TS BE B S O AR EART T3 o HEEREFig 244 1R
T, £/ ANISN, MORSE-IHEUMCNP AW 7Z v 7 At EHERA LKL TFig.
2.4.4 =25 Fig, 2.4.4 —5IC7Rde £/MCNP & ANI SNiICLBAHGAMEBOHWER %
Fig. 244 —6itR LI, £/ 1 keV I EodFrzod—2 s bk Fig, 2.4.4 — TR
To CNODERIPLRO K S HHIREE .

@O 1 4MeV Tk

STOHERRFR—H LT 5,

@ EEdMTH

ANISNOEBRRIZIFLESICPI>TMC NP TLO/NEHDEEN - TED, FOEBHEKT
Ty 8 —2BETH S,

® £pEFHE

ANISNIEIMCNP icth~7 77 4 — 2EBE/NSHOHEE L TV 5,

@ H v

GICX 4 0%H iz ANISN EMORSE —LicBILTit, E£RRIFF—HLTHE, Thicx
LMCNP BB XiThl ~TREDLEMEL -THD, TOERARA7 775 - BETH 5,
GICXFNS ZHu7: ANISNOFRIESICAEHMBEENL-TED, ANISN/GICX 40¢&
DOEF IFEEE TN -TWb, ANISN,/GICX 4 0& ANISN /GICXF NS O iitfr
HTR40BLLFTHEDT, TOREUER 2RV REMKERICRIENH LT LERLTH
%o

® FHREFEO K

BRHBEOHEERIZ 1 0 cm BIHIEEEE L T 4, 7505 d 5 & ik REL HEER
BL—BLTHAEY, #YvREZMCNP OFBDBEORKEHDEELE -Tind, Y TRENX
B s e b 2 RBEHSFMICHI > T MCNP HRE L, TOEERA7» 7 7 4BEETH A,

® I

AR EZEHTOV 7 v 7 AELUEREEOEME % I L T Table 2.4.4 — 1ITRds MCNP
AR LS ANTSN OFRRBDOUTERTIEHEE, v <fMETr 7y - 3EEDEINL -
Tb, PHFHOSCKGTL2MOECEHUIRER SHBEOLTH L, 2T V26
HY L EREAEDEBGM OWIEREIZ 7 77 4 —DEITE - T 3,

(3) FHEEROEORNKIZONT
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MiEEZRAED 1 4 Me V PHFHIZ ANISN EMORSE—I, MCNP #RBER(—HL TV
(Fig. 2.4.4—2), ANISN&MORSE —IR3FUEH (GICX 4 0) #HWTHY, SyHEE
EVFANOEDOHREFEICLABEEFREALELVEZATI O,

SEPETHE, 2T RICOLTE, Y Fv-—7HBEARERHAL GICRATY 774 -
IREDEL L ->Tind, ANISN/GICX 40 DFERIEIMCNP &H~BLBF—B LTMED
DIEER > TWd, CALDEOBRRICIEET—4 7 740, BEEM, SNEE T T ANVTED
MR CHEAOBERPES LTEENT S, SBREOHKNAE S SIKBRT S0y, SRROE
SR A P TN S L S iC L D BB N ETH b,

# v RO EMHEICREATIHOESE LTS, 2ORKNE L Tiddhd Lk 5 HgEE
HAES LTV aEEbiLd, ANISNEED GICX 40 & GICXFNS OhHFROZER 2F
BELAOT, #Y<HBEO IMEVER2RA v~ ERICKENESH LT EER LT, TDOR
HELTRIPEFIFALF-ZRT P VOER (Fig. 2.4.4~T7) bFEALLNEM, 2T V~RE
HREERERCEENS L ESFENERREEL OGNS,

ANISN /GICX 4 0D A ~<7 b AiFHEMeV fHETHE O BDFE L T 5T &8 o~
s, C A BRBEEROBHE I LD GICK 4 0 ORMTERASFETS 5 C 559 p >Th
B, MBAEET 65 cm , #ME3 8.1 cm ORZESIROAWHI D T TREEH NI ER TORR
HifETF R~ b ORIER & HHEEO BSR4 Fig, 2.4.4 —8W/RL7, ANISN /GICX40
OEFROSHD, 3~10MeV fEETHEDPNIHOEEL TS, FUPHEF4 2B THENDF
SB—N#AB#:GICX40V4, GICX50TR, Fig. 2.44 -9 imshdLHicloBd
SO E LNV LA -TENDF /B-MEHW\ GICX 4 0 0RERICHERS S
CEBESHIIL 72 EZ GB,

{4 ERRHE

HORE, BT C i LIBS, BRASRDPHETHRCY v BRICERGH QU UHRES
TP EHRELE) ARUTERDTO B, Lo Tt o ORI IEANE LathEFH, v <
WO EEE T RFHICAMET 2BESMD 5, AEEORT T OEBRAROFMETE T
BodSHOHBTH S,



Table 2.4.4-1

JAERI-M 87—138

Comparison of Neutron and Gamma Ray
Fluxes at the Rear Side of the Shield
Calculated by ANISN and MCNP

ANISN /cTex40 (@) ANISN/GICXFNS(a)[ e )
(Sn/MC) (Sn /MC) (fsd)
14 MeV Neutron 6.78x 10712 5,20 % 10712 7.65 x 1072
Flux 0.886 : (0.680) (0.296)
Fast Neutron 1.37x 10710 1.87 x 1071°¢ 1.80 x 107 %9
Flux (E>0.1 MeV) (0.761) {1.04) (0.075)
Total Neutron 3,05 x 10710 4,06 x 1071° 4,11 x 10710
Flux (0.742) (0.988) (0.125)
Total Gamma Ray 8,75x 10711 7.77 x 1071° 2.49 x 1071°
Flux (0.351) (3.12) (0.217)
Nuclear Heating 4,14 % 1077 1.21 = 107°
() 3.61-7 Eﬁ 1.14-6
Rate (0.342)%35.25_8 e (0.093)
Copper dpa 1.18x 107’ 1.64 x 1077
Rate (0.719)
Insulator Absorbed | @ 1.64x107 1'% @ 2.43 = 107t
Dose & 4.50x107%? - & 1.39 x 107*!?
oty 2.09x10°*H* n+y 3.82 x 1071*
fal 6 9.5cm from first wail
(b] 7 Ocem from first wall {50,000 histories )

c] Volume average

value between

650 and 7 Ocnm
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| Shield
35316 85%
N0  15%

Fig. 2.4.4~1 Gecometrical Model for Investigating Calculation
Accuracy of Multi-Group Calculation
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2.4.5 fHmESHBoORE

Eluofstic L DB o FERERAKICRT
(1} SNZEHIOMARICHELS I MBI EH R TLELL LT, MONP SR2EEL LT
FHREEL T 7 775 -2%54 5, #v<BRIKEAL TE2RA Y < HBEERT — 5 BEROFHEE
BOEEPREVLEELLN, 7775 -6 0OBEELERT S (GICX 4 0EHVIBA) -
(2) ERFEECE L TRTH-FRES Y v HERERAOKEORE PR L 2 A5 —FEIECT
BENRL L, MEADTTELL L, PUHFOFGHCHALTHEBATRIC7 > 2752, #
VeRESSICALTE T 779 5 2EBET D, L LBRERARCODVWTR 7775 —4 &9 5,
3) F=FRABIRRYFe - HBEICIOERE FAALITESBELZAGHICT 5T EBTEI,
4} ASEOHRIGHERMOMEINLIFETHD, SERORYE LT, YvFv—7EROBTICK
LIRS SBETH D,

L EO#% Table 2.4.5 — 1itF L,

RICESEOFNC E DIAS T - 2. MEB A/ SHOBEL L TIKRT,

O RETHEERO EH

FLWEET—4 7 7 A VEEH L TRETBEHER PARRED GICX 40) kT2 Em
YFhb, JENDLIOFFHEEZ o b,

@ 2N <RI BT AR

2IRA Y 7RI L BIGERAA LD FHICIHM T 2700 ER R T 20885 b, 2IRF v =
AR EOEEM AR &L b, ZOMPMBERAVEVL 24 0F -5 VRFERLETF =
v I NETH B,

@ _yFw-—sitE

Bt OFF B 1% b > T LT hEY 7 H VDT FERAROGEBBEN > ORI HEME
T, BHIE 4 7 2AEOBTOMLELD, RO 2RO SNFTEXENTH S, TOHED
oy P A v v 2B AT HBOHEREROBIN TS b, Wle L THBIRFEDA v ¥ a
S (FAR 77 X <A TH O, #REHTIRMPEL{TSE---DOT 4.2 T © Bootstrapping
B BERHE) BEZoNSBRINCDFELRASTETH 5.

g2 £ X B

Engle Jr. W. W., K—1693 Union Carbide (1967)
CCC—276, RSIC, ORNL

P, 87M, JAERI-M 9340 (1981)
LA—-7396-M, LASL (1978)

Seki. Y., Ilida. H., JAERI-M 8818 (1980)
#fh, JAERI-M 87—-083 (1987

HAR 75 X< HfFeER, JAERI-M 86—134 (1986)
Seki. Y. et al., JAERI-M 83—061 {1983)

33 U e 8B E

© =

—49—



Table 2.4.5-1

JAERI-M 87-138

Summary of the Accuracy Evaluation

Cause of Error Error Factor Remarks
Multi- i 2
ulti gr?up transport Neutron dependent propertle? if GTCX40 is
calculation Gamma ray dependent properties 5
- used

Nuclear heating rate 4

Geometrical represent- 1-D eylinder model 2 Fig., 2.4.4-1

ation 1-D torus model Fig. 2.4.2-1
inboard 1.5
outbeard 1.2
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3. B—BE e 5 N— 2 IROBRAEFT

3.1 HFMOBEAS

#XFERDZIE#EICIZ ASME Sec IHAV SR, B « § A —F b IOPBEHEN
T, L LEMS, CHhOOBRBIGCTI X< T 4 257V a YIEOBAMIOT LZEBR
DTEEICEL, HEHLHEHgEL 05, ASME *Sec MdTRBEEMITHT HREAHETH -
T, B« A N5 DT —v— DI, ERZEOBERE T 7 A-DECK TP ORET S L
WAHKEEALEAT, POMRICIESTOVEEOHBZHETHILHBTE 5.

2T, 7w —Micx LT EOREOREKEFERER, bhaoERTH L, MEOBEE—
IS L TERERED 5T EHTE 5, EHHEICHLT, |

®© 277y 7 RIPFIBBELTEZ /-8

@ Aoy s Y SR B BITE T T — = —OESHHIRELA &L 5k
LELDTENTE B, FOHME TREESREICE 2 5 DA EEHES LT ERABHM LT
Bo BE=T, 79w ELT A, BETLIPAERDALLEIBMODTEETDH 5,

WICESEMECH T 2 HFGOBHFEERT 3. CLTRY 7y 2 ICT2HFMEEADLE, #F
BRELRE Y 7 v 7 RECOEE L L, ERFOKE LEONTH S,

75y 7 OFRE LB, PEOHEORNLL_SOBERETH-T, 77 v/ RECOEREEHE
FETARTFE L TRELBHOTARELONTV S, ZRIIES A 7 VEFIOHT ERTELT
BB ONTVBEEDTH S, 7T—2—0% 0 HIRBREETTH L5, REMEHOBETICXY
BF—sH <, Rk ONVESICREREN 74 » oBEHICHYT 2 RED T -5 2
TR LR, ST Ty 7 EEROBRE LEOREBICE, 7797 OERFERPLETH S,
BIEHEET S 5 v 7 ORENEFE 5 2 —5 & LTI THERShTO 5,

3.2 ARTPAFUVULIAFE1BEOQRIFTH

3.2.1 HEEERRNOXRER

H—BHY, ARSIV EHZOBROEBTMEBML B REAET A LR T TESNS, TDLD
B RIGEE T 55 BORSM I, BENFOBSHLFMT 2LENS S, LTTH, BIOR
MaArad b~ TRE-EOERERICHT AESEFEETD o ZOFM7o—%EFd LFig 3
2.1 — 1D EHICH B,

AT DI HRIREIRIC S 7 » T, AMAEIIE—BENES 1.5 MPa (KiGHDIHE) B LT 4
MPa (HeSHDES) & 0.4 MW /nf OBRFELZEE L, BiE - FERILN, BERZLZSY (B
) B E LTERT A, FEMOBATRER L 0 SMEEAELE L, B -BEaRNEICkD
H D BSEBIG T X 0,y , BMAEICL DU ALY (E+E) GRS apo+0yp £RD
#o Table 3.2.1 — 1R L7z AfS (77 X=8H) B8LUBE (REIMER) L0 SRMERET
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LB EDIGIRIE ST A — 7 ZRD L H T B,

= dp1 oflin = Omi1 —

o Max G2

sB -1 gB. . [ Tobz INCELES

max mimn = .
b2 0 e Bk b X EUtE

B AT OIE HRIG ¥ Z A -4 (2 Table 3.2.1 — 1 DL S5,
BRI, EHEERT, £,=€.=01mm, 0.5mm, 1mm®347—ZA%MEEL,
MR LWE FB 2 EHOERIR, MEBLUREIKEL>TENL S, SHOEREE R, Paris
e s By o W A

%% =C (AK)T

T, C, N  HMEBLIUORBRISICL-TEE 2EH

m CHHE B LURIBIC L - CESE AER

Kmax - Raja & Newman R SHE XN 5B A FRE
DLEOEHONC, n, mBLEOL> CREAER L TRTTILENS 5. AMIFTICEVT, 7
5 R HEEMO R EKETE LU He BHOOTROBES b EEFHER LG50, mElMEEmin,
FOBHMBHSIC S5, T/ b Table 3.2.1 —2D kDL b, SRERT— 2 44k - 73O
OW, Table 8.2.1 — 2I0R LA SRS L b0ED<, SEOHETIE 1 HTH -0 <
OXBICE N, He BLUEHZETORETOER I, FAPBLOKPOERTOLRICUT YL
EENTVD, -7, CZTRERER He BLXUEZHD 7 — 5 LWOXEIC X B FRERT -5 %
AR BB LT BERREART L $75bb, Fig 3.21-2 (@Rt L, ZefT
LTOF— 5 50K T 5b0E LTUTOL S S MEREE & L1,

AN /da=148%10""% {Kmpax (1-R) "1 (T¥BEH : kg, mm)

Table 3.2.1 -~ 204 —2 1 ~4 &2 THMRIETES 0.1 mm, 0.5 mm, 1 mm&ik-TIT
o & BB EREITRS R A F LT Table 3.2.1 — 3R, VIFND7r—2H2 X1 0° A 74D
G, SBEARE DEREEULD )0 HICHHREENOEHIIFA SER LGV, 156, K
BEITT 5 RIS HOH B4 —2CoVT, SHOR S HAOEREFHT Fig. 3.2.1- 31,
L CHIRIRME T | mm DIBE O3 BMEOE(LE Fig. 321 — 41RT .

EBOHERICHEOCIEITAEH KRR T2, S3HOARTWENSLE C2hELERTT 120
%ﬁiﬁ®%kK@&#@EKM§RﬁbtaKmm,Kﬁ@@mmbtjmﬁgmﬁmggﬁ
Bl

3
KIc: ,'ch'E =429 (kg'mm : )



Table 3.2.1 — 3D/ AKE2 6.9 4 kg *mm

JAERI-M 87-138

3
2

LHETEE, K=26945K=429¢&

Lo, AMEEWBEEEETRAMAETLEbN S,

£ £ X #

(1)

(2)

(3)
(4)

Priddle, E.K. et al., Institution of Mechanical Engineers Conf. on the
Influence of Environment on Fatigue, C115/77, London (May 1977), pp.
137-144.

James, L.A., Proc. of the Int. Conf. on Mechanical Behavicr of
Materials, Kyoto (August 1971), pp.341-352.

James, L.A., Nuclear Technelogy, Vol.lé (Octcber 1972), pp.316-322.
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Stress Range in the Analysis

_ it AR ~7stik ) o 1 oM giFiEh oB
EEN ; ; TR | - :
MW, ni| a : b c max . min max min
: A 17066 ' 4968 0 —16413
X 0.4 251 50 80
\ B 49568 | 17066 164.13 0
‘ A 15473 | —4808 . 0 —9551
He | 04 27] 7.0 | 9.0
| i B 15473 | —4808 0 9551
A
H" a
B b
C
Table 3.2.1 —2 Environment for Structural Material
=2 | % = oow BER | BE (C) | B
1 ‘ 75 Z = {fl SUS 316 " & 217 0
: 7]
2 “5 &1+ Al SUS 316 7K 100 0.80
3 o 75 X =4l SUS 316 = 516 0
[
4 5 W) A SUS 316 He : 300 0.31
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Analytical Results of Crack Growth

2X10° A7V HODER

SRR R K

?ﬁiﬁi} : P (mm) kg mm " %% fi# =
; £, £ 2 ST E HEAE
o010 0.1 711 6.46 KSHI T 5 X2
% 0.5 0.56 053 1682 1550 ]
1.0 131 113 26.9 4 2476 |
0.1 0.1 0.1 8.78 7.75 RISENSEIR
0.5 0.5 0.5 1889 1445 Hf
1.0 1.0 1.0 26.20 15.39
0.1 0.1 0.1 6.4 5 5.8 6 He 84173 %
0.5 0.55 0.53 1543 1398 < 1f
1.0 1.33 1.14 2604 . 2317
0.1 0.1 0.1 645 | 586 | HedH®RH#H
0.5 0.5 0.5 1487 | 1326 | ZE@
1.0 1.0 4 1.08 24.45 20.73

2X10HA 7 iRD =R

G VIR

QJ\
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Fig.3.2.1—1 FlowDiagram of Grack Growth Analysis for FW
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Fig. 3.2.1-2 Fatigue Crack Growth Rate Data

for SUS316
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3.2.2 F4RITva vBOBREE
NTRATVYUAFE 1BEDT 4 277V a VICHT 4 & HFME2REBVICGEROE S ST 70,
FA4RT T2y yF)AE Table 3.2.2 ~ 1 ZRT oD TH B,

STBA, Flig. 3.2.2 — LIORTRNT© P A% M L 2 ono BB HERATICE —< 5% 9 70
DT -7, BREFTVEHBEIA PRI NERZH Wic, BificB /oM EH{ES Table 3.2.2
CRT. T CREERFHEZEELT, 70 0CIOHT 5 —EEEAOTH 5, HERMEE
1 53 kg cnf —EDBHIKFNE, F4RS TV YIEOBWREL L, T4 X737 ayitksd
F1BNORESHRA Fig. 3.2.2 — 2icnd, Kicid fast phase BT (Z2msf&), slow
phase BTE (22ms %) BLU03 sBEODDHARLTH D, TR Vo EEEBEROER
RO TEL L, FtT /o0 ry0RABEERTH LTS, LL, 0.3 sEITE]
BOREAHIEREE—ICE L, CNOOKRRICHETAE 1 B0 TANME Fig. 3.2.2 -3
e BICEEL L TEFEREOOTSS M GME LT 5%, fast phase £ TE (2ms i),
RAK 2.5 BOHFOTAPERBICE LS, LALK04 mm NEGERE ELEFOETS 5, R
OFBELICERBOEMOTAIE, 0.3 sEHL4HBEEBITET L, OFASHIIES HEICE
HLL T, ESAROBERET RN -VDTH T ) »20RFAMLELT, 77 X ={iE@A
o4 b pmA -t EEBIHIEGE L2 0 umA-FmSOFRE Fig, 3.2.2 — 4iEnRd,
7o A=EEE, TARFT T YORELLORELHEFOBHO TANEL, SHOERETE
HOS SRR D ol s L, 2RI ke /mm® ORESIRIEANE L S,  EETFH
LT 4RTTY s VIEKDWHIIRICA e B 1 BOREE, T4257Ya VICkD DL LIEN
—UOFAHEREZHARTH LD, TCTHERIHLTT 4+ R 77 a yOFECORLEEN-47
D SUS 3 16 OENHIHER M T Lz, Fig. 3.2.2 — 51, i 75 XK@ HS D
BEEE AN D, M T 4 R 77y 5 VORBAMAR - CTEBLA D TH 2, TCERER IEOT
(AT T s v CHBENREABT T, N—4 TICHESBY, &5 | BEEE IE0 74257
a VBB TENOWT NS, LOLAEMBS, F4R277 v Vit THENCELIKAE]
BOFBRAC B o AREITHEEEN, 2UROBEL2BHIHMELEIODLEFELOLNS, ZHITDD
Tid, SREEFMICL > THRBTILEVH B, 0B, R4 V074 XUFEHFMz2THE, 200

BIOF 4 AZ7vaviHEELETVESEERP LM 04 mm DESIFEFTTH S,

T ELEREFFMIE, Fig. 3.2.2 - s iR 7 &0 7o 2 ool firicE 47 < Jﬁfﬁf Tk
STiTote EHEAT I AL SELTEHO0FHELTED, 2HEAEMEZREANTH 5,
PRI S R RORICHO . 6D LERTH 5, 1 EORERBER, 2 0 CEREE
BT 4 A5 7vary—=2 0CKBRERTEL, £LT75X=llhoRBELTOLAEERESINL
CTEARD e T4 2577V = vREBEE, *RMAIIHKECSD, BHEETSHSHLEZ
EAREFALLTOS S TIHIBEE0 (kgf,/mm) Thd, T4 257 ¥ avk2 0CIEETS
BIZT TIAL, 2 0CTRA T (Tmax) &6 580 ¥HESE Tnax PBE%EFig. 3.22
— TR T TARATT Y a VICED Tmax H, SHESH 1 mm ik CERABERL, ZOMEH
0.3 kgf/ mmTH 5. —4, SUS 3 1 6DFRIKEFS J1od12.36 kgl / mmTHEELEDT,H
1BOEXHBT 4 277 v a VL > TALENICERT AL LFNETHITH L, TITIRICT 4
AST v YL AEEEFEREATMMT 5, FTEEREX052mm, 1.0 4mm, 1.5 2mm
XL, Fax37vavo [ ErLAKERS, FIEOFig 3.2.1 — 210RT S REEF— 5 %
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Table 3.2.2-1 Characterization of Major and Minor Plasma

Disruptions

Freguency
Stage I
Stage II and Stage III

Time
.

fast phase {(energy guench).

slow phase (current guench)

Energy Deposition _
divertor plate{during fast phase)

1)

first wall {during fast phase)
{(during slow phase)

peaking factor for first wall

Peak Energy Density
divertor plate({during fast phase)

first wall {during fast phase)

(during slow phase)

Major Minor
5 x1073 1074
1073 5 x 1077
-2 ms 2 ms
20 ms -
100 MJ 25 MJ
160 MJ 25 MJ
9 MJ -
3
2 2

290 J/cm 70 J/cm

84 J/cm2 21 J/cm2

76 J/cm2 -

1) by a factor 3 wider than the distribution of operating

power load.

Table 3.2.2-2 Properties of SUS316 used for
the analysis (at 700°C)

A A 14200 (kg/mnf)
£7 v it 0.3

Ok o5k R B 21574x107°% (1,/C)
hn T8 b R B 246 (kg/mnf)

Table 3.2.2-3 Crack Growth due to Disruption
for Bare Stainless Steel FW

Initial Crack Initial Ky Value duea Crack Growth due to
Length (mm) to Disruption (kg+mm 53.! 200 Disruptions (mm)
0.52 59.2 0.0055
1.04 ‘ 61.9 0.0066
1.52 44.3 0.0017
L

]
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Bare SS First Wall

03 - 843/cm?Z, 2ms

+
/\' 763 /cm? , 20ms

Jic of SSat RT

(kg¢/mm)
\

02 - 12.36kgs /mm
. \
(= 01k
O I i 1 J
0 05 1.0 1.8 2.0

Crack Length  (mm)

Fig. 3.2.2-7 Emax of Cracked $S - FW due to Disruption
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Material Properties

0°C

400°C

800°C

1400°C

200¢°C

*3000"2W

Young's
Modulus
[kgf /mm? ]

3.9%x10"

3.6x10"

3.5%10"

3.0%10"

3.0%x10"

3.0%x10"

Poisson's
Ratio

.28

0.29

g.30

0.31

0.31

Yield Strength
[kgf /mm? ]

il3

54,4

50.7

33

10

Strain harding
Modulus
(kgf/mm? ]

6400

250

70

50

50

50

Thermal
Expansion
Coefficient

(1/°C]

4.,1x10°°%

&.1x107°8

4,1x107°

4.5x107°

5.1%107°

5,8%107°

Thermal
Conductivity
[cal/ecm °C §]

27

Thermal
Diffusion
[em? /s ]

0.

42

Heat Load

260 J/ecm? - 5 ms

* Estimated value
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5 {00
20C—~
° Heat Load
B - 50
oPlate Thickness
o~ fcm
£
£
o = °No crack
-3 -2 -1.0 :
Ep{XiO ] F -
Tmax=2332°C S
B -50
o/
508°C
-100
Fig. 3.3-3 Stress - Plastic Strain Relation during a Disruption
2
10 [ I 1 | T
\\‘\ T A R
g§ T~ . 23 o et —
— "‘\\\ 815 & a —--
qj1o - K\\; A 1232 o - -1
< T~ ~ a >IN * lood control AEy calcukited
@ T~ NN from AC” and Young's
= ~~%_ "o, Modulus
SIS ey .
s | % S
[an ] - ————
{% . :T?{lkﬁ\’k\ax-tts
- N
s 10 F ¢ o3
=
+2 J | ] | I
0
10 o' 102 100 10t 10° {0°

Cycles to failure Ny

Fig. 3.3-4 Low Cycle Fatigue Data of Tungsten.[6]

A Means Cross Rolled Tungsten.

R Means Recrystallized Tungsten.

#r Five thermal shocks of 8.8 kW/cm®-
56.7 ms produced many surface cracks

260 J/cmé-5ms
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Fig. 3.3-5 Finite Element Model
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¢ — - |
Heating \ 24 Cocling
\
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-100 50 \ 50 100
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o
°T = 0.5mm
o

Fig. 3.3-6 Stress Distribution across Thickness
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_ I
K= 25
Heat Load

260 J/cim 5ms

Ky (20°C)
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Crack Length [mm]

Fig. 3.3-7 Plot of 3—integral versus the Crack Length

100

50 F

1 1 1

1000 2000(%C)
Temperature
W oKy &b

Fig. 3.3-8 Kyc of tungsten [5]
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Fig. 4.1.1-1 Mechanically Attached Armor
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faper bolt (ceramic )

eramic

Fig. 4.,1.1=-2 Mechanically Attached Armor
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4.1.2 TEBHENTIC L 2 BRREARE LEOREH
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47 IR AR S 5 LIESRERBIEICE T 5, -7, LOFEEAORS E&2THlY
LIEID B o

T — e BHEICITEHECEEEENFET 0T, 144 7 v OBEFAREICK LTl &
T, BRREEORE LEIZESTED/ 27 A -4 (LT TRIGRE) 2HWTRDETEBT
25, BOTRIEEORETH LD, Thby vzrvEGERD, 77774 PRIBREICES
CON THEERR, SEERENMIIT AT &, sROBENEMOBEICHLNTRIBIINENT L
OB B, TOFHEEERICHE - TS EINT A LTl b, BHTEUABEMERT
BIEHIL, BEHBOTEENIC X 5 BELEROMIZ, EfFEOS AN L 2BEER, MULRHRE
OB BEZARATANESSH A D, L LENOIITREBRBELT, EFICLIEHRE
EZOEKELEEBRHT 5,

557 A N RMENC L » TEEARE (RE AN, COTRERY AFORTIKE L THEER
BITHONTVE IG -1 1 0DV THRHNETo7. BEHCIEFTARBE LKOREETXRDLED
THbo

D SEWROBEREUBHICLD 144 7 VDS « BEEKRD S,

@ BAROIGRE S ZFO/EOIE I SEFG FOFERE LEEES,

MEE STELGVOEBEEGREL T R5 73 v THEDT, COFMFELT, 208
J /et o 1 5ms OREMICOVCTREFARE LEEEHT 5, Table 4.1 — TicfBH L7k
EHAERT . MEEHOREREHEIHFEEL T,

Fig. 4 1.2 — 1 EZRAEMEAID 1 4 7 VOGS « BIREOENTH L. BEFROEMIGIE
— 5.5 kg /mm® , B2 0.9 7T HTHREOHHBIL0.9 1 Thd, HHEEOLIRIEE 1.1 kg/mm?
EEHEEN, EAIE 5.0 &B, Fig. 4.1.2 — 2 ZEFHE/REEE9 0%, 9 5 2 THoO
1G—110@B5HEGlAT, [ERET— 5.5 ke /mm’ , K/ 5.0 OFEHHEE L~ 1 0D
A= —THb,

ST, MOBMBEMEFIC T 2BEERE LI L THRANT 5. BE LEICEEL RTTIRTE,
BBORHTE, Ak, BAFEBEEANTSH A, CCTRAEMIENE Fig. 4.1.2 - 3R 1G —
1100k - EEEEECTRE FRCREL, BELRLEELRD /5 7 EEC L Fig 412
—4 L, CCTRAEOHMERIERIOD 1 E LI, F4R577 Y s YVEBORENELLT,
A5 ~T, HIREQOAERC LS TEE0T, 10° Blcic T AREEFE 200 0CEE
THbe 7oL, COEHHFEIZIGC -1 10T 2ATH-T, 777 74 PBEHICE - TH
MR ERUEBC &, BV A 7 A OEEHBRE RIES OB NEREVOT, 2OREOTRENER
Th&HEI LICHETOLENH D,
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(1) 4ilfth, TAERI-M 86—145, (1986), 25.
2) [FEL

3 EMRBEEERFT —F 7« F— T

1986.
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Table 4,1-1

Disruption
Peak Energy Density
Duration

Material Properties (Graphite, IG-110)
Thermal Conductivity
Thermal Difusivity
Young's Modulus
Poissen's Ratio
Yield Strength
Tangent Modulus
Coefficient of Thermal
Expansion

First Wall Condition

208
L5

0.3
0.13
684
0.14
4.8
283

4.6 x 107¢ 1/°C

J/em?
ms

W/em= °C
en? /s
kg/mm2

kg/mm2
kg/mm2

Plate Thickness 1 cm
10

. Q=208J/cm - 15ms E

. plate 19 o

Graphite 1cm thickness =

- b"

45 10 05 __—1—10 0.5
e -5
7-0.91 € total € plastic
-10
Fig. 4.1.2-]1 Stress - Strain Relation during a Disruption
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4.2 EeES

4.2.1 RS

757 2 A P T wDAT L AREM N DBEEEE, BHSSICENRRO A TR X LB
AHLTED, AHIPEHESICL-THETH S, Lirl, JOESHEHORERFHOEZICXL
DEAIHICK X REIENPE LS 3 n 2 OBMICES SPRIBALESL S, Fig. 4.2.1 — 13,
MR GIC L BIBLEOWO 1 7 o i TH 528, DEBE LT v/N—, 737 74 P READEME
te2BeE LTTIiAERALTED, Chdh IaNiEesEerlonsd,

LT, Fig. 4.2.1 — 2RI E T AEEAL, 2IREOHERITICL - TIESESIKE
i AEE T - < EA B LUOTEBOKRN AT -, BFICHO Y@L Table 4.2.1 — 1ITRS
B, BEREHAZELTWEO, 4, 79774 30X 10%° n,/  onf ODREENREEEL
FETH B,

(1) 7-<FEx _

Fig. 4.2.1— 33, ®@EAKHE=04MW,/of , THEBEE =1 mm, THEOHRERAEL=10
X107 8T~ ELEBODTT 74 b7 7 XwliBLPMEBHIICECBIET (Zhid777 >
4 PATELTOBIEHERICEE -T0E) 737 74 VESOBFARLIBDTH S, 77
T4 R 0mm PLETE, 77 X<BiCEERES, hEEicEsEERABELCTEY, 77
7 74 FESOBRICHE - THREBAIOS RIS EL LEDEM AR L, 77 XA<HOERIEE
REDEMER %R T T780L, 737 74 FPESOBAICHEOREISAHEHARBRE (HS, U,
PRIBHIOE RS, AR TIAT, 757 74 FD3IE Suf (175 kg en?) LLEOE
AERLTWR, LA -T, TS TRFETEY, PHBROSEENEETEE 5T b
Thb, —H, 77X 7POHFMIEE, F57 74 POEFHSuicH L THALHEEELE - T 5,
2} FREBFEOE

Fig. 42.1—44%, 75774 FEEX=10mm, PEBOESE=1mm, PEEOFERRES=
1OX1075C™ ELEBDY I 7 74 FplicdE C2IGNEM & ZHBREOBERERLIZHDT
B, FBEFEESKICELBTEBAIDZ 57 74 O RIE/NIET T BEICH 545, 7357
>4 FADIGHFEFREAT 5. VTR LTS, ZOBERETIZ0.8 MW, of ¥ TOXTHAR
LT 57 74+ DEERFFMILEE L,

(3] thifiEDR %

DED Lo, dREOES 4 Imm, ZOREEREKE10x107°C™ £958&, 7777
A DESE]10~2 0mm ERMTEA TS, £k, EEHAFHEAS0 1MW, of ~0.8 MW /nf
OEFETEZ TS, DEBHO 757 >4 VAIRELBSIEEE, 777 74 FOSEEHEEEA
T BN HFATER VLD LN TV, 07T, L TRTHBOES B LURRE
ERMALATEDT T 7 74 FARLEEN~OBEEE#H L, Ak, HENC, hEBL L TR
IEEEE % & A EEIEREETE AN Fe ~ Ni&205 5, Fig. 4 2.1 —5iRT LT,
Fe—Ni&%id, BOLEEABRCELE-T2Xx10°TC ! ~20x107°C™ FTOERER
FHEBLLEHNTE S,

Fig. 4.2.1 — 613, 757 74 F ORESHERICRFITOHABOEEELR LI DTH L, &
HEERLZ 0.AMW,/f, 757 »4 PEXA 1 0mm—Eic L, HEBORE & BLUREEREE
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BATHT 7 74 MCEUAEHRELRT LTV 5, hHBOE X b L UBRIBEREOMBEB S 7 7
74 MICE U BIGAEBOK S SICIFRASEEL G0N, shiclEEL kT, 9ibb,
HEBOE S A MAS S 552, TABEERRRENSSTRIE2 7 7 7 4 F AL REEICHERE
BIEBF LT 75 7 74 F BAEHALANNE CERMIBEADRENREVCEEERD
L, Fnlk, DNESBEEREOPMBEECTAIENS T Tr 4 T - OREESWMECEL
THELLHRITHSE VA B,

Table 4.2.1 —1 Material Properties Used. for Analysis.

" " SUS 31686 757 74 +F A vo— (PR
v ki
(at 150TC) . C(at 35007 (at 1507C)
Bz #EH F i :
i 0.0363 : 00361 0.0340
(calcmes = C) ; ‘.
+ v g K
18967 1708 14980
( kgf mm® )
¥ oy v v ' 0.30 0.15 _ 0.32
w2 E Rk H K
1750 430 : 1000
(107%,7C) ,

« JEE350~400TC, flux 3X10°% n e ODEHEFT—4.
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31658 -—4— Inbar Alloy

Fig. 4.2.1-1 Microstructure of Diffusion Bounding Specimen of
Graphite to 316SS Using Insert Metal of Inbar
and Titanium
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o| o NEYS =
231RTIpaW _
91tydedg —Jajup 188315 ssatutels gig
d e 2 g 8
W\ L YL LA o A A A o o AR
@ N0 AN O K O NN O O« T
ainssaid
% e 4 jueT0O02
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Fig. 4.2.1-2 Analytical Model
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300~
*]
- - A
200 - - :
Su of graphite
“t 100+
L&)
e
vy
@ 10
500 * » —
o 15 20
Graphite thickness (mm)
~100¢
-200p
OB
-300r
400
-500
Su of graphite
-600 a.
Graph- B 9
ite” Heat flux Q= 0.4 OW/o%)
a
A Coolant ¢ Ha0
[:: Intermediate laver = 1.0 (mm)
SUS 316 Intermediate _g .
thermal expamsion : a = 1.0 x 10 = (1/°C)

Fig. 4.2.1-3 Effect of Graphite Thickness on Stresses in Graphite
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100+
200+  1“
~
Su of Graphite
100
G
N
h
= 0.4
0 } } } } } ] t
2 0.1
g : 0.2 0.3 0.5 0.6 0.7
& Heat Flux(Mw- o)
—100
R
—200
—300
—400
500
600+
Su of Graphite
G R
B Coolant : H, O
Graphite ” Graphite Thickness : 1 0 (mn)
A Intermediate layer 1 {mm)
[:: Intermediate
SUs316 Thermal Expansion @ @==10.0X107°¢"C)

Fig. 4.2.1-4 Effect of Heat Flux on Stresses in Graphite
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1 \ i ;
ER r ‘ i 4
i
f
|
!
i
I

Fe 10 20 30 40 50 60 70 80 30 100
Ni (%)

Fig. 4.2.1-5 Effect of Ni Content on Thermal
Expansion Coefficient of Fe-Ni

Alloy
200 |-
200
~
Su of graphite
100
-6
a= 10 x10
0 Intermediate layer {mm}
a=7x10"8
~100'| a=4x10°
@ =10 x10°°
T -\ S lo_s
-1300 |- . @ =4 x 100
~400 |-
-500 -
f graphite
-600 Su of grap
GCraph=| B 2
. Heat flux : Q= 0.4 (MW/ o)
ite
Ia Coolant T H,0

EUS3L6

Fig. 4.2.1-6 Effect of Thickness and Thermal
Expansion of Intermediate laver
on Stresses in Graphite
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4.2.2 HWHMTICELEF 4R35 7y a YIEHE

KEHRK 0. AMW,nf DEFEEERICH L+ 2UReEELE T 6 EaEE EMTta= 2
mm, 75774 FEZX10mm, PHBEE 3 mm ) IT2WT, Table 4.2.2 — 1ITRTF 4247
Ty a vy )AL T2 RmOBMRATIC L DI AT 5 /e BITET L EFig 422 -1 1
T ARIEERIENER AV, MEHEEORERFHEEELEYT, SUS3161150T,
HEEIR150C, 72774 335 0CO—EMERAL TS, AESEHME, [ 53 kg/onf
—EDBRHIKENE, FA4RF Tz Vi EBEMEL L,

TARZ T a /it TA8EBRAOEESH = Fig, 4.2.2 —21TR3, Kid fast phase
#TH;, slow phase TR}, T4 RA77va REVIBDERBIVIZHEOABTERL TV S, ¥
7774 PRART 4RI T a it BRE24T0CHERBCELTV S, L LENMNS, difd
BEREMDAF VL AITH L TR T 4 RS 7Y a YOFEEBIIFEA E T, BEHEGENRORBE T4
RITHER LTV 5,

fast phase T, slow phase ETEBIU T4 RAI 7Y 2 VREINED IS 774 FA
DIGFIREES Fig. 4.2.2 — 31CFd, 73 XvEED TS5 7 74 FHICik, 4257 v avick
DREIETHEADBEC S, IG—1 1475774 FOEMR Sudf5 8MPaTHD, 2HhiaEX
KRR LTOAD, TO Su%BA57 57 74 MARR, 77 X~EH S 0.4 mm OESET
Hb, COFEHTEIRENE U A 0JEEEMNEG, & LEARSRE LBES O S2HRIEMITAE L
ERS5hENE, ALEWERITICLOFET 20EBBH 5D, FHICT 77 » 4 MidRIREEICHA
THFEBEAREC, RAENEOEMICL2HAMET-—FTY 5 v 7 B EEST LR GHD, 4
%EE, BITMEORASBLETH S,
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Table 4. 2. 2—1 Characterization of Major and Minor Disruptions

Disruocion Assumocion:

Fraquency: Scage 1
Stages IL and 1%

Time for fast phase (energy quench)

Maijor Minor
: 5.10'3 10"2
. 1072 5.10'3
: 2 ms 2 ms

Time for slow phase (current quench): 20 ms —

Energy deposition:

divertor plate 1),3)
first wall 1)14)
first wall 2),h)
Peak energy densicy:
divertor plate 1)
first wall 1
2)

first wall

1) during fast phase
2) during slow phase
3) discribution

4) peaking factor 3

100 MJ 25 M3
: 100 MJ 25 MJ
: 90 MJ _—
290 J/cmz | 70 J/cm2
: 84 J/cm2 21 J/cmz
76 J/cm2 -_

by a factor 3 wider than the

operating power load (sze Table
II~7 of INTOR Phase twe A, part
I Repore.
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200
186 O steady state
A end of fast phase
160 + end af slow phase
x 2 sec after disruption
140
o
a 120
a
@
]
1=
Ad
@100
Q
S
-
o
o
o
c.
E 80—
3
L]
60
< Compressive Su
' of graphite
{ Cracking
40
20

Distance from the surface (mm)
facing plasma

Fig. 4.2.2-3 Stress Distribution in Graphite Due to Plasma Disruption
obtained from Elastic Analysis, and Cracking Region
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4.3 U35774 b, C/CAVRIy bOMERHY

757 ¢4 b, HENIREBMEBILERESH (Carbon fiber reinforced carbon
composite, C./C composite ) id, EETFHESOT7T—v—#& LTHAEBNAOHAMS ZRE
BIEASN TV S, H—EEMELE LTHHT 47903 C Oflic,

O TR LOBMEMIL TRETHELI L

2 KTEMMCHLTEER (R/Yy g V) ryIm) shanl s

@ MHHRBESNENTE

@ KFELORIEHD T —F
EZOWENNETH D, CNODEREER, KT 77 74 PAERINTOLEHELELLDT,
PEICAEETL 7 4 R LR E R0, |

7, FELEERICSRIONMAI NP SERABO 7T— 9 BARAIKTH L, /2, FERT
THINTOBTHT 7T Y RIZ03IMWY /nf T, ZHE~2 X102 8, cnf IKHHT 5,
757 74 MECOBHBETAENEEEZG Ay, HESEORFICECTRESRER L
ITTEE 0

SRR D F— s 3 e v FORHT, hETEEHAEICHET 27— RETARETEATHT
— B SR TV A, B—METHEEE A N—F5 b0, BT 2 PKELORIGICHET 5
Fo s FIEFIR LN TS, £/, 737 74 FAEHIC L > THEESES RS (RS20, &
BHENCH L TCRGD 7F— 9 25BER L TR 60,

ERC/CavfVy by 77 74 FOBRERELRETSMRL LTEASEN TV S, 0
Carbon 7 y 4 /S — WK -7 b DT, SIRWME, BECAMSR LTS 0D, fhOotEHEIC
B4 55— s BIGH Chp 6 TH B, £ TREGEBLATVN A 7— 4 284 L, SRFOEEER
45 &, BE EOMENTELE~NL,

(1) Bt

Table 4.3 — 12 H—4 5 1 DS OEFREN & BHOROERT, BnEE, HBASEEICH
CHtFT B, Fig. .3 —1RBHES 57 74 F OBCHEROREKGNE, Fig. 4.3 - 2 3RHHHE
DHAFHTH 5, BESERRIBHEEOEEL KE L, Fig. 4.3 -3, 43 —43ThThRER
FHOBREIEE BT 5,

(2) R

Table 4.3 - 213 H—4 5 | OHRERHEOEEKRTHE - BHMNRT, Fig. 43 -5~4.3 - THE
277 74 b ORREE & FFBEOEEKEHETH L, BFORRLRTY, SRABTHEEY
LHT B, 4 Fig. 43 —-8~4.3 ~ 1 0iCRsNskichEFRACL > TH@ER ERT L,
ERHCEMESET L, MR oW LT 52 b5,

Fig. 43—11~4.3—133BHEEKOAEKEELBHERERET, EEOEZEILEN/E
{, BEFRICME-TY v VREED DI LRT B, — SR REEIZESET, Fig. 43—13
RSB EREC M KET %,

457 74 MR T —ELTHOLNBDT, BeME LTHELLZOR, F4ATTva Yy
ﬁ@ﬂ@%tﬁﬁ@%ﬁ@ﬁ%ﬁ@%of4137vavmﬁﬁﬁﬁm@®fﬁ@<,%ﬁ@ﬁﬁw
BTEDT L7 OREEIRNE LTe /aE3ELL L85TE 5, b, BEERTHETLIEDOHE

93—
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FREATR4ET, Fig, 4.3 — 1 4t s hidii FRE &icHiPd 5, Hic1 X 10°° n enf i
OB ARE N, £/, Fig. 43— 165 1G—11 00#ES#E, Fig. 43—-1613 16 —
L1055y 7 ERIEET, EALhoEEBAS 0, CRRGBHROEELLHET 2408050,
557 74 b bEBEOIIRCHABETHLL LERL TS,

Table 4.3 — 33 GraphNOL N3MORBHEOEEALAFHEMNICE DD THL, T—7—&
LU CHETEMREA~T 5 Bich/ D3 20RFE L, £nllbic#in8®R, FoRDENIRE
s LTRSS 5.

(3) Ry F Yy

757 pA FOKEERERRAN Y 57 ) Y ITRBREOTETH D, EBICHLNTIH IHERE O,
Fig. 4.3~17~43—19HA,5y% ) Y/ ROMEMTHHH, Fig. 43 -1 9ILRT L3I
bz sy ) vy (X2 VEROBER) 2H50T, HTOoZx v -RUREDEREFEEIREZL,
BAEILERE TS 0 0 CHRE, TaL¥—T1 keV BETH S, BEZ 1200CLLETHULE
2y B T ERT AL NS EE G BB, £70, Fig 43— 19T 5 Y OEREASAHET
HICHBI LTV RN Eps, FERE B4+ Y7597 21x10° 1/ cnf siCHd51EE
BEHITIEAENP SRS B,

4) AR EERHE

FERD 75 X vEERBIFIRET1 0 Torr LT, 775 Z<MBEATIE 1 ¢ 7° Torr iR
NIFH S, M-, FFEELZORITE, F—BMoRdir 28 SUS A, HAlH 150
CHEO~N—-F7T10 "V Torr » £/ cnf vsec LITEFL T 5,

757 74 PIBBAEE THEHINANEHEEEBNTEAS AT i, B R 07
—FEBHTRESNTN S,

Fig. 4320, 4.3—2 1 C&HI57 74 b ORH AR ROBEANETT. 777 74 MET
FREBMETH T, HEFARBIIEBICHERTHREICKE . ﬁﬂj:’a&%@ﬁﬁz%%{ﬁﬁ%%t
NDHABRTELLTV S, WEHZARIZZ T 7 74 F OBEEOARL SFHMEICL » TRE CRA
Bicdh, CHESHRERT -7 OEBPLETH S,

B} C/CavEyy b

C/Cav#Hyy MIFHRRAMASAE & LTHERRARSH, oy PR A0, AN=2
e hVHS R ) —F 4TIy VETHERENT 5, MEORHEREPRESEFC L » TR
15505, fREHELTFig 43—-22~4.3 -2 3icHtEART, Fig. 43— 22 iTmshsd
BB, BEIERIEE - HEICE > CHEOEAET 5, BBHEED 77771 ML DK
% Table 4.3 — 4T d . COMTHFICHEINSDIFTRMEE LWEUAMET, FCEECA
AL RERICH L TEMN TS 2, L, (oonBnF—s, PARR Ny sy ) v IE, A&
BsE SR SHRER L TR G0,
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£z X A

U.S.FED INTOR Critical Issues, Vol 1, 1982 Oct.

Al BAE, 1986

ALy, B, Ot MR HEES o (KY 4 7 v HG” , JAERI-M 86—145, 1986,
INTOR Phase Two A Part 1, IAEA, Vienna (1983), 244,

J. Roth, Journal of Nuclear Materials, 145—147 (1987) 87—95.

A. E. PONTAU, D. H. MORSE, Journal of Nuclear Materials, 141—143
(1986, 124,

Getzel C. G., High Temp—High Press., 12, 12~22 (1980).

Tayor R. E,, Groot H., Shoemaker R. L., Am. Inst. Aeronaut., 81—1103,
1—6.

(S, RBAFLFEPIER, Vol 33 (1985) .
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Table 4.3-3 Extrapolated Property Values for

JAERI-M 87—138

Irradiate GraphNOL N3M

Property

Generalized Behavior

Numerlcal Values

Thermal expansion

Tensile strength

Strain-to-failure

shear)

Radiation creep

Thermal conductivity

Moduli (Young's and

Monotonic exponential
decrease, saturating at
about half-life

Rapid rise and fall within
first third of 1life

Linear falloff with
fluence

Gradual falloff saturat-—
ing at about half-life

Gradual increase, satu-—
rating at about half-life

No Iinformation; appears
to be relatively insen—
sitive to graphite grade

Saturates at about 30
W/ {m" K)

Maximum at perhaps 507
over initlal value, Satu-—-
rates at about 75% of
initial value

About 50% of initial value
at end-of-11ifc

Saturates at about 40% of
{nitial value

Saturates at 2.5-3 times
initial value

Assume behaves as other
nuclear graphites

(D

Table 4.3-4 Experimental results of three C/C composites and a graphite

IG-11. (9)

comcosires and a grachite IG-1l1l. :
specimen C/C-Av1{csc.B 2lc/c-Crd |16-117" [ 270 B2l coolieril
Carbon giber p{tch anﬂ rﬁyon < Bulk censity Tigremsy | 1,68 [1.77 1 L.571 176
et tar tem, (c){"3000 | 3000 | 3500 | 3000 | |¥ours’s mesilus o EicPal 3.8 2830100 192
Bulk d it { 3 1 68 ] 57 1,78 Viekars hardness Hv(MPay| 135 163 - 172
|ens1 Y g/em?} -6 77 -5 . Bending sctZengwh  Oyp(Mea) [ 65.7 196.9 1 - 19,38
Young's medulus Tensile strengtn Z.T. |35.7]55-4 63 FE]
E {GPa}| 13.5% 26.3 17.0 16.5 o (MPa)| BOGAC | 43.4 | 65.4 88 30
Bending strength 1650°C | 42.0 ] 50.4 102 37
2y (MPa}| B5.7 96.9 - 19.6 2400°c 16z, 71e3.ol il 44
Electric resistivity fracruze toughne?s R.T. | 2.96 ] 31.44 ] 4.0 0.8
P 1-cm - 4 - 1274 KietMpaml/2){ 800*C | 2.8221.38 5.5 0.8
. (ua-cm) 80 — 1600°C | 4.64 | 6.75 | 6.1| 1.0
*1.pitch carbon fiber felt reinforced. 2400°c 15.30 112,91 7.0l 1.9
+2.paN carbon fiber feit reinforced. Thermal Gl fusivity €2 4| 56.8 - 13.0

*3:rayan carbon fiber satin cloth reinforced. ‘(mmz/seci ) )
*“.fine grain, isostatic mold graphite. Thermal shock res‘:%z;;;) >148 | >155 2171 | 50258
Thermal shock fracture . +3
touchness 2 fwsmnk’?) =779 {m805 {5356 3=

=1 Siten C/C composite.®) 20 rayon C/C composlite,

2 PAN C/C composice.

__98._

*4 Load 3Kg.
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Fig. 4.3-3

AVERAGE COEFFICIENT OF
THERMAL EXPANSION 20 TO 600°C(°C

Fig. 4.3~4

JAERI-M 87—138

20 T

8 | —
POCO AXF  cpapunOL

5@ N3M

@
|

0 [ t
0 1000 2000 3000
TEMPERATURE, “C

Thermal expansion as a function of temperature for
several grades of graphite. Values shown are for
orientation with the grain. Values across the grain
would be higher by about 10% for GraphNOL-N3M and
H-451 grades(l)

"

(x102"

FLUENCE (neutrons-cm'?, £>50 kaV)

The average coefficients of thermal expansion from
20 to 600°C versus fluence accumulated at 715°C for
graphite grades AXF, AXF-5QBG-3, H-395, and P-03.(1)
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=
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o) 1000 2000

TEMPERATURE, °C

Fig. 4.3-5 Ultimate tensile strength of several graphite grades.
These measurements are with the grain; values measured
across the grain are somewhat lower j

I I
o .
o -1 30
2200-—
= POCO - AXF
4]
o
& %
w 100 —
> H-45|
w
% // -~ 10
s _______—-————““""ﬁ__h“‘“-ﬁ\\\\
o GRAPHNOL N3M
3 AND ATJ-S
Q
0 | | 0
0 1000 2000

TEMPERATURE, °C

Fig. 4.3-6 Compressive strength of graphite as a function of test
temperature
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Relolive Compressive Strength, o/o;
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Fig. 4.3-7 Temperature Dependence of Tensile Strengthm
¢ 1 T T T 1 T
IG—-110
[f5.12 1Ps.10 | OnlmFal L
L d T
20 ial L5 [ & 1820 | spitiation Tmperature
Raplal | © I e | 780
1.8+
1.6
1.4
1.2
1.0
‘ | , | . o
0 1 2‘2 3
Neutron Fluence {10 nicm?(>0.18Mev] |
Fig. 4.3-8 Irradiation Effect on IG-100 Graphite

JAERI-M 87—138

Compressive Strengthm
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BRITTLE RING STRESS, 10> psi

B AXF-5QBG - 3]
2 p-03
5 b— ~—
S NS T B B B
0 10 20 30 40 (x102h

FLUENCE (nautrons-cm™2, £>50 keV)

Fig. 4.3-9 Brittle ring strength versus fluence accumulated at 715°C
for graphite grades AXF, AXF-5QBG-3, H-395, and P-03.,(1)

%

FRACTURE STRAIN,

o} fe 20 30 40 {x10%"
FLUENCE (neutrons.em 2, £>50 keV)

Fig. 4.3-10 Brittle ring fracture strain versus fluence accumulated
at 715°C for graphite grades indicated. (1)
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i |
e — POCO AXF
o B - ;Z
g 5 ~____ATJS
(4] -
» |- GRAPHNOL N3M H-45] 4 @
A a.
J s ©
2 —4 e
s L
= 4
o WITH GRAIN
0 | | 0
o 1000 2000

TEMPERATURE, °C

Fig. 4.3-11 Young's modulus, as a function of temperature, for several
grades of graphite. The modulus values are measured with
the grain; values across the grain are < 107 lower for
GraphNOL-N3M and H-451.(1)
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ASR-1R
o @]
%o

0 .
o
a
o
m.
2
>
=
o
g
=
=
Ll
-
-l
=

0 -]

MAL, DEOSITY EHD OF LIFE
G L 1 ! I
0 0.5 1.0 1.5 T 1022)

FLUENCE, £00

Fig. 4.3-12 Young's and Shear modulus of graphite are proportionally
changed by irradiation.(l) (ASR-1R}
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Wy =

1 = IRRADIATION
TEMP

120

400°C

100

al

INCREASE IN ELASTIC MODULUIS {%)

T ! l ] I 1 1 1 ]-

] 1 2 1 4 5 g 7 8

FAST NEUTRON FLUENGE. ¢ 1020 nsCH2} (E 2 0.8 MeV) y7g R

Fig. 4.3~13 Change in elastic modulus of graphite with neutron
fluence. (1) (H451)

QAXF

= —

AXF-5QBG-3

-y

€/a FIGURE OF MERIT, 10%°C

N DU R R S B
0 10 20 . 30 40 (x10%)
FLUENCE {nsutrons.-cm™2, £>50 kaV)

Fig. 4.3-14 A modified figure of merit for thermal shock resistance
versus fluence accumulated at 715°C for graphite grades
AXF, AXF-5QBG-3, H-395, and P-03.(1)
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CRACK PROPERGATION RATE da/dN/m- cycle '
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Fig. 4.3-16 Crack growth rate of IG-11 graphite(3)
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Fig. 4.3-17 Energy-Dependent Phys-— Fig. 4.3-18 Temperature dependence
ical Sputtering Yields of the sputtering Yield
for Graphite. (4) of C at different

energies for D, O and
self-ions. i
18 T T T T T T T rrrrrr—r—rrrrey 1§ §
BT Ju
£ g
TS 414 3
5 o
Bl 1 5 41 9
o =
— W 10 =1
—
a Je @
g ¥ -
=
w T PISCES § Z
2 \ Tkav 0 O I i
L 4 0w WOeY g =
@ A gl B
z T @
PN TR W Ty B S AR 7T S S WU RIT N S T [ '
quu msa mu Imil 104. 10” lnll nu (5

H* FLUX {ems™)

Fig., 4.3-19 Flux dependence of the measured chemical sputtering
yield compared to model predictions. Solid points
are data for hydrogen, open points for deuterium.
For PISCES both hydrogen and deuterium data were
obtained at 100 eV. The DITE measurements give only
an upper limit. (5)

—107—



JAERI-M 87—138

8.0

ne pre-anneal

6.0 - \f ) / [

600°C. anneal

%‘5 /A« N U W
_§ 4.0 [ ‘ \./\ /;
2 | . ;

2.0 Lj

1000°C. annzal

0.0 - - - - - - -
0 200 400 800 80 1000 1200 1400 1600

Tamperature (°C.)

Fig. 4.3-20 Variation of outgassing spectrum with anneal

temperature for AXF-5Q exposed to air for 2 days.(6)
30.0
25.0 o
[»)]
I 2004
3
2
g 1504
g CC-138c¢C
i
Yo 0.0 [ Y
. 1/ /\_,A‘ ‘
! £K-38 /i\ k
47 A ‘ A/
il ,N)J.M\- N TA'A NN LR S
00 e M
9 200 400 500 800 1000

Tamperature (°C.)

Total gas desorbed below 730°C following 2 day air exposure

Sample?! Weight Desorption { % 10" moleculesig) Descretion
3] - (% 10" elg)
H. Cco COo. HC
LOAXFEQ 043 &3 12 7.4 9.1 §.2
1. AXF30Q-BG 0.5t 33 15 1 12 9.7
3. EK-83 024 i0 11 1.3 9.3 4.2
f. FE-139 0.21 17 13 4l 13 6.7
> FE-1591 0.23 1.8 6.7 1.9 i3 3.2
4 1611 0.45 1.6 23 1.4 1.5 1.6
7oIG-10 0.29 7.2 9.7 23 7.0 4.2
3. CC-138C 023 il 9.3 20 ] 36
% K-Karb® oo 39 33 39 Hil 24
1 iD-Weave 0,23 120 790 39N 150 310

' Manufsctucer, {comments). source: 1. Poco. J. Kopel. Poco: 2. Poco. [impregnated AXF-j.O). J. Kopel; 5. Ringsdorf, J. Linke,
E(FA. Juelieh: 4. Schurk & Ebe, J. Linkt. 5.5 & E. (impregnated FE-139). ). Linke: 6. Toyo. A, .\Iivaha;:. IFP Nagova.
7. Tuvo. (Purified IG-11), A, Mivahara; 3. Hitco. (2D weave), 5. Lee. Flitco; ¥, Kaiser Aerotech (2D weu‘ve, C. Higdon. KA
1. Kaiser Aerotech. C. Higdon. 7 } ‘
"™ 5 day air exposure.

Fig. 4.3-21 OQutgassing spectra for several materials:
{(a) annealed at 1000°C for 18 h.
(b) exposed to air for 2 days. (c) held in
vacuum at 125°C for 1 h and (d) desorbed at
1°C/s. These samples are included in the

data of above table. (6)
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Fig. 4. 3—22 Temperature Dependence of Thermal Properties

of Different Density C./CY
a ) Enthalpy
b Spﬁcific Heat
¢ ) Thermal Conductivity
d ) Thermal Expansion
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Table 6.3-1 Basic conditions for calculation

1. Ripple insert {reference)

Cruss section 077m X 0,.7m (at mid-plane}

Height 3.607m (upper half)
J.458m {lJower half)

Material 5541

2. TF-coil

Number of coils 10

Total ampare turns 142 .5 MAT

Bore size 6.4 X 9.2m

Table 6.3-2 B-H characteristics

H (A/m) B (T)

0.0 0.0

50.0 0.085
100.0 0.350
150.0 0.590
200.0 0.760
250.0 0.890
350.0 1.050
500.0 1.220
600.0 1.300
700.0 1.365
850.0 1.440
1000.0 1.500
2000.0 1.630
3000.0 1.695
5000.0 1.760
10000.0 1.880
20000.0 2.020
35000.0 2.150
50000.0 2.220
65000.0 2,260
100000.0 2.320
200000.0 2.446
300000.0 2.571
106000000.0 14.761
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Fig. 6.2-1 A field ripple insert,
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Fig. 6.2-3 Elevation section of experimental power
reactor, showing location of field

ripple insert.
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S

Fig. 6.3-4 Calculational model and coordinate system
(R, Z, ¢) used in the 3-D computer Analysis.
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Fig. 6.3-6 Contour map of TF ripple over the poloidal cross
section. Dashed contours (---) show the results
with the ferromagnetic insert, while solid
contours ( ) show the results without the
ferromagnetic insert. Plasma cross section 1s
also shown by cleosed circle and solid curve (—e—).
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Flg 6.3-13 Dependence of TF ripple, Sripple in the thickness ARth
of ferromagnetic insert. TF ripple value for ARp=0.0
corresponds to the case without the ferromagnetic insert.
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DF—F -2 EZFHL, WREI NI —TiROAT, ~1986E8AFTTOEDTH S, BEHE
BEESE~OBEHAEEME Lol 28 (EBRICEXMOBE LT 2HLUER sfosFEF L L
T27W—=7,0SEW) &7, BHEDE LTREEPHEEY 5 ¥ VHOMFETHE, Co2#H
EDOTUFEARET 5, B, BREAFUAOSFNEHARNIN T 50T, HESHF~
FHATEE943 0, BEAERY - THOBERFELOTLOTCHRIEAR LGN LITT 5,

(1} Quick replacement of the reactor core

BEE T OMDAE v 2 7 2 /8RS 15 BRIIRIRE IR IC 2 it SMAARAT 5T LARELT
Wb, Fig. 7.2 —1it CCTR (Cassette Compact Toroid Reactor ) OMAERKEZRT. K
IiRd &5 Plasma container (3)& Magnetized coaxial gun (13) OEFEIBIC SMAMEE
LN T 5, Fig, 7.2 —2iC Plasma container ONRFEIEZHB R LTS, Fig. 7.2 -3
I SMA joint HOMERATT. SMA joint RV -7234x74ThHbh, SMADREFIEE
KT THWb, Fig, 7.2 —4iC Plasma container & Lower divertor MEEEEHOAS
ARG, SUS 73 v VDHEHRER2m, BEXd40mmT, SMADEZE3I0mmTHE, Fig.
7.2 — 5T fmO—#F%Rd, Fig. 7.2 — 61 SMAOEZ®30mm& 5 0 mm DES&D
.SMA BMEOWMFAERLTO S, FEFPRE (75 mm) OLETADPRART, 5 0mm DESE
¥2 3 kg/mm’* ZR LTS, BRAITAS N0 v ORI 1281 5 kg /mm® T&H 5,4,
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BEOWEICES & Pig. 7.2 — TIGRIIERO 9 5 00 2 5T SMABF £ ) — 7 HERERT
2 TWh, SMADEBEHMHE 0CDEETEX10 " "Torre £/ sec D) -7 BTHD, +73750H
HERDTBONT S, T/, TS 20 002 HAM SMARENRAFSNTHY, BiLxr -
Ty 7 xR ST b,

3)
(2) SMA seals for fusion reactors

HRAEEOEZ DR E - o7 7 v IVHOBRBZE Y —HIC SMADOG ) Y VEER LT S,
i 6.5 ONiIi—Ti 74 ¥A2B I LEBEBIcTe 25400 ) »7REM LI, 0V ¥ 7,
TIVIETETE DI MAAVFORLNTHE (50X Fotwy) L, —26C £TEHH
T2, MsHIZ—10CTH5B) RICEN I ETTEHERYFD I ICIELEIHEICHDMTT, 0
VYT BDUTAEER S, TO%, ERITNHRSTSHL0 ) v/ iEBETPEE, HEY -V
BENB, V=7 FAMCEBE1IXT0 Torre £/ sec D) -7 BTH-F. Fig. 7.2 —
8~T7.2—-12ICSMADQO N Y7 ARHLL 77 VEon7 5 DBBAEF LV MRIETEL, vy—
AZHWT guick release & A&KitOFIERT .

7.3 BBESFORIEEN

SMA# FERICHA T AEE, SMARESERELMIT 7 77 4, FMOREEEOPETE
BIThb, BIBREIL DO T SMAOEREREABHUREOFERTHLG LD, 4013, SMA
OEREREICITFE SREREEIC LS £S5 CHBEORBERMETHA T UBRNER LIS TSE &, 7272
L7 7 Z=ilifEe, N—F v IROSRRETOERRZ ATV, &, ZEREEEANI LTI ©
SURHICHEB IR © ST BALE L 5, (Fig. 7.3~ 1 B0

—F5, SMAOPHTFBHEHIC VL COBEC >0 TREDT — 5 iICE LOOHBIKTSH 5o BHD
R o EH TMTR 2R LC Ni — Ti OmBFRE 250, B S hic SMA DERIEHR
EBLCEES REBRE L LICNI — Ti OBRBMPEEEH I RI T FREOEZEICOHT
BT B, FERIT M) TREAGBSCIVBESESREELNICE T T 5. 2) B¥NEARUBHRE
AECEMALIZIOO~1700MPa, 6~8%42md. 3) BIKCIRHGBRERBHFICLORSALC
Hotcd, 530K EoRBERELETOET S, | EBELTHS,

i, Z» JMTR TORHEFiEI 70y 28X 10 n enf OEFHEFT (0.1 MeV)TH5,
MAEDET A OERFHETREICHET 2 —DF— ¥ TH b, —F4, FER THRAT AT
RS (1 4MeV) SEFHT (0.1 MeV) Thbd, 77 A7EOHE 1 BRETOPHF
HIEFNFNR1~3%x10" n cnf » sec THd, £k (25 1L6m) oAHITH, £h
FRI1IX10*n, cm ~sec(l 4MeV) &1 X 1'05 n,/ cuf *sec (0.1 MeV) THEL,FER
DIFOHFEMGIZ47H (=107 sec) CHEEENTWEOT, 47 BKEREIN 7223
Table 7.3 — 1D &LHiCt b, JMTR @ FoO 742 238 X 1 0" *n/enf THa, FER
CEWTRE I1BFRTOEARBEHEN 25 s B0 OOTEHEETELWY, L JMTRO 7
—HBELWHLE, ROTLEWNEAD. IMTROF—sickuid w7 w44 MiREPLECE
LRAERAELDT LI ETHEHEVBRANE TORERIFRRELHERL TS0 8D
1, BLTHEREAEE TOED TR, > TMBEENIC L DREOEREBOB LITHE DL
ST EICREATER VA, YRAMICHIIREDOK X 2BIE A EHRFT 5 L 5 WHRITE T
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AT, —F, EREOAMIKENTHE, 1X10'" n/ o DIRET=F ¥4 4 HRESHEAE
ZEXREEUTRBICE > T 300EbOP0HODTHESZAEVE, BRIBRELDEE L,
HHLYTWEEDN S, _

HRADIET (1 4MeV) BRICDWTIREN 50EE M Lt b0hd 5. ARKZICH 5 A
JHET VPICTNI —Ti D1 4 MeV il FREHEET - T 5, 7ALYRP57~82x10"
nSenf TwF w34 PEBEENZAO I OCERE, KT 2ICBENOEHE LT 5, EA
OARTIETHETEFSOZEBIZI A LIEHTEZAICE LY, LaL, BEESOT7F—9 LAINILOT
— 44k, 14MeV & 0.1 MeV DBV, 70T Vy2AOEWNIHLD, Ty 4 P BESTELE G
BTd2:MELTHAED, FOEKRT AT &1F, SMAZERBEFIKERT 2 Hh o2 <
ERHOBRER LTS, 4, BEBRESEITSNHZAOEP SO T EERFFLL,

7.4 EmMEFAOER

LT, F9 SMADOERBEEALTOXDICEIRT 5 LiICT b, w7 794 NEBETE
EAE My w7 v PEERBRTEES A ke £/ SMADBRE % Toya &7 5.

BIF, SMA OEREAAFTH, Bic IAEA®D INTOR SPRARY THELTOAM, ©
ITHTOMBEHRAL, ThLBCER LT EIROVTEHETEERT 5,

Fig. 7.4 — 1 3—RIFIMBEBEOFHICH N2 2 ) — 78O SMAREMTFTH S, SMAFERH
T4 2 KA ORARTES RAR - 2484 T, A AL LICES N5 BT EICIU L, My AT
CHEHIEN B EEET 2L TS TV B, R-TCNOEER, FEiEd, Toya s Ar A
DEicFEsSh Ty b &, EgRricgEicERsh, € LTy—nndhsd, Fig. 7.4 -2, O
BHIEEOERAEH L HITE 1BT -2 4 0T &I SMARERESEHIA TS, 28
EEOAHNIC SMABRBKTESEHEA, - T 58 & bICEBIXEOGITH . oL DIk
AN A NVBETHNTEE L7 A VvAZHRTSE, BiCMTF2MEGHIT 2720 OFE (F L4
YEL) TRLOT, ERkoFu b BROLHUERTEELAETH S,

Fig. 7.4 =343, A H=ANsF4 920 « 2575 %Rd, Dd s CEHDEA, HEHDSMA
R PTERINTE, ZLTHOCTFERONANCIIEE Y + v FPREE ATV S, 45
SMA #o b id—FEoESICEEEa N/ —HtE SMA Th b, Fig. 7.4 —~4iZ JAEADINTOR
WORKSHOP Phase IA, Part 3 THABERL TV AEMEFOEHE TH L, 2 h=Ai
cIA w7 s 3x8E, CONDATICORETBREST 577 viry b« 7 7 ORI CH
B LOBBIERE 77X F 4R35 7 Y avitd-TTI vy b o w2 7 ICHET BRI
(Rh® Frb kU Fp) ZRHORHITEPNE, RDOARORMARE Fig. 7.4 — 50w,
HDOEHCHEHET BT 7 V7 v b v &7 7 ORFEEICE, 7227 9 %2BATABOKIET LT
bho T LTI RI ¥ OPLERTUN LAWAERAE Fig. 7.4 - 6iCRd, IO ~DIF 74
OHEATIH i, SMAFVPEZBRE Y v v F2FH 2 THIE-FRETIT D (RO Tl . Ry
vy X OWEERET 5. CORET SMA KL M Ap SRLEITMERE N B &, SMA Fou MIRAT
RSN RV P REITINFE L LD T 40, LRI T 4 LIBTIKCT AR E0 a2 PH I
oLl & FEITScy, chBlhE@FEr b IEE L (Ko EoR) o ColFed L/cmniumEiE
NEFHLTTZ v v b 27 SEOBMITEREEITH I T LIS, 227 ¥ DDA LESMA
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Fov k& My SELFIESH Lo, BEY » v FTERAEERITEA S, SMA S b33 2 A6
HSMATHNE Y v+ v FFAREELN S, Photo 7.4 — 1 TAIFHEERT,

Fig. 7.4 = T3 SMA /¥ £ VI EABEEY — VEEST Y. — A SMAT, KHEHSLE AT
KBS T b, Haldd HIKSMAYw + Vi3 h~N—7 L — b ORAICREES N T S IRIZK
(bl S A= T — | AEEESICH LY CT, ERESHREEITH5 & SMA/Y Yy + v i2EHRT
Bo (F2#ZL Toya <Mp) £ LTBYcIDE SICSMA /Yy + ¥ 7% A bl biminid 5 L& Lic
SMA /Y w + VdERAICEEE I B (WIEAsEAE) R AS 55, LbL, A7 L -t

EEBCEESNTHLIOTREE LTSMA Yy + Yic3REIBH S, A -7 — 1+ O
E&ﬁ1§%®%ﬁmSMA“7$V@$%L§¥V—Wﬁ%&éh5C&C&%cSMA”v#/
F Ay SRALIT#E G 5 LB INATRRCEET 50 TROELEAT L EMHTE %,

Fig. 774 ~ 8 SMA Y+ vy & s VR FLERT, 48— b7 -4 ERERLNT 2 DOHEH
F-—DHL, —IHE, ¥E- b7 U-LK@EESH, MRET Y FE ey TENLT Y VFIGHER
ENTVE, MiEMy SUTOEETY ) Y4BT SMA A bl snREE, $48bbh
Hl4 —BFELEL L o T WREE R, CoREED SSMA Kov b % Ap )l E i nERE
T5E, SMAFVMFISME Lk IkES 5, CORBOOENIRAEZOTIHF -3y F+r
y T & > TRPORANR G L DI EfilicEEH T 5, £ LTHRELTEAF —B ERICRL LT
LB LT D, COWRET A Ml BICRERETRIE, Fig. 74 - 3iTRLicAd=hr s
1y «a37040RODELTHHATE ENTEL B, Photo 7.4 — 2 IKE{EREERT

z & X M

1) M. Nishikawa, et al., “Conceptual Design of a Cassette Compact Toroid
Reactor { The Zero—Phase Study) — Quick Replacement of the Reactor Core”,
Fusion Technol., Vol 9, 101 (1986) .

2) )AL - [EREEE ST oRSEE~o®EA (1) |, BREFNES6 1 FROoRn
M

3) .. M. Schetky , "Remotely Operable Shape Memory Alloy Seals for Plasma
Confinement Systems”, DOE/ER,80195. )

4) ERIESGSOHBRAECHT SABFRBREGENL ], ARBFRN2yy - 1984 3

5) T. Hoshiva, et al., ICOMAT—86, held inNara, Japan (1986) to be published.

6) FEHIFESAMM @ [RRECESS#HTORRSEE~O#EE () |, BAETIF26 255K,

7) M. Kondoh, et al., “Simplification of Mainténance on Reactor Core

”

Structures by Using Shape Memory Alloys ", Report of a Specialists’
Meeting on Tokamak Concept Innovations (IAEA—-TECDOC—-373), held in
Vienna, 13~17 Jan, 1986.

8) EEEESM ¢ ERLESG2ORMEEE~OBB] , BARET¥26 1 FROoTHE.
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Table 7.3-1 Neutron Fluence at the End of Reactor Life

! Fusion Neutron Fast Neutron

At the Surface 21 2 21 2
of First Wall 1 x 10 n/cm 3 x 10 n/cm

At the Outer Suface 11 2 13 2
of Outboard Shield P> 10 n/em 1 =10 n/em

1, Divertor {Lower Parti
2. SMA Joint
3. Plasma Container/Plasma

4_ Plasma Container Supporter

8. Plasma Canzainer Arm
6. Control Coil”
7. Divertor/Guide Coil
Z/] 77 B. Polaidal Fieid Coil

7

GF
—
i

S SSS 9, Divertar {Upper Part)
10. Blanket

: 11. Blanket Supporter
5Em 12, Superconducting Coil

7 7

WO

13. Magnertized Coaxial Gun
14, Surge Tank/Manifold
7/ 15, Shield

SNS

Fig. 7.2-1 Cross section of a CCTF
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{
Coaxial Gun
SMA i
' vertor
( ?
G . - & v
@

—
SMA

Plasma Containar

®

Fig. 7.2-2 Disassembly of reactor core parts.

Caaxial Gun
Flangs

§ Y
T
2P

Blanket

Thrust Bearing

Plasma Contairer

Blanker

Feedwater Pipe

Fig. 7.2-3 Detailed drawing of the SMA couplings
and flanges.
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Torsion Spring ~

Toggle

S.M.E. 'O" Ring Elastomeric 'O’ Ring

I .

i
|

Y
W e
N
LEIRN

\n
.

A

Pumping

Port

SECTION A -A

Fig. 7.2-8 Schematic arrangement of design based on double
clamshell clamp single toggle and pivot
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[ —

Clamshell

,S.M.E. "0’ Ring /Elastomeric “O” Ring

Fig.

IR

7.2-9

\/\/\/‘\M

SECTION A-A

Schematic arrangement of design based on double
clamshell c¢lamp and double toggle
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- To Release Lid
Elastomeric Seal

: i S.ME. Seal
n = : e [T

T - R ~ ..‘:'x\z- El]i .
S =

AY

s | '

A\

-

'__/\/\/\/W

SECTION A-A

Fig. 7.2-10 Schematic arrangement of design based on multiple
clamshell clamps actuated by ring toggle mechanism
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Cam l Special Pin

Cam drawn in

release condition

Crown Wheel & Pinions

Fig, 7.2-11 Schematic arrangement of design based on geared
cam~clamp system
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Criving Gear

PO

SECTION A-A

Fig, 7.2-12 Schematic arrangement of design based on geared
cam-clamp system
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9 1
/ /
- 7
V4 7
\
9 8

4r

/

F

Y

6

a
, §

Y7

SeC . Z'—Z

( SMA pipe connector contracts when Tsma = Af.)

{-----First wall 6---- Cover

2----- Blanket 7---- Coolant line
3----- SMA pipe connector 8---- Hole

4,5--- Cooling pipe 9---- Grasping part

Fig. 7.4-2 Concept of Armor tile
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£ of bolts

C-shaped plate-A N )%Edge-B
C-shaped plate -B

Hole for hydraulic jack
Hole for coolant

C-shaped plate A
SMA bolt

Nut

\\\\\\&/ C-shaped plate -B

7

|_—Hydraulic jack

Hole foéunr \\\\\\\\\\\\

Edge -A

View X - X

Fig. 7.4-3 Structure of mechanical quick connector
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~Fz

/ Fz '
/' » FR

-FR

\

Opening to install connector

- am—

Mechanical connector

for Fr RN

™ Connecting part

Y ’

A
| |
I
l
g L A
4
Y

Mechanical connector

W/

Fig. 7.4-5 Connection of adjacent sectors
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Connecting part

OO

-

ORI LI LS T TISLIT) —SMA bolt
N ] -1
\\\% 5[\\\\\\\\\\\;' *%;;/C shapefl p'lafe-B
§ % 2 é,é_§~— —Hydraulic jack
\lii=izzZisi §
ANSRRUNNN

C-shaped plate-A
(a) Connecting (SMA bolts contract when TsMA = Af.)

AN
[\’\\\ 1 \

////J[ \

AUNNN

(b) Disconnecting (SMA bolts are expanded by
hydraulic jack when Tsma=Mf.)

iy

7
B

7

=S NN
\RRANS
"f\\\\\\\\7“’

G

%
??/7/

7

u \\\\

Fig. 7.4-6 Mechanical quick connector
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(a)

SMA metal packing
shape)

acuum vesse] (square

in cross section.

e

Fig. 7.4-7 SMA metal packin
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k system

jac

7.4-2 SMA

Photo.

SMA mechanical connector

7.4=1

Photo.
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