TERE | ﬁi_ﬁ]ﬁ%ﬁﬁuﬁ-_} TR R U |

Tokyo Tech =

esearch Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

gobobbbougooaobobooobo

Collapse Behavior of Stainless Steel by Molten Metallic Corium in BWR
during Severe Accident

0o:00@O),

oooooo:0o0o0ooo,

0000:00111910,

00 000:20190 30 26001,

ooooo:0ooo,
0o0:00C00,000,0000,0000,0000

Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:J [0 1119107,

Conferred date:2019/3/26,

Degree Type:Course doctor,

Examiner:,,,,

Summary

Powered by T2R2 (Tokyo Institute Research Repository)



http://t2r2.star.titech.ac.jp/

(5 L3Fe)

Doctoral Program

m X EE

THESIS SUMMARY

Foea—2R B PR HREhr FUody) © it ( T2 )
Depértment of, Graduate major in ﬁ%*} I'_%L' a—A Academic Degree Requested Doctor of -

=% . = =1 Y .

FHERA A REHE (F) T ——

Student’ s Name Academic Supervisor(main)

AR () -

Academic Supervisor(sub)

R (F13 2000 FRRE)

Agm L bR KR K @ s S A OFIEFE SR A X LR 2 ) U Ak D AT 0 L ASHOMARIZB 4 D058
LHEL, 2TENERIND

B 1E ) T, IHE TIUTh il F S eChlERE KD A Z LR a U 7 A (AT 2 L A (SS) -
RAGIE 9 37 (B,C) il A) (2 B9~ D BEAEAF R OMEEE 2R L, WIS /KUK IA 72 & D B,C Z il & LCHERA 3 2 147
DOIRMEEFHIRFIZIE, FOOIRMBUTLE, FIDIT SS-B,C AMAR L S 4L, WFOREEM O X7 2 L A (SS) ZME
LAEEMERH D EICER L TWD. 72, HERICRKESREELRIFT I LD, SS-BC AAIZ X B4 NHE
M (SS [EFE) OB EHORENEE THLZ EICEKR LTS, —JT, SS-BC @RIC L D SS [EIEOMHRIC
BT D EFINR LN TND Z EEBRRTND. ZOBREESE 2, ARGWSCTIE SS-BC @AIZ L2 SS FEFEAE
FHOMAEZHE LB _NTn 5.

B2 IAFNVRIY AL DAT VLV AOMABERET T, AV 2RIy 7 @i’ nae/a 2 18Nk
Wik & T SS-BC RMAIZ K 5 SS B OB REA R L T\ 5. FEARRIR A2 0% L7z SS BIRAER T & 1573 K
SRR T T SS-B.C @liRICIRIE., REIOSHBEREITY, SS BEARERIR~0 SS-BC AADOREMARH S
77, THUIARROWHEIFEEICIE, (1)SS BEAEFRE TO SS/BC ibERFIGIZ L Db Eff (an—2 g ) &,
(2)SS-B,C fl{AAY SS [EFHKE MR R ~FE L72%, SN EME L7 DORE T2 L VO BEEE(ar—V s
vexun—Vg )02 MEOMWRIZENRDH D Z L EARE L TS BL RN, R 21T\, SS-B,C
BMAIZ L 5 SS FEFH ORI REI SS BAE DRSSPI A DB O R 725, aa—Yary - =2r—VarThodr
LEALMNILTNS.

B3 E (AT U VARSI A~D A X VR 2 U U AOREEEHE] TIX, ar—Yar-zae—Yalrk
Fl &k 24, SS-ByC @AD SS FEERA~DEEER (2 n—2 3 ) AFIA L TW5. Bk, RE oMl s
TESFNS, BELEBAEIIIBREEND ZEEH ST LTWA. Harrison 1T & 2 HEEEX D 5 4E % W
T, BMED SSAERRI R~ B ORI FIERIC L VR D ZEZH LN LTV, fIRFTIC L Y B ORI LR
BREAEREL Y, ZTOMEN 10° cn’/s A—F—DETHHZ LWL L, B ONTHEEREE H= SS-B.C
Bl RO SS fE R~ DOREEE XD IR IN TN D,

%4 F BHHEETICB T2 AZ LR TAIL D AT VU ABOMREEEEHE] T, Miholids 2 (g
HET 2D, SS-BC BMEDIRINN & 55T TD SS A ZEEN Z M LT\ 5. FEsbhife % % Lz SS Betkitbh
% SS-B,C BMAHIZEHARE L%, REOBEEZZAEL TWD. HofRo 5, SS-B.C @ik L SS FEHid
MO I R T~ DRI L 0, fEEROBE (e —2a V) BMEEIND Z EEZH 60T L TN,
BIEREZZEXI2EZRIG, BEEHEOT L=Uu 278y TV, ZI06E07HNT OEE bz R X
— X0, RKAOEEE(ISHT 2 AR R ToLBRMEIS (2 r—a ) ThdH el B6MTL
TIN5,

FoHE [ AFNFRIY TAILDAT U LV AFIOMETET WAEEL TIE, 3 3 BIZB W TH H2MI L7z SS-B.C
Bl SS SR ~DOREZEE) (2 u—T 3 ) LHEARICB O THL NI LSRRI OE (mu—2 3 v) o
REHAL, SS-BCAMARIZ XL D SS FEMHEOBEIEOET LV EREL TS, £, TNETHLNTHEEND,
SS-B4C AR DEIE & SS EARDFESRIRZ X T A —4& L LI-HEEO PR E2HREL TV D,

6 E MERREOFHF~OBAMN E LIRS T, BEFREEZ LS LT, BESE—HT
J1IFEBATEHIS, AR THLNTZMAOEMATREMZ R L WD, £72, S%OEILEENEZHEET 25
X CHME 72D, ICP-0ES & U = SS-B.C G4aH D B IREERIEOMMEITo T 5. KHEIZ, AFELVED
N RBEISH L, $I#b & LT BC 21T 2 FForaetm Lo, SS BRIk, BIRA T, #
BIOGHEICTER LR E 217> TV 5.

BTE R T, UEOKRETEONZBEERIEL, RaXofimzik T,

INEBET BT, RGmSCTIHERSEF D720, SS-BC @lRIZ K 5 SS B ORHRZE BN 2 (KR AVICTRA L, R
EBThiran—Var -xo—Va OBEEZALNC L. 20 LT, BAMIC, BEE—RT HREIEN
HFi AN FER OB A TR Z B L, EREZ 5N TWA LY L, SS EMHOBHENEIT LT 5 ATREM:
R LU, 72, FERoFEFIFOZeEm ESE 5720, MEFFERERIZESW RS M T,

fii# : MSCERIE, AL 2000 F & 33 300 #F% 1N ORI 50, b L<IFHI 800 #F% 1B LT ES0,
R fSCE G LRI —F IR (T2R2) I TA =Ry MARENET DT, AR AT RERHIPHO WA TIERL L TS0,




(5 L3Fe)

Doctoral Program

m X EE

THESIS SUMMARY

Foea—2R R H HREhr FUody) © it ( T2 )
Depértment of, Graduate major in E%*Z I'_%L' a— A Academic Degree Requested Doctor of

2z . SR (1) -

TR A BEHR (F) KBS S

Student’ s Name Academic Supervisor(main)

fEHA &) -

Academic Supervisor(sub)

S (FEIC 300 GEFEEE)
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In a nuclear reactor using boron carbide (B4C) as control rod material, such as
boiling water reactor, it is considered that core structure materials mainly made of stainless
steel (SS) would be collapsed by molten metallic corium (SS-B4C melt) originated from
control rod during a severe accident (SA). Therefore, collapse behavior of solid SS by
SS-B4C melt should be investigated in order to predict the damage condition of reactor after
the accident for decommission, as well as to evaluate core disruptive accidents of reactors for
improving safety of nuclear reactors. However, previous studies were mainly focused on solid
state reaction (SS/B4C, B4C/Zircaloy), and there are few reports on the reaction between
molten metallic corium and the core construction materials such as solid SS. Therefore, in this
dissertation, the reaction experiments (immersion experiments) were carried out with a focus
on the collapse behavior of solid SS by SS-B4C melt.

The findings suggested that infiltration of SS-B4C melt into solid SS grain
boundaries takes place. Based on the Kinetic analysis, it was revealed that the collapse mode
of solid SS by SS-B4C melt is corrosion-erosion —the grain detachment from solid SS due to
infiltration of the SS-B4C melt into the SS grain boundaries.

To evaluate the corrosion-erosion behavior, reaction experiments under various
conditions were conducted. The results suggest that the grain size of the SS rods affects the
dissolution rate; the smaller the grain size is, the faster the dissolution rate is. Also, the
collapse rate of solid SS by SS-B4C melt was evaluated, and a prediction formula was
proposed. In addition, some safety recommendations was proposed for suppressing the
collapse of SS structure by SS-B4C melt in SA.
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