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Basic Experimental Study with Visual Observation on Elimination of
the Re—criticality Issue using the MELT-1I Facility
— QObservation of the coolant—voiding behavior
in the simulated melt escape path -

Ken-ichi MATSUBA®,  Shinji IMAHORI*®
Mikio ISOZAKI*

Abstract

It is necessary to demonstrate massive relocation of molten fuel from the reactor core
during an early stage of core disruptive accidents for elimination of the re—criticality issue
in fast breeder reactors. In the present study, a series of experiments have been
performed aiming at observation of coolant-voiding behavior within a simulated escape path
which is important for the early melt relocation. In the tests, molten alloy with low
melting temperature (Wood’ s Metal: 60%Bi+20%Sn+20%In, m.p.~78.8C) is injected into a

coolant channel filled with water simulating the escape path.

Through the present test series, the following results have been obtained:

1. Local coolant voiding is initiated in the viéinity of the melt injection site, where melt
heats up a limited amount of coolant leading to effective vapor formation. However,
this does not directly lead to initiation of the void development.

2. In order to establish a stable coolant voiding (not local), sufficient reduction of coolant
subcooling is necessary in the region of melt/coolant mixing.

3. Once the stable coolant voiding is initiated, further development of the voiding zone
takes place with a continued melt injection into the void.

4. The time scale for void development is quite dependent on the melt enthalpy. It is
suggested from the material-property consideration that early void development should
be highly probable under the reactor condition (MOX fuel/sodium coolant) in which the
molten fuel has sufficiently large enthalpy.

® Nuclear System Safety Research Group, Advanced Technology Division, O-arai Engineering Center, JNC
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& EEAE4E (FBR : Fast Breeder Reactor) D#F/MBEZEE (CDA : Core Disruptive
Accident) IBWTIX. BELUZBRENFLATES TS &Ik DIFEHEORENE
EENTEORBROI RN E— 2T 2BERNEE S AHELE. WO LHER
BEEAVERRE XN T X, ZD/®D. HE¥ED FBR © CDA FHMRICB W T, RFH7AR
BENSMENDTRINF—HBZFEEL, FEROBESEEZFMTEFENANS
NTE, ULHALRAS, FBR OEREBEIIBNTRHESZEEOR WL 2R &
FRICE S BEINRBREENROEND D, BHOFRER I TOZEELE
IREETHEYICMETE S CDA FMEFIEZHUT 2L LBIC, RICCDARE L
LTHAEZLEERA2ENMCER TES Z & (HEAMENER ORELERT I
ERBETHD, AWERTIL. CDA FHMFEORE & B BEERICHIT -
gED—EE LT, BBRET 1 Z7VEREE (BATF. U1 ZVEE) 2AEBELTHS
MELT- I B IERE 2 A Wi BEAFER B ERHABORRRRITOVTERET 5.

CDA DELHER - BEAREHROE&EZ2K 1-1 IZRT. CDAIRBWTERLE
BRELAFELNTED L, REEREMRE TNV EUCEBE. ARGERII R
F— T 5E LNEEROREDAREEEETERWN, —F4, BRUREES
T B ACENICAREERFELAOENERICHE s hhE, FERBERRZRETICE
AR T AN ENnEEZ O NS, Lo T, RIC CDA KES7ZELTH
AERBEANERINDZEORBLEES DI, FOEEORHBRETERM
BREEDEEANS NSNS 2 & (RHREEE EEFTHIENEDHTHS.

BHREHEE O, RURERBEEREZ2 LI T 2420 CMATREEZEHRZ,
FNFNE 1-2 RO 1-3 KRS, BB oK E U TR Y > REERE.
BB SR UEHBEERNE 2R TE DRSNS 20, KEOERBE % H
SMCHH LESBREE L CIREBRHM RS RREAEESMEREZE T 2 HEER
W% (CRGT : Control Rod Guide Tube) WEEEHEZ 55, £z, REAMEHLZ
BRI TSEDIC, NS 7 FE2REBLZREBESEEZHEA LZFLREIBRTEN
TW5b, REEY 27 b CRGT DL S B AZREMERZHE T HREZELTO
BREHERIC B3 ERNZHEREL TR, RETZ NI > XEILHIEHR (ANL) TEi
X $7z CAMEL- I C6,C7 BI04 51 5. CAMEL BBRTII. S EOHERBIREN T
MO LBHMBRIC KT IS & R O R AL B R OWHM A LT AL
HEINBI &I DBHMBERIRA FMELTBY, 20F 1 MEBEBICKREOER!
BB I NED I ENFREINTWS, Tz, U 7V EBENEEIFOL27EMm
FiE& UTHREED TE SIMMER-TI I — RIZ & % CAMEL ABRTE TR, 158l
MEOHBRBICRETIHRBBE-HSAMBHHEEREM (FCI : Fuel~Coolant
Interaction) =& D HHMFHBEHARA RILL. FOHRA RMEBEFICKBROEMBRELN
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BHEETNDEEIREINTNS, LOLANSHETTOEI S, BHM THEZEN
PR ZE U TRKEDCHEMBENHEHZ N B Z L2 ERWNITR L AR
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BT —INESND EHFEINS,

—4. FREZFICHET S MELT-TIRBREE 2 H W -BER R L m s
SEEEARR (EREE4 Wood's Metal / K) ICX B EBHRTH 2, BHiEFRIER
AR ERZROMBEMN T 2M 1-4 1TRT . BERSERTHRCERARIT, BH%E
FHICRDOSEFRMERICEH LU AERET Y Z2MEBTHEEDIC, IGRRABREHE
THHDEMEBEMIOENS, B1-3 I RLEZLSICELRBPEL £ T 27D
HITREBFEERICTOE-oTED, THRE2ERNCHEHTHS I EANETHD T
BT ARz, U LENS. CAMEL BN ID2F0RBRBFITRENTWS &
DT, B ORI B TR HAM TR SR 1 RIET 3 Z &N KEOBRIRE % <
MIZHEH T2 ETEERERTHBICHMND 5T, ZNICETAERNLARNAFR
BLTHEY, FAEFEHRER>TWS, ZOLOREREREL. BERIRTEL
ERRBR TR AMBEROR T RMECHRb2ERT -y 2MET A&, RUEA
BRFHEOTTORS RMEBHZRET D EICEIDRA RIEOAIZXLZES
MCTBZEEE1BEOEMELTHREL. TOEMDD, KRS E4 Wood’s
Metal (% BE~8500kg/m®, Bl : 78.8°C) DEA 2 EEFERMAEL. KEEFAHM &
LT BEZKTHEZ S NZRHMRE B : 50 mX50 m, &3 ~1m) OB+
DOEAEMNSHHT RBRZ2ERL /-,

F2HETHRREBRUVHRFEOBEEZDRND, H3ETIR. EEYEOERE
ORBREHFOEEICREOLIRFAICDONTERD, B14ETIR,. RBF Y2075
ZERE o THRA RIEDESEEZAS AR THEEDIT, B —ADRA RLES)
ZEHERE L, BEETIE, BT REDOANZZLLEHEL., SRR 2 EIRMNIC
ALz £, BBRERICED < CAMEL B0 A1 RIEBEBOST. RUSHO
B DNWTIRRD, BEETIIHROE EDERND,
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BRI ERRRE IR Y VIV ERER O MELT-TREE
HBRAFENTEBD, k%<ﬁﬁfﬁﬁéﬁgﬁét@@i%ﬂ&ﬁ&ﬂﬁ%é&?ét
DOERMBAL THR SN, STVREBEREE THEehTW2, BEFHRAH
(LR & SRR B OBE., RUBHEFRIIRTRIEEREZREOL2EKERER T
NFENE 2-1 ROKE 2-2 ITRT .

(1) #ERER

RBEL. CRCT ICHY TP MR EER L S AMRE. BAMREX DIEW
B AT 5 LEEER, BEOBELT 7 ) ZEINT 270 0B EENERL 2 T
B, RUNANRARBRL DERENS, BHVFEROBERIRIL 50 m X 50 oD IE
FH., FOLER In THY. RBEROS b—HHEICIESEEET A ATICK
HEBBEOHBERTR Y I —FFA MEARD T o T3, wHIAHE S/
R AVOEEZK 2-3 IT5RT . EEMET, 5B R I Nakid, B
OE S HAEMOPODICABET HEEHRE ) XV (RE 10 m) Z2@EUC T, HHEIMEREA
Txw MRICEEEIND. 2B, BHAMKREO LT ABROENEREHITDOWTI,
RREERROZICEZ2EABEROAEB T, BEOKBABESL D TRARO
FEHBENETEZHEDTWS, T, RRIIBWTEHET 2R RMEOBEBIImAM
REOBIRIC L DA RICHEZEIND LEZOSND D, FEORKREEBRE
EEDOREICBWTIIERFR EOMEEICERL T3, TOMFEATICDOWTIL.
gk 1iciE Lz,

RS ART 150 mo X 150 mDIEFBTE A L THB 0. FORNIIIImAMRE &
waﬁmﬁmﬁﬁﬁ%mﬁﬂﬂﬁ%mﬁﬁkkmDﬁwbnfm%uit\%ﬂﬁ
DHAN—HADEN 2 ERICRETHOOEEHRRAT T > KOGHMOA —N—
TO—51 2 ERITTHD, FTEHEEFRD LHEEREFAUNEBREZEL, TORN
WicEEOBT 7 RNET B H0OFRVBRO ST 5N TNS, A%AX%%M
RNE 23 mOMABETHD. LEBEERE THBEERZHESL TS,
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VARIINEAERIL, RMAZERT SO0 —F -8, RUFOREKEZRETHEE
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mmm EE A0mPAT IV ABMOAFPERTHY., TOAERIZIETIZ7O0E—

—MNEEMTENTVS, =Y —BRIIISIIEBORENAT > LV ABRNIC

%éhrh@ RBAFIIRMEORIE EEBLB I OB TN T HADERK &
LTWs, ZOMBTNIHAOMIEENZ2EASIEICLD., BMKOREIENZ
EBRRETED. BEOKHIL. AEBXEEEICRELZ 2 BOFR—IIINITER
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FFICR < Z& TRz 5,

2-2 &HFR

BAMREORS Mez BEBRT 30100, ETERELTA N ASEIT LS
BREVEDTH DD Bk, BAMEVESIRET BSHERSOREEEEDN
ASREOHTHETS Z L EHLL, XRRTIE. DA SEZIc L 3EZEEICM
2T, BAOBIEEERE, BAMRBOBESLE S RCENT. ROEEOLE
LEBEL. ZHSORBT—YERET B ETEA MeDZEBEIEL -,

(1) HBEMEDOINE -

REOHBRBERICIE, BEEETA D AS (35w 738, BE5EE 1000frames/ sec.
B 192 X240pixeD) 2 B K UEHBBE D A S (OF v 718, BEHE 30frames/sec.

B FEEX 1000 X 1000pixel) 1 REFEA L. ZNS5DH AT %R W TEMED A B A
EEBEL. R RMEOBRTEBEL. BETIHIIAT L O X EBHEMNESAE
DEDICREEINDINY I 51 MEEAW:, I, BHAMBEROBMN OB 482
TBIZDNT4—BEFAIAT (F 3 FIVEE, 30frames/sec) ZEA L=,
(2) BAREEEDEE ,

WHMBEBICBIT S FCl 28 &K1 RMEOEEBEOKESE- RITT2E%
HRDD, BESBEAOERMKE 2REBEREICRE L, BEOHHEE %
E L. HEOLSKEERIT 10kHz TH 3,

(3) REEHIE
WHMRBEOBEZLERET S0, BES (¢ 1.0 miEE K $1EW) %5
R XV OMREEMIZE 7 AREB L. ChoOBRBMNER. BAREVERZS
EHLE L TH594 nm, +435 mm. +261 mu. +87 mm. -87 mm. -261 mm. —435 mn, ROV
EHERNTH S, ABENOBFARIIZEEDS 20 mTH S, T, BEOTLE
EBEZRAETHOOHERN b —F BB E OMER LS OMATICREB L, BE
DESREFE L 1kHz TH 3,
(4) EHAIE

FCIEBZHETHLTEERENT—Y 28520, EHE (FXLVESEESH
Tt —) ZRAMBRROBEGORMNEMIRE L. BEEIIREHEFAET
BB, LEBEFEORAMBEOCAN—HAPIZHENSE2REB L. FHODEEE
1% 10kHz TH 3,

(5) EALAIE

HM TR DARA REZMEMIED -0, BEERL NIV 2BAMREROIERE
FIZREL, ®EDOEMEZRIE L. 22U, BFEHERL AN EHIEE & ORIcAk%
KPKBPEFEY B3 LRETEICRI2EENH B, CNERBETEIN I T TEL
T NT4—AATILBBUOEL DB % RBIZ T 72,
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(6) /NA/RRTREDFREEE

B RIEBTHATER L2856, FTHBEEN S LEEEEAmD S HE O
NHBNA NARBPICECZ., ZOFRBREET 2720, NA NAGRBIZKE OER#
HEStEFRBELL,

2-3 HERAE

(1) EBRBEOERRUEE

HEEE (Wood’s Metal) 2t —% —R&8HN (FIITHAFHK) TH#AL, &
EKEERT B, b—¥—FRICEHETIEEYEORERIT 13.5kg (~1.6X10°m®)
ThH5, CORBEIFEZHIDERBITZDICTATH S, BEDRENITEDR
EBIELES TSI/ 251EKkE,. BMABEREEOL—¥ —BABITENWRIONILTDF
METBET 5.

(2) BRI

RUEOBHIC R > T, SBRBICHIEDBEDHRAM EH&RT 5, WAMARESO
BHMOBEREELES, 28OV T2REBICHE 2 Ik VRO =ik
T2, BAEOKEEEN 5K 3 WRENEEL S, BHMERIGEWHONN)IV T %R
U, BB ZRTIE5, 8. ABREBOHEE L. REINSHMRBICRET
BN OB ERENTHHM LML, PCIARETHWEENHZ. ThiEl
S, 2BONINTRECTFD TN HAZHALTWS, BMRIZZOT NI H
ZEBLUHT IS U THAMRBRARHEINS. ZOBR. 7NVIHADEENR
1 R{EDEE M SN OEEE RIETAREEBTETERNN, TOERE (~0.13X
107°m?) [T EM OERE (~2.5 X 10°m?) IZ b D ez R-r RO KSR
S TEEREEIRWESHE Lz,
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3. mlBRSEMF

3-1 EHEHDE OREIR |

WHFFRBED R RIEICH L T FCL PE<SBEETA I ENRINTWAR I &N
523 RS ERICBWTIIFCI Z2H0EARSEHEZ BB L TWAHHEEZRZRANWDZ
ERFRNEZEZSND, ZOD, HEFSERTHCERSBR TIIEERMEKE L TE
S &4 Wood’s Metal. A E L TKER WS Z EIC Lz, MELT-T B ERRICH
WTI. IS OEEYMEE AW FCl ERHARYOEERH D, Zhick3ERH
HRZRBRT— Y OPTICERTE 5,

BHRYE CEEMBEOERYMEEOREER 3-1 IRT, MWE ORI/ RHM O
BERBERIZZENETN O R 12 ERABEDRD, BEHICES Bk EBEMOR
HEREE, FIAERAM N TOENERHEDONT VR, $DWIRKROEHEK
ERETHEEE TEFHICREREWIECRVWEEZ NS, LHALARREE, KOEK
SQEERFTF M UAGHMORIEBE L ERT 2EBHERENVWRD. FRUDLEH
HOBE EFAERORT RAEREIND DI 2HBU LOEROKIIERET ZHE
NHO, ERUEEARIIRS MMENRBIVICS WEREER D, £/, BEiEVHEAER
TREAENETHIRIRILF— (BEEARNER) FREEPEICHERTHZDNEL,
MOIKDEBEBRE /NI WD, B RIENEZS-DITHNEEEZX SNDEENS
BHMANOYRMLRABITRHL WEEX S5NS, DEOETICEDITE K1 Bk
ODLEZOBHETIEAFNEEZEZ SNBKEHFTH > THHRA FIEXEHAETH D
ZEERTIET, TrIUALAZRBIIBIT SR RMEOEREORBLEEBLZ &N
TELHEEZEZON S, '

3-2 REB/INSA—%

A B{EOZEENT, BMR S BHM QBN . R HMFROBIRLE IR
FHRBEDTZFA D) —IHOIEHFIEKETZEEZL NS, HHMBREDO A A
M) —IIEREBORGIEETENITIA-FTHB T &, BHR1 BFMEoEERM
BUEEZEELUADZALZEZHATIEWSEBENE2Z R L, AR TE{bE
ABTIEZAA M) —IEELRWRBRIBEEREZ2ERNTA-FELE,

HEAERTRCERFARORBEFRUVARBRIBERG O HETNTNE 2R
O 3-1 1R T . R FAENER T3 DITITRERD 5 B HM O Rz 2B TN
AERTHD, TOWRBICBNWTIIFCI NEELRRENZDDEEI LGNS, BEFED
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