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hTnws, EE~ b o2 A%ME 1-1 7T, ERitor 2 ) — N OEEST 7 ofkEE L
TEREhiz,

L2 EBgO a2 ) — FORAEESOMAA PRRITLE ORBEMHE 1-5 (RT3, MAAPRBITESR
LEVW—FEERLTNA,

3 1-1 ACE/MCCI EF~ R Y v 7 A3

Concrete y Host Corium itial 2¢ Absorber
Test - % Generation Mixture Oxidation rial
YPE" | wikg of UO, % Mate
L5 us 325 PWR 100 none
L2 s 450 PWR 70 nong
L1 s 350 PWR 70 none
L6 s 350 PWR 30 Ag, In
L4 Serp/S " 250 BWR 50 BC
L7 us 250 BWR 70 BC
L8 LL 3501150 ° PWR 70 Ag, In
a. Concretetype: LS limestone’common sand
S§: sihiceous

L1 hmestone hmestone
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TO ASROSOL COLLECTION
ArD GAS SAMPLNG SYSTEM

+8 1-4 ACE/MCCI EBRIEED

' ' L

Hi#8 : MAAPS User’ s Manual, EPRI

B2 1-5 ACE-L2 EBi - MA A PEITOBAIES O gk
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)\ RT3 2 BIF RT3 B R
(3) BETA ZB (EKEK) ©50 %31 (15) Ic
MCC [ R o— FOBREBD=T 0/ A REB ORI DT — 5 <— 2 EHFF 5= &£ B =%

FE LT, MKEK TEEShE, EREEOBMELHE 16177, 74y FRGICEY &BER
% (Fe, Cr,Ni, Zr) L E{LEDiameD (A1:0s S10;, Cal) AR EZH T, TREF a2V — O 52131
ETEET, 22EFNOERDE, FEMBMZLIOMAL TS, ~—A~vy PPIZHLHIBEEHZLY
ZWREOALY V- FEREESEBRETESLICR-TVWD, BERE LT Ir 28 iz
AW E8T ) —XOERE~ b w2 & (V5 1~V5. 3) 2% 1-2 |71,

EBgEoar s ) — rMEERRETFTERIEL, B 17 o5t EHFRLVE, EimoReR
BRER2TVD, BRBIZEEND Ir KXV a2 V—balad Si02 8 Eh, Si S0
ARBHEREA TS, V5.1 EBL V5.2 EEOar 7 ) — FOBEESOMAA PREHT L OB
AR 1-8 BRUMTE 1-9 1273343, MAAPEITER L IVW—HETLTWD, ZOMAAPD~Y
F=—2NICED, ZREBECEDL FA-FREORISHESHEB SR TV,
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b <4

g#m%

A, R XEES OmE GE O ER)
TREFTLETHEAFOHEE (ERTHOER)
RRRR, REAHOMmE (REALEEARL)
: kD PWR DA A DEM L IZNE

) EF S EFT 2 5iF

HFEEF 3 5P

fHEE S

Periphery Systems
Thermite Mass Gauges

Water Control and
Measurement System
for Crucibles with
Water Jacket

(1) Melt
(2) Concrete Crucible
(3) Induction Coil

1B 1-6 BETA EBpEER

Molten Pool

Material Sampling and
Thermocouples

Movie and TV Cameras
Infrared Pyrometer

Exhaust Gas

Tharmocouples
Pressure Transducers
Mass Spectroscope

Stainless Steel Fiber Filter
(Optional)

Multiple Aerosol Filter Probes

Concrete Crucible

Thermocouples
(Melt Front Propagation)

Thermocouples
(ANL Type for Pool Temperature)

Water Filled Annulus

(4) Hood and Offgas System
(5) Thermite Reaction Tank
(6) Tank for Measurement Probes
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13 1-2 BETA EB~ kY v 7 2

BETA Initial Melt,

Fission Product Mock-ups

Main Objectives

1 kg Ba0, 0.5 kg Lag0Og,
0.5 kg SrO,
6 kg B4C in steel containers

Test ~2200K and Additives
V 5.1 |300kg Fe+Cr+Ni PWR: Zr chemistry,
B0 kg Zry-4 none consequences on
50 kg Al,04 erosion and aerosol
+ 8109+ Ca0 release
V5.2 asV5.1 1 kg Mo, 0.5 kg ZrTey, BWR with B4C
1.5 kg CeOg, 1 kg BaO, absorber, low power:
0.5 kg Lay03, 0.5 kg SrO, Zr chemistry and
6 kg B4C in steel containers related processes
V5.3 asV5sil 1 kg Mo, 1 kg CeOy, BWR with B4C

absorber, high power:
Zr chemistry and
related processes

—

T

V5.1

wa

f+E 1-7 BETA EBEO =27 ) — FMEERRETTHAE @




F o R, B R TR FEOER)

WA 3 B MG ol T e i
" . 2 H D PWR @4 HBIBMmLE 3
1473 BABHENEDEINETFMIARS o 7 7 0 2572 MR — FICoUT (A3 5B b =20 ) — f O E NI o1 T) T : ek VAR HIBML EAE

Z)IEF/)3EpT 2 BiF {HSEEPT 3 5P FHE B

FEEO 5 b, RELONFILREHEKRE
CRLETOTAHETEEEA,

-+ 1-8 BETA-V5.1 EB: L MAA PREITOEAFEI O B

£+ 1-9 BETA-V5.2 EBk L MAA PART OB AES O bl B
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PWR O 4aRImk DB LN

) EF S EFT 2 5iF

{HSEEPT 3 5P

fHEE S

ftég 2 EAREMHE-MCC 1 ER

HEAEHE) ESR (FRY EICEERE TR L-ES) L LTI, SNL TER S SWISS EBEX
WETCOR 3Bk, ANL (EPRI) OEfETEM Xhi- MACE EB R U OECD/MCCT £5, [FETFHBEHHTHE
(NUPEC) = £V M =7z COTELS EFdih D,
LTFOEBROMREZTT,
(1) SWISS =B (KEW 7 1 THFFEAT(SNL))
(2) WETCOR =B (CKEW 7 4 7 HIFHT (SNL))
(3) MACE £B: (CKE7 /= XBFZEFT(ANL))
(4) COTELS E% (B4 FETHREEHTHME (NUPEC))
(5) OECD/MCCI Bk CKET /L= > X BFFERT (ANL))

(1) SWISS =B (kM SNL) [

BEEMSRIZ LY AT LAREREYE, BBMLEATLALary 2 V=R EOREPICEKL,
EBmpOGHEEZRE~ERN 2 8iThhi:, EBRERE2E L LEROBRLR-TED, AV FEE
ICRERZ T A PPERENTAN PAMICHAKBBALIZS L&D, AL MXbarZ)—}
OREVHELE (HE2-1 28), =720, £EBRIAL FOBRARERTHES LB LY 1R
BEREVWILRI0%AT LA THEHIDIRRERIINZ, K—&EBREOREBBMboTcZ L b
—@ESTEh TS, £ial ALY EFKT—L~OBFHEITH 800k /n* BETH-7 (HE
2-2 2R),

[aTiaAr 3. o]

#3.1 (3) z:k
L
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SRR DEMLUENE

) EF S EFT 2 5iF
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BESH  4SkgDSUSEREN6emMD IS ) — b EICEEx ¢
ERETETL TR ERN, WHH1.6kWikg SUS

i
)
i
L}
n
"
=
I}

avey-rARNE(em)
=3

]

wh (%)
FREVUYY oy g5 ImMEEEEIL Y- FAAREORE

e T . naa — H

EEEMNBIA N -E ol saan  wnzn
17U URE ziba g
(BREALA M) e &
BEHAD— oS s T
HBTE(H0) “
Hlf T - ‘\‘
h

R :
avgy=p—+ 'Ll mEazeLa
Fa0. e (e

ERUTOEE (SWISSELE) EUER S L URFER O R (SWISSTER

[ 2-1 SWISS EBROERER L a2 ) — MEAEXOES LT (MAAP) Ohig!

25 T T T T T T T T
20 |-
2 ol
= n POWER POwER
E . o e
- —— II i
- n® i [
Y e o b
L] ] [l
T WH; S
T a” ;:
0s - i ] : ’
L]
0.0 1 | L 1 1 1 1 1
0 5 10 15 20 25 20 s ")
TIME (min)

168 2-2 SWISS-2 EBROA T — /L ~OjEE"
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THEEERT 3 5P
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DRI, GER LR MR (EE oM

: O BT LR FOME (R OEE)
D REHRE, RELHOMEE (EESEEBARL)
itk PWR QAR IR HIBM L iZAE

EERHE
#31 (4 z®}

L

11473 BEAFEHEHEOGIETFMHICFES BT T2 7 PR = — FIZ20 T (5513 FEiE0 L =2 U — FOfEEEFIZo0T)

) EF S EFT 2 5iF

B 20KW/m2 TR, MEMEFFIC 20000/ BETH -T2,

(2) WETCOR =Bk ([ sNL) [
Als0: & Cal OBMLBIRESEBY 3dkeg TAVWT a2 ) — b EDORETICEA LERDOGEEL
WA EENThh ((FK2-3 8), SWISS ERLFAHROBEHAIZLED 2027 U — bOBAHERL
Too 227 U — MBAEEEIT SWISS EB L H~TH 1/3 IWETLTW3, K7 —A~ORREIIHE#

\eaven B0
Asuma TUSE
180 em N
i N
Pt oLass | "_n.“__:: o
(FEBAEE OHE) (FEBiR OB OHREE)
mmrl I
o

g,

e
-0

.
B,

-
]

A L l i
[

i ' | .
00 %0 400 430
TME (i)

(=222 ) — B ROBEN L)

{+[ 2-3 WETCOR EBhiERE
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ZILE SHATOHE ( .__.-Imm‘
BREEHOMEE (ZHARERS
{tﬂEOPWRG)’\ﬁKﬁM‘BLﬁDL#W:&

TREMERNERF CSAECET 2 EERAHE TH S, ZOEBETH, FRIFLR=27 -}
RIZET Lic#kic, mRFPLOLICEAT2REAZEEL TEY, KBEEBLAEEThTWAZEE,
EHELEO U0, BT 2r0, X £l LT 2 EMF UEHEN Z AV T, 261, EEETEMEIZ L 0 BRE
ORAZHEL TVWD ZLEABRETHS,

EBREBOBMELE 2-4 1Z7T, MACE ES TIHHBIOR /25 M0, Mib, M3b, M4 D 4B OEEBRNE
BEhTEY, FTOFEEHFEME -1 27T, 0 EBROAHa 2 T — FORIET, FOftid Mg0 23
AwbhTwa,

M3b & M4 OEBFEREEE 2-5 RUME 2-6 ([ZRd., Wihosr—2bars ) — MEeisimd
BRERLIE-oTVWS, EBEOBRFLEHRDOBLRRERS L, AV FERIZEEY 7 2 FBER
EhEECEELENTEY, 77 A FTFHICERBRELN, 77 A FLiERS L B o L= RBick
STWE, ANEPLRHK~ORKHEERS L, BAEEOEHMIZ, KEVWAfHELE-T5
B, BEZ A MBEERENRS 7 A LERYPSEEL: LBESRD R T, BREEET LT
B, BWESZ 7 A POFRE

ANEEDGECZLEV 2 FAFOTIZHAT 7 OBHABREAEINAFERER - STER TV
B, LiLigdin, 7V ORMMNAGHICEE LB AN=ALL LT, 77 AMELLIBRHS~
OBKRUFa 27V — bR HAZEZ22 7 A FEOSHLOT 7Y OFHBRRE LTS,

f3 2-1 MACE EBROEBRM

MO Milb M3 M4

EEE LB EE (kg 130 480 1800 480 |

U0, 56 65 57 57
P U 710, 11 13 29 29
e P 4 2 - :
a8 (zr2U—} 29 19 14 14

AR ®)

FEmRlP DIRREMIR X (m) 0.15 0.25 0.2 0.3
RS DS YIMIRE (K) 2000 2350 2250 2280
ERE LR R BRE kW) 100 130 300 130
3y VY — hOfH BREFR | BKEFR | BREFR | F A BFR
a2 ) — hEmE (m’) 0.3%03 | 0.5%0.5 | 1.2X12 | 0.5%05
27 Y— FEDOEE (m) 033 0.55 0.55 0.55
AL (m) 0.5 0.5 0.5 0.5

ZNEFHHEEF 2 BIF HEERT 3 5P GEpE: ki)
(3) MACE E58 (A ANL) BTe10w0l(zo] #31 (b) IZf%
MACE 5288 (Melt Attack and Coolability Experiment) IX, XE&EAHHFZERT (EPRI) BEME+2H il
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(EFEREOEA)
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fHEE S

(4) COTELS 3% (B4 NUPEC) Dbl

F—AKPIZERARO U0 2 ) D LEETEHLER (FC1) a2 —hLEIZETFLE UG
a) v ACHEKRTHER (MCC1) 2FELTWA, ffE2-TiIcar 27— E0U0, 2 T AICHE
KTL2EBOEREBLTT, # 60kg OEBARO U 2 ) Y AZEKF TSGR Y, ZRES
OaryV—rRECETEE, TORRBAEFENMICLIV a2V —bEoa) vaidmELT
HAEESA R T2, MELFEEOMAFDEBALEELTEY, 2 VAORE LEEOLAE ERA
FA=FELTWS, BAhEicar2 J—MRERETLTWS, £/, BREZII2cn BETH-
Too Eio, FE2-8 EBFICEL L) v A0NEAEE LI#ERETTH, EHIREFRIzE-
THEY, THIZA Ty MRIZBR-TWAORBEINTWS, iz, 41 Ty MROEZITIZOUE
BRI 5,

COTELS ZEETiE, WTFhbF 7 VIckaar 27 V—FREBELTWAA, HiTO SWISS, WETCOR,
MACE & 28720, a2V —FREEFIELTWS, Zhid, UToBRHRESHEIRATVWS,

s T 7Y ORFAEEBRERT 7Y E~oR T 7 ) O

TNy ) - EOBRICBIAHBHEZR LTI ESLEROFRK

- BB R U T 7 UV ICHR Sz fiE~0 @K

R B AK T — L~ OB HILIAK T — N~ DT AL 100~650kW/m* BE Th o728, Zhbo#
MAREMBRAMHEL D LES, KBECEVBRMEANEZETHFEENHL Z LRI TS,

Electric melting furnace
(EMF)

Water injection nozzle

oo D & &

fel T e

Instrumentation nozzle

/

E Induction heater

o0

Test vessel

i

[z Concrete trap

T e

: H 111’11
'[N
S

i 2

——

Removable bottom

{452 2-7 COTELS EB¥ERE (27 V—FEO U002 =V T AiCEkd 25 D

#3.1 (8) =&
L
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Concrete Temperature (K)

2000
1750

1500 F

1250
1000
750
500
250

| Water Injection On (C-5)
| Water Injection On (C-9)

C-5(26cm L.D. Trap)

" €9 (36em 1.D. Trap)

]

10 20 30 40 50 60 70 80 90

Time after Corium Falling (min)

(=22 ) — FEREEL)

100

Lower Ingot Upper Particulate

Pebble Bed

Concrete Trap
e

Crevic,
(Dia.: 2~5jnm)
> Discolored Concrete Regjon

Hax. .
(Rtax. Thick:15mm) ™"y mck.:ssmmq

E—

(HEWE o = ) o7 AN R

Debris (34.5kg) Debris Bed (21.5kg)

Flow Charel
(Dia.:2-3¢fn)

[ 2-8 COTELS C-5 EBaOFFREM
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Test Number
Parameter -

1 1 3 4 L o 7
Meh composition 612568 | 612968 | 612568 | 4820023 | s623714 | 623614 | 642664
{w %% U0y Zr0y Criconcrete) - ST T o sl o =3 R 2
Congcrete type LCs SIL LCS LCs LCS SIL LCS
Melt mass (kg) 75 75 75 60 68 68 §0
Melt diameter * depth (em) 30 15 3018 30018 3018 300 1% 30 18 3015
Basemat typs Inent Inert | Inem Inent Inent Inen Inert
Initial melt temperature ("C) 2300 2100 2100 2100 2100 1250 2100
It vestpe . 20 20 100 100 100 100 100
coolnnt temperature ("C)
System pressure (bar) 1 1 | 4 s 4 1 4
Water igection penod (sec) 665 760 183 195 612 215 194
Water injection flowrate (lpm) 4 4 12 13 6 14 13
Water ugected (liters) 33 39 34 40 61 47 40
Condensate collected 247 16.1 280 210 »7 276 a4
over course of test ( kg )
Test durntion (hours) 22 1.2 1.5 24 26 39 14
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Dryout heat flux ( kW/m? )

500
Model Quench data
r -+ LCS, 4 bar 4 LCS, 4bar
B LCS, 1bar LCS, 1 bar
SIL, b SIL, 1bar
20 |
I I s
I siL
0 T - .
0 5 10 15 20 25 30

Concrete content ( % )

{4 2-12 SSWICS EF 7 —# L Lister/Epstein EF M K5 A4 7 7 kELH; g o0 Hodkle]

f#£2-3 CC1ER (ChTary— EaEsR) FF—E0

Parameter Specification for Test:
CCl-1 CCl-2 CCl-3
Corum PWR + § wi%h SIL PWR + 8 wi% LCS PWR + 15 wtls SIL
Concrete type’ SIL (US-type) LCS SIL (EU-type)
[ cross-section 50 em x 50 cm S0.em x 50 cm S0 em x 50 cm
Initial melt mass (depth) 400 kg (25 cm) 400 kg (25 cm) 375 ke (25 cm)

Test section sidewall
construction

Nonelectrode walls: concrete
Electrode walls: Inert

Nonelectrode walls: concrete
Electrode walls: Inent

Nonelectrode walls: concrete
Electrode walls: Inert

Lateral/Axial ablation limit | 35/35 cm 3515 cm 35/35 em

Syslem pressure Atmospheric Atmospheric Atmospheric

Melt formation tech, Chermcal reaction (=30 s/ Chemical reaction (~30 s) Chemical reaction (~30 5}
Initial melt temperature 1950 °C | 880 *C 1950 °C

Meit heating technique DEH DEH DEH

Power supply operation

prior to water addition

Constant (@ 150 kW

Constant (@ 120 kW

Constant (@ 120 kW

Criteria for water addition

1) 5.5 hours of operation with
DEH mput, or 2) lateral/axial
ablation reaches 30 cm

2 lps/20 °C

1} 5.5 hours of operation with
DEH nput. or 2) lateraliaxial
ablation reaches 30 cm

2 lpe/20°C

1) 5.5 hours of operation with
DEH input. or 2 lateral’axial
ablation reaches 30 cm

20°C

Inlet water lowratetemp.
Water depth over melt

50 &£ 5cm

045 em

50+5cm

Power supply operation
after water addition

Comstant voltage

Constant voltage

Constant voltage

l'est termination crileria

1) Melt temperature falls below
concrete solidus, 2) ablation is
arrested, or 3) 35 cm ablation
limit is reached.

|} Melt emperature falls below
concrete solidus, 2) ablation is
arrested, or 3) 35 ¢m ablation
limit is reached.

1) Melt temperature (alls below
concrete solidus, 2) ablation is
arrested, or 3) 35 cm ablation
limit is reached.

Operational Summary

Successful: non-symmetrical
ablation behavior

Successful: symmerrical ablation
behavior

Successful: symmetrical ablation
behavior

"S1L denotes siliceous concrete, LCS denotes Limestone/Common Sand conerete,
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) EF S EFT 2 5iF
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fHEE S

3 2-4 CC1 EBIZER S h/-2 2 ) — hofiek

Oxide CCl-1 CCl-2 CCI-3
Wi% Wit% Wit%
AlLOs 0.77 2.49 3.53
CaO 8.54 25.88 16.79
Fe.Os 0.79 1.39 1.49
MgO 0.60 11.47 0.85
MnO 0.00 0.03 0.04
K;0 0.12 0.55 0.81
SiO; 82.48 21.61 59.91
Na,O 0.00 0.31 0.66
SrO 0.00 0.00 0.04
TiO; 0.051 0.135 0.155
SOy 0.514 0.505 0.434
CO, 0.901 29.71 9.80
H,0, Free 1.808 3.255 2.293
H,0, Bound 1.92 1.11 1.40
Total 98.48 98.47 98.19

ff# 2-6 C C I EBROREBESF/HKFMOR SR L MR ER "

Lateral Ablation Axial Ablation Lateral
Test | Coner. | 4 pioiion Heat Ablation Heat -Axial Data Points Utilized for
Type Rate Flux Rate Flux I-!eal Ablation Rate Estimates
(em/hr) | (kW/m') | (emmr) | (kWmY) | Flux
Ratio
N Lateral: (19.1 cm, 51 min)
N:39.1 395 (29.2 cm, 66 min)
CCI-1 SIL 26.1 265 - S Lateral: (7.6 cm, 54 min)
(US) (5.1 ecm, 35 min)
S:84 86 Axial: (7.6 cm, 53 min)
(1.3 ¢m, 39 min)
Lateral: (19.1 cm, 148 min)
CCI-2 LCS 4.0 58 4.0 59 1.0 (29.2 ¢m, 302 min)
Axial: (15.2 cm, 107 min)
(24.1 cm, 240 min)
Lateral: (19.1 ¢m, 47 min)
CCI-3 SIL 10.0 97 25 25 4.0 (29.2 ¢cm, 107 min)
(EL) Axial: (2.5 cm, 117 min)
(5.1 em, 178 min)

"Heat flux ratio not ¢valuated for this test due to large asymmetry in lateral cavity erosion.
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Experimental conditions
Corlum conspositioe A A B A A A A A A A A A
Mt mass® (kg) I8 “ 151 125 157 e 177 1z 175 19 92 1=
Melt emperature (K} 95 3023 423 3123 Wiz M7 E e E iR - ] EiE 2000 370
Melt melease diomeser? (mm) 100 ({1} 1oy 10 (4] (L] [y 100 s S0 b1} 50
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Wister Muss {kgh 20 255 (L0 &3 30 2] 9 536 517 492 481 625

Dichwis bed data’
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ORI, BEPAZOANL Iy o Fr—PREZILTEY, AV ISy v Fyr—0OFmIEELS
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Run No. Al Ad AS A6 A7 AR A9 AlD All
WILHERE(*1) B B B B B B B B B
ZETIILE kg 563 27.0 554 531 249 47.7 57.1 55.0 53
T—ILAKR m 04 0.4 0.4 0.4 1.0 04 0.9 04 08
KHTH—ILE K 0 8 12 21 0 21 0 21 86
MEE, MPa 0.20 0.30 0.25 0.21 0.18 045 0.21 047 0,27
SESSHAMR Steam | Steam | Steam | Steam | Steam Steam Steam | Steam Ar
N,20%
2£FE, MPa(*2) 0.03 0.03 0.01 ~0 ~0 0.67(*3) | 0.02 0.14 0.13
E-9E . MPa 1.34 1.04 0.62 0.88 (*4) 1.83 0.92 3185 1.08
{5 9b YL, ke 5 25 42 6.5 0 0 38 0 4
HEDRE mm 6.7 6.2 7.5 7.2 8.2 5.2 7.0 0.38 48
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2 3-3 DEFOR-E EB~ kU » 2 =04

znd the d p vin the DEFOR-E tests.
Paramerer)proparty Do,
1 2 3 1 & & 7

Melt volume. | 35 70 X5 15 35 315 25
Melt initial temp,.*C 2o 1300 1350 1350 1200 1250 F2E0
Canlant wolume, | 163 63 63 100 oo 163 153
Coolant mitial temp., *C 13 11 &5 15 E3 £S5 7
Water pool depth, cm 65 65 65 40 40 B3 &5
Measurad porosity. X &0 T T 56 50 68 65
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a) b)
HE4-7 PULIMS EBREE OBEER P!
f+#4-4 PULIMS EBageff 2
Paramitir PULIMS tests
El E2 E3 4 s
Melt material Bi;0-WO, | B,0-CaO | Biy0,-WO, | Bi,O-WO, | ZrO,-WO,
2.64-57.3 § 2.64-57.3 2.64-57.3 5 ¥
Melt mass composition, % . M'_? b 10 . > ? 6| 42.64 ? 611 ‘H—}H. 26
culectic non-cutectic culectic eutectic eutectic
Melt jet diameter, mm 20 20 20 20 20
Jet free fall height, mm 400 400 400 400 400
Initial melt vol L 3 3 10 6 6
Initial melt mass, kg 23.4 7.5 78.1 46.9 41.2
Touts "C 870 1027 870 870 1231
Tyg "C 870 1027 870 870 1231
Melt Itl‘llptrl:‘lr( in the funnel 1006 1350 1076 940 1531
upon pouring, "C
| Water pool depth, mm- 200 200 200 200 200
Water temperature, “C 79 78 75 77 72
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Figure 40: The melt spread in PULIMS-E1 expeniment (side view). The volatile particle debris
have been removed while solidified core of the melt remained itact
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FrEToKEOBERIZLY, FRPLOB(LEIEHEMTSICH#->T, BENEI 2D L
Iz XD EMERMEL 720, BRFLOER Y ITEESh, TO®RFEIET S,
@ EFFTHX¥ET 1 TOFRPLOBRIZONT
FEFFETH* v U7 4 RICHER L 2BBIFLIZo0WTE, BEFPTFEYy T KICETT5
BRIZBEWT, bk LcEsPcSEETIcEET 528, 5OV FA PEMFRTSZ
Llicky, ZHEBOY 7 A FEERT 5. BRPLEISILERLZRFE Lifth L &8
THHEEP, LI FALOTE2BHTLBENH5, BRIFLEL=2 V- FOMIE, £F
BEBFELTVSDITIEARL, BHMNcESEEFICFy v 7REREATVS, ZhiZk), |
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BRMEFT3 B4 A ek T ﬁm@wﬁmﬂ%iﬁm”hurwé'

11#R3 BEAFHENFOGHETMICHES A ET 7227 MEF T — FIZo0 T (13 w@Eod a2 J— FOFEEFIZo0nT)

BT HEEF 2 BF HEEF 3 5F fHigER
L5
= EXPERIMENT=CALCULATION
= ____ [No.14 #£2.1 ER&fogs
S No.18
5 FULMS =3 | S3E=8e BNLER SPREAD 8% | CORINE £ | KATS 588
a 1.0 No.17 (Sweden) (Sweden) waa) (Japan] (France) (Cermany)
- =EEEOSE (2D 1D, 2D 1D, 2D 10, 2D 90 (19" @4 (1D 2D
: No0.24,25 BT Bi203-WO3, /f |y KA ML, K |8 K Steel, 7 MAES A, & | lron, ok
- === B203-Ca0, % | NaND3-KNO3, Oxide. 3t
§ No.21 No.15 S
= No.10 TEREIEE. E8 | 273 ms 310 liters 1 liters 1--15 liters ~-30 liters 140~160kg
= 0.5~ W—e SRR S sTo~1027C | 801200 TH (GioRes : | Loai-1025% | T 2,450
- No.22 Ni 280~ 36470 307.46°C )
- o =2 e | . = e - R P SeEp—
E O O WATER SUPPLY TRRED WA ;; ;c:;nm FERRALA O ERaLL O rjg?:é/‘;zlsm TEFRRA O ERFLA O
= ® WITH WATER SUPPLY st 0.2m 4.5~~7.5cm TEY TH T Lem
UD 0.5 1'0 s = IFifx v b BHED EERDS DIRA

SPREAD DISTANCE IN EXPERIMENT (m)
{0 4-3 FERRAILAS V BEREC BRI L AT IO P

3% 4-2 SPREAD EEas(f 19

Tost | Uskt Mass Super Slit Floor Nozzle Water Water
\"b" . ttk "'l":‘ Heat Width " m'__]_ : biam, pepth Added
o g (K) (m Hareriad (mm) () | Position %
| 95.0 133 0.15 Concrete 70 0 -
2 7.5 77 1 | 1 0 -
3 24.0 149 I 1 30 0 -
4 43.0 115 0, 05 I | ] =
5 19.0 110 I | 1 0 -
6 66. 0 107 1 1 40 [
7 115, 0 1356 I 1 1 0 -
8 6. 0 112 | | | 0 =
9 94.2 110 0. 025 1 ] 0 -
10 60, 2 86 0, 05 Mgl 1 0 -
11 93, 4 122 I Concrete i 40 0/C
12 67.0 115 1 1 1 40 0/C
13 93. 1 116 0. 025 1 1 40 0/C
14 68. 1 130 0. 05 1 70 0 -
15 63. 6 133 I I 30 0 -
16 116,0 131 I 1 1 0 -
17 106, 2 171 1 1 1 0 -
18 108. 8 158 I 1 1 0 -
19 61.9 108 0, 025 1 i 0 -
20 64. 0 91 0. 05 | | 10 0/C
21 69. 1 107 1 | I 10 0/C
22 65, 0 90 I ] ] 70 0/C
23 60, 0 94 0. 025 1 1 40 0/C
24 65. 0 125 0. 05 1 i 10 0/C, 1/C
25 63, 8 G4 I 1 T Spray 0/c
* 0/C: Outside of Cylindrical Region 1/C: Inside of Cylindrical Region
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(2) EPR 37 ¥ % v F ¥ OB 0 (CHb 5 ZREI IR W31 2.4z
CEA/DRN/DTP TfTdiii= CORINE EEPICIt, ERAME (VU to—fh) ZHdEHE L L TER B
LT, AP TORED D Eq AR5 EBAER Sh, #2080 EROBEEELERICER IR 7 A

FOEESRFE~LhT,
MA—NAN—TFFEE - F — (FIK) TEHE Sz KATS ERPIEMNGE, HHmL LTir iy

b (Al:Os #9 150ke, Fe #7 150kg) A3ER Zh, E@BORHHEELEE, 30 BK (1D,2D) , Ko
ME (av2 )=t ¥5 392, a—=F4v7), KOHEEL/TF A—F |(CEMY O ) ZEBT
bhTw5, EBREBLFE 44 RUME 4-5 (277§, Al & Fe TIHEERELR Y RBET 270,
EEmh OO % 2 @ETakiT, BN AL ASHH L, &i&iC Fe 2K 5 Z Lok v B {khiEmp o
A L eREBH O 25T TERNTEL RoTW5S, EBEFEME 43 10RT,
KATS-10 & KATS-11 OEBEFILIZIERIE TH D05, KATS-10 O H L 1o DKIEV 2 LTHY, KATS-
11 OFEFFARFELE->TVD, HEOES VEREMHE 4-6 (T8, Mr—A0 L ICERS
O HEERLENROESE, SHMOEEIC LTRSS FEc22@FRLE-2TWV 2,

Reaction
crucible

Melt confainer

Iron spreading

FHE4-4 KATS EBEBEOBER )
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) EF S EFT 2 5iF

HFEEF 3 5P

fHEE S

(iD)
f+E4-5 KATS EBOID 2D QLAY RO EER

(2m

f+224-3 KATS ESrEMF L0030 BBl (BMLtiE®ty, 1D fEp) &
Mass in Tempera- | Pouring rate (l/s)
Test# | Substratum | channel ture Meit f Length in Spread(i:g length
(kg) (°C) Time(s)

KATS-12| Ceramics®) 186 2027 127-0lsin10s 11.7
KATS-14| Ceramics*) 176 1967 2—+1.21lsin37s 7.2

Concrete
KATS-10 | 1mmwater | 179 2037 [12.4 > 0vsin10s 6’51;‘; ';'f;i:l"f’r':m

(Epoxy) ;

Concrete 9.5 m first Front
KATS-11 Dry (Epoxy) 183 2062 127 —-0lsin 10s .8 i il Bt
KATS-13 C°g':;°‘° 185 2052 |12.7—0Vsin10s 75

*) Cordierite (Al203 37 wt%, SiO2 52 wt%, MgO 6,5 wt%)
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ZNEFHHEEF 2 BIF HFEEF 3 5F GEpE: ki)
100 - - T
75k 1 i ! ! KATS-10
— ﬂ)M. I__.____ 1 mb_wm
E -— 1 —=
E 25} A il
g;m 3 i K k"‘.‘""‘""" 'f“"/:
g 75 ' : ; KATS-11 ———
% 50—'-’"’-‘“ e - concrelo, epoxy-coated
s 5l ! | \ oy |
A AR - et W
Channel length [m]
f+E4-6 KATS EBOKOFEOEE (BLHEsy, 1D #£3n) &
(3) KTHOERREILS v Brgge e Wi 31 2.0z

AU x—F 2 KTH TH, BRSNS ONMRESL LT, SIE EREBTbh TS, ExOFE
W L SEMOBREE (Fl oo XA F—Kk, #H (NaNO-KNO:) —/35 7 1 ) TrEMBIRE, Hi
MESE AT A=, GMPOERVERCET 2T —FPRONTVWA, FREPHHINLIEE
ZEWT, BEEOSILEORVIERINIBERBELATEY, BRPORNIZLEY, Z0Z2ILER
AELETFER, ME (D) CLoTHREENIERE TR EEE T LI,

F7=, AP TOEMBIL Y ZBHEFLD PULIS EBPIBEREIRLTWS, ZOEBRTIE, B0k
T (KR 20cm) ~FE@E L7 Bi 0o W0, S&EMAZYE, TOER Y ZHBHEBIN:, ZREEY
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JASMINE 21— Fiz B 2 “HiE7T iE, “Hiii=— FACE-3D B2 EizBEE shi, ZHKET
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Interface
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2-12 ki HADR@mIET 28 EE ©

Interface
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o T @ FEEHEE, Weo s BR S D = 28— (R 4.0, SR N M. fREHEHE, Voo : BEW Y = S—%% (K 4.0, &34
Drag=C,—d-—p, -V _ . Drag=C,—di-—p.-Vv; _ L
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ey PV
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* distribute so that
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same temperature rise

Heat input

Qmelt % (1-Fhtint)
from melt

Hig Vapor | * normal interface
x fhigkill heat transfer is
Gases | Suppressed by
1**kill facters

Interface
(Evaparation term)

« R comFEoBERZNEEnS,
«  fhtint, fhilkill, fhigkill (TR S AR THA
MoERBERHET 87 A =4,

(a) BABITH 6 A~ OES RS EHE O

Qmelt x (1-Kev)

Heat input
from melt

normal interface heat
transfer is allowed only

to avoid unstable conditions:
- superheated water

- supercooled steam

or too high gas temperature.

Interface
(Evaporation term)

s RETOEFORGEEIFERN L LTRSS,
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(b) BER{LRLT A b ZHEHE~ DGR B
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Heat input
from melt

Qmelt X (1-Fhtint)
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Interface
(Evaporation term)
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Qmelt x (1-Kev)

Heat input
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* normal interface heat
transfer is allowed only
to avoid unstable conditions:
- superheated water
- supercooled steam
or too high gas temperature.

Interface
(Evaporation term)

_Qmelt x Kev

s RETOBREOBEEZFERN S L TR ERS,
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LZNET/HRERFF2BF HETFT 3 5F RS
#4-1 FARO £ (L14, 128 RUFL31) D EBRFMHFR UM & # 4-1 FARO B (L14, L28 RUFL31) DEBRFM R UARTRME

L14 128 L31 L14 128 L31
Melt Melt
Material Corium (T, /T}iq = 2830/2850(K), Material Corium (T, /T}iq = 2830/2850(K),

80wt % UO2-20wt%ZrO3) 80wt % UO2-20wt%ZrO3)
Released mass (kg) 125 175 92 Released mass (kg) 125 175 092
Temperature (K) 3073 3053 2000 Temperature (K) 3073 3053 2990
Jet diameter at inlet (mm) 92 44 48 Jet diameter at inlet (mm) 92 44 48
Water Water
Temperature (Subcool) (K) 537 (1) 424 (1) 291 (104) Temperature (Subcool) (K) 537 (1) 424 (1) 291 (104)
Pool depth (m) 2.05 1.44 Pool depth (m) 2.05 1.44 1.45
Water vessel diameter (m) 0.71 0.71 0.71 Water vessel diameter (m) 0.71 0.71 0.71
Cover gas Cover gas
Atmosphere Steam Steam Argon Atmosphere Steam Steam Argon
Initial pressure (MPa) 5.0 0.51 0.22 Initial pressure (MPa) 5.0 0.51 0.22
Cover gas volume(m?) 1.26 3.53 3.49 Cover gas volume(m®) 1.26 3.53 3.49
Results Results
Pressure rise at plateau (MPa) 2.5 1:2 0.04 Pressure rise at plateau (MPa) 2.5 1:2 0.04
Level swell (m) ~1.4 ~0.6 ~0.3 Level swell (m) ~1.4 ~0.6 ~0.3
Agglomerated mass (kg) 20 (16%) 77 (44%) 0 Agglomerated mass (kg) 20 (16%) 77 (44%) 0
Debris mean dia.®) (mm) 5.0 3.0 3.3 Debris mean dia.®) (mm) 5.0 3.0 3.3
Analytical Analytical
Grid (Water pool zone) 6x37(6x20) 8x25(6x14) Grid (Water pool zone) 6x37(6x20) 8x25(6x14)
Central column radius (m) 0.15 0.10 0.10 Central column radius (m) 0.15 0.10 0.10
Time step (ms) ~0.5 Time step (ms) ~0.5
Jet initial velocity(m/s) 3.0 ~3.0 ~2.7 Jet initial velocity(m/s) 3.0 ~3.0 ~2.7
Jet flow-in duration(s) 0.80 5.2 2.5 Jet flow-in duration(s) 0.80 5.2 2.5
Melt particle dia.(const.)(mm) 5.0 3.0 3.0 Melt particle dia.(const.)(mm) 5.0 3.0 3.0
Jet break-up length model? Tavlor type, Cent = 1 Jet break-up length model® Taylor type, Cent = 1
Surface temperature drop model Use Surface temperature drop model Use
' 1000 Npes™ 1000
Npist® 1000 st 1000
thnfd} 0.02 thm‘(“ 0.02

a) mass median diameter b) see 2.2.1 ¢) see 2.2.3 d) see 2.3.2 a) mass median diameter b) see 2.2.1 ¢) see 2.2.3 d) see 2.3.2
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# 4-2 KROT0S-37, 42, 44 RUFFARO-L33 DEBR SR UREHT &4

K | Ka2 K37 | L33 K | Ka2 K37 | L33
Melt Material Alumina®’ Corium" Melt Material Ahunina® Corium”
Released mass (kg) 1.50 1.54 3.22 100 Released mass (kg) 1.50 1.54 3.22 100
Temperature(K) 2673 2465 J018 3070 Temperature(K) 2673 2465 3018 3070
Jet release dia. (mm) 30 48 Jet release dia. (mm) 30 48
Free fall height(m) 0.44 0.77 Free fall height(m) 0.44 0.77
Water Temperature(Subeool) (K) | 363(10) ] 203(80) | 206(77) 204(124) Water Temperature(Subcool) (K) | 363(10) ] 203(80) [ 206(77) 204(124)
Depth (m) 1.105 1.62 Depth (m) 1.105 1.62
Vessel diameter (m) 0.20 0.71 Vessel diameter (m) 0.20 0.71
Cover gas Atmosphere Steam | Argon Cover gas Atmosphere Steam | Argon
Pressure (MPa) 0.10 0.41 Pressure (MPa) 0.10 0.41
Cover gas volume(m*) 0.290 3.496 Cover gas volume(m®*) 0.200 3.496
Premixing Level swell (em) 12 | 3 30 0 Premixing Level swell (cm) 12 | 3 30 0
results Jet break-up length (m) ~0.3 ~10.8 ~1.1 results Jet break-up length (m) ~0.3 ~0.8 ~1.1
Explosion Pressure peaks (MPa) ~50 ~50 NA® ~6 Explosion Pressure peaks (MPa) ~50 ~50 NA® ~6
results Half height width (ms) ~1.5 ~1 NA® ~3 results Half height width (ms) ~1.5 ~1 NA9 ~3
Debris <0.106mm (%) 17 71 11 T Dehbris <0.106mm (%) 7 31 T4 —a7
Analytical Time step (ps) ~2 Analytical Time step (ps) ~2
conditions Jet initial velocity(m/s) 3.0 ~2.9 conditions Jet initial velocity(m/s) 3.0 ~2.9
Jet flow-in duration(s) 0270 | 0.255 0.191 2.6 Jet flow-in duration(s) 0.270 | 0.255 0.191 2.6
Melt Particle dia.(mm) 10 2 3 Melt Particle dia,(mm) 10 2 3
Jet break-up length model®’ SiC =25 St =ET| 'LCagi=1% Jet break-up length model®’ S leu =25 S Cop =1.7| ToCns=1
Surface temperature TUse Surface temperature Use
drop model drop model
Nper!) 100 1000 Nper!) 100 1000
Nhised! 500 1000 Nhise!) 500 1000
External trigger 14.8MPa-15cm” 35MPa-29¢m” External trigger 14.8MPa-15cm” 35MPa-20em™
Trigger time (s) 0.9 | 0.5 1.12 Trigger time (s) 0.9 [ 0.5 1.12
rg® 0.35 Crrg® 0.35
dgrg (ppm) 9 50 dfrg (pm) 50
tiriglife (ms) 9 1.0 tiriglife (ms) 9 1.0
Ptrig (MPa) 9 0.2 | 0.5 Pirig (MPa) 9 0.2 | 0.5
Fragmentation criterion Lo L mp Fragmentation eriterion Taw > Lmn
Kew ™ 0.7 KoM 0.7

] Tmel! = 230{}{[{!

h) see 2.3.2

HE 1 Stean Explosion Sinulation Code JASMINE v.3 User’s Guide,JAEA!™

B) UO,(80)-ZrO2(20) (Wt%), Taot/ Tieg = 2830/2850(K)
¢) Reportedly “no propagating energetic explosions” [37].
d) Extrapolated from the size distribution reported in [41]. The ratio to the
melt mass in the system at the triggering time, ~40kg, is ~20%.

e) S: Saito et al. correlation, T: Taylor type correlation (see 2.2.1)
f)see 22.3 g) see 224

a) Tms!: = 2300( K}

B) UO,(80)-Zr05(20) (Wt%%), Taot/Triq = 2830/2850(K)

¢) Reportedly “no propagating energetic explosions” [37].

d) Extrapolated from the size distribution reported in [41]. The ratio to the
melt mass in the system at the triggering time, ~40kg, is ~20%.

€) S: Saito et al. correlation, T: Taylor type correlation (see 2.2.1)

f)see 223 g)see224 Ah)see23.2
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