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e (a2 Y—} 29 19 14 14
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MBEEA R L T 1D, MBLEBOHFOREEZEELTEY, =) Vv AORS LEEO L £/
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EBRT—FIE feoTWA, £, FAAOEERIT (1 2-24 B]), B TIIEKINICE Sen
EREShTHWAOICHL, MAAPRITTIZ 5.7cn BECRAERL -TW5, MEFMORER
% (PR 2-25 B), ERTIZEKINICIE en BERESh TWASOICRL, MAA PRI TIE 27cn
BEOCRERLE-TND,

CCIERBRAHBIZLEMAAP S Fv—2fTic LY, MMz EFRELEDICRETSZ &
CEVBERABRRAES I ZLEAHEBENRTWS, £, BEORGHERE S LbhiciE, Ehmeal
BEH MO IEEREOLBRORENEETHSL ZLPRENTNA,

MCCI-204




A3EEAT 8 54 AOMERHE R
18R 3 BAFHEHROFTIETFMICES A ET7 72 o7 MEN = — FIZoNT GEH 3 iEEEnE =2 V— NOWEERIZoNT)

FeE

b i< 3
= NE

)R FH3 W 2 5 iF

HEWAT 3 547

FHEEH

o 9
s FN)
L] ] (=]
Lo 5 g
"a,io .
4 - L)
s ':/7J s
ll: “a g ¥ -0.1 o A

(a) 252 F~0Oik

(b) 77 Y o (c) 27 = | oORkiR

FE2-9 MESHTWET 7Y HE A D =X 509

e s OVERLYING WATER

FORMED DUE TO MELT ENTRAINMENT

PARTICLE BED & VOLCANIC FORMATIONS
/ THROUGH PERMEABLE CRUST

UPPER POROUS CRUST - GAS
AND WATER PERMEABLE

_L*-— CONDUCTION LIMITED THERMAL

BOUNDARY LAYER, GAS PERMEABLE
CL
™~

CORIUM MELT POOL

|_- DECOMPOSING
T CONCRETE

FE2-10 MESH TV D AILE 2 T 2 b OfE Y

MCCI-205




kil OFRE (BEHE# OHE)

A O ( i)

HRETIEE HOMITHE Heik ;i ':ﬂi.' (i ?13.F°‘].?‘-"-J‘f:|§r1é‘_ (EHemERL)

it r N b o
1883 BA BRI OB TR S o 7 70 27 R — FIzo0 T (S AL = 20 ) — b OFE ARz T) T 1000 PWE QA0 X IR L7 A

)R F % WFT 2 517 HEWAT 3 547 B

3% 2-2 SSWICS EWe (77 VS HIER) Si—g0

Test Number
Paramerer -

1 2 3 4 L] 6 7
Meh composition 612568 | 612568 | 12568 | 4820023 | se23Tn4 | se23614 | s42664
(w1 % U, ZrO: Crconcrete) = - - e = = -
Concrete type Lcs SIL LCS LCs 1Cs SIL LCS
Melt mass (kg) 75 75 | 75 &0 &8 68 80
Melt diaseter | depth (em) 30/ 15 /s | 30/15 30/18% 30/ 15 30 /1% 3018
Basemat type Insert Tnert | Inert Inen Tt Inert Inert
Initial melt temperature (°C) 2300 2100 2100 2100 2100 1950 -2100
Initial vessel and = 20 20 100 100 100 100 100
coolant temperature (°C)
System pressure (bar) | 1 | 4 4 4 | 4
Water injection penod (sec) 665 760 [ 183 195 62 215 194

1 :

Water ingection flowrate (lpm) 4 4 12 13 6 14 13
Water igected (liters) 33 39 34 40 61 47 40
Condensate collecied 247 16.1 280 219 227 2176 34
over course of test ( kg )
Test duration (hours) 22 1.2 18 24 26 39 14
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Dryout heat flux ( kW/m? )

500
Mods! Quench data
I -+ LCS, 4 bat 4 LCS, 4bar
p Les, 1bat LCS, 1 bar
SiL, 1 bar SiL, 1bar
20 ||
R
| I [cs
I siL
0 T v v r
0 5 10 15 20 25 30

Concrete content { % )

{3 2-12 SSWICS HEE7 —# L Lister/Epstein EF /A0 FF A 7 7 b B o kg 1

H#2-3 CCIER (Thixors V— FEEER) Si—%0

Specification for Test:

CCl-1 CCI-2 CCl-3
Corium PWR + & wih SIL PWR + 8 wi% LCS PWR + 15 wi?s SIL
Concrete type” SIL (US-type) LCS SIL (EU-type)
Basemat cross-section 50 cm x 30 cm 50 cm x 50 cm St em x 50 cm
Initial melt mass (depth) 400 kg (25 em) 400 kg (25 cm) 375 kg (25 cm)

Test section sidewall
construction

Nonelzctrode walls: conerete
Electrode walls: Inert

Nonelectrode walls: concrete
Electrode walls: Inert

Nonelectrode walls; conerete
Electrode walls: Inert

Lateral/Axial ablation limit | 35/35 em 1535 cm 3535 em

System pressure Atmospheric Atmospheric Atmaospheric

Melt formation tech, Chemical reaction (~30 s} Chemical seaction (-30 =) Chemical reactivn (~30 3)
Initial melt temperature 1950 °C 1880 °C 1950 °C

Melt heating technique DEH EH 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/mcial
ablation reaches 30 cm

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

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

_I'E_I-'l water flowrate temp. 2 lps20 *C 2 lpe20°C 2 lps/20°C
Water depth over melt 50+ 5¢cm 50+ 5 cm +5cm

Power supply operation
after water additi

Constant voltage

Constant voliage

Constant voltage

|'est termination cnlena

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

|') Melt temperature fills below
concrete solidus, 2) atlation is
arrested, or 3) 35 cm eblation
limit is reached

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

Operational Summary

Successful: non-symmetrical
sblation behavior

Suecessful: symmetrical ablation
behavior

Successiul: symmetrical ablation
behavior

"SIL denotes siliceous concrete, LCS denotes Limestone/Common Sand conerete.
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B

3% 2-4 CCT ERICER SN2 2 ) — hofk 0

Oxide CCI-1 CClI-2 CCl1-3
Wi% Wi% Wi%

AlLOs 0.77 2.49 3.53
CaO 8.54 25.88 16.79
Fe,0s 0.79 1.39 1.49
MgO 0.60 11.47 0.85
MnO 0.00 0.03 0.04
K20 0.12 0.55 0.81
Si0; 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
SO, 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 1.92 111 1.40
Total 98.48 98.47 98.19

17 2-5 CC 1 EBROREES H)/FF HOBES L IFROEER "2

Lateral Ablation Axial Ablation Lateral
Test | Coner. | 4 piodion Heat Ablation Heat -Axial Data Points Utilized for
Type Rate Flux Rate Flux I:'“' Ablation Rate Esti
(em/mr) | (kWmY) | (emmr) | (kWim?) | 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 em, 35 min)
S: 84 86 Axial: (7.6 cm, 53 min)
(1.3 cm, 39 min)
Lateral: (19.1 cm, 148 min)
CcCl-2 LCS 4.0 58 4.0 59 1.0 (29.2 cm, 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 cm, 178 min)

"Heat flux ratio not evaluated for this test due to large asymmetry in lateral cavity erosion.
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(1) FARO B (A # U7 JRC-ISPRA)
(2) COTELS-FCI 3B (H A NUPEC)
(3) DEFOR E8 (A D =—F > KTH)

F, MAAPa—FTH, BRFLHEEFFEABERTHEY LT AKSET 2885087k
BEEFMLTE Y, Ricou-Spalding ML Saito HEMABAVEA TS, ZZTikZh
EOMEROTIZ o e ERIC oW T LIAT 5,

(1) FARO Bk (% )7 JRC-ISPRA) f04l
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T10mm, &7 : 1.6n") THd (FH3-1E8). EEEBEETIIFAT & WRThd ERESZOPRIC
TERMOS & R—MEO M ERF B, RARSRES N, ERFTRERE o8 EER L IEEE
BLEERT, FAROSZOIFCAERENEER Y TAR—E) ) -2y oL, FOEBCH
57 7w 7RI EMBL TEMYEZ KT —VICETEES, MEERTIEY) ) — A<y A 2ER
P TEEAETATDICMETMETH S, 1TL AL OERIEEH2Y 7 A (80wthU0+
20wthZr0,) THEMESF, TA FLILOAZBER Ir 25 Te= ) 7 A (TTwthU0;+ 19wthZr0,+ 4wthZr)
BHVShE, £, 2 0EBRIIRE - BFOKSGETEE S, EFEIEE - 77— kS
HTHL3r—AERMENTETNA, ERER/ T A—H, TIHIED (0.2~6WPa), =V T LE
& (18~177kg), KiE (BTem~2.06m), W77 —/E (Bafn~124K), =V LMK (1 5r—2A024
&R Ir 4. 1wthiBN) ThHD (fi#3-1 2R)
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Emic@EL-LfEEShTVWS (HR3-288),

o BEFEBIEIE, ZEALOEBRTY—AKECERL, BEATKEROKELnEBETET 2
U AOFE0%PRTFE Lz, 2l YAICDPROER Ir (4. vth) ZFENLEZBELEED
B 7 — AR OEBRTIE 100%IE < ARFE L (RER3-328H8).
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183 BAFHBHEOEETMITES S ET 72 7 M= — FIZon T (3 B L S =2 V— NOBEFFIZ20T)

)R FH3 W 2 & iF HEWAT 3 547 FHEEH

o RITFOE R RERIIHBIR XL, 3. 2~4. 3m OFMETH Y, ERAT A—F (TMEH, K
E, o OLAETHE, 77 —AE) [TkELTUEL,

#13% 3-1 FARO EB=F ) w7 =l

FARD LWR et series—annin experimental conditions and debris dain

Test L6 L L1 L L9 LM LM LY LM LM L3} L33

Experimental condstions
Corlum compasitice® A A B A A A A A A A A A
Mielt mass® (kg) 18 “ 151 125 157 9% 17 17 175 kL 2 10
Melt temnperature (K) W 003 023 ETpL] Wiz M7 A M3 152 70 2000 3070
Melt mlease dinmeser! (mm) 100 1 (1] (L) 1m (L] 0y L] 50 50 S0 L1}
Miedn fafl beight in gas (mi 153 153 108 1 199 LIz L7 073 g nre [l nrr
Systcm preassre (MPay 5 58 3 3 5 2 os os os 02 L ] 04
Gas phase Sweam/Ar  SeeamiAr  SweomfAr  SieandAr  Steam®  Steam®  Steam®  Stean”  Stean®  Argon Argosn Asgon
Wister depth (m) 0E7 00 m 205 L10 197 m 14T L4 148 1As 1.60
Water lemperature (K) 539 536 535 537 536 A 425 a4 2 7 201 243
Weater suheooling (K) 0 [+ 2 U] ! 1] ] ! ! L i 14
Water Muss (kgh 20 285 608 623 330 G ki) 336 517 492 481 625

Dietsris bed dura’
Hand debeis, cake (kg %) 6.3 412 na 016 T4 . I KW TTHE W00 00 BE
Louse debeis (kg &) 12 67 X068 46,100 105 B4 BLSI 7T KLY T M52 00 EL 10D B9.92
Mean loose debris size (mm) 4.5 18 is 45 7 44 286 Nt EL] - 34 s

A S0 WL D020 wi % 105, B: 7T wi % U0y—19wi % Zr0d wih 71
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B~
il ;_ Lower electrod

£ = —ed
1T \1“@0&!1.2

(@ 50 mm, h=2.5m)

Depressuriser ~8—— fet-i=rt

Pressure equalisation (Ar) Q—fw '

for melt release _.'_.\;x‘_‘_L Main isolation valve S02
Lateral flap for % [T g

pressure equalisation Z o4 | Bt Dome

during quenching

Instrumentation ring

Release orifice
(@ 50 mm)

Elevation 0.00 mm o

Bottom plate

Elevation -260 mm (thickness = 40 mm)

112 3-1 FARO FEBhiERE (L-27 &) 1

FAT vessel (2, 1494 mm)

Internal cylinder (@, 710 mm)

(@ 650 mm h=250 mm)
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(b) Vieol‘ the cake after arla removal of () View of blocks aﬂerbmaking the cake
loose debris
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:Fﬁ : fiEED PWR wi&lﬁﬁ

H 7 Eh

HFEERT 3 54 AoIEEHE ik

183 BAFHBHEOEETMITES S ET 72 7 M= — FIZon T (3 B L S =2 V— NOBEFFIZ20T)

)R FHF W 2 & iF HEWAT 3 547 FHEEH

(2) COTELS-FCI #B& (B 7 NUPEC) ™ol 3.1 B) ot
FERIL, FTFFEAZESBNTOFC I E®2M<5ncERE i, V6 ESHEEMDL L
THW, ZORGIERFIFEREEHOLE 6T, RFFENESETH~y FRO TSN LS8 L
TRHREESN TS, {HE 3-4 (T COTELS-FCI EREBEOME 2R+, EREEEIT, V0, REYEER X
HEHWAF L ZOTICEMBD LK EOHEERER <D AL L —RLbiRah T 5, BRF
i, Y7774 PO L RAEFEN#M oA LI VBRERLTWS, Y7774 FBDIFIE
B ELEE 3200K T, 60kg @ U0 IRES W& MMEMATE TH S, 220 THICIX, FMHERTIES

FhORERTE 77 YRERESRES L, V0 REMSEME, BRCERZScn 0B ED 2L

PRETH D, AN b —s3%, @S82 6m, AEH 0 THFEKEZLTEY, A bLi—a
OHRIZIE, BMEBAZEDOAL P Yy Fr—DBREILTEY, ANV IRy v Fr—oOmEeELE
FAHRZELICLN TN KELZELSEAERAER L CEY, FHESEMIZLSE2VEIICER
EMTWa, A0 FS vy Fr—ofEE, EFOEWEREEZIEET 2720 CEX 3end oy
7Y —hHRRESh, ERaV LA K 2y ) — FHOBREEREWA<S ZLRAEL TN
B 2B, a2 V—brOESGEARLFELZRERTHS, Ef~v Y v 7 AL EREREA 13-

20w T,
15 3-2 COTELS-FCI E8g~ kU vz 2
Run No. Al Ad AS Ab A7 A8 A9 AlD All
FILMERE(*1) B B B B B B B B B
ZETILE kg 56.3 270 554 531 249 47.7 571 55.0 53
T—IL AR m 0.4 0.4 0.4 04 1.0 0.4 0.9 0.4 0.8
KHTH4—ILE K 0 8 12 21 0 21 0 21 86
#AE, MPa 0.20 0.30 0.25 021 0.18 045 0.21 047 0,27
SESSH AMR Steam | Steam | Steam | Steam | Steam Steam Steam | Steam Ar
N.20%
2FE, MPa(*2) 0.03 0.03 0.01 -0 -0 0.67(*3) | 0.02 0.14 0.13
E-2EH, MPa 1.34 1.04 0.62 0.88 (*4) 1.83 0.92 3185 1.08
4594, 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
1)l o LR B; UOy:55wi%+ Zr:25% + Zr0,: 5%+ 85:15%
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HEWAT 3 547

B

Electrical Melting
Furnace
(EMF)

_ Test Vessel
z S < (LAVA)

PT.G

800

N
v

PT
<—— Water Level

P.T

~1000

~2450

Concrete Plate

P.T

Melt Catcher

() mm

P: Pressure, T: Temperature,
G: Gas sampling line

12 3-4 COTELS-FCI Sk fg1s!
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(3) DEFOR Bk (A7 =—F> KTH) 09

KIEO RO T 7 Vi EME AT~ 2 B TEBE S T4, ERosiFEico0 T, K77 —
v, IKVE, A bRSY, BEESORBEWL 0, EROE TERAERSh TV, £
H#REAME -5 DR TA, Bk, BEMEE, AL NER WEHYCZ IO, EmEY L2
ZARY TRFLOBENTEL 2o TV, BERMIZAN FMERTHO, AVHEENETICLY
KHPCHE T+ 5, DEFOR-E REOERR~ bV v 7 A% 8 3-3 [TFTH, 6 r— AOHEMMILCa0-
B0y (FEEE 2500kg/m*) OEEEPBMERENTEY, 1 4/—A XLV EROKE VO W0,-Ca0 (HHE
5000~8000ke/m") ZMER EHh T3,

EBRERL Y, B REESL, KT 7L LKEOERPRKENLLTWS, EBREOT 7 IR

REG &3 3-6 (2t 28, R a L7 120.655~0. TREL: K MENEORTHWAS, ERERE
3% 3-3 [2fFETTT,

f4% 3-3 DEFOR-E Hl~ KU » 2 =08

and the d p win the DEFOR-E tests.
Parameterproparty Mo
1 2 3 1 5 & T

Melt volume | 15 7o 35 35 s i 35 25
Meli initial temp.=C 1200 1300 350 1350 1200 1250 1280
Canlant volume, | 162 gL 163 0o wn 163 153
Coolant mitial temp., *C 13 1n g5 15 B3 &8 7
Water peol depth, em 65 65 65 40 40 E5 ES
Measurad porosity. X &0 T T4 56 50 63 65

3#3.1 (10) (ohoi:
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Figure 40: The melt spread in PULIMS-E1 expenment (side view). The volatile particle debris
have been removed while solidified core of the melt remained intact.
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FFEFES v ©F 4 KD TOERME LOIEA 0 8T, ERUE.C OB Hk B R UYERE Lo
ETHRNRICHESNS, HFFTES v T« KP~OBEMIE L TH, BERF.O0EER
EVRIE TiE, BEEFE D ST M <, T HEEILE < A D, TO®, RTETH
FrET R EOBRIZEY, ERFPLOBLRESENT AT, BESEmELIL
Ik O EEEAME S A D, BERUELOIES Y IEE S, FORELRTS,

@ FEFFTHEx YT TOERFLOBRIC2NT
FFEFHF v EF ¢ RICHER L =EE >0 TR, BFE TSR+ ET A KICETT5
BRICEWNT, Mk L EaE s BT icEET AL, HhaViEy 7A AERT S -
L licky, ZLEROZ 72 MEBET S, ERMFOIZSILEREZRG LT Th LcBE)
THHES, LRI/ 72 Mo TE2BHTHE1H5, BRFELUEL=2 ) — oML, £
PEFL TWDHDIT TR, SaMcEFeFicyy v 7AEEEN TS, Zhicky,
HibERM O TE~KPBRATSZ LI LS BHOFEERSHD,
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THYEEAT 3 547 ARMRTE ik

- - B »&FHRF*ﬁsﬁJm’rﬁxE m’ﬂbﬁﬁ’)*ﬁ:_

R, RHlE hfﬂw’JTH i (

Fi - G PWR (/AR SRk BB L7 1A

Z)RFHREH 2515 HEEF 3 5IF HhEER
15
= EXPERIMENT=CALCULATION
S
- — [No.14 #2.1 EHREHOER
S No.18
5 PULMS =3 | Sk 2te BNLER SPREAD 82 | CORINE £ | KATS 288
a 1.0} NG.17 (Sweden) (Sweden) waa) (Japan] (France) (Cermany)
= =EEEONE (2D 1D, 2D iD. 20 1D, 2D o0 {197 @4 | 1D, 2D
: No.24.25 el BiZOI-WO3. & | KA S o |38, o Steel, UEEAAE, k| Ion o
- _ B203-Ca0, 7k | NaND3-KNO3, Dxide. 7
E No.21 E
= SEREIEE. &8 | 273 ms 310 liters ~1 liters 1--15 liters ~50 liters 140~ 160kg
‘g 0.5 — RS 8T0~-1027C §0~120°C TH (GGaoBed: | 138410255 | T 2 450K
= No.22 280--364T 397460 )
- . N . e e .
& RO RARE | V2 v BARALT | ERWAOT | BRRADT | ERRADT | EEROADS
g © O WATER SUPPLY EE 20mm A8 0.05m
® WITH WATER SUPPLY AR 0.2m 45~7.5cm T T i lem
] 1 = itz b BHED BEEDS DIRA
0 0.5 1.0 1.5

SPREAD DISTANCE IN EXPERIMENT (m)
5 4-3 FERADILAS O PERED FERE & ARYT {0t =

fit% 4-2 SPREAD HEhZ{f

; Super Slit ’ Nozzle Water Kater
1\‘”“ v e l(tk :1:”5 u-.-pa T Width \1:\{]..-;-. ]’j‘ , Dlam, epth Added
: (K) (m) S () (mm) Position *
1 95.0 133 0.15 Conerete 70 0 -
2 7.5 77 I ! 1 0 -
3 24.0 149 1 30 0 =
4 43.0 115 0, 05 1 1 0 -
5 19. 0 110 I 1 1 0 -
[ 66. 0 107 1 1 40 0/
7 115.0 135 1 | 1 0 -
8 66. 0 112 I ] | 0 -
9 94,2 110 0, 025 1 i 0 -
10 60, 2 86 0, 05 Mg I 0 -
11 93, 4 22 I Concrete I 10 0/
12 67.0 115 1 1 1 10 0/C
13 93. 1 116 0, 02 1 1 40 0/t
14 68. 1 130 0. 05 1 70 0 -
15 63. 6 133 I i 30 0 -
16 116.0 131 1 | 0 -
17 106, 2 171 ! 1 1 0 =
18 108, 8 154 I 1 1 0 =
19 61.9 108 0. 025 i i 0 -
20 64.0 91 0. 05 I I 10 0/C
21 69. 1 107 1 1 1 40 0/C
22 65, 0 90 | 1 I 70 0/C
23 60, 0 94 0. 025 1 1 40 0/C
24 65. 0 125 0. 05 1 1 40 0/C, 1/(
25 63.8 94 | | 1 Spray 0/C
* (/C: Outside of Cylindrical Region 1/C: Inside of Cylindrical Region
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ﬁg (_E%Eﬂ-;b‘ﬁﬁ’)}rﬁ_

DFEE (

LT, K TOREA D S8 % H~ 5 EBENER S h, 15230 BiEOBBEECERICEREhD 2 72
rOEENE bR,

WA —NAN— B — (FIK) TERES iz KATS EREIINTE L LTFr Iy
b (AL:0y #9 150kg, Fe i 150kg) A3EM Xidv, WO HHEEPIRE, 055 0K (1D,2D) , Ko
ME (227 V0—k 7397, a—F47) , KOBEHEE AT A—FITERMBH OIS D EBRIT
bhTwad, EREELHE4-4 RUGE 45 1077, AlO & Fe TILEEBRAY BT A0,
BRSO MO & 2 SRR, B AL SHEH L, BiBiC Fe 2T 5 2 LI L v Bk AR O
LAY L EBBERDOTN O ST TERPBTES 2o T3, EREHEME 43 CT T,

KATS-10 & KATS-11 OEBRFHTITEFE TH 55, KATS-10 OH 1L 1m OKED 2L TH 0, KATS-
1L DOFEFFA LTS, MEOIS VFEREMNE 4-6 I[TRTH, Wr—20k 5 CEMS
DR DS A R A, BHIHOERICL ST RIRAIES Y FHIc R AR RE R oTWA,

Reaction
crucible

Orifice

Melt confainer

Iron spreading

44 KATS EBREEROMER

1z R F 1% B 2 517 HEWEH 3 S4F i EH
(2) EPR =7 %+ v F v OERDIL v (2B £ R bl Wi 31 2.4C
CEA/DRN/DTP CfThh 7z CORINE EE ™ T, EMAHE (V) to—nfh) 2HdEmE s LTER e
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iy

=
<+

%
T :

kTR, REAFORE (
fiEse > PWR OB SCikd» 5800 L= NE

LERMAEORE (

DR, EASULER ORE (BRI ORE)

0 1E%)
B FREA L)

)R F % WFT 2 517

THREWHT 3 SIF

B

(1D}
f1E4-5 KATS EEROID L2D DIEHY RO EE™

(20)

f1#24-3 KATS EBREMF L IR0 Rk (Bebiamisy, 1D fmatn) &

Mass in Tempera- | Pouring rate (I/s)
Test# | Substratum | channel ture Meit f Length in Spread(i:‘;; length
(kg) (°C) Time(s)
KATS-12| Ceramics") 186 2027 12.7-0l/sin10s 117
KATS-14 | Ceramics®) 176 1967 2—+12lsin37s 7.2
Concrete
KATS-10 | 1mmwater | 179 2037 [12.4 - 0Usin 10s 5’51; ':T'f;i;"f’r':m
(Epoxy) )
Concrete 9.5 m first Front
KATS-11 Dry (Epoxy) 183 2062 127 0Usin10s| ot
KATS-13 C°g‘r’;3‘° 185 2052 [12.7 - 0Usin10s 75

*) Cordierite (Al203 37 wt%, SiO2 52 wi%, MgO 6,5 wt%)
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; ]

T kD PWR /B8 ik

DFE (FFH T O
pExE| =

\ZH PR
B LNE

A x—F > KTHCIE, ERIEs 0 oNEEERLE LT, SSE ERPBTbhTng, fiie D
A L mH OMAE (B 7y XA ZL—oK, H (NaNO-KNOy) —/55 7 1 ) Tishidnians, mEmdy
il EE A7 A—FI, ERHOIES 0 EE@CET AT BBRbNT WA, ERSHH Sh 51888
CEWT, BEEOCZILEOREIEE SN IFERFBLNTED, FRPORIICED, Z0ZILERE
PELEFOR, R M) Itk o THIESh AEREE TS5 28A 7 Lk,

£z, KB TOERMDIE Y FE L5 PULIMS ERPIBEBSLTVWS, ZOERTIE, Bk
T (GKTE 20cm) ~FERE L72 Bi0r W0, S& A S E, Tos v Eihi@Eshi, EREEs
B 4-7 IoR L, EBREH LR 44 [oRT, KP~FRA L@ oty 0 O F% 15 4-8 |25
T, o, BHE L7 7 )V BoEREAR 49 o7 T, BT 7 VB3 BETERL, 7 VBT
HEarZ)—rIEFETE Y o 7BRFELTED, KXRESHFEEL QW TEERHD, 3F
O TRIIH N 1L.5-2m Dy —F% (72 F) BeaEBded, PRBEIELESSHEVILAEER
TWa, REWmTFEARESETHREIMETH S,

1z R F 1% B 2 517 RREF 3 54 i EH
100 T .
75 ¥ H ! ! KATS-10
E e 1 b S
= R |
£:100 = :
2 75 : : ; KATS-11
% 50-—.-—-—"""""‘—""*-—--..__ Y = ! concrela, epoxy-coated
= 3 I dy !
25 s 1 1 e 1
L LI Do BEY,
Channel length [m)
HE4-6 KATS EEROKOFEOEE (Wi, 1D En) =
(3) KTHOZERM LSS b B gE0 0 Mg 31 2.0z
e
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18R 3 BEAFHEHNROGIETFMHITE S ET T2 7 MR — FIZo0 T (B3 BB L a2 U — FOEEERIZ20NT)

AR BN, SRR OMRE (BEHTEOHER)
o RO AT SRR A OME (R # o &)

. R I, BNA IO (R 7R L)
REDT S BIF AAMEREE Bk T : kD PWR AR B LT YA

)R F % WFT 2 517

THREWHT 3 SIF

B

FLNNEL JET IMPINGEMENT — |
POINT : —T
SPREADING POOL I 1 "_t?" B =3 =
'7_ — ‘T e - .
= Is - ¢
.!—]_‘ E -t T e
| : 7 T ! oo Mg
. ' 4 ooo‘toocéooo'v‘o‘o‘:-p
€ S ; bt e E T e o
. = . + e el - L.
' { - ' BYHE |
i L S TR e b4} Al
=i - = -
a) b)
+E4-7 PULiMS SHEERIEE OBEBR Y
f5R4-4 PULINS BG4 BV
Pirumsior PULIMS tests
E1 E2 | E3 E4 ES
Vielt material B0 WO, | B:0,-Ca0_| BLO-WO, | BLO, WO, | Z:0.- WO, _
Melt ition. % 42.64-57.36 30-70 42.64-57.36 | 42.64-57.36 | 15.74-84.26
M SRR Y culectic non-eulectic | eutectic eutectic culectic
Melt jet di mm 20 0 | 20 20 20
Jet free fall height, mm 400 400 | 400 400 400
Initial melt vol L 3 3 | 10 6 13
Initial melt mass, kg 234 7.5 | 78.1 46.9 41.2
Tyt "C 870 1027 | 870 870 1231
Tye °C 870 1027 | 870 870 1231
Melt Iemperl:n.re in the funnel 1006 1350 1076 940 1531
upon pouring, "C
Water pool depth, mm 200 200|200 200 200
Water temperature, "C 9 L1 S N 77 72
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ANLTIE, K7—VRICREICHER ST 7 U<y B, NEOBHBEC L 8—(bd 4%
FEMRT A0, KF—hizio,, SUS, Cu 0.2~ 1 mBEOR Ty F2IEH—0ES|Z
HERE X, BEMBC L 0 MBS AE AR S e ER P 2T o T A, 4100 TRy K
B0l —(bol&RE R+, N — R SCHEHE LT <y FiZ, BEn#CL vEF2y
FRICHESEL, HFamE BT h THERMT SRR TEESE—EL, B kicE LR
Miz2~3aBRETHS LBRESNTVS,

b
I

*29.2cw

" A

4y INDUCTION
corL
. UOFSS PARTICLE BED |4/

e I P ST

INITIAL BED GEOMETRY
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29 %
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: -:ﬁzf)ﬁ &FHRF*%T'JU"H?@
=k

%bﬁﬁ’ﬂﬁ &)

D Pwr{ G'J/\Bﬁjciﬁiﬁ BEM LT mﬁ i

TER OIEN Y B A =W TR L =f b &5, FEd-11IRT LB VRS RT o— F
SAMP SON®OFF IR Y T2 —n (DSA) "EERL T, ABWRORMHAERF2I L
HeB a7 7 ) N0 FEMEERL TV AM, FREIC200mOK AL D EME (Wet HEME)

IR Y U 71 FOBBAREL T, 2F MY OBEMELPST AL (F
BHI5.3m) ~FETTHH\EOEMIBLOE EoJER 0 miEEFHL T\ 5, KEIOKBFEET S
WETH, BRFLEETFREBCES FAFR A L0IZIEmciiny, R HERMR XX
400~500mmfRBE & R ARFEREB TV,

Z)RFHREH 2515 HBEAT 3 HIF FHEEH
(5) FEmpOIEAS D R0 T8 Bl 3. AR T4k O SEm) OB R UHE RS
FER O D BEOMTO =iz, e ofiffio— FRREIh TS, ZER L0 AR | (D KPR ToOEBFGIES 280 i
4-512R T, TGO a— Fit, EBRF— 2 RICBIEMThhTw5a, &/, %L FEH T L An b L ERE G, KPICET T2 8RICEh T Mk L, Kok
Flf LA BE- ST 27— L RIORE LITDh Tnhg, W FRORBTRERFIF TR v 7 4 RICHEMT 2, PP TEY v E7 < RICHEML 2E8FoE, &
HNOBBCIER LD, RFFEFHES v 7 KRUKBRTHRESh S Z L CERILAES, LR THER
0 iEEET A,
132 4-5 EmdiE s 0 E8 Ol o — RET PULIMS ERIC LV BOENEMR LY, RFFTHY v E7 « W TORMEHREMP.LOIENRY ©
Code Country Model characteristics RESR, BFOATA-—FILLVRESNDLEER NS,
CORFLOW * Germany 2D - mechanistic * 23 i) 7
CROCO France Simplified (ISPN) WREL LA L OBERCLY, BRELICIKP RIS LS NBEL S,
LAVA % Japan 2D - Bingham fluid « HEARY i
MELTSPREAD * USA 1D - complex physics and chemistry Wl EICERENTZ7 72 Mo L AMESEA#< Z L, RUERFE OBk T Lic kD,
MECO Germany Mechanistic (Ruhr Univ.) ERE DO EEEEAIN L, BEERELOIES Y 2HT s hnELS,
RASPLAY / SPREAD Russia 2D - hydrodynamic
e Japan Siaps el EROLEY, BEREOOILNY 0K E S, BRIEL L KO BB kBN Y OBE)HORRE
THEMA * i"rancu‘ : plu.-nr:uml.-f:r)lugicul {C,mf DRN) Rk ERRPL OB OB 2 — L b OBEAIC L > THRE D, BRI FUEHA b A
Footnote | * Code receiving International recognition SH, BED IS HFICEE LT LEL, BLISEL 2T, SEARDI3KE < R BERE 25, B3 1
B O 3. 2 ICP EoE@o R A2 5T,
a) ZWITIERALSS O ARTH SBWR B T
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LR, EAIEROME (M FetoRE)
T UTRENEOME (RS HOME)
B N, RELRORE (EEAmERL)
: TESED PWR 4B STk BB L= M

183 BEABHSHE DT NI AR BT T2 o5 MEHT = — FIZonT (BEFH1)

ZWRFHREEF2HIF HFEER 3 5IF T E
F 4-1 FARO Bk (L14, L28 R TFL31) DEBRSEMR UMT #F4-1 FARO EE (L14, L28 RUFL3L) O EBR SRR UM F

L14 L28 L31 L14 L28 L31
Melt Melt
Material Corium (T, /T}iq = 2830/2850(K), Material Corium (T4 /Tiiq = 2830/2850(K),

BOwt%UO2-20wt%Zr0;) 80wt%UO2-20wt%ZrO;)
Released mass (kg) 125 175 092 Released mass (kg) 125 175 092
Temperature (K) 3073 3053 2990 Temperature (K) 3073 3053 2990
Jet diameter at inlet (mm) 92 4l 43 Jet diameter at inlet (mm) 92 4l 43
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 1.45 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) 25 1.2 0.04 Pressure rise at plateau (MPa) 2.5 1.2 0.04
Level swell (m) ~14 ~0.6 ~0.3 Level swell (m) ~14 ~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 low-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? Taylor type, Cent = 1 Jet break-up length model? Taylor type, Cent = 1
Surface temperature drop model Use Surface temperature drop model Use
Noer® 1000 Nper® 1000
Thist®) 1000 Thist" 1000
Friint® 0.02 Fhiint® 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
Hide ¢ Stean Explosion Simulstion Code JASKINE v.3 User's Guide,JAEA' Hid ¢ Stean Explosion Simulation Code JASKINE v.3 User's Guide,JaEA'M
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| |
5F Gl, 5F CL.
3 3
-Melt jet ~-Melt jet
4F . ,l/ inlell 4. 2 ,l/ {nietl
s ,f” | : "‘,r”
z(m) L Melt jet z(m) all /Melt jet
] inlet 2 Water ] inlet 2 Water
3 gl vessel 3 plll vessel
z(m) ! | z(m) A
15 ! 15
2 2
1 1
1 1
0.5 0.5
O 0 1 1 0 0 1 1
0 0.35 0 03 06 0 0.35 0 03 06
r(m) r(m) r(m) r(m)

4-2 FARO L-14

W8 ¢ Steam Explozion Simulation Code JASMINE v.3 Uzer's Guide,JAEA'
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h) see 2.3.2

¢) 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 2.2.4
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¢) 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 2.2.3

q) see 2.2.4
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h) sec 2.3.2

Kid | K42 Kar | L33 K| Ka2 K37 | L33

Melt Material Alumina® Corium®” Melt Material Alumina® 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 3018 3070 Temperature(K) 2673 2465 J018 3070

Jet release dia. (mm) 30 18 Jet release dia. (mm) 30 18

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(Subeool) (K) | 363(10) ] 293(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®) 0.290 3.496
Premixing Level swell (em) 12 | 3 30 9 Premixing Level swell (cm) 12 | 3 30 1]
results Jet break-up length (m) ~0.3 ~0.8 ~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 NAY ~3 results Half height width (ms) ~1.5 ~1 NAT ~3

Debris <0.106mm (%) A7 31 1.4 -89 Debris <0.106mm (%) a7 31 1.4 ~8d)
Analytical Time step (ps) ~2 Analytical Time step (ps) ~2
conditions Jet initial veloecity(m/s) 3.0 ~2.9 conditions Jet initial velocity(m/s) 3.0 ~2.9

Jet flow-in duration(s) 0.270 | 0255 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®’ 5 Conp =25 S = 1T Tii€y=1 Jet break-up length model® 51 Conp =25 S Coaun=LE7 T Co=1

Surface temperature Use Surface temperature Use

drop model drop model

Nper!) 100 1000 Nper!) 100 1000

nhise! 500 1000 Rhise!) 500 1000

External trigger 14.8MPa-15¢m™ 35MPa-29¢m” External trigger 14.8MPa-15cm” 35MPa-29em™

Trigger time (s) 0.9 0.5 1.12 Trigger time (s) 0.9 [ 0.5 1.12

Crrg® 0.35 trg® 0.35

dgrg (pm) 9 50 dgrg (pm) 9 50

teriglife (ms) 9 1.0 teriglife (ms) 2 1.0

Ptrig (MPa) 9 0.2 | 0.5 Pirig (MPa) 9 0.2 | 0.5

Fragmentation eriterion TovZ dmp Fragmentation eriterion Low-Z L mp

Kei ™ 7 Ko ® 0.7

@) Tonete = 2300(K) b) UO,(80)-Zr05(20) (Wt%), Teol/ T1ig = 2830/2850(K) @) Tometr = 2300(K) B) UO,(B0)-Zr05(20) (Wi%), Taot/ Tirg = 2530/2850(K)
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C.L. C.L.
3.0 3.0
C.L. C.L.
(] 25 — W 25
15 [[] S ' -
Jet A I Jet inlet Jet inlet
Inlet |- ' Water vessel o Inlet Water vessel 2
"'/(mner wall 20 /!Ire'l::leall water / (inrier-wall 20 //:2:::' water
T jnitial z (m) Initial z (m)
Tl 11
o Gl water level 3 1.0 water level -
: K5 15 K5 15
I —~ Water vessel 1 — Water vessel
z (m) =] (inner wall) z(m) . (inner wall)
—K4 ~K4
1 1.0 ' 10
0.5 *3 o p.measurement o P':}ﬁ?ﬁ:'ﬁ?ﬁst 0.5 3 o P-measurement ¢ P(';;ﬁg::';r?:gl
| positions in the 20 et | positions in the gx At
Ko experiment xpe Ko experiment pe
Trigger | [/ Cells where 05 Cells where Trigger | [7 Cells where 05 Cells where
Source the pressureis . pressure is source ' the pressureis . pressure is
; : Trigger ! Trigger
i ../ Ki compared s OErgc - compared : Ki compared SDEE:Q compared
Ko : —Ko
0.0 fit- 00 0.0 ] 0.0 — _—
1 0.1 | 0.355 | 0.1 | 0.355
r(m) r(m) r(m) r(m)
KROTOS-37, 42, 44 FARO-L33 KROTOS-37, 42, 44 FARO-L33
Hi88 : Stean Explosion Simulation Code JASHINE w.3 User's Guide,JAEA™Y Hi8 : Stean Explosion Simulation Code JASMINE v.3 User’s Guide,JAEA'™Y
4-5 T (KROTOS-37,42, 44 KUK FARO-L33) 4-5 fiftrE7 /v (KROTOS-37, 42, 44 F TF FARO-L33)

2% 1-36




THYEEAT 3 547 ARMRTE ik

B, WA OME &

> nl.ﬁ.-{ " T 1 L
 FERD PWR (AR SCHkA & BN LT F“lﬁ

FFHORD

u.L[IlH %f‘r'" R (EY 4

(18R 3 BABHENEOTIETFMITMES S EF 72 270 = — Flizon T (BEFH1)
ZRFHREEFR2HIE HFEER 3 5IF FRIEER
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