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UTTI, BFFETHX Y ET 1 IZHEKTZ2KEY DEZFITOWTERT S,

FCI OBARTIY, ZNETOERNMEND, U0 Z AVW=EEERIZB VTR
NUFY TR RITVIKETBROEBLEIBEIRLTWRWNWZ &, £, FEHER
ERITIZBWTENRNA, ZICL 2R FIFRMESRENO LR IIBMTH S Z Lhe
b, FCLIZL IS NnENRD,

MCCI DR TIE, KPICHEMMIET T 256, BRYOMRL L BLiEtE s
n, BHEEIKRELRBIL,1D, MCL 2k bar 27 ) —  E&BIEICE > TH
FlzH LV x5,

UENL, Y2y bFYET A FRDOAY v b T AV v MEHEBT S &L, MCCIL
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WZEBar7 ) — MREBSIED A Y » b33, FCILIZ X 2R FIFRAS Sk O "l aEME
DT Y v b&EEESEHETE S,

3.3 INETOHMRDOE LD

INETCOMREZELHD L, UTOLEY THD,
JFRTIFRRA FCL »HAETBRICE VR TFRMASRSIER T ESR (W
b aT— FEE) 2oV TIE, RBAET S aeEHIRIERITEV,
FRFIFERZI FCL 122\ TS, U0, ZAW=EEERIZEWT, SMERY AV
v 7 EOHNRBERB 2T TKETBEROBEITBEI N TR,
BEHRMNIAY T OFE5EE, KETBREPEZIVROTRD LD 2E&HE
TIZHB T 2 RMASEIERERTM TIL, EEL VERTFOLREGTHIMENT
BY, EETORBIITHEIRDLEEZLND,

bbb, FCLIIREFIFEMASR ~OEZENRERICIIRO2NEEZI LN D,

3.2-15



#3.1-1 FARO EBRFMR OFER KM

=8 1D U0, ERYER | ERYIRE | BRSE TR | EEKES | KE T =B | KER

HEHIGH kg K mm MPa m K B
L-06 0.8 18 2,923 100 5 0.87 0 L
L-08 0.8 44 3,023 100 5.8 1.00 12 L
L-11 0.77 151 2,823 100 5 2.00 2 2L
L-14 0.8 125 3,123 100 5 2.05 0 72
L-19 0.8 157 3,073 100 5 1.10 1 el
L-20 0.8 96 3,173 100 2 1.97 0 2L
L-24 0.8 176 3,023 100 0.5 2.02 0 L
L-27 0.8 129 3,023 100 0.5 1.47 1 L
L-28 0.8 175 3,052 50 0.5 1.44 1 L
L-29 0.8 39 3,070 50 0.2 1.48 97 L
L-31 0.8 92 2,990 50 0.2 1.45 104 L
L-33 0.8 100 3,070 50 0.2 1. 60 124 el

¥ 0.8 OEE ORI 80%U0,+20%Zr0,, 0. 77 OHE ORI T7%U0,4 19%Zr0,+4%7Zr,
[IHEEAN BEFHEE (D772 27 0 MVTEIR ST FR 1343 A

# 3.1-2 KROTOS EBRFGHROER—FN

EE R AT U0, | tamdn | TEmdn | B | KB |72 —NEE| ST |KRER| B RLX
1D FlE& | BEEkeg | IBFEK | MPa m K kU H| B | —~OE#RE
26 AL04 0 1.00 2,573 | 0.1 | 1.08 40 ® ® 0.53 %
27 AL,04 0 1.43 2,573 [ 0.1 | 1.08 10 — — ~

28 ALO4 0 1.43 2,573 | 0.1 | 1.08 13 ® @ 0.85 %
29 Al,04 0 1.45 2,573 | 0.1 | 1.08 80 - @ 0.72 %
30 AL.04 0 1.52 2,573 [ 0.1 | 1.08 80 — 2] 1.1 %
38 AL,04 0 1.53 2,665 | 0.10 | 1.11 79 — & 1.45 %
40 AL0, 0 1.47 3,073 | 0.10 | 1.11 83 - ® 0.9 %
41 ALO, 0 1.43 3,073 | 0.10 | 1.11 5 - - -

42 AL04 0 1.54 2,465 | 0.10 | 1.11 80 — & 1.9 %
43 Al,04 0 1.50 2,625 | 0.21 | 111 100 - @ 1.3 %
44 Al:0y 0 1. 50 2,673 | 0.10 | 1.11 10 @ @ 2.6 %
49 AL,04 0 1. 74 2,415 [ 0.37 | 1.11 120 - & 2.2 %
50 AL04 0 1.57 2,200 [0.10 ] 1.11 13 - - -

51 AL04 0 1.80 2,475 [ 0.10 | 1.11 5 - - -

32 | 819%U0,+19%7Zr0, | 0.81 | 3.03 3,063 | 0.10 | 1.08 22 — — —
33 | 81%U0,+19%Zr0, | 0.81 | 3.20 3,063 [ 0.10 | 1.08 75 — — -
35 | 79%U0,+21%7Zr0; | 0.79 | 3.10 3,023 [0.10 ] 1.08 10 ) — -

36 | 79%U0,+21%7r0, | 0.79 | 3.03 3,025 [ 0.10 | 1.08 79 i3] — —

37 | 79%U0,+21%7Zr0, | 0.79 | 3.22 3,018 [0.10] 1.1 77 & - -

45 | 80%U0,+20%Zr0, | 0.8 3.09 3,105 [ 0.10 | 1.14 4 B = =

46 | 79%U0,+21%7Zr0, | 0.79 | 5.05 3,088 [0.10 ] 1.1 83 & & 0.04 %
47 | 80%U0;+20%Zr0, | 0.8 5.15 3,023 [0.10] 1.1 82 2] — 0.01 %
52 | 80%U0,+20%Zr0, | 0.8 2.62 3,023 [0.20] 1.1 102 [ ® 0.02 %
53 | 80%U0,+20%Zr0, | 0.8 2.62 3,023 [ 0.36 | 1.1 123 @& & 0.05 %

@ HY, " =" RL

s TRF—ERPHFEO " IREECBV GHREORREI ATV RVWLDOTH S,

NIMEEA REFAZEMERs (VT 72 27 v FARFMO T D OBMERA <> b U —I2Bd 28] Tl
134 7H
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#3.1-3 ALPHA EBREMHRUOHERE BN

S vo, | R | RS |SESED| KE | T2 —LE
D w47 i é ﬁg kg a’ﬁE K MPa m K RARTIRSE %
002 Fe+Al,0; 0 20.0 |2,723.15 0.1 1 84 @
003 Fe+A1,04 0 20.0 |2,723.15 0.1 1 81 @
005 Fe+Al,04 0 20.0 |2,723.15 0.1 1 73 @
009 Fe+Al,05 0 20.0 |2,723.15 0.1 1 84 [
016 Fe+Al,04 0 20.0 |2,723.15 0.1 1 78 [ ]
017 Fe+Al,04 0 20.0 |2,723.15 0.1 0.9 87 ®
018 Fe+Al,04 0 20.0 |2,723.15 0.1 0.9 90 @
001 Fe+AL0, 0 10.0 |2,723.15 0.1 1 80 - TR
010 Fe+Al,0; 0 10.0 |2,723.15 0.1 1 76 @ e e
013 Fe+Al,05 0 10.0 |2, 723.15 0.1 1 89 - VAR M
014 Fe+Al,04 0 20.0 |2,723.15 0.1 1 1 - faFnk
008 Fe+Al,04 0 20.0 |2,723.15 1.6 1 186 - BE
012 Fe+Al,04 0 20.0 |2,723.15 1.6 1 184 - &
015 Fe+Al,04 0 20.0 |2,723.15 1.0 1 171 -~ &IE
025 Fe+Al,0; 0 20.0 |2,723.15 0.5 0.9 145 @ &E
006 Fe+Al,04 0 20.0 [2,723.15 0.1 1 75 - Y EEEE
011 Fe+A1,04 0 20.0 |2,723.15 0.1 1 83 @ R
019 Fe+Al,0, 0 20.0 [2,723.15 0.1 0.9 92 [] ER RS
020 Fe+Al,04 0 20.0 |2,723.15 0.1 1 92 - v B
021 Fe+Al,05 0 20.0 |2,723.15 0.1 0.9 92 @ B
102 SUS 0 20.0 2, 070 0.1 0.8 91 —
103 SUS 0 20.0 1, 950 0.1 0.8 0 -
104 SUS 0 20.0 2, 070 0.1 0.8 40 -
[11#EEA BFHELE S ET77 2257 MAKSBRSTM TR 1343 A
#3.1-4 COTELS EBRELMEHR O RE &N
— uozleé Tﬁmk%ﬁi ERORE | FERESN K EEC A [Py
g g K MPa m K
A-1 0.55 56. 30 3, 050 0.20 0.4 0 -
A-4 0. 55 27.00 3, 050 0. 30 0.4 8 -
A5 0. 55 55. 40 3, 050 0.25 0.4 12 -
A6 0. 55 53.10 3, 050 0.21 0.4 21 -
A-8 0. 55 47.70 3, 050 0. 45 0.4 24 -
A-9 0. 55 57.10 3, 050 0.21 0.9 0 -
A-10 0. 55 55. 00 3, 050 0. 47 0.4 21 -
A-11 0. 55 53. 00 3, 050 0. 27 0.8 86 -
¥ Lthd U0, - 55wt%, Zr : 26wt%, Zr0s : Swt%, SS: 15wt% RS
[(1J#FAEA FEFHhEE (2772 07 MAER ST Fk 1343 A
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F 3.2-1 TROI EBk & FERF MO B

EBRID | BMYERE | Pxv MR SES b EEE (F) IKERTIRFE
10 3800K 6. 5cm 0. 67m % 60% &
23 3600K 7. 4cm 1. 3m % 80% =
25 3500K 8. Ocm 0.67m #150% JEH AL T
ERMN ~2700K 4~40cm 1. 5m~ #120~100% N/A

() Ricou-Spalding fHBI=C (X 3.2-1) |2 X A RS FEMH{EL
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T _Reiease lubo
B 50 mem, e 2.6 m)

Depressuniser =

Fressure ogualnation (A7)
for mslt rdeass "

Fakanse orif i
slevation 230 mm T

Cvarfiow slevagion — =533
135 mm i | ~-.. Rolease onfice.
Wator initial level

1440 mm —— FAT yetssl (8, 1434 mm)

o |
e linerial cylinder (B, 710 mm)

—— Dotes cafcher
Emgwlﬂmmn_;_'_ {@ 580 mm h=250 mm}
o Botiom plate

o] {ickness = 40 min)

Elgvation -200 mm o |

[4]3.1-1 FARO EBriLE
Hi8 : D. Magallon, Characteristics of corium debris bed generated in large-scale
fuel-coolant interaction experiment, Nuclear Engineering and Design 236 (2006)
1988-2009

40.0

20.0

Pressurisation (bar)

Time (s)

3.1-2 FARO EBRRKRHEHZE(L(L-14, L-19)
H{HL : D. Magallon, et al., Lessons learnt from FARO:TERMOS corium melt quenching
experiments, Nuclear Engineering and Design 189(1999) 223-238
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= Electric Melting
- “ Furnace
:.“ (EMF)
s . Test Vessel
NoONEE | & (LAVA)
= PT.G
o | A5
T (¥ Ly PT
= ey J<— Water Level
o g PT
¢ A Concrete Plate
BT
Melt Catcher
912 | () mm
P: Pressure, T: Temperature,
G: Gas sampling line
3.1-7 COTELS EBREE
4
Region 2 Region 3 |
3 | |

P Final equilibrium
pressure estimated by
initial stored energy
in corium

i

Regioin 1

-1
6 1 2 3 4 5 6 7 8 9 10

Time after corium coentacting pool surface (s)

[X] 3.1-8 COTELS EBRREMEHZE(L (A-1)
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P - Pinitial (MPa)

Effect of corium mass or pool depth

Effect of subcooling or

non-condensable gas

Effect of velocity

MMD(mm)

Al 67
A8 52
Al0 0.38

Time (s)

X 3.1-9 COTELS EBRE& 7 —ADEHEL
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JRFFZEERS FCL iI2oWT, EBFLMTETNVOEICER LoD, TN OEHE
2179, 72, RIHETIRAZ X 91T, RFFEESEI FCL IZBIT 2 KERIBROFELRE
HIHEWNZ &b, ZIZTIE, EARSS JOBRTEEYTY,

RO L0 FCL 1%, MBHL LZBRFEL (F7VHF) CLVEFFTHEXYET
A KRDBPMEAS N LBRITKETNREL, EHER (EAARSA V) 25| EEZTHET
Hb, LIeh->T, KOWKE, EMIFLORERCINLOHEEERL L THITTEL
BILENTERZ LD, RFFABAFCIBREOEERTFL LT,

- RFFETEHF v E7 4 KBEROKE
-BERMFELOETE (ETEE) LR
cBFFETEHI Y ET 4 kET T VRF OB
ELTHETES, £, KEAKBAEROENLEFICBALTUL, KFFTHXFYET ¢
XEOEABIBREFIFENE S LEXEICRE S 2ZH THLZEnb,
- R IFHRMAZRRN TOKERDOTE)
WOWTHRENIDERE LTEZLND,

T, ZREHICE LT, MAAP 22— FOTET LV EOBHRWERE 2, B2 HE2E
15, £/, £ 41 IUERFIEARS FCI O S ICBETABEEER 2T, X 4-1
WL FIZOWTER LHRNKEZ =T,

(DIRFFTFEF ¥ E7 1 KRR UOKE

FFFETHx Y ET 4 KEPBWEE (=177 —VEMNNSWEE) 11X, KE
K[EENMRESH, EAARL 70BRATRELWERERS, RFFRETHXYET
4 KIE, 1RGARZRPOBHENTGHKER T VA KPBELTZHOTHY, Zh
LOHBRIRZRLF—A"FZ ALY, EFFTHIXY ET 4 KEBREZND, 1
WIBHR D bR SNIZGHKOPEIREIX, 77 FRFICESERESNDHIHO
Thd, —FH, ATLAKIZ, BERANIRIST ZKEE L, BEEREZEIZY Y 7A»D
AR T B THONEKBRERESNS, 22T, AMEFHEOMET TIX RIST ©
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UK TG 40 B/, AV FERES KT Z2F ELERET 2280888 TW5,
ZOBRBIII TAMDF Y vy THHAKRBAY, EOEFHITLD AV B —RRIICE
HLZbDLHEESNTWS, EABRREHICRELRY 7R bR Eh, BRL L
BICERESAKE Lz Z L3RI TE 5,

UEXD, K~OBGRHK 0. 20W/n 1%, BRFLIZEL2ELL, BELETL, =
Y7 U—MEELEATWRWREDETSH S,

(5) MACE Z=8%7
MACE %% (Melt Attack and Coolability Experiment) X, XEEHHFZFT (EPRI)
NEET DR FIFENERNERDGEME AT 2 BRI E TH 5, MACE E5
HEOMELZK 3.1-17 (2R T, £/, MACE EBRTIIHEEDR/LRS M0, Mlb, M3b,
Me DABIOERBEBSINTEY, ZOFEFHITIERS. 1-83ITRTLEBY THAD,
MACE ZE8 TIZ U0, Zr0, Zr & W > 7o EIF.LEEYMICV EBO 2 7 Y — M Z
L= EFER L TWaAH, Mo EBR Tt 30ecmX 30cm D7 A hERIZ 130kg DI,
M1b ZEBR TiZ 50cmX 50cm D7 A ERIZ 480kg DIEFM ZE > TV 5, M0 EBR T,

" M. T.Farmer, et al.,” Status of Large Scale MACE Core Coolability Experiments,” OECD Workshop
on Ex-Vessel Debris Coolability, Karlsruhe, 1999.
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TR MBOREEICa 7 Y — FEAV, BEHR~ORELFREL LTV 5, Mlb E&
IIMgO A DIEEANTEY, THRADADREIZR S,

MO ZEBR TOK T — N ~DEFRBAIERE R Z K 3. 1-18 (TR 7, HKIFER RS 1. 3cn
Lo leR R, PLE TREREID 4 5RICBRB S, RO 3 7HIT AW/’
HY, BRI LEOMBRBICHY T IBREORRN TOhZ, ZhiZkY, TE
L7227 7 R SR S H, £ D% 30 431349 0. TMV/m® THERE L, S HICEDORITIRA
IAETLTHRZITIZO0. 1M/ EFTIET LA, 3. 1-19Ic7T X512, BRENZ F
AMIEFUVTATUVBRIZEELTEY, BRI ZAMBERIN-HIICEE
S TWe, 7 7 A bR ORMICERPERSNI-ORHK 30 &k LEESNTE
D, ZHIZLY 0 BLIEOBGRERPMMET LI ZEES TV,

M1b ZEBR TOK S — N ~DEF B ERE R ZF 3. 1-21 (23T, FEKIZRED 5. Ocn
Lipol-Ba, ML TEARENS 4. 7T HHICHBEIN-, BOIZ M/t H Y,
30 T CHRZ 12 0. 5M/m> £ TIET LTW3, Z OHIMIZK 90kg 2EILL, 7T
APEFERLEEERBELOR TS, TO%D 30 M TH 0.4/ [ZIETFL, £
NLRBRIZIABE FEOBFER L o> T D, K3 1-22 TR T LI, 7T A MEX
135 6em TH Y, BUREL T TR INZTOBREEZ/ONLWED, 7T X M
BARERDHD EEBBEIN TS, 77 A MIBZOIFEECHEE L, 9em & S DZEREM
eI T3, ZROERIL0 SEEHEESNTVS, LT, 0.5M/n® X 9/
SWEBHHRIZZ 7 A RSB LREETOMTH 5, K 3. 1-23 ICEMYIBEEE{LE
AT KAOBFRHA 0. 2MW/n THERE T 2HIMIL, BIhEmmIEE S 1500K /il
‘Lo TINA,

(6) COTELS £8 (7R FBRUC) ®

COTELS #tElL (Bf) R BT (NUPEC) 23 ENEZRI QUSRI LG HIFF
HEZRARLIRBRTHY, ZOFEOT R b BRUCIE, B EICEK LZEEO FCI
(Z7ABKB) LMCCI (FRBC) ZRIVTLH7DOERTHY, 7AFBL CIE3lZx
EERINTZ—EDOERTH 5,

EBREBZK 3. 1-24 1T, RBREFRVERO—EEEK 3. 14177, BRYOE
BT 60kg T U0, DA X 0 @V 3200K £ THEMEA I N BB D F A 7" AL TM
HYEOBEMMEEE LR, 47 B XTH7 LT AL VELL DERBETN
HZLEREL, EROFIESEZHOLIMEKTHD, a7V —F—F+TF7 v TDA
213 0.36m B HVMZ 0.26m THDH, Z T, 0.26miIf>EE (WETCOR, MACE-MO %
U MACE-M1b) & DHEED=HT AR bt (B LEEDK) #0.5 L LELOT

8 Hideo Nagasaka, et al.,” COTELS Project (3) : Ex-vessel Debris Cooling Tests,” OECD Workshop
on Ex-Vessel Debris Coolability, Karlsruhe, 1999.
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Hb, a7V — b IERATZ7 b OEBA Y MG EEELEZZRERI V7 —

FTHD, 27 Y — PHRICITEEHAHOBRESPEES L TWD, BTHD
Wiy, BREBEEE L THEMB S, 75kW IZHREEO 11 FIcEY T 5, EK
1%, =|iEK% Jet #F L < iX Spray T 0. 02~0. 2kg/s DG B & THRERBAL 6~15 4
#“ITfTo T35,

r—2Z ba i, AP OE THRORERAOEE FEMNE) 217bd, IkbiTh
BRI —RTHDIN, K2BPRFELTWD, Zhixk, 27— MR
HoTRALEREIZL VERMFLORFEBEC Lo s TV 5, RIFORE
[ZDWTIE, r—Rba &r—R5 CRIZEDORFRESFMVERINTEY, BRFL
EAKROHEERATIERLS, a7 ) —MERICL U BA LKEIZ X VR Er 4
CEbLOTHLEEZILR TS,

TARYZ FHOBATIE, H3.1-255 127 —R5¢E7—29Dary ) —MRED
BRRIE(LZ R, 7 AT MR KEW—R 5 Tk, BRELOESERITHT
5 EEOEBA/NS WD, FIHICERMFEOOBER a7 Y — MIEL[EboT
WHZLEERLTND, MF—AEbEKEZEI~HTar 7Y — FOREMETIZ
BRUTED, BKICLZ2GHDRVERTE, HFICEDIZEKLEF—R 9 TiX®
BB\ LR8G5, BT, TERBBWS—Z 0BV Tar7 ) — MERIE
SRR EBRSTWNDIENDY, KIZEDHHDIRPHERTE D,

Bb U7 e DR E D> HAK~OBGFRIL, SWISS, WETCOR, MACE DfERIZEW
200~700 kW/m* T o7, ZOBRIIBFBNEANIZTF—ERBOREOEL STV
Ho BB, TNOLOBBHRIIBABFAR LY bIELS, KBBIZEVREENEZET
LAEEERH D L ETEL TS, EBRLA— b TIX 0. 2MW/n® FFIZI T 5 IR
DREBIZOWT OEERIZ 2V, MEDL 7 ) — AR REESNTE vy v 7RBRE
Ni=Z & T, BRFLGHMEESHL, a2 )V —FMEEBELELIZEEFEHAINT
W5, 3.1-26 [ZE(L L7 ERE CoOBEREZ R T, BRFELOTHEICIXZa 7 ) —
B REL 7RIy FRRICHEEL TBY, BRFLES»LOGAZREL
BB TWS, £/, TOMIZBENMEIELEZERELTEDIZ, TA
R FEEBRNSKKIZEBHHOMERHoT=Z &, HREBERMFPLBPERREITEIVE
TI2BBTELLE LARRZKBAVALGHRIEINT-Z LENRERTH D Lot
EhTna,

COTELS EBRDOH#MIZ, MEECY 7R FREF LD o= R THESR &~ TEH
WCIEVRILE 2o TERY, a7V — NELBRMT— NV OBERIIERINEX Y v
TRGHEZRE LT R ERBIT~OmAL LTSRTE 5,

(7) FARO Bk
BRM JRC (Joint Research Center) DA A7 THFEFTIZBITAERTHY, EH
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BENEXNRICEMD KT —VICET LB GO KERBROBEEZHLHZ L
ZEHHE LTHRERGETOERBMTORTE R, EHRBIERE LEEES
HTOERLITLA TS,

EREEOMELRN 3. 1-27T 173, EBRFIHIT, ®BESRMLEESRML TRERT
b, 5OFNTUREAY (B0wthU0: + 20wthZr0s & 5\ i TTwthU0: + 19wt%Zr0, +
4wt%ir) EHEMEE, 5 2FEHOT7 7 v T ERKT A LItk Y, KF—nicHE
TEHED, EBREMHIE, K315 TEEBYVTHY, U0 BREWIT 18~176kg, K
T —VOKIEIL 0.87~2.05m, KF—NDH 77— VEIZEIFI~124K OFFHTEH)
SEBEBEOFr—RAB3fTbTW\W5, £, MESRML LT 2~5.8Pa, KEFRMHLL
T 0.2~0.5MPa TH 5,

B ORFLRIZOWVW T, K7—LOREIZL Y ZOEIENELL TV,
RFFAEZBRNFCI 4B LI — R (BERMG»OEY 7 7 —VE) T, KEE In
DFET, BMYOKIESPR L, BV IIEMY =y hOEEKRKT—VEIZE
ELTHET AL R>TWS, —F, KFFESEN FCL 2BELF—REL
T, EBRINVa=ULEEULHE (L-11) NMEETEY 77—V EDRE (L-24~
33), TiL, IZEAEPRTFET HEEBBOLN TN S,

iz, BRISNRFORIL3.2~4.8mm TH Y, OIHIED, KiE, 77 —ILE,
B TEE~DEFHRIIENEBES TV,

(8)COTELS £B& (7 X h A)

COTELS &t (Bf) T HHEEEIMTHEME (NUPEC) 23 ENEIRIOIERIF LG HF
HEFARLIRARTHY, ZOHBEOF THEMMIKT —VIZET LicL EDKER
BRERORBRAEFELZRRHIERL LT, WPV I7RFVEMEFHEFZ— (NNC:
National Nuclear Center) DfgkZx AWV=EBRNEBI N TV 5,

EREEBOMELN3.1-28 12, EBRFHERVERO—TERKI. 16177, ZD
EBRTIE, BKFOVET T 707 v MEBMFENERICESH THRBREGNRES
n, BEEMICIE, BKFEOLETT 7 Ty FTIE, RFFEASNENMEE CHE
THV—T U ABRKENTHY, 1o, RFFEAHROBHEL L THBEROKEBEEZE
BLTW5, £7=, LOCA ZERLTEHV—F V ARKEHNTHLZ b, RTF
BMAERKE OK T —idbafik (727 —VE 0~86K) & L, KFEIX 0.4~0.9m
Thb, £, BEWIL, U0, : 55wt%h, Zr : 25wth, Zr0,: Swth, SS : 15wthDIEEY
ThHY, THALVFTLAAOHEHENLEZER L TEZ OERERAEELLOBEELEZD
DThHD, ZOEMMIL, ENH~y FHEREORITHEY TS s5em BOV =y T
KI—MZETIETN S,

P L EICBI L Tid, AKE04miZBWTH, 1FEAE (90%LLE) BRIFILL T
BY, BFRIIZL O —ATH 6om THo7283, B TERERENFEITIIEN/D
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SL 5 EMPHER SN TS, FIEOES ERE L RFRIZITEERH Y, 71
S ERITRFE LB 0 OBMRZRXER TH D L mESh TS,

Q) EATLRY 7 ER

ZOERIL, KNV PICRHRICHEBR S ETRFNy 23, REOHBICXY
VLB T 2R FEMRB LIZERTH S,

ERFHFO—BER 3.1-T 1T~ T, EBIZX, KF—AHIZ U0, SUS, Cu D 0.2~
Imm ORLFN vy FEIEE—OE S IZHE IS, FEMBIC L BRERARA S ERSE
-bDTHh5B,

B 3. 1-29 IZERFIE OB F Xy FEEE&E TR T, B —DEIITHERINZRF~
v FiE, FEMBICL VRIF~y FRICHBAEL, RTF83KE B O FHEET
HBEB TRy FOEIRH LI T3, 22T, H—ALICELZRFRIZHN2 ~
3XThHLBRESNL TS,

(10) DEFOR-A ZEBR!® 11 12

DEFOR (Debris Bed Formation) FELX, AV x—F VENXTHKETEBEINT
BY, FExDOFEHETKT—VIEEEMBD BRI NWIZRO, ERE.OOMB{EER
BThD,

72 T% DEFOR-A RBRIIKEITIE U FLBIE 2L L ZEMICLIZHD
ThHd, ABREEBZK 3.1-30 (2”77, DEFOR-A EBRTIE, 5 ERFHEFICI 0N
BN HERERYE 77 VALV ROE ) AVEB L TKREESRLEOKE 7 1IZEAN
T35, ZZT)ANME, THRbbLTF7Y =z y MEEFELR-oTWS (BT, =E
BIZHLTY, FLLAVETR LT AnbETTA3ERMELOBNT IF7Y
Py b BZERTB), KZLU7 OV A XX, WE 0.5mX0.5m, EE 2m Th
D, JAVEIEZELSIK EERKRTEZ U I7ORNOHEHOETORSITI L. Tn &2
T3,

Wiz, RBRFHEO—EERK 3.1-8 IT7RT, /AVESIIE LT (—8OIr—R1
1.62m) (ZRRESH, HEEAMYITIES 1L5n BIEOKT—IVIZEAEND, T,
BRELF Yy v F ¥ — OB EAKEAS 0.6m, 0.9m, 1.2m, 1.5m & 4 BRPEICRES
n, KE»LOETEMOEELHERL TVE, TOMFELRBSEMEL LT, #

® J. D. Gabor, L. Baker, Jr., and J. C. Cassulo, (ANL), “Studies on Heat Removal and Bed Leveling
of Induction-heated Materials Simulating Fuel Debris” , SAND76-9008

1 P, Kudinov and M. Davydov “PREDICTION OF MASS FRACTION OF AGGLOMERATED DEBRIS IN A LWR SEVERE
ACCIDENT” , NURETH14-543

1 Payel Kudinov, et al.,” Fraction of Agglomerated Debris as a Function of Water Pool Depth in
DEFOR-A Experiments” .

2 Pavel Kudinov, et al.,” Development of Ex-Vessel Debris Agglomeration Mode Map for a LWR Severe
Accident Conditions,” ICONE-17, Brussels, 2009.
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ARy OBBE L 78~206K, V= v FEIX 10~25mm OFFHTHREL TS, V=
v FEBKRL, BRYOBEBREN/NE L, BN —RERFE.LBER I
TUVWDIZABRBRTH D,

wIZ, BBERICOVTIHERS, A8 RBRT—FKENEROF ¥ v F ¥ — LITERK
SN —FREBIF LORFEZEK 3. 1-31 IZR7, KENEW=D, ML TH
BIETARNCHF ¥ v F ¥ —ICHRTHZ & T, BIHELELORBEE LEsRIZA
S>TW5D, KEBEWNZERFOBEL ETe/2, K3.1-3212737 B0 7r—FK
BRPLEDIRL 2%, ZZT, SRERFLOBEREZR3.1-33 177, 77U
Vxy BT RTHHER OB SN RETERIFLY Yy vy F ¥y — X TEELE
BAEN (2 ORETHY, Z0LXELLERFRICEREH S0, GHMEIIEE
Sz, (b) DRBIZEEZRLTEY, EELTW2RWT 7 YR FRHERT S
CTCEEREICRD, 72, OORBIZT 7Y V= y FO—EBEBKICHERET S
BETHY, EROBVRETEMYBHERELIRKETH S, (b) KU () ITHHEIK
DHEE LB LONRBETEELRWED, GHEREE SIS RELRH 5,
£, #HERRE LT, IWRICEEREMDPHER LICHERIHFGONATWS, AR
BEhbix, KESEWNZE, BEHORAEIEIT/NEL, #1150 OKERHIIZIZE
ETRTOREEMDIZEL LTREBTHRET 22 L 083905 (F—R2 A9 DA, #h
DEEDPEEL TWVD), KEN L5m XD HEWEAIL, F—RX AT, AIZBWT
o r—2 L LEWVBEEIEVNBRI S TS DL, 7—R A7, A9 TIIEEEM
YMOBBERENT-DTH D, fEme LTE, KEIE n b, T7VRTF%2T
RTEIETER L LTS,

¥z, FIRICL V3. 1-34 IR T X 9 o — S RERIF L OAR S 5 &
v TREREINTEY, ZOETLEERA T —LOTxy MRIZER LZHE
D, HEET—F~vy 7 (V= vy MEIAKEOR ETo, EBE, BE/OBEKE) 7377
SNTV5S, EECOBBORICTHEYT 54 200mm O = v METIE, KEHSK On
DALEICEEE L BN RBPFET D Z L B0 5,

EREHTIE, EFFTEHX Y BT 0 KEX 1~2n, BHEORITEL 10cn TH Y,
HEET— Py 7IZETEIDD L, BETRTOBERMEF LA —FRICHERET 5.
F—RWRICHBE L1ZHE, MMAP 2 — FTET/MEL TV S FERIROFBEE L 1, K
D%, FEABREOETHENRRER, ZhoOMEOHEIX, FHRRDOFIEE
EICHB T 2K —ERIF LR OBYRZRIE L LTRVER S Z B TE S,

(11) CCI ZEBa1s 14.15.16

3 M. T.Farmer, et al.,” OECD MCCI Project Final Report,” 2006
Y M. T.Farmer, et al.,” OECD MCCI Project 2-D Core Concrete Interaction (CCI)Tests: Final Report,”

2006
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CCI (Core Concrete Interaction) ZFEBkIX, OECD MCCI 7u ¥ =2 hD—E]E LT
KET N XESAFZERT (ANL) 12 TIThh T, a7V — MRESEALR
RETHEKLEBEEOBEMYOEHORELZHNE LELOTH D, CCI EBRTIT,
MCCI ERE BB OEAKIC L 2P LGEIEL LT, ARBHIC 4 DDA N =L
EBLTEBY, ThEW V2 HH, 772 FOVDUVRUEINVE NS DKEA,
BRmONEHY, 79X FOMHETH 5,

CCI EFREE AKX 3.1-35 (T d, EREEPIC, Bim 50cm X 50cm, S 55cm
DBHDNERDHY, TOEBICZ IV —F—_"—2A7y MBI TND, _X—2A
~ v O EFIZIE, BRYEZEZEIMBCEL VMG L2 TAT EBEBEDY,
WL 120kW~150kW THIEAE N5, 7=, BERYOBREZREST 5= OB ES}
Bary Y — MRIIZERB I TV D, £0Ofth, BRYITEKT 272D DFREKR,
MCCI IZX W BAELEHTADBIRERH D, I, EREBICHEATTEBEZR
BL, BKEIIERENSZ 7A MNITEEZEXT, 772 ORI ERE IR
DT —2 &/ TS (K3.1-36 ZH).,

Wi, EBFHER 3.1-9 [T, EBIT CCII~3 O 3EITHOAT\5, &ER
[Z2OWT, BEMYOMEVE 5.5 RIS FE LICRA, HoHWE=a 7 — MRER
30cm EATCRER THAZMIET 2, ER —AMOEELRFHOENL LTIE, =
7 J— R (CCI-2 BAAKAETR, CCI-1, 3 AEHRER), EEBEBIMEIZ L 5N
#E (CCI-1 73 150kW, CCI-2, 3 7% 120kW) TH 3, CCl EBD =7 Y — MlRE
# 3.1-10 {Z7R 9,

B 3.1-37 IZ CCI-1, 2, 3 EBRCTOKR~DOEFEHK, X 3. 1-38 I[ZIERY OFHRE %
Y. BAID 5 IR RBIHITIEVVE L 72> T Y, CCI-1, 3 THI IMW/m?, CCI-2
Tid 3MW/m2iEVMEIZ /2> TV 5D, ZO&EWVE LT, CCI-1,3 TIREKABERTYZ 7 X
PR ENTEY, CCI-2 TIHEKRERTZ 7 A MBRERINTE LT, By
LORDBEEREM (N IHBA) Lt #llshTng, CCI-2 b, 27 HEH
#HiM (W54) DRIZERESZ 7 A MHBERINAL TV,

K% 16-25 43137 7 A R ABREREZRET 2HHTH Y, L -BREE
£3I1-11IZRT, a7 V— hORIFICH ARAERNREVAKEZ a7V — D
A (CCI-2) IZiX 0.65MW/m*, HAREDDVLRVWERER2IVZ U — FOBE
(CCI-1, 3) ITHX 0. 25MW/m® Bz T 0. 5MW/m? & 72 5> TV B, ZDEWND, 77 R MERK
BETar s ) — "B AARZNEY, 7T7A OO, B ROZERBKE
K RBLEBEINTWD, ThbHDOBEE Y 7 A MNAMRERZ T TREZAHITIE, 7
7 A MR E 139 3mm~Tmm TR TR S22V, BIERRTIZZ 7 2 FNEZI 5em

5 Q. Zhou, et al.,” Benchmark of MCCI Model in MAAPS5. 02 against OECD CCIExperiment Series,” 2014
8 M. T. Farmer, et al., “OECD MCCI-2 Project Final Report,” OECD/MCCI-2010-TRO7 (2010).
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~10cm L 2> TEY —HEV, £oT, 77X IMNLOKBABRGHEIZIE LTV
HZ &, KRBANRRERDZ ZAMDERITZaL TV — EPODHTABEAENRZNZ
ERELRBIEPEBREN TS,

B OEHIZOWVWTIE, CCI-2 TixA b2, CCI-1,3 TikAbhiehoiz,
BRYOEHIL, a7 ) — oI ABRBREShD L ZITEEAEhDLEEZD
nNTEY, TABREODPRWERERZ V7 U — NOBFEITITE X oh o7z L HER
ERTW3, £/, CCI-1 TIEEAMDS 10 S TABRBKT L2 &, CCI-3 TIEE
SHNZ T T A MDBECEE LT EbEEBLTWVWALEEZLNTWS,

7 7 A NOBBIZONWTIE, 77X MREZHBILIEKERND, 77 X MIFEE
IZHBHWZ EAMBALTWS, FLT, CCI-1 EBRH DS 7 T X MEEERIZIE 3Mi/m’ &
B HBGENREL TS,

PLEX Y, CCI EBFERTHE L 0. 25M1/m® & VW ) B i, B Eics 7 %
IR SNTREIZH Y, 7D, 77X FNOEBRB/NIWEEDETH S,
B#%IC, EBREFEOBAREBOERNZKS3.1-39 27T, ARERILZ7U—FD
Ba, RAMEPELSMORBIIFABE LR TWHDIIXL, ZRERa 2
— FOBA, REFHOREVPKFMLYKES Z2-oTEY, BRIZBEFENRDS
ZEHRENTVD, CCI-2 EB,R (ARER= 7 V— 1) OBE, MEESMEKS
MIZRBE LHES N TWADIZH L, CCI-3 EBR (ZREFZ =7 ) — R DEE,
RIBEL R OBGHRIT, KEME D AFREREWEHEEI N TV S, CCI-2, 3 FEHRIT
# LTI, MAAP 2— RIZ X W Ry F<w—27 BB Thh T\ 5 &,

CCI-2 EB (RKER2VZ V—1b) OXRUFw—J TR, BLHREOREE
Z ROV TRHRBMRZR B DOV — <A AR L 91T, BV RAREE L TRES
M) & BEE A & b IC 300W/m*/K, E{EZREDEE nIZOBRESNTND, ZZT
300W/m?/K 1%, ZFEERD MCCI RO iBMREREIL, BEHEE2ZEET 5L, TRk
FRIEOME LV b 1 HTRE/NSVWE (K 3. 1-40 IZBWTELEIE DS 60%F2E D)
WD EEZEZERBLTRESRTWD, £, CCI-2 EBRTIX, KEH M & ERmHR
OBRBEIFRABELEEINTND I 0D, AHRMERELFACESRESL
TW5, ZOREZRWEMBITICEY, 2V 7 MREOE{L (K 3.1-41 2R) I3,
EBRT—F LR A-2TWD, £z, KEHFRAORERIT (X 3.1-42 2R), ER
TIZEKATIZIE 25cm BEEESNTWA DXL, MAAP f2#r Tl 33cn BEDE A
BLioTW3, BEEAFMORAERIT (K 3.1-43 2M), EBRTIIH/KATIZIX 29cm
BEEAESNTWADIZH L, MAAP T TiE 33cn BEDE AR L 2> T3,

CCI-3 EB (XRERAVZ U —1F) ORUF—7 @I TiE, diivmEiRiks
L CHREF M 80W/m?/K, BEM 7 AiZ 300W/m*/K, n IZ0 BRESHTWSB, ZIZT,
80W/m?/K I%, CCI-3 EBRTIZ, KEMOBGRPEER FRD 1/4 BELHEES LT
52 EMn, KEFMOXMNTEMCZREEZERm A MO 1/4 BEL LTERESHLTY
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5o TOREICLY, 2V UvAREOEL (K3 .1-4428) 1%, XVERT—HIC
WL o T3, £z, KEHFAOEEERIZ (K 3.1-45 BB), B CITHEKATIC
13 5em BEREINTNDSDIZX L, MAAP FEHTTIX 5. Ten BEDOREE L 2> TW
%5, BEmAmORERIT (H3.1-46), EBRTITEKANIIT 29cn BEREILTW
HDIZHRL, MAAP T Tl 2Tem FREDBRBEE L 2> T3,

CCI EBRZXRIT LTz MAAP R F=—JEITIC KV, XRBVRZEREZ @R
ETAHAZELIZIVERENRBBLRE ) ZLAERINTVWD, £z, BEEAHMI
W LERE S A TIRERENMER T 2RADCEFEEZE S 2011, KEGW & ER
HrDOXNREAGCERMOLBORENEETHHZ BRI TWVS, LALRAR
b, ZORBOERFHIIFFAFHEOERIZBEVWTHEAEALTEY, £OAH=X1L
DFEMIIEKREEAINTEDLT, EHOYV =y FEHICT, ZORERODEGHNRHE
ETE0EFRATH S, ERICBITLEEORBOT-DREBRNTBLELEZ LR,
CCI-3 EBOR U Fv—J @S EIC LT, BT —L bR FR & RRHIA
DOXHREVA R 2T L CREMRTZERT 25 GHERARE 11 218),

(12) SSWICS 8k 13

SSWICS (Small Scale Water Ingression and Crust Strength experiments) FER
i%, OECD MCCI YuT¥=2 hO—E&L L TKET VI XESLHFEFT (ANL) (T TFT
DODWEHRTHY, BRMICER LV EKLIEEEOGHELZAEL TS, AR
#EZK 3. 1-47 |TR T,

SSWICS REATIE, 7 7 X FRHBHI SN 5B THE~DR KD H 1 BREVE DI
MzFHFETHLO0, BRMHOaL 7 ) — N EFEREMTHE FFA4 T U MR
HHAETT2EBESTVWS, BEML a2 ) —bOREVMDO KA T U MR
MEDOBIEMRR L, Lister-Epstein N7 4 7 7 FEAJREET /LD LLEgHE R %K
3.1-48 T 9, RBRERLMBITETNVOEMIZTEI —&LTEY, 227V — g
BARPEMTHIZONTFIA 7 U MFREITEA L, £ 15%TH 125kW/nf & 720,
FhLRIBh—E L 25,
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#3.1-2 WETCOR EBR 7 7 A b bHK~DEGF R

Table 6.4 Heat fuxes to water through the thin
portion of the crust

Heat Flux
Corrected for
Varying
Crust

Heat Transfer Thickness
t (min) Rate (W) MW/m"
55710563 | 22735 + 4940 | 052 +£0.13
582.4 10900 + 3100 | 0.25 + 0.08

589.0 8600 + 3200 0.20 + 0.08
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1600 - =-—==C4 z=-30cm (I 1L
 —-—C8 z==50cm i 1
[ — —C7 z=-60cm (| 1
1400 |- | - i
N ’ I ' .
S i . : /’-‘-‘ <4
51200 : 'l --..,_‘
E 1000 f :-
800 | |
600 -
400 |- ~
200 |- -
o L A L L A I A L L A _L AL | —— L l A A 'l L -

400 450 500 550 600
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[ 3.1-14 WETCOR & = > 7 U — MREZE(L A r=15cm)
2500 i L L LI [ ¥ T L] I L] L] L] ‘ T L] ] ' L] LJ L] I L L] L | L] L] L] ]
& ~——TCLOCATION r= 2 cm, 0 =270 =+ 12 ]
L N (s TOLOCATIN r= 2 ot 0= 270 &g 2ot Bov ]
r -——TCLOCATION r= 6cm, O= 30deg z=+ 8em 1
2100 |- —+=TCLOCATION r= 6¢cm, O= 30deg z=+ 4em |
. — —TCLOCATION r=10cm, O= 150 deg z=4 2em |
i =14cm, 0=330deg, z=~ 2 em 1
~ 1900 | 1
< - :
1700 | .

E 1500 | -

E 1300 £ . .
1100 -

3 ~ = e 4

: R
900 | ! e
700 | » ]
500 [ i ' l L i1 I L e L I 1 L L I L L 1 r 1 i i I Il 1 1 ]

500 520 540 560 580 600 620 640
TME  (min)
[ 3.1-15 WETCOR EBk 2/ MREEERE
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RUBBLIZED DEBRIS
1cm MEAN DIAMETER

ASS 1.5
Ly ks) SOLIDIFIED MELT SPLATTER

/ MgO CASTABLE

WATER EXIT

MgO CASTABLE

- \:\
35¢cm \\Q N \/

TUNGSTEN SLEEVE
SUSCEPTOR

| VOID/HIGH POROSITY

[~ SOLIDIFIED DEBRIS

™ TUNGSTEN SLEEVE
SUSCEPTOR

3.1-16 WETCOR Bk #RBEaLT A MERIRAE
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# 3.1-3 MACE EBRFMH—%

) MO Mlb M3 M4

HRWFLEEMER (k) 130 480 1800 480
uo, 56 65 5 57
S Do Zr0, 11 13 29 29
s P : : :
BIRIHL%) ENE/SE 29 19 14 14
_ A5

BRIF DREIR X (m) 0.13 0.23 0.2 0.3
ERLF DS SENEE (K) 2000 2350 2250 2280
BRlE RS IR IE kW) 100 130 300 130
vy J— DR ARER | ARER | AIRER | 7 A BR
a7 ) — bEER (md) 03X03 | 05X05 | 1.2X12 | 0.5X0.5
a7 U—rEOEE (m) 0.35 0.55 0.55 0.55
KAZ (m) 05 0.5 0.5 0.5

.I..l_l:..l.#".—___l.-/ j

TMTII LA
TIITYTrN

rﬁ..l_L.J_L-L

b

[X] 3. 1-17 MACE EBrI:{E
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Junction Elevation:
0.0cm

______ 0.1 ¢em
— e =2 0 ©M
————— 0,0 Cm
............. 10.0em

4D 50 60 70
Time, Minutes

X 3.1-20 MACE-MO FEE: TO¥RRMMIRE Lk

mt A B R A L e
1
3 i Onsat of Eruption ]
a0+ ! .:
: ; — Mot-Waler
2000 “= : e frput 3
O |
2400 4= -
= [ :
x >
¥ 20004 3
PR : 1
ﬁ gm-r —‘n
T . 2
1000 ++ b
P L‘N,‘,\
500 4,
N |
AU Btz oot PO PO
" _...J.: , Jrats ..}"_.",'..T-; !
0 80 1= = 240 200 380
Time, Minutea

[X 3. 1-21 MACE-M1b FEBRIZ I3\ % IEMIFE DARERWH> 5K 7 — L~ DB R
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Temperature, K

MACE 1B TEST SECTION AFTER TEST |

« 80— /'—-uoucrmm
|
+ 50 N
i — 0P OF EXPCEED ELECTRCDES
— 363 onINTIAL POADER HEIGHT
+ 30~ - REMNANTS CF SKELETON
CRUST
i -~ sUD CRUST
+ 10—
— VOID - 9omHIGH
0 4=
204 — SCLOFEDMELT
. 50 anSCUARE
- e & ofo " T RASEMAT
0 — o ~ * O‘ .
<O e 2D % 0 ELECTRCOE QLAWP
'm-r \ - —|
----------------- —1| DRANNG MACE '8 TEST SECTN
e —— i —————————————— & —— CELAMNG N WO
******* === = - =3 Couaah BT O LSOO
: WA MACE 18
NORTH VEWFROMWEST SCQUTH

[X] 3.1-23 MACE-M1b B TOEmMPIREZE
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# 3.1-4 COTELS (B RU'C) EBRFEMH—&

r—A (BRUC) 5a | 5 | 4 2 3 |10 | 6 [ 7 ] 8 | 9
B4 7 B A B
ERmEE (kg 47 56 53 45 46 58 56 52 42 51
B (kW) 0 150 | 170 | 155 | 150 | 150 | 150 | 150 |110-140| 150
ayvZ7Y—h b7y 78 m) 0.26 0. 36
AR HE — Jet | Jet | Jet | Jet | Jet | Jet | Jet | Jet |Spray
EijiE (ke/s)| — [ 0.02]0.04]0.03]0.03]0.03]0.04]0.03]0.04]0.04
BAAEREZ] (min) — 8 8 8 8 15 9 10 10 6.5
KB % OERIE
F7UVRFER (ko) 9 21.5 | 19 35 33 48 - - - —
(krFLElIE) (19%) | (38%) | (34%) | (78%) | (72%) | (83%)
BIFEE 16mm LA E (kg) 0 0 6 0 0 18 - - - -
BIFEE 16mm LA T (kg) 6 21.5 | 13 32 33 30 - - - -
EHR 2 (mm) 0.6 | 0.8 | 2.2 | 1.5 | 1.0 | 0.4 - - - —
BERFLER (kg 38 | 34.5| 37 10 13 10 53 52 42 51
EBEOa 7 Y — MRIE
BE&E (Efm) (om) 28 25 22 15 20 40 15 15 15 10
BaE (A (om) 13 10 25 15 15 48 8 10 8 ~0
WHEES (mm) 12 15 21 18 15 15 10 12 12 5
EAES (mm) 40 55 65 40 34 35 32 35 30 20
w2 A7 0 A U0~T8wt%, SUS-5wt%, ZrO.—17wt%, Zr-Owt%

B : UO;-55wt%, SUS-15wt%, ZrO;—5wth, Zr-25wt%
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v
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NN TTT T I

1
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.-4-"/
-7
T8

227775
L]
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s g\ 4

L.EMF, 2 Test vessel,

3:Instrumentation nozzle,

4:Removable bottem, 3:Water injection nozzle

6:Concrete trap, 7:Induction heater

[X] 3.1-24 COTELS (B R UrC) EBRIL{E

2000 ¢
1750 |
1500 {
1250
1000 f
750 |
500 F
250

Concrete Temperature (X)

1 Water Injection On (B/C-5)
} Water Injection On (B/C-9)

—%\ B/C-5 (26em 1.D. Trap)

" B/C-9 (36cm LD, Trap)

i e gy

<

X 3.1-25

10 20 30 40

56 60 70

Time after Corium Falling (min)
COTELS (B RUrC) EBRICKIT D=7 Y — MREZEE)
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Lower ingot Upper particulate
debris (34.5kg, debris bed (21.5kg,
10~12cm thick.) 10~12¢m thick.)

(1pmm max. thick.) Discolored concrete area
(55mm max. thick.)
Concrete Trap
Case (1a) : B/C-5

concrete
(34mm max. thick.)
Concrete trap

Case (2) : B/C-3

Upper particulate
debris bed (19kg,
7~12cm thick.)

Lower solidified debris
(37kg, 7~12cm thick.)

Concrete trap

_

Case (1b) : B/IC-4

Crevice  1ngot debris
(2~5mm dia.) Gike)

Discolored concrete area Flow channel

(20mm max. thick.) (2~3cm dia)

Concrete trap |

Case (3) : B/C-9

[X] 3.1-26 COTELS FE§k ToO AR E L IRHE
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# 3.1-5 FARO EBRFHRVER %

S8 1D U0, ERYER |ERYIRE | BRSE TR | BT | KE HFr—IVE | KER

HEHIGH kg K mm MPa m K B
L-06 0.8 18 2,923 100 5 0.87 0 L
L-08 0.8 44 3,023 100 5.8 1.00 12 L
L-11 0.77 151 2,823 100 5 2.00 2 L
L-14 0.8 125 3,123 100 5 2.05 0 L
L-19 0.8 157 3,073 100 5 1.10 1 L
L-20 0.8 96 3,173 100 2 1.97 0 2L
L-24 0.8 176 3,023 100 0.5 2.02 0 L
L-27 0.8 129 3,023 100 0.5 1.47 1 L
L-28 0.8 175 3,052 50 0.5 1.44 1 L
L-29 0.8 39 3,070 50 0.2 1.48 97 L
L-31 0.8 92 2,990 50 0.2 1.45 104 L
L-33 0.8 100 3,070 50 0.2 1. 60 124 L

¥ 0.8 OEESOFRRIT 80%U0,+20%Zr0,, 0. 77 DS OFRLIT TT%0,+ 19%Zr0, + 4%Zr,

FARQC furnaen

[

Lower olectrode

iy

L |

-

[ ———

Prazsure aeualisati Ar‘q=
tor melt release —:-m( )

Steamveming —— ]

Flag for T
[~} i ualisation
d‘u‘l"i;ng qumming 1
b [0 1= [— - iy FCT
{lor 150 kg) : 1
3085— |
2000 ——
i
Waler
|
|
Elevaton {mm) l
G.Oo
-240
-390

Aol fubse
claging dise (W)

4 deteciors
L Aeleaze lube

{0 = 50 mm, h = 2.5 m}

S e it SystEm drive

Vidoooam
miection vaiva SO1

Main isolation vabve S02
(& =120 mm)

Dame
Release veszel

Mali
Instrumantation ring

Hinged-liap for melt release
[Tngzzie = 100 mm)

TERMOS vessel
{ sy = 800 mm;
t = 710mm

Heating sectons

Bakbris catchar

& = §60 )
Botam plats
{thicknaszs = A0 mm}

3.1-27 FARO EBERE
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#3.1-6 COTELS (A) EBRFHRURER &

S8 1D UOzszJﬁ‘ BRYEE | FRRE | EEKES K ¥ —IVE KSR
B kg K MPa m K
A-1 0.55 56. 30 3, 050 0.20 0.4 0 —
A-4 0.55 27.00 3, 0560 0.30 0.4 8 =
A-5 0. 55 55, 40 3, 060 0.25 0.4 12 £
A-6 0.55 53.10 3, 060 0.21 0.4 21 —
A-8 0.55 47.70 3, 060 0.45 0.4 24 i
A-9 0. 55 57.10 3, 060 0.21 0.9 0 =
A-10 0.55 55.00 3, 060 0. 47 0.4 21 i
A-11 0. 55 53.00 3, 060 0.27 0.8 B6 =
LRy U0, - 55wt%, Zr : 25wt%, Zr0, : Swth, SS : 15wthDiREH

Electric Melting

Furnace
(EMF)

Test Vessel
/ (LAVA)

PTG

} 1l PT
- < Wiater Level

PT

1400

~2450

Concrete Plate

PT

Melt Catcher

o12 |

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

() mm

[ 3.1-28 COTELS (A) EBitE
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£3.1-7T BATLRY VI EREME—E

Initial | Initial | Fipal Fipal Boiling Beat
Container | Gererator, | Beight at| Eeight at| Height at|Feight at| Flix,
Run| ID, em Bed Material kwr Center,cm|iWall,ecn | Center,em|Wall,cm | cal/sec- ol
1 114 590-840 £ SS 15 6.4 38 5.1 4.4
2 114 | 210-1000 +p Cu 15 76 4.4 6.0 §
37| 114 |50-50 vol1.%U0-SS 15 7.6 5.1 6.0 6.0 055
4 162 | 210-1000 + #Cu 15 9.2 6.0 7.6 7.4
5 292 | 210-1000 + #Cu 100 12.1 32 %5 5.7 0.79
6| 292 |50-50 vol.%U0,~SS 100 89 38 6.4 6.2 1.20
(&) Run 3(*) Runsb (el
fEA& ozt ($049) 2y 193"
(2~35%) 0.0° 08°
INDUCTION
COoIL
. UCiSS PARTICLE BED ,.:33”
LY S, T T S o O G e, LA bt

INITIAL BED GEOMETRY

y
’

o oae

FINAL. BED GEOMETRY

(3.1-29 AR TERIZBITARFy FilE&

3.3-43




(¥ 3.1-30 DEFOR BA%EE 2K OWARIF L X ¥ v F v —

7 3.1-8  DEFOR-A EBRD EBR At

=<Fiva Al A2 A4 A5 A6 AT A8 A9

BRI E K 1,253 | 1,246 | 1,221 | 1,245 | 1,279 | 1,349 | 1,255 | 1, 343
TERBENEE K 110 103 78 102 136 206 112 200
T x v MIBE mm 10 20 20 10 12 25 25 20

AR O 1\ s 38 11 11 38 20 10 10 11

VERIEANR & 1.7 1.7 1.7 L7 P 1. 62 1. 62 17
7K F T O REE 0.18 | 0.18 0.2 0.18 | 0.18 0.2 0.2 0.18
KI—IES 1. 52 1. 52 1.5 1. 52 1.52 1.42 | 1.42 | 1.52

KT — VAR EE 346 367 346 364 346 356 355 355

=|=|8 |8 | B

KI—NYTF 7 — VB 27 7 27 9 27 17 18 18
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Fraction of agglomerated debris

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

[X] 3. 1-31 DEFOR-A8 ¥ ¥ v F ¥ — 1 @7 — - IR¥ERF

= 5
S S
+
=
X e
® o
R o &
T T T T T T i T ._.
05 06 07 08 09 1 1.1 12 13 1.4 15

Water depth, m
3.1-32  DEFOR-A FEBiEH
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Jet

Jet
Liquid .',-:

Droplets ::..:-'.
¢ .

:!5:: Solid
+*ee®s Particles
SRR,
Fragmented %,

e

........

Liquid o:'=:

Droplets o ®

Water pool depth (m)

a)

[ 3.1-33

DEFOR EB& 2357 2 IAR I EEE O S

13
12 - No agglomeration o
H Or—CO—H
10 orad & B u/
4 . /
9 Nt (|3ake
L/
. e . -
8 . == M, = 5% |
A4 s M= 10%
; / aggl
7 e =om M _=20% |
=== Cake
6 [ |
100 150 200 250 300 350

Jet diameter (mm)

(3.1-34 Aux—F EXTHRKE KH) [ZkrEEE— K~y
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#3.1-9 CCI EBROFEERSM
CCI-1 CCI-2 CCI-3
B PWR+8% concrete ik PWR+15% concrete

ayyV—pE47 BEEER AIRE TR EEER
BRmER 400kg Gk 375kg
JEH REE RlA il

VA I B 1,950°C 1,880°C 1, 950°C
EEERMNEAE 150kW 120kW 120kW
B GA hnEAt% 5. 5 BRf & 5 [FA [FA

W 30cm B &

HKE, RE 2 liters/F, 20°C R EE=
HEAEIESEHE 50cm==5cm [l Rl

% 3.1-10 CCI EBRIZERA EN==2 27 U — FOERK

Oxide CCI-1 CCI-2 CClL3
Wit% Wit% Wt%
ALO; 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
K0 0.12 0.55 0.81
S10, 82.48 21.61 5991
Na,O 0.00 0.31 0.66
SrO 0.00 0.00 0.04
Ti0, 0.051 0.135 0.155
SO; 0.514 0.505 0.434
CO, 0.901 29.71 9.80
H,O. Free 1.808 3.255 2.293
H>0O. Bound 1.92 1.11 1.40
Total 98.48 98.47 98.19
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#£3.1-11 CCI EB D 15-25 BT B A~DEFE

Table 3-7. Debris-Water Heat Fluxes for CCI Tests Averaged Over the Time Interval
15-25 Minutes after Cavity Flooding.

) Heat Concrete Crust Note(s)

Test | Conerete | ppyy Gas | Councrete

Type | (KW/m') | Content | content

(Wt %a) (Wi %)

Assumed heat transfer surface area: 0.25 o’
cerr| B | 20 16 223 | (PTE indicates that water did not pegetrate
(Us) sidewall crusts to cool the top surface of the
conum mteractmg with the sdewalls)

Assumed surface heat transfer area: 0.50 m’
(PTE mdicates that water was able to contact
the entire melt upper susface area). Water

-" h
Car2 LCS 650 ot o4 mgress at the mterface between the cormm
and concrete walls also contnbuted to
cooling but thus effect has not been separated
from the overall heat flux estunate
CCL3 SIL 500 135 478 See Note for Test CCI-1
(EL)
‘“‘\[:L S I
=
- \
" ~ = — EXISTING MACE 50 em X
\ = 50 em MgD TEST SECTION
[, S [P 4
] ~_
\\ - I'\
Ty . ==
= I -\\-\.
i ~_ ] MaO INSULATION
_+85 \\\\‘-\ E\“ . /_
e - ~ k= ALUMINUM TRANSITION
4TS e [ PLATE (1" THICK)
= e !
oS INITIAL POWDER HEIGHT
4. |, —— CONCRETE SIDEWALLS
- -] — TUNGSTEN ELECTRODES
oy
. % TYFEKTCS
s 8 .
: 0 VoL
_ = B
] .
. s 1) D
- : T | ’ TYRE K TS
= 1 o a2
-n IA peo 7
= & :
e I )
o (e L |
o r | £ | ls, DrawnG cooTromsseTon
[WESTVIEW)
'| f U ELECTRODE CLANF u DRAWMG NG.: MCCIE3E
- - DRAWN BY: D KILSDONK 24748
B 5 — — — — = DATE: 10/05
i BEAM FILE: CCI3_ BSWC DNGIACT12)
ORI remmALE soutH
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FROEE WEIGHT
LOAD: 1000 s, 452 S kg)
o ]
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—

Heat flux (kW/m?

3500

: EC'- ! gﬂwerf! oft —8—Test CCI-1 (SIL Concrete)
] usttieng == Tost CCI-2 (LCS Concrete)
3000 + —#—Test CCI-3 (SIL Concrete)
| ]
2500
2000 +
[ | CCI-2 Power Off
at 122 Minutes
1500 -
51— CCI-3 Crust Breach
1000 - :
i {e— CCI-3 Power Off

500

-10 0 10 20 30 40 50 60 70
Elapsed time from cavity flooding (minutes)

[X]3.1-37 CCI EBRIZEBIT 5K —ERFE LE OB E

8- Tast CCh1 (BiL Concrate)
- Test CCL2 (LCE Concrete)
CORY Water Addfion & Test CCLS |81 Concrete)

1800 4
b— CC8 Weter Asdition
1700 4 i 1
‘:'L‘l'- r— CCLS Powat OF I}-—— CIO-2 Watmr Asdtion
$ Ly . i
1 I \; - -—- : -
i n L N | ¥ 4 ‘.\
i 1

;

-
8

Average meit temperature ('C)

;

CCL2 Powe OF —-!
12m L) L) L T L) L] L L] L L] L L T L) Ll L 1

0 25 S0 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425
Elapsed tme (mnutes)
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BEABAHOR BT ag

A OOESCRUSTMATERAL

FROM DR CAMTY
ERJFTIONZ 1233 tg

4 CORIUM TOP CRUST

~ SomTHCK

— NMAL ME_THEIGHT 25 em

ORI CAMTY SOUNDARY

DRAMNG: CC DEBRIE SAMPLE.

LOCATICN [WEST WEW)
DRAMNE NO. NOSRSD

CRAINY B D WLIDON 24728
DATE 11334
FLE CCIl_DS_JWAHACAT)

VIEVIFOM WEST
AT CENTER UnE

SR

INTIAL POVDER HEIGHT

—— INTIAL MELT HEICHT 25 o)

|_—— INTAL CONCRESE SUPTAcE.
| voLcACMOUND (221

—— POOTTEST CAVITY ABLATION PROFAL.
TOTAL VOLUNME GF EROOED
CONCPITE= 22013134

POMDUS, SOUDHD
WELT OVER BASENAT

CANE. CORDOTTOM SECTION

| (WEST VSV POSTTEST ASLATION
DIARING N MCCHEE
CRAMN EY. D FILSDONK 24745
CAT= 17905
FLE CC2 BWWFTALDWEACTI

SOUTH

SOOVRLL GRUST 1440

|-~ INTIAL POMOER HBGHT

MITIA COMCRETE SLUFFACE

=
|— AL MELT HOGHT (25 om)

-| — roRcussoLDEIED MELT

i

&mm\mﬂ\mmﬂr_
TOTAL VOLUNE OF SFODED
I—C  CONCREE- 1151253 6)

—p=-{F

§——— MCHOLITHC ONDE LAYER

FARTIALLYT

|

oo
EMOEDOCD 1N 0MDE

FLE 0013 BOWOTA! DWR(ACT12)
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E

TEMPERATURE,

CCl-2 EXPERIM

ENT

3000_I'i!iI'[!Tli!\'ilili!lii?i!Iiili]l[ll!l‘ll!zililiii}iiiilii‘!'l'li.
= © EXPERIMENT DATA ¢ 3 5

= HARP, DEFAULT HI AND N . : p

N ———— NARF, HEH HI AND H : 2 : 3
2500 EJ‘% e e o e e o L. S ——
e -
2000 - el e -3
3 _; 3

1590 3+ st
o i t -1

: 3 E

e e e e
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T T e e b T LT
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w1
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IR EREER] ; LR LR R L I IR EREEREE] i FUE e 1 l‘.'l L3 LN 0 N O 3 L IRREREEN] l:

> EAFERNENT DATH ol i 3

HARP WBLHTION DEFTH | 77 | j >

ETe] 0 S T o ._ _ e o s

3 : i /:‘/ I8 3
5
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Figure 40: The melt spread in PULIMS-El experiment (side view). The volatile particle debris
have been removed while solidified core of the melt remiined intset,
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H

5% e (GOTHIC =— FCIXEHE L2WW=d 1))

(6) 7KFENH H
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3. fEtrET Iz T

3.1 — Fi=

GOTHIC =— FiZ, BEFHRE ST > F DM 27 L OEHMNT %2 B#9IZ, KE NAI (Numerical
Applications Inc.) IZX VBB INW-ILHBGERT2— N THD (BELH2),

a— RIZEE, =3VX—ROEE RO 3 RFQZEME - 1 - B0 mESICEA L, R
FERX, BMnEHER, FEENRROHBERNEEZML Z Lic kv itk #EHOMEER, #Eo
EEh 2 EE L BB NRIEETH 5, MEBICBWTIIEET AMKOE B AEETH S, ZEMIT
J—FRELTHEEESh, ThbIRRCEVERIND, /— FIZEFEER, D WVITAREDE
THET A HHEHRICL 2EENSERTETH S,

£, RUT, "VT, RTVvA, T7, ZEHiss, BISHER, (VT4 5, PAR FOKGERE
DIEE K OCHIENZ S L THMAIRAD I B—F > FETF MLV EIRRETH 5,

INBICXY, BELEFRY — 7 v A > TRFIFEHESR (V) NOKREZETIREORE
RENRHESIND,

GOTHIC = — RIC X AT ET V&K -1, £z, UTICa— FOMREROMELZRT,



ARIASE
me

| e emEm
TOEE L ER
| #memencons |
C VA R D 3
77 N /,*\\ LB
y AL RN —
- ||i‘|. r’l— '.‘ , ‘-
R tJ,, — -, I-‘.'-,', i
EECHIEY = AR |
L OB i it Sk
* (= -
C VEfisR “10‘.
4 .
FTAEBT i
DEERE & BT I .
e
| %y7*|

H# : EPRI Product 1013072, GOTHIC Technical Manual, Figure 2-1

K 3-1 GOTHIC =i— FEFMESEH ROV FILET IV
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3.2 EEHRB|IXT HETET NV
QETRLEBZDY b, FHMHERMICH LEERKRE W LU L-EEHRS (£ 2-2i28\WT H)
IZHEESNEYEER) 22590 T, TOMERZRLAZIIMT 27-DICNEL R AEITET VER 3-1

[ it

# 3-1 EHEJRRIIHTHEFTETNL
HEHS VERENTET IV

XE R - XEANORE FEERET NV

TiEh Z 15 5 ek UHES
FEEFREME A A D#IETE T )V

) =T 4 7 A¥—Ah (ZERHBESIE)

S & OBRER ONHRE ZHEFHET )V

BREET NV (BARUSESIRITE, B5, EHE
BT T

27 UA BH ZHERET )V

REEET NV
REEBREE TV (ERE CIIRELT e P E2EE)
KRN PAR #tEET L

A T A R X BARFEREEET IV
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3.3 fRtreT v

GOTHIC = — FOXELRFTETNZLURIIRL, TOMELEZE 3-21I8D 5,

#£ 3-2 GOTHIC =— FOETFNV—K

5 )L

EAK

- RUH, RHE, WD 5 3OS

- HERFR, = F—RFH], ESHERFR

- HREHEA - R ORESEX

- VBl - BERESARRBORIL (THFER, HMHER WEE

%, BMaE®E)

- JHICIIERR RO A e B &

HlEhrE

- PR, FRMRE, BARIEOEBIR (K - REEART T3

fEARE 2 )

A - XN O FiEh

- BEBUEET NV (RAROY ¥ 7 ¥ a T/ — PR %)
- B EHCR TIIRIRTEE & JBIZ 1T iR OFE 2 1R

T HMRET V2 EH

- DAERCR T TR EZ T TET ML

&M & OBRER ONEARE

- BEXE (McAdams), 5&HIXHEEYRE (Dittus—Boelter) K&

WRE#REEZET /UL

-ERETL
- BEET L (EBREEXS VIR - WHEEEOT T rY)
BB

AL A

- R - ThE, RE
- ERET NV
- BEXRE (McAdams), 5&HIXHEEYLE (Dittus—Boelter) K&

WREBIRTE T /L

- Al (WHEEE) BRAEEZERELT T ICiVEE

KR

« PAR B¢t A KA RS & L THEEE
A TFA FILXBKEBRETT L

3.3.1 XHEE - XKENOJE:

JRTFR A RN OXE - KENOTRE 2 @9 EET 2720, RAFRWESREETIC, —F
SET 5, MBHETRY HbN 5 FHERESET AMEREOEK L S eRM, R ONERME & 2
v, ZThbEEICx L TEER, =3 ¥—, EHEORFRNZEEOMMK UCHER L b T
HEMICRE, RTFRMARNOMEIZEET 5, MAEOEHEIN L TIIEFEREOEEN ]
BBTHY, ZHOMRLUREIRIE, MEOMEERARBEEING, £z, ZhboiEicgbt,
TAARVPIAPMLERTSHZLENAETH S,

(1) ZEMiCX$5ET NV

/= FETMIREREERET N, /- F2AREFETHRITH0MEBRETNDED S,
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EHEHR/ — F T, BKAFRHEEDR ) — FEHE LTHRbh, Hikg&HE0/ — FEORE,
TRAF—FOESHROEITIL, / — FEERORKER, BEHEERCRBIERZZE Lz X
XvEgEshs, /— FROWRERZHE 2558, /— FROKREMICTERBER, RAIMIKMEH
fFE$ 5 Pool/Drop Wik L 725 (B 3-28M), £/, /— FRICHEEMEOE—Y v 7,
B O EOEREHFERET DI LB TE S,

SHEER ) — KT, /— RE2EEOV T/ — RiepEl+ 5 2 &L THlkOBUK HERGERDZE
BB P HEMICERESND, /— FRAOER, =XV F—-RCEBHEOEHMEIE, 7/ —FiC
HSEIENTZA vV 2 EEERRT, AREFEICLVROOND, 72, A2 ER LZZKRTOE
TIMALRFTRETH 5, DFREEFR/ — FTiE, K 32IRSh2MBHFANZEIh, REHERIC
i Uiz REEVRES 2 R TR, SRR OMGES LR TR L ZHAfth g h
Do FAEER/ — FIINRICLVEPEHR/ — FLBERT LN TES,

(2) [RBRFEOBURE

PWR DEKREHERERIZBNT, RFFRMESRNTRERRET D L O RREBTEREIND
RE ThHMEROE - WEAEICET 2MEEAZE 3-31T7R T, MEITEE OK) - 548 (&
R) - EEO=MIC L DWMEHEZBEL TV 5, AR T, &HE - [MEM, &E - JEREcsn
ThEME - AR% - Bl - 7 7 v v R, EE - REETIE, TRAY Y R T az b
BEENREZ LIS, BEMRE TG L OB - DECEOREEANHAESh, HEMEREE
It L THREOHPHEE = ANV F—ILEEZ IS, ZTWOOHEEERD S b, MAMOREIZIIT S
- MELZEICE L, GOTHIC =— FIZBIF TNV EBRVETRT,

MEOMEICH T 2HEEERIL, ERICBT 22 HE Uz ECRER - KBRS Sl S
n5, Wit (Flow Regime) ZF@AIT 2 Lick by, MMM (&M - KM, & - KHHEE) OBYR
BEROHAMMERT2REBERERIND, EFEHRAR Y = — L Tl Pool/Drop MEMEA, 43
FEHRICBOTIIR 3210 R &N HEERNEE SN D, T - [HEM, & - SHERO -
YWREEEET VSR EZE 3477,

BEVORNEIL, MERECRLEY
DTREATEEEA,
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EBHEEEHE I HE, Tk AR EICE LERAT 5, ZoRmicxtL, HEOH
HiniE, #niE EHEEOHERIT, REOWEIZKE T 2ERE-RINXF—NTF U 20hbHHER
%,

AEROBEMRICH LTI, AR UWELEROT e P2 EE T 2EBRN AT VL GER
BHBEING, ERARIILUTOEEY &25,

Q1 = Hy Ay (Ty — T,) + Iy
Qu = HyAyu (Ty — T)) + Ly

Hﬂ,Hu . %E%ﬁa\ﬁ

L L[58
,ém, /EI P FNE
Ay : A
TWTI: TJ‘I s E‘EE
3) £&0

ZD X IRFIFRAASRNOEMEZBEYIC /) — FAH L7 £ T, [IBREOBMEESRRT 5
HiEY L OPMRELZRL T 2K - X L @b E THREORFZM Z & T, KEfH - X#
NOFBIBEE S D,



Single-Phase Vapor

‘ Drop/Vapor

Drop/Film Vapor

Spray Line

Churn-Turbulent

Lo

s

)
w0

Large/Small Bubble — e . e

Small Bubble

Steam Vent

o

ingle-Phase Liquid

Sy R TEELRIZE T A Flow Regime FEhEFFRIZEBIT S Flow Regime

H{#8 : EPRI Product 1013072, GOTHIC Technical Manual, Figure 8-1 and 8-3

X 3-2 —fEmETIL
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' Film

Mass Transfer

r=(Q.+Q,)/ (h,-h;) == |

Energy Transfer ;! / Energy Transfer
0, =H_;A{T, ~Tsq) L/ Q;=H; A (T ~Tyy)
\

T

Th, —~—a—

Latent Heat

Th, =

p, - —

Momentum
Transfer

Hi84 : EPRI Product 1013072, GOTHIC Technical Manual, Figure 8-6

X 3-3 RELEETNV

B (F—=K - P 7KE)

OQFRY v b -
F LB Pl S
EREE

@D7RZE - P -
TS oy

@ hLA v

AR DR O%EfE

O%F - Wik -
TR (R T LA - R 77yv27 | g (EK)
MEARICTEE . v SKIEEREE Y 2 BT

3-4 MAEFOMEER GREICBIT 5B - WHERE)
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3.3.2 HEEM & OBMEER CNERVEE
itk L s RE L OO, B, BN, BEAMCENPEE NS (B 3-528), LITIZ, GOTHIC
a— FIZAM Sh 2 REMRIMEEET NV ETRT,
- HAABMmE (McAdams (BB 3CHA3) : HHXHR, Dittus-Boelter (BHEIWR4) : FHHlx k)
- BEHEVSE (BEm-5MH, BEm-EEME, Stefan—Boltzman (BEUMA3) RUTES<)
< EEEEMaE (WA (BB 3XHR5) - AL (BE X 6), GidoKoestel (BEIHWR7), Diffusion
Layer Model (Z&Hk8))
BUREETNCLY, BRCEEIIUTOLEY L5,

Qrond =H't‘qﬂwchmﬂAmAde

Hong : EBMEEMEERREK

A : SR B4

y i : EEMRmEm A A
A  (REE R

AT ppma : REE

7B, MEVRE TOLARIIUTOLEY L1225,

Q W =Qc|md + Qcm‘. + Qccxmg + 'and

BB S RE ORI, JUAOTBITREE & SRS OB, FFREETENT A DIFES AR -
REEE, REOWBEORIUCKELZIT D, =— FTIE, EBRMEERD 5V IS R i ORIER
hOFEELZEZERT HEEROETAVEZANTINOEENERINND,

BRI 1 RGBS DA B Sh 5 &R FIFBASRPICARRBIE R 5705, S A e
— by 7 L7 RE TERKESESERM L, RAFRHASREN R CRE LR OMEIZF51 %,
— 17, AR A T LA I K D 0E, BRI~ = v M X 35EE O B A RmH S RG s D &,
WEMREICHLHBERPBFERBLZHED D, ZhomHAM —BEMMEERR, Zhblodind 57
D _EFE DR U BMR T T /M & 0 B S h 5, LT ICHEM R i O BEREEVEET T L Ol
BERT,

(1) BETe—¥7 X (B3ELH6)

A A CHENE L 7= Safe Project (BEILHR9) ITBWT, 1 XM PAZERMIZ x4 5 KA LOCA 7
r—&y s (ZHB) 2BE LEONERHEEXNTH S, wHL2IKEOHBERE, Kbz
INX—FBoE, BEHMOBEKICcLY, Tu—FU U Bor—7 PV EREE: E 8T 5, 2
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PAXZAR—RIC LIEEHEHEREXS, AAERAORFIFRE (BE) FFr BHEERMEFRTIC
B DRI BAA s 2R R CRBINEFE I CER S h T 5,

(2) EEEEMEET LV
BEMRAICBITAEBEETT VETT, 2B, 2 CRTEBETT VL BhmicBi) 58
FMEESHEERICE T 5 2 & T, KUELHEEM & OEMERERINDREZFREL TV,

© HNHEHMEREKX (BES5)

PG L OBWREINBEIZKEY, HEWVITBREICDRVWEEEZRVWTEATRE TH D, A5
LR BEROER - MRS A D OREFIZL 0 EBGEAMCEERE EERT D, BEREBIH L
TIREALRZVbD LTS, ARER—RCLEBEENBHEBERXAREM I TEY, LOCA 238E
L7cgREHEMERE (DBA) O T, EEH BN LEAGDETERA SN TV ERRH S,

@ Gido—Koestel fHREZ (& 3Tk 7)

B-YHEEEOT FeIC LY, BWEEMREICRKIT 5EMICHE O WEEELZEN, Thicky
FMHRBVEEREEZEET 5. JEBREE - fafn O THORBIZEBWTHLEATETH S, Rl
DEHEERIC & D EBRELEAAALTEY, BEES - REXLBE IS,

(3) Diffusion Layer Model (ZZICHAS)

Diffusion Layer Model (DLM) %, & - MEGEEDOT o P2 AWV TEME L BIMGERLHE
T5, ZOET/NMIFAFET (NAI) ORFECK Y, RBERBEETRITH S Z LRI TWVWS,
ZDH5 L, DIM-FM IS ITHEORMIZEIT 5 I X FORERUHEEM RE OREEILHRELE
B35 LT, REFHENFEETH D,

GOTHIC =t — FDEBRMIEIZI\TIX, #Z1F NUPEC RERAZHTSE CDIM-FM 2 LT\ 5, oD
ET VIREERRAT 2 LTI,

- NHERER

* Wisconsin KF¥ KRXEFRBR (ZE#K 10)

- Wisconsin K% MERE (25 C#K 10)

* Wisconsin K% Flat Plate Tests (Z&IC#k 11)
- Debhi BB (ZE3CM 12)

- CVIR #B (ZE30HK 13)

- BFMC #B (530K 14, 15, 16)

- HDR A% (ZE3CM 16, 17)

- Xy M iR (BZEIK 18)
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(4) BREREEFEET NV (Film)

R FREMASRNOBER O L 5 2B8WEEY L IZR 2V, BE TR I TV A (BENHE)
Wt LT, BREEETAZERT S, ZOTTATIIBEREHEO A2 LT, BIofE: ol
FRBMEER VIR LIEERETH D, BEMEDOET NVIZNE & Gido-Koestel DEAE, HDHVITE
nHOEXESERIND,

Z DA, GOTHIC Z— RIZL D ET /ML TERSINSFHIILTOLEBY TH S,

cERIF LT EAERIE, YR —LLE L TEREHTEET S,

- BT IFEMAESRE CORK L DBRZEOEEITEEE L 2\,

s B— MUV IETMEL, REICKTEHRERCERD L OERENTOBSEET VIZET,

R T IFHENERA R R OCHEEYNBOERILERER EEIZL > TIAED 2 WITHEE) X
DS, Thbb, BEHORE S FRICHEIL SNZERICBWT 1 KaBMaEH BN
EEIZE I, HEPNORESFABIRO NS, BVEEOHBEICBW T, ESFmicad L
BZLOFE, BMnERBRUVHEBNANT—FELTEZLNDS, EESORFIL, HEICRBIT IR
BEYLE DIREIZIEVRET D,
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T (KX - FREEMEIE T 2)

OEMEEE (HfRMRE)

TR BnE

B - W=

(FR3E - Vbl SRR - R X V)

1

QEMEE GHEEMEE)
P

# - YRIE ,
CBERE S - R~ |

&R (Structure) K OVERE

4

®HAMmE (HfnE)
TR A s E
2 - Wiz
(B3 - VBIE S RE)

OGS (HRiEE) |
W M !
- WG |
G OXHEEMRE) |

R (F—nK - U TKE)

FERE

B 3-5 kLB EMOREFH BEHREIZRT 2ARUMREE)
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3.3.3 A7 LA®BH
3.3. 1% (2) [ZB T 2R EDOIMEED 5 LIRFIFHRMAARNOEERIRENIIKE S BT
BAT VA GENL, DBEHEZERT 52 3MEETNVERATLIL00, AT VA EHEZMED
EsH L LT, HE =X —RUEHRORFAICENTEET 5, A7 LA OBRICYZ-
TiE, 7/ IFARTA—F (RAERUORE, RE) BANCIVEZ NS, AT VA ETANR
RESIND/—FTiE, RESNEAT VAR / — FRIZHET S LEESHh, 8%, ENIC
E-oTETTAIBX LD . £, "RAEHWVWTAT LA KROBNFMEERETH L TE S,
A F VALK BFEOEHE R OEEREL, [IRFAEOBURE, MEOHEE(LI, HMEOES) BT L
Lbic, AEHE AEMEE RERA»LREERIC XLV EESh S, #RKIZ>0T, £
EHRAR Y = — LTl Pool/Drop MEHRAZ, S ELRIZEWN T TITR Sh 5 EkX1 %5
EEh s,
* Pool
* Small Bubble
» Large/Small Bubble
* Churn-Turbulent
» Film/Drop
« Single Phase Vapor
MEHRRIT, — FORA FRETHE S, £, AR L@ SIS, HEADA
B REMRE, SRR R A BRI L TIUToET AR @R S5,
* Dittus—Boelter
* McAdans
- EhbDREIFE
ARDOBEMHEIZBWTL, AR UMELREMO 7 T e U2 B@ T 28RN RET VR AR T
W5, £72, I— NI 3L ERT D L0, MR UTME T OLBEHZBICET VLT
HTENRTED,

3.3.4 JRFIFRMAESRNOKERE
ET T PO TIX, KFEORBARLE LTUTE2EET 5,
cFERTOY V=Y A—KRIGIC L BKERE
- PR MAERAN COBRRMIF LI X 5 KERAE
- EFIFRAB RN TOKOS R ARIC X B ARERE
- BFFERMAEBRNTOLBRERIC L A AERE
- BFFBBERANTOE FT7 2 ORI L 5KERE
WFHIZDOWTH, MAAP a— NIZ X BT RICE SV TRRIBEOKERARSFM I, 5
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AL LTGOTHIC 2 —FIZEZ2 %, BETHKRIL, 3NV—TF7F 0 FOBE, [KuEHE LOCA
+ECCS HEAR (BBWABATLVAEE) | IZBWT, UTOREICKESLD DL LTS,
MAAP =1— R & GOTHIC = — FTAKFRREED /) — FEEIRRR58E, /— FOKREIZL5ES
THHEZSEIL TV,

<SFAROERFE LI X DKRRRE>
- WO ATFET HXE (RRRELRE)
cMESRERLEZ I DT TF T 4 27 PEETHKE (BREERE)
* RVERBR O FERE (RFFETHF Y7 1)

<KOBHEBRIR, SBRER, © NIV ORSROBRIC L 2KBRE>
- AXL—v g r7a T U TFO4KHE

nk, BRAFHFRRINCLZ2KROBRHEARKE, ENRTRETH D, HEICH L TEER
THEIICHMEEZT-o TS, BRTLIEARCRERR, FO00RET HKRITH L TIE MAAP
a— FORERBRIZEDHD, ENLUMIOWTIEHREABRREHORK R TSR LU MAAP 22— FiC X
SHERBREFERA LTS,

.3.5 KELHE

EHT T v D ORI T, KELHERE OB L B LKFROBREEE L < 1ITREEELEMNICR
W E TR OREBIOBE DO ENER~OFELEZR LI-HERR L T2, BEMIZIL, AKFRL
BRI AB R TR AR F— AMICRB SN A HAITE, 3KRTMNR /) — FoEEBE L7
£, KFLEREORBMBELERT S, £/, THEESED 1 KThd 5\VIERE S -6
TEHFRRBATFRINIMUEBICRESNSBEL, B—OFER Y = — AN TRELBEREIC
L3 BREZERL, FNBABICEZLEEBIZOWTIEIRY =2— o2+ R LW iER S
na,

VUBRIZ, KBLERME TH D PAR, KBRERM L 2514 VT4 ZIZTOWTHAT 5,

(1) PARIZ X B7ksEMEE

PAR OMEREFHEUIIRIE T L VIR S TRV, EIRBRICE WV THREER L OEBERRORERR
PATbh T\ 5, KEAEEEIIEHSROMEFTMERICESE, PRBEFATICKIT H5KERDT
R OB, EHOBEL 25, MEORISEIXREICKFET 50, MEQREIIAKEREIC, &
ZREZENEET L2720, FHERTIINOE2EDLR L2 5, £72, PAROAOFREL, AER
B OKBRRECKE) LENCLSD, AORBEZESENR/NT A—F L3 LERRNVA, K
FNHFEEIIEAFMEICHF SN D, KBEOBREESBIIRIMEFMRE L TITRT,
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vy = n *min (X, 2+ Xoz, 8. 0) + (A+P+B) - tanh (X;2—0. 5)

b )
y BREEE (g/s)
n L0 (Xoz>Xu)
X : KEEEL (vol%)
Xeo : EREMAERELL (vol%)
P :JES (MPa)
A, B: ¥

ARUBITRBERICESERESIN 2R LD,
*72, PAR CIIAKFEOBFBRZEAIZLY, LUTOL 5 ICERMIMLEZRICENEATHH, ZORALE
B3 GOTHIC =— FIZBWTEEIN 3,

Hy +0.5X0, = H,0 + 286k]

GOTHIC = — FTiL, PAR BRE S5 / — FOKFERUEER OFMELL, EAMBEREFHAERDO AT
LLTEZLH, HEFHERICESWTHEREE, bbb, /— FRAOKRLABEFENHE SN
%, AHESNTOKBEURFEEICESERET HUFERCRENHE I, Hi%/ — FOTHK~O
BRL L TEREND,

(2) A TFHA ZIiT X BAFEREE

GOTHIC = — RIZHARAENDA T A ZETMIOWTHAT S, A VT A Z~BESND L,
FOREHHA V0CETERTHZ LT, AHERBELZKROHCRAKEE THDHKI560CET
FEREE, A 7T A ZABOKEEZBECRESED, /1 7T A ZABEOKERRETHZ LT, &

BEVWORNEIL, PAEEREICBLET
4-93 DTRARATE EEA,




HIZZEDREBEDOKES KRBITIC L > TREE L, BRICE T FRMARANOKRREZETIES
DERPEFRFTE D,

GOTHIC =— FNIZBWTKERELZEE T 256, MRLRDZAY =2 —LOHIZIG CEH S
NHREETNANRRR D EFEHRICBOTIZHECTR =— R FHRETAZERT 5, ZHIL,
HADRENR 7 747V TICHEE LTEHEIL, MARREICB T2 —EHEOKENRETHLEL,
ISR % E U C BB ECRBESMRIL T D H D LT 5 Discrete Burn Model &, #4746 DKRHEHE
\ZH3 ZREEDHERE 35 Continuous Burn Model (2 5, Discrete Burn Model |XA1 7 F A #lZ k&
HEKTCRERENE LS LT 5, Continuous Burn Model Tix, A 7' FA ZIZ Xk 2RBEHIEIC XL
5T BRBEKOHLOEEICK LERAT 5, 7SR 288 L BHERE~OREGRIZITEME Sz,
DMEHRICBW T, #SERNRBRETSTANER SIS, 2, HRELVOTMEMS OkE
FOBRRE) RUERERICE Y ERSD 5 WITELRRED 5 bRERKOLDOBRELDHLTHHDT
»H5,

B 3-TITAKRREIZIS CleA 7 A T L5 — R R KRBT ZEE 27T, KRBEDN 4v0l%
2B ARIRIICA D, £ 4vol% 0> B 6vol % TIXARIZ EFHRIZDH, £ 6vol%H H#) 8vol % T
X EF EAFIRIE, K8vol % ETTHBIEbEE D, Z07®d, KFRENK 8vol %Al T
3A 7 TAFZ LV EOERSRBEL, £ 8vol%ll ETIIRKBEEMEIZKRIBILDS D, KEREHNK
WIBEIZIE, KRIZEFIZUMBEIE L2V, KRRENE E 212200 TKEF R ~DKRRIEH
AL, DWMNCEHTHF~DARBIEBELD Z L EZRLTNS,
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K 3-6 PARAAAAART v

BV ONEIT, FEEEICE LS
TOTARRATEEEA,
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(6vol% = /KFE IR <8vol %) (8vol% =/KEREE)

(MiR]  KkREBEDHRE
* 4vol % =/KFERE<6v0l% : LEFOA
- 6vol% = KFRBE<8v0l% : LEF - KFE
- 8vol% =/KERE : EF-KE-TFTH

B 3-7T A 7T A ZIZXDKEREZED
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3.4 J—FmE
BB AEE ST hD ) —F 4 X A=A, B, BETIDHEBESOME,
EHELOVEFEICL ) ELANSEZ2ED 5,

GOTHIC =— FIZ X % Z=EMOERIC LER T 5MEICIIETEERROGMELEREHY, TH
LOLE AR 3-3I7 T, BRPEHRTEETEZ 2 b DIL, ERWITHHAEERIC L - THE#EREE
THbH,

T7U ) =T 4T EE -8B 3-1UITFRT, B, /— FREIIHAEShIHEBEZEV
TOEBROES, FEHE LOBRWHIZL > TRHTRELOTHY, TCLVEOh RN
DHEIFEIZ L W KRELEDEZERRNVEIICTHILERDHD (X 3-42H),

o, BETDHIHEH L — 7 VR L > THXENRBRENAERDHEEL, TOEBEOLEMHIIST
THEFEEZRETLERELDZ LD D,

FEATTIE, RTFFED L OBEM L AFROKEIRE L TL—7EOHE 0 ICERFHRRESIND,
k7o, RFFEEBROBRICE ZMHITOWTHREERIC, BRAEHEHL LTREFFTHFYET 4 ICRE
ENhd, ZHhUSAT, KOMERIMBR O FT7 OV ORI E, RFIFRAERNOEBERIC
S ARERAIBELTYH, ThENOERTICB W TERSMIC X 0L T 5, R KEREE
DRl ES S — 7 v AL LTRESNLIERTIIBMERA T VA IHFT LA LG, AT VAE
FTNVEREL, RTFBEWASR F—A80% ) — FITEREH L L TRESN D, EHMET2EOFF

fiDFHENKR A 7y FROT U b7y hOBEFREE 3-121277

BEVOREIL, MEREICRLET
DTHRFATE EXA,

4-27



® 3-3 HEPEECR L DMEEROLE

HE EHEHR/ —F DWMEER/ — K
T J— FAOYBHERZIIEL LTERT, it/ | /—FREZY 7/ — FICEMSEIL, /
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