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S, Mises IRFL LR - 7
(E£19: 100%) KRR - 1 015
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o B4 fuf S [7]

(HAL : mm)

VS VASRDALVATR
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(BSZ : mm)

¢RI PALIVATCS
WA X +7.514e-02
Bis: PART-1-1.120205
) X -2.427e+01
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A Y: +3.257e-01
B PART-1-1.341834
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z
Y X Y
(HAL @ MPa) (AL . —)
5, Mises PEEQ
(F9: 100%) (FF49: 100%)
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+2.284e+02 +6.491e-02
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BT DISHED, FRBRFICINED Z L& 13, BRI E &L ORISR (R T HIER D
SRS A VTR L, T4, JRESSHAGRS ) 12 CHERT 5,

SRR 7 1 — %X 2-8 (TR T,

JR PR, & — b R K OME A E R TR R B O R E R I BV Tk, ZoMiEs
WS E 2 B T KRS IS X DB EL N CHA A DY DM E (LLF [EGFHFE] &
9. ) OIERFMEMRERREEZE L, SIS 2 RET 5,
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7k, BUREIC X DACEMEICR LT, SEBOMEREZ M R & 45,

FREHATEIE, V3RS 2-1 TRIUA~OELENS VB 22 sk OMEFE O I8 o T4.1 fifl
KO EOMEGE] ITIEWVRET D,

BRIAERT 2 &I, V-3-3IE 2-1 TKIIA~ORLE S LB sk OsEF RO gt ©
(5. BREEFHM AL ISHEW, ST T V& VTRl %,

T, Shar 7 U — MEOMEEBEOEEX, V-3-BI 2-1 TKIL~OFEE D X 72 i
ROMEFEOI R O 15, SREEFHITE] ICHEV, B RSRIRHTE 7 L& F W CHEiT 5,

TERBAE, V-3-BR 2-1 TKIL~OBEN LBk OMEFHRO ) o 4.2 FFR
FRSL eV, BE TR OHERRICRT L, BN KRR OB RBHERF 2 B L ¢, NET 5
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T DKM, EESEEZLITIORT,

(1) FREEHAEL L ORI T4

(2)  RIRIRRGLELAEESE A TR (WFD 45 45 3 A 9 B ZRBIAIE 9 5)

(3)  SMFEERRFHRME — PRGN ERREHE— ( (fh) AARREEEES, 2005) (AT [SHHE &
W, )

(4) =7 Y — MEGEFEBYE - R — RIS I ERRGHE— ( () BAREE Y,
1999) (AT TRCHIHE] L5, )

(5) JRTIIMERR SR v U — MEIEFH R - FEfES ( (fh) BAREREZEELS, 2005)  (BUF
RC—NH#HE] L), )

(6) JRF /I ERTM RGNS TJEAG4 60 1-1987 ( (#h) AAEXRH=)

(1) JRT 3 BT RN e 8 HEEE S - PRI 1 JEAG460 1 - fifi-
1984 ( (fk) AAREBEBZWHS)

(8) JHT- AR EAMIERHANES JEAG4 60 1-1991 84 ( () AABRHS)

(9) 2015 4R BREY OMEIERERHEITEEMR E (E T25E4 E HHEANBOR R SR T - [
SERFFEBHSE A NIRRT SRR 2015) (AR THEGITERERFRLE ) S o, )
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3. WREEFEAM L OFEAG S
3.1 FEAMRSEL
JRFIR R, #— B R L OME A 3 R e e R 2 00 FEM R AT 1L, V -3-BIlik 2-1
LKL~ OBLE RS B g% OIEFHR O 8 056 14,2 FFERR) ITTRLTW L3
MRELIHES T, BERBOBREOMIEREL 35,
FHRBORRIZEBWT, BN KSR X 2 8nEAEICR LT, $hEA RIS 5 5F
it &AL e LT T L0 RE LT,
CJRTIFERIR AR BIR AT 7, ERNT A, REH (RER)
RTFREMBR O BIRA T T, ZREM (BR)
I R VG ey CBIRAT T, ERNT A, ZREM (FR)
- EHFE R TR AR  BIRA T T, ERT A, CKREM (M7 R T R)
B, JAMEICE DACEMEICKH LTIE, SEROMEREZ xS0 L+ 5,

3.2 fEMOMTEOMAY
TREE SIS WD AT E R O E OFMAEIE, V-3-5H 2-1 TKIU~DOBEE N LE /iR D
SREEFHR D S8 O T4.1 fEE O EOMATE] IR LTV A M E LK O EOMEE 2 Hun
Do

3.2.1 TWEORFE
(1) [EEME (Fq)
a. BIRAT7
JRFpre R, 2 —u g N O B AT RO BAR X 7 ZI/ER 2 [EE
MR & 3-1 TR,

#3-1 (1/3)  JRFFRRIFEFFROBIREZ 7 7 K OREEBEH 0 [ E i &

IS A 1 B EEME (Fq)
Bhk s — b 3 kegf/m?

7 A7 7L hBhAK)B 37 kgf/m?

‘ 27 Y—F (t=100 mm) 240 kgf/m?
BRAZ7 ToF S L— R ars ) —hk 45 kgf/m?
F ¥ L—h 18 kgf/m?

& E3 343 kgf/m*—3370 N/m?
= (H-390 X 300 X 10X 16) 1050 N/m
12
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# 3-1 (2/3)

S — b RO RIRA T 7 K OREEBEH OFE & &

I v B EEME (Fq)
(29 =S/ Nl = S 4 54 kgf/m?
ZHRE L X VE (EHE) 60 kgf/m?
T AT 7V NhKE 37 kgf/m?
BIEAS T 27 Y—hk (t=100 mm) 240 kef/m’
ToXx T L— a7 ) —h 45 kgf/m?
Ty ¥ L— | 18 kgf/m?
& &t 454 kgf/m?>—4460 N/m?
RE (H-396 X 302X 12X 19) 1250 N/m
#3-1 (3/3) MEHFERERLARTEE RO BR A 7 7 i H O [E & &
IS A BT EEME (Fq)
WA] (=30 mm) 63 kgf/m?
VA AN VNE 20 kgf/m?
BIERS S 257 (£=450+34=484 mm) 1162 kgf/m?
F ¥ L — b 29 kgf/m?
& &t 1274 kegf/m*—12500 N/m?
b. EFTRA

JFRFdR, ¥ — v @Rk O AR ITRRE R O £ N 7 Z/EH 9 2 [E E
BAEHEI2ITRT,

#3-2 (1/3) JFEAFEEREOFE N T ZMHEH O E TS
IS A I EEmE (Fq)
BIR AT T 343 kgf/m?
FEAR kZ A EAS 204 kgf/m?
(EL. 64.08 m)
& &t 547 kgf/m*—5370 N/m?
13
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#3-2 (2/3) Z—bEUEEROF bT ARG O E R R
A I [ Efmf B (F q)
BAR AT T 454 kgf/m?
FE AR ~ Z 2§k 125 kgf/m?
(EL. 40.45 m)
& &t 579 kgf/m*—5680 N/m?
#3-2 (3/3) MHHFERETERERO T N7 A ROV 7 b T 2 et o EE R
IS A I B Emf B (F q)
JBIR AT T 1274 kgf/m?
BRI ~ Z A SRS 150 kgf/m?
(EL. 29.20 m)
& E 1424 kgf/m*—14000N/m?

(2) FE#EATE (F )
FEBUMTEIE, TERERERGHEEOER (E L@ A Pk 27 i) | IckiT s TR E
CEEADBER L22WGEE) | ORMGHE AREEGTEICH T 5 980 N/n* 20i#E3 5 L )12
BRICIEO NEME L LT 1000 N/m* &5, 7238, BRIKIZIBVTIE, B O KA IE
EH L7220, FEHmE AR 3-3 1077,

& 3-3 AT
Fefm . (F 1)

1000 N/m?

(3) FSHE (F )

FEEM Y, RIS EEERATHIR] (BEF0 45 45 3 H 9 AZIRIREIHIEE 9 %) (2
&2 WA OFEEFES & 30 en (PN RESEME 2 5 2 2720 OF%%50.35 258 L7
10.5 em [ZRREL, FEE 1 om TLI1220 N/ OMEWEMEHT 22 L 2B B LEET
%, FEMELZFE 34177,

RS ok EEUATEIESE - MR (2014)
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2I6 U TR R H51464 5121510 2 50

b.

JE\ (W) DRGE

AT OB I W2 FEERGEHIE, 30 m/s &9 5,
EATEWIL, V3-8 2-1 TkIU~DOEEN LR ER OMEHE O FE] ©

[4.1(3)c. KFEfFE] |

(RTRUHENFE T 2,

EEHNL nllETHE7=0, HN
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BT, BEEET 2R OBEKIRIRIT,

22D

Al & 722D KD B LRV,

W=q -C-A
T
q=0.6E "V
E=E* G
E =17 /2, MHNRZ,ZHB2255)
E =17-(2,/Z2.) (HMNZJLUTFTDOEHE)
JEf EE BN T D AN G523 3-T ROV 3-8 ITRT,
#3-7T EHEEOSEME
o . HARE |
HgEE | 2w , e Eai
G =
5% 44 TR Vi H o \ B
i (m) % -
(m/s) (m) a (N\/m?)
G
JE - Hr it 30 55. 65 350 0.15 2. 00 1798
B— R 30 32. 64 350 0.15 2.05 1571
il PR kR
o 30 21.20 350 0.15 2.13 1430
Brym st =
# 3-8 (1/3)  JRIFRRE ORI FRE OS2 T HfE
(a) NS JiIf]
= JEI )% C SHEEEA (n)
EL. (m) J& JE& R J
63.65 ~ 57.00 0. 80 0.4 331 331
57.00 ~ 46.50 0. 77 0.4 447 447
46.50 ~ 38.80 0.72 0.4 328 328
38.80 ~ 34.70 0. 67 0.4 175 175
34.70 ~ 29.00 0. 64 0.4 266 266
29.00 ~ 20.30 0. 60 0.4 581 581
20.30 ~ 14.00 0.51 0.4 430 430
14.00 ~ 8.20 0. 41 0.4 396 396
16
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(b) EW S5

R JRA %% C ZIEERA - (o)

EL. (m) J&\_E JBT J&\ b JB T
63.65 ~ 57.00 0. 80 0.4 354 354
57.00 ~ 46.50 0.77 0.4 478 478
46.50 ~ 38.80 0.72 0.4 351 351
38.80 ~ 34.70 0.67 0.4 187 187
34.70 ~ 29.00 0.64 0.4 283 283
29.00 ~ 20.30 0. 60 0.4 570 570
20.30 ~ 14.00 0.51 0.4 432 432
14.00 ~ 8.20 0.41 0.4 398 398

#* 3-8 (2/3) & —v rEROEIREK U5 EHfE

NT2 #i® V-3-BIi 2-1-6 R2

(a) NS J7If]
o JE %% C ZIEHEA  (n?)
EL. (m) JEF JEUC JEF JECT
40.64 ~ 28.00 0. 80 0.4 1408 1408
28.00 ~ 18.00 0. 69 0.4 1129 1129
18.00 ~ 8.20 0. 56 0. 4 1034 1034
(b) EW Ji1f
o JR 1% %5 C ZJEHEA  (n?)
EL. (m) JEL JECF JE JE T
40.64 ~ 28.00 0. 80 0. 4 585 585
28.00 ~ 18.00 0. 69 0. 4 733 733
18.00 ~ 8.20 0.56 0. 4 696 696

# 3-8 (3/3)  BEHIREHEL TR B 00 U AR5 M Oz [ T iE

(a) NS Hm
o R 1% %5 C ZIEEFA (%)
EL. (m) JR R JR JET
29.20 ~ 17.75 0. 80 0.4 318 318
17.75 ~ 8.30 0.63 0.4 254 254
17
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(b) EW S5

R JR SR C ZIEERA - (o)
EL. (m) J\_t- JE T Ja\_E JB T
29.20 ~ 17.75 0.80 0.4 657 657
17.75 ~ 8.30 0.63 0.4 525 525

3.2.2

EOMEE

SREERHIEIZ W D T E OMAEE, EEOFHEXRIBALIREICRET D, BERIZAKFITH
DR EISEM TS &, BARISK LINE LA & O ENEE, $nE TR S OFfEAMERH S

DT, RFIIICHE 2, AU X D8RE RO EIZBE L7220,
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3.3 FFERRS
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%2 PEIRIE ) & LT [ SHIE] ORMIFFAIC ORISR 12 FdRE SR
2464 FITHES X FE X1 1 &3 H
*3: [RC—NEUE] OEBIFFAIST)E TR
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#3-10(2/3) Z—bE RO BRRK OMMER O TR RR

SR | SRR R o " ] PR IR AR
Wi | veeR i RRASOEDORAT | )
AT B B X iR
L | RmpEs s )
BT 1nk@ﬂ%?b&w:&7%%mﬁ3
A R
R
AL % B hoa  |PETEPT <R
R I IR RIES T | R &
 |mmmrriEs R NI R DT | R T L
A AN (ZIRERA) NN b BHERR
T KA AWTONT B i i
I R A ERT DT DD | BT AMOT R
REREBZ 2N &% 4.0%107
fifesd

NT2 #i® V-3-BIi 2-1-6 R2

R k1 BIRATZTOETICEY, NETL7 7R 2#MaEES S5 REENH L Z &

5, WEEMERFOT-DIZHE T LW & 2R

%2 BEETM TS IL TV A ERIBIZHE W T, H—E M Th LRI AT 7L, MOk
RN 2R & L, ERE LTERN T ARRE LW L ZFFRRR L
Do

%3 BERBMERFICRT L CIEERIM ) SFFR IR & 72 278, TR C— N OEHIFFAIL
T EEOFGARUT R 12 FFREERA &R e 2464 SICESE FEX1. 1 2 M

k4 EM OREIER MRV TIE, BMERRM ) RNEAR L 222703, —EOEHM 235
PERBRIE /) %8108 L 72355 81%, & OISR LT, EERMRA*E*T K OGS R R
HERR MRS - ML ( (Fh) BAREELYS, 2010) (2K DR A2 -y, Ak
EVEERHET 5, 723, WEAREEA LTS I &, EBESHNTIC X0 R
T 5,

%5 WMERRIN /1 & LC TSHME] OREMIFFAICEOFHLAUZ R 12 A SR
2464 HICHSEFMEX1. 1 24

%6 SE XA T U— RGO ST RFEIC BT A58, H REEL RS TR SR,
Vol. 37B, pp. 303-316, 1991 (X175, NNEEIED>)

*7 A3 EITERE BIR b T X OKFIRFUCE T 2498, H AR PSS Rim Uk
%576 % 5661 5, pp571-580, 2011 (hARE, EHFEIEH)
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# 3-10(3/3)  fifi HEREHZ AT L = O AR S OV FRBE D FF 2 PR

R | BgRERRGEE B o " . FFAS TR
Wi | pee A i T
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EiRA 77 1nt@ﬁ%?b&w:&7%%mﬁ3
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B RE AWTOT B i s
— BREE AR T D720 DFF | BKEAWOT 4
KR EB2 72N &% 4.0X107
o
Hil k1 BIRATZT7OETICLY, NETH7 7 A 2EEHEESEDLARERH D Z &)
5, WHEMERFOT-DIZHE T L2V & 2R
%2 B TR SN TV D RERBIZBWNT, B M ThoEIRAT 71X, M0k
J /PR & U, #ERE LTERN I ADRBE LW L 2R RA LT
P
k3 BRREHERFIZ 0 L QIR I DSFFAR IR & 72 5725, TR C — N OFHIFFAIGR
77 TR
K4 M ORBIERAMIHMEIC IV TIE, BMERT I BNEAR L 2503, —HOH A5
PEBRT ) 28838 L 723561, E OB LT, AEIEERRAS T R O R Sk
RERXEHEE - AR ( (fh) BAREREEEZ:, 2010) 12X DM 2 VY,
AT 5,
k5 BUEIRMN ) & LT TSHEIHE) DOEWIFFASIC TR ORIz AL 12 B &R
2464 BIZHES X FEX 1.1 A
%6 B XM T L— 2 LEREDIE T EEIC B A RFSE, B AR RS TR SR,
Vol. 37B, pp. 303-316, 1991 (&M T, NNEEGIE)>)
%7 AT SIREFEEER b 7 2AOKFRICEET %8, B AR S Rim e

76 & #5661 5, ppb71-580, 2011 (BhARE 4, EHERIFH)
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s
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7 (N/mm2) FIEE JEHE K OV o AT
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2 — b R (mm)
il R | SS400 t=40
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B ACRTRECEE | SM400A (mm)
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/i) FEAE Al
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| GEEY =
22. 1 14. 7 1.06
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D ko EEECYEFOEAE OFEEAIT SD35 TH DA, BIEOBIKS (SD345) ITHEARR 2 =78t
HE % oRkd,
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3.4 FHmTIE
3.4.1 BRI 2 AT
3.4.1.1 JRTFERE
(1) BRATT
BT E— A v M X 2801 E R O WIS IEZRE L, SR ELs@x s
W EEREGRT D, 7ok, FHMmIZBWTE, £ 3-10(1/)ITRT L OIS, BEeE Lo
PERE A AR OREEIRE L D FFAIRAUT, #&JRim ﬁbaéﬁﬁé%&%ﬁ#éﬁ@
R L7258, KENE, EHAMEICRWT, EHFFRISEEZFARRAE LTV Z L
5, BIRAT 71O, EHIRFRIEE TRl 5,
a. ISJIRHTET VR OGE T
BARA T ZI3RRE TR SN L AT 7 & UCHAMEZERY 1L, %040 E
AT HMGEERE LR ERET D, BIRA T 7 ORENE, IXFARCOEWND
BARA T 7 % R FET 5,
BIRA T T OMMTET VAKX 3-112, BIRA T 7Tl OE 4K 3-2 12, BIR
AT TRRESRMEE R 3-14 12T,

A (1) [ 1 v [ 2 72 )

SEATTEE (W) CBRE— AL b (Mp) Me--mpwe 1
a A A v
4

CRE— AL R (Me) Mo=gowe L
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PN E%k Ak 4< /jk
O | ROHER
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PP \)H
‘ l—12.5Tm

4 3-2 (1/2) JR7FEE BIR A T 75 OALE  (EL. 64. 08m)
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PN

@ AR T

5 JE A
— :----------T/ ; --:-: r____'|"|"’I'T""—|i
:‘Z:::::::::i i iii i : : i ii
i ! R S0 EL. 30.0m
';::::::::__ o . '_ g - //\/
JE - AR
EL. 22.0m
=]
Lo
o
Nej
~ L. 35.0m
EL. 9.0m /§
EL. 17.2m
1 68. 25m 1

32 (2/2) JRF IRt BARA T 7 RHEERES ONLE (EL. 39. 8m ~ EL. 8.2m)

F£3-14 JFEFFEE BRRAT 7 OGS

27 | A% . e
. N . TEEA
ST e B ZE | - KL ChHa)
() | (mm) ! (mm/m)
JEA-JA AR
100 50 2.27 D13@180 703.9
(EL. 64.08 m)
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Table I

Comparison of Hole Ablation Models With Experiment Data

Current ZPSS

Observed Model Model

Test AP (MPa) do(ch L(em) De(cm) De(cm) Dg(cm)
HIPS-1J  9.69 2.5% 2.54 5.082% 5.08 5.78
HIPS=2C 1.7 2.54 2.54 5.5-17 6.40 §.76
HIPS=-3J 4.85 2.54 5.08 6-17 6.32 4.87

a) Ablation limited by a graphite shleld

[1]General Electric Systems Technology Manual Chapter 2.1 Reactor Vessel
System, USNRC HRTD, Rev 09/11

[2]Pilch, M., and Tarbell, W. W., 1985, High Pressure Ejection of Melt from
a Reactor Pressure Vessel, The Discharge Phase. NUREG/CR-4383

(SAND85-0012). September.
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(1)

T AT R

PUL i MSERD > b, E@WEN K E ) E4 FERIZB W T,
FEIHERE R S Almm (SxF LT, JE2Y Y FREEIE 740mm X 560mm & 72 > TV D
(F2l,H2HK) ., TAXZ FE LTI L8~ A RREL 2> TH
D, BBLZ L6 BEOIN Y ZEFBHZ L TWD, 77 U HHES S OFF
flie LTIE, RevT 0T RLL (RIA4 7 V) PG &%
DIRSFRIRREE LTWDHTD, RN SFHEiE LTEET L7 A<
R E UL, 2B RIS S EH e fE & LT 1016 3 H LEFm %

S =
T,
e . e
B2k PUL iMSEBRSEM LR
Table 1. PULIMS-E test matrix with initial conditions.
Parameter PULIMS tests
E1l E2 E3 E4 ES
Melt material Bi;O03-WO; | By05-Ca0 | BiO3-WO; | BiOs-WO5; | Z10,-WO5
o . 42.64-57.36 30-70 42.64-57.36 | 42.64-57.36 | 15.74-84.26
Melt mass composition, %o : : : : 3
eutectic non-eutectic eutectic eutectic eutectic
Melt jet diameter, mim 20 20 20 20 20
Jet free fall height, mm 400 400 400 400 400
Initial melt volume, L 3 3 10 6 0
Initial melt mass, kg 234 7.5 78.1 46.9 41.2
Ty G 870 1027 870 870 1231
Tiigs "C 870 1027 870 870 1231
Melt teln[.lel'atnu}'e in the funnel 1006 1350 1076 040 1531
upon pouring, C
‘Water pool depth, mm 200 200 200 200 200
‘Water temperature, °C 79 78 75 77 72

Table 2. Measured and estimated properties of the debris beds in PULIMS-E tests.

Paramiiin Exploratory PULIMS tests

El E3 E4 E5
Melt release time, (sec) 10 15 12 ~8.7
Total size x X y, mm 460x440 ~750x750 740x560 =
Cake size x X y, mm ~430x320 ~750%x750 711x471 ~400x420
Max debris height, mm 03 unknown 106 50
Avrea averaged debris bed height, mm 31 ~30 30 22
Volume averaged debris bed height, mm 50 unknown 41 28
Debris height under injection point, mm 48 unknown 50 39
Total area occupied by cake, m’ 0.14 ~0.44 0.30 0.14
Measured particulate debris mass, kg ~4 unknown 2.9 -
Measured particulate debris mass fraction, % ~20% unknown ~6.8% =
Solidified cake mass, kg ~20 unknown 39.5 13.6
Measured debris bed volume, L ~4.2 unknown 8.9 ~3.1
Estimated total cake porosity 0.29 = 0.36 0.37
Syvmmetry of the spread non-sym. unknown non-sym. symmetric
Steam explosion no yes no yes
Cake formation cake no cake cake cake
Measured melt superheat, °C 136 206 70 300
Measured melt superheat in the pool, °C 12¥ 77 48 920
Estimated loss of melt superheat due to jet 15 120 22 210
interaction with coolant, °C
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(3) T 7V OFAKHMERFIT R T D FEAM

BLAALEIS 0. 173 07 7 U &IZx L TARRBR T ¢ 0.5 TETOMKIZIRK
LTWA ERE LTESE, MRS OTEE D 6K £ TOKREIZR 0.52m T
bo, £lo, MEERICHERE T 252 &L TR — L & OEMERENE X, ZAHEE
MEEINT 2208, —FRICHERE L7238 DK 7 — v & OEfREAE ) & OB InE4
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1R OKATSEBRSMH LN HEE (B, 1DEnn) @

Mass in Tempera- | Pouring rate (l/s) .
Test # Substratum channel ture Melt / Length in Sp read(::;lﬁ length
(ka) (°C) Time(s)
KATS-12| Ceramics*) 186 2027 12.7-01l/sin10s Tt
KATS-14 | Ceramics*) 176 1867 2—121sin37s 7.2
Concrete >
KATS-10 | 1mm Water 179 2037  |12.4 —0Vsin 10s 6?;23:%;
(Epoxy) '
KATgu11] Concmete 183 2062 |12.7—0Vsin10s| 35 mfist Front
Dry (Epoxy) 6.8 m main front
KATS-13 C°;‘;;Ete 185 2052 |12.7 —0l/sin 10s 75

) Cordierite (Al20s 37 Wt%, SiOz 52 wt%, MgO 6,5 wt%)

100 r T r

75 I i ! | KATS-10
s 50‘%1 I ! concrete, epoxy-coated
E : ——_ | s i el
E o5E RERE i EEEES o E ‘\ E 1rrmofl\-\ater ‘/’--
100 ; i e e e S I
2 75 ! : ! - KATS-11
s Somf‘*—k ; concrele, epoxy-coated
$ T e TNy

: : i YO
Channel length [m]

753 KATSEROKOHEDE (LW, 1DIENRY) P

o
o
[=

—
RS a8H 33

-

(=]

Height of the melt [mm]
a ()

[41]
(=]

o]
O

o

6 8
Channel length [m)]

54 ¥
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|

o
fri}

F1FR PDSERIIBITAH/NNT A—X

AxX

Group Tests Effect studied

A. E2-E3; E7-E8: |Injected gas (air) flow rate influence

B. E2-E4 Particle density and size

& E5-E6: E7-E9 | Leading edge gas injection (turned on/off) influence

D. E10-E12 Roughness of the spreading surface with help of friction net

E: E12-E14 Influence of the water presence

E. EI2-El5 Mixture of particles with dissimilar morphology

G. EI8-E23 Influence of inclined spreading surface (0°-15°)

H. E10-E11 Reproducibility tests

L C1-Ci12 Tests on PDS-C facility at high superficial velocities (up to 1.2 m/s)

FEBRAE R
(1) PDS—E%B
KB~ MV vy AnE 2R, EREREZE 2K OE3KIIRT, P
DS —EFERICHITHXMMKEEITRRTS 0.122n s FBETHY,
KLAIRT 7 U Ry ROIER D ITE G~ ORI ZZE L TV 5D

300

x
l

—e— PDS-E7
—m— PDS-E8

—+— PDS-E9

B —&— PDS-E10
200 v PDS-Ell
I —&— PDS-E12
PDS-E13

—»— PDS-EI5
—+— PDS-E18
s —¢— PDS-E21
= |
¥ ¥ _*' '=' 1"

100

relative front edge spreading (mm)

_#W i i I ' ' i
0 50 100 150 200
relative time (min)

o PDS—E FEBEiER
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t=15 min

3K PDS—E 7 F#EEiER

2% PDS—EEBR~FU v R

) Particulate debris Total air | _ S
Wk Facility ¥ flow rate Stady Remarks* propagation, (mm)
No. © | Material” | Mass (kg) V(:iluTc (LJs) group ‘ After 1h Final

(dm”)
E2 | PDS-1 | Gravel ~13 10 28 | ABF 0 130 170
E3 PDS-1 Gravel ~13 10 17 A,B,F (0] 270 300
E4 PDS-1 | SS cylinders 30.4 6 2.8 B (0] 70 135
E5 PDS-1 | SS cylinders 30.4 6 2.8 C O 43 120
E6 PDS-1 | SS cylinders 30.4 6 2.8 @ 12 25
E7 PDS-2 | SS cylinders 200 38.5 20 A C (0] 270 315
E8 PDS-2 | SS cylinders 200 38.5 12 AC 0] 165 205
E9 PDS-2 | SS cylinders 200 38.5 12 C 32 38
E10 | PDS-2 |SS cylinders 200 38.5 18 D, H N 65 72
E11 | PDS-2 |SS cylinders 200 38.5 18 D, H N 67 71
E12 | PDS-2 |SS cylinders 200 38.5 18 D,EF 99 99
E13 | PDS-2 |SS cylinders 200 38.5 9 EF 43 44
El14 | PDS-2 |SS cylinders 200 38.5 18 E,F no water 0 0
SS cylinders 160
El15 | PDS-2 SS spheres 20 ~37 18 F 100 100
E18 | PDS-2 |SS cylinders 181 34.6 20 D, G N, i0 32 44
E19 | PDS-2 |SS cylinders 181 34.6 20 D, G N, il0 89 89
E20 | PDS-2 |SS cylinders 93 17.9 20 D, G N, il5 71 71
E21 | PDS-2 |SS cylinders 176 335 22 D, G N, i0 33 41
E22 | PDS-2 SS cyl. 122 23.3 22 D, G N, il0 30 40
E23 | PDS-2 SS cyl. 93 177 22 D, G N, il5 44 57
*O=open leading edge chamber; N=friction net is used: i=inclination angle in degrees.

*SS=stainless steel.

(2) PDS—C%EB

K~ MU v 7 A&EFE I RITRT, PDS — CIFERDOKAHE A E T

WSfr 3.2, 14—28
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0.34 m/s~2.09m,/ s & K&, RFIRT 7T IRy ROIENVIZET S
BEIIEB ~ M EmE WA — 2 TH Y, Mo CHEHFE Tl b bR L

o TV 5D,

3K PDS—CEERER~LI v IR

Test | [Initial debris Air injection Water | Debris bed Initial air
No. bed triangle Flow rate, Superficial Ratio level | settling time injection
type Q, (iter/s) | velocity, v, Tatr (em) (sec) method
(m/s) “mf

Cl right 10 0.34 0.13 55 ~480 Instant

C1B right 10 0.34 0.13 45.5 ~480 Gradual

C2 right 20 0.69 0.26 455 ~390 Gradual

C3 right 30 1.04 0.39 45.5 ~240 Gradual

Cc4 right 40 1.39 0.53 45.5 ~60 Gradual

c5 right 50 1.74 0.66 45.5 ~10 Gradual

Cé6 right 60 2.09 0.80 45.5 ~2 Gradual

C? isosceles 20 0.69 0.26 45.5 ~60 Gradual

C8 isosceles 10 0.34 0.13 45.5 ~130 Gradual

C9 isosceles 30 1.04 0.39 45.5 ~40 Gradual
C10 isosceles 40 1.39 0.53 45.5 ~6 Gradual
C11 isosceles 40 1.39 0.53 45.5 ~3 Gradual
C12 isosceles 30 1.04 0.39 45.5 ~4 Gradual

(3) i

SFHVEAR IR B A A IS/ NS WP D S —EEBRTIE, RHRT 7 U~
v ROE—{UIZ BT DRy ~ o3 12 M 503, AR AOE E 23 K
EVWPDS - CERTIEN~HEW L R AL ECEHLNHER SN
TWb,

FIZRB W TIE, WA ORTE T L2 ERIE, SROBEME.O» S5

M ISR ED Z B REARKEEIT I RENBDLE

AL, BTERIC TG RE AN EDR LR TE D,
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Figure 7.4 Test device and details of the interaction zone. 1 — thermocouples; 2 ~ water collector of
the crucible; 3 — inductor; 4 ~ corium melt, 5 — ceramic shield; 6 — ceramic shaft of pyrometer; 7 —
steel water-cooled lid of the fumace; 8 — crucible sections and cooling system; 9 - quartz shell; 10 —
bottom ceramic specimen. H — distance between the ceramic shield and corium melt surface.
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100 1. 766 942.8 725 0. 785 1,118.7
125 1. 710 954.9 750 0. 764 1,120.3
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550 0.976 1, 096. 3 1,175 0. 597 1, 080.9
575 0.944 1, 100.7 1, 200 0. 600 1,074.8
600 0.915 1,104. 8 1, 225 0. 600 1, 068. 2
625 0. 886 1, 108. 4 1, 250 0. 600 1, 061. 3
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Bifferertial Calculatec Penetration

Pressure! D) (MPa) Length (m) M 4
Test Penetration ? R i 2) | g (3 | Feneuaion
Number Type Maximum | Inital | X X .-01?1 Length (m)
1 FWER 1.96 1.1 12| 3.0n25 | 2.54.2 23
2 BWR 1.62 0.62 1.6 | 4.173.1 | 3.1-5.7 >23
3 PWR 0.003¢ aﬁﬂ“ 1.2 | 0.3/0.3 | 0.3-15 0.5
4 FPWR 1.72 1.2 | 2.9/2.0 | 24.1 2.1-23
ne |
5 BWR 1.9 1.6 { 4.713.1 | 3.1-6.3 1.8-1.8
0.6 i |
S (1y  Precise Ume of initauon of debris flow in thimble wbe is uncenain so differential
[~Simulated RPV Wall pressure for cebris flow could be between initial and maximum observed values.
(20 Satwrated debris penemation lergth calculated for both maximum and initial pressure
differenrials
~l__ Abbrevicred Length (3)  Total calculated penetration lergth has a range desending upon the degree of debris
i Instrument Tube superheat and the differential pressure.
= =2 =g - {4y Melt cup depressurized due to £poo! piece breach so differsntial pressure due to

esseatially hydrostatic hea: of A#Q50; layer.
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[2] M.Epstein et al., Freezing—Controlled Penetration of a Saturated
Liquid Into a Cold Tube, Journal of Heat Transfer, Vol.99, 1977
[3] EPRI, Experiments to Address Lower Plenum Response Under Severe

Accident Conditions, Volumel, EPRI report TR-103389, 1994
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