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1:16 Z 3 LRt 217 9

5 22 PULIMS EBRSA: & Ak 5

Table 1. PULIMS-E test matrix with initial conditions.

Parameter PULIMS tests
E1 E2 E3 E4 ES

Melt material Bi0O;-WO; | ByO3;-CaQ | BiyO3-WO; | BiyO3-WO; | Zr0;-WO3

o 42.64-57.36 30-70 42.64-57.36 | 42.64-57.36 | 15.74-84.26
Melt mass composition, % ; ; ? q =

eutectic non-gutectic eutectic eutectic eutectic

Melt jet diameter, min 20 20 20 20 20
Jet free fall height, mm 400 400 400 400 400
Initial melt volume, L 3 3 10 6 6
Initial melt mass, kg 234 735 78.1 46.9 41.2
T € 870 1027 870 870 1231
Tiigs 'C 8§70 1027 870 870 1231
Melt tem}_]era?l}'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 2

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

Parameter Exploratory PULIMS tests

El E3 E4 ES
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 ~750x750 T11x471 ~400x420
Max debris height, mm 93 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 peint, 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 29 5
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
Symmetry of the spread nof-synL unknown non-sym, symmetric
Steam explosion 10 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 121 7 43 90
Estimated loss of melt superheat due to jet
interaction with coolant, [")C ' 13 122 22 0

) PULiMS EBR#E R (E4)
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Iron spreading
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W1 KATS EBRSM: & Ay v HEE (B eWiamiy, 1D JER D) &

Mass in Tempera- | Pouring rate (l/s) .
Test # Substratum channel ture Meit I Length in Spread(:::‘g; length
(ka) (°C) Time(s)
KATS-12 | Ceramics*) 186 2027 127-01I/sin10s 1.7
KATS-14 | Ceramics*) 176 1967 2-+121/sin37s 7.2
Concrete ;
KATS-10 | 1mm Water 179 2037 [12.4 - 0Vsin 10s aﬁif;zti:?r':nt
(Epoxy) i
KaTsay| | Sonese 183 2062 |12.7—0vsinqos| 2> mfirst Front
Dry (Epoxy) 6.8 m main front
KATS-13 Cog‘;fte 185 2052  |12.7 —01lsin 10s 75

#) Cordierite (Al;03 37 Wt%, SiO3 52 wt%, MgO 6,5 wt%)

1[:0 T T
75 ! ! { { KATS-10
e e e
i Y I mm :
E i g ‘L i f/"
00— S e}
2 75k ; : ! KATS-11
,%, mM_H ! concrela, epoxy-coated
e BT R LR R TR0 W W
B N e e e G W
Channe! length [m]

%3 X KATS EBRDO/KDHHEDEE (B, 1D3Enn)

=
o
[=

—_
358 H B

-
(=]

~
L&)

Height of the melt [mm]

B On
S =]
ab-H-1---

=)
O et

8 5
Channel length [m]

E(BfbvEmdn, 1Dy ) ¥

I

4 KATS ZEBR DK OM'E D5
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[1]J.M.Veteau and R.Wittmaack., ”“CORINE Experiments and Theoretical
Modeling, ” Proceedings of FISA-95, Luxemburg EUR 16896 EN, pp.271-285
(1996).

[2]Proceedings of the Second OECD (NEA) CSNI Specialist Meeting on Molten
Core Debris—Concrete Interactions, NEA/CSNI/R(92)10, Karlsruhe,
Germany (1992).

[3]B. Eppinger, et al., ” KATS Experiments to Simulate Corium Spreading in
the EPR Core Catcher Concept,” FzK, Karlsruhe, Germany.

[4]B. Eppinger, et al.,” Simulationsexperimente zum Ausbreitungsverhalten

von Kernschmelzen: KATS-8 bis KATS-17,” FZKA 6589 (2001).
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2 2
PDS RBRIZ D\ T
LT ®IZ
A x—7 v ES TR (KTH) THEME S iz PDS EBRIL, WIS O m A

KOFEENE X DMK T 7 U Ny FOILEEZ HOWTHE LT > T D,

eSS ST
HRAEEMENX 25 1 KR T, KIEOBERIZIHR > TRIRT 7 U 2 4
S, FTHEIUCERE LIEEAMTFT ¥ o =0 BKREK TR 2 EAL, Kt

W77V Ny ROy 2851 5,

WATER TANK
5,

ATt PERFORATED| /
: g PLATE '
AIR INJECTION CHAMBER(S)

a) 2 A b) PDS—C Bk ¢) PDS-E7~23 Bk

1K EEREEEX

F72, PDS EBRTIIFEA DT A —X & JE&E L L CHEEDOERN E S
TW5, FEEBRICBWTKEL LTRELTERNTA—X2H 1 RITKT,

1R PDSERICBITANRTA—FRE

Group Tests Effect studied
A. E2-E3: E7-E8: |Injected gas (air) flow rate influence
B. E2-E4 Particle density and size
C. E5-E6: E7-E9 | Leading edge gas injection (turned on/off) influence
D. EI0-E12 Roughness of the spreading surface with help of friction net
E. E12-E14 Influence of the water presence
F. E12-E15 Mixture of particles with dissimilar morphology
G. E18-E23 Influence of inclined spreading surface (0°-15°)
H. EI0-E11 Reproducibility tests
L. C1-Ci12 Tests on PDS-C facility at high superficial velocities (up to 1.2 m/s)

WA 2 B 1-21
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relative front edge spreading (mm)

(1) PDS-E FBk
EBR~ N v 7 REH 2R, EREEREHE 2K O 3 KIZ/RT,PDS-E
EBRICB T 2 KA AR E TR R TS 0. 122n/s RETH 0 Rk T 7
Uy ROIER VI~ DR ZZEL TV D,

00T ' — e [ —e— PDs-E7
i —m— PDS-ES
e PDS-E9
—&— PDS-E10
N R— +— PDS-Ell
—a— PDS-E12

PDS-E13
—»— PDS-EI5
—+ ppS-E18]
—»— PDS-E21
— A g |

200

100 —

100 150 200
relative time (min)

0 PDS-E B it 5

t=15 min

%3 PDS-E7 FEBr#E 5
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¥ 2% PDS-EEBR~LU v R

Particulate debris Total air ) . bc b
Test Facility . i s vaie Study it propagation, I mm)
No. © | Material” | Mass (kg) | Volume group After 1h Final

(dm°) (L/s)

E2 | PDS-1 | Gravel ~13 10 28 | ABF 0 130 170
E3 | PDS-1 Gravel ~13 10 517 A,B,F O 270 300
E4 | PDS-1 |SS cylinders 304 6 2.8 B 0 70 135
ES5 PDS-1 | SS cylinders 304 6 2.8 C O 43 120
E6 | PDS-1 |SS cylinders 304 6 2.8 C 12 25
E7 | PDS-2 |SS cylinders 200 38.5 20 A C O 270 315
E8 | PDS-2 |SS cylinders 200 38.5 12 A C O 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
Ell | 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 E F 43 44
El4 | PDS-2 |[SS cylinders 200 38.5 18 E.F no water 0 0
. SS cylinders 160
EIS | PDS-2 I gphms 5 ~37 18 F 100 100
EI18 | 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. 122 233 22 D, G N, il0 30 40
E23 | PDS-2 SS cyl. 93 177 22 D, 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 F=Bi
FEr~ MY v 7 2 &H 3 RITRT, PDS-C EBROKAHTRMAIEEL L 0. 34
~2.09m/s & R&EL, KART 7YXy NOHLN D ITET D RFEITEER
~EEWA—FTHY, D THEHIFMTYH—bEnsERE > T0 D,

wAF 2 BIS 1-23



FI3ER PDS-CEEBR~FU v R

Test | Initial debris Air injection Water | Debris bed Initial air
No. bed triangle Flow rate, Superficial Ratio level | settling time injection
type Q, (liter/s) | velocity, v, ety (cm) (sec) method
(m/s) tmy

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 45.5 ~390 Gradual

C3 right 30 1.04 0.39 45.5 ~240 Gradual

C4 right 40 1.39 0.53 45.5 ~60 Gradual

C5 right 50 1.74 0.66 45.5 ~10 Gradual

Cé right 60 2.09 0.80 45.5 ~2 Gradual

Cc7 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
Cl1 isosceles 40 1.39 0.53 45.5 ~3 Gradual
C12 isosceles 30 1.04 0.39 45.5 ~4 Gradual

(3) i

AR H BE SR /N S PDS-E EBR TiX, MR TF 7Ry R
DY) —AIZ BT L R N8y ~ %+ 55 SR A BE 3 K &
PDS-C R TIIH~FE & B — b

W2 S8,
ETENER SN TV D,
TREE O B

CREWVWbDEHE

ERIZB W T, BERUF LD T LIZEF
fl]*j‘ \—-u_n S
ZHNDHT-0, % FHEE

%, MR
WMITARE N ETe = & D RARKHEE 1T+

oy TR — (LA & T X B,

25 SR

[1] A. Konovalenko et al., Experimental and Analytical Study of Particulate

Debris Bed Self-Leveling, NUTHOS-9, Kaohsiung, Taiwan, September 9-13,

2012.
[2] P.Kudinov et al., Investigation of Debris Bed Formation, Spreading and

Coolability, NKS-287, Royal Institute of Technology, KTH, Sweden,

August 2013.
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OvEInLE (W) 1%, —mic (1) KCTRTZENTE, B 7 U —
N ORERKOOEINIEL, RRKOCENREREZ, OO 27 ) — ke

BHOOTHAEZRELELE LTEALOND Z LIRS,
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Wer = f(flcr(gs - gc) dx - (1)
ZZT,

21, D ONOVEIAUTHT R
gg—¢& Bk ar sV —FrDOOTHE

InEIIZ, a7 U — MERORGE [EREtm] ( ((h) £AR%=, 2012) )
T, S ONSY LM OREIREEZSEL, (2) XD L5 ITRanT
W5,

W,, = 1.1k kyks{4c + 0.7(Cs — ¢)}(%: n g,m) . (2)

ZZ T,
ki A OREZRDOOEIUEIC ﬂ“iﬂiﬁ%jﬁfffﬁi& (—)
k, a7 VU—F 0)&’%?7%00“%’%% F A A R TIRET (3)
Az & é
k, = f,Cm +0.7 -+ (3)

fle av7V—bOEHMERE (N/mn?)
ky o BISREAM OBEORBERTHRET 4) RTLD

5(n+2)
k3 T 7n+s8 (4>

n o SlEREIM OBE (—)

c : 5D (mm)

Cs : #MOFLRERE (mm)

¢ o #IAEE (mm)

Ose HAMOLED T 7 U — NDIGETIN 0 OARFED & O ERAH IS T7E D 1Y
& (N, mm?)

E, :#&fiovr 7% (N/m?)

Eosqg : T 7V — bOUHEL O U —752 K 2 OOFEIE D BN % &
BT 57008 (—)

(1) ;™ (2) XEVSEIWCLYRTAFZVEIKIZA L D 5EE O OVE iR

W =21, (GE_S:'I'g,csd) - (5)
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4,

FHHEOBKEZ TRIZRT,

HH [
ki B OERERRS OOEIUIEIC RIF T Lo
R IR (FRIBER)
fle 2327 U — hOERERE 22.06 N, mm?
2 (- BE)

n 5l IEMM OB 4 (R T T)

130mm ({1 BE)

c &Y 130mm (JE 2 5 7))

160mm ({A BE)

Cs o SRS o0 AT 96mm (2 5 )

38mm (A BE)

- BREA PR
o kTt 25mm (R A 7 7)

E, &Mooy 7R 2.05%X10° N,/ mm?

Eea A2 7 U — FOWGRR DY U — 7 %25 % 150X 10-°

Uoﬁm%@ﬁM%%ﬁﬁétw@ﬁﬁ

RS 5

% 1 B O 2 S ARATAE T RERIIC 351 2 BRI 00 i J7 1131 95 A IR B 1 26
SEEE L, MEEHE O 2 T 7 H T ORE O UEIEE AT, BUME
O PR O OVBUIE O B KA LRV CHY 0. 05mm, 0K A 5 7 i85 (e T BL8kA7)

THI0.13mm TH VY, W TN b G IEHEE 0. 2m A2 X TV,

ESX:5)
LS—DYNA=aZ—RIZLDSEMITrORERNS S EHRDST A ZVHIK
AL DEBOOEINIRERE Lz, TOMKE, 5RO O IR O FEAR RS R
TR R EZ TR T2 2 &, SERGKEMOB A CTRHEL 25580

OEIITAE T 20,
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& 639530 & 698799
1R BE
“ / /
RT AL LK
‘ £36183 ‘ 704282
5]
(beam %)
‘ TO307ER ‘ 704112
& B30zl
J AL 1
HUAGAL R OOE UmE [mm] ¥
B699530 %1 0. 04
B678799 7 0. 04
B696183 7 0. 04
B704282 7 0. 04
B703078 #70. 04
B704112 7 0. 04
B696021 7 0. 05

ST HE T REZNZ F6 1T 2 8k Wb 7 51 RIS ) X 0 B

%1 R BE 5B D $R AL T D 5% OOV B UE
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FU {7 [
e 855 (beam H3E)
A AR OOVEIFUIE [nm] *
B601447 #70.13

MR HE TRFZNC 81T 2 Bk QWb T 1 51 aRIG 1 X 0 B

2 IRA T TEROBRAALE T O OO FIFLE
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