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Table 1
Comparison of Hole Ablation Models With Experiment Data
Current ZPSs
Observed Model Model
Test AP (MPa) dD(cm) L{cm) Dr(cm) Dr(cm) Dy (cm)
HIPS-1J  9.69 2.54 2.54 5.088 5.08 4,78
HIPS=~2C 1.7 2.54 2.54 5.5-7 6.40 4,76
HIPS-3J 4,85 2.54 5.08 6-7 6.32 4,87

a) Ablation 1limited 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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Table 1. PULIMS-E test matrix with initial conditions.

Parameicr PULIMS tests
E1 E2 E3 E4 ES

Melt material Bi,03-WO; | By05-CaQ | BiOs-WO; | BiO3-WO; | Zr0,-WO;

o 42.64-57.36 30-70 42.64-57.36 | 42.64-57.36 | 15.74-84.26
Melt mass composition, % - : . : .

eutectic non-eutectic eutectic eutectic eutectic

Melt jet diameter, mm 20 20 20 20 20
Jet free fall height, mm 400 400 400 400 400
Initial melt volume, L 3 3 10 5] 5]
Initial melt mass, kg 234 TS5 78.1 46.9 41.2
i P 870 1027 870 870 1231
Tyig, 'C 870 1027 870 870 1231
Melt tem}_)el‘azu.l‘e in the funnel 1006 1350 1076 940 1531
upon pouring, "C
‘Water pool depth, mm 200 200 200 200 200
Water temperature, °C 79 78 75 i 72

Table 2. Measured and estimated proj

erties of the debris beds in PULIMS-E tests.

Exploratory PULIMS tests

Parameter F1 3 For! s
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 711x471 ~400x420
Max debris height, mm 93 unknown 106 50
Area 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 a
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 8.0 ~3.1
Estimated total cake porosity 0.29 - 0.36 0.37
Symmetry 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 121 77 48 920
Estimated loss of melt superheat due to jet 15 129 23 210
interaction with coolant, °C

ol PUL iMSZFEBRESR (B4)
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1R KATSEREKM LIV HEE (BRICEEY,

1D JEAY )

Mass in Tempera- | Pouring rate (l/s) .
Test# Substratum channel ture Melt / Length in Spmad’:‘g length
(ka) C) Time(s) (m)
KATS-12 | Ceramics®) 186 2027 127-01Il/sin10s 1.7
KATS-14 | Ceramics®) 176 1967 2—1.21/sin37s 7.2
Concrete :
KATS-10 | 1mm Water 179 2037|124 > 0Wsintos| 12 first front
(Epoxy) 6.5 m main front
Concrete . 8.5 m first Front
KATS-11 Dry (Epoxy) 183 2062 127 — 0l/s in 10s St it
KATS-13 Cog‘:;me 185 2052 [12.7 - 0lsin 10s 75
*) Cordierite (Al,03 37 wt%, SiO2 52 wt%, MgO 6,5 wt%)
100 . - .
75 I 5 | ! KATS-10
= 5 : i IL | concrete, epoxy-coated
E EERI | '-:-: i TA ¥ | immof water—
E 2 i ! '\k. n __/"/-
Ei0 | U == =l
275 M l +—— KATS-11
b m P iy ; i : i B, H mele,epuxy-matad
2 bl TN Ty
i } } b NN
t}lannel length [m]
53 KATSEBROKOFEEORE (LIS Y, 1DIEAD
TOOF | : r -
75% L L ! KATS-11
,E 50F “*-—%—q_,__,?_q._\ i goncmte, epoxy-coated|
] i SOPERI RN v
£ 25 -~ e e
[ 3 I ] '
g 75} | T KATS-13
2 e e N i Uncoated conerets—
5 25f— e T W
2 00p—— kL i
% 75 { I ! T KATS-12
T 50 ! ! ! | ceramic, dry
25.: ;——-‘WA—; ! e, 1|' ——A——-‘-’_.N_I e
N el BN { ! T~
D 2 4 B 8 10 12
Channel length [m]
54X KATSEBROKOMEDZE (BRI, 1D IEA D

WA 7—13

) (2]

) (2]



— ] A
= ncrete
2| ] £
Z 4 3
rantic e
Stabilization pool R v
1086 mm
« >
Inclined  plane
(90° V shape) Wall
Spreading plane Wall

front progression, m

=
150 step

%5 ¥ VUL CAN OB E OB EX
0.6 ;
0.5
I A R N IS L-4---9
0.4 R
; )
0.3 A-
. ",
-+ VE-U7, ceramic substrate
—— VE-U7, concrete substrate ]
——
10 15 20 25 30 35
time, s
% 6 ¥ VUL CANOZFEROKEDME DL

WA 7—14




275 3Lk

[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., 7 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).

[5]C. Journeau, et al.,” Ex-Vessel corium spreading: result from the
VULCANO spreading tests,” Nucl. Eng.Design, 223 75-102 (2003).

[6]C. Journeau, et al.,” The VULCANO VE-U7 Corium spreading benchmark, ”

Progress in Nuclear Energy, Vol. 48, p215-234, 2006.

WA 7—15



HIHE 2
PD S FEBRIZHOWT
. ZL®IC
20 2 —=7 VENTHRY (KTH) TEEINZPDSERIL, IS
DWEKOPREYNC K 2 MBLRT 7V Xy ROIEBEBIC OV TBIEEZIT > T

(AP

2. EEBREM
FEAIEEMEX 25 1 XIZrd, KEOBEmIZIH > TR IRT 7V % HEFE
IH, FEBICRRE L-EARTF v o N— b KRR XTI ER AL, biF

W77V Ny RO 28T %,

WATER TANK

.. PERFORATED| /
Eafhisns :E‘B HECHPERTEE :..‘
AIR INJECTION CHAMBER(S) |/

a) ZEE P b) PDS — C#Br )PDS—E 7~2 3&E

1N EBLEE X

72, PDSERTIIMEA D/NT A —=F 2 & & L THEEO RN FE i S

NTWo, FFEBRICBWTREL LTHRELEZANTA—FEE 1 £ITFRT,

WA 7—16



|

o
fri}

T A=A
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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. EI10-El2 Roughness of the spreading surface with help of friction net

E. El12-El4 Influence of the water presence

F. E12-EI5 Mixture of particles with dissimilar morphology

G. E18-E23 Influence of inclined spreading surface (0°-15°)

H. E10-El1 Reproducibility tests

L Cl1-Cl12 Tests on PDS-C facility at high superficial velocities (up to 1.2 m/s)

relative front edge spreading (mm)

ES SRS

(1)

PDS —E #E5

KB~ Y v 2AzH 2R, RRERZEH 2K OH 3 KIRY, P

DS —EFEBRIZEBIT DM EEITHRRKTDH 0.122m,/ s BRETHY,

RLAAHRT 7 Uy ROIER D ITE D~ DR ZZEL TV D,
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PDS—E 7 #EBhiE R

2K PDS—EFEBHR~FI IR

Particulate debris Total air i i bt o
i Facility F - flow rate Bty Remarks* propagatien; (sut)
No. © | Material” | Mass (kg) | Volume group After 1h Final
{di‘l‘ls} (L/s)
E2 | PDS-1 | Gravel ~13 10 28 | ABF 0 130 170
E3 | PDS-1 Gravel ~13 10 57 A, B F O 270 300
E4 | PDS-1 |SS cylinders 304 6 2.8 B 8] 70 135
E5 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 0 270 315
E8 | PDS-2 |SS cylinders 200 38.5 12 AC O 165 205
E9 | PDS-2 |SS cylinders 200 385 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 200 383 18 D,E,F 99 99
E13 | PDS-2 [SS cylinders 200 385 9 EF 43 44
El14 | PDS-2 [SS cylinders 200 38.5 18 EF no water 0 0
SS cylinders 160
El5 | PDS-2 SS soleivs 20 ~37 18 F 100 100
EI8 | 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 17.7 22 D, G N, il5 el 57

*O=open leading edge chamber; N=friction net is used: i=inclination angle in degrees.

'SS=stainless steel.

(2)
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0.34 m/s~2.09m,/ s & K&, RFIIRT 7T IRy ROIENVIZET S

FPIE R ~BED A —FTH Y, D THEKH TY ks omR e

o TV 5D,

3K PDS—CEER~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, (liter/s) | velocity, v, Yalr (em) (sec) method
(m/s) Hmf

C1 right 10 0.34 0.13 55 ~480 Instant

CIB 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
(&) right 60 2.09 0.80 45.5 ~2 Gradual
C7 isosceles 20 0.69 0.26 45.5 ~60 Gradual

C8 isosceles 10 0.34 0.13 45.5 ~130 Gradual
Cc9 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
Ci2 isosceles 30 1.04 0.39 45.5 ~4 Gradual

() #d
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HMIZ 2B T 2 LD RAERKHE T FICRENVED LS
AbNDID, % FEZRICHSRE—AbBRED L HFTE 5,
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