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Table I
Comparison of Hole Ablation Models With Experiment Data
Current ZP8s
Observed Model Model
Test AP (MPa) d,(cm) L(cm) De(cm) De(cm) De(em)
0 f f f
HIPS-1J  9.69 2.51 2.54 5.08% 5.08 5.78
HIPS-2C 1.7 2.54 2.54 5:5~7 6.40 4,76
HIPS=-3J y.85 2.54 5.08 6-7 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) T7TAXZ KLk

PUL i MSERD S 6, BRI ED AR & B4 EBRIZB W T,
ERHERE R S 41mm (2% LT, PR3 D BRAEIE 740mm X 560mm & 72 > T\ 5
(2, 82K) ., TAXZ FEE LTI I8~ 4 RBE L 2> TE
D, BEBXZ L6 BEDOILN Y Z#BZ R L TWD, 77V HERS S OFF
flie LTIk, RevTaR0XF 220 (KT4 7 /L) NEGEY &S
DRSFHIRRELZ L TNDHTI), RNHENSFHlE LTEET L7 A7
MEEE LT, EBRERICES FHMRE L LT 1016 258 M Lkl %

P
T9,
ok PUL i MSERSEM LR
Table 1. PULIMS-E test matrix with initial conditions.
Saramelen PULIMS tests
E1 E2 E3 E4 ES
Melt material Bi05-W0O5 B,05-CaQ | BLOs-WO; | BiOs-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, %o : y k ; ]
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 75 78.1 46.9 41.2
T.o: °C 870 1027 870 870 1231
Tiig 'C 870 1027 870 870 1231
Melt teml_Jeragu.re 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 77 72

Table 2. Measured and estimated properties of the debris beds in PULIiMS-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 T40x560 -
Cake size x X y, mmn ~430x320 ~750x750 T11x471 ~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 29 B
Measured particulate debris mass fraction, % ~20% unknown ~6.8% 5
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 non-syn. unknown non-syim. symimetric
Steam explosion 10 ves 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 43 90
Estimated loss of melt superheat due to jet 15 120 22 210
interaction with coolant, °C

N 78

19



ERUPTIONS
-

2 PUL iMSZFEEBRER (E4)

AT 79

80



BIHE 1
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CEA/DRN/DTP T{Thh/ZCOR I NEERVTi, K8 weg (7
Ut m—ufh) ZFEEMEE L CHEA LT, KB TOIRMND RE) %5 FER
RERE S AL, YRV Lm0 BEEECEBICER IND 7 7 A N OEENT
biiz,

MA— N2 —xifEr X — (FZK) TEMSNIEZKATSERRZBMW
T, WA E L TT Ay b (A1,048 150kg, F e 150kg) 2Vl f &
o, BRI O RO R IR, SR8V FEIR (1D, 2D) , IROME (227 U — |,
I Ivr, a=FT47) , KOFEZLZ/NT A —Z @Y OILH O FEERD
ToONTWD, EREBEZE IMNKOE 2HIITT, A1,0,LF e THHEE
WNET 0 REET B 720, WO O % 2 EFTEl, &A1, 0 3 3k
L, mZICF e 92 2 &I R0 LR OIEA 0 & & 8B DIk
PO ESTTERNPAREL RS TWD, ERFMEEZH 1 RIITT, KATS —
10EKATS— 1 10OEREFMHFTIZEFRETHL2, KATS — 100K
Inm OKEVZLTHY, KATS—11DHIEIRIAFKMER->TWD, i
B OPEN Y FERZH 3 BUR T, W7 —AD XD (TR O i B S H ik
EWSEEIE, MEMOAEIC LS FEARRILS U BN R HFR L 2o T
%5, ¥72, KATS—12LKATS—13DEREMHITIZERETH S0,
KATS—120FBKOMERETZ I Y7 THY, KATS—130DKiE=
Y7 V=R Thod, MBEBOIERVMEREZE AKNIRTR, Mr—2A0 X5
) O B EE 23 R R O AT, IROME O 2RI L O TR Y 2
BIZR DR E o TN D,
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WME R Edv, R OREL, BHEESRE, KoME (227U —K, &

TIv) BRI A—ZITERDOIENR Y ERPITTONTWD, VE—UT75
BRCix, mbWiEmY (UO, 56wt%, Z 1 O, 32wt%, F e O 5wt%, Ca S
iO04 2wt%, S i0, 2wt%, Fe lwt%h, CaO 1wt%, Al,0, lwt%)
EHWT, a7 V- REETIvI (BEEIVLVa=T) KTOIEND &
EBRLTWD, EREELZE L NIRRT, BEOFRICY 7R T HREO 5B
WaEREL, 227V —FREET I v 7 IRIT 40. 8kg DFALIESREA % 4. 3kg
/s OMETRIFFICHHT 25> TnD, MEOIENVFEREZE 6 K
R, 1.7 BENTIFIER CIERN 0 #2842 Rr L TBY, £O%RITEII v ZIRT

F YR D DR SRR & o T D,
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B1ER KATSEBRSEM SNV HERE (BEWERY, 1DIERY) ¥

Mass in Tempera- | Pouring rate (l/s) Spreading length

Test # Substratum channel ture Meit I Length in (m)
(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 > 0Vsin10s aﬁif;zti:?r':nt
(Epoxy) i
KATS-11| Concrete 183 2062 [12.7 —0Vsin10s| 25 m first Front
Dry (Epoxy) 6.8 m main front
KATS-13 &?xm 185 2052  [12.7 - 0sin 10s 75

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

" ! i | T KATS10
= 5 . i Il Il concrele, epaxy-coated
E | TR T i 1mm of water — =
L — T
Boop i TN T T T e
2 751 ! : ! ; KATS-11
= T T T e H concrete, epoxy-coated
= 255 ELRI A e U B J oy |
B R L T s e W
Channe! length [m]

7 3 14 KATSEROKOHEDKE (BRILWERMY, 1DIERY) ¥

=
o
[=

—_
358 H B

-
(=]

~
L&)

Height of the melt [mm]

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

=)
O et

8 5
Channel length [m]

%54 KATSEROKDOHMEDRE (MILMEFEY, 1DIERY) P
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1. Lol
AU =—7 Y ESLTHRYE (KTH) THEMSAZPDSERIL, HiEE
DWEKOPRENC K 2 MBLR T 7V Xy ROJEBEBIC OV TBIEZIT-> T

WD,

2. FEBRS&M
FEEEEMER A H 1 KIIRT, KOBEEIZHN > ThRiIkT 7 U % HEFE
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K77 Uy FOYLBETZBLET D,
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relative front edge spreading (mm)

(1)

B1R PDSERICEITHNRTA—FHE
Group Tests Effect studied
A. E2-E3: E7-E8: |Injected gas (air) flow rate influence
B. E2-E4 Particle density and size
[ o] E5-E6: ET-E9 | Leading edge gas injection (turned on/off) influence
D. EI0-E12 Roughness of the spreading surface with help of friction net
E; EI2-E14 Influence of the water presence
F. E12-El15 Mixture of particles with dissimilar morphology
G. E18-E23 Influence of inclined spreading surface (0°-15°)
H. EI10-Ell Reproducibility tests
L. C1-Ci2 Tests on PDS-C facility at high superficial velocities (up to 1.2 m/s)
3. FEBREER

PDS—E#£E

KR~ MY v Az 2R, ERIERZEH 2L OH 3HIIRY, P

DS —EERIZBITA2EMMAEHEE TR RKTSH 0.122m,/ s FRETH D,

BLART 7V Ry ROPED 0 IZE G ~F+ O 2 E L T\ 5,

300

200

100

—e— PDS-E7
—m— PDS-E8
+— PDS-E9
—a— PDS-E10
—a—n i PDS-El1
—a&— PDS-E12

PDS-E13
—»— PDS-E15
—+— PDS-EI18
—»— PDS-E21
et —
W — —+ +

100 150
relative time (min)

2 PDS—EFEBEEE

S 117

200
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3 PDS—E 7 EERfEE

2%k PDS—EFEBR~HrI oI A

Particulate debris Total air ) e e bc i
et Facility ¥ - flow rate Stidy Remarks* |-PEoPagation, (mm)
No. © | Material” | Mass (kg) | Volume : group After lh Final
(dm?) (L/s)
E2 | PDS-1 | Gravel ~13 10 28 | ABF 0 130 170
E3 | PDS-1 Gravel ~13 10 83 A, B F O 270 300
E4 | PDS-1 [SS cylinders 30.4 6 2.8 B 0 70 135
E5 PDS-1 | SS cylinders 304 6 2.8 C O 43 120
E6 | PDS-1 |SS cylinders 30.4 6 2.8 C 12 25
E7 | PDS-2 [SS cylinders 200 38.5 20 AC O 270 315
E8 | PDS-2 |SS cylinders 200 38.5 12 A C 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 E,F 43 44
El4 | PDS-2 |SS cylinders 200 38.5 18 EF no water 0 0
SS cylinders 160

EIS | PDS-2 I gphem 5 ~37 8 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. 122 233 22 D, G N, il0 30 40
E23 | PDS-2 SS cyl. 93 17.7 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—CZ%EEk

Er~ M) v 7 AEFEIRITRT, PDS — CEROXAGEMAEL X
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0.34 m/s~2.09m/ s & R&EL, KiIRT 7V Xy RO

IZET D

R I ~BEH A —FThH Y, D CERH T b DR L

o TV 5,

F3&K PDS—CHER~vII IR

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

Cl right 10 0.34 0.13 35 ~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 0.39 455 ~240 Gradual

Cc4 right 40 1.39 0.53 45.5 ~60 Gradual

C5 right 50 1.74 0.66 45.5 ~10 Gradual

C6 right 60 2.09 0.80 45.5 ~2 Gradual

€7 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 0.39 455 ~40 Gradual

C10 isosceles 40 1.39 0.53 45.5 ~6 Gradual

Cl1 isosceles 40 1.39 0.53 45.5 ~3 Gradual

Cl2 isosceles 30 1.04 0.39 45.5 ~4 Gradual

(3)  fiwm
LA PR E AR/ NS WP D S — EFEBRTIE, KiFikT 71U X
v ROB—(IZEF DD~ A T X 503, KRR 23 K

EWVWPDS - CERTIIEN~EKEEW L BB ALPELENHER S

T3,

FEHIZEB W TIE, BREOSAE T LE R, EIROERE O D5
AR BB RN EL Z L D DR AERKEE T oI RENL D EE
ADLNDTeW, & FEZRIZ SRS bR W TE 5,
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