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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 5.08% 5.08 5.78
HIPS=~2C 1.7 2.54 2.54 5.5=17 6.40 4,76
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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(B2, H2HK) . TAXZ FHE LTI L8~ A RREL 2> TH
D, BEBXZ L6 BEDOILN Y Z#AZ R L TWD, 77V HEHE S OFF
flie LTiE, RevF g R0XFR2L (R4 7V NiEEY RS
DIRSFRIRREE LTWDHTD, REENSFHEiE LTEET L7 A
REE & L CiE, EBRERICES S EHMZRMEE LT 1016 2@ LIk %

S =
T,
Sim .
B2k PUL i MSERSEM 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-WOQ; | BiOs-WO; | 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
Tt 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.

P 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 ~750x750 7T11x471 ~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 121 77 48 920
Estimated loss of melt superheat due to jet 15 129 22 210
interaction with coolant, °C
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ZHAWT, ary7 U= NREETIv Yy (BEEIDLVa=T) IRTOINY %
EBRLTWD, FEREELE L NICRT, EEOP RIS 7R T MO 5B
WaFREL, 227V — R REET I v ZIRIT 40. 8kg DFRRILMIESREIY % 4. 3kg
S s OBETRFICHET25&EER>T0D, MEDIENFEREE 6 X
AT, 7.7 BENZIZIER CIEN 0 2@ 2 R L TV, TOHIEFTETII v ZIRT
HFIEDN D BT DR L oo T D,
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Iron spreading
BIR KATSEREBEOMIER ¥
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1R OKATSFERSMHLIEN HEE (B, 1DyEnn)

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 T
KATS-14 | Ceramics*) 176 1867 2—121sin37s 7.2
Concrete >
KATS-10 | 1mm Water 179 2037  |12.4 —0l/sin 10s 6?;23:%;
(Epoxy) '
KATS-11| Concrete 183 2062|127 —0Usin10s| 25 m first Front
Dry (Epoxy) 6.8 m main front
KATS-13 C°g‘;;9te 185 2052  |12.7 —0l/sin 10s 75
*) Cordierite (Al,03 37 wt%, SiO2 52 wt%, MgO 6,5 wt%)
100 . - y
75 I i ! ! KATS-10

;. 50‘% 1 Il ! conerels, epoxy-coated

E : e ! imm of water — =

E, ospr it DFART R i T

9 1 ] T

2 75k ; : ! ' KATS-11

= SOM——‘L—R ! concrela, epoxy-coated

e ISR ] WL G S N W

35T A T 0 o =
Channel length [m]

%3 X KAT SZEEDKOAF D E

(B{t4ismdn, 1D g Y)

o
o
[=

—
RS a8H 33

-

(=]

Height of the melt [mm]
a ()

[41]
(=]

o]
O

o

6 8
Channel length [m)]

54 ¥

KATSZEBRDKDME DE
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HIHE 2
PD SEBRIZHOWNT
I ELwic
20 x2—7 VENTHRY (KTH) TEINZPDSERIL, MBS
DWHKOFENC & 2 HRART 7'V Xy ROPHEBIC W TBIZEZ T T

(AP

2. FEBRSRM
FEIEBEMEX 2 1 KIZRT, KM OBEmIZIHh > TR kT 7V & HEFfY
IH, TEICERE LT-EAHT ¥ o = b KR[N T E R EEANL, bif

W77V Ny FOYREs 2859 %,

WATER TANK

ATE " orproraten| /)0
 BED PLATE '

"AIR INJECTION CHAMBER(S) |/

a) ZEE P b) PDS — C#HBr )PDS—E 7~2 3x&E

1N RBLEE X

72, PDSERTIIMEA DT A —Z 2 KE L L THEEO RN FEhii

TS, FEBRICBWTHESL LTHRELEARNTA—FE2E 1 RITRT,
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FB1HR PDSEBRIIBIFANRTA—X

|

Re
i

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. E12-E15 Mixture of particles with dissimilar morphology
G. EI8-E23 Influence of inclined spreading surface (0°-15°)
H. E10-E11 Reproducibility tests
L C1-C12 Tests on PDS-C facility at high superficial velocities (up to 1.2 m/s)

KBRS R

(1)

PDS —E 3B

EEr~ MU v 7 2AEF 2R, EREREZE 2XEOE3IKICRT, P
DS —EFEBRIZEBIT DM EEITHRRKTDH 0.122m,/ s BETHY,
BLIRT 7 U Ry ROPED VG~ O 23 LT\ b,

300
200

100

relative front edge spreading (mm)

___'_——4———‘. . || —e— PDS-E7

—m— PDS-E8
—+— PDS-E9
—&— PDS-E10
———1 : v— PDS-El1
—&— PDS-E12
PDS-E13
—»— PDS-E15
—+— PDS-E18
i —¢— PDS-E21
e
- — ¥ ¥ _*' '=' 1"

relative time (min)

PDS —E Bk &

WA 3. 2. 14—27
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t=15 min

3K PDS—E 7 F#EEBiER

o2 PDS—EFER~LY v IR

) Particulate debris Total air | _ Relative bed front
i Facility ¥ flow rate Stuity Remarks* propagation, (mm)
No. © | Material” | Mass (kg) V(:ilm:lc (LJs) group ) After 1h Final

(dm”)
E2 | PDS-1 | Gravel ~13 10 28 | ABF 0 130 170
E3 PDS-1 Gravel ~13 10 w174 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 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 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,E,F 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 17.7 22 D, G N;i15 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%EE I RITRT, PDS — CFERDOXAHTE A E T
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0.34 m/s~2.09m,/ s & K&, RFIIRT 7T IRy ROIENVIZET S
BE B~ Em A — 2 TH Y, O CTHEEFM T b bR &

o TN 5D,

3K PDS—CEEBR~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, Zatr (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 45.5 ~390 Gradual

C3 right 30 1.04 0.39 45.5 ~240 Gradual

Cc4 right 40 1.39 0.53 45.5 ~60 Gradual

€5 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)  filiam
SRR R FE 2SRRI/ NS WP D S — EEBRTIE, kikT 7 U~
> RO¥—ACIZ B DR M DB ~ BT 3 1S M S5 A8, RURHAC A3 i 73 K
EWVWPDS—CEHERTITEW~HED & RS AP EDEIER SN
T,
FERIZBWTIL, BRE LA T LICERIE, SIROEMF.O»r W
A BB ED Z L DR AERKEE T oI RENL D EE
ALY, B TEZRICTDRE b ED LB TE 5,

WA 3. 2. 14—29
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VS ALE ORI & P E OB Sy 3 Lo, BRI OOMRIZUO, —2Z
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| s

501F
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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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FEADBIND,

LLEX Y, Fleming & OFREBRSGM & HIEHE " EWSKIMFOEEEEL TH,
Flemings €7 /I HARIRELE B2 LD,

Z:E CHER
[1] M.C.Fleming et al., An Experimental and Quantitative Evaluation of
the Fluidity of Aluminium Alloys” , AFC Transactions, vol.69, 1961
[2] #:45 fh, [EAE - EAEIAE NICR T 28 K OIEERE & D A0 T DO RED

REREA, Bk &8, #5664, & 10 5, 1980
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Bifferertial Calculatec Penetration

Pressure! D) (MPa) Length (m) M d
Test Penetration i AR & 2) | (3 | Fencuadon
Number Type Maximum | Inital | X X .-01?1 Length (m)
1 PWER 1.96 1.1 12| 3.0n25| 2.54.2 L3
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 PWER 1.72 12 | 259/20 | 2-4.1 2.1-23
ne |
5 BWR 1.9 1.6 | 4.713.1 | 3.1-6.3 1.8-1.8
0.6 { |
(1) Precise time of initation of debris flow in thimble wbe 15 uncentzin so differential
[~Simulated RPV Wall pressure fur cebris flow could be between inital and mazimum observed values.
(20 Sawrated debris penemation lergth calculated for both maximum and initial pressure
differenrials
~l__ Abbreviared Length (3)  Total calculated penetration lergth has a range desending upon the degree of debris
i Instrument Tube superheat and the differential pressure.
= 0 = = {4y Melt cup depressurized due to £poo! piece breach so differsntial pressure due to

esseatially hydrostatic hea: of A£0;04 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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