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Experimental and Analytical Studies on Penetration

Integrity of the Lower Pressure Vessel under External
Vessel Cooling in the KNGR
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Abstract

A program on estimation of penetration integrity in the lower reactor vessel has been performing
under external vessel cooling in the Korean Next Generation Reactor (KNGR). The objective of this
program is to carry out experiments and analysis on integrity estimation of the penetration including
the In-Core Instrumentation (ICI) nozzle and the thimble tube in condition with external vessel cooling
to maintain integrity of the reactor pressure vessel. This study is focused on the detailed analysis of
KNGR-ICI 2,3 experiments on performing the estimation of system pressure and corium mass
effects, respectively. The test results have been evaluated using the LILAC computer code. The test
results have shown that an increase in system pressure from 0.9 MPa to 1.5 MPa was not effective,
but an increase in corium mass from 40 kg to 60 kg was effective on penetration damage. It justifies
the test results and analytical model that the LILAC results are very similar to the test results on the
depth of weld ablation.
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2 inch 3}t 3inch I
TR AL SIT #H SIT 2Hg ok SIT 2+ SIT 2Hg ok
LOCA A] =z} 0 0 0 0
A = 3,270 3,270 1,458 1,458
R Al i 3,515 3,515 1,794 1,794
A3} A] 2} 3,618 3,618 1,890 1,890
SIT 25 4,534 - 2,110 -
= =3 4,385 4,385 7,639 2,262
88 A%
SIT 25 &= 21,282 - 17,300 -
A 2 8 24 10,905 5,295 20,898 3,069
8 G Eo| atul 20,968 5,320 20,201 2,851
Al A A2
LEE YR 21,221 5,871 21,721 3,178
ST A %)
A2 87] v 21,470 6,135 21,835 3,675
AA AA= 44.5 % 37.5% 42.8 % 34.6 %
3] B 7)) A3}k (H, 572 k) (H, 508 kg) (H, 544 kq) (H, 440 ko)
A2 -&7] ghi=u) 123.7 ton 144.5 ton 124.6 ton 73.9 ton
LG A X (UO,=105.1, (UO,=114.8, (U0O,=100.8, (U0O,=60.8,
(A 7 %F=2F 154.2 ton, Zr=1.5, Zr0,=10.0, Zr=15.8, Zr=10.5, Zr=7.8, Zr0,=5.4
UO,=117.3, Zr=34.0, B,C=1.0, Zr0,=11.3, Zr0,=10.7 B,C=1.1,
B,C=1.2, Inconel Inconel=0.1) B,C=1.1, B,C=1.1, Inconel=1.4)
625=2.1) Inconel=1.5) Inconel=1.5)
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RV Collapsed Liquid Level (m)

RV Collapsed Liquid Level (m)

10

—— 2inch break LOCA
....... 3 inch break LOCA

0 T T T T

0 5000 10000 15000 20000 25000

Time (sec)
2% 7. 23 9ok W7 A A] A 529 W s
(AT AT e A i 4
10
od L
T T T T
0 5000 10000 15000 20000 25000
Time (sec)
19 8. 3inch shdk W7 A} AL =A] 9] W st



2 inch break LOCA
- 3inch break LOCA

2.5e+5

2.0e+5 A

1.5e+5 -
1.0e+5 -

(Bx) mo|4 LIS perelbajul

5.0e+4 -

0.0

10000 15000 20000 25000

5000

Time (sec)

mo

NI
.&O

H

2 inch break LOCA
- 3inch break LOCA

2.00

1.75 -

T T T T T
o To) o To) o
0 N < ™~ ]

0.25

— — — o o

(w) 471 urybisH pag sugaq

0.00

20500 21000 21500 22000 22500

20000

Time (sec)

A52.87) Shuro] A o)

2]

Al

T
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Real Corium Test Section
UoO,, ZrO,,
Melt Composition Stainless Steel, AlL,O,
B,C etc.
Melt Pool Geometry Hemi-sphere Cylinder

Melt Temperature (°C)

Approx. 3,000

Approx. 2,200

Internal Heat Generation (MW/m?)

Approx. 1-3

Internal Pressure (MPa)

Max. 17 (Possible)

Max 1.5

Surface Heat Flux (MW/m?)

Approx. 1-2

Approx. 0.1 - 20
(Max. in the initial
state)

Temperature Difference Between Inner
and Outer Surface (°C)

Approx. 2,900

Approx. 2,100

F 2 AN 9w

4 37} Test Matrix

Test Name | In-vessel Simulant Date Remarks
Pressure Mass

KNGR-ICI- 0.6 MPa | AlLO3, 40 kg 2000. 6 No external vessel cooling,

DRY1 No annulus water

KNGR-ICI- 1.0 MPa | Al,O3, 40 kg 2000. 11 No external vessel cooling,

DRY2 Annulus water

KNGR-ICI-1 | 0.9 MPa | Al,O3, 40 kg 2000. 12 Base case

KNGR-ICI-2 | 1.5 MPa | Al,O3, 40 kg 2001. 4 Influence of high pressure

KNGR-ICI-3 | 1.0 MPa | Al,O3, 60 kg 2001.5 Influence of melt mass

KNGR-ICI-4 | 1.0 MPa | Al,O3, 60 kg 2001.9 Influence of vessel
curvature

KNGR-ICI-5 | 1.0 MPa | Al,O3, 60 kg 2001. 9 No external vessel cooling,
Annulus water, Influence of
melt mass
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Test Name Corium Ablation Length Max. and Deformation
Penetration of Weld and Aaverage (500- Length at ICI
Depth Vessel 1000 sec) Heat Nozzle and
through Flux through Vessel
Annulus Vessel
KNGR-ICI- 171 mm Weld : 15 mm 2.1 MW/m?,
DRY1 Vessel : 12 mm 0.4 MW/m?
KNGR-ICI- 93 mm Weld : 15 mm 2.1 MW/m?,
DRY2 Vessel : 19 mm 0.3 MW/m?
KNGR-ICI-1 55 mm Weld : 1 mm 1.65 MW/m?,
Vessel : 6 mm 0.2 MW/m?
KNGR-ICI-2 72 mm Weld : 9.8 mm 1.78 MW/m?, ICI : 3.25 mm
Vessel : 31.5 0.25 MW/m? LHV : N/M
mm
KNGR-ICI-3 169 0182 Weld : 20 mm 1.9 MW/m?, ICl:4.92 mm
mm Vessel : 23 mm 0.3 MW/m? LHV : 2.1 mm
E 4 A AA HEAA] e 3R A Fa A3
Internal Heat Upper Lower Ablation Experimental Data
Flux Temperature | Temperature Depth on Ablation Depth
(MW/m?) at Weld (K) at Weld (K) (mm) (mm)
0.2 1,374 1,047 0.0 1
0.25 1,644 1,261 0.0 10
0.3 1,764 1,464 17 15,21




Melt Crucible
& Separator

Water Outlet

=yl

MgO : 35mm
. . 360
Welding Material 60

Band Heater : 1.5 kW v
150

Lower Head Vessel o
165

ICI Nozzle L1 -
100

Thimble Tube q

a9 1L A A dARET] oy deh A Fot

TIM_1
TIM_2
'g'-; TIM_3
lcl_z TIM_4
€2 1w
-1 1
LHV_9 ° ;
LHV_10 ° o %o 850
LHV_11 ° ¢
®
LHV_12 e
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