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Abstract

High-pressure in-vessel melt progressions of a typical PWR (Pressurized Water Reactor) have
been analyzed using the SCDAP/RELAP5/MOD3.3 computer code. The total loss of feed waters
(LOFW) to steam generators with/without intentional RCS depressurization using the safety
depressurization system and the station blackout (SBO) have been estimated from transient initiation
to reactor vessel failure. The SCDAP/RELAP5/MOD3.3 results have shown that the pressurizer
surge line had failed before reactor vessel failure, which results in a rapid decrease of RCS pressure
in the high-pressure sequences of the LOFW and the SBO transients. In all high-pressure transients,
approximately 80-90 % of the core material was melted and relocated to the lower plenum of the
reactor vessel at the time of reactor vessel failure. The LOFW with intentional RCS depressurization
using the safety injection system prevents failure of the pressurizer surge line and results in actuation
of the safety injection tanks. At the time of reactor vessel failure, approximately 40-60 % of the fuel
rod cladding was oxidized in the LOFW and the SBO transients of the typical PWR.
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1. SCDAP/RELAP5/MOD3

Total LOFW SBO
Events
Without RCS Dep
- - With RCS|  Without With
SW'thcl’_l.Jt S W'”Ii. Dep. Surge Line | Surge Line
urge Line urge Line Failure Failure
Failure Failure
Transient Initiation 0 0 0 0 0
Core Uncovery 2568 3568 1672 5574 5574
Cladding Failure 3187 3187 1891 6410 6410
SIT Actuation - 4730 1924 - 8304
Core Melting 3856 3856 7942 7073 7073
Prez. Surge Line Failure (4,605) 4,605 - (8180) 8180
Initial Relocation 7685 10,378 8958 11899 14267
to the Lower Plenum
Reactor Vessel Failure 9109 N/A 10305 13242 15500
2. SCDAP/RELAP5/MOD3
Total LOFW SBO
Without RCS Dep Without With
With RCS| Surge Line | Surge Line
Dep. Failure Failure
Without With
Surge Surge Line
Line Failure
Failure
Clad. Oxidation Rate (%) 54.8 55.5 38.5 56.0 56.1
Hydrogen Gene. Mass (kg) 818 829 575 836 838
Total Relocated Corium 145.7 N/A 120.2 142.9 134.8
Mass in the Lower Plenum
(ton)




1.4e+7

1.2e+7 A

LOFW without RCS Dep.
4444444444 LOFW with RCS Dep.
——— LOFW with Surge Line Failure

1.0e+7 A

Pressure (Pa)

6.0e+6

{

|

|

|

|

|

|

|

|

|

|

: |

8.0e+6 - : =
' |

|

\

[

4.0e+6 - \l
|

J

2.0e+6

0 2000 4000 6000 8000 10000 12000

Time (sec)

1. SCDAP/RELAPS

—— SBO without Surge Line Failure
44444444 SBO with Surge Line Failure

1.8e+7

1.6e+7

1.4e+7 A

1.2e+7 A

1.0e+7 A

8.0e+6 -

Pressure (Pa)

6.0e+6 -

4.0e+6 -

2.0e+6 A

0.0 T T T T : (||
0 2000 4000 6000 8000 10000 12000 14000 16000

Time (sec)

2. SCDAP/RELAPS



Level (m)

Level (m)

20

LOFW without RCS Dep.
~~~~~~~~~~ LOFW with RCS Dep.
15 A ——— LOFW with Surge Line Failure
10 A
5 -
' T,
0 . h Mnlﬂl‘r"\ N"\I ; I
0 2000 4000 6000 8000 10000 12000
Time (sec)
SCDAP/RELAPS
20
—— SBO without Surge Line Failure
15 4 SBO with Surge Line Failure
10 A
5 -
0 T T T = T Ly T T
0 2000 4000 6000 8000 10000 12000 14000 16000

Time (sec)

SCDAP/RELAPS



—— LOFW without RCS Dep.
4444444444 LOFW with RCS Dep.
——— LOFW with Surge Line Failure

3500

3000 -

2500

2000 -

1500

Clad. Temp.

1000 -

500

4000 6000 8000

Time (sec)

10000

12000

SCDAP/RELAPS

3500

3000

2500

2000

1500

Clad. Temp. (K)

1000

500 -+

—— SBO without Surge Line Failure
44444444 SBO with Surge Line Failure

0

2000

4000 6000 8000 10000

Time (sec)

12000

14000 16000

SCDAP/RELAPS



Generation Rate(kg/s)

Generation Rate (kg/s)

3.0

LOFW without RCS Dep.

251 LOFW with RCS Dep.
——— LOFW with Surge Line Failure
2.0 1
1.5 1
1.0 -
0.5 A
0.0 T T T 1=
0 2000 4000 6000 8000 10000 12000
Time (sec)
SCDAP/RELAPS
4
—— SBO without Surge Line Failure
~~~~~~~~ SBO with Surge Line Failure
3 -
2 -
1 -
0 T T T T T . f
0 2000 4000 6000 8000 10000 12000 14000 16000

Time (sec)

SCDAP/RELAPS




10.

Release Amount (kg)

Temperature (K)
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