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SUMMARY

The amount of in-vessel combustible gas generated during severe accidents
affect the integrity of containment. As the MAAP computer program was used
as a major tool in the severe accident analyses for the Korean Next Generation
Reactor, the MELCOR code is expected to be used to compare with the MAAP
results at the licensing stage. The purpose of this report is to establish technical
bases for an application of the MELCOR code to the Korean Next Generation

Reactor by modelling the plant and analyzing typical accident scenarios.

Sensitivity analyses on the in-vessel combustible gas generation, using the
MELCOR program, are described in this report for the Korean Next Generation
Reactor. The typical accident sequences of a station blackout and a large LOCA
scenario are selected. A lower head failure model, a Zircaloy oxidation reaction
model and a B4C reaction model are considered as the sensitivity parameters.
1273.15K is used as a failure temperature of the penetrations or the lower head,
and an Urbanic-Heidrich correlation for the Zircaloy oxidation reaction model
and the B4C reaction model are selected for the base case. Case 1 used 1650K
as the failure temperature for the penetrations and Case 2 considered creep
rupture instead of penetration failure. Case 3 used a MATPRO-EG&G
correlation for the Zircaloy oxidation reaction model and Case 4 turned off the

B4C reaction model.

The results of the studies are summarized below : (1) Both the higher
penetration failure temperature and the creep rupture failure model cause a large
amount of hydrogen generation for a station blackout sequence, For a large
LOCA, however, the hydrogen generation doesn’t change much. (2) The
MATPRO-EG&G correlation for a Zircaloy oxidation reaction results in less
hydrogen generation than the Urbanic-Heidrich correlation (Base case) for both
scenarios. (3) When the B4C reaction model turns off, the amount of hydrogen

decreases for two sequences. (4) The amount of CO, CO2, and CH4 do not



significantly change for two sequences.

It is found that the selection of hydrogen generation model affects fuel relocation
characteristics inside the core include fuel channel blockage. Since it changes the
amount of hydrogen generated from the core, a future study is recommended on

this area.
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% 1. TMLB' AbaL A A8y Axb Adxt

Base
Casel | Case2 | Case3| Case4d
Case
Parameter Description (x1) | (+2) (x3) | (x4) (*5)
Core Uncovery (sec)
- top of fuel (-1.592 m) 5797 | 5797 | 5797 | 5797 | 5797
~ half core (-3.49 m) 7307 | 7307 | 7307 | 7307 | 7307
7838 | 7838 | 7838 | 7838 | 7838
- core dryout (-5.40 m)
Core Oxidation Initiation(sec)
8000 | 8000 | 8000 8000 | 8000
UO; Melting Start
- Debris generation & Fuel | 8544 | 8544 | 8544 | 8953 | 8563
relocation into core support
plate (sec)
Core Support Plate Fail
/Start of Debris Quench 12832 | 12832| 12832| 13898 | 13212
(sec)
Lower Head Penetration
Has Failed/Beginning of 12840
] 12870 | 13111| 13903 | 13219
Debris Ejection to Cavity (Ring2)
(sec)

(x1) ICI penetration tube failure temperature = 1273.15K
Oxidation Model : Urbanic-Heidrich correlation

B4C oxidation Model was employed.

(*2) ICI penetration tube failure temperature = 1650K

(*¥3) ICI penetration tube failure was not considered.

Reacor Vessel failed due to creep rupture.

temperature = 5000K

(*¥4) Oxidation Model : MATPRO-EG&G correlation
(¥5) B4C oxidation Model was not employed.
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¥ 2. TMLB' AtaA] AARE7]) A -A7A] walo A A 7ps

Cumulative Mass prior to VB (kg)

Generation
Gas Time(sec) Base Case 1| Case2 | Case 3| Case 4
Case
Hydrogen (H») 8000 588.18 | 61855 | 645.35| 561.81 | 612.26

Carbon Monoxide (CO) |8440(x8560)| 5.623 | 5.623 5623 | 4.562 0.0
Carbon Dioxide (CO2) [8440(x8560)| 12.23 | 12.23 12.23 | 13.92 0.0
Methan (CHy) 8440(%x8560) | 1.2E-4 | 1.2E-4 | 1.2E-4 | 2.3E-4 0.0

* 1 Case 3

_20_



3% 3. Large LOCA Abar Al Atarzls) AL 43}
Base
Casel | Case2 | Case3|Cased
Case
Parameter Description (1) (x2) | (x3) | (%4) | (%b)
Core Uncovery (sec)
- top of fuel (-1.592 m) 116 116 116 116 116
~ half core (-3.49 m) 4237 4237 | 4237 | 4237 | 4237
6491 6491 | 6491 | 6879 | 6504
- core dryout (-5.40 m)
Core Oxidation Initiation(sec) | 4260 | 4260 | 4260 | 4260 | 4260
UO; Melting Start
~ Debris generation & Fuel 4705 | 4705 | 4705 | 5026 | 4713
relocation into core support
plate (sec)
Core Support Plate Fail
8243 8243 | 8243 | 8526 | 8722
/Start of Debris Quench(sec)
Lower Head Penetration
8261
Has Failed/Beginning of (Ringl) 8272 | 10795 8551 | 8837
Debris Ejection to Cavity(sec)

(*1) ICI penetration tube failure temperature = 1273.15K

Oxidation Model : Urbanic-Heidrich correlation

B4C oxidation Model was employed.
(*2) ICI penetration tube failure temperature = 1650K
(*3) ICI penetration tube failure was not considered.

Reacor Vessel failed due to creep rupture.

temperature = 5000K

(*4) Oxidation Model : MATPRO-EG&G correlation
(¥5) B4C oxidation Model was not employed.
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¥ 4. Large LOCA A3l Al (A2 87] IEAHA7EA] 4o A T A E 7~

Cumulative Mass prior to VB (kg)

Generation
Gas Time(sec) Base Case 1| Case2 | Case 3| Case 4
Case
Hydrogen (H») 4260 406 406 406 273 387

Carbon Monoxide (CO) |4620(x4720)| 10.15 10.15 10.15 8.86 0.0
Carbon Dioxide (CO2) [4620(x4720)| 11.05 11.05 11.05 7.16 0.0
Methan (CHy) 4620(%4720) | 1.04E-5| 1.04E-5 | 1.04E-5 | 2.3E-6 0.0

* . Case 3
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Figure 1. Total Zr, ZrO, Mass in Vessel for TMLB’ (Casel)
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Figure 4. Total Zr, ZrO, Mass in Vessel for TMLB’ (Case4)
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Figure 25. Cumulative Hy Mass Generated in Vessel for LLOCA (Casel,2)
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Figure 26. Cumulative Hy Mass Generated in Vessel for LLOCA (Case3)
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Figure 27. Cumulative H, Mass Generated in Vessel for LLOCA (Case4)
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Figure 28. Cumulative CO Mass Generated in Vessel for LLOCA (All Case)
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Figure 29. Cumulative CO; Mass Generated in Vessel for LLOCA (All Case)
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Figure 30. Cumulative CHy Mass Generated in Vessel for LLOCA (All Case)
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Figure 31. Pressure in Containment for LLOCA (Base Case)
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Figure 32. Pressure in IRWST for LLOCA (All Case)
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Figure 33. Hz Mass Distribution in Primary System and Containment for

LLOCA (Base Case)
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Figure 35. H; Mass in IRWST for LLOCA (All Case)
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Figure 36. H; Mass in Upper Compartment for LLOCA (All Case)
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Figure 37. H; Mass Flow Rate from Cold Leg to S/G A for LLOCA
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Figure 38. Integral H» Mass Released from Cold Leg to S/G A for LLOCA
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Figure 39. Total UO; Mass in Cell 107 for LLOCA (Case3)
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Figure 40. Total UO; Mass in Cell 107 for LLOCA (Case4)

_62_



20014 12

INIS &M Z=

A4

A

T(0).F()

A
APR1400¢] =1 ¥A71~ A

H
L

73p

Nds MELCOR ZEE

U.S. NRC7}

T
R

APR1400<& o

KAERI/TR-1980/2001
CEYEY

= X A
3 A A

<+

-
o

H

__O._
3
ol
=
=
ol | [0
o | il
| ®
AL
” Tod
)
o
o
S
~
Mo 7
~N
r
e Il
I+ | =
3 | | ¢
oll | o

-
.

H 3149

2

"
o

==

A

RHow HE27lR o] Aks} WkE 2 Ele Urbanic-Heidrich AF32] &

=

=

718 zko & 1273.15K

Gl

3

g]

7452} Creepel

1650K=  F7FA1Z1

=
=

pild

AR 7}

RS

9

Fo k. MATPRO-EG&G

FAFS

7]

ArAl S ALg3EE 795 Urbanic-Heidrich A#A1S A&

el
(o

7
Njo

.

k9
“

1

R

HEH(CH) =S F Abal B Case 4ol A

o] xkshek4- (C02),

F3}ek 4= (CO),

[©1PS
=

m_e

B4C

G el 7t
AE

g]

A up =]

=% relocation model

Hep §g% e

I, B4C, APR1400

A
Al

Azt

wWsl7h shelu ol

el

MATPTO-EG&G, Urbanic-Heidrich

o] A71= At

Hh] Az,




BIBLIOGRAPHIC INFORMATION SHEET

Performing Org. Sponsoring Organization Standard Report INIS Subject Code
Report No. Report No. No.

KAERI/TR-1980/2001

Title/Subtitle Sensitivity Analyses on In-Vessel Combustible Gas Generation for
APR1400

Main Author See-Darl Kim (KAERI, Thermal-hydraulic Safety Research)

Author S.Y. Park, D.H. Kim (KAERI, Thermal-hydraulic Safety Research)
Pub. Place Taejon Pub. Org. KAERI Pub. Date December 2001
Page 73p Fig. & Tab. Yes (O),No( ) Size A4
Note
Classified Open ( O), Outside ( ), ----- Class Report Type Technical Report
Sponsoring Org. KEPCO Contract No.
Abstract

Sensitivity analyses for the in-vessel combustible gas generation, using the MELCOR
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