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Fire Mitigation by Partitioning a Sodium Loop Building
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ABSTRACT

Analysis on the study for the sodium fire mitigation was carried out using the CON-
TAIN-LMR code. Sodium loop building was partitioned into the many cells, in which the safety
venting systems were installed for the purpose of improving the sodium fire safety and
minimizing its effect on the sodium loop building. The effects of sodium fire on sodium loop
building partitioned into the many cells and not partitioned were investigated. The peak pressure
and temperature of each cell accompanied by sodium fire in sodium loop building partitioned
were lower than those of sodium loop  building not partitioned. In the case of partitioning
sodium loop building, the pressures, temperatures and aerosols into cells were transferred
through propagation path of CONTAIN-LMR sodium fire model simulated by this study, and
the effect of sodium spray fire on sodium loop building was mitigated by partitioning building.
In addition, the excessive rise of pressure into cells was prevented by installing the over-
pressure exhaust valve and under-pressure exhaust vaive on the flow path between cells.
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o719 A, W;: Total material mass flow rate
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Table 1 Characteristics of the safety venting systems

stRjetstE oIt &7 B 2

2 g3t

Over pressure |under pressure|under pressure} Over pressﬁre Over pressure | Over pressure | Over pressure | Over pressure
Safety venting system | valve between | valve between | valve between { valve between | valve between | valve between | valve between | valve between
celll and cell2 | celll and cellf | celll and cell5 | cell2 and cell3 | cell3 and celld | cell3 and cell5 | cel5 and cell6 | cell6 and cell?
Flow path area 10 10 10 20 10 10 10 10
(m)
With | 4P beginning 1,000 ~4,000 - 4,000 1,000 13,000 1,000 1,000 1000
partition | to open(Pa)
:i:::;[ﬂg: (2)? 05 05 05 05 05 05 05
Flow path area 10 0 10
()
Vithout | 4P beginning 1,000 1000 1,000
partition | to open(Pa)
Turbulent flow 05 05 05
coefficient, Crc

Table 2 Sodium spray design base leak in sodium lo-

op building
Sodium Leak rate (kg/second)
Case Time (second)
1 5 100 200 300
10 10 10 0 0
Partitioned 10 170 170 0 0
10 900 900 0 0
10 10 10 0 0
not
. 10 170 170 0 0
partitioned
10 900 900 0 0
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Table 3 General parameters and sodium loop building
data in CONTAIN-LMR code for sodium fire

analysis
Initial Pressure 1.0x10° Pa
Gas Temperature 308 'K
Sodium Temperature 823°K

Gas composition N2:79.2%. 02:208%

Free Volume in each cell

Partitioned

Cell 1 2250 m’®
Cell 2 2,250 m*®
Cell 3 8,000 m*
Cell 4 5680 m’
Cell 5 2250 m®
Cell 6 2250 m®
Cell 7 1.0e5m®

—Not partitioned

Cell 1 9,000 m®
Cell 2 8,000 m’®
Cell 3 5580 m®

Major Equipment
Steam Generator
Control/HVAC and Duct IHTS
Seperator
Sodium Dump Tank
Catch Pan
Auxiliary vessel
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Table 4 Aerosol size distribution cell 1 in sodium loop
building with partition and without partition at
run time 46s

simple aerosol conditions in cell 1, when cells is partitioned by multi-cells
component, densities (kg/m#*3)

na2o? nal net
3648E-06  O0000E+00  7.296E-05
2716E-03  0.000E-00 5.433E-03
1011E-01 Q.000E-00 2.021E-01
4163E-02 0000E-00 8326E-02
3198E-03 0.000E+00  6.39E-03
TEME-(5  QOE-00 LI6IE-04
4069E-07 (0.000E+00 8.138E-07
2123E-10  0.000E-00  4247E-10
THME-15 0000E-00 1391E-14
0.000E+00  0.000E+00  0.000E+00

0.000E+00

0000E+00

naZo
3648E-05
2TITE-3
LOIE-01
4.163E-02
3.198E-03
T805E-05
4.069E-07
2124E-10
T956E-15
0.000E+00
component total(kg/m**3) 1487E-01
component total(kg) 333702

diameter range (m)
1LO0CE-07 to 3.162E-07
3162E-07 to LOOCE-06
1.000E-06 to 3.162E-06
3162E-06 to 1.000E-05
1000E-05 to 3.162E-05
3162E-05 to 1.000E-04
1O00E-04 to 3.162E-(4
3162E-04 to L.OOOE-03
1000E-03 to 3162E-03
3162E-03 to L.OOOE-02

LBTE-0
3332E~02

2975E-01
6.664E-02

simple aerosol conditions in celll when cells is not partitioned by multi-cells
component densities (kg/m##3)
naZo2 nal net
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533E-02  QO0E0
1.212E-02  0.000E+00
4028E-04  0.000E+00
3825E-06  0.000E+00
90HE-09  0.000E+00

6.336E-6
6.149E-03
LOTSE-01
24%E-(2
8.056E-04
TE0E-06
1.802E-08

A7t 7R A9uch A ol

1.4e+5

%
ol

1.3e+5

—o— C..inCell1 =20
—o— CpcinCell2 =2.0
—=— . CieinCell1 =01

3162E-4 to 1.000E-03
1.000E-03 to 3.162E-(3

29%9E-12
8947E-17
000E+0
component total(kg/m*+3) 6938E-02 6937E-02  0.00CE-00
6.218E-02  6217E+02  0.000E+00

2999E-12 0.000E+00
8H0E-17  0.000E+00

5.998E-12
1788E-16
0.000E-00

1.387E-01
1.243E+03

component total(kg)

gke] ukgo) o)ty AEEASREE F7) 94
HEAE ZHA L Q7] Wil YRR FEEo
A orgith Table 45 ZFE run timeo] 46
24 o FEzE H$ FYsEA ¥& AL
9] 4 1o4M] doj2ZEe) A7) BXE va

—w— C.oinCel2=0.1

1.2e+5

Pressure (Pa)

1.1e+5

1.0e+5

k T T T T T
0 50 100 150 200 250
Time (sec.)

Sodium leak rate: 170 kg/sec

300

Fig. 11 The effect of Crc on pressures of cell 1 in so—
dium loop building with partitions

Table 5 Aerosol density in each cell of sodium loop building with partition and without partition

Cell Cell | Cllz | Col3 | Cellda | Cel5 | Celie | Cel?
Acrosol | partitioned | 207E-01 | 437E-02 | 342E-03 | 153E-06 | 519E-04 | 5.00E-05 | 859E-09
Density not 138E-01 | 535E-02 | 971E-05 | 2.33E-04
(kg/m>) partitioned ’ * ' ’
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