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Application of FDS for the Hazard Analysis of Lubricating Oil Fires
in the Air Compressor Room of Domestic Nuclear Power Plant
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Abstract : The standard procedure of fire modeling was reviewed to minimize the user dependence, based on the NUREG-1934
and 1824 reports. The hazard analysis of lubricating oil fires in the air compressor room of domestic nuclear power plant (NPP)
was also performed using a representative fire model, FDS (Fire Dynamics Simulator). The area (4,) and location of fire source
were considered as major parameters for the realistic fire scenarios. As a result, the maximum probability to exceed the thermal
damage criteria of IEEE-383 unqualified electrical cables was predicted as approximately 70% with A,=1 m’. It was also found
that for qualified electrical cables, the maximum probabilities of exceeding the criteria were 2% and 90% with 4,=2 and 4 n’,
respectively. It was concluded that all electrical cables should be replaced with IEEE-383 qualified cables and the dlke to restrlct
as A, <2m’” should be installed at the same time, in order to assure the thermal stability of electrical cables for lubricating oil fires
in the air compressor room of domestic NPP.

Key Words : nuclear power plant, lubricating oil fire, fire modeling, fire risk analysis, FDS(Fire Dynamics Simulator)
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Fig. 1. Process of fire modeling”.
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Fig. 2. Perspective view of the air compressor room including
electrical cables for the domestic nuclear power plant.
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Fig. 3. Fire growth curves with the change in the area of a
fire source (4;).
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Table 1. Results of the V&V study by NUREG—1824

‘ Predictive Model uncertainty

Output quantity capability s B

HGL temp. GREEN 1.03 0.07

Target temp. YELLOW 1.02 0.13

Total heat flux YELLOW 0.85 0.22

O, concentration GREEN 1.08 0.14
Smoke concentration YELLOW 2.70

4 : Bias factor by the results of the V&V study
o, ¢ Relative standard deviation

9 A dE 2 A Deardorff 23} EDC (eddy dissipation
concept) Hdlo] 717t A-GE|Qrt. FDSO| X7 2
o] ot Kot Ak 8- aradelA] geld
2 %E]_l6,22).

Table 1-2 NUREG-18240]|4 <185 V&V Ail=
A, F8 EgZfo] gt FDS &5 JAdFeR
e Anolth GREENS FDS7} o ejarg 4
A BT 79 WollA A3 d5E 5 AL
1519, YELLOW:= 39 Zajeko] oj2o 7l=3ix
W AE 2SR WS Wold 2 Ao R A
& USE Uehdth A7) AelEe 93 &I+
of sfFE= HTEAY 2=(FHEE)} FHE5S

lo

d

A

rlo

O

YELLOW =39 sidES 13 o, shxj= <lst ?5_
7] AlolE9] kA F7tell thEt FDSS] 3 9l 24
Avto] AL R3] A= Agaer o7 a

THE A = Sk

2780l = AFE Aol thdrt At ST}
FDSO] vwE &9 V&V 23 A4 02 wkgst]
HelM=, 2 Agtelld et sz 9 SR
glert 71E At Ao W el EetEeA]
£ BRlsfioF gl Table 20f= Froude =, 4 =0]°
gzt steddol, +2le] FRu)eh 22 Akl ol o
stof 2 Aol A 28H st 715‘— Aelaate
e HA7E A= O A3 wE SjAuE| e
F70] V&VeA a1 dazzio] fefol ZoE gl
= o Sk

==

3.3 2R BIZHE A1 3 Qlfolxt A

LES 7|¥<& #-83h= FDSO| 7%, AR A7|+=
7 55 2 dande] ozuel 4yzew Bl
™, SPEAA O] A5l v & FFS A A Hok
At ow sfmdlgox AXLe] 27|= 54 A
2] 7(characteristics fire diameter, 7)™ Uj&o] 10~2074
of A7} 44 © ege Aot AgEckn 4

¢

O

Journal of the KOSCS, Vol. 31, No. 2, 2016



=L AU A9 T7| AEI|HOM =27 32

Table 2. Evaluation of applicability of V&V results by NUREG—-1824

Quantity Normalized parameter Validation range In range
- )
O 0D
Fire Froude Number A =1m’ om? am? Sm? 0.4~2.4 Yes
Q" 0.651 0.674 0.668 0.462
L/H, L/D=37Q*"1.02
Flame length (Z,) ,) 5
relative to ceiling height () Ap=1m? 2m” am? 8m* 02~1.0 Yes
L/ H 0.311 0.449 0.632 0.713
Compartment aspect ratio L/H=31.0/7.6=4.07, W/H=21.0/7.6= 2.76 0.6~5.7 Yes
Table 3. Combustion properties of the lubricating oil 4 7Ed_,1|. =1 ?:‘.'E
Property Value
E| =]
Effective formular Ci4Hzo (n-Tetradecane) 4.1 FDS Z EI‘—O—l ]xl' T'_‘&!
Density (kg/m’) 760°) FDS Aol mdl Holile gl vighe: 245 vk
Effective heat of combustion (kJ/kg) 46,000™ 6}7 ] o]?ﬁ_oﬂ, li]‘ 751_34’ Oﬂ T’H—(‘ﬂ' 'E'_}‘\j% _/;'33}931:}, Fig-
2 = -
Total volume (m’) 0.04 4= Ale m< ZJ—‘E‘ IA 01:]—27] Aoﬂ’ﬂ QZH t‘e}%g/\] 5
A=) Z iz [e)
Asymptotic diameter mass loss rate, 0,039 7H 1%-04 7'"01'501]/\_] Hhx (EEPE }—]Eﬁ EHE Oej‘rr
- 2 . _ . =
i’ (gl -) %2 A Aotk Fig 28 F3) S1E 4 9ol
k3 (m") 0.7
CO yield (kg/k 0.012% 1200
yield (kekg) (a) Surface temperature A compressor A (A=1 m?)
Soot yield (kg/kg) 0.042% 3 1

Table 4. Thermal properties of materials

sl | ey | e sondiity | Sy e
Concrete” 2,400 1.600 0.750
pvC” 1,380 0.192 1.289
Carbon steel™ 7,850 54.000 0.460
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electrical cables for the fire generated at IA compressor A
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Table 5. Model sensitivity to uncertainty in heat release rate
Output quantity Power dependence
NUREG-1824 Present study
HGL temp. rise 2/3(0.67) 0.82
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O, concentration -1/2(-0.5) -0.16
CO; concentration 1/2(0.5) 0.97
CO concentration 1/2(0.5) 0.97
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