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Abstract © In this study, damages caused by flash fire, overpressure, and thermal radiation based on the sizes of leak holes were evaluated using the
areal location of hazardous atmospheres when natural gas leaked owing to the damage of pipeline in a LNG fueled ship. In addition, environmental
variables (wind speed, atmospheric temperature, and atmospheric stability) and process variables (pipe pressure and pipe length) were classified to
analyze the damage impact ranges caused by various scenarios. From the results, the damage range caused by the environmental variables was the
largest, followed by overpressure and thermal radiation. Additionally, for the process variables, regardless of the pressure, length, or size of the leak
holes, the damage range attributed to flash fire was the most significant, and the damage range was high in the order of overpressure and thermal
radiation, similar to the environmental variables. The larger the size of the leak holes, the higher the values of the environmental and process variables,

and the higher the damage range caused by jet fire compared to the environmental variables.
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Table 1. Variability of environmental dispersion parameters and

el A 7E Alvte] ol wE dsi el wd A

Table 3. Key hazardous levels of pipeline release of natural gas

source release parameters it e :
Classifica) Accidental *| -y o 13 | Level2 | Level-l
Variables Values tion consequence
. Wind speed(nvs) 1~7 Flash fire
Environmental : - (flammable | 60 % LEL _ 10% LEL
dispersion  Atmospheric temperature( C) -10~40 vapor cloud | (26400 ppm) (4400 ppm)
arameters i
P Atmospheric stability) A, B, C, D, E, F bufn?ng distance)
Pipe inner diameter(mm) 264.6 Blast Destr_uct_ion _ _Serioys Shatters
Gas release (overpressure | of buildings | injury likely glass
Pressure(kPa) 1,000~8,000 distance) (55.16 kPa) | (24.13kPa) | (6.89 kPa)
parameters
Pipe length(km) 0.1~2.0 Jet fire Potentially | 2nd degree Pain within
. (thermal lethal within | burns with
Burning - 60s
radiation 60s 60s )
Table 2 Definition of hole size applied to simulation distance) | (10.0kW/md)| (5.0 kW/md) (2.0 kW/m)
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from pipe = Apgstel ty] ehgme vkl A9 gl Mol B
Hole 25 Representative of a generic medium leak S AHg3low 2%} Hx= 717} 20T, 50 %= 7HE 3Tt
from pipe (Comarova and Mangul, 2008).
Rupture  Full bore Representanvlee aif farlOIgneneinZ catastrophic
i 2.3 #8td e (Mathematical model)
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o] 7] A,
Cp, = Leakage coefficient
Py = Pipeline pressure(kPa)
A = Leakage area(m’)
g, = Gravity constant(-)
NMw = Molecular weight(g/mol)
R = Gas constant(-)
= Operating temperature(C)

&AL @ e (Dispersion Model)
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o714,

¢ = Concentration downwind at location(x,y,z),(kg/m3)
@ = Release rate(kg/s)

z = Downwind distance(m)

y = Crosswind distance(m)

z = Vertical distance(m)

H = Height of source release(m)

0, = Horizontal dispersion coefficient(m)

0, = Vertical dispersion coefficient(m)

v = Wind speed(nv/s)

a83 SR TEel 9 49 4@ 208 o
S R] }4(4)9,], 2ol st A YERd F (}]E}(Zhu et al,
2013)
Q s
C(I7y7Z7H) 2 ’UO'yO' erp 20-212 (4)

oo} 2]
20,2 20,2
2.3.3. 9 2H (Effect Model)

Hjgo A 7t EZe] & Al Al 2 ZHkrfare] v
Aol itk v o ®RE HATIATE wEA FEH T 3}
A7F AT AL AE A Jet Fire)oll oJ8l shAjAbarzp 2
Ay3}o] FAFE (Thermal Radiation)ol] 2]3+ I8 &35 7}4 Q.
9] 9o #FH(Overpressure)} HAMA o] o 3F
o prrr) 5/\3% Wo| dare E=AEA] o}
A E VT BALD ] o 33|
A3 shAle o3t FA FoA BE AFHo=

et al., 2013).

_ feH,

£ (6)

7= @)
i=1

o714,

E = Energy of explosion or combustion(J)

H, = Heat of combustion(J/m3)

J = Combustion efficiency factor(-)
q = Total thermal radiation flux(kW/m?2)
= Thermal radiation flux of point i(kW/m2)

X, = Transmissivity(-)

z; = Distance from the source(m)
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E=VyH, ®)
t,=t,c,(P/E)' ©)
R=R(P/E)'? (10)
Py=(P,~P,)/P, (D

o171 A,
V, = Volume of a flammable gas(m3)

P, = Side-on absolute blast overpressure(kPa)

P = Scaled blast overpressure(-)
P, = Ambient pressure(kPa)
¢, = Ambient velocity of sound(m/s)
t, = Positive phase duration(s)
R = Fuel-air charge radius(m)
R = Scaled distance(-)
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Downwind flammable distance (m)

Downwind overpressure distance (m)

Downwind thermal radiation distance (m)
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Fig. 4. Damage effect distance according to pipeline pressure of
compare in different leakage hole diameter; (a) flammable
vapor cloud distance, (b) overpressure distance, (c) thermal

radiation distance.
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