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ABSTRACT

Fire and explosion analysis are performed for the quantitative risk assessment on the LNG test plant. From
the analysis for a case of fire due to large leakage of LNG from the tank, it is obtained that loss of lives
can be occurred within the radius of 60 m from the fire origin. Specially, wind can extend the extent of
damage. Because the LNG test plant is not enclosed, the explosion overpressure is less than 6 kPa and the
explosion has little effect on the integrity of the LNG test plant.

Key Words : Hazard, Risk, Fire, Explosion, QRA

1T.ME2

AfLt 7hAE A4S BUEY 948 Are
shi H3lst SASL A4to] ot 45
d 2o EAstA Hrt durEel ¢ o] B4
= 577X (process equipment)Lf 2k Ujof] 21O
A g 71 %Xég AXA Fet - o7 7R
olf= oleldt 20| 7] Fo FEHM Y =
NE= o] Yol AHsiA "t 714 e 7t
A4 Edo] &= AEFA(et fire), flash 3}A,
fire ballo|t} %7]-8 ZEYH(vapor cloud explosion)2]

HRlo] Hrh HA Fei= FE=H E3 A (pool fire)
oF S 7kl ofjh shAf 9 Fe] f19lo]
ZNET} A WsHA Hi ot troFat 9o o
S0l 242 HFH 9A8)E B HQuansiative
Assessment)2} 3} HE ZEO] 7| EAA &

m

s

pal

Ris|

7o

+ Corresponding Author, mbkim@kimm.re.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licences/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

= FEED(Front End Engineering Design) T7| o] 4]
Yot foEs FAEe] E4o ge o2
A Hg Qv f_\’fj_], Ak, AR o) 2]gh
A For AR 53] ¢ &4 tisto=
o UetSol Tl 4 AT Qo 1988 3
FZWE Piper Alpha[l]o| 4] WA shz] ZH2 Q1

=‘=’_9.rl~>jﬂ—{>

0.

o o me] A ole A BARS AAEE uh
Qth HE X9 xL MASE Zal Eo| AL YA
£a10) Wgol B BAES] FHol urer A
£Alo0] 2 A9 otk oY YRS A
fstel o 3eAel Ao Hash

IgA M= EREY AT 225 Fofsto] 3
7}8l= A 9ld] ®% Hazard Identificationo|2}al St
t}. o 7)o What-IF, HAZOP(Hazard and Operability),
FMEA(Failure Mode and Effects Analysis) 5 #| 4| s}
F "o g Eo] ZA3tH2]. 9P 8L Hrts
Foto] of® 7]719) 1Y B oRFo] ANz
A% 5 A BARCL gl oA Eas
01] A= ol3tA $-A49] == (Leak or Release)S Alal
o Aaro R g tebd oo AL 2 ol

oHd FAI7E FEE = WS BAS L HAE 5
e Wo] mAET



2 g4 - 4

=)
=

c =R AEHE - AR

2 A | A= AFaLe] Al2FQL AFZ(Event) 2] Ay Wl
ZoF Aba(EH, Ed 259 TRE YARIEE A
Abstct, D AFA| Al A(FTA, Fault Tree Analysis) %5
& 0]-&35to] ZWEL] 7} 949 nAo] ofFHA <l
I} 22 FEE AEE=AE 4% o] &
oA Zt a4 71719 1ZE dlolg7t dast,
o|& 7|Wto 8 +& Ao WA EE ALlstA H
t}. AFAA| A EA(ETA, Event Tree Analysis)ol A=
FEA0] AU Eaka 22 AR T (Accideny 2 o]
oA &= TS AT A A A Aol AR
AAEA A5 AASHE 2FH o= 7 AkaLe] 7l
S5 AARE 4= oA "k

3dtAl= ZF Abaze] A K(Consequence) 2 -1 5=
Taljo] EAolct. gl thidel wet &4 md g (Da-
mage modelling)o] B} ofg] 74X FF| ¥t
A d|Ao] dasiet AARE AP A e} 20 o A
A4tE TR EE 7|9 o2 Q| E(Risk)E AAHE
T AUth BE A gsfol dhigh YaiE= A0S 7]
#90 2 3}= IR(Individual Risk)¥} IS 7|&o =2
3}+= F-N(Fatality-Frequency) 241 0] Qlt}. A4l
ol AAIEA S Tt SlslEs The A7k e &
Aog vpetd 4= Qlrh

2 dAFollA= LNG Al EHE it %
OBl BAS 1T S W E ART B4
stk ol 9I5ko] Bh Alke) 2.9F Zuk AL}
/g8t CFD 71¥-& o] &5}, A= H]
9] FDS(Fire Dynamic Simulator)[3,4]&, =
| E2Q] FLACS[S]E ©]-8-3}o] afjA& 38
Aaafol] Thet R4S AARIT

FDS+= u|=-9] NISTO| A 7Hd-El CFD 7|%e] 3}
Qs A 2 agholt ol it 347 ¥-2 LES
(Large Eddy Simulation) 2 @2 A5} EALE A
o= narrow band model(RadCal)S, 3HA] A4 &
o FSHE -G (Mixture fraction) 2 d2 AFR3FL Q1

(G

i
o 4 o

ic)

T
=

(o L o2
o flo oo
do ox HI it o2

L,////,//’ A
\

R ——

Aot} o Fa gake
3 Yoy SHE AujoA9 sh & F4
2 A 33t 2717 v AM A7
W s BAE AyHoR Agals] ol Hety
olF ZRIHYLE § AT of o7t Y-S HASH
7] $]3} sub-grid = 2(FDS: Smagorinsky %2, FLACS:
p R Agst st

offt [0 &

2.5 o o =2

2.1. A1 CHAL

o] AIE A2 LNG Hz, B g Jugly] 5o
et AEAIES sk Sl EWECIH, LNG
AL, 3 57, LNG H= A|E de] 52 Al
olAlz A= o] 9itt. Fig. 1o] ABA LY As
£ e Sl

41 27H2- 110 m (W) x 110 m (D) x 50 m (H)o]
2,3 L EF N B E 1m oY 2YES
ARESETE LR E 7hA 2 dA o] e WAl
LNG #® 30|49 EALE743 2 (over pressure)
o] Zroll it W= B7HE Fol 2= UTh

ol

2.2. 317 & ZEdt A|LI2]| L
AAAAEA A3 ING A% Aot gAY A
Hlof A F=EH 7 8ol ATt A 9 FHdol

7P 1R8] mio] ol & 7Ivte = shglt. E 9
A= LNG7F fiF o2 #2484 e 22 LNG
AR A INGHZE HAESH: F3bo|th drt
How Habe] wsjrt & 2 dulE s3tolu &
Ak R Qlstel duzt WxjF o] 9= 31t o

Ignition point

Fire & Explosion Region
in Pump Test Area
-Circulation Drum 1
-Test Vessel 3

Fig. 1. Layout of the LNG test facility and the ignition location.
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Fig. 2. 98 MW fire with no wind.
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Fig. 3. 310 MW fire with no wind.
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Fig. 4. 310 MW fire with wind velocity of 5 m/sec.
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Table 1. Critical heat flux[7]

Incident Type of damage caused
flux ) Damage to Exposure to
(kW/m’) equipment people
Damage to process | 100% lethality in 1 min
37.5 . .
equipment 1% lethality in 10 s
Minimum energy to
250 ignite wood at long | 10% lethality in 1 min
’ exposure without a | Significant injury in 10 s
flame
Minimum energy to
ignite wood with a | 1% lethality in 1 min
12.5 . . .
flame; melts plastic | First-degree burns in 10 s
tubing
Causes pain if duration
4.0 is longer than 20 s, but
blistering is unlikely
16 Causes no discomfort for
' long exposure
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Fig. 5(a). Propagation of pressure wave with the scale
of +6 kPa.
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Fig. 5(b). Propagation of pressure wave with the scale
of +6 kPa.

Table 2. Critical over pressure[7]

Overpressure (kPa) Damage Levels
> 83 Total destruction
> 35 Heavy damage
> 17 Moderate damage
>3.5 Minor damage
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Fig. 6. Pressure wave at several locations (Refer to Fig. 1).
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