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Abstract : In this study, one calculated the range of damage to the combustion characteristics according to the composition of LNG and the size of
leaking holes, and analyzed the damage effect in case of leakage accidents caused by pipe damage in the re-gasification process for the LNG supply
system. In order to confirm the combustion characteristics according to LNG composition, there was no significant difference in the result of risk analysis
by LNG-producing areas. However, the higher the methane content of the components, the lower the risk of flash fire, hazardous areas of overpressure
due to explosion, and thermal radiation damage caused by jet fire. In addition, one investigated the effect of leakage, holes, and ruptures on the risk
range and explosions according to the size of the pipe-leakage hole. Also, the influence of overpressure and the range of damage from radiant heat could

be predicted. One confirmed the effect of LNG composition and pipe-leakage size on fire and explosion.
Key Words : LNG leakage, Re-gasification process, Flash fire, Jet fire, Vapor cloud explosion
1. M 2 2bslE o] HlEL 90 %~95%, o] AFstErAe] HlES 20 %~

25 %(Andersen et al., 2011), DA24FsE9] vlE-2 85%~90 %
4 ool 1 ok qe1ce] 2 AEES 2aA7 b Aow dHA ArkLe, 2015). o
LNG(Liquefied Natural Gas)©= t7]<} 7] le1cel &

_(

o}
A4S ZHAH(Seo et al, 2017), A3t wol= aadEe] o wER HAT S B S AnTt WACHAA W]
/6008 © 2 B7} 7423t HA] e folde Azar HE A WD o] FHE 2= INGE wol A o] T}
(Kumr ot al, 2011). @ INGE A0h2] A Agabi 5 2 S AYoIek 0|9k 2ol INGE Al B0l % 7
W AEH o= ALEEo]e Y% 0 duel nuge w, A AN T B2 RS sFHa AR widkel A NG

SRR REA A8 Tbz0lY] Wi Fu 29178 3

datA HWA Astdol o shA Fko] AE = 9l
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2000). 3 H T3] )Y EFFarel A By st
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T FUHKim, 2016). ©]¢} o] LNGE A2 A& T
o] =8t AbaLZE RS A5 AL =Fo] 9% <
71 71e] £, 5AT A Adoldll 9g ve A I
YHBLEVE: Boiling Liquid Expanding Vapor Explosions),
i 59 9 84 E A 7R U t(Lee, 2015).
ale] ING 314 @22 W7t Belele] dad
| A= vt THE AFTE AR Jung et al
2 dpol ZefRle M o] ZhA FE Akl Fak L
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It} Dan et al(2014)2 LNG-FPSO Topside2] LNG <43}
oM Bl W Ewe] wa A AW LA o9
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ah5h7] SsAE e
ol wet B AT AE NG F
FHoIA ING % % vlzhol A
WAA ING A 3 7] F
AN GUANE A&

QekalA 245

M% FHa

o
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Location of Hazardous Atmospheres) 5.4.7 AL E o] & &-8-3
th. ALOHAE ¢F 351 Hdl A& /g ol /A=
AEHAQ BAYS Tt HAlsE A A= s 2
FFEAED FEATAHRE 1T F e ZEIaFo]
t}(ALOHA, 2013) A5t 7]l B3t = 712 dlo]
gHo] 2o Rt e]Estal §17] e "é%ﬂr% &7] ol 7}
5ol o FAARIS AP 5E STl we
o] o] 9 t}.(Chemical Safety Agency, 2015) wheha &%= 2
%7 %ol uwtg} ASPEN HYSYS Ver7.3& Sd B4 #S ¢
al, o] ALOHA®l wigiste] A5 vau-2£43 (55 &
3 LNG THEAleA=®S 3 e tiEA Al
LNG-FSRU(Floating Storage and Re-gasification Unit)-} LNG <1
FF20M ING HAE Bl Sl e obd A grol =
+S T STHHYSYS, 2004).

2. LNG &X[28 3t {3z 24
2.1 LNG MX|8 =d &4
Table 1< GIIGNL(Groupe International des

Gaz Natural Liquefie, 2016)°l| 4 7] 33+ LNG2]

Importateurs de
AHAE 222

g AU otk BolA mol& sk Lol AWAY LNG
o ZANE AWARE 2FH Zol7h LA iy

gk o g, 22 ek AA 5o 57 AR
EfUtts A oA AitE= dsbddrtas
ou, o]& A9
AEHE 71Este] WEke] A9
AT 12 o ¥ 2.7 %~9.0 %,
eto] 0.1 %~1.6%, Z27F 0.0 %~

=

ojty, o1 T
Helo] Ak BN Z 969 %S 2}X 3k 9
& YA Ao A= mol
87.6 %~ 91.6 %S YE
Z2Ho] 03%~33%,

0.6%°] =40 E YehaL glom, o] F wgh gk Z&
o] 2gu FAS AEEE 2 981% A H 99.9%
g AA5n 9ee & & Ak

Table 1. Typical composition of LNG imports by country

Origin Methane  Ethane  Propane Butane  Nitrogen
& (CH) (GH) (GHy (CHi) (N
Algeria 87.6 9.0 22 0.6 0.6
Australia 89.3 7.1 2.5 1.0 0.1
Malaysia 89.8 52 33 1.4 0.3
Nigeria 91.6 4.6 24 1.3 0.1
Oman 871.7 7.5 3.0 1.6 0.2
Qatar 89.9 6.0 2.2 1.5 0.4
Trinidad
& 96.9 2.7 0.3 0.1 0
Tobago
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LNG A 713} FA-NA LNG ¥l & 34 @ A}

ool whet slUATtze] R Fol A wlEk o,
23 A9)F 71E el Agss

e Ad ¥4 @ 5 glkn @
e AASGT fAA mARSE] 9lstel wE A
gatel Ane QYA

2.2 LING MX|EH s ¥k Hlw

ING TEAEA =" A7Ist FHolA LNG 2]
2 ING 7= A S8 =5 gelstr] Al 739 LNG 4HA
g AR BE B S HlaBA . A EE EAls
7] Yl A= HA LNGS] &3 (Explosion limit)E ¢31 L
ojof gttt FEAE Thetstr] fEA = LNGE T8
J &9 #7437 (UEL: Upper Explosive Limit)e} %25}l 7
(LEL: Lower Explosive Limit)E &3 lojof 3h=d o714
Zsg A oF gk A Abolo] W elE ATt Thsd W
A7 HYh &, kA T B v dA e ®S ddl 9)
S o Fdgdo] dojue AR 1 =7 AYUAA o
At AR A Fote FiS JojutH| 9%‘: HAE o)
THKOSHA Code D-22, 2012). o] 7|4 Ewal &A1= 7} So]
i'7] oA skl oste] &stE o] st¢lo] HAups= 7

2 T HAFEE SotH, v R 3= Tt §
o] 7] TelA Astdol oste] 23}E]o] o] AT}y =
7t T s s @ty FdseAvt e Ag T

e

rl

27b 2 FESCE At Faol 44 Lold 5 9
ovf, W BUSHWAL £& AP BE F| A2}
F5]ofof A} Zuo] Yol 5 Yok

obd XM A3 ¢ke] KOSHA CODE D-220] w2 7}
2 59 &3t Z2WEdAE 2ARE T HA S o] &3
| el

=
4= A TH(Kondo et al., 2006).

1
LEL . =
i n Y (1)
~ LEL,
1714,
LEL,,, : 7} & &9 Z438A|(Vol %)
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Table 2. Results by composition according to the law of Le

Composition We?g}?tl?;lrlscr)l) Hazard
Methane 16.04 2.0
Ethane 30.07 3.16
Propane 44.1 3.52
Butane 58.12 3.66
Nitrogen 28.01 -

Hazard[-]

225

220 1

2151

2.10 1

2.05 1

—O—  Molecular weight

19.0

185

r18.0

F17.5

F17.0

16.0

1. Comparison of hazard & molecular weight by for

LNGs produced from seven countries.

Molecular weight[g/mol]



Table 3. Physical properties of the composition applied to the simulation

Normal

High

Composition/ Molepular boiling Critical Critical HeaF Operating Heat qf calorific Specific
producing area (‘Z;rlng(})llt) p?int tem[()?ée)lture P r((li(s;:)re c??/?((;;y P r(c;.(s;:)re conzl}/lgtlon value il:t?(t)
(C) (kcal/kg)
LNG composition
Methane 16.04 -161.6 -82.45 4,641 3,477 101.3 50,030,000 13,180 1.363
Ethane 30.07 -88.73 32.28 4,884 2,353 101.3 47,510,000 12,330 1.275
Propane 44.1 -42.19 96.75 4,257 2,182 101.3 46,370,000 11,970 1.172
Butane 58.12 -11.66 1349 3,648 2,145 101.3 45,640,000 11,750 1.119
LNG producing area
Algeria 18.25 -162.5 -54.93 6,708 3,059 101.3 48,920,000 12,840 1.374
Australia 18.17 -160.7 -55.33 6,779 3,081 101.3 49,300,000 12,940 1.323
Malaysia 18.32 -161.6 -54.71 7,025 3,052 101.3 49,100,000 12,890 1.369
Nigeria 17.92 -161 -58.75 6,657 3,121 101.3 49,360,000 12,960 1.365
Oman 18.63 -161 -50.88 7,218 3,008 101.3 49,100,000 12,880 1.367
Qatar 18.18 -161.9 -56.36 6,842 3,073 101.3 49,070,000 12,880 1.37
Trinidad
& 16.55 -161.2 -74.71 5,178 3,371 101.3 49,870,000 13,120 1.363
Tobago
AB)yE B Fletgh A of gk Abole] We7E 4 Fig. 1 AFAH LNG—‘ﬂ AFE 9 FAFE Bk 19
S5 TSV HolA fddsita & 5 gl oA Hol= mpel o] F 73] *JX] < Edyd=rt 9l
Table 2= LNGS] A ¥ Zubg 9ol Bxek ada 43) d& 9 Ex4o] 7 ;Ukouﬂ o] YPE 9 A
S o] g3 AstE shxol YRS Btk INGS] FAARE o] P =T o7IA Bedlo] W2 gdlera S, viE
o dwden g g ey Bu As S e Tl BEFES B4 72/h dusky 217 4] g
Ly, Aao A% HAAMIzol] W] Eupae W BT A7} A o714 Aol 48 49 INGe
AF =7t EAHA L=t} Table 2014 Hol= ule} o] TAARE T WEe FRHFo] AuHem Hue AL &
FRSAGA £ AP AP A B @ o glom, T AT R A B dagid v dafer =
ol TuelR Al & 4E Al ks Bt | A Al Ha weteluA), wetd, FRseA vt 58 =
U= AL 9vsl7] = SHoi(https:/www.mathesongas.com, 2017). 24 545 7L 7] Wil vlee] kel e
A9 @A 7hA = ALOHAY INGS] EA X7t A8t o FHALE A@mr} sopx 7] = Zolt). wehy AW
of WEto 2uk 7pAste] Al Eute) flak Qe By HE HAAS o A Z Ao]E HolA = gokor) v
2 A8E. el B oo A 2Ao] me = B FFFel &5 SAAdd dE A Es vopA
4 7% ASPEN HYSYSS %d) 4z® @ slzow Ay 8% &5 AU
gdold stglem, B4 s ALty fsl 71Ee 1A
g A = uwd Qeiao) w7k A% zke] Asae 3. LNG M7|3 SFOA Hf 2t &40 E Sty
of thst #A 7} E3k= o] 2i= Peng-Robinson 2} (Nasri et al., U FHAIDO| mo|FSFHP E4
2009)S AH-&-FTh.
uamels] Slel Bed 24 ¢ 31 24 =7

Table 3= A AH =
% ZA D AXEE AP s Aol Rol=
of et 2 A 9 Axd 5 BA gho] Wk S

)\)\

uhs} o] A

o)
=

N

=
o

o,

Hi ol A LNGE] &S F4387] s U4 &
FERJAAE gotsfofatn, o= A@RFE T
3t 4= QITHKOSHA Code P-14, 2000; Lee, 1994).

i o} gd

F
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ING #1718 EHolA ING F&o] 0e s ¥ Z2ame 9

P, 2 o5
(Fen=(57) )
o] 714,
P = Critical pressure(kPa)
P = Operating pressure(kPa)
Cp A .
~v = (——=) = Specific heat coefficient
Cy
_ F, = s
FASEEHNTE o= ARG A82 S5
Hal FEFFANAY FEFS HG)E Tl 7 5 A
MW g
= ‘ = )t

o714,

A = Leakage area(m’)

Cp = Leakage coefficient

g, = Gravity constant

Mw = Molecular weight(g/mol)
P, = Atmospheric(kPa)

Py = Operating pressure(kPa)

R = Gas constant

T = Operating temperature(C)

Table 4= LNG A

19 21 A st

SESLEE S EE IO L
MR E] S8 e 2o 5
[e)

e

Table 4. Input data from ALOHA simulations

i

Variables Values
Material P soven countieny
Wind speed 1 m/s
Cloud cover 50 % (partly cloudy)
Ambient temperature 20 C
Humidity medium (50 %)
Pasquill stability E stable
Pipe diameter (Inner Diameter) 264.6 mm
Pipe schedule No. 40
Pressure 101.34 kPa
Pipe length 100 m

Stability class

slightly stable

A
5

olt
oft
A
M)

<

LNG #73 & 2646 mm= A A LNGA Bt A-&H #7437

& A3 @%ﬂ LNG *ﬂ?ﬂfaﬁlw & RFIL Y A

U Fo= 01%?‘% o £ W 2% A5 So <l
LNG7} F&E 754l 97 ol vz =74
LH LNG7} FEAga Pde Y aga A e

o g7l dee] A YehE Z)Fe 2 Huky )
%M V27t FEHE AU S A 8819 7] wite] ul

Zo] 79 flE ¢ <l Stability class E(Slightly stable)S 2]
431 tH(Comarova and Mangul, 2008).

3.2 AX|EH LNG =40 e mafHe oS Hut

Fig. 2= Y43 2704 7309 AHAE LNG 744 &
w2 ZuketelA S 10% LEL, 60% LEL, 100% LEL®E
o] YEeRd lolnh. gl FH S E A B LEL 60 %
ol A& ZHAIsHA LA YEH o] wize A
o ol Hsldo] glies HA S elsfol FrkPark, 2014).
A AR FEe] A FFHAE v R H gk
Fo]l W& EfiUnt= kA ¢ wgke] Fheke] g A
O A E vwgls w Hge] FeFo] B EUri=at
7 e] ING®| Z#AIshAl A A o] o FAARE 44
W Aol A glolth

Fig. 3& 2HX®¥ %7]% Z3¥(VCE: Vapor Cloud Explosion)
of ofghk det A wE I e AdE Btk 18
Table 5% ¥F HAo] wx= FAdFs AEs xolth
AubH o2 ALOHAGA F7H & ¢F
69kPa® AAE o] 9t} 55kPad] e AES %ilf\lf”

) JJrqeﬂ ZFA 3L )AL, 24.1 kPa2 XA Q1 <178 3 &)

01:

FO
(93
[V
@
~
N
w
EE
o5

o 4] Rol= Aol o] 73] *Wté LNG A ¥l uje} 2
zho) & HolA AT EYTiE= kA 9] LNG7F Y A
AR e mlE] oA e R Feto R HE JgFo] HEHS Tl
ot 183 7389 ING A BT FEAF R RE FHa
250m °] Faiglofol AW A FAS T = AT
AES A et fire)ts WT A FEFL Fato] AJolte
= 7t A 7ETF et J4 02 AESA 24
Al A SL= & 5 A EE(Thermal radiation)ol] 9 3F 918192 +

=2}
g A5 F Utk B ATl A= ALOHAC A AL
AAAA7IFoR 72 AFde A= VTS AMEEo
As 2t %;ﬁ 712 A A% 7= 27 2.0 kWit
5.0 kW/n?, 10.0 kW/n?o] ok, BAl# 7125 As 1A 2.0 kWi
= AWO] I oolulel TS =2 & e EEAES A
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Table 5. Levels of damage expected at specific overpressure values
(Lees, 1980)

Overpressure

(kPa) Expected damage

Windows usually shattered

3.4-6.9 .
some window frame damage
6.9 Partial demolition of house;
’ made uninhabitable
13.8 Partial collapse of walls and roofs of
’ houses
Non-reinforced concrete or cinder block
13.8-20.7
walls shattered
34.5-48.3 Nearly complete destruction of house.
68.9 Probable total destruction of buildings
550
v— v v —y- %\'\v
500 A
'E 450 -
=
v
g 400 -
N
3
= —&— LEL
g 307 o Go%LEL
E —%— 10% LEL
= 300 A
o—0o—o0—0o0—0—o0—_
250 -
o o o o
200 T T T T T T T
@ @ RS @ 5 & o
RGO A G A
» ¥
&
<&

Fig. 2. Comparisons of the flammable zones for the

LNGs produced from seven countries.

270

—@— 24.1kPa(serious injury likely)
—O— 6.9kPa(shatters glass)

260

250

240 A

Overpressure effect zones[m]

230

220

Fig. 3 Comparisons of the overpressure effect zones for

the LNGs produced from seven countries.

Ho

fol

50

v v v v v

45 A
—®— 10.0kW/m?(potentially lethal within 60 sec)

—O— 5.0kW/m*(2nd degree burns within 6o sec)
40 1 —W— .okW/m>(pain within 60 sec)

35+

30 1

Radiation effect zones[m]

25 1

20 T T T T T T T

Fig. 4. Comparisons of the radiation effect zones for the

LNGs produced from seven countries.

71017, 50kWinre] 73§ Abgke] 1% olulel 2= 335 ]
o g o;g%qaok% ol g}, 12 i 10.0 kWm's Abg
o 1E oulel AR F = dHAFOR QY& V)Fo]
TR0} I THPark, 2014).

A Bl gEr)ForE ulw & 7]|&A}3|(SFPE:

Society of Fire Protection Engineersoll A |33} 7)oy 4
9] B 9bd 3] =1 (HSE: Health and Safety Executive)2] 7]

+ 501 ATHLee, 1994).

Fig. 4= 28 A B3 2l 23 & HA A
& HolErh A #AIglel LNG7} TTQD:‘ el o
ZHE 25m ‘ﬂ*%lﬂi RN ] Elﬂi 1 Abel o] & 4
Al ATk 28-S Y 73] ING A 2 Abol= Ko
A AR 2% A9 9] LNG % A7 ETUd =
A1 9] LNGel| wla) s o \as & 5 3l

3.3 Hi&U LNG S &0 O ma{IeEHR o F 22t
ING &5 28] 2718 g4 INGE 7h=3)
(Gasification)at7] 913l A1&= alG 5o GujA|ete] Hulgto]

WreAl @ strt ojuf LNGSF @9l & = =xp7 HAEHA
Ao, ] 2o 5 Sl o7 IS wiAl

at7]= ol gtk
ok & ATl A NGO FE 92 Zh=E RN o] )
Foz #o] A7|(WA)= 264.6 mm, ¥l 2] F Zoli= 100m
=2 7P sElth LNGO] 2= Sl A 40% o=
A8kl 9 FHERE A ING 248 2838kt o] 714
AHE AL v A Tt E A FEETY A7)t
uehd B At e FEEe A7 wE v sl
Arsl7] 918Fe] 77 (Leak), 3-8 (Hole), 3] (Rupture)2] 3

53

=

=
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=
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o
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A ZYA A T, 27,420 ppm(60 % LEL = Flame

pockets), 4,570 ppm(10 % LEL)Z 283l th(Park, 2014).
Fig. 5% A1713} Al2=Hlel| A LNG vl 2ol A, 9, 53
37pA 7 A - Zef Al sk ol o ]h el R 91 (LEL 100

e AFsEAen, of Mel= HAskdo] e 4 =

Impacted area(100om®)

Fig.

1)

2L

N

N
O LT

o%

i)

4 |

4
ke W97k A W 3 2 vale) 3
3]

313 9= 247} 0.040 ki, 0.041 km?e] W2 x}# &}
5

g TS gtk 1S nE wA
A5 A A FANA 0031 kn'] WA

W9E 20 Ak o2 Bl wjzh] sh3ol

wj ko] vhale kel wSedt EejA kA vl e G

50 T
B Flammble zone

40 - .

30 b

20 - 1

leakage hole rupture

5. Comparisons of the Flammable impact zones for the
size of pipe leakage hole (leakage size: 12.7 mm, hole
size: 50.8 mm, rupture: 264.6 mm).

&,
:?L_‘,
o
ot
A
2

60 T T T
B > kPa = serious injury likely
IBXA 6.9 kPa = shattered glass 3] XX
o B 5
9559 15
— KX 16
e s 35
S 40} ’:‘:’: 0%%) N
) o5 KX (X
3959 (RS KXX]
S KR [ Qoo
N=2 0% KX 06%6%
] oSo%el Sodede [
v £ K] 030598
= 30f (o220 Sodo! o2o% 1
® oode 1926] [XXS
KX [R5 KX
= o508l Sed] 0520
g S K R
< KR XX K]
o 0005 KX 03908
L o 5 EE
¢ [
: ) 5 5
= (o220 Sodo 02020!
oSee, K& o%0%0d
10} B8
£ K K]
o2 o203 Qoo
o .93 %%%

leakage hole rupture

Fig. 6. Comparisons of the Overpressure wave zones for the
size of pipe leakage hole (leakage size: 12.7 mm, hole

size: 50.8 mm, rupture: 264.6 mm).

12 T T T

B ;. ckW/m® - potentially lethal within 6o sec

5.0kW/m’= 2nd degree burns within 6o sec
10, g 7
2 ».0kw m?= pain within 60 sec

KRR
K
15
KR

Impacted area(i00om®)

Vv,

%
!
%e%%"

SLELE
Pededotede!
%% %% %

000
K&

leakage hole rupture

Fig. 7. Comparisons of the Radiation effect zones for the size
of pipe leakage hole (leakage size: 12.7 mm, hole size:

50.8 mm, rupture: 264.6 mm).

webA LNG i &l of s A 8l 93 o] Ayt
Al = H2 0.028km’ G A A7 2] 189m) o]
Hojutol shetell o3t Fa el A Hold 5= = A
& 5 AT
Fig. 72 A718} &7do 4 LNG kel A A|E3hA] g2
A, 9, 39 374 A9 vro] Ja e Alrtketa
I GFHAE 53 Afolth. 2HE Bl pado] Ay

A5 s30m’ AN e =EEH e 13m)F e el
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