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Abstract - Gas energy facilities which are located in urban areas have been shown
as terrifying objects to the people who live nearby, because of increasing recent
disastrous accidents. So, it is essential to develop a integrated safety management
system including quantitative risk assessment in order to predict and to reduce the
effect of gas accidents.

In this study, the framework of synthesized QRA(Quantitative Risk Assessment)
considering the recent situation and condition was established in order to provide
proper models for analysing gas accidents. The deviation of LPG storage facilities was
described and then supposed incident scenarios were provided. Procedures which could
assess the risk of facilites according to incident scenarios were showed and the
practical application of individual risk was suggested in order to represent the
quantified risk. And, a user-friendly computer program was developed to implement
these methods at the same time.
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2. BN B

2.1. BN g &ol
(Hazard identification)

FAAE FAL AP HIdAYg A WA
A wAelx, o Y& AP A=
(quantification)} 42 712 & A3 |23
oz WA £ e RE Y B FH,
Alzmol] e AHolE T I ggA =<
LPG AFA Mol &dd HIFEAZ A%
FAAE ALAL ol #o] ERArt
1) 8% LPG A -Ae] Ade H$el A

ZyHBLEVE, Boiling Liquid Expanding
Vapor Explosion) ¥ 3} (fireball)
2) A HadgolA Aste spdd 1A
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9 F&2 Ad% FEL(VCE, Vapor Cloud
Explosion)& ¥£¥
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22. iz F4(Frequency analysis)

WE e SE24L 24T + e
2 A teAdFH 5EF ZFHE o]Eo
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2.3. 98k &M (Consequence analysis)
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A M E SAZ AT YAIH, FEA F7]
= Zd Ag9 e Earg 9
8 (overpressure)e] A #¥3tE g

o 37

1) Pool fire

7tad AAZF Hebg Hel Euhel pool
& A% & I poolel 7FAA A7 4
9 (flammable range)?t UL @ H3s
W A2 pool AATF el HMolA =
o A g HE 83 9P AHY B
WA} (thermal radiation)o] ™3k x=2Z o)},
2) Jet or torch fire

Jet firee o= AX 71gsldl e 7h4A
VA AA 7 sEb gl Fyelv 7, i
WE vlo]Xo] ERE = 7MY relief valve
o FYoz2RE /&EF F HIHNUELE ¢
wagicy, dF) EE Ao §&d fimE
dge] 433 dxu gAY BEE AYAM3e
7d&ko] 9drt.

3) Flash fire

Flash fires 7t 71419k F$719] &%
FEo] HaHAUE W YA =d A =
P2 Azt dour]l He FE Fewest
otvel FE WelA Hszlgoe] AT X
o WA TAHY drh diAEEE T
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e Z 4 (Explosion)
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2 fFEHAUE W F7](vapor cloud)e]
AR, HA Uk ©of olgd FrE
o} LFL(Lower Flammable Limit) ¢} & 3
A5z olde] dsETH, VCE =& flash
fire7} &A%t VCEY F ZEx 4397}
=9, flash firedd F ZE+ thermal

radiation®] ®t}
VCE model ¥ 7t3 d¥td<¢l Ae] TNT
model ©}t},
W = 7 ME,

E ¢TNT

o7)14, W = equivalent mass of TINT{Kg or Ib)
M = mass of flammable material
released
7 = empirical explosion yield
(or efficiency)(ranges from 0.01 to 0.1)
E. = lower heat of combustion
of flammable gas(kJ/kg or Btu/lb)

Earnt = heat of combustion of
TNT(4437-4765 kJ/kg or 1943-2049
Btu/Ib)
+002.0 ===
R i
o 1000 il = %
== T
i 1 %

T
M M)

Scoles Distance (~ -5

Fig. 1. Correlation between overpressure
and scaled distance, SI units.

g 1 & B¢ E g gAY (scaled dis-
tance)9to] TAE Vel Hold, g A&
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Z = guA%
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2) Physical Explosion
A&7 27 20 £ ARE FS oY
A7t wEE AHeolw, o] AquUNE A

Boich vhel Y& Eo] stdAdolgd
7tAE A3E1n 24 wEg J4Fse
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W=
1.4%107V(P,/Py)(Ty/T )RT In(P,/P,)

o714, W = energy in Ib TNT
V = volume in compressed gas, £t}
P, = initial pressure of compressed gas,
psia
final pressure of expanded gas,
psia
Py = standard pressure, 14.7 psia
Ti- termperature of compressed gas, * R
To= standard temperature, 492 "R

P, =

R = gas constant, ﬁr%%%Bt_uR
olt}.
3) BLEVE
BLEVE@ ti7] Fo29 @& ko] gt&
HdAAe FF2Y &z Qs wdAgd
gurzgl gL HE ulgozRE EFol
4719 ¥ (vapor space)ol 7FHAHA  con-

tainer’t <& AH 2 §7)9 fdd2P
Bl At} BLEVEZF 2ARAL Als ¢
S (pressure wave)t H[AHES BAA]7)H,
FZ2" A7 7tAgdoletd fireballe] A
o vz 2 deld dHe BLEVEYF vz
LPG9 Zvwlolt}

Targeto ZHE Ao|A  radiation(for the
duration of the BLEVE incident)oll #3F 4.2,

Qr = tEFy

KIGAS Vol.3, No.3, December, 1999

I - 240 34 - A5d
871, Qr = radiation received by a
black body target(kW/m?)
r = transmissivity(dimensionless)
E= surface emitted flux(kW/m?)
Fz = view factor(dimensionless)
o]},

o]AF3} ol targetol thermal radiation©)
nxe Adle o983 o] A=y, Age
trial and error®}¥ & A}g-3td FHo)

Qr

E tFy

=2.02[Pw<m—%>]~0'09£(—22

3. A8 "ot

Effect model®] 7| & o] &3l Atz o
HAHE HYrE ok QA A nA e IF
& #Hrisly) Y& d9E AY = =
EA & F 3t FREDN JEZS 293
Ad A dAge F8 &40 & Aol

3.1. € =3 (Thermal effect)

d &% 2d8S 4 BA AR A9ER
& AlET Edd vl3 steAe] sl I3
U &4E d&S3te Ao

Eisenberg% 2 7}81& thermal radiation®l
Mg $£F& A7) 938 probit modeld
A A} 8 o}

¢ 43
—14.9 +2.56In (=)
10
o714, Pr = probit
t = duration of exposure(sec)
I = Qr/1000 = thermal radiation
intensity (W/m%)

71 A probit@ge E 1 &
AgER utE £ 9ok

Z 8]
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Table 1. Transformation of probits to

percentage.
% 0 2 4 6 8
0 - 2.95 3.25 3.45 3.59

10 372 382 392 401 408
20 416 423 429 436 442
30 448 453 459 464 469
40 475 480 485 490 495
50 500 505 510 515 520
60 525 531 536 541 547
70 552 558 564 571 577
80 584 592 599 608 618
0 628 641 655 675 705
9 733 741 746 765 7.83

32. & § 1 (Explosion effect)

iy RdE AgEF Ede e F
s #et 2 ofH wAbE oadstE Reld,
Zujy 298 TNT ¥ 2dys B0
gteh, E2 9 o wjAl 53 Rdy I
e AF s 9y e Egz F
o Aol

Zirz Q3 overpressures™ HS £7H
Atgolut FREH AZ4F diE FEAH
4 gtk °o}¥ overpressure® A% JEFL
349} wl@7FA 2 probit fuctiond AHE-3HS
AlAkel 7h5 sttt

u J

33. 7iold 9 EAM (Individual risk)

AAA APAAS A" A4 de Ad
o g dPezA Fgen, Al g
HAe Heop FAo] 2= FE adn
REAe]l drAlsl=d e AS X
itk oy Bl g #4L u% %4
v Bael AxE FHY 4 e dHolHE
Ao gt webd AFHAHE v EHY
24 T Algel g Aoz ARY #
=

Adel g AAgHEe Ao utzd g
Ataoll o3 QA AP Al At e
= Ug9 71240 T4 8 HLdn

I=Ph XPCXPO

714, 1 = AU A¥AH, b AHEH
of g HA #&E, Pe MYl AR 7Y
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34. AMEEH 9 M(Societal risk)
A3 A 9" A (societal risk) S HFEH vl A

€ 988 SAse ez MUY H4949
FAEHA ¥ AlnEe HNE 239 o
2 gHE3g

HAH-A A gPgde Ze Aunssg
Atz d#E 29t 24 Fddte AL
2 9¥8g ZAA7E el g g3
Bt dd doz Alde HEEE B

td FRA ALY 5 U

@ Atz Wi AR fgAdl dElA
€ A AdEdl 1Y #Ee AxE
AL F U FEOF AE F)E o83
of Adgc

O

S=Ph
n=>P_ P,
4. HEH QM HIl =233

2 3%H 9194 %7 22392 Boland
A9] Delpi 3.022 /MLsEded, Hrtg 9
;A "]’é%ﬂ] ye AREs A4zA
2 Atz AYE L EL ALAES2ERE 2AF
?JQBLE% AA = A
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T4 953 2

NECERESE LY

Fig. 2. Initial picture of quantitative
risk assessment program.
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a9 29 278¥ e AR d¥, e
B, 43982 oA s, Windowss &7
AN 3T F UM AEAE QA AL
&+ Qo

Z27138 X EFAF g olo]EE F
gatA A iy e dig FEE Y
e ol =A g4 dHFAN 2Fde
AERES dEstn ARES & Fo wmA Y
29 "o ¥4 ARG 714 23 EFZA
e AEE 9EF AAE 2 PHe=
dEste FL wmA vdewd o

¥ 39 Axm Ayged i@ sdEe
ARSI AR 8714 e AuEes #
&, pipedl A7, A9 o] F& UF3E
FE Zol

stetole] oM GHE EYdld oY
SAES FotA AAHst FE AAto] 9
¥ g8t 992 dagel veA o =
g PPl M = ALRAZE HrlstE e diY A
MED #¥€ A9 AEE BMP HFU=
Aatel FH AEA ¥oke dAge A=
dol =4 5 U

Fig. 3. Picture of accident scenario.

Ade HolEd Y F JHA FH=Z
Fdol H=2 A&AVt d3te AFHgE H
&3 do.

5. 8 &

2 d7E LPG A% - AL EA3
T AAAYS +AHez gopsia, A
ol Atz A AF - FHAL FH
o WAE AYAHE AAHAH - ALY @k W
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Hog HIsd Hett z8an 43 - HE
3 d7E T LPG A% - FAAAL HE
3t B A7 B34 2 848 AST
o 2ottt AEHPE AR AHL #3712
AFTAY =S wol A FHA &4 O
O LPG 3 QA& &9 - 24892, =
AL 23 42 Mg 2 TAEAERUEE EGE 4
T3 YAt

HAZOP Study 23 LPG ¥% A& ©f
718 F e FAAHe2E Fo|= gl
A% #Hdel 43 7% Alngt R d9
o o3 AZRAY A4, HA/F3
(loading/unloading) Al ZHA Aol o
g Atz o] 71F 2 LPG % Aln 99
o2 wIzoy, 7] AA GAdM oF
(erron= FAE 4 e Alx YAz
gAY, oA LPG ARAAAde A% A
713 Q0 gol= ¢l HAAT wa4rt Yasdd,
AA/A e AYJA LFE 017 AT 24A
& ey Alsd.

E3 FTA W3 ETA #H4H& o] &3l
LPG & At AN #AAHS 4HE @3,
& AL AL LPG F&A R 24
g ZA$ a2 Z2 Y= VCES flash fire2
of AN 7tF & FES HAR Uv AL
2 Yeiged, A4 AIwas F§ VCES
9l8 d9ld 9% BLEVE 28 3 pool fireol
9| & thermal effect’} 713 & H&) @<
o=z daAh

5.1. LPG &H™A|Mol| Cf&t Al MIEMH

FTA ¥3& o83 iz 4 23 LPG
FE&A 2 HA¥ W E(frequency)®  oF
542 X 10%yr AEE Jelgow ETA 2
3 LPG ¥2At27t VCE dHg Zualnz
wAg 4 glE BEE 9 219 X 10%r A
T2 YElgch

52. LPG &&AjMol cist AlnE B MH

LPG ¥&o <3 msiA=—E A7 4
3ld LPG ¥% & 74°] bcm, 10 cm, Y
A9 st HHAYE AEdACt. A
#$434 LPG ¥ ¥&FL Al ¥ 58o=
IAs AadsHoed, AN HfAGANM ALS
& dlolel: oleis} ok ZZe A of
g A w2 F FEFS FE 20 B
A4tk LPG F&ol 9t A sz A
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LPG AZAH e A¥A Hrtol #¢ a+

(real effect distance)® XA 100 %ol o} Aste FAAEE S4¥ez geotsta,

g 904 E Eds & 35 2t A9Gel AAnZ AAH) AF- R A4

Foo vAe A¥4e A4H - 43 3

- Co (FEASIE 08T B 7 wyez gastd 2gd 183 & 4@

P AEAY FRASE 0082 ARFT. PN FEP TIYS I LPG A% -

- Ec ' LPG®] 949 (46,350 k)/kg) 4 Add Hgsed BE4 L 3842
« Ecrnr 1 TNTS 94 ¢ (46476 kJ/kg) AZFst Bt

Table 2. Release quantity and total
release quantity per LPG for
release time 5min.

hole®) | A|7+%
o w2 | w23 |3 re
FER 47 | kefseo) | (ton) | N ¢F 189
(cm)
5 411 12.3 9.8
Tank #1| 10 | 1644 493 394
Max. 425 339.0 -
5 411 123 9.8
Tank #2| 10 164.4 493 394
Max. 425 339.0 I — B _
sho] = 4/ Fig. 4. Individual risk for LPG storage
soA | (4) | 263 7.89 6.2 facility.
d/4 | 658 1.97 157
(mm) (2)
6.2 =
tube
Ficeioll A R I 1. LPG AAAA de 24 98& &5

7) A EASolol @ AYES AR
An BAY HA 9 Ade) FHES

Table 3. Effect distance for 1002 motality. 2239, 283 B T &4 7z

T A% T ol#E2 HAF widol F&HI

Tank #1 | Tank 42 |3to]Z 80A| = wslle] 8o g8 ol = Y I}

504 Ak Zubo] AAA AAE AA AT

TE 2. ¥4 HItE A 28 2 NEENY

27| 5| 10|Max| 5 | 10{Max|4(d/2)|2(d/4)} 5 EJES 4B, FTAS ETASY
(em) Rz B da) =3

3 3. A4z A PAY, FEF SV FE

# 2 133.¢53./1192(33.¢|53.£{1192| 29.13 | 184 |33 Hool po Ewrz o3 Zu wmatee

(m) AFste A I A¥Y F= B4 W

Holl tisted AFaAAL Atne] FFE H

53. LPG X & Aldo| Jiotd EHAM HI} 748171 93t effect models ©] &3 T,

B AFgN Ad AE diY THeE A 4. FANEY dFE HE model R WUNE

A dE LPG A% -4 A g A 243 ZxEMe &% MYH ABA

Ax A¥AE WY At 2™ 4% ol 3 AR A HEd Brbel sty ATFEA

BEdE + Aok ABAFANA LPG7 & =2

of Ztgk 3% VCE ¥z Zdidde 7t 5 £ AF%WYSE BolandAle] Delphi 3.0&

Fatol AtnA T} Wk NS FHFAG ol g3te] AHAH qFPH HE AT

2 dRME LPG AA - 27 Ao & program A% 2 712E program® °} &
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WY A - ol HS - AN -

&t LPG AZAIAdel gt P4 3
7t FRsAS.

6. € 47N 7 F Qe A4F FAE
LPG AZA14de] Q- 37t 47l oA
ZNIEARA AHEE F e Roln, T

2% LPG AZAY FuAge Fdug 3

Bssts i B WHAN ava:
484 717 Fo #8Y oz Jdw
o

A 4.

2 d7e eIAsAue qYARAT
(T2 5:961-1109-052-2) L= Eg3F3
Aw ASAEL AFAHE FE ¥FH
sAg $raFARALel st FPshgd
opz oo A= @Y
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