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Abstract : In previous studies on LPG siting in Korea, the scope have not included the probability of the secondary events of adjacent
LPG tanks or structures from an explosion source. Therefore, it is essential to first identify the phenomenon which can be caused by
BLEVE and then, properly assess their effects to each target including secondary event. In this study, we calculated the effects from a
potential BLEVE of 15 ton LPG tank causing damages of storage tanks (LPG), structures and human using Phast ver. 6.7 and then
suggested three risk zones (Zone I, II, IIT) assuming the consequences such as overpressure, heat radiation and missile effect by
fragments. Zone I and II are divided at the line of 50% occurrence of the secondary event. Zone Iland III are divided by Individual
Risk(IR). The zone approach in this study can be used for more effective and safer Land Use Planning (LUP) for the future.
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BLEVER wAeh 4 9l 9ge 27 S
(Overpressure), E-A}E(Heat radiation), I} (Fragment)-S.
2 FREsd, & A= DNV-GL AKiil)e] PHAST
v6.79] 1|3} 3FEA(Consequence analysis) O = ZF 4
F AYE AFERon e Aol f=E A
=2 dEste A9 AS A&skeh 242 AR
59 15,000 kg (H-8&&: Z=3), W7 2,500 mm, 54|
o] 5460 mm, A7t 1.8 MPa2] LPG AF-8715
ez aystinh

2.1 msfFe=A

2.1.1 Z4tnjet

BLEVE®] Zutuiere: A4kel] $laiale ad <
8719 Zulsly] A4 At Aolsto] Asie A
Baghe, CCPse] 7ho|=eelat Gel AL Pressure
Vessel Burst(PVB)9] 79 SAMZ 02 Zofj5]-8-2 4%
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o SRR AT ALY A9 HEE BARAYE
(Opening pressure)2] 1.214}, QbR H o] 11 Akw} ATHsH
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& AA-g712) AR oF 22191 40 barg sl
qrk. E3h LPG AH-§7)9] Auteane Az o
HHA o2 1 m o|glo|2& XA} ZHK(Ground burst) 2
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Shpe] 27] SEL CCPS W 1, 28, whuo] el
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22 HIEEM

Eahjoro] QI AE7], FRE, Akl v
L gt Bapdo] Akl v AL GaFe] MEEAS
Sfa Thee] HEEINProbit equation)st ASE
(Table 1y AFg-3}Th

Y=k, + kyIn(p"or D)

Table 1. Probit correlations and parameters

Causative Probit parameters
Type Target .

variable k k

1 2

LPG tank” -42.44 433

Structural damage po (Pa) -23.8 2.92

Overpressure 771 6.91
Human J (Ns/m®) | -46.1 482

P’ (Pa) €15.6 1.91

Heat radiation Human® D -36.38 2.56

“Deaths from lung hemorrhage, "Deaths from impact (Impulse), “Eardrum
ruptures

of7)1 A FARGol nAle P 8] AsiM=

Aol 7R B8 AdtsHE Zo] 27E 5
G Tl A EE Al ke 2k

Y

.
BAR B D) = 1 t
L EAFD(EW/m?), t: A 7HKsec)
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Fig. 1. BLEVE Overpressure vs distance,

Zupalolo] 7t = 58 [ el Ao 40 bar

oA HarHog HasA EHed oF 10 m FERE
=43k 36 m o] F= 1 bar oJstz W7 He= A
o7 1:1/\«15]041;]. E\dl—_ﬂ}oLg] /\].al-oﬂ q.]s]. o:]f,-];g 3
A H&d3}t =49 o3t Apor & 4~ 9o Ay
o uhZ2 A AFAT= Table 22} 2t

Table 2. Impact analysis of human for overpressure

. Deaths from | Deaths from | Eardrum
Distance | Overpressure | b h .
(m) (kPa) ung hemorrhage impact ruptures
(%) (%) (%)
0~9.11 4000 100 <11 100
32 225 99.9 0 99.8
175 90 0 99.3
32~35
145 50 0 98
35~36 103 <1 0 92
50~54 48.5 - 0 50
111~113 14.2 - 0 <1

"Maximum impulse value : 31,300.72 Ns/m’ (0 m from BLEVE)
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Table 3. Impact analysis of structure for overpressure

Distance | Overpressure Structural
damage Expected damage”
m | kP | SO
Brick panels, not reinforced, fail by
30 >4 999 shearing or flexure (48.3~55.2 kPa)
- Cladding of light industrial buildings
68~69 30 904 ruptured (27.6 kPa)
Concrete or cinder block walls, not
9295 19.3 306 reinforced, shattered (13.8~20.7 kPa)
5 Steel frame of clad building slightly
145~155 86 <1 distorted (9 kPa)

“Lees loss prevention in the process industries, table 17.43

HEzdo ot AP 7FeAde w2 W, S50
Ot AbEhE2 ol A 7kl 31,300.72 Ns/m20ﬂ
A oF 1% ulgte R AR o714 %
oI5t AMYEEL 32 m oA TFow IFtE }01] 36
m HLoflA 1% njte s FAEITE d8Ee sy
A ool Aol Fa e dil= AFEThE H7H
7 ¢Alrreversible injury) €3], 11ufutgo] ojAtEch
Abgro] AEgS Qs FEE 5054 mE Vo R
50% bwko g Zhaghc).

Table 32 Fafete] o3t & &40 SHETHe]
A A S WEERE YAl 7IE oA oA
tejx g 5 % Blagk Zojok

A AFE71o] digt JFo R Table 49} ol
BAEgon] 24 AAO] tig SRS 3 Al
] o] LPG 2]-&7|(Pressurized vesse) 2 7145}
I ARESE Aatolr

Table 4. Impact analysis of LPG tank for overpressure

Distance(m) | Overpressure(kPa) | Probability of secondary event(%)
34~36 117 99.9
41 71.1 90
48~50 57.3 50
64~67 334 <1
3.2 2AI

EHargo o 7478 kW/m?E 3L A&A7E 10.38
Z Bt 7R e R BAE ST

Cozzani’=, B}7-9] T HALAR Q5 #4187 9]
T 75 kW/mP 7202 4002 JEo] UsE BA}
ol Fastrta EATH ub oli=tl, olof wet LPG &
A(1SBE 7Ieez A o3t I A871¢]
2 7hsAgdo] wie- Wk & 4 vk

Table So)4 EAldo] S84 At 7S 27
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Fig. 2. BLEVE Heat radiation vs distance.

Table 5. Impact analysis of human for heat radiation

Distance(m) Heat radiation(k W/m?) Probability of death(%)
0 74.78 99.8
104~107 47.7 90
160~162 32.75 50
183 26.9 25
250~263 16.55 <1

S, BANE 32.75 EW/m2RE 477 kW/m 7R Q)
7F Eol AFEE =717 40% olared, oF 3275
EW/m? oA E F243 715 Heltk= 2 3kels)
At
IS .

3.3 mpH

ujAlYd & El(Oblong end-cap)®] T+H 27l = u]
A S(Strip) BENS] T 14717} AR AL 7
stol The 27] dmet A WA mESAch

Zr ElAE p=1.3, C,= 1.2(Right circular cylinder),
1.98(Narrow strip), 9.8 m/s*2 3}o] Scaled maximal
range S AAFAL 1o wE A= Table 63} L.

sfHo] =e el ulAkl e 712 Hof 25019 m
o5 W WA W] mlo] A7) vhn Ao Rk
S o7|e 4 = FA A= 362.56 moj|A] 561.98 m

Table 6. Consequence analysis for fragment

Type of | Number of Fragment | Velocity of | Drag | Range of
fragment | Fragment mass fragment area | fragment
(kg) (m/s) () (m)
Oblong 2 5000 | 22232 | 49 | 25019
end-cap
1 10000 1572 42.8 362.56
2 5000 222.32 214 435.08
Strip-shaped
3 3333 272.28 142 471.33
4 2500 314.41 10.7 561.98

=k sIE| A, M31# M2=, 20161

2 w2Eglth ol shule] JHAE TN A
YAToIHE AFRR] T BFrbE H2ol 9]

of M) ulWAe|Rro R JUES ASHe AL Fel
7} Qckar wheEn] o) wheh A58EE TS A

SEREE

Cozzani”, Holden et al'”o| w2 w w}Ho] 2=35+s
o Ao 10% olsh, wATES ded § Jzom
80%= 24 H HE Qltk of7of|, ¢ A7d-g-7]of tigh
YEEES 100%2 7Hgstde W 21 182 0m 7]
oF 8%, 100 m 7|22 0.08% ©o]3l= A=) 3f
g2 majake] Z7l0] uet hugel 4 ook

ofl My

3.4 BLEVEE 12qst etz He A

Hgste s HRESko] =ejolA= 7iE 9=
(Individual Risk)E ARg-sto] AAE FF83kaL L Qo]
AR 4 gl AAE WA e, AT W A
i3} §l 9IRS Afole] AAE Helo] Alule]
Ag BEohes Wl 5 shuel o] 7|9k PR
A 7J(Risk-based safety zoning)> =2 Z-& AHHE H|
o] moke ) T A4 W0 AoIAE 1R 2
3k 71golel ALREILE ueba B elTolAs Teist
A 7S vEeR st AE S Al 7HA
Zone(Zone 1 - 2.2 AA|tELE 714 A= AKXt
o) 4] BLEVE YHHITE = 2.4 10 */year® Lee'22] o
Folx =2E 4hE Aestel Ak,

Zone | -& BLEVE 23 A] 99% &2 ol LPG A
AE7E &A= AYFEO m), 50%9] &4EHE
ALIAE W2 stol gt o WelolA T
2B} Aol et YL v AHOR 0% of
Aol 72 BT P 0% ol4el AR AR
B2 Btk BAMEY HS- 15E LPG B 7|Ee 8
St AR QI AET] &4 dol=d &
wolA] gigron, s 2 A o) A 7
A WA g gl e wskenz 23 4
AU 9 Aol Buralelt Tefsioic.

Zonell = BLEVE U1} EALFof o5t Abget
2 AR o AelE HREsE 10 e of5k]

Table 7. Final criteria for risk zone

Risk Level | Distance(m) Target object Description
LPG Tank, Occurrence of secondary
Zone 1 0~30 Structure, Human event above 50%
Zonell 50~160 Human Individual Elsk(IR)
above 107 °/year
Zonelll | 160~220 Human Individual Risk(IR)
above 10~ %/year
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Table 8. Objects needed to be avoided in each risk zone

. . Heat
Iil 31;1 Dlig?ce Ove(rlf()}r)eas)sure radiation Objects
(kW/m?)
Zonel | 0-50 | 4000 to 54 |74.78 10 65| Siorage tank and
Control room
ZoneIl | 50~160 | 54 t0 7 |65 to 30.78 | Snops, Department
buildings and restaurant
Residual object,
Zonelll | 160~220 <7 30.78 to 19.7|  Hospital, Cultural
properties

7Hs3t 913 (Acceptable risk)2] 2|4~ 7%
F7roltk o] HejollA Faete] ofgh
S0l gk A Wl HAeat st

Fob BAURioR WIS AVEsAch
A Al sl T+ BAR A AR ARGEr
B2 41.67%0|t. o7 A, LPG A4-8712) 22t AR
A RA(50% vt EZE Zonellof] AR sfgshA|T
Zonell 9] 12 dfiofA= Al eskaith

Zonellli= BLEVE®S] BALE ko] o5k APgehEo]
10°/year oI3HS W91 AAHAN MY Aeke] Apet
B2 of 42%0l0] alF WS Hold el 5] 7}
T e FUIskATh Zonell9} M9 7|E0] =
LA SREE S84 Wk Fa AR 5 sk
2 Pt dEdH=o A 107°/yearE ALARP (As Low
As Reasonably Practicable) Z|t)7]&, 10 ¢/yearS 24
71Z2o® sta Qon? B AfNE dg 7|ES
Agsto] AZE Ak=shieh

Al 7EA1 9] W 91(Zone 1-1M) ol A1€] Siting HRARY
S Table 83} Zch.

Zone 1 9] 9o 4 Eakuiare] of3t
7] 4] 715A0] S ol
gt 3], LPG 2 A$ A4t
2 AAsk=s 59 22F APEAS et A7)
Zasirha Helrh Az, 34 LPG T84 5
3(2001)0f| A R|AF B 22| 27]7} BLEVEZ &3
W AJSF AL HE A 9 gof 1
S UFE vk A 71 Fade A YaRe
o} X3} A4 7F AR o] B4 A|9] -EHe} o
SAAe] 2a) Sol efgt ARNIE ARg uhAaks
Aol AFE|o|of Fehe Ho|c)”.

Zone [l o\ A= AFFE] APG W Aol 4= 7ol tiA]
sfof sl TLatolth. o] WAL BALe] ofat A}
o] AFFEE(E L))ol 100 mofA 90%, 160 mof|Af
S0%z 1o Wt F7A ol WY 5 A 1ol

(
S

30

Fig. 3. Range of each risk zone,

W2 ALY HAA7E | FE|ofof ghthal AlRECE E
SF FxE FAUSEE 2F 100 ~ 110 m o] H7kA] A
5] 2=OH50%) A& WHAY] tigt 1= dasich
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TEREY Ae, FUHete] ofgr JFE A AN
EAqAE Foll gk 5AFE G2 SAgich o), 7]
& o= A7 Aistes SAME HEE 125
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