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A Study on Damage Analysis Safety Distance Setting for LPG BLEVE

**xT

Jonghyuk Kim" « Byeongwoo Lee™ - Jungwook Kim” « Seungho Jung

'Corresponding Author Abstract : Boiling Liquid Expanding Vapor Explosion(BLEVE) can cause not only
Seungho Jung economic damage to the plant but also serious casualties. LPG accidents account for
Tel : +82-31-219-2411 89.6 percent of all accidents caused by gas leaks in Korea over the past nine years,

E-mail : processsafety@ajou.ac.kr  while casualties from accidents also account for 73 percent of all accidents, according
to statistics from the Korea Gas Safety Corporation. In addition, a potential explosion
and a fire accident from one LPG storage tank may affect the nearby storage tanks,
causing secondary and tertiary damage (domino effect). The safety distance standards
for LPG used by LPG workplaces, charging stations, and homes in Korea have become
stricter following the explosion of LPG charging stations in Bucheon. The safety
distance regulation is divided into regulations based on the distance damage and the
risk including frequency. This study suggests two approaches to optimizing the safety
distance based on the just consequence and risk including frequencies. Using the Phast
7.2 Risk Assessment software by DNV GL, the explosion overpressure and heat
radiation were derived according to the distance caused by BLEVE in the worst-case
scenario, and accident and damage probability were derived by considering the probit
function and domino effect. In addition, the safety distance between LPG tanks or LPG
charging stations was derived to minimize damage effects by utilizing these measures.
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Fig. 1. LPG storage tank explosion, San Juan Ixhuatepec, Mexico,
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2.2 AEH0IM 2 3 = MY
2.1.1 Phast/Phast Risk(Process Hazard Analysis Software
Tool)
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Fig. 2. Relationship between explosion overpressure and
conversion distance for TNT explosion,
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Table 1. Correlation of probability units for overpressure and
radiant heat

e AQIHA X) k k>

HEE AR 771 6.91

Jet o -15.6 1.91
P(pa)

RS 238 292

LPG ©= &4F -42.44 433

EALE AR E(kW/m?) -36.38 2.56

2.4 Domino Effect
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Fig. 3. LPG tank layout considering Domino Effect,
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Table 2. Number of cases in which Tank4 can explode when
Tank1 explodes

Cases AR UHg
Case 1 Tank 1(Explosion) — Tank 4(Explosion)
Casc 2 Tank 1(Explosion) — Tank 2(Explosion)
— Tank 4(Explosion)
Case 3 Tank 1(Explosion) — Tank 3(Explosion)
— Tank 4(Explosion)
Casc 4 Tank 1(Explosion) — Tank 2(Explosion)
— Tank 3(Explosion) — Tank 4(Explosion)
Case 5 Tank 1(Explosion) — Tank 3(Explosion)
— Tank 2(Explosion) — Tank 4(Explosion)
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Table 3. Probability Calculation of Tank 4 exploding when Tank 1 exploded

Cases | S5 Ak

Case 1 P(Tank4| Tank1, Tank2¢, Tank3®) P(Y)

Case 2 P(Tank4| Tank1, Tank?2, Tank3°) (1 - P(Y)) x PX)?

Case 3 P(Ttnk4| Tank1, Tank2‘, Tank3) (1 - P(Y) - P(Case 2)) x P(X)?
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Fig. 7. Probability of damage due to explosion overpressure
by distance,
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Fig. 8. Mortality due to radiant heat by distance,
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3.4 Domino EffectE 1z{st &

Domino EffectS HA}S}7] €8] ®A]Z San Juan
Ixhuatepecol| A} AYGE ZHPARIL TA] ARG Wl HY
AE|otel 4719 A2k el Az ekl o
= Z18Y5}9ict Table 5= Fig. 7 Higt oz 7H719]
Case®] Y 23 A4bsl= A& Hehdlith Tank 10]
Saelole ) Tank 471 47 Bk & 9 Case 1,
Tank 12] o] Tank 20 J&F& =0 Tank 27} 24
&}o] Tank 47} ZWs}= Case 2, Tank 19] ZHo| Tank
20]| 22} & FA| %L Tank 30 FEFE 520} Tank
3o] HHsto] Tank 47} ZHS}= Case 39] Z-9-och

Table 6& 2L 7H 4171217k 24 m2 WS 2
© Tank 1°0] Z4351912 1] Domino Effect?] &jdko =
Tank 47} 28 4= §l= g-Eo|t}. Fig. 79 W= 2
KA 24 mo] ®=e] 22} wjaff WA 2EQl PX)=
oF 0.90]7, 24 m AZH WA A 34 me| hzhil 23
] HAY =2l P(Y)= oF 0.14=2 Case 19] 25|
Htt o] & Table 52] AAFAof T It Case 2 2 39
5 E3F AAFE 5= U} Table 49] Case 4, 59] 7-%-
Case 2, 39| =gt 2] 3H50] 0.005 nto 2 uf
¢ 2o Aol ATelA Alelshick

T

Table 4. Probability of Tank4 exploding when Tankl exploded
(24 m apart)

Cases AR Ug &
Case 1 Tank 1 — Tank 4 0.14
Case 2 Tank 1 — Tank 2 — Tank 4 0.6970
Case 3 Tank 1 — Tank 3 — Tank 4 0.1320

Table 5. Probability for each scenario considering Domino
Effect

*P(X) = probability of secondary damage in a straight line,
P(Y) = probability of secondary damage in a diagonal

21712 (m) 13 m 24 m 30 m 34 m
A2 (m) 184 m 340 m 424 m 481 m
P(X) 0.99 0.9 0.5 0.14
P(Y) 0.99 0.14 0.01 3.00E-03
Case 1 0.99 0.14 0.01 3.00E-03
Case 2 0.0098 0.697 0.2475 0.0195
Case 3 0.0001 0.132 0.1856 0.0003
29
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