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Abstract

The purpose of this study is to compare and analyze the impact range of explosion damage due to gas
leaks at LPG filling stations, focusing on propane and butane, which are components of vehicle LPG. The
scenarios were designed based on the explosion incident at an LPG filling station in Gangwon—do, where
an actual gas leak accident occurred, resulting in Scenario I and Scenario II. The ALOHA program,
developed by the U.S. National Oceanic and Atmospheric Administration (NOAA), was used as the tool to
analyze the impact range of the explosion damage for both substances. The results of the study indicated
that, under identical conditions, propane had a wider impact range of damage than butane. This is presumed
to be due to the greater explosion energy of propane, attributable to its physicochemical properties.
Therefore, when preparing for LPG leak accidents, measures for propane need to be prioritized. As safety
measures for propane, two suggestions were made to minimize human casualties. First, from a preventive
perspective, it 1s suggested to educate workers about propane. Second, from the perspective of response
measures and damage minimization, it is suggested to thoroughly prepare emergency evacuation and
rescue plans, evacuation routes, designated shelters, and emergency response teams. This study compares
and analyzes the impact range of radiative heat damage based on LPG components. However, hazardous
accidents are critically influenced by the type of leaking substance, the form of the leak, and
meteorological factors affecting the diffusion pattern of the substance. Therefore, for future research, it is
proposed to model various leakage scenarios for the same substance to conduct a comprehensive risk
assessment.

Keywords : Liquefied Petroleum Gas(LPG), Propane, Butane, Explosion, Risk Assessment

1. A& A LPG F442) 9% S71530) 22k LPG 2ol
sl kA LPG S e 44
oEG VI WY UG AR AP A T oL EUShS WS, Aol @7 off)

Ak

Aog ArgsH= NMEA87 A (Liquefied Petroleum AfAAA LPG FARE A ”:] @f‘o’ﬁ.ﬂ’lj’]@% al
Gas; LPG)=[1], 197090] LPG 2to] A2 Saapm o AV8s 759kl Hop RIS ansp] i of
T8kl Stk

o

3

O
B
flo

TCorresponding Author : Ha—Sung Kong, 443, Samnye—ro, Samnye—eup, Wanju—gun, Jeonbuk, E—mail: 119wsu@naver.com
Received July 15, 2024; Revision September 12, 2024; Accepted September 12, 2024



52 LPG 3480 BE ¥2 52 535 9399 vlawy A58-&£52-284

Ul LPG 3 Aol 1,99170247) 9 o=
[2] A4 oUA Q] G5 BERPEE dllashe thAlolux] 2
A LPG7} oJ33] 54 ks shar Qlek 18k H< 10
WAZH2013~2022) LAYSE shA] Alar A3dol| wp= (3],
A= 7k Alxa Tl s Sl & 281710 %
Ht 28710 o]23a1, 2022 40407 7P WS Al
7} wbgsl o s sjetE o

St ujAAE] sl gl Fak Alais 5] o], Alat
e wholiek A4 2 AR A &4, Q1A 9 =4
a7} dofdeh4]. wEpA], Abel 213743 H7HE F8l 9
3 GRS BA sl okl A3HE 913 thBS ns)
= A T3tk

LPG 7k 7% 53 wdsto] 2184 371 sk A8
T= 43 43} Kim et al. (2003) LPG % Al
A5 vPFo® 7IAE7]E o] gste] 2R 1 LPG A
1 AU 2= AAI5H] ETA(Event Tree Analysis) 7]
o Ala WAl 71 Bl 98l AHE clSshe 9
A 7o S1de AEltk 1 Ae), 7RgT)ellA
FEEo] F3 LPGE Al A1F 10m el Azkst
TZ2 7, 150m ol delA= 77l stdo] dojd
U gEo| qirkal HaskeInH5]. Lee (2019)+= LPG
Az Aol upE 2k slstA| G4 Al s AN
Bl F Alare] AAQ 91 ASSISich Fik slet
Al 2 Fak S Ak, Alal dge] 71, oY
5= 1Esle] LPG FEES Agste] T8l JEks 24
STk A Aot wgE Ed] FAF A3 LPG &
T a9} ik AlEHo| Ao E A Fs)E u|wsk A,
W7 HAFAF ERA] YRS 84, doehs g ellA
LPG ‘r=o] Aste] 97 340w a1, B4 E2o|
Astlor Age] FIISS 6], Cai and
Xu(2004) = LPG & #7938 Wby Wisls A3t
Atk TE 99 0.3 MPa, A88EA 4= & 27), %
Sm/sE A& BARSE A3}, LPG BE2 QI3h 7k <llxle]
QPSS sllash] SlalA e s Eolal AR
AF A E5E SV Pt vk v 7],
Michail and Melas(2022)+= N3 A7F~ (Liquefied
Natural Gas; LNG) 2 A F7EA(LPG) & 258 Al
A A8t g vlals o7 sk IS B4
slo] &5 A4S BAS Dot vk vesidek 1
A}, Abar 9y A, A HA] g mix)= g ARl
w2} LNGE= 25%, LPGE= 18%°] diddh= &% Q7S
Fajsfjof shokar 72gskSIth8]. Yang and Kong (2023)
2 LPG T84 7t R Q13 3h4) @ Zilo] upE v
3| oSS A ste] T3l JFLIE FHAslehe Hal W
2] Weks AAEFATH9].

O

H

=~

[
o
=3
=)
>,

oItk LPGE Mdshe 74 549 &
] Aol whebr] ik Al sl G S17L
gebd o FHct ool LPG 732l uke
el 5 AS5shs A7V F7H] 0= o)Fod et gl
Cha Aok

whzba] o] Are] FA S 2kg LPGE] /38Rl &
TR W FehS oo el W LPG F:4 7k
Zol| W2 i 9j3) GILNE Bl - FAske Aotk

©
»
)
)
%
2o

i

2. LPG & Al ¢ HAYF

LPG 7= A| o] MAsh o= Q1= A|IAEA s
g} 2= v 2o Figure 1), WIAYUSS 34 3
WAIZ e, 1A v A8 =1elA] 727}
=, 2 FEE 7o 371k Adste] Tk %
== B4, 3 Hslel &) 71 FdE ojojxink

ZiEo] WhAlehs ol 2 An] w9s (el vt
&, WME 7)), o T4 (KR, 7w, 29
AeF0) FH, A9 AR Qs iE b Fol 9l
o}, ZukS 9 o7)= M3} eolo g e Ao}t HH
7] W sol 2 = Qlrk

3. 9194 7t ==13

ALOHA (Areal Location of Hazardous Atmospheres)
= = A=) At Fs) oS e siolt),

ALOHAT= dHFAR1 - Gaussian 7] Mt F=5
W Abgale] st Vsl FUNE A A
skt 1euh F7|HE BAR RS S G 7hAe|
g8z 222 49, DEGADIS FEE 49 A8l
250 (Table 1). o] 2738 F153 318t 2 DB
£ 750kl Qlo] e MR o] ge = Qlal B
A= Google Earth 2 7133} 33kalo] 13| gk
5 A A4 FATCRA AR ARE 75
& 4= QleHI1.



J. Korea Saf. Manag. Sci. Vol. 26 No. 3 September 2024
http://dx.doi.org/10.12812/ksms.2024.26.3.051

ISSN 1229-6783(Print) 54
ISSN 2288-1484 (Online)

Explosion Mechanism of LPG Gas Leakage

1

Gas leakage

Pipelind or
Storage tank leakage

Causes of leakage ‘

Equipment aging i Pipe damage

External impact K

Valve failure

Storage tank

Gas pipeline

Formation of a flammable mixture

When leaked gas mixes with air,
It forms a flammable mixture.

3

Ignition and Explosion

Flammable explosion

caused by an ignition source

Ignition factors

Instantaneous spark Static discharge

Operational error Careless handling
; Valve opening

Oprerational mistake

[Figure 1] Explosion Mechanism of LPG Gas Leakage

<Table 1> Leakage models for different chemical substances

Types Diffusion Model

In general Gaussian Diffusion

Diffused Material>

Diffused air or Cryogenic gas DPEGADIS Diffusion
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LPG station gas leak incident

Two main components of LPG: R )
Propane, Butan Leakage accident scenario
Designing real (Propane) and
simulated (Butan) leakage
Risk Assessment 3 accident scenarios
ALOHA programe
4 Comparative analysis of

Proposing measures damage and impact range

to minimize damage and 5
safety management strategies

[Figure 2] Experiment models
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] Text Summary [rem||sE)| =R
SITE DATA:

Location: GANGWONDO, PYEONGCHANGGUN, KOREA

Building Air Exchanges Per Hour: 0.57 (unsheltered single storied)

Time: January 1, 2024 2040 hours ST (user specified)
CHEMICAL DATA:

Chemical Name: PROPANE

CAS Number: 74-98-6 Molecular Weight: 44.10 g/mol

AEGL-1 (60 min): 5500 ppm AEGL-2 (60 min): 17000 ppm AEGL-3 (60 min): 33000 ppm

IDLH: 2100 ppm LEL: 210
Ambient Boiling Point: -43
Vapor Pressure at Ambient Temperature: greater than 1 atm

Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

UEL: 95000 ppm

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 2.6 meters/second from NW at 10 meters
Ground Roughness: open country Cloud Cover: 0 tenths
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2] Text Summary

| SITE DaTA:
Location: GANGWONDO, PYEONGCHANGGUN, KOREA
Building Air Exchanges Per Hour: 0.57 (unsheltered single storied)
Time: January 1, 2024 2040 hours ST (user specified)

CHEMI!

ATMOSPHERIC DATA:

CAL DATA:
hemical Name: BUTANE
CAS Number: 1
AEGL-1 (60 min): 5500 ppm AEGL-2

LEL: 16000 ppm UEL: 84000 ppm
Ambient Boiling Point: -2.22C

(60 min):

Molecular Weight: 58.12 g/mol
17000 ppm

Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

(MANUAL INPUT OF DATA)

Wind: 2.6 meters/second from NW at 10 meters

Ground Roughness: open country
Rir Temperature: -1.22C
No Inversion Height

Cloud Cover: 0 tenths
Stability Class: F
Relative Humidity: 75%

AEGL-3 (60 min):

=B

, =a

Auge 139 F
3t (Table 3),

53000 ppm

Air Temperature: -1.22C Stability Class: F
No Inversion Height Relative Humidity: 75% SOURCE STRENGTH:
BLEVE of flammeble liquid in horizontal cylindrical tank
SOURCE STRENGTH: Tank Diameter: 2.1 meters Tank Length: 3.0 meters
BLEVE of flammable liquid in horizontal cylindrical tank TERE VElEnaT 1054 .SaBIE RETAES
Tank Diameter: 2.1 meters Tank Length: 3.0 meters Tank contains liquid
Tank Volume: 10.4 cubic meters S, SEGINE TR L e
;a”'f coneains 1{:;;}1 ratare: 1 Chemical Mass in Tank: 5 tons Tank is 72% full
Ciiateny Macs s Taniy: S e Tank is 223 fui: Percentage of Tank Mass in Fireball: 100%
. . S . o o - né r: 96 me jurn n n: 7 con
Percentage of Tank Mass in Fireball: 100% Fireball Diamete; € meters Burn Duration seconds

Fireball Diameter: Burn Duration: 7 seconds

96 meters

i . [Figure 4] Scenario II (Butane) Input Data
[Figure 3] Scenario I (Propane) Input Data

<Table 2> Scenario I (Propane) Input Data

Accident Site
1712, Gyeonggang Road, Pyeongchang—gun, Gangwon—do
January 1, 2024 (20:40)
PROPANE
Analysis factors related to leakage incidents

Accident location

Incident date & time

Leaked substance

Meteorological factors

Wind speed and 2.6m/s,
Wind direction NW

Cloudy 0

Explosion type BLEVE Tank capacity 82%

Storage vessel Horizontal cylinder | Quantity of substance| 5 tons

100%

96 m
7s

2.1 m

104 m®
Liquid

Temperature -1.2 T Tank diameter Formation of a fireball

Atmospheric stability F Tank volume Fireball diameter

75%

Relative humidity Physical state inside tank Ignition timing

<Table 3> Scenario II (Butane) Input Data

Accident Site

Accident location 1712, Gyeonggang Road, Pyeongchang—gun, Gangwon—do

Incident date & time January 1, 2024 (20:40)

Leaked substance BUTANE

Meteorological factors Analysis factors related to leakage incidents

Wind speed and Wind
direction

2.6m/s,

NW BLEVE

Explosion type Tank capacity 72%

Quantity of

5 tons
substance

Cloudy 0 Storage vessel Horizontal cylinder

Formation of

a fireball 100%

Temperature -1.2 T Tank diameter 2.1 m

Atmospheric stability F Tank volume 104 m® fireball diameter 96 m

Relative humidity 75% Physical state inside tank Liquid Ignition timing 7s
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<Table 4> Scenario I (Propane) Impact Range

Types Risking Area Semi—risk Boundary
235m 332m 519m
Range
257 yards 363 yards 567 yards

ALOHK Source Point®

<

[Figure 5] Scenario I (Propane) Impact Range
(Google Earth linked data)
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<Table 5> Scenario II (Butane) Impact Range

Types Risking Area Semi—risk Boundary
234m 330m 515m
Range
255 yards 361 yards 564 yards

2!

[Figure 6] Scenario I (Butane) Impact Range

(Google Earth linked data)
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<Table 6> Impact range by scenario

Types Risking Area Semi—risk | Boundary
Scenario 1 235m 332m 519m

(Propane) 257 yards 363 yards | 567 yards
Scenario II 234m 330m 515m

(Butane) 255 yards 361 yards | 564 yards

o 1m 2m 4m
Deviation
2 yards 2 yards 2 yards
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