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Analysis of Vulnerability during Business and Off-business
Hours in Case of Hazardous Materials Release Accidents
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Abstract

Korea has been experiencing human and environmental damage caused by accidental release of toxic chemicals such as the Gumi
hydrofluoric acid accident and the Ulsan chemical accident. As the government managers do not know when, where, and how
such accidents will occur, they have been trying to reduce the level of damage by recognizing victims in advance. In this study,
assuming a chlorine gas release accident occurs in facilities handling hazardous chemicals, the impact range was analyzed considering
the worst-case scenario of chemical release. After analyzing social, physical, and place-dependent vulnerabilities by applying the
multi-criteria evaluation method, a vulnerability map of chemical release was prepared. The study focused on proposing a method
for vulnerability assessment during non-economic and economic activity time by considering dynamic factors when evaluating vulnerability.
The results of dynamic vulnerability analysis based on GIS are expected to support decision making that could respond differently
to chemical release accidents depending on the time of occurrence, thereby minimizing human casualties.
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Table 1. Vulnerability Index Table (a: Age, b: Distance from
Hospital, c: Distance form Reponse Station, d: Criticality, e:
Distance from Chemical Accident Point)

Type Factor Grade Index
0-4 0.28716
5-14 0.00388
15-24 0.00748
25-34 0.01108
a 35-44 0.02508
45-54 0.07998
55-64 0.22838
65-74 0.51114
75 < 1
< 500 m 0.125
Vs & Vp 500-1,000 m 0.25
1,000-1,500 m 0.375
1,500-2,000 m 0.5
b 2,000-2,500 m 0.625
2,500-3,000 m 0.75
3,000-3,500 m 0.875
3,500-4,000 m 1
< 500 m 0.25
500-1,000 m 0.5
¢ 1,000 m-1,500 m 0.75
1,500 m-2,000 m 1
AEGL-1 0.1
Vp d AEGL-2 0.5
AEGL-3 1
300 m 1
600 m 0.5
900 m 0.333
1,200 m 0.25
1,500 m 0.2
1,800 m 0.166
Ve e 2,100 m 0.142
2,400 m 0.125
2,700 m 0.111
3,000 m 0.1
3,300 m 0.09
3,600 m 0.083
3,900 m 0.076
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Fig. 2. Schematic Diagram for Drawing Vulnerability Assessment Map of This Study Applying the Multi-Criteria Evaluation Method
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Fig. 3. None Business Activity Hour Vulnerability (Vs) Result

Table 2. Vs (None Business Activity Hour) Result of ID 1~16
(ID: Polygon of Analysis Unit)
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D S Pop, <, 2a-Fop; v,

i=1 747_
1 10.62507 0.000524082
2 89.41844 0.005105623
3 5525467 0.002395696
4 5331614 0.003372115
5 39.00934 0.003776968
6 45.6197 0.003279504
7 32.50204 0.00219043
8 6236695 0.002697277
9 78.06321 0.005135016
10 58.12967 0.002528433
1 16.71229 0.002298683
12 53.1351 0.002369776
13 29.53448 0.002675676
14 36.76491 0.002696005
15 3243893 0.002729941
16 43.93101 0.003308504

o] omE ool £&E HAY + Yok

5.1.2 ZHESAIZt MEE F2AE(Vp)

Hopge Azkgt g7 WsksHE A9 B9L Zhent
(Léon and Carlos, 2006; van Westen et al., 2011).

HIZ A -5k RS2 Hopd ) sde A5 vzt
=, 99, 2Ae] M Akl A gagonk 74
[Rhel 1= Qe S BE3Iel Heky WkE SR

~

24 sh=ER|ES| =28, M22H 45 20224 8

Table 3. Business Activity Participation Rate by Age

Age Non.e 'business B.u§iness
activity rate activity rate

< 14 1 0
15-19 0.92 0.08
20-24 0.489 0.511
25-29 0.251 0.749
30-34 0.218 0.782
35-39 0.247 0.753
40-44 0.195 0.805
45-49 0.178 0.822
50-54 0.206 0.794
55-59 0.269 0.731
60-64 0.379 0.621
65-59 0.668 0.332
70 < 1 0

o}, AR I HlolEl= ARgAlel BAIZEE<]
A7} FARAANA BAZEE oHA] e AT de=
o] Fof Xt} BARES A B AT BAHES Ak
AFE Aot ARE AARE HleS A8ste] AT
el 31 T2 kst A2 Hle2 Table 39
SAAANA AFshe e ARE BARE ee
vehd AL Farsiale. GATW ARIA SRR ARSI
b2 32 Eq. )0l w=r, AT vdAZE S
A AFARS] ARSA HFL Eq. (HE WETH

Vi = S 3)

J

18
ZL,Popj X R,; Xw,
=1




18
Z a_Pop;; X Iy, X w;
Vij = g @

i

Vi jJAAT] AR AR, Ve AT HIATAE
FHA, L Popi= j AAIT U F AR Roe 1999
HIZZAIZS BE, Ree 19989 AAIES BlE, wie d%E
7V, a Poprs j AT id8dle] Q1T = 1~18)°]th.

Table 4= SARARE IH S 7499 T3 FHekd=} 7
A AFBAF HIAAS NG5 3 AT &9l
A5 238 Adfe] YRS Vepd Flolth

FoFd ZIE Fig. 4% GISE o83 53 FH Ao
T2+ AZHE YERA Zlolt) AR AT A2 B3

Table 4. Vp (Business Activity Hour) Result of ID 1~16 (ID:
Polygon of Analysis Unit)

ID Vi Vit Vy,
1 0 0

2 0.000072 0.003498
3 0.000116 0.001536
4 0.001174 0.003419
5 0.000463 0.002848
6 0.000667 0.002703
7 0.000777 0.002021
8 0.000347 0.002103
9 0.000231 0.003871
10 0.001028 0.00257
11 0.000696 0.001955
12 0.000439 0.001908
13 0.000191 0.001946

FeFd S Tehe 4L Eq. ()9 2

413
Vp = H(VLj+ V;;]) (5)

i=1

FRITE Fig. 449 AIA o] Zokate Uehye,
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7 wEo 2 P AFH EAE Qe 49
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BISISESN

5.2 S2|HF|2F(Ve)
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G oIk AAES ofulgit). E2)F FHekd dhs 918,
A&t 22 IS o] gste] A AlEdolAE
3313 TE ALOHA AlE#oldL ool AU & 7|8k
S = Table 59 3719 8 Ho|HE ARSI oM, A=
Figs. 5, 63} o™, GISol| Yehd A= Fig. 73 2t}

ALOHAT V=9 Y7 ]=(NOAA)°] 7'isted, S+
HSHEPA)T T35 2 &8l SAaL IsljdS 2=
Jo|th. ALOHAE 371Hch 7p 2 dutal B9+
Gaussian T7] g4t B3} 37| 0T AL 72 B S4]
£ 7}2of 2831= DEGADIS & 29 ARg-a1 9tk
ALOHAT 159} 22 A& Wdshr]| FalH, A&57=
o) A, 33 EERE Abe] V1% SAIE 7R AL

Ll Al BHES U] dHES AlZEe] Fofd 24 25

(il



(¢3

Table S. Worst Case Scenatio Input Data for ALOHA Simulation 2ATHRobert et al., 2013). T2}, ALOHAE S4ted]
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Input Parameter et B I WS, 1947 9 ti7] 93
0.32 S 733t} T3k Hanna et al. (2008)°] 4 F& Alale
BF HAE Ask=tlell 9loiA ALOHA =2 130] 7|}
509 g EOf HaE Bl 4es g Rd=E
FAEHS] HadoMeE e 6719 255 Hls=g
TAE YERAL itk B1Eo] ALOHAE £]57-¢] DBoJ-&<|

il

Input Data

Buinding Environment

Factory Suwon A Factory
Chlorine

1.7 (annual average)

Hazardouse Material
Wind Speed
Wind direction

E (Housing Dense Area)

Roughness City, Forest 7Fssh 2ale] A3} GIS9} Google Earth Z2 197 S8k
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slo] HATh A Y Soll B8 5 Y= Aol ek
(Kim et al., 2021).
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Fig. 9. Vulnerability Assessment Map Considering Only Population Density for Chemical Release Accidents
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