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Abstract

According to the recent statistics on chemical accidents, 72 cases resulted from transport vehicles and 14
of those cases spilled hydrochloric acid, the most frequently spilled chemical from the accidents. A small
leakage occurred in most of the chemical accidents, but the massive spill occurred due to the vehicle rollover.
When hydrochloric acid reacts with fire water or rain after leakage, extremely toxic gases such as hydrogen
chloride are generated and spread into the atmosphere, causing severe damage. Since responding to vehicle
accident is relatively more difficult, it is important to take preventive measures to reduce the risks considering
the worst-case scenario such as the rollover. Therefore, this study used ALOHA to compare the end points
of ERPG for the rollover accident between the existing vehicle model and an improved one, which confirmed
that the improved vehicle could reduce the end points by an average of about 33.3 to 40%.
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Table 1. Statistics of domestic chemical accidents for the last 3 years

(unit : cases)

Type (A) Total chemical (B) Transporting vehicle (C) Overturn
Year accidents chemical accidents (B/A) accidents (C/B)
2013 86 20 (23.3%) 4 (20,0%)
2014 104 22 (21.2%) 3 (13.6%)
2015 111 20 (18.0%) 9 (45.0%)
2016" 36 11 (30.6%) 6 (54.5%)
Total 337 73 (21.7%) 22 (30.1%)

1) Based on Jan, 1st, 2016 ~ Apr, 30th, 2016

Table 2. Statistics of domestic transporting vehicle chemical accidents for the last 3 years

(unit : cases)

Year Type (A)ngar;iiz?r;;’?d;?gde (B) National highway (B/A) (C) Freeway (C/A)
2013 20 13 (65.0%) 7 (35.0%)
2014 22 13 (59.1%) 9 (40.9%)
2015 20 13 (65.0%) 7 (35.0%)
2016" 11 9 (81.8%) 2 (18.2%)
Total 73 48 (65.8%) 25 (34.2%)

1) Based on Jan, Ist, 2016 ~ Apr, 30th, 2016
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Figure 1. Top 5 chemicals of transport vehicle accidents for the last

3 years
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Figure 2. Examples of transport vehicle accidents generating hydrogen chloride

(left : Gyeongsangbuk—do in 2016, right : Jeollanam—do in 2014)
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Table 3. Criteria of ERPG division and ERPG values for hydrochloric acid

Division Standard Values (ppm)

the maximum airborne concentration below which it is believed nearly all individuals could be
ERPG-1 exposed up to one hour without experiencing other than mild transient adverse health effects 3
or perceiving a clearly defined objectionable odor

the maximum airborne concentration below which it is believed nearly all individuals could be
ERPG—-2 exposed up to one hour without experiencing or developing irreversible or other serious health 20
effects that could impair their abilities to take protective action

the maximum airborne concentration below which nearly all individuals could be exposed for

ERPG—
RPG=3 up to 1 hour without experiencing or developing life—threatening health effects

150
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Figure 3. Schematic diagram of vehicles handling hazardous chemicals under Chemicals Control Act

% Source: Control Method for Transporter(Shin, et, al, 2015),
Improvement on Spill Risk of a Hazardous Chemical Transporting Vehicle(Shin, et, al, 2016)
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Figure 4. Schematic diagram of improved vehicles handling hazardous chemicals

¥ Source: Control Method for Transporter(Shin, et, al, 2015),

Improvement on Spill Risk of a Hazardous Chemical Transporting Vehicle(Shin, et al.

2016)

Table 4. Comparison of the transport vehicle’s specification for the two cases

Type o . Maximum of spill
Act Tank volume (L) Number of partition Number of fuel inlet volume (L)
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Figure 5. Locational conditions for the transport vehicle accident location

Table 5. Information on the transport vehicle accident location
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A Hana Bank Y 80
B Small & Medium Business Administration w 160
C Hankook Tire Research Institute W 225
D Lotte Chemical Research Institute SW 195
E Daeduk High School E 150
G Daeduk College E 285
F Daeduk Kindergarten SE 270
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Table 7. Comparison of the ALOHA input variables for the two cases

Type L Maximum of spill .
Case Tank volume (L) amount (L) Hole Size (cm)
Case A 12,000 12,000 103.9
Case B 12,000 4,000 60

sto] F=Q)- A719F FYst
Case BO| &30 749 5L Altol| Al 7l1e] 2 4loflA|
freo] HAsE R ALOHAS YeE= 75359 27
= 242 (Mass balance) 41 &-83}0] Case B i+
239 /3 HJ(103,9 cm) S A 07 AME3lo] A8
stoict ohee] 4t U] e 2 atmo 2 715}
, =29 545 dEsto] AlEA| o2 A7gste
Sk Aldstltt, 5] 871 FHl= 8

AR PR A5 1.8 m, Zo] 4.7 m& 7H
FAct, AlE71A] A8t Case’d @72 (Table 7)0]
QoF

a4 et

271 Ageiact, chat

ES

g ol )1' |
2

(o3
i

;
£y

A

-

r

o2
e
O

L

oflh

ol

HA|, shekEAdE o] wE Rk A7
Case A9] A&A¥H ERPG-1(3 ppm), ERPG—2(20 ppm)
ERPG—3(150 ppm) §=2] 40| ARLAH (254
oA "ol Ael, & w5l FFHANE ASSISiH.
Case A2] 7 1€l 129714 ERPG-19] 13 3k
W= 1,500 ~ 1,600 m, ERPG—2+= 760 ~ 777 m,
ERPG-39] T3] HsFd$+= 306 ~ 334 m&E e
o= ARSI, 53, BltsAE ol AR
= 608 EA =27]5 ERPG-2 9] T3] HsiH 9
L Ao} 777 m A S I3 22, 15}
W, ek AR vF A0 R Uekta, 53
Ape A 9 0, shgo] Bk e sk
S2e7} §2E A7 UASHS 79 ERPG-2
9ol Q= 3 Apgrell] A13] BAJsko] 3ol
HBEIEE S, 5E/1S HE A7 SO b
A Al5s] o2 A7) =S 2XsfoF jitt v
o7 2 AolA AQkek SRR Zhato] Yl =4
T WA A2HQl Case BO| A9 14oflA 128714

i

O]

o%{‘.:i

ERPG-19] 3] H3HQ= 1,000 ~ 1,100 m,
ERPG—2+ 485 ~ 510 m, ERPG-32] 7|3} JaFH ]
=177 ~ 207 m7HA] et Ao & ZALEQIL} Case
BO| ¥Hls = ERPG-29] 79~ ALLA|Hlof|A] 2|t 510
m7HA] Hol Rl S7HA] e AL, wsf R el s
ok, gt A=/ 233 A 02 UEiTh Case
B2| ERPG-2 T3 $]7} 2|t} 510 m= Case A%] Z|T)|
770 mof| H[s} °F 33,8 %7} EolEo] A FAE Al
2Ho] QIFEE a7l AR &bt qlqlth
ohk A S5k S lE S e ISR A
2ol A HPAYsEaL 8 K] 9ofl Algho] o] A= Hojx]
o] Lot 2 dAtollal= ARAE thdo] ARt
PR AP 912 'A'E AAsG7] whizel g g
o124 ‘E%% QI FRiof Z&EA}, Y 5ol §lo] Case
B7} 99 BISIE Eol=dl a7t ASARE
Case 2% 4’3H7} ol P FA =t ot
Haf] P A= AIE AREA A0l 288 7
§, ABARLR Qs 397} abEo] e s 55
o] MM El= AlLE 7HYEH AluE] @04 ZF ERPG &
L7t 9 sy, 22 FolA HeE = AR
LR = Caseoll A AFALS] FRFHSIE E0)7] 913t &
7HAQl 714 - weld bddidlo] Hagh Aow w
cheElth, @ S Case Mol Hi7| 2%k, S50 wE
7411”4 felof whE st FeFiele 2 Aol7t §l=
Aoz ZALESQITE AF7HA] A Caseol| ©HE 7|
2 wjaf FPHS] BlwE (Table 8) Y (Figure 6)0]
UERSITh ok&2] (Figure 7)o ALOHA %] &
2 A7E A-ER vasiA depdch
Case A9} Case BQ] ERPG B XSS AlulH
H, T Ek Case A9| Bt E4PH 9= ERPG-1
0] 1,567 m, ERPG-27} 768 m, ERPG—39] 325 m&
UrEpdTh ¥HH, Case BO| Bt B4 9= ERPG-19]
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1,042 m, ERPG-27} 502 m, ERPG—3°] 194 m& L}
ERtTt, o=, FA AA7|2 Case AQ] Hat BAH 9

‘A ARl A2l $19 = (Risk) 7F A3 7HAs)
A "k, qhek, ‘AT ARLR 1A 500 ~ 700 m Ato]of]

of ulaf & olLof|A] Aokst Case BO| Hat TAPHS|7} T, 22 Fol WRE A 2 dAqtolla] At
oF 33.5~40.3 % o= AZ & 4= Uk, o= Qalf g WK A e FRH] AR fEE
AR AEARLRE QIgh wjsf FFHL7F Eols0 7} Eolgo] & 9% & AoE woE
Table 8. Comparison of monthly ERPG dispersion between the two cases
(unit : cases)
Year—month ERPG—1(3 ppm) ERPG—2(20 ppm) ERPG—3(150 ppm)
Case A Case B Case A Case B Case A Case B
2015-01 1,500 1,000 760 504 328 203
2015-02 1,500 1,000 760 494 317 185
2015-03 1,600 1,000 762 495 317 186
2015—-04 1,600 1,000 762 485 306 177
2015-05 1,600 1,100 772 507 326 195
2015-06 1,600 1,100 T 506 334 194
2015-07 1,600 1,100 776 502 321 187
2015-08 1,600 1,100 777 510 334 198
2015-09 1,600 1,100 777 508 331 195
2015-10 1,600 1,000 769 505 334 198
2015-11 1,500 1,000 768 506 329 203
2015-12 1,500 1,000 761 502 324 207
Graph of effect on monthly ERPG dispersion for Case A and Case B
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Figure 6. Graph of effect on monthly EPRG dispersion for Case A and Case B
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