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Risk Analysis of Transporting Hazardous Substances
in Harbor Using Modeling Program
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"Dept of Environmental and Safety Engineering, Ajou University, Suwon, Korea
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Safeti A€

ABSTRACT: Recently, the use of hazardous chemicals has been continuously increasing. Therefore, the international trade volume is growing and
chemical accidents have increased. Nowadays, the safety awareness of the public has increased. As a result, the management and supervision of
hazardous chemicals have been strengthened. However, the port policy of Korea has focused on increasing the volume of cargo through facility
development. Thus, the port management of hazardous chemicals has been relatively neglected. For national economic growth and society, the port
management of hazardous chemicals should be considered to efficiently ensure safety and economic growth. Therefore, this study assumed scenarios
where hazardous materials were moved in a dangerous container, not only on appropriate wharfs but also in ports that were close to a big city. The
BTX substances were selected among the toxic chemicals with large import and export volumes, and the risk distance and damage effects were
predicted using various risk assessment programs. It is expected that this could be used to improve a port safety management system and could be
utilized to determine the safety distance in case of an accident.

.M B Hol glof WA AZA el Feiles delolnt
U et A 1,770 2 FRE Al 5= el

slshatelo] Wb o2 9lale] e Ak AA oM thakak & TH2013W Ak 7)5). AR el wis) Hu shshat o)
sjstetE o] Aggol F71IGTh ool et fPEde] & AFALE =FEHUN UF fEHT SE=AR [l A
% 8 o0 A Frhele o R e setee of a8 WA VFSAE v Eobda gloh =’ we $Fe 5
3} 2H7F FEAh uE gEAe ko] A At Sede] fEE L glon old wel vt 47 e =4
< 53 B 27 stAAdolt FEE e, Fu 9 (8% 4E, 71 $)ellA E}f—- W2le] #e)t Fasich S
B ool Ugh =orh duid o R Agsint setEae] & I W2 AdEe] freFal =), ot fdEe
o] Z7Vto| wel A1 Ze sEAtae] MAVFsAT P FAFEETE FAAGT A o] AL B Al S Te
ol 7l T, =FREe] W% woppon, faSeEd A F UE &AS] BTHKim et al, 2016).
aLe] AAER Aol =o57] AT sWelAE ol Ao ddor wEHe Seted T A FH e
2 23] 9t setEdRey @ FEtEAEE 9 gy 9 A, 2% 244 8okt 59 HNS(Hazardous and noxious
W] A3 WE T olo] BHEH ¥ AAES 7235l 38HE substances) AFAEO] e HEHFE FICh AR 24
AL 1o} AARoZ ALLslT AAUE qushy] 98 =85 B faliEsEdY A9 ARE dEHY FHE &5HY,
Itk kAR sstE AT Al A -, AE, Auke Ae] AT BHEVF =2 tiEA A e FAE JAE 5o
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A=7] wizoll Aba Ty A A B AER|Hol
S 712 4= ATHWoo and Lee, 2016).

A91= BTX(Benzene, Toluene, Xylene) 22 3 WAl
< AAsRa, sEHEdS oA HeEHo|R

[e]

i

Fahe A% o9, 1A 4 £% folReRe] T2 A9
3 SE

o) AU E thaket PR/ T2 1S ALl T
s ol2 Abgslglnh
2. 2=

seteEd ey A2zl otH “Alntiu|EA |} F
3} ko] Ak @AY 9] 7hsAdol AU Ak
7F G Aol 1 "3 7RI F AR e SEE
AZA Ao oiv 2 O$ Aol "asitty 1" A=
A2l EZolth, BTX &S AlutiH|EZoly FAl 9
HEMHHLHY HdE dgEe Edolth. dutde
L000E ol =, FYds= 49 dde daAFe F5
o] F Qlth o]F A%t EHEH FolA BTX B 7|x3
A F o 2 A AFelol slFsct
webA, B A= I dvtolA vlwE Ala) 3
=]
(]

b

i

A F Y 9 FEY BoH, 39 77 FHAHEBEA
A 7P AHgEo] B2 BTX 54 5 WAy EF0& A
Ak

BTX 22 7|Z233tEdFE MF3stAF71A] thekst o
B2, 22, BA) HFH7] ol AA AHEFS BAA
Hoh Ax @s Zlog ddEn, oo mE BTX 5429 ¥
7} %83t Ministry of Environment, 2007). 53], Adz:-& 0]
/42 Al(p,m,0-xylene) 2 EANSt] 1 FH7} T2 IS o] 83
Agdold & ) dAS Fejo Ayt JeEh A geth

olo ARl Adg EE3tuA WAy EFAE HFEL
2 AASHATE 3 G | g E dHoU Y 3=
SAAZ T AT A3 E = 7F 2 (International maritime
dangerous goods cord, IMDG cord) &&] <A gkl 7|2& T2
glom oo ™hE AHRE Table 10] YERNATKMinistry of
Oceans and Fisheries, 2016; IMO, 2014). &to| A 2] FafislstE2
AFALE Table 2(Kim, 2015)0] 47k 1,0008 o4 &, FU=+=
29 ZAE Table 39 YERIATHMinistry of Environment,
2007).

iy

W

Table 1 IMDG code of benzene and toluene

Dangerous goods

Material IMDG code safety management act
Benzene ‘ Flammable liquids
(Category 4. 1 Petroleum)
Class 3
Toluene ‘ Flammable liquids
(Category 4. 1 Petroleum)
Class 3

Table 2 Hazardous chemical accidents in ports 2011~2015

No. Area Date Location Material
1 ‘11.01.09 Port 4 wharf p-xylene
2

‘11.03.11 Port 3 wharf p-xylene

3 Ubsan 131229  Port 24 miles area  unknown
4 ‘14.07.17 Port 4, Pier 2 unknown
5 ‘15.01.11 Port 4 wharf unknown

6 ‘11.02.17 Zhongheung Pier Octanol
7 ‘A2.1026  Owansyang Port e il

Anchorage
8 ‘13.01.29 Yeosu Methanol
Yeo-su

9 ‘1307.16 LG Chemical Sodium
o hydroxide

10 ‘13.09.17  Petrochemical Pier ~ DonZen®

muxture

11 Wan-do ‘11.03.16 Southern Sea Benzene
12 Pyeong-tack ‘12.11.10 Pyeong-tack Palm oil
13 Tong-yeong ‘13.06.14 Tong-yeong Formalin
14  Dae-san  ‘14.0522 Samsung p-dimethylb

Total Pier enzene
Table 3 Ranking of import & export volume
. Ranking of Ranking of
Material import volume (No.) export volume (No.)
Benzene 28 9
Toluene 31 28
Xylene 12 12

22 F& ANzl MY
221 t3EA L AU A4
AFEL dutdom AFALS FHsks b o] Fa
4 F AF BFE 3, 8, S5, WA Ao, 72
o] A¥s 3t A F Aitel A P
E4& BEH(Kim et al, 2016), ol 2

lo

ZuUlo] slstala WA 32 Fig 10 W2™, WA stk
ZT TE 2337(F 12%), =T M47(F 14%) o2 iR 3}t
e FEALYS ¢ 5 ATHOaK et al., 2017).

>
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Status of chemical accidents by accidents type

Fig. 1 Status of chemical accidents by accident type

Jo] pAol AR A 3}

o SF(S]F Gl o Zhow L}L = A=Tl(Lees, 1996) ©I
% A 3 A FE LOC(Loss of containment)”} 118 2 74-$-2]
FE AUE L2 AT

200 U A W 27 AF

APES BT HEF-TFE 538l AH FEj= o) st shA|wt
+ AelAe ti=Al e 28 Sl delA e 7= Aol
AL Solry] Yle] YFE Aol FE2 Futo 2 9y

Pyeongteak, Ulsan Port etc
Dangjm Port
Incheon Port
9%
Gwangyang
Port

10%

2011 Nationwide container cargo handling ratio

Fig. 2 Nationwide container cargo handling ratio in 2011

Fig. 3 Location of Busan Port

Table 4 Container loading specification

(Dry container, Unit : ton/cubic meter)

Maximum loading Actual maximum
weight (ISO)  weight (Domestic)

20.32 17.5
30.48 20.0

Standard ~ Size(WxHXL)

20ft  2.4x2.4x6(m)
40ft  2.4x2.4x12(m)

© 3= 7Moo, fEluEte] thaed &t & XA Elely
A& 76.9% A= Fatdtelx o] G BrHE AAlet
Ak ©]E Fig 20 YERSI O™, Fig 3-& F4kake] A58 veit

Auglee 7EAQ xHhoRE BH4eF PIpHE A
317] {8t =k P B A FTHKOSHA, Korea Occupational
Safety & Health Agency)ollAl A78gH “Aa Avbe] 2 Aol &
g 7IsAR S A st SAEE v Al A9 HE A
Atk YRk o2 s dFolA At AdE dEloly
© YAl Aelele] Fejol B aH oy AH W) 3
HE FEE™ LRk deolye] 79 20f(2.4x2.4x6(m)), 40ft
(24x24x12(m)) T°] FE AHEHI low B FHHY A
o= 20ft 87F A2 FARSHAl AREE AL 9lTHKang, 2014). ©]
T FAFCE FFHD e FAEE7]FH(ISO, International
Organization for Standardization)®] £F 42 AFESIEE AL
Skal lom, Table 4= )& UERITh

B A= AE ol Auke] A 58] FA|7])F(Twenty- foot
equivalent unit, TEU)®] == 20ft(2.4x2.4x6(m)) AHOIHUE 7]&
S 2 FIHTHKim et al., 1998). °]E4 02 20ft ZE|oJL o= <k
20E7HA) AAE 4= 971l KOSHA Guide®] # ko] +& Ay
2(NICS, 2016)°l A-8-3t FFZ2] 749 2022] BIX 20|
102 A% FEH AL 7173 24 94 919 7130l wet e
25T, 17130l A 5 we] T4 22t Lswss, SmisE 71y
stlen, 53] o] A9+ HdHolHe| dF BAHHE 9
/712 7Hste] derad Ao PP &% e
$-= RIVM(Reference manual Bevi risk assessments)°ll w2} 30m’©]

FEETAL 7HEAT o] W 2o Wl mE JFHS=

=70 A ot ol & Wt o] & 71Eo 2 Mgk
R= M)

714 R,& FEE(kgmin)olL, Q,& FEH ket

Table 5 LOCs for ships in an establishment

E1l E2

. L1 L2
Ship Full bore arm  Leak arm Externgl Externa_l
large spill small spill
Single- 6x107 6x10™
walled per per 0.1xf5 0.2x£,
liquid tanker transshipment transshipment
Double- 6x10° 6x10™
walled per per 0.006xfy  0.0015xf,
liquid tanker transshipment transshipment
Gas tanker,  6x10° 6x10™*
Semi- per per 0.025x%f,  0.00012xf,
gas tanker transshipment transshipment
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Table 6 Frequencies of LOCs for ships in an establishment

LOC for ships in an establishment

Full bore rupture of the loading/unloading arm
outflow from both sides of the full bore rupture

Leak of the loading/unloading arm
L2 outflow from a leak with an effective diameter equal to
10% of the nominal diameter, with a maximum of 50 mm

External impact, large spill

Gas tanker continuous release of 180 m® in 1800 s
Seml-gas tanker continuous release of 126 m® in 1800 s
E1 (refrigerated)
' Single-walled . 3.
liquid tanker continuous release of 75 m” in 1800 s
Double-walled

liquid tanker continuous release of 75 m® in 1800 s

External impact, small spill

Gas tanker continuous release of 90 m® in 1800 s
Seml-gas tanker continuous release of 32 m® in 1800 s
(refrigerated)
E2
S.lngle-walled continuous release of 30 m® in 1800 s
liquid tanker
Double-walled

B 3 .
liquid tanker continuous release of 20 m” in 1800 s

A o] Fakgrtolgte AYd 545 1] FEF
7173738 AT EARE Tk 20161 €, ARPE Hi
28 1133} 3 (Meteorological Administration, 2017), A3l H1
= Adbe) gk T2 RIEE A-8315 S H(RIVM, 2009), ©]
= Table 5, Table 6 °]= YERAATE

oot

bl ol rlo

fo =6.7x10"" X Tt X N ¥)]
A7IA 1= ARSI, = ARSIz, v

AZHEH o))
< 4 Utk o] o,

354,015,000ton/years FAFIREEARS] 20161 FAIAESD 20ft
Aeloly AL o] &3] 44hy/H-S T3t AT F(WY)
T MY FAHY B4 A s ] 20161 B ARE
o] g3t f & F3la(Ministry of Oceans and Fisheries, 2017),
olE 9 FHOE AT tF FF &F FF T /Y AT
2 7S HE Al HiEE dE3TEe] H$ 00325, &%
Z9] 7% 00655 283k R(Individual risk)2 T8I Th ©
Bo] 1T 2 JIFUEE FVFEAIEYKOSIS, 2017) F3}]
Bk o] lRims} vk gho)) whE FIRITe AT E

Zbzy ;2 Hgate] 91384 B7HE Ao old tiEk 4
33t 42X Table 7, Table 89l A3 THNFPA, 2017).

2.3 A& EHIKConsequence assessment)

HAt e A A4S Ysle] =& 73 ALOHA(Areal location
of hazardous atmospheres)$} Phast v6.7-2 A8-3153.0H, 713
A IEE 3] 8k Safeti v6.7S ARSI

ALOHAE W)=+ 39ftll7]=(National Oceanic and Atmospheric
Administration)©] 723}, 373 B & % (Environmental Protection
Agency)¥ FEOR FE3E W3 oS RO T
Z3la Y= T2 otk

Gaussian % DEGADIS(Dense gas dispersion model) 7% 532
& Agete] sletad R G E cPgshet F5-3 Data
base”} )31, =] A3} Google FarthE 53t | P HS
& AT AF 22T 4 Jor HEdo] e Aol 9
THNICS, 2015). aFARE A3}, s}k mAL Fo] Hla
AGTH= AlgAFo] slo] Boh AEg ks vluskr] 9s)
DNV-GLAFS] 748 =2 73831 Phast v6.7S A&l 28 gk
< vlaskyth

HFHoZE ATFEH 2T EY QA DNV-GLAFS] Safeti v6.7

)

37 % 3l
HEs BT, A%

2 AHgte] slapge) olz 2 A
AR AN,

o]
al

U TEL 20f(2.4x2.4x6(m))S] AHE BIH oA Hl
A} EFdo] A FE2HALS HAE, & ¥ 30m’Y] ¥
o] F& HAUS A= 3o, 71, AT, AF = fE 4]

3
3] ASE 4HEstaa, o] of 20 2 Y 342 Table 73
Table 8o YERISATHKOSHA, 2017).

Table 9= ZZ13 ALOHAS} Phast v6.7% Bdte] g
ERPG-2 Ag] & Hlag Zlo|ch.

o>

Table 7 Input data of consequence assessment (Benzene)

Material Benzene
CAS No. 71-43-2
Molecular formula CeHg
Density 0.88
NFPA Flammability 3
Temperature 25C
Wind speed Day > ms D
Night 1.5 nvs, F

Density of population 10,455 people / km®

Frequency 0.0006 / transshipment
Day 284,734 people
Population
Night 287,985 people
Source Direct
Type Continuous
The duration time 10 mins
Ground roughness Open country




276 Sukyoung Yoon et al.

Table 8 Input data of consequence assessment (Toluene)

Material Toluene
CAS No. 108-88-3
Molecular formula CsHsCHs
Density 0.8636
NFPA Flammability 3
Temperature 25 C
) Day 5 m/s, D
Wind speed .
Night 1.5 nvs, F

Density of population 10,455 people / km®

Frequency 0.0006 / transshipment
Population ]Z?ay 284,734 people
Night 287,985 people
Source Direct
Type Continuous
The duration time 10 mins
Ground roughness Open country

Table 9 ERPG-2 from Consequence Assessment

. ERPG-2 [m]
Material Program .
Day Night
ALOHA 494 780
Benzene
Phast v6.7 319 747
ALOHA 231 358
Toluene
Phast v6.7 128 286

ERPG-2(ppm)= thd] Ad] 7|0l He B8 58, 79 2

£ ARFEC] 143 B9 EHE REEXE AT 5 9
BYS £UT F Y AW, IE B YU B4 5 7lE
AZHe A7l E Gaolut A5 LA 9 A1 5
2 WIITHAIHA, 2016).

Wha) o 2 o] BlwElS Wi, ALOHAS 23 E4
A} Phast v6.78C T B0l Ayt Ukt o] Table 92

B3l 1% 4 9o, Fig 49} Fig 5+ ©1& ALOHAE °]&
3o Mappingdt 7o)t}

Fig. 38] AEE BW & 5 xR0l Ao vk QI 5
AR wj-- 777] wwol] Al HAE e AR 913
S(Societal risk, SR)= "$ =S & F Jth

wEta] B AFxE A APESRE ALl Al #
A A FAAYG ] ARIA HA 5 JE APEE & F UeE
7MA2 91E =(Individual risk, IR)(Martins et al., 2016)E <]% F
Aol Q& F k= AAEl| tF T2 A FEo FS

O

2 U5 ContourgE IHOZE YelfATt ol tiE +=
- KOSHAS| FHeoto] Alug]|eE 7o g EEdH ol
o] 4R B AEolHAA Y] FE24FE 7P o9} A
W3] A% 2% FEY 9= RIvMel W) 30m’e] o] ¢
Sdvha 7Pt
A S}HA) “}Xlﬁfl](National Fire Protection Association, NFPA)
o] YFE 7|ES E83l /1A AAEIR)] 518 AFE &

(a) Day (b) Night
Fig. 4 Mapping of a dispersion range (Benzene)

(a) Day
Fig. 5 Mapping of a dispersion range (Toluene)

(b) Night

9 5 e APEE the Table 100 YERH A (Kang et al,
2017), Figs. 6-9+= Z+2+2] “33+2] 719148 Y1 =(IR)E Contour=
vERd Aelth

E AFE Fo o] TR 9B U QIFE A 835 A
¢ AR EIRE YEMUTE FEAA AEE Y8R
o] AsIRt 91L& B F o7t ERA] ¥t F59] I
1§t AL & Qo] B3 go g vro] o] & vlwsth
AR Hle = At 8H4 F rEE e ARLe HIEE o] 8513
=Hl(Uijt de Haag and Ale, 2005) Zone 1-> IR =< 1.0E-05/year©]
71%0|™ Zone 2 1.0E-06/year < IR < 1.0E-05/year®]l Zone
2 3.0E-07/year < IR < 1.0E-06/year= YEIFT}

Ot o
oy _IZi r
2

2|

Table 10 Criteria for tolerability of individual risk (IR)

Classification Individual Risk Remarks
Not permitted : residential,
o | R < ofﬁ(c)e, aqd reltlail permljttjd :
ne 1.0E-05/year ccasionally occupie
developments(e.g., pump houses,
transformer stations)
Not permitted : Shopping
L5y o sl vl
Zone 2 <R < P ; praces,
1.0E-05/year retail and ancillary services,
’ residences in areas of 28 to 90
persons/hectare density
Not permitted : Churches,
3.0B-07/year school, hospitals, major public
assembly area, and other
Zone 3 =R = sensitive establishment
1.0E-06/year

permitted : All other structures
and activities.
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Fig. 8 Individual risk contour level (External small spill / Day)
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Fig. 9 Individual risk contour level (External small spill / Night)
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