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Abstract - The purpose of this study was to analyze the risk and vulnerability of marine accidents based on statistical data on marine
accidents at Ulsan Port, which has the largest amount of liquid cargo in Korea. It was found to be quite vulnerable to the risk of marine
accidents, environmental damage, and vulnerability to environmental pollution accidents. Based on analysis results, marine accident
scenarios and accident response strategies were prepared. Additionally, as a response strategy to prepare for large—scale marine pollution
accidents at Ulsan Port, it is necessary to establish control equipment and infrastructure, as well as establish a control center to integrate
marine accident satety finctions. In particular, in the case of liquid cargo specialized ports such as Ulsan Port, considering the size ot
the cargo volume and the frequency of marine pollution accidents, it is urgent to build professional satety management institutions, which
should make the port safer.
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Table 2 Marine pollution accidents by causes in Ulsan port Table 4 NFPA by causes
(2017-2021)
Type NFPA grade
Type Accident Frequency Accident Size Crude oil 2
Cases Ratio Spillage Ratio Heavy oil 2
Disaster 16 13.8% 100,261 53.4% Diesel oil 2
Negligence 46 39.7% 5,437 2.9% Oily mixture 1
Defect 50 43.1% 81,335 43.3% Hazardous Liquid 3
Deliberateness 4 3.4% 868 0.5% Other oil 2
Total 116 100.0% 187,901 100.0% Waste N/A
Source : Internal Data in Ulsan Coast Guard Note : Applies to the average hazard class 3 of substances contained
in hazardous liquid
Source : Internal Data in Ulsan Coast Guard
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Table 3 Marine pollution accidents by pollutant in Ulsan o A3l FoR fEso] v 6|
port (2017-2021) = ZFHoA A SHHATE BdE
3l AGo] AL AluHlELE= Ao = 7 ke
T Accident Frequency Accident Size HA A el A AaNEFE 29 =5 7 5
ybe Cases Ratio Spillage Ratio FARL thv] 7Y w2 We(25.0%)& ARt o, A
Crude oil 4 34% 33020 | 176% FEFQ23ke) FHANA FAESHE &) thh 1 Y=
Heavy oil 2% 24% | 1053% | 56% Zzol e Aow morEr)
Diesel oil 29 25.0% 8,531 45%
Oil it 9 7.8% 102,848 54.7% . .
LY X l#e. 2 2 Table 5 Estimates of environmental damage by pollutant
Hazardous Liquid 4 3.4% 2,184 1.2%
Other oil 28 24.1% 3,053 1.6% Type Spillage NFPA Damage
Waste 16 13.8% 27,731 14.8% Crude oil 33,020 2 66,040
Total 116 100.0% 187,901 100.0% Heavy oil 10,535 2 21,070
Source : Internal Data in Ulsan Coast Guard Diesel oil 8531 2 17,062
Oily mixture 102,848 1 102,848
oy = \ N Hazardous Liquid 2,184 3 6,552
2.2 41si=(Environmental Damage) =8 drcons - :
Other oil 3,053 2 6,106
#7090 g Tl AT (Lee et al, 2012)0] A Waste 2731 | N/A 0
AAE NFPA 704 71E0% B4 ifo) J85s Hushs Total 187,901
WS gha-ahelth, NFPA 7043 1)35h4) o 33 3 (NFPA)
A YFEA O SFAE Al AL g 98 wEo 2.3 A-RZ(Risk) 24
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Table 6 Risk by accident causes

Type Risk Rank
Disaster 113,787 1
Negligence 8,654 3
Defect 96,381 2
Deliberateness 856 4
Total 219,677
W AR Qd WS AFLGAIE FEHE 2
B4 T FAEFEMUL2%) 0] 7HE vlFo] =3, O Ugo R
T (3.2%), 4(32%) o2 HFo] =9kt
Table 7 Marine pollution accident ratio by cases and
pollutant
Deli
Type Disaster | Negligence | Defect eliberate Total
ness
Crude oil 0.0% 0.0% 17.6% 0.0% 17.6%
Heavy oil 3.2% 1.5% 0.9% 0.0% 5.6%
Diesel oil 3.2% 0.5% 0.9% 0.0% 45%
Oily mixture 46.2% 0.0% 81% 0.5% 54.7%
Hezardous Liqud | 0.0% 0.0% 1.2% 0.0% 1.2%
Other oil 0.8% 0.3% 0.5% 0.0% 1.6%
Waste 0.0% 0.6% 14.2% 0.0% 14.8%
Total 53.4% 2.9% 43.3% 0.5% 100.0%

2.4 #2M(Vulnerability) 244
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Fig. 3 Marine pollution accident by time

Source : Internal Data in Ulsan Coast Guard
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Fig. 4 Marine pollution accident by area of Ulsan port

Source : Internal Data in Ulsan Coast Guard
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Table 8 Marine pollutional accident ratio by ship’s type

(2017-2021)

. Accident Frequency Accident Size
Ship type : - -
Cases Ratio Spillage Ratio
oil tanker 28 24.1% 106,278 56.6%
chemical tanker 0.9% 26,596 14.2%
cargo ship 8 6.9% 792 0.4%
bulk cargo 2 1.7% 6 0.0%
hazardous liquid 4 3.4% 2,132 1.1%
fishing 22 19.0% 4,488 2.4%
buoy 2 1.7% 20,430 10.9%
barge 6 5.2% 924 0.5%
dry ship 8 6.9% 1,685 0.9%
general facilities 1 0.9% 6 0.0%
marine facilities 3 2.6% 852 0.5%
tug 11 9.5% 8934 4.8%
wastewater carrier 1 0.9% 16 0.0%
unknown 10 8.6% 14,442 17%
etc 9 7.8% 322 0.2%
total 116 100.0% 187,901 100.0%
Source : Internal Data in Ulsan Coast Guard
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Table 9 Marine pollutional accident ratio by ship’ size

(2017-2021)

Ship Size Accident Frequency Accident Size
(Tonnage) Cases Ratio Spillage Ratio
non-ship 18 15.5% 35,828 19.1%
1710 7 6.0% 168 0.1%
10750 23 19.8% 93,942 50.0%
507100 9 7.8% 7,385 3.9%
1007500 19 16.4% 2,524 1.3%
50071000 3 2.6% 15,293 8.1%
100075000 11 9.5% 29,439 15.7%
5000710000 5 4.3% 220 0.1%
10000750000 15 12.9% 1,312 0.7%
500007100000 3 2.6% 226 0.1%
100000~ 3 2.6% 1,565 0.8%
Total 116 100.0% 187,901 100.0%

Source : Internal Data in Ulsan Coast Guard
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Table 10 Marine pollution accident scenario

Scenario 1 Scenario 2
Type Oil tanker Chemical tanker
Place Near ancl.lorage of 4th Pier in Ulsan main port
Ulsan main port
Time 15:00 LT 11:00 LT
Cause Defect, Disaster Defect, Disaster
Pollutant | Heavy oil Mixture acid
I ~Toxi losi
Oil slick(70m#800m) an(;”?;efas by explosions
Damage |formed by leakage of s
. -8 crew and 5 firefighter
Heavy oil 0.6k, ..
injured.
Size 3,000 ton 3,000 ton
AV 19 2 B FEALE BEAoA A
9l faAo] W WAL fRolE F Wn st o8 T
7V frEE ARLE 7P A A Al Al
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Table 11 Accident scenario 1

Type Scenario Content

At around 17:00 on Oct. 23, a port bypass valve
was damaged while tanker A(160kdwt)
transferring cargo oil from No. 5 starboard tk
to No. 5 port tk, causing 0.6k{ of heavy oil to
leak into the sea.

At the time of the accident,

SE wind 6-8 "s,, visibility 0.5nm,

sea 1-1.5m, and temp. 21C

Accident
Situation

Break of bypass valve during heavy oil transfer
Insufficient inspection of bypass valve
conditions

Causes

Pollutant is bunker-C

‘Bunker-C is highly harmful to skin corrosion,
eye damage, and irritation, and is harmful to
aquatic organisms in the long term.
‘Bunker-C is highly viscous and reacts with
strong oxidants, chlorine, strong acids, and
hydrogen peroxide, and generates carbon
dioxide, nitric oxide, and sulfur oxides during
combustion.

Pollutant
Characteristics

Marine pollution caused by the leakage of 0.6k
heavy oil.

-Oil slick formation(W 70m, L 800m)
‘Reduction of aquatic organisms in the mid and
long term.

Damage
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Table 12 Accident scenario 2

Type Scenario Content
-At around 11:00 p.m. on July 23rd, A (Hazardous
Accident cargo carrier, 3,000 ton, 8 crew) berthed at Pier 4
Situation of Ulsan Main Port had a fire with explosions
while waiting for departure, and mixed cargo

Al
&

tjo

TR

A

AT - Avtele

)

_?4

Ly
a

i

loaded in cargo tank No. 2 and No. 4 was
discharged to the sea.

At the time of the accident, SW wind 6"s,,
visibility 0.5mnm, sea 0.5m, and temp. 30C

-Insufficient inspection of cargo tank

C ..
auses -Poor management of ballast tank condition

‘Explosive and leaked pollutants are a mixture of
sulfuric acid and nitric acid (mixed acid), which
causes heat generation when reacting with
organic matter, iron, and moisture, but without
flammable substances, the possibility of
explosion is somewhat low.

-Sulfuric acid is highly corrosive when reacted
with water, is highly likely to generate
flammable gas, and generates hydrogen gas by
reacting with metals (steel, zinc, etc.).

‘Nitric acid is highly corrosive and irritating when
reacted with water, producing heat, toxicity and
flammable gases, and reacting with metal to
generate nitric oxide gas and hydrogen gas.

Pollutant
Characteristics

-Marine pollution due to the spill of 190kl mixed
acid.

-Poisonous gas caused by the fire explosion.
-Damage to the hull and land-based liquid
cargo transfer facilities

-2 crews injured due to falling into the sea

-6 crews respiratory damage due to inhalation of gas

Damage
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Table 13 Accident response scenario 1

Time Accident Response
(minute) | situation 2
. -Coast Guard recieves and distributes
-Heavy oil
0-5 <pill the report
-%e ort -KOEM dispatch to the site to
D understand the current situation.
-Emergency dispatch of pollution
reponse ships and patrol ships near the
0l slick accident
5-10 .c - Enforcement of maritime traffic control around
formation .
accidental waters
-Identification of the direction, velocity, and
diffusion area of oil spill
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EEERR RN
‘Installation of CDSCHQx DPUrPOSES. )
10-15 -oil slicks’ -Dipatch of pollution reponse ships after 'COOh“% operations of Coa,st
proliferation |understanding the situation Guard fireboat and KOEM's
-Mobilization of 1 support helicopter Chunghwa 2
.. -Deck-isolated crew lifesaving
“Tnstallation of an initial oil fence by - fire-induced
ilizi ; 27-35 explosion completed.
m‘)bﬂmn% response ships . ‘ D . . -Conducting marine pollution
- Reduced . -Installatlon.of sgcondary oil fence§ to - Bunker oil spill response operations
15-30 Spread of oil | prevent proliferation and protect private Integrated cooperation meetings
slick areas . . ..
. . . - fire spread after | with related organizations
-Installation of a tertiary oil fence for . . ..
. . further explosion | -Evacuation and examination of
recovery of oil spill B2 - proliferation of |emergency patients
il slick -Start collecting spill oil in cooperation bunker oil spills -Sealing of fracture part in engine
with private response organizations and room
30-100 | gradually . - - -
@ response ships - Suppression of further oil spill
sappears . . . . . . .
-Use oil absorbent to collect residual oil - Suppression of |- Internal suppression by fire
-Treatment of residual oil with fireboat 42-52 f - er bunker oil pu]r;lp Vehlclesdi
L00-170 -Situation hydrant Sp! : merggncy saster message
End -End of accident response after confirmation of transmission
spill oil removal status : (,?ompleti.on of internal ship fire
* CDSCHQ Central Disaster and Safety Countermeasures Headquarters, sp-gp | completely - jextinguishing
extinguish a fire |- Completion of spilled oil recovery
- Cleaning contaminated Pier
stAALaLY] g, ] I 19 IS ThsAol = " Dismission of each
ovg %x7] thgo] Farrt a5ttt E3 A 3E 9 Ihr-3hr | - end of accident countermeasure headquarters
=
=

Table 14 Accident response scenario 2

Time . . .
. Accident situation | Response
(minute)
- fire alarm
operation -Coast Guard recieves and
- call for rescue |distributes the report
0-5 from Coast Guard | -Scene Dispatch of Coast Guard,
- self-fire Fire Department, KOEM for
extinguishing lifesaving and fire control.
attempt
. -El 1 of All Ul
- failure to mergency call o Ulsan
extinguish the fire Coast Guard
. e - Arrangement of private rescue boat
in the early stages ., . .
‘Ulsan VTS’ maritime traffic
5-10 - occurrence of a . .
R control including rescue
marine crash .
. cooperation broadcasts near the
- casualties . .
during evacuation accident site
e -Operation of central and local DSCH.
-LDSCH operation and command
execution.
-Risk Assessment and Situation
- additional Judgment o
. -Crisis alert and consideration of
10-15 casualties on . .
board wide-area control center operation
- conduction of fire fighting
operations
- Search for crash injured and
rescue deck-isolated crews
15-27 - fire proliferation | -Internal entry for lifesaving

- Progression of marine pollution
response operations
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AMAA), AF(FAAR), EHENADA SFANGEAZE 7 & GRE A% AT dS7e GEE % T 75
S8 AN FESeobavkn F et e B pasIwoze Aol e ALk A AFLGA
o WA 2~ g St e 3 S WAL &
Table 15 Response equipment against HNS in port Welsle] Ha §Ae] Aelsy R FuylsAdo] &AL,
- - = A% =7 Hl Al A~ Elo] X 7] 5] = 5} o) L3k X
Tope Equipment Ut | Oty Fad S o Al2ge] BAjsitteE A7 dok B3 A
Comosite gas detector EA 2 X}Zﬂ ﬁ%“?‘}\i ‘;‘l }?)LAE—] Hc}zﬂé_]_]:’i 7]' %XH G}X] 9%‘0]— X]—é:—z:]?_]_
oxygen saturation meter EA 1 HA A 2~ 5 9 IS BE $ Qo 24kes ek
Basic hazardous gas detector EA 1 o AR SEH Gt AL Barg AR B oL 710 F kAl
VOC meter EA | 1 ol SshE Agvlde) AA7 e AT @ 5 Ao
Seawater detector BA L ol AHolA AAHE T WAME THE @A) Fol
Atmospheric detector EA 2 - ) A= = sAo] 1 . N
H ol FA= 5 2ol H o Jnu
LevelAprotection Suit EA 6 %_ ox'” /\]——‘D"1 zﬁ]a 'j'jo}-i X]"I—IL_ ox'“7]oe 7HE.
Level B protection suit EA 10 —sl't‘ E“ ——é‘-:‘q'@?_] EH%@%‘:—Q—E %‘ﬂ'%‘:}' %‘—5_] Z]\’J_' O\gg—l?"“?‘
Level C protection suit EA 20 Ao A v EPE YA HSAA BS Y A L
Cooling vest EA | 4 wwe sz £9 ey, TETx, a4 v 9y
Pressure fester PA L L e u@ "est Atk Aish Bt A de
SCBA aid EA 10
ol o olp|lLeo akz%gi E/\']?:S_]- —rT‘:, o 9l 7k
Protecti BA cylinder EA 10 R IO ]oe 7:]]—7—1 RNty gﬁ’]’ E]'u“’]’ EE]'
on Compressor EA 2
Full-face gas mask pcs 20 Table 16 Brief introduction for oil reponse center in Ulsan port
Pr.ztectlon rr{a:k pcs ;8 Ty Content
aa _gdS Ldrus.er pes Location 134, Onsan-ro, Ulju-gun, Ulsan(Unused land in
orgamc gés canister pcs 20 Ulsan port)
chemical resistant gloves pes | 100 e Site area 40,000, / Total floor area 12375m'
chemical-resistant boots pes | 100 ; Center(4th floor)building X3, Storage building X2
F1r§*f1ght1ng %mt pes 10 Budget Contruction cost 50b won
Fireproof suit bpes 4 g Annual Operational cost 2b won
Alcohol-resistant foam EA 20 R&D Center
Fire Gel foam EA 20 Professional Disaster Prevention Training Center
Control polymer absorbent B'tle 50 Purpose Marine Pollution Accident Response Center
foam absorbent spray EA 2 Response Equipment Stockpiling and Management
Gel spray EA 2 Office
Fire-extinguishing sparay EA 2 Stage 1: Building a disaster prevention center and
HNS boom EA 10 disaster prevention equipment, and securing
HNS roller EA 1 professional manpower
o HINS recovery EA D) Plan Stepv 2 Research the construction of big data and
Qil spill Chercal A N prediction technology
recovery erruc'a spray system et Phase 3: Developing disaster prevention technology
Small-sized storage tank EA 2 and building disaster prevention training system
Midium-sized storage tank EA 2 -
Portable filtering system Set 2 Source : Internal Data in Ulsan Coast Guard
Medium-sized a?(i);ﬁmsomng shower EA 1
E - b7 =
te Simple shower room EA 2 S. = =
Anti—poisoning drugs Set 2
Source: Lee et al.(2012), p. 862 2 AFelAE AASEES YRR SAETS Ul Ay
@ APAL BANEE vieon Sl 994 2 Aok
S, PAAAL] AGABS B AP BA K o guan BAAT] 2A P Lae ) AT Al
g dede A ok siFeAAtaLel tal AN H we gioro datm A}E] 92 2HAEke] Al T AT BA]
WA A=FE 58] f 1 AE3s 99 AEVIH 2 g 2 A2 28 gES A0S goksbd vhe g}
Hol argnh nt o o] el kel dEs A7), SAHa} ol A sk oo dAbare] gole
AAOE BHUPBEST AFL AT HSALY D YA g
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