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Abstract @ In this study, the risks of the leakage of a methanol-fueled ship's storage tank at Ulsan Port are evaluated using ALOHA and Bow-tie
methodologies. ALOHA is utilized to estimate the damage range by calculating both the worst and alternative scenarios. The results of the toxic area
of the vapor cloud range (ERPG-2 standard) indicate that the alternative (629 m) and worst (817 m) scenarios include the pier facilities of the onshore
tank terminal and residential areas. The flammable area of the vapor cloud range (LEL 10% standard) is observed only on the ship with the alternative
(126 m) and worst (218 m) scenarios. The thermal radiation level of concern (5.0 kW/m? standard) affects only the ship in both the alternative (56 m)
and worst (56 m) scenarios. Additionally, preventive and mitigation measures are evaluated by a panel of experts using the Bow-tie method. The
measures are classified into “hardware” and “human” categories, with “‘gas-freeing system,” ‘“ventilation system,” and ‘fire-fighting system” receiving

the highest ratings for safety effectiveness and risk severity. Based on the evaluation above, a risk-assessment diagram is developed.
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Table 1. Emission Reduction Compared to Heavy Fuel Oil (source: MAN energy solutions, 2021)

Energy Storage Type/Chemical Structure

Emission Reduction Compared to HFO Tier Il [%]
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Fig. 1. Timeline for technology (source: DNVGL).
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Fig. 2. Alternative shipping fuels outlook-2030 (source: S&P

global commodity insights).
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Fig. 3. Dual-fuel methanol ships on the water (source: DNVGL).
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Fig. 4. Flowchart of General Bow-tie Diagram.
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Fig. 5. Flowchart for sequence of ALOHA & bow-tie.
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Table 2. Ship’s Particular for M/T LEIKANGER

Item Description
Dead Weight Tonnage [MT] 49,999
Year Built 2016
Length Over All [m] 186.06
Gross Tonnage [MT] 30,945
Class DNVGL

Table 3. Capacity plan for LEIKANGER

Item Description
Number of Tanks over 3,000m’ 12
Cubic Capacity (at 98%) [MT] 50,661.2
Cargo Pumps Specification [m’/h] 600

Table 4. Weather Condition in Ulsan for Past 3 Years

Category Result

Average Temperature [°C] 19.5
Average Humidity [%)] 65
Average Wind Speed [my/s] 2.1

Table 5. Options for Accident Scenarios

Scenario Option

Title
Worst Alternative
Wind Speed [nvs] 1.5 2.1
Air Temperature [°C] 25 19.5
Cargo Temperature [°C] 21.5
Stability F D
Humidity [%)] 50 65
Leakage Hole Size [in] 10
Height [m] 7.2 12.1
Cargo Volume [MT] 4,221.75

A Aol Ao vge AdEa vE A 9UE Bt

Machinery
Damage/Failure 1,478

Contact
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Collision
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Other Accident 701
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Fig. 6. Top cause of incidents for vessels during 2022.
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Fig. 7. Top cause of incidents for vessels over 100GT over
from 2013 to 2022.
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Table 6. Effect of Toxic Area of Vapour Cloud

Rank Color Value Description

ERPG-1 Yellow 200ppm Maximum airborne concentration without life-threatening effects

ERPG-2  Orange 1,000ppm  Maximum airborne concentration without irreversible or serious health effects

Maximum airborne concentration without more than mild, transient adverse health effects or

ERPG-3 Red 3,000ppm objectionable odor perception

Table 7. Effect of Flammable Area of Vapour Cloud

Rank Color Description
LEL 10% Yellow Common Threat Level
LEL 60% Red Flame Pockets

Table 8. Effect of Thermal Radiation Level

Rank Color Description
2.0kW/m’ Yellow The degree to which one feels pain within 60 second
5.0kW/m’ Orange Second-degree burns within 60 seconds
10.0kW/m? Red Likelihood of dying within 60 seconds

Table 9. Results for Worst and Alternative Scenario by ALOHA

Worst Scenario

Alternative Scenario

ERPG-1 2.2km 1.8km
Toxic Area of Vapor Cloud ERPG-2 817m 629m
ERPG-3 288m 185m
LEL 10% 217m 126m
Flammable Area of Vapor Cloud
LEL 60% LOC* was never exceeds
2.0kW/n? 82m 82m
Thermal Radiation Level of Concern 5.0kW/m’ 56m 56m
10.0kW/m? 42m 42m

*LOC = Level of Concern
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Table 10. Result for Worst/Alternative Scenario by ALOHA

Worst Scenario Alternative Scenario
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Other Tanks Shower / Eye
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Fig. 8. Bow-tie Analysis for “Leakage” Risk Scenario.
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Table 11. Evaluation List for Using Bow-tie

Evaluation Items Level
Hardware(HW)
Categorization for Preventive and Mitigative Barriers Human(HUM)
Critical Process(CP)
-«(Very Poor)
-(Poor)
Preventive and Mitigative Effects O(Normal)
+Good)
+H(Very Good)
Low
Criticality without Equipped Barriers Medium
High
Table 12. Parameter List Regarding Methanol Storage Tank (source: IMO)
Automatic Shutdown of
Parameter Alarm
tank valve
High-Level Fuel Tank O X
High-High-Level Fuel Tank O X
Fire Detection at Tank Connection Space or Fuel Preparation Rooms O O
Vapour Detection in Cofferdams Surrounding Fuel tanks O X
(One detector giving 20% of LEL¥)
Vapour Detection in cofferdams Surrounding fuel tanks O O
(Two detectors giving 40% of LEL*)
Liquid Leakage Detection in Protective Cofferdams Surrounding Fuel Tanks O X

*LEL = Lower Explosive Limit
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o] W3 (Overflow)S oe 4= glom, o
2(Cofferdam)7} A x| o] 9la1

AR,
Detector) & &3l A5 WA F+A4

5.2.1 ASEX|
& 572 (Alcohol-Resistant) B} o] 43} A|ABlS A7
o] = AR WA F9E dol sAE HAsE

X

EERER R

R4

AZEA v= A 9= BT

Ak WEs AR A|xgo] ¥3E BRE FI & A <t
A A28l FE(FSS Code)E T73h= 144 kA 74 2
shA| AR A|2glo] AL ojof gt

Fire Detector(3}A] 74| 7])i= Table 129} 72o] A& A% =
A T A o]of atn, SAEA A= e, T
Abgrol Qe FdA A, b AlE], 2 WAL A
AR AoGaol A 71Al, 7F AR B ¢ RS X
3ho]oF FHTHKR, 2020). Smoke Detector(%7] 744 7])e] 7<%
o= Al RUHE fHolm, 543 sk ®F A3
djof gt} gk, Mubol= A X5E T FA 4
et Ful8 7t AANIF Ha 2z o)XY BHf-shofof gt

(ABS, 2024).

5.2.2 7tAZX|FX|
7k A A" ell M= B e 5] 58 aLelste]
A7gate] A7) WA E sl oF k. Table 110 wh=w, LELS]

20% A= 4 B Az Gt AsE o] oF gtk Shutdown
System<> 271 2] #7194 LEL®| 40%¢°l 4 27 3fx]ofof
ot m= =y Ak A AT AWNIOSH)N A = e

o 24 AP 1%
golstgom, o o
=4 27 welel 4

Yol 9133+ %= (IDLH)E 6,000ppmo. &
BH2-0] LELY ¢F 10%°] sfd=r=

4= ATHABS, 2024).
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2
5.2.3 &%

217] “X|(Ventilation System)= A|H FH 4 639 7] &
3to] 7hegh SHAQ 7 A 8] A ~EE ZhFojof &,
Ak 7 B (Low Oxygen Alarm) 2 7}2~71%] 74 B (Gas Detection
Alarm)E x| 3fjoF ghrh. =5k $1¢] WA 7] (Flame Arrestor) 7}
AAE AS dAs ®ad #ASHs TheskA & Al v
125%1 4 S 5 3lofoF FTHABS, 2024)

5.2.4 7IAZB|FX|

7] ARl 3] HA o2 AMgEly] Wi AR B
Aot A 3] Afole] AAe] Hol oA vt A= BWA
o] I3Hd 7t E AlASH] A8l 7k 2] 4] (Gas Freeing
System), &2 7}~ FFA] 228l (Inert Gas System) 2 AF-&3}H,
E3A 7teE dn WA W] Ak 7h2s ghERo] 2% ol st
2 9 w75 HA s WAootk H A 30ms 20m/s &
T4 frE FEE da gEdA Ha 3m $el Hj &
Z3f H &% tHDNVGL, 2020).
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6. 4 E
ALOHA 313} o5 =2 19& Fsto] vlehe F714uto]
gstel A%

o]83}lo] Toxic Area of Vapour Cloud,
Flammable Area of Vapour Cloud, Thermal Radiative Leven of
Concern®] 43 ¢S 4439 ). Flammable Area of Vapour
Cloud, Thermal Radiative Level of Concernol| 4] Leikanger %13:
AT 913 G HL7 =& ATt Toxic Area of Vapour
Cloudi= o} AlvtE] o, dijh Alvte] QoA A §4 ®=
Elujde] RE AJMoA ERPG-2 W7 EIEQlom,
ERPG-1 R 9lel A= W1 AF A 9744 3k HLI7F 23y
ATt

2. Bow-tie 7| & o] &3t FE/F2E Qg vekE A%
W9 r& Al gig AP e HItE Sl S E &
25 Y= st FE A
2 38, 54, IS, BAEE)el o dse Adst

2
=
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o™, Humano] '8 th &S 48t qirt o gl A=
“Gas Freeing System”, “Ventilation System”, “Fire-Fighting
System”o] 7} A F7HEAT A Bl AR o
el o] 3709 Bamier?} 7HE A H7hE ACh
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B rE Ao Alve] eE 7Hske] AR H o s da)] e
£ Hgste] AgH o fAsGth =4, 18, 544G

e 2 o

s

EE:

o] 3 4l
7}= Bow-tie 7

& AT

=
=2
o
ta
40
H
b
i
)

Reference

[1] ABS(2021), METHANOL AS MARINE FUEL. pp. 1-28.
[2] ABS(2024), Methanol and Ethanol Fueled Vessels. pp. 1-81.
[3] AGCS(2023), Safety and Shiping Review 2023. pp. 1-44.
[4] Agilent(2024), SFC Caffeine in Methanol Standards. pp. 1-41.
[5] DNVGL(2020), RULES FOR CLASSIFICATION Ships Part 6
Additional class notations Chapter 2 Propulsion, power
generation and auxiliary systems. pp. 1-377.
[6] DNVGL(2023), Maritime Forcast to 2050. pp. 1-84.
[71 EMSA(2015), Study on the use of ethyl and methyl alcohol
as alternative fuels in shipping. pp. 1-183.
[8] FRAMO(2023), CARGO PUMPING SYSTEM.,, pp. 1-17.
[9] IMO(2020), INTERLIM GUIDELINES FOR THE SAFETY
OF SHIPS USING METHYL/ETHYL ALCOHOL AS FUEL.
pp. 1-83.
[10] Jeon, M. J., D. J. Jang, and M. C. Lee(2024), A Study on the
Risk Assessment Methods
Hydrogen Explosion Accidents of a Power Plant and Water

and Improvement Based on
Electrolysis System. Journal of Hydrogen and New Energy,
35(1), pp. 66-74.

[11] Jeong, G. S. and E. S. Baik(2018), Damage Effects Modeling
by Chlorine Leaks of Chemical Plants. FIRE SCIENCE AND
ENGINEERING, 32(3), pp. 76-87.

[12] Jeong, S. Y., H. K. Park, and M. C. Lee(2023), Accident
Impact Assessment Using the ALOHA Program for the
Application of Hydrogen and Ammonia as Fuels of a
Combined Cycle Power Plant. Transactions of the Korean
Society of Mechanical Engineers - B, 47(12), pp. 647-661.

[13] KMST(2023), Marine Accident Statistics Report 2023, pp.
1-196.

[14] KOSHA(2020), KOSHA GUIDE P-107-2020, pp. 1-16.

[15] KOSHA(2023), KOSHA GUIDE P-102-2021, pp. 1-103.

[16] KR(2020), Guidance for Low Flashpoint Fuel Ships (LPG &
Methyl/Ethyl Alcohol), pp. 1-82.

[17] Lloyd's Register(2024), FUEL FOR THOUGHT Methanol, pp.
1-58.

[18] MAN Energy Solutions(2021), The Methanol-fuelled MAN
B&W LGIM, pp 1-24.

- 488 -



ALOHA & Bow-tie 7|H & o] &3 WS F2 Ao Ao wgS

[19] Methanex(2023), 2023 SUSTAINABILTY REPORT, pp. 1-103.

[20] UPA(2023), Retrieved from https://www.upa.or.kt/ on May 2.

[21] Waterfront shipping(2024), LEIKANGER. Retrieved from
https://waterfront-shipping.convleikanger/ on May 1.

Received : 2024. 06. 12.
Revised : 2024. 07. 29.
Accepted : 2024. 08. 29.

- 489 -



