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Abstract — The number of sunken ships in Korea is reported to be 2,200 as of December 2017. Sinking of ships
can well cause a total loss itself and moreover the sunken ships may cause the secondary accidents of navigation
safety, ocean environmental pollution, damage of human life and so on due to various risk factors. Therefore, sys-
tematic management and treatment for sunken ships is necessary to prevent the second accidents. In this paper, first
of all, we present a risk management framework of sunken ships. And we describe the procedure of the initial risk
assessment and propose a method of the specific risk assessment for ocean environmental pollution according to
the risk management framework. And based on the results of the specific risk assessment, it was proposed that the
risk reduction measures for sunken ships to be prepared according to the risk level.
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Fig. 1. Risk Management Framework of Sunken Ship.
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Fig. 2. Assessment procedure of Initial Risk.
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Hazard factor High risk Medium risk Low risk
Ship and inside of ship (40%) Over 30 15-30 1-15
Environmental Damage and Impact (30%) Over 26 10-25 1-10
Possibility of hazardous substances spills (20%) Over 16 7-15 1-7
Accident Cause (10%) Over 8 3-7 1-3
Other (10%) Over 8 3-7 1-3
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Definition of hazard accidents
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Fig. 3. Assessment process of Specific Risk.

Table 2. Example of typical hazard accidents

No Hazard accidents Form of risk
1 Construction work Risks vary by type
2 Deterioration/Corrosion Continuous occurrence
3 Diving Risks vary by type
4 Unstable seabed Risks vary by type
5 Military activity Risks vary by type
6 Ship traffic Risks vary by type
7 Storms/extreme weather Risks vary by type
8 Trawling Risks vary by type
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Fig. 4. Example of FTA Model.
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EH % 9lk. 2 WGy .
Mi = Mix P (FFERF) (3)  Table 5. Index values on age of ship
Age of ship (year) Index value
A=A iG] HAE, Before accident After accident
FEPR) = AR 9] 208 % 98 <5 Under 5 [
5~10 5~10 2
P=1-e™ 4) 10~20 10~20 3
Over 20 20~25 4
(1 4Pl 94 10] fEAE 9, AR se] Sy 2530 45
2 Ao A gl et hEA vk 2 9] el 35 30-40 ’
2ol A LAl utek 215 ngslolof U, N >
Over 50 6
Table 3. Correction indices and values of hazard accidents
Hazard accident Correction index Index value Weight (%)
Dissolved oxygen Spoint scale 25
Hull damage Spoint scale 20
. . Age of ship 10point scale 16
Deterioration . .
Tidal current Spoint scale 16
Depth of water Spoint scale 13
Sedimentation Spoint scale 10
Accident location Spoint scale 50
Trawling Ship size 6point scale 30
State of a ship Spoint scale 20
Depth of water Spoint scale 40
Ship size 6point scale 25
Storms/Extreme weather . .
State of a ship Spoint scale 25
Accident location Spoint scale 10
Table 4. Criteria of index values on deterioration
Scale Depth of water (m) Dissolved oxygen (mg/l) Tidal current(m/s) Sedimentation (phi)
1 Over 80 Under 2 Under 0.5 Over 10
2 60 - 80 2-5 0.5-1.0 8-10
3 40 - 60 5-8 1.0-15 6-8
4 20-40 8-12 1.5-2.0 4-6
5 0-20 12017 2017 2-4
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Table 6. Index values of hull demage location

Hull demage location Index value

Central part 5
Central stern part 4
Central bow part 3
Stern part 2
Bow part 1
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Table 7. Consequence indicators and values
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Fig. 5. Risk group classification by Specific Risk.

Consequence indicators Details Indicator value Weight
Diesel MGO, MDO 0.2
Toxicity Heavy oil and hazardous substances [FO, MFO 04 05
HFO, hazardous substances 1
Major Fishery, Farm 10
Natl. Park, Uncontaminated 8
. Tourist Region (Beach) 6
Sensitivity . R 0.1
Environment Protection Area 4
National Infrastructure 2
Etc. 1
Under 10 miles 12
Distance 10~50 miles 0.6’ 0.3
Over 50 miles 0.3?
Clear data such as oil spill response correspondence 1
Uncertainty Residual oil can be inferred from accident data 0.7 0.1

Location information but no related data

0.5




Table 8. Risk reduction policies according to risk group

4 A Al Pt A
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Risk group Risk group cells Recommendation of risk reduction policies
Basically, consider salvage
3,3) If the salvage is not feasible through the cost-benefit analysis, remove the risk factor and collect
Red Risk Group the hazardous materials
(3,2) Removal risk factors of hazard accidents and blockade of hazardous substances
(2,3) Mitigate risk factors and recover hazardous materials
3,1 Risk events factors removal
Yellow Risk Group (2,2) Mitigate risk factors Or hazardous material containment
(1,3) Recovery of hazardous substances
1,1
Green Risk Group (1,2) Periodic observations and assessments since risk is not yet a concern,
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