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Abstract : In this study, we have conducted a survey of AHP technique through the ocean experts to derive new items and revise assessment items
and indices for risk of sunken ships based on the survey results. As a result of the survey, two new items such as accident cause and tidal current
are derived. And it shows that existing items such as toxic liquid substance, remaining oil and explosive gas which were evaluated as one group are
desirable to be evaluated respectively. Accordingly, we analyze the indices of the new eleven assessment items adjusted from the existing seven
assessment items. As a result, the indices are ordered by toxic liquid substance, possibility of leaking, explosive gas, carrying capacity of fuel oil,
sensitivity of sea environment, marine traffic environment, cause of accident, tidal current, keel clearance, ship type, and ship size. Especially, as
compared with the indices of existing assessment items, the indices of sensitivity of sea environment and possibility of leaking are higher and the

index of keel clearance is lower.
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Configuration of expert for improvement of risk assessment items

- Feasibility study on the risk Evaluation of weighting and
assessment items derived form ranking on risk assessment
the primary survey items including new

- Derivation of experts opinions assessment items through
for assessment index feasibility study

Derivation of experts opinions
for the selection of risk
assessment items.

—

Derivation of results
Presents of weighting and ranking on risk assessment items

Fig. 1. Method of Survey.
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Table 1. Summary of Survey

Survey . .. .
Schedule Period | Participant | Methods main matters
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Survey | 10.08 P risk assessment item
nd “ g
2 11.03~ 30 Likert The .Vahley of such as a
Survey | 11.14 new item, improvement item
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. 28 AHP |of the assessment item,
Survey | 12.30 I e
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A ool By, AGBFULES} FEHHS 3 —
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T Y A8 = = a T T €I °OF% Deviation
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o] AqtE =&Y 57HA 9] & tiF B3 s w5 A Ship Size 5% 2.065 0.765 3
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A5 FE ZF AFE7)E(Remaining Oil), 3] A=A Explosiveness Gas
(Radioactive Substance), 324 7}2~(Explosiveness Gas)© -5 Clearance 25% 1415 0.541 2
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ensitive
FRow JAAE AL A7 Qew BAYRon PR eI :
S Ao Brgeitta AR} o Ao m Lheho) Spill Possibility 10% 2.677 0.950 1
N][Eam.‘e Traffic 10% | 2258 | 0.946 3
nvironment
3.3 3%t 424
Fig. 2 1, 22} A&7 AEAAE g2 239 M= ) )
A oE WobarEe AEA mdolth AE =i Table 3. Extraction of Assessment items
= j=R=| KN 2} Ao E tAlo] 3y E
78l 7t & 122 s FEA B el Hud Items A?Ce‘?t, Percent Number
A, 2R FEI AE7)E FES ARF A4, Availability
EA] NFEA EZukx SFE O H a5 =3 (0] 76.67% 23
§ A=A, FoA ks FHoR Feste] 71 774 Cause of Accident 2
JelE FAGEL 11714 FEOZ WA AZH S X 2333% 7
C2aglt oW AEAE NitE wEE BrlgEe i) . 0 89.66% 26
Tidal current
3 9059 AR A9 3 AR AAagn X 10.34% 3
33 AR WrhgEe] F7hHA eths AAe] o 0 96.55% 28
) L _ Remaining Oil
AA 11744 S8l = Fr7bse] A4 $o 3 A E X 3.45% 1
ARt A A4 A H AP TSk AT Radioactive 0 96.55% 28
AR e Hrkek #ad s, AL el Substance X 3.45% 1
el sz Tehwok ddRE R sl gk, o G 0 82.76% 24
A4 ofe] AR AYe T 2014 gy Posvenes Gas X 17.24% 5
129744 e-mail B H~5 FEslo] AiE-S HAASATH
Risk Assessment Items
T
: ; Sensitivity ot Environment Carrying Toxic . .
Sh Shi keel Possibility 1 FF % Explosive || accident :
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Fig. 2. Risk assessment model.
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Table 4. Expert group without exceeding the consistency index

Position WO.I'k Consistency

Experience Index

Shipbuilding & Marine Engineering 37 0.03
Shipbuilding & Marine Engineering 23 0.09
Shipbuilding & Marine Engineering 12 0.10
Shipbuilding & Marine Engineering 23 0.09
Shipbuilding & Marine Engineering 10 0.10
Maritime Affairs and Fisheries 17 0.09
Maritime Affairs and Fisheries 12 0.03
Marine en\élign(nrl;ttil(t),n safety and 20 0.09
Marine environment, safety and 15 0.10

exploration

Shipbuilding & Marine Engineering 6 0.03

Table 5+ 91al %= 7 5ol thafr] &-& Fhol] oJAAG =}
9] & % (Preference)E %t H| gt 3§ H(Pair-Wise Comparison
Matrix)2 F &3 2ot}

Fig. 3 213t 2 2249 9 e Hr1a2e Fawel ¢4
9 Aot}
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Ship Type(F1)

Ship Size(F2)

keel clearance (F3)

Sensitivity of Seaenvironment(F4)
Possibility of Leaking (F5)

Marine Traffic Enviranment(F&)
Cause of Accident(F7)

Tidal current(Fg)

Carrying capacity of Fuel oil (F9)

Touic Liquid substances {F10)

Explosive Gas (F11)
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Table 5. Result of cross comparison for risk assessment items

A7 Aol Bk AT

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 | Fll
Ship Type (F1) 1.000 | 1.644 | 0.640 | 0525 | 0.224 | 0.504 | 0.946 | 1.052 | 0342 | 0.184 | 0.220
Ship Size (F2) 0.608 | 1.000 | 0.578 | 0375 | 0.269 | 0439 | 0.624 | 0.636 | 0.281 | 0.186 | 0.246
keel clearance (F3) 1.563 | 1.730 | 1.000 | 0464 | 0354 | 0.539 | 0.608 | 0.836 | 0.286 | 0.204 | 0.333
iigigt\igl}én(t)f(sz;l 1905 | 2.667 | 2.155 | 1.000 | 0464 | 1.116 | 1.141 | 1.578 | 0.608 | 0.329 | 0.545
Possibility of Leaking (F5) 4464 | 3717 | 2.825 | 2.155 | 1.000 | 2.125 | 3.370 | 3.478 | 1.813 | 0811 | 1.072
Erﬁfgﬁﬂgﬁf(fg@ 1984 | 2278 | 1.855 | 0.896 | 0.471 | 1.000 | 1.390 | 1311 | 0.612 | 0263 | 0.439
Cause of Accident (F7) 1.057 | 1.603 | 1.645 | 0.876 | 0.297 | 0.719 | 1.000 | 1.000 | 0.549 | 0.296 | 0.341
Tidal current (F8) 0951 | 1572 | 1.196 | 0.634 | 0.288 | 0.763 | 1.000 | 1.000 | 0.393 | 0.240 | 0.320
Carrying capacity 2924 | 3559 | 3497 | 1.645 | 0552 | 1.634 | 1.821 | 2.545 | 1.000 | 0.445 | 0.643
of Fuel oil (F9)
Toxic Liquid substances (F10) | 5.435 | 5376 | 4.902 | 3.040 | 1.233 | 3.802 | 3.378 | 4.167 | 2247 | 1.000 | 1.269
Explosive Gas (F11) 4545 | 4065 | 3.003 | 1.835 | 0.933 | 2.278 | 2.933 | 3.125 | 1.555 | 0.788 | 1.000
Table 6. Change of risk assessment items
before after
Assessment item Distribution ratio of different Distribution ratio of different
assessment index item Rank assessment index item Rank
Fl 5% 6 4% 9
F2 5% 6 3% 11
F3 25% 2 4% 9
F4 10% 3 8% 5
F5 10% 3 16% 2
F6 10% 3 7% 6
F7 11% 4
F8 35% 1 21% 1
F9 15% 3
F10 - - 6% 7
F11 - - 5% 8
Total 100% 100%
aAJA™—] 6%, ZF7F 5%, AFTA, AT FHIF A2 4%, WEAFE aPshA @3 G Aoz B a9 o]}
Akt 7E 39% o2 e & FEolgte A ool UAMEE wE Frh o]9]
At 2FE HEE A5E VS e e v s Ags g E v sl YErs
e Bs v AGD AN E(FH} FE7HA FEES) o] AollAe HEAute] fse Frtgs 9 Ed
= 71E A7HAE 2ok A UER L, AGFA dEE)e] 37T S fske] AHP 7S &&ete] s 9
BAAAFE A vt AfaA ErkaEe] B e sk el Hag 3l UM FE AAeE U 13
vjste] FrRAF7F A A AL A F A o FE B AFE &8sk 2o e AT Ed 9
U =4 AsiHAY = A4 2 7] +(International Hydrographic 3] H oA EEE A B AU 288 Fo=

Organization(IHO))oll A 743t of

S NS e A
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Appendix
Supplement. Sunken Ships Risk Assessment
(2 of the Marine Environment Management Act Article 47)
Assessment Index
Items Detail Items Description
Ratio Point
Dangerous Goods Carrier 5
- Bulk Carrier 4 - 8ﬂ Tgn1<lerc, Oi'l Ba]ii(ej" Gatg Carrier,
ip Type - - o emical Carrier, ioactive
A) Tug, Working Boat, Fishing % 3 Substance Carrier in the Dangerous
Barge, Etc. 2 Goods Carrer
Unknown 1
Over 10,000 Ton. 5
5,000 < Size < 10,000 4.5
Ship Size 3,000 < Size < 5,000 . 4
(B) 1.000 < Size < 3,000 5% 3 - Gross Tonnage
500 < Size < 1,000 2
Under 500 1
Over 1,000k{ 35
René)aﬁnng Over 100ké 28 - Categorize of spill incident by
(Incl. Fuel) Over 50k{ 21 Korea Coast Guard
s Over 10k¢ 35% 10.5 - Full-scale : Over 1,000k(
Explosivéness Under 10k¢ 35 ~Midq1e-scale : Over 100k
Gas 0kl 0 - Regional-scale : Under 100k{
Radioactive Substance 35
Under 15m 25
a Under 20m 20
e?g“"e Under 25m 25% 12.5 - Margin of Safety Depth by IHO
Under 30m 5.0
Over 30m 0
Major Fishery, Farm 10
Sea Natl. Park, Uncontaminated 8
EnVlroqmental Tourlst Reglon(BF ach) 10% 6 - Refer to Sea Information
Sensitive Environment Protection Area 4
D) National Infrastructure 2
Etc. 1
Over 20 years 4
Age Before Over 10 years 3 o )
Accident Over 5 years ) - Considering Corrosion.
Under 5 years 1
Spill 5
Possibility Over 25 years 10% 6
E Over 20 years 5
) ,
Time After Over 15 years 4 Considering Corrosion
Accident Over 10 years 3 ¢
Over 5 years 2
Under 5 years 1
) In and Out Course of Port 10
Marf1t{1e In Port Limit or Close to 3 " . ffic. Tnft .
Tra ic Anchoring Area 10% 6 - Refer to Marme; Traffic Information
Environment G IS 1 by Port Authority
(F) eneral Seaway
Etc. 2
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