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Abstract @ To assess the risk of marine traffic environments, with high confidential level, the risk factors comprising it should be identified and the risk
acceptance criteria should be also provided. Furthermore, the relative importance of each risk factor(the weight of each risk factor on total risk) should
be analyzed because the risk is expressed as the sum of risk factors comprising it. The twenty kinds of risk factors and its assessment criteria were
suggested for the domestic marine traffic environments by an examination of the existing risk assessment models on the previous studies. The relative
importance of each risk factor was also analyzed through the questionnaire using analytic hierarchy process by the marine traffic experts on the same
studies. Based on these previous studies, the risk was evaluated at the port of Mokpo and its approaches on this study. The port of Mokpo and its
approaches were divided into four sectors for the comparative evaluation, the result of the comparative evaluation on four sectors showed that the risk
of the Jeongdeung-hae passage is the highest due to higher risk level of some risk factors(water movements, complexities, tug boats, pilotage, VTS) than
the other sectors. The result of this evaluation is in accord with the analysis results of the other studies using various qualitative or quantitative risk

analysis methods at the same sea areas.
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Table 1. Frequency, Consequence, and Risk Index

Index  Frequency Index Consequence Index Risk Index

1 Extremely Remote  Extremely Minor Safe

2 Remote Minor Extremely Lowly Risky
3 Normal Normal l

4 Frequent Major Lowly Risky

5 Extremely Frequent Extremely Major l

6 Normal

7 l

8 Highly Risky

9 l

10 Extremely Highly Risky

Table 2. Classification of Risk Factors on Previous Study

Risk Categories Sub-Categories Risk Factors

Weather Winds
Natural Conditions Visibility Restrictions
Conditions Sea Waves
Conditions Water Movements
Dimension Widths
Fairway Conditions Depths
Conditions Interference Complexities
Conditions Obstructions
Fairway-use Traffic Flows
Traffic Traffic Conditions  Volume of Traffics
Conditions Open-use Traffic Flows
Traffic Conditions Volume of Traffics
Fairway-use Vessel Qualities
Vessel Vessel Conditions Crew Qualities
Conditions Open-use Vessel Qualities
Vessel Conditions Crew Qualities
Material Resource Tug Boats
Assistance Conditions AtoN
Conditions Human Resource Pilotage
Conditions VTS
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Table 3. Assessment Criteria of Risk Factors

Assessment Criterion
Wind Speed 13.9m/s or more
Visibility Range lkm or less

Risk Factors
Winds

Visibility Restrictions
Waves Wave Height 3m or more

Water Movements Current Speed 3knots or more

Widths Width of Fairway under 2.0L

Depths Depth of Fairway under 1.15D
Complexities Fairway Bend 30° or more
Obstructions Existence of Obstructions

Fairway-use Traffic Flows Sailing with Opposite Direction in Fairway

Fairway-use Traffic Volumes 5OFairway-use Vessel Transits or more per Day
Open-use Traffic Flows Impediment by Open-use Vessel in Fairway
Open-use Traffic Volumes 50 Open-use Vessel Transits or more per Day
Fairway-use Vessel Qualities PSC Detention Ratio of Fairway-use Vessel
Fairway-use Crew Qualities Low Class Cert. of Fairway-use Vessel's Crew
Open-use Vessel Qualities Marine Accidents of Open-use Vessel

Open-use Crew Qualities Low Class Cert. of Open-use Vessel's Crew

0006068606006 6866 e

Tug Boats Tug Boat Available in Emergency
AtoN Suitable AtoN Available in Fairway
Pilotage Pilot Available in Fairway
VTS VTS Available in Fairway

Table 4. Kinds of Frequency Index

FI ® ©

1 0 ~ 7 days 0~5% 1 place

2 8 ~ 30 days 6 ~ 10 % 2 places

3 31 ~ 90 days 11 ~20 % 3 places

4 91 ~ 180 days 21 ~30 % 4 places

5 181 ~ 365 days 31 ~ 100 %  more than 4 places

FI ® ® ®

1 0 ~ 3 places 0 ~ 1 case 0~10 %

2 4 ~ 5 places 2 ~ 3 cases 11 ~20 %

3 6 ~ 7 places 4 ~ 5 cases 21 ~ 30 %

4 8 ~ 9 places 6 ~ 7 cases 31 ~ 50 %

5 more than 9 places more than 7 cases 51 ~ 100 %
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Table 5. Consequence Index and Relative Importance of Risk Factors

. Avera; Relativ

Risk Factors Valu: O%eCI Imrfonanece
Winds 4.18 2.5%
Visibility Restrictions 429 8.9%
Waves 3.95 3. 7%
Water Movements 3.89 2.9%
Widths 3.95 5.4%
Depths 4.04 5.6%
Complexities 3.66 7.4%
Obstructions 3.96 7.5%
Fairway-use Traffic Flows 4.13 52%
Fairway-use Traffic Volumes 3.64 6.2%
Open-use Traffic Flows 3.98 7.9%
Open-use Traffic Volumes 3.88 8.7%
Fairway-use Vessel Qualities 3.54 3.7%
Fairway-use Crew Qualities 3.31 3.6%
Open-use Vessel Qualities 3.77 4.2%
Open-use Crew Qualities 3.46 5.3%
Tug Boats 3.71 2.8%
AtoN 4.02 2.0%
Pilotage 3.75 3.7%
VTS 3.98 2.8%
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Natural Conditions = (1+4.18) » 12' 0 (1+4.29) I '90
+(1+3.95) » +(1+3.89) » 12'0:5.14 3)
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Traffic Conditions = (1+4.13) « 52 +(1+3.64) 2
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+(1+3.98) 79 +(1+3.88) - 288'70:4.90 5)
. 7 6
Vessel Conditions = (1+3.54) : +(1+3.31) 16.8
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Fig. 1. Analyzed Sea Areas.

Table 6. Frequency Index on Sector #1 & Sector #2

. Sector #1 Sector #2

Risk Factors
Freq. FI Freq. FI
Winds 8.6 2 8.6 2
Visibility Restrictions 14.2 2 14.2 2
Waves 3.6 1 3.6 1
Water Movements 0 1 0 1
Widths 7.8 2 17.5 3
Depths 26.9 4 0 1
Complexities 5 5 2 2
Obstructions 5 2 2 1
Fairway-use Traffic Flows 222 4 273 4
Fairway-use Traffic Volumes 195 5 195 5
Open-use Traffic Flows 100 5 100 5
Open-use Traffic Volumes 328 5 328 5
Fairway-use Vessel Qualities 6.5 2 6.5 2
Fairway-use Crew Qualities 83.1 5 83.1 5
Open-use Vessel Qualities 1.6 2 0.6 1
Open-use Crew Qualities 100 5 100 5
Tug Boats 0 1 43.8 4
AtoN 0 1 0 1
Pilotage 0 1 50 4
VTS 0 1 0 1
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Table 7. Frequency Index on Sector #3 & Sector #4 A3, s T ATl B Agol Hls) wA vehd
Ailo
. Sector #3 Sector #4 Aol
Risk Factors Freq  H g Fl s AWE BAANE 7 AYE ez 24
Winds 8.8 2 24.6 2 3 B, Az 253 AFEE7 A 3 9 AE 49
Visibility Restrictions 276 2 126 2 6622 AH 1R AE 29 5778 = UERd AL A
Waves 146 2 164 2 ool F2 Y AFTiodA 3mEol e x7{7t 2¥she
Water Movements 50 5 100 5 H|&o] E} AME ol vl oz £ Aijolrh
Widths 0 1 0 1 o] FEE Ad=7F AH 194 7182 7HE
Depths 09 1 13 1 B et A Bxae) ge £43 Bgd 42w
Complexities oo 22 G Aztolv], AE 47} 5182 7HE Al ebd A1 ik
Obstructions 4 2 1 1 2 A=5r7) g A v gad dzzAs z2hE: A
F.airway-use Traffic Flows 32.8 5 34.7 5 o2 Fo|d 2 9.
Fairway-use Traffic Volumes 195 5 195 5 WEZAT Auizze] HEES Tl mE Ao
Open-use Traffic Flows 100 5 100 5 s . =~
A Hsd FES WA Exg d 0 AYFEE T
Open-use Traffic Volumes 328 5 328 5 _1 . LA TEE U A L mT °
Fairway-use Vessel Qualities 6.5 2 6.5 2 ok Adurd Sansrel AR Aol Zil T
Fairway-use Crew Qualities ~ 83.1 5 8.1 5 shARtes flxxde] FEER AWk AH 3e0A
Open-use Vessel Qualities 0.8 1 2 2 81302 7Hg A vEhd A2 Aes FRAA 1A,
Open-use Crew Qualities 100 5 100 5 AL, AutuE A 5o @nt Ax75S 71ty o
Tug Boats 100 5 100 5 7] wiolw, AE 104 484 7H WA el 312 by
AtoN 0 1 0 1 2 =x3o] g AEo] vl F5d At dxr5S 2E
Pilotage 100 5 100 5 Ao A 7]l
VTS 100 5 0 1
Table 8. Integrated Risk on Sector #1
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Table 9. Integrated Risk on Sector #2
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Table 11. Integrated Risk on Sector #4

Integrated Risk on Sector #2 Integrated Risk on Sector #4
6.82 7.03
Natural Fairway Traffic Vessel Assistance Natural Fairway Traffic Vessel Assistance
Conditions Conditions Conditions Conditions Conditions Conditions Conditions Conditions Conditions Conditions
5.77 5.59 8.72 6.86 6.57 6.62 5.18 8.90 7.11 7.15
. . Fairway-use Fairway-use . . ) Fairway-use Fairway-use
Winds Widths Traffic Flows| Vessel Qual. Tug Boats Winds Widths Traffic Flows| Vessel Qual. Tug Boats
6.18 6.95 8.13 5.54 7.71 6.18 4.95 9.13 5.54 8.71
Visibility Fairway-use Fairway-use Visibility Fairway-use Fairway-use
Restrictions Depths Traffic Vol. Crew Qual. AtoN Restrictions Depths Traffic Vol. Crew Qual. AtoN
6.29 5.04 8.64 8.31 5.02 6.29 5.04 8.64 8.31 5.02
. Open-use Open-use . .. Open-use Open-use .
Waves Complexities Traffic Flows Vessel Qual. Pilotage Waves Complexities Traffic Flows Vessel Qual. Pilotage
4.95 5.66 8.98 4.77 7.75 5.95 5.66 8.98 5.77 8.75
Water . Open-use Open-use Water . Open-use Open-use
Movements Obstructions Traffic Vol. Crew Qual. VIS Movements Obstructions Traffic Vol. Crew Qual. VIS
4.89 4.96 8.88 8.46 4.98 8.89 4.96 8.88 8.46 4.98
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Table 12. Results of Risk Assessment on the other Studies
No.

Results of Risk Assessment
Complexity of Fairway Configuration on Port of Mokpo and

Type

its Approaches

Frequent Occurrence of Close Encounter between Ships due

to Narrow Fairway .
@D ) o ) Qualitative

Existence of Numerous Fishing Boats around Fairway

Appearance of Strong Tidal Current on Fairway

Danger of Collision due to Crossing of Traffic Flow on

Fairway Bend

Existence of Numerous Fishing Boats and Fishing Nets

around Fairway

Existence of Vessels Engaged in Dredging on Fairway e
® ) Qualitative

Frequent Occurrence of Close Encounter between Ships on

Jangjuk-Sudo

Suggestion on Necessity of Extension for VTS Area

Difficulty of Navigation on Fairway Bends in Port of Mokpo e
® Qualitative

Existence of Numerous Fishing Boats around Fairway

Occurrence of Most Marine Accidents by Officer under 3rd

@ Qualitative

Class Certificate

Frequent Occurrence of Close Encounter between Ships on
Jangjuk-Sudo .
® Qualitative

Existence of Numerous Fishing Boats and Fishing Nets

around Fairway

Increase of Probability for Collision by Traffic Flows against

® . Quantitative
General Direction
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