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Abstract - Buoys are a necessary component for the satety of vessel traflic. However, if the buoy becomes inoperable from damage and
loss, it can have significant impact on vessel traflic saety as well as unexpected budget spending. The purpose of this study was to
evaluate the risk of accidental contact by applying the marine trafiic assessment index that can reflect the trafiic flow in the sea area. First,
Busan Port No. 5 fairway, with a high number of buoys and many contact accidents, was set as the sea area for assessment. to investigate
the status of accidental contact and evaluate risk of contact accidents based on the IALA Waterway Risk Assessment Programme (IWRAP
MkII) and Potential Assessment of Risk Model (PARK Model). As a result, buoys are near the Precautionary Area wherein the traflic
flow was complicated by the Masan port vessel and Busan new port vessel, and buoys are near the entrance of the Gadeok waterway,
wherein vessels show a pattern of navigation across the fairway and buoys are near the breakwater in the inner fairway were considered
as high risk for contact accidents. This study can be used as basic data for establishing an integrated model to evaluate the risk of buoy
contact accidents.

Key words - Busan New Port, Buoy Contact Accident, Risk Assessment, Marine Traflic Assessment Index, Location of Installing Buoy

.M £ & FRE AT F JAEF frEshs 98 dx Aol o
< SRS A FF S fdeid dad AR,
2 g Muto] vk 7+ 88 w AAHolm ok Fefshs Autells] ehxu alo] &2 3t AAlE LAY

¥ Corresponding author : 418 ¢l youngsoo@kmou.ac.kr 051)410-5085
* A 3]9) Imk0620@kmou.ac.kr

% A 3] goodfeeling@kmou.ac.kr 051)410-4835
sk FA1 3] 9 cooksg@kmou.ac.kr  051)410-4227
(F) o] =2 “THE AFAn LA 9g 7

3 s o A o= “2019 =g
F7=d 3 TEsteds] dxdaFguns]=Ed AT FADNAAE, 2019.5.15-17, pp.85-86)"°l LE

f
S
a=)



F2ol AAE &E]7] Yot sl A A HHlE
S 23lth(Jeong and Gug, 2013).
SHEe g uEd, At $F 4 75 58 2ARAT

S bRl ST e A8 58 ARkl 4y
. °

(MOF, 2017)

THE Alas AdFHoR o AR EIE oA X EFE ol
o THE 8o Brbessldd wet duk 3 tddE &
FEFs vE Q.

Sy AReNE THE AlEAS dwsr] fEiA
vjd FREAARE L F2uA LIS Fotsta
gow 53| HAwE Gty elM s Ak o382 3
ZEA AMA ATFEGES T3 FEEAY AndIRAL &
AAE, BE7|R gAFES 7Nt 2 Aa AYH S

I THMOF, 2017; BROOF, 2015). H@ 2% Abael

A% A7E Moon et al.(2018)3 Moon and Kim(2019)°]

ZEAALZLR 98] 2% E BE A FAZFH o]&x)

BATE vgo 2 I3t ¢ Qle FR ALY ALY

H]-8-(Social Cost) B7IRAS Jfdsle] = EAALLZ <l
AAAD A =A5ux ) d2uA A9 TP

T2E Kim et al.(2008)°] =] F938 2o mjx=E 5
o] AH wjH o I NS BASY] I N ZAERA

A
Jom =X el AolAw el W] T M5
Kim et al.(2014)°] =¥ =] 414 2 A of

S
i
ol
ol
2
Hoox ='=

P o o o o TR ok X 10 % i p
&1'
)
il
tjo
o =

Al XdZP%HE stel A st Ao vz AXE 5 9l
5 A dsts AZE & Jidste] A 284 B 4
d AR E ATl E5S F 5 UEF SR, HE A
folEE &&3le] AFAQ BFrtE T3 F21xA wfH |
gt AT E ERYATHPart et al, 2019).

ARk 7] %i»ﬂ] qul°ﬂ w3 04?“ Al1Adell #gk

A G s, el 4G BEtel 26
o 13 ARSIl Ik F BRHAES 975, BRI
YA AR oY A WEEFS wste] FREA
oo A% AP BAR AFE g Aol

o ATAAE A9 WESES WIT F dE du
FHAAEE HAgstel SHE WS A4S Fohe
E A BHoR G o fiste] B e YRE
APAA G} o, FRE BEATI} Bol MATE FAG
A% AsgER AAstn A5yEe] FRE AEAL 4,
AYRERAAER ASE £ Qe AN FFIETF

TALA Waterway Risk Assessment Programme(IWRAP Mk
)¢} Potential Assessment of Risk Model(PARK Model)<
Fgste] BRE AEAL WA A9 e ArhetaA ek,

RE HEAT WA 94 B #a JE AT - A

et BREE FANA Bste THEAST AP

N I I F RIS EPARSEAE. T U S - RS
|- g9t} Table 1 137H A af 4=

M EA =
T S et
3t

Table 1 Number of national, private light buoy and
arrival/departure of vessels of the top five ports

(Unit : number)

National Private Arrival/departure
Port
buoy buoy of vessels
Incheon 154 129 36,215
Yeosu 103 136 14,775
Masan 54 113 12,334
Daesan 40 116 14,548
Busan 76 74 99,687

(Busan Regional Office of Oceans and Fisheries, 2017).
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Table 2 Number of light buoy and contact accident by

fairway

at Busan port

(Unit : number)

Fairway No. of light buoy | Contact accident

No.1 fairway 10 12

No.2 fairway 12 21

No.3 fairway 6 6

No.4 fairway 3 4

No.b fairway 49 38
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(b) Ships track distribution

(a) Density plot

Fig. 2 Cumulative track of Busan No.5 fairway
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Table 3 Analysis of vessel traffic

(Unit: vessels)

. Nurmber . Nurmber . Nurmber
Gate line of ships Gate line of ships Gate line of ships
A 272 A—C 49 CoA 48
B 215 A-D 3 DA 81
C 234 B—C 57 C-B 57
D 21 B-D 10 DB 9
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Fig. 4 Concept for calculating circling diameter
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Table 4 Circling diameter & displacement of No.5 fairway buoys

Buoy name Buoy Type Tuming radius (m)
No.1 LL-28 9.251
No.2 LL-28 10.098
No.3 LL-28 9.325
No.4 LL-28 9.633
No.5 LL-28 9467
No.6 LL-28 8836
No.7 LL-28 9.568
No.8 LL-28 8359
No.9 LL-28 9.758
No.10 LL-26(M) 7.383
No.11 LL-28 9.818
No.12 LL-26(M) 7.018
No.A LL-28 9.818
No.B LL-28 9.758
No.C LL-28 8824
No.101 LSP-28 1.562
No.103 LSP-28 1.562
No.104 LSP-28 1.562
No.105 LSP-28 1.562
No.106 LSP-28 1.562
No.107 LSP-28 1.562
No.108 LSP-28 1.562
No.109 LSP-28 1.562
No.110 LSP-28 1.562
No.111 LSP-28 1.562
No.112 LSP-28 1.562
No.113 LSP-28 1.562
No.118 LSP-28 1.562
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Fig. 6 Number of contact accidents by light buoy at Busan
No.5 fairway
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Fig. 7 Concept for calculating the number of grounding
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Fig. 8 Result of IWRAP MKII calculation
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Table 5 Result of marine traffic risk analysis by PARK model

(Unit: vessels)

Buoy | el | < ms< | Mo<Risk<6 | Flo< Risk
name

Nol | 346 332 | 14 (405%) | 0 (0.00%)
No.2 | 1,804 1706 | 99 (549%) | 0 (0.00%)
No3 | 3% 378 | 18 (455%) | 0 (0.00%)
Nod | 1,487 1328 | 157 (1056%) | 2 (0.13%)
No5 | 5% 573 | 13 (222%) | 0 (0.00%)
No6 | 1244 1101 | 143 (1150%) | 0 (0.00%)
No7 | 738 674 | 84 (11.08%) | 0 (0.00%)
No8 | 939 907 | 82 (829%) | 0 (0.00%)
No9O | 1,441 1402 | 39 (271%) | 0 (0.00%)
No.10 | 1,427 1373 | 54 (378%) | 0 (0.00%)
Noll | 1688 1572 | 116 (687%) | 0 (0.00%)
Nol2 | 728 706 | 22 (302%) | 0 (0.00%)
No.101 | 4,602 4535 | 67 (146%) | 0 (0.00%)
No.103 | 4,448 4340 | 108 (243%) | 0 (0.00%)
No.104 | 1,070 1037 | 33 (308%) | 0O (0.00%)
No.105 | 4,467 4338 | 128 (287%) | 1 (0.02%)
No.106 | 1,226 1132 | 94 (767%) | 0 (0.00%)
No.107 | 1,842 1662 | 178 (966%) | 2 (011%)
No.108 | 1,401 1315 | 86 (6.14%) | 0 (0.00%)
No.109 | 4,365 4074 | 291 (667%) | 0 (0.00%)
No.110 | 2436 2337 | 99 (406%) | 0 (0.00%)
No.111 | 4933 4638 | 293 (5.94%) | 2 (0.04%)
No.112 | 8469 8416 | 53 (063%) | 0 (0.00%)
No.113 | 7,747 7428 | 309 (399%) | 10 (0.13%)
No.118 | 9,953 9865 | 8 (0.88%) | 0 (0.00%)
No.A | 906 856 | 50 (552%) | 0 (0.00%)
NoB | 1,369 1260 | 100 (796%) | 0 (0.00%)
NoC | 1533 1369 | 164 (10.70%) | 0 (0.00%)
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Table 6 Comprehensive assessment results using marine
traffic assessment index

Contact accident Assessment results Assessment results
Buoy history based on based on
name (accidents/10years) IWRAP .Mk]:[ PARK Model

(accident candidates/year) (%)
No.1 4 0.014 4.05
No.2 5 0.821 5.49
No.3 0 0.033 4.55
No.4 1 1.599 10.56
No.5 1 0.311 2.22
No.6 0 0.136 11.50
No.7 2 0.103 11.08
No.8 0 0.211 8.29
No.9 1 0.133 2.71
No.10 0 0.158 378
No.11 0 2.408 6.87
No.12 0 0.030 3.02
No.101 2 0.008 1.46
No.103 1 0.016 243
No.104 2 0.032 3.08
No.105 0 0.075 2.87
No.106 3 0.151 767
No.107 6 0.035 9.66
No.108 0 0.029 6.14
No.109 0 0.008 6.67
No.110 0 0.015 4.06
No.111 0 0.040 594
No.112 0 0.009 0.63
No.113 1 0.334 3.99
No.118 0 0.005 0.88
No.A 1 0.263 552
No.B 0 0.432 796
No.C 3 2.247 10.70
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