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Abstract : Several types of mathematical analysis methods are used for port waterway risk assessment based on marine traffic volume. In Korea, a
marine traffic congestion model that standardizes the size of the vessels passing through the port waterway is applied to evaluate the risk of the
waterway. For example, when marine traffic congestion is high, risk situations such as collisions are likely to occur. However, a scientific review is
required to determine if there is a correlation between high density of maritime traffic and a high risk of waterway incidents. In this study, IWRAP
Mk2(IALA official recommendation evaluation model) and a marine traffic congestion model were used to analyze the correlation between port waterway
risk and marine traffic congestion in the same area. As a result, the linear function of R2 was calculated as 0.943 and it was determined to be
significant. The Pearson correlation coefficient was calculated as 0.971, indicating a strong positive correlation. It was confirmed that the port waterway
risk and the marine traffic congestion have a strong correlation due to the influence of the common input variables of each model. It is expected that

these results will be used in the development of advanced models for the prediction of port waterway risk assessment.
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olAd s UAFALE WAIStAL, APl AP LAE A e
H71el7] 918 = Al AL7]H(Intemational Maritime Organization,
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2.1 g2 YT HII2H (IWRAP Mk2)
2 ‘JALA Waterway Risk assessment Program’ 2.2 &
Wl JYEALe] FE U FRUEE 2AtE 4
FAQ1 7R o] th(Kim, 2012).
IWRAP Mk29] 18 94+ A Adk A=A &7, A

a9, B4 ey FI
8455 IWRAP MK29] 9% 24 RdS Fsto] 5
Abstal S5 2 27 A NeE At
(Friis, 2008; Friis and Pedersen 1998).

IWRAP Mk20l| A Al4tals 7]34 <l
A7 2ol 249 HYH A Jlskey F5
ehE(FE NS A FE)l A6 Lo}
A3,

Acor = Po s Ng )

Acoor grounding, Agng) : S ERIEES FEAE)

P, : ©13} 35 (Causation Probability)

N, : 713184 5= €hE (Geometrical Probability)

22 N NSETT HII2H (Marine Traffic Congestion)
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Table 1. Feature comparison of IWRAP Mk2 and marine traffic

congestion
Kind M2 Marine Tr.afﬁc
Congestion
Fairway - width, depth, length - Min. width
- Actual passing )
Speed speed Avg. speed
Ship’s particular Iggﬁ’ beam - Ship’s domain

Traffic Quantity - Actual traffic - Actual traffic

. - bridge, structure
Environment -
- obstacle, etc

Etc - Causation probability -

- Collision Probability
- Head-on, Overtaking
- Crossing, Merging

- Avg. congestion
- Congestion by

Output - Bend, Area, etc time
- Aground Probability - Peak time
- Density Congestion

- Lateral Distribution
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(General Information Center on Maritime Safety & Security) =}
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Table 2. Example of leg characteristics at port of incheon

Leg Location “(]Ilg;h g;;gi l?ljtfs;) Channel
1 Dongsudo 926.0 40 One-way
2 Seosudo 926.0 41 One-way
3 No.3 Fairway 833.0 27 Two-way
4 No.1 Fairway In 426.0 38 One-way
5 No.l Fairway Out 482.0 52 One-way
6  INCHEON Bridge 625.5 133 Two-way

Fig. 1. Example of setting the leg - Port of incheon.

IWRAP Mk2°| A= <913}-8-E (Causation probability)S 9|3t
013} @ A~ (Causation factor)E A Asl= AHo| 7lssH, & o
Tol A= Table 33 7Fo] IWRAP Mk2olA j@lsti ¢l
Global value(Default) %S 2838} UF(Fujii and Mizuki, 1998).
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Table 3. Causation probability value (global value)

Condition Causation factor
Head on collisions 0.5 * 10*
Overtaking collisions 1.1 * 10*
Crossing collisions 13 * 10*
Collisions in bend 1.3 * 10"
Collisions in merging 1.3 * 10*
Grounding - forget to turn 1.6 * 10*

3.2 Hudnt

IWRAP Mk2¢ll ©]g & A% (Acy) w24 A
9 Fig 29} 2o} o 2ol Azt e F
2 oF 0014152 EAE e, ©|F Head-on %
ERE FHiEe oF 0.01255, Overtaking 3ol A ¢ Z=E41]
B2 oF 0.00162. % HEEATE Hatgk tiv] A4 A1,2
7(0.05995)9F F-AFEE 213 5 3HA](0.05861) 9] =W =T
M = Aow BAE QT

Table 4. Collision frequency by port waterway

Port Fairway Head-on  Overtaking Aq,/year
Dongsudo  0.00083 _ 0.00076 __ 0.00159
Seosudo 0.00141 0.00079 0.00220
Incheon No3 000120 0.00020  0.00141
Noldn 000622  0.00207  0.00829
Nol-out 000127 000147  0.00274
Inc brdg. 001247 0.00092  0.01339
No.l 001561 0.00098  0.01660
No.2 001962 000124  0.02086
Nol2 005593 000402  0.05995
Ulsan No.3 000396  0.00044  0.00440
No4 000151 0.00021  0.00171
Usn Ent. 000773 0.00084  0.00858
Pyongteak- Ent. 000206  0.00022  0.00228
Dangjin West 0.00080  0.00053  0.00133
Jodo Bw. 002872 001147  0.04019
Bsn Hrbred 003182 0.00688  0.03870
Busan  Bsn brdg 001099  0.00012 001111
SPbrdg 001157 000023  0.01180
Gamcheon Bw,  0.02387  0.00085 002473
E, Bw 005407 000454  0.05861
Busan STodo 000487  0.00067  0.00554
NewPort
NTodo 000741  0.00190  0.00931
Port limit  0.00084  0.00002  0.00087
No.l 000125  0.00003  0.00127
Daesan
N.Heukado  0.00698  0.00000  0.00698
SBikyung 001329 000018  0.01347
Average 001255  0.00160 001415

o X
O]U_l
0.06000 = Head-on
0.05000 .
Overtaking
0.04000
0.03000
0.02000
oo i i__il
0.00000 =Bai:l iaii; i _-l
s eme R BB SECRPTRE w W pO0O0E™o W
SS9 5ffssJssEEEaPIfEE3EESEE
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L] g =
=
=

Fig. 2. Collision frequency by port waterway.
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gov], B7t 7Ewd 4 SHAF] 7o FEP-Value) 2
FEEA S HEB)RE a8k th(Lee, 2012).
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Table 5. Independent variables affecting dependent variables

Standard Collinearity
Model . t p-value
coefficient Tolerance ~ VIF
© -219 .829
Woin -.080 -.541 594 .835 1.198
Aca P, 743 5.134  .000%** .873 1.145
S .016 114 910 .948 1.055
p*<0.1, p**<0.05, p***<0.01
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Fig. 3. Result of average marine traffic congestion and peak
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Table 7. Independent variables affecting dependent variables
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Cp
50.2 %
21.7%
39.1 %
573 %
374 %
589 %
91.2%
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Jodo Bw.
Bsn Hr.brgd
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E, Bw
S.Todo
N.Todo
No.1
N.Heukado

Gantheon Bw:

S.Bikyung

Average

Dongsudo
Seosudo
No.1-out
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Bsn brdg
Port limit
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marine traffic congestion
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Port
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Ulsan
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Table 6. Result of average marine traffic congestion and peak
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Table 8. Set the group

Division Specific
Group A below 50 unit
P, Group B 50~120 unit
Group C over 120 unit
Group A below 350m
Wiin Group B 350~600m
Group C over 600m
Group A below 9.5 knots
S, Group B 9.5~11.0 knots
Group C over 11.0 knots
5.2 EM&it
ZF 25 B @ (Mean)S ©] 8380 FE A E(Aw) St
AFWEEAE(CYY QTS Lohuu FARNEG 5
shdch 15 3t th(Mean)> Table 99F 7om, 134
¥4 A3} Table 10 2 Fig. 49} 7o) R?0] 094391 &2 Ay
#He 7H AP =2 HAT {2 2HE(P-Value)] 7
&, ol FE(pu0onN T 24| Lheh el el g How
& Lole 32 VRt AFREFERE(C))

>
i
32
(o
- 1

Acor = -0.30034 + 0.0959-Cy @)

Table 9. Mean per group

o Mean
Division C, o
Group A 19.1 % 0.00970
P, Group B 27.5% 0.02728
Group C 5.8% 0.00362
Group A 19.1 % 0.00970
Woin Group B 27.5% 0.02728
Group C 5.8% 0.00362
Group A 7.1% 0.00304
S, Group B 274 % 0.02728
Group C 5.8% 0.00362

Table 10. Independent variables affecting dependent variables

Model Standard t
coefficient

p-value

F R?

-1.843

.108

c, O, 971 10770

115983 971

dependent variable : Acy

04000

03000

ACol

02000

.01000-

R H=(L)=0943

00000~
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