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Abstract : The representative risk evaluation techniques of the marine traffic environment are the FSA, PAWSA, & IWRAP. For the
development of these techniques, the risk factors suitable to the marine traffic environment should be selected & the assessment criterion of the
risk factors should be provided. The risk factors were selected as the factors that relate both to the frequency of casualty & to the consequence
of casualty because the risk was defined as the frequency of casualty times the consequence of that casualty on the existing techniques. But, the
risk factors relate to the consequence of casualty are excluded because the risk is defined as the sum of the risk factors including the frequency
and the consequence by factors on this study. The 20 kinds of risk factors to compose the risk are selected and classified into 5 categories
according to similar nature through the analysis of preceding study on the classification of the risk factors. Finally, as the foundation of risk

assessment model's development for domestic marine traffic environment, the practical assessment criterion of the risk factors are suggested.

Key Words : Marine traffic environment, Risk, Risk factor, Risk assessment model, PAWSA, IWRAP
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(Office of Vessel Traffic Management, 2005)9} 4 &% 2291
IWRAP(Peter, 2007)= A&k v} QIT}. Table 190 o] 23k ¢
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Table 1. Risk Assessment Model

Model Character of Methodology

Structured & systematic model aimed at enhancing
FSA maritime safety.
Use of risk analysis and cost benefit assessment.

Wide application at various maritime field.

Disciplined approach to identify safety hazard,
PAWSA estimate. risk l.e\'fel, eva.ll'late' potential mitigations,
and choice additional mitigations.

Existence of possibility of expert's misjudgement

Probabilistic
probabilities of groundings and collisions.

methodology for estimating the

o]5 WrtEd F Kim(2011)2 12 oA IWRAPS
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(Casualty)®] &% = (Frequency)?} I 3 & (Consequence)2]

FOo2 XHEET 4 JATHMSC/Cir. 1023, 2002).

R=C;xC, )
(R : Risk, Cr:
C. : Consequence of Casualty)

Frequency of Casualty,

A(1) Table 29] o9} 2 1 to 5 Scale?] E3HN = A
F(Frequency Index)®} d &= =] 4=(Consequence Index)E ©]
&3to] 22)9 Zo] & 71 3FTHMSC/Cir. 1023, 2002).

Log(R) = Log(C;) + Log(C,) or RI=FI+ CI )
(R : Risk, Cy : Frequency of Casualty,

C. : Consequence of Casualty, RI : Risk Index,

FI : Frequency Index, CI : Consequence Index)

Table 2. Frequency/Consequence Index

FI/CI Frequency Consequence
1 Extremely Remote Extremely Minor
2 Remote Minor
3 Normal Normal
4 Frequent Major
5 Extremely Frequent Extremely Major
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R=Rpy o wy+ Ry o g+t Ry 0w, 3)
(R : Risk, R : Risk Factor, ® : Weight)
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Table 3. Classification of Risk Factor on PAWSA

Risk Categories Risk Factors
Deep Draft Vessel Quality
Vessel Shallow Draft Vessel Quality
Conditions Commercial Fishing Vessel Quality

Small Craft Quality

Volume of Commercial Traffic

Traffic Volume of Small Craft Traffic
Conditions Traffic Mix
Congestion
Winds
Navigational Water Movement
Conditions Visibility Restrictions
Obstructions
Visibility Impediments
Waterway Dimensions
Conditions Bottom Type
Configuration
Personal Injuries
Immediate Petroleum Discharge
Consequences Hazardous Materials Release
Mobility
Health and Safety
Subsequent Environmental
Consequences Aquatic Resources

Economic

Table 4. Classification of Risk Factor on Japanese Guide

Risk Categories Risk Factors

Winds
Natural Tide & Tidal Current
Environment Wave
Visibility
Volume of Traffic
Enxzizfnf;ltc‘lent Traffic FIOW. )
Occurrence State of Marine Accident
Tug Boat
Navigational Pilotage
Assistance AtoN
VTS
Length of Waterway
Waterway Width of Waterway
Environment Configuration of Waterway
Depth of Waterway
Vessel Ship's Particular
Conditions Maneuvering Characteristics

o

ES

Table 5. Classification of Factor on Korean Maritime Safety Audit

Risk Factors
Width of Fairway

Risk Categories

Fairway .
] Depth of Fairway
Environment Configuration of Fairway
Winds
Natural Tide & Tidal Current
Environment Wave

Fog, Rain, Snow, & Etc.
Volume of Traffic
Traffic Traffic Flow
Traffic Congestion
Occurrence State of Marine Accident

Environment
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EdsHA EE

Table 6. Classification of Risk Factor on this Study

Risk Categories Sub-Categories Risk Factors

Weather Winds
Natural Conditions Visibility Restrictions
Conditions Sea Water Movements
Conditions Waves
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 7. Risk Index or Risk Matrix

CI

FI
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Table 8. Example of Consequence Index(Risk Factor Winds)

CI Consequence Application

1 Extremely Minor Wind Speed < 3.4 m/s

2 Minor 34m/s < Wind Speed < 8.0 m/s

3 Normal 8.0m/s < Wind Speed < 13.9 m/s

4 Major 139m/s < Wind Speed

5 Extremely Major Typhoon
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Table 9. Example of Frequency Index(Days per Year)
FI Frequency Application
1 Extremely Remote 0 ~ 7 days per 1 year
2 Remote 8 ~ 30 days per 1 year
3 Normal 31 ~ 90 days per 1 year
4 Frequent 91 ~ 180 days per 1 year

5 Extremely Frequent 181 ~ 365 days per 1 year
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Wind Scale 7 °]’HE 7IF
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Fig. 1. Minimum Fairway Width.

Ag8s FASE BEAE 5 A @S Jeong et
al.(2005)2] AFolAl =7 kgt 1.10D~1.15DE HA
el 7Fe R st 9= AR FRZ o188 7S

ol

AL 2 =

Aol gl Aol Avre] HolEs Dol el LIsD ME 5
Ae AFow Adsgon I

i
3
I
e ¥
~N
AN
fU o ot
fetl
e gx °
o
QL
s

H Ui

mfﬁgﬂ‘;
o,
o

b,

Of
e

fr ol o o

LR oox o R L
ko
-
i

ot
f

= 450 olabel WA
FEor ¥ddstar 9tk
2005; Office of Vessel Traffic Management, 2005).

My R lo
30,
H
o
>
z
72
>
=2
r
z
Q
£
>
2!

- 435 -



Fig. 2. Radius of Curvature on Fairway Bend.
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Fig. 3. Section of Risk on Fairway

oo

COLREG®I| A

L
.

3o o]

2 o)

Ak A

al

= I~
|+ F A=

oE A

Zol gAut3} Afrol g avtow

&

BEHE ¥R

I ojdew o

o vhgolLh

g=

9] Mulo & COLREGO| A

Bl

ool

ofu w1}, =

pi
L

ko A

Aute] tekEg 244

bt

S

= o7 3 gol= 4o

o

w
,ZT&

oo

7]

g 718k

3z

ofp

jzel

JJo

A

FEe 7

O 2 [WRAPO] A

(Peter, 2007)

L
B
)
=
A
o
1210
-

ol

el

g °

=

A=

ole1 gk
S Akel o] i

o
el

S

N
A
=

!

vzl

3}

Hong et al.(2005)°] Aol A 455 ©]

i

]

A e 7 @

@

= 7H4 sl &

Zlole}

il

u}

oo

ol

o))
o

o

-

Kim et al.(2011)2] Aol A Hale

|

3l o

A5 e o)

B

717k golah @] WMol

= gn

& A%

opge 4 1A

=]
S

o] 471 19 50

s

PAWSAO©| A

aa

2 YeRdtHOffice of Vessel Traffic Management, 2005).

- 436 -



EAAY 2 2A dnsdAe] tdesrg FAE
R EERESIEE S

APzl £33 471A] A LELS BFE o]5ES 5
g 4= Qe Ao R o8 kA Q4o A A TheolE
E 7o AAsoH, O FANEE oF dHaL
FAl A o] 7hEst sl Hl&2 YepdTh

Table 10 2} 918849 PG5S Hrbshr] S 7
Adesrs BT 4 e Al tste] A3FoA 71

Table 10. the Assessment Criterion of Risk Factors

Risk Factors
Winds

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

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
Open-use Traffic Flows

Open-use Traffic Volumes

SO0Fairway-use Vessel Transits or more per Day
Impediment by Open-use Vessel in Fairway

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

Open-use Crew Qualities

Marine Accidents of Open-use Vessel

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

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