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Abstract : For the prevention of marine casualties, international bodies have mainly ocused on strengthening ship’s stability and design,
maritime education and training, and improving maritime traflic environment. Statistics analysis on marine casualties showed that most
of casualties occurred in coastal waters, especially by human elements. In order to review the conformity of existing prevention measures
with the result of the statistics analysis, the IMQO’s SHELL model was applied to the established measures. As a result, ergonomic
approaches were needed for the prevention of human errors in coastal waters, so that the priority should be given to the interface betweer
ship’s operator and navigational environment. For this study, Rasmussen’s SRK pyramid, which showed decision making mechanism oi
human, and the US Coast Guard’s investigation manual on marine casualties concerning the collapse of safe maritime transportation
system were reviewed, and the merits and demerits within the risk assessment tools such as IWRAP, PAWSA, ES model, PARK model,
and NURI model were also studied. Although the eflectiveness of the existing risk assessment models was proved in ports and
approaching channels, it is concluded that the need of new models for converting Korean seafarers’ qualitative risk to quantitative risk
was proposed so as to print hazard maps which make seafarers instinctively recognize comparative hazard levels of coastal waters.

Key words : fuman factor, SHELL, Rasmussen’s SRK pyramid, IWRAP, PAWSA, ES model, PARK model, NURI model, hazard map
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= A - B Aol fataty] wito] o= Rofo] 4o AzAow Aeld yaozAlE dots|edd 80% o] AL,
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Table 1 Marine Casualty Area of Korea(KMST, 2015) gk 712 U9 t-&-F o] AAeA] HFAT
(Unit: case) o5 9la) QAL opr|shz AueFRel Ats| o]
At 2010 | 2011 | 2012 | 2013 | 2014 | Total g gj@Es B Rl Aojo] EAlE FAEL Foly
&;;%%ﬁ% 213 | 161 | 171 | 126 | 145 | 816 I AF37] H% 22 7F A 7T A AR A] 2 A S
Ratio (A/D) | (13.1) | ®.9) | (10.9) |11.5)| 109y | (11.0) Al AEE A=A AEsh A gk o] & 918 IMO7ZF AIAS
Territorial seas | 4 113 | 1365 | 1,134 | 769 | 942 | 5323 AT 2AIES HEIHeR AFEE Rt gk
Ratio (B/D) | (68.4) | (75.5)| (72.1) |(70.4)| (70.8)| (71.6) wheba] AL oS ek 17ke] oXFAA A rt AA s}
Open seas (C) | 301 | 283 | 268 | 198 | 243 | 1,293 A AEHEE A987] 98 dAotade] gALS =4 .
Ratio (C/D) | (18.5) | (15.6) | (17.0) | (18.1) [(18.3)| (17.4) Jbstelol &1, 9@ w 77 HLE IWRAP, PAWSA, ESHE
Total (D) | 1,627 | 1,809 | 1,573 | 1,093 | 1,330 | 7.432 4 PARK® 2, NURIZ2S o AEaract

ool A wrEolxl iR de S S AAE 23k

=2 polt: Kj 9 ; © pradE
% 10] W A 5u7E s ool wae son o HelthE Kim et al(2011)3 Kim et al(2012)S Wk &ho]
Dot o e % o reore o s o EF SEUEE QAckael A AueRAsL 2 FuA
7} 174%0]™, &l ool A Alart & 26%US & F A PEe ApHoz FaAd ¥ - 9 @2y mauo
o} mebr AR oz dgts|de] FEaof drin AEA T T -
. AT APeAL Aten F5 A7l AL AAetnz
< F Atk -

2% A 5z AEE B4 Zon, gz &
o] Ala= €17 @9l thuman factor)ol 23 Alz2 EHFHT)
aE)a vjA el AR BREE V1Y S

(25%), FaldzAde] FAH02%), A4 717 AnAdg
(29%), AX=F 5(1.7%), 71EH25%) & ALYs
90%7F e1- a¢ls BEd Az BFE 4 ok

Table 2 Marine casualty cause of Korea(KMST, 2015) 2 A, =28, & g Ll
Raoy | ® TAECE 228 Azl RE e YRg vehis A
o]tHKim H. T. et al, 2012).

Cause \ Type of Casualty Case

Inadequate pre-sailing preparation, Insufficient
hydrograph survey, Straying of designated
course, Negligence of fixing ship's position,
Unsuitable maneuvering, Negligence of lookout,
Operating | Deficiency of preparation for and response

Error of bad weather, Inappropriate anchoring
and mooring, Violation of navigation rules,
Negligence of service control, Negligence
of watchkeeping, Failed to follow safety
working rules, etc.

1,173 82.8

Poor handling of machinery, Poor

Poor Handing handling of fire, Equipment, short circuit, | 145 | 10.2

& Defects Defects of hull or machinery, etc.

Deficiency of passengers embarkation or 18 1.3 Defenses
cargo stowage
Unfitness of ship operation management 7 0.5 Fig. 1 Accident provoking mechanism(USCG, 2008)
Unfitness of crew manning - 0.0

Others | Unfit navigational aids 3 0.2 A FEFA oA Alag YAl E dode HRe
Act of god 35 | 2.5 A z"lo] 9l Fo] olyeg 18 13} o] sFARE WA}
Others 36 | 2.5 7] 9%k ofg] WolutE(defences)E TAE SHAA|~Elo] B
Sub Total 99 | 7.0 ¥ (failure)dl o= ZAFTH

Total 1,417] 100.0
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Fig. 2 Accident evolving flow(USCG, 2008)
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Fig. 3 Rasmussen’s pyramid(USCG, 2008)
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Fig. 5 Elements of SHELL model(Kim, 2012)
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TALGZEAYINTALA) T2 ¥4 B/ 29
(IALA Waterway Risk Assessment Program, IWRAP)
1970 B ko] AlZtEQlom FRNA FET FHx 7t
SAL FGrkslr] Y3t FEEF HEo 2 HE] Wb R Q)
IWRAPOI| A A3} 21(1)2 FA(Fujii)

= 2 =

o] o]&& "ty o 3t Arh(Peter, 2008).
Acol (or Agnd) = NG X PC (1)
A7, A = A AL RIEQeqt AEENE, Nond
ArFZNE
Ng = 718}8H4 Alal 9]¢ = (Geometric Number of
Collision or Grounding Candidates)
Pc = 213 2 4(Causation Factor)

A= TP IWRAP Mk [ HHE Eo] Al&5 1
NI, T8 FAGRAAN AP HIF TIHOE AR Ho] d
g gzl ZEalo|ty, 2y o] RIS FRo 7
4 Yot wEH S5 VWMo R T TR AFA
=Y FHx FE At 985 ol TR 7] wEed 2
2o A A g2 =7 FEE 98l st s =
gratal Al @tk FAI7F ATHKIm et al, 2012).

4.2 O0|=9| sj&IE !EA /KT

W AMAH (USCG) O] &t & =2 Qb A 3 7HPorts
and Waterways Safety Assessment, PAWSA) 7|H& F2
gre] Y e AgE FEY g A Fo] kA
AAE G g E]o] dubgake] Aozl Al stEle A<

HE7]H o] tHUSCG, 2012).

g Rt AAYE dEVME] FleHE PAWSA
= D‘r** @A Hrigez Pk 1~39A7A] 2470
A Ae] Aol HFo] FaAH R HIhgh
= 3PAZA HEE A s e <t

2 Mo i
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4.3 Lo /M I =&

IEL ) FAg g HHAGAEE Als)aL
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(Environmental Stress)Z@ d=to] A nF oA dA =
oA F=2 AMEHE Rz A Mubesart XYy w3k
ORHE] W= ~EY 2] AEE AFHOR B3I AUr)

AutzFo] o= Ax S ZA457] f&) ‘=4 7}
S Sy HuteE 39 Jhe g e® Uy dHTh

B AL o] dAstEE AIE S AR
=71 9189 AES YEhr] fg gl A(2) 32 A(3)
7} 2}

ESL= DHUWW(R/ Viana—SJL) ©)

Y

ESgs= Z{Wm(ﬁ/wsmpmaxwﬂ} 3)

7|4, SJL: 24874 ~EdHAA
SIS WFEH AEH2A
R &x4 S5 d3E7HA o8 A
Vi A el &8 9 AT A& E

SIL@T} SJS7t ol Z& 0~1000 Mol FojAe 2
2 AFAZE x¥8HL AFA} 1§ ey HAE A
B 5 ol w8l BrPles Aen ¢ 2EHAAE §
slo] £33 ~E g 2% (Aggregation of ES value, ESA)Z}+
stal Mde 29 72 Zuk(Park, 2007).
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4.4 gt=o| 2y "otz

441 PARK=® ¢
PARK(Potential Assessment of Risk, a Korean Model

that is being developed) 2@ 3t S| 7| LS Al AEZA

2 Aaste] AukeAst e g B B Akl
542 wejstel AR @ An FroA WP HEF,
FES, o), & FAGe 5 Sol JEUThE Aol

=
we} e 2o th(Park, 2007).

Distance(NM) Risk
0.25 -3 -2 -1 0 +1 +2 +3
0.5 -3 -2 -1 0 +1 +2 +3
0.75 -3 -2 -1 0 +1 +2 +3
1.0 -3 -2 -1 0 +1 +2 +3 I
1.25 -3 -2 -1 0 +1 +2 43
15 -3 -2 -1 0 +1 +2 +3
175 -3 -2 -1 0 +1 +2 +3
2.0 -3 -2 -1 0 +1 +2 +3 [

Own vessel

TFig. 8 Example of survey form(Heo et al., 2012)

g 8% o] WAl Aol B At o] x5

Z} %= (Overtake, Head-on, Crossing(Z/5-&, 045°, 090, 135°))

S Aol A] = Auedael AYEE T4 HEE 54
F ARG AT GFUREHOR 83 Aol & B}
S FHd Y= ARE ANT & b 2P 5D 2
oltt. ol Sle| i FANH, vhFEA L YE|, 5@ Aute] Lhel
o A%, e US EE 6%, e vy S5 e A
Bt o7 A s £E3 FoRVE FAASLE vasg
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A= en, dd 794 HEE fl&) 2 5zt
WARE S FAtaL Ag ek wlaLste] F 74 AEE =E5H
o 3, Frbat faeRelM s 7 Rde] vy A3E
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Brilon, S4, dAteld 2~10 el o447 FolM=

2
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4.4.2 NURI=4
NURI(Numeric Risk Assessment)22-S 93 %= (Risk, R)

g b3 b5t ol g gl Folebn Hdse A%
4

el WA AWt gol $83k3 ArhlLee, 2013).

R = Cfx Cc (4)

YT HriRd v - B
RI = FI + CI

71X, Cf Frequency of Casualty
Cc: Consequence of Casualty
RI: Risk Index
FI° Frequency Index
CI. Consequency Index
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(Lee, 2013).

=

Marine Traffic Risk
|

s} 5

Auo] AYAFE ol getugt 4(E)E o &
S %
?;5:]]-

|
3} 34 (Analytical Hierarchy Process, AHP)S 71 A =3}

)

23, g
Asg A
A A

Natural Fairway Traffic Vessel Assistance
Conditions Conditions Conditions Conditions Conditions
[ [ [ [ I
[ [ [ [ I
Weather Dimension Fairway-use Fairway-use Material Resource
Conditions Conditions Traffic Conditions Vessel Conditions Conditians
I I I I |
Winds Widths Traffic Ves?t.a\ Mobile

Flows Qualities Resources
I I I I I
Visibility Depths Volume Crew Fixed
Restrictions P of Traffics Qualities Resources
[ [ [ [ [
Sea Interference Open-use Open-use Human Resource
Conditions Conditions Traffic Conditions: Vessel Conditions. Conditions
I I I I I
Water c lexiti Traffic Vessel Mobile
Movements omplexities Flows Qualities Resources
I I I I I
; Volume Crew Fixed
Waves @hstructians of Traffics Qualities Resources
Fig. 9 Risk factor sorting of NURI model(Lee, 2013)
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7N, PAWSAZ} 247, ESEdo] 137] 845 A9 sla Yt} 9le Aot}
Table 3 Comparison on risk factors of 3 countries -
Risk Factors of Coastal Waters
NURI ES PAWSA [ I 1
1 Wind Wind Winds Natural Artificial
2 | Tidal Current Tidal Current Water Movement environment environment
Rain, Snow Visibility Visibility Restrictions : :
Fog i Natural Route Traffic |Assistance]
4 |Traffic Volume| Traffic Volume |-volume of Commercial Traffic conditions conditions conditions conditions
Volume of Small Craft Traffic I I I
5| Traffic Flow Traffic Flow Traffic Mix [ | [ | [ | [ |
6 Tide Tide | |Dimen-| (Interfer-| [Merchant| | Small . .
; Wave Wave Weather|| Sea sion ence vessel | | Craft [Facilities| | Design
8 AtoN AtoN l l l l Dl [ [ [
Depth g g : Tidal : Comp-— Sen [Fishing|
O | Gidimeianr Dimensions Wind current Width ety Vir;sfél vessel AtoN || TSS
10[ Congestion Congestion o Dest
ow' esig—
1 Tug Boat Visibilty| | Wave | | Depth |[PST “draft | 143509 y7s | hated
12 Pilotage vessel route
13 VTS . _ o
14 Obstructions. Fig. 11 Marine traffic risk factors of coastal waters
15 Visibility Impediments
16 Bottom Type - =
17 Configuration 5. 2
18 Deep Draft Vessel Quality _
o ) = 2) ol A g o =
19 Shallow Draft Vessel Quality zke] MAE BE AJ2EolA - ade] o3 Ala
20 Commercial Fishing Vessel Quality AR Aot} gfaFAle] WEHE AEee wAlo F-8-3)
21 Small Craft Quality = AR pEel o0] ABEA g Aol 048l
22|  Accident(9) Accident(2) Accident Impact(8) o8 ALLZ o]0l A 2 SITh SISl S Elo] A ANl 8
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Fig. 10 Marine traffic risk factors
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