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An Application of FSA for Safe Operation of Dynamic

Positioning Vessels

CHAE, Chong Ju
Department of Ship Operation Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

DP vessel operation has a lot of risks in nature. However, the number of it has
been on the steady rise as the demand for marine resource development and special
work increases in offshore industry. In this regard, many studies have been
conducted to ensure a safe operation of the DP vessel. Regardless of this, Formal

Safety Assessment(FSA) on the DP vessel has not been applied.

FSA is a structured and systematic methodology, aimed at enhancing maritime
safety, including protection of life, health, marine environment and property, by
using risk analysis and cost-benefit assessment. The assessment has been applied to
major merchant vessels such as cruise ship, oil tanker, bulk carrier, container ship
and liquified gas tanker, thereby recommending various new regulations for
maritime safety and protection of the marine environment or making a comparison
between existing and possibly improved regulations, with a view to achieving a
balance between the various technical and operational issues. Furthermore, the need
to apply FSA to human eclements also rises as many studies on vessel-related

accidents arising from human elements have been in progress.

This thesis is designed to identify major causes of LOP incidents directly linked

to the safe operation of DP vessel and FSA on the vessel has been used in an
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Collection @ kmou



effort to consider the countermeasures.

For this, 612 reports on LOP incidents released for the last decade (from 2001
to 2010) and reported to IMCA were analyzed to identify major causes of the
incidents. The result shows that 22.1% of LOP incident occurring to DP vessel

resulted from PRS error, which is the most frequent cause of it.

LOP incidents caused by human error reveals to be 11.8%, which is relatively
low rate. However, the detailed analysis discovered that human error caused a total
of 375 LOP incidents(61.2%) both in an indirect and a direct way. Based on this

analysis, FSA on PRS and human error was applied in this study.

In applying FSA to PRS error, a frequency analysis and Bayesian Network
contributed to identifying major risks. The installation of PRS as redundancy to all
DP vessels and type specific training on the installed system in the vessel were
recommended as RCOs in order to control identified risks. Furthermore, cost-benefit
assessments of the suggested RCOs was assured. It was found that the use of a

simulator is very effective as a way to verify the effect of applying RCOs.

In using FSA on human error, a frequency analysis, HFACS and Bayesian
Network found out that conditional probability of drift off & drive off(74.3%),
operation abort(51.9%) and time loss(64.0%) caused by skill-based human error.
Unsafe supervision also made a big impact on the occurrence of the LOP incident.
To control such identified risks, the following measures were suggested: make DPO
training mandatory according to STCW convention, implement various onboard
training by installing a DP simulator on the vessel, establish a process to ensure
the understanding on a safety operation procedure of DP vessel and its update.

Furthermore, cost-benefit assessments of the suggested RCOs was assured.

Bayesian Network and HFACS used to apply FSA to identify PRS and human
error revealed to be a useful tool to recognize and analyze the related risks.
Particularly, the graphical expression of Bayesian Network via GeNle easily

recognized prior probability and conditional probability of LOP incidents of DP

_iX_
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vessel. Also, The classification of human error by using HFACS and the
application of Bayesian Network is found to serve as a useful quantification tool of

human error.
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Fig. 1 Process to improve safe operation of DP vessel
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< T35t LOPAILS] FH AJAES FUstATh

47 M= 372 DPAdEE LOPARLL #4123} w2} PRS 7o thi FSAS
ol A ¢k Y ESAE AHESt F3stth o] & &3 §F Ao =5

_6_
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A2 o] &2 w7

2.1 FSA &7}

FSA= 19931 IMO MSC A2zt 3|ejell A =] Actek A& Aoz
19961 FSAZHA 2dwks 43k, 2001'd MSC 742k 3] 9o A “Guidelines
for Formal Safety Assessment (FSA) for use in the IMO rule-making process
(MSC/Circ.1023-MEPC/Circ.392)” A A& <<AstATH51]. ©]F MSC 91(12)=F 3
°] g1 MEPC 652t 2]2](2013)°ll4 %A =ld AR AREstEA 7H4o] 2o
St AMGEE HAESH] “Revised Guidelines for Formal Safety Assessment (FSA)
for use in the IMO rule-making process”(2013)& = <Iste] ARg3] $tom 714
2ol /HBE FSA A MSC 942k 3]9](2014) 2 MEPC 682} 3]2](2015)¢ll
A A 2 %28 MSC-MEPC.2/Circ.12/Rev.1°] TH51][52].

. — —
Definition of Goals, Systems, Operations Il—---— Preparatory Step
—_— =
Hazard Identification Slcp 1
v =
Hazard Identification

Scenario definition
1

Cause and Consequence
Frequency Analysis Analysis
T T

—_—
Risk Analysis
-
0o .

Options to mitigate Step 3
Consequences Risk Control Options

step 4

Options to decrease
Frequencies

I Cost Benefit Assessment

L‘ - LeCO endanons
Step S5 Recommendatior
for Decision Making

|| Rep:ning

Fig. 2 Flow chart of the FSA methodology[43][51]
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FSAE 5STAIZ Aldstm, 91382 (Step 1, Hazard Identification), |3 &4
(Step 2, Risk Assessment), %] %A o %<k(Step 3, Risk Control Options), H|-8-3H ¢
% 7k(Step 4, Cost-Benefit Assessment) % JAFEAES g HI(Step 5,
Recommendation for decision making)Z A% o] Ut} Fig. 2& FSAS AX}E
HolFu glom, Z gAE FollA A8 2 @A SAY F3& 9
AMe Ay =780 AHEE F Aok

22 FSA =7

221 918 E =+

sdel A B B 99 AsHE ETE ATe B, BAsnA s
Sgel Feloh W9, AErel FE, Al wHeldo| we deprchRs] 9
Ao AMgE= dZFHQ] E=EFEE  HAZID(Hazard  Identification  Study),
HAZOP(Hazard and Operability Studies), FMEA(Fail Mode Effect Analysis) % E
AAd=E" Fol 3

H

HAZIDE 1 g HAGANA FAHU N L ADSS 8] 93

1 AgEm EgoE qux Ex Y EAT0] BelEA e JH §

H: e :@u 3 FAESH A8rh2s) o18% HAZIDE A}%a | e

st ZeAEe] AAUANA AgTHsEs] W AR HAS WAY &

= A SR8 b+ doke Aol Atk WA WA BUd A%E
1.

A5 Y& o3 2XE AAHsa EAE At
7] 9% W= 2¥E3sit HAZOPS B o ddo® Ay Je +8xE &8s
T U3, s 2AZT A [T FZF EFHo|H, HA Y AAAFAE
A8t ol & vy o g F7FAHQl Ao Uigk HuE NI F A= Aol A
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7 o Al Risk/Criticality MatrixS %3l Riske] 8715
ol Azt E(Severity) B WA WIEE HE3he] TASILH o] &
, THH R studolE HED T JdoH, £49 %Z‘Ml u}
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AZID, HAZOP % FMEAC] A &E3dto FF2 2
A EE ETE %’4‘53% A Bl A= AACNA g oA B BUHE
T AT =7E ARSET VEHeR BERIAER L AdH =]
el HE o2 fdad B 45Tl HEste ARSI 25] HEdAE
B AIs] fda BReA @] Wzl A FAHUAY FSAMAE Bol
285 A TH43].

e, as)

o]213t B 2EW Fods HEIE 7153 kg Eopol HEIIE
TAste T3t Zo] Fastth A& E° IMO MSC 85/17/1 A4 FSAel
A= DNV ?%P%H%j—Erﬂ 19, kA AE7F 29, FAY9S A7k 19 2 oA
AALe] At 31 F 7ol FoJsle] FSAE 43319 tH49]. MEPC 58/17/2 H
714 FSA ] 75‘% 233, 7IAES, kdFE, FAANA 2 AAS E?ﬁfs}
o F 114 AEIFEC] oty BHUJ2EWYS F3FATH48]. olHT %
E7HeS 712 A 2 FSAE olafsta AFEA A, siAtEor 43 2 FSA
Ty b9 AAE BFSE lojordtS Akl JTH52].
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Analysis, FTA) 2 H|o|Z|F Y EQ A o] AT}58].

1) ETA

ETAE AMal AU E =
T-o]tH58]. IMOIA S FSAE O
EAsA T T8y ETAS A3t H&ahr] fleiAa =
3l o] & 934+ HAZOPH 22 WS AE3F 224 0] o] Fojxjof &1, 11
doa sogts T WHde 3 AAH SR Fa%3 ARY FEo] AT
T o= DAl ATH35. ES ETAE HHo=
of Bt AR AAIE 7EA A e HAlE dETE T o] Uth Fig 3
2 ETAY 9 A|ojt}.

Initating Start of Sprinkler  Fire alarm Outcome Frequency
event a fire system is (per year)
works activated
Controlled
Yes . -3
0.599 gl":r:;lth 7.9%x10
Yes
0.99 No  Controlled 4
fire with 7.9x10

0.001 no alarm

Uncontrolled 5
fire with 8,0x10
alarm

Yes
0,999

No
0.01

Explosion

> No anoptrol\ed 8
10 per year —0.001  fire with 8.0x10
no alarm

No
0.2

No fire 2.0x107°

Fig. 3 Example of an event tree analysis[58]
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2) FTA

FTA+ Top-down +=¢&| T}o

>
&
)
o
il
>
[
i)
o
zl_,
2
2~
ofy
fo
>
)
K
&
il
lo

dRloll gk FAAAE FH3= YO, & 2l 7} 5t
AAE o1 e AEY 7S AEsta Falee SR aeE
A4S Ao BT = s 7heA S Foldlo I steAaE Eol7] Hs 2
83 A=A RS Ak Zl o]t 58]

FTAE B33 A 2"lo] A& 7hesta, 443 AHdexs AgsiH, 71&e4<l
1T IR/ FFel A§ Jhssithes ARlol Atk v AR AlfA e 7
% A7 Qa1 A"l fE7F AW e A Azte] @

2

HYg= AV JThss).

3) He]x| ¢k WEY=A

H o] 2|t W EY = HWlo]= o] E(Bayes theorem)= HIE O Z oW Ao ¢
A3 235 YelUE =E(Node)9t =E=(Node) AFele] AFABAE ol (Arc)E
ol g3t EHstE 7IWS THT57]. ol WY M E AHe 24N
7}/ (Conditional probability)Z} TITAE9 435 AAE AA FIZL F+ Ut=
Aoty &, T3l HolAt HES A= Folx Al thgk AR 7FsAd (Prior
probability)= HIE OS2 ZAFISAAE SR1g & Qo] Ao wix 9 Az

= 24t e ZER AREET5T].
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P(B|A) P(A)

P(A|IB) = 202 2.1

B : Evidence

A : Cause(¥<%!) or Hypothesis(F3)

P(A | B) : Posterior probability(At$- &H&)
P(B | A) : Likelihood function(-%-=38)

P(A) : Prior probability(AHd 715 73)

(2.1)°1 4 B(Evidence)”} Fo1 5= @l A(Cause)’} AT FES X
3t o]3S P(A | B) = Xghal 8%y, a8y o] A2 B7F AR (True)ol™d &
XE oulate= Ao ofyal RkeF B7F AR (True)ol i &zl & A 0]

A%} B™o] glod pA) = X7 HuE AL 9| 3t}57].

o] 2t UELZY HEHL Fo17 SA(Bvidence)E T3l 2 Y<U(Cause)s
of 2A% 54 REE ARSE AN, AAZ SuE Fold Yoz F
AE TEs] Higle] 21F 7 EER IS 5 An mEkA wo] x| ¢k
WEHDE Fold 270l i Ae 2% sbsd REE Fa7) A
Hlo]= o2& o]&3sle FofR dle g SAL Eleolgte Wi =1 H
7hsAdel e BxE F3oh ol Jids ALt T4 2.)= E94 %
s 54 229 RTHST]

PlCausel Bvidence] = PlEvidence| Cause] % 2.2)

& Eo] DPAHelA 7] @ DGPS HFHS 7]5%l(Malfunction)Z
DGPS®] 25 &5 (Failure) wA|7F FAST Y 7HARS of A28 A& “E”
1 3ES 028 7FASH P[E=Fail] = 02 ¥3AH I, DGPS AFEHY 715
NE “M” I FES 0322 7FAsIH P[M=Fail] = 0302 TG, glx
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2 A9 DGPS ZHFE 9 7|5 Ao (Malfunction)= A2 SHEo] ot
T Atk olwf H71d ZA Z DGPS HiFH O 7|sHN7t §lo¥ DGPSS
TESS TAsHA gettal & Utk =, DGPS9| ZsE-5(Failure)e D
3 3} P[D=Fail | E=No Fail, M=No Fail] = 0.2 ZJdHc} A7F EA=
S DGPS FHiFH S 7l5& o7t A& % DGPSS 2E & 5 (Failure) &
0.28}31 7}A3sH, o]+ P[D=Fail | E=No Fail, M=Fail] = 022 Z3d ¥t} vu}
Aoz A7l FA7F o™ DGPS HFH S 7|5l et A#Iglel DGPS
P[D=Fail | E=Fail, M=No Fail] = 1, P[D=Fail | E=Fail,
M=Fail] = 12 EHHC. °o]E ulgtoZ DGPSe ZEE5 7lsA P[D=Faill=
Hlo|= o] 2% nig oz g3 o] A4tHEt

)

7] =

Fi

o & ok

Ir
zld
f
11
s
L
i
K

P[D= fail] = EX}{P[DZ fail, B, M| :ng (P|D= fail|E, M) - PE]- P[M)) (2.3)

= (P[D= faill E= fail, M= fail)- P[E= fail]: P[M = fail]) +
(P[D = faill E= fail, M= No fail]- P[E= fail]- P[M= No fail]) +
(P[D= faill E= No fail, M= No faill- PLE = No fail]- P[M = No fail]) +
(P[D= faill E= No fail, M= faill-P|E= Nofaill*PIM= fail])

= (1x0.2x0.3) + (1x0.2x0.7) + (0x0.8%0.7) + (0.2 0.8 0.3)

= 0.25

T2 (23)Y A3 “0257€ oAwdd FAL & DGPS HsESl o
A 7152 (Prior Probability)©] 2Fal o}, o] 23t wlo| x|t WEYIE L3l
ol IYP o R FH3e= =TFEC] A JHAIE e, B =wdAe v=
A=W et A HE GeNle ZZ 18-S F835HTHI[57]. GeNle:= H o]

Ak MESAE Jwor H4H BAL Fi wEoln 58

k
=
o
<
S
g
2
=2

AtLHE HolHE HEst] 20F JeA S IHZeE HoFe T2 90|
oH9l. YA AAFE $2](2.3)2 GeNle Hlo]| X ¢t Y EL IS 83 Igigoz
T HsHA Fig. 49 2o
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@ Electricity Failure ?
Faii  20% ]
NoFail 80%| N o

@ DGPS Malfunction ?
Fail 30%| ]
Nofail 70%|! il =

o DGPS Failure ?
Fail 25%| ]
Nofail 75%| T i =

Fig. 4 Prior probability distribution

Fs7dol 1¢]

Z7(DGPS

tkeF DGPSO A¥S e A5sHA %}—EE}‘H, % ‘D=Fail’9] 7
HATA H71d EA9t DGPS HIFE 71577 Folx
A FAo2 AgtRA o 2o

Failure)oll o 3l 4|

oA M= U=

PlE = fail|D= fail] = Y, PE= fail, M| D= fail] (2.4)
M
= P[D = faill E= fail, M} P|E= fail]- P[M]
o PID= fail]
1Xx0.2X0.3 1x0.2xX0.7
= 0.248 )+ ( 0.248 )
= 0.81
T2 (24)F 34 DGPS ZEESFolgts o] FoAHS o]7 o ¥
o] A7H FAY FEo] o 81%T= Ae ulsta o|As ZAF JHeA
= ARSEEolgtal ot
. 15 —
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PIM = fail|D= fail] = Y, P|E, M= fail | D= fail] (2.5)
E

= P[D = fail| E, M= fail] - P[E]- PIM= fail]
B P[D= fail]

(1><0.2><0.3) (O.2><O.8><O.3)
0.248 0.248

= 0.44

r4°

2] (2.5)= DGPS #E&wo] TAsIA= o o7 <leo] DGPS ZHrE 2
A

g oll(Malfunction)d &E©°] ¢F 44%= AS 9wt

=X

T

l__‘4
[¢)

7]

T

21 2.4) (259 AAE GeNleolA] T o2 A Fig. 59 2t

& Electricity Failure ? O DGPS Malfunction ?

Fail  81%| I Fail —44% |

NoFail 19%|[ o Nofail 56% [ i =
O DGPS Failure ?

Fail 100% (N |

Nofail 0% y

Fig. 5 Posterior probability distribution after observing evidence

e

}\]—o] =13

o] & 3 =

4
o
o

WOl Ak YEYIE AR S Fahel 57

Ho=g
At S A5 205 J7FeA S AT = ATH57]
Fig. 6 @ Table 1> DGPS ZFEH o ZAFE5o Uclo=zw AZH EA L
DGPS #HFE 9] 7 sH oo} #H AL 754 GeNle?] NPT(Node Probability
Table)Z WEFN I It} Fig. 6914 Faild} FailAlo]ol] A&® <17 7|4 EA
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o} DGPS HFHL 7|54 N7}t
ey E A
o] GeNleollA] NPTE Z3HE= 7

45 100%2+= A

SAll

& ofusta of

WAISEe] DGPS2]
12 GeNleol ¥¥3t}. &

=
=

&

A

7y A o] oju]= Table 13 Zo}.

L= I

5 (Failure)=

Electricity Failure ? Fail NoFail
DGPS Malfunction 7 Fail Nofail Fail Nofail
» |Fail | 1 1 0.2 0
Nofail 0 0 0.8 1
Fig. 6 NPT from GeNle (DGPS failure causes)
Table 1 Meaning of Node Probability Table
Electricity Fail No fail
failure
DGPS . . . .
Malfunction Fail No fail Fail No fail
.. . Electricity failure
Electricity failure )
2 DGPS Electricity failure DPG.S - DG.PS
) i N malfunction Tt malfunction©]
Fail malfunction &A] | 2AY3H Node . LAl =
24 5HA Node fail s ol et
= faz fail o™ Node
fail
.. . Electricity
Electricity failure R DPGS failure, DGPS
= DGPS Electricity failure . .
. . - malfunction T} malfunction ©]
No fail malfunction FA] | ZASN = Node - .
- . Ay EHH Node Elgte) o
Y3 Node no fail : o1 o 1
no fail no fail %2 Node no
fail
4) HFACS
HFACS= Q1A /ol tigk o83 HAAE ste 7t 98-S ste =7
2 FgFEofolA A7 EFE Hall MIHASH, A2 A alE Z
gHoE BRSHT Y3 AEes] st HUAL AHeFE BHsE
ETELE Bo] &&HI ATH7][62].
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Organizational
Influences

O O

Latent Conditions

Latent Conditions

Preconditions
For Unsafe
Acts

()

®
Unsafe Acts

Latent Conditions

Active Failures

Fig. 7 Reason’s Swiss cheese model theory[19]

Latent Conditions g, g.nizational
[Influences
|
[ T 1
Resource Orgamzaﬁanal Organizational
Management climate

Latent Conditions

Process t

Latent Conditions

Adverse mental  prysigiogial | PYSKal/Mental
States ' ‘S!‘E 'II Limitations
Active Failures et s
|
I ]
Error Violations
\ [—Iﬁ
I |
Decision Errors Skill-Based Errors Perceptual Error Routine Exceptional

Fig. 8 HFACS model[7]
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=

=
—19—1‘[‘

e

_—

Ll

HFACS®| 7]E7/ido] HE 292X 2 RdoAs Fig. 79} %o

=

Z21%42] 9 F(Organizational Influences), B 7= (Unsafe Supervision), &<t
&5 AFF 27 (Pre-conditions for Unsafe Acts) % B<Hd 35 (Unsafe Acts) 4%+

AZ BEF3HaL JATH19].

ol
o
off

o
e

of
i
=

o] gl dA o] e B -5 (Unsafe Acts)2 AZEZ<Q0 A3

| = :
Bk 959 APz (Preconditions for Unsafe Acts)< =23 &S of7|sH
Al Ao AHE @, Bobd ZHE=(Unsafe Supervision)S 3+ ©HA 9
FAAAR] AN E BT 23T IFS T SA AR HEAF A9
FFES A FALLEE ndHHe62]. Fig. 7S HIBOE JAAFE AlFZ
o= /sS4 Fig. 8% 21 7 dAld 2o e AT JdFR/Y ¢
&= e 2o

=Ud FE2 Aol Ao JdAHE AHLFE T ol O o=

3t S @ F(Errors)&F o] £33 © F(Violation)= Y th62].

Examples :

Deciéi - misdiagnose problem
— EC'S'OH - Wreng response to problem
8" - Inadequate information to

make decision

Examples :
Unintended ; - Do procedural steps in wrong
Action — Sklél—Base_d order or skip a step
(Errors) A - Forgetting to make a turn at a
way-point
Examples :
Borcopiall || Misge;cei\{e running light
: . — Erfdis contiguration
‘ | - Hear a verbal order wreng
‘ Unsafe Act ‘ - Misjudge distance or rate
N Fxamples :
MISTAKE - Routine shortcuts in a
(Routine —  maintenance procedure
imendad violation) - Habitually not donning
Action personal protective gear
(Violations) VIOLATION Examplesl i . .
: - Excessively risky ship-handling
(Eucoptiond] —. Intentionally mis-wiring a
Violation)

circuit to supervisor

Fig. 9 Unsafe acts classification[7]
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O E3tA] ¥ L (Errors)v o|E% Ao DA A /Y HAH,
$A% BEL FE AOE AFe] PFol EHA ge AHE vehti
AL ToTh g E Eo] AFo HE 20=F JEIoY AA= 4 20=
te A7t 2 & Stk o=d" L R{(Violaton)E oEHoE HELEHAU
FAL shsle WTL AT B Sof JBAV AWAAE B9 5
Hal FPsfof & df o] WRer FASA Fe A97F AT Fig. 990 T
He JALLFE A BFstY Table 294 2T

Table 2 Classification guide for unsafe acts[7]
Guide for Unsafe acts
Failed to prioritize attention
Inadvertent use of controls
Skill-based
Omitted step in procedure, or executed step out of sequence.
Omitted checklist item or completed check list item out of sequence.
Misjudged distance/rate/time
o
5 Perceptual | Misread dial or indicator
Failed to see/hear/otherwise sense
Improper procedure or maneuver
Misdiagnosed emergency
Decision
Wrong response to emergency
Poor decision
Definition: Common or habitual instance of breaking the rules and
< Routine regulations (taking a shortcut) that is part of a person’s behavior pattern

o . . .

5 and is often tolerated by the organization

é Excentional Definition: Isolated departure from authority, rules and regulations (taking

P a shortcut) that is typically not condoned by management
OJALAA Q@ F(Decision error)= S ERNE PFF3IA T TA 0] o] Hgs

A e AL Wik ZoR AFE S olEA RAAY EAE 4R 2

et ZxH A S H8ste AolH, 22x2E JFo] AFsirt Azst
3 A AR AEg A Ao BE e ded] ARE A89s ste Ae 4t
oH7]. 71<=7]kE (Skill based errors)= &A1 & FEHO] AL AFo
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=
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file)
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o}

Sol ¥7} W=
tstol Qo] ©F7} WAy
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=
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A A

T Atk

s}
=

St A =

1

;OL

—

o)

S

I
—
0

it
oF
ﬁo
)

Bl

s

<l
32 21" (Routine violation)=> HFHZ S HOE E2AN F4 £EHT FH

FAo AAE 1oz

o
T

£l ¥ (Violation)

o2 10~20km Mg

o ohd Sluto. o

ol

of| 217 9] ¥ (Exceptional violation)

100km A=A A& 200kmE &
ol A A& 7|FAA 89 F AT AE ofy 7] wjFo o9& fwol

gtal BoH7].

Zo} A

=
=

o

Eetd 35 A =7 (Preconditions for unsafe acts) =822 7]FH]

+-8-(Substandard

ZlEne

of operators)2} *-&=}2]

practices of operators)S.Z U TH7].

(Substandard conditions
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Table 3 Classification guide for preconditions for unsafe acts[7]

Guide for preconditions for unsafe acts

Channelized attention
Complacency
Adverse Distraction
g Mental Mental fatigue
w1
g States Haste
oL
%_ Loss of situational awareness
2 Misplaced motivation task saturation
=3
‘éf; Impaired physiological state
Q
Z A(?Vers§ Medical illness
o | Physiological — —
9 States Physiological incapacitation
2 Physical fatigue
5 Insufficient reaction time
Physical/ 1 p, vision/hearing
Mental
Limitations Lack of knowledge
Incompatible physical capability
@ Impaired communications due to language difference
g .
§» Interpersonal conflict among crew
§‘ Failed to use all available resources
i Crew . [
o] Failure of leadership
) Resource Mgt.
% Misinterpretation of traffic calls
[¢]
Z Failed to conduct adequate brief
=
e Impaired communication/conflict due to cultural difference
E;_% Personal | Self-medicated
S .
2 Readiness | [nadequate rest

+8219] TlEvE Aol A FEAZAH A4/ El(Adverse mental states)= EH,

=7, Aeoly Esog I3 Az B, il AR EH, AnhAA, kg

Azy AFE, B, FT & wIth RAHZA AA|H(Adverse

physiological states)= AlZt3} SfPHAR RS A|Zb gl slyo] 43 AR F

B3 AYAE B vedE 4§44 d=2 T 2o g E93/A
— 99 _
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5 g B3 F ol Aud JE AS TR
H ols] Fo] a1, MU FH]/El(Personal readiness)= 7N =&
A

o) AoE Wk o AYW FHRE, $2FA AN S| vk

Table 4 Classification guide for unsafe supervision[7]

Guide for unsafe supervision

Failed to provide guidance

Failed to provide operational doctrine

Inadequate Failed to provide oversight

Supervision Failed to provide training

Failed to track qualifications

Failed to track performance

Failed to provide correct data

Planned Failed to provide adequate brief time
Inappropriate Improper manning
Operations Adequacy of operational procedure or plan

Provided inadequate opportunity for crew rest

Failed to correct document in error

Failed to Correct a | Failed to identify an at risk behavior

known Problem Failed to initiate corrective action

Failed to report unsafe tendencies

Authorized an unnecessary hazard

Supervpory Failed to enforce rules and regulations
Violations
Authorized unqualified crew
Eehd o] BAHHG 2= (Inadequate supervision)= HE A A A x5 A

HE 3y, AlgH 8- x+2] B2 (Planned inappropriate operations)< -8
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A7} *’F%ﬂ‘}igb} &7 olE s AAE F837] EHE Sl o o

Zol A RAFA JegFS v A HE AL w3k EAs A A3 (Failure

to correct problem)b ML, ), - Q ke =A7F &AL

A g oy o)A o] ﬁﬂéﬂﬂ B> AHEZ s ZAolH, = AL
.‘__TL

Z
AsE A9E B

> |f rlr
rlr
¢
=
[“::l,
re
S
o

ZA) o] giko A ALY #E](Resource management)= X2 A2 e
w Al 8xpe] Adbdxal, wS/EEAA, g A 2 A
2 & Z3sth. =2 E9]7](Organizational climate)= A8} &84}2] T FgF
° A AAE Tote AoE AT x| WE ANJAA, A HE
2 gl Aol Bygal Fo] I o o]t} -84 XH(Operational process)© =2 F
o FAA< #wy B AAE Uele ASE AAo] AgES HolstA

(¢

T

Table 5 Classification guide for organizational influences|7]

Guide for organizational influences

Inadequate management of human resources
Resource
Inadequate management of monetary resources
Management
Inadequate design and maintenance of facilities
Adequacy of organizational structure
Organizational .. ..
gClimate Adequacy of organizational policies
Adequacy of safety culture
Adequacy of established conditions of work
Organizational .
& Adequacy of established procedures
Process
Adequacy of oversight
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a4 e AE B 4o AgHe =0 tisl tErekAl ARkt
olglRt =& Tl olH =7E Addste 24 Zdte 248 249 &
HA, 7HEAR Foll 72T APdENY =LA FE A2V FEH A
8 nlg, AFE ARE =28 ¢ ATl wET2s] Ve eR

AR FZ WHor FXFsto] oE AR HIEE AEE 5 Uth
AP S AP AFel JheAdd i TlEe ARl Aste] oo o
THE v o2 9¥ES High, Medium % Low®E WrH, B8 i &
Faab sk AREel thek AR E5E o ol

A7] ol o2t A AEZVHE 8L AS A Av25].
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IEC 3101041+ @A s 913 =79 Adga A& 7hsAd dig AdS
AFste £AJE, o] EAdAE AFREH =T A& 7HsA S Table 63 2
o] AN Utk B =EoME IA dAFH Ay A
2 gAtE| 9} Table 6914 AF3IL e AFEY =T FE 7154 7&S

M
HH O 2 FSA A =TE A3t

Table 6914 X npo} o] FSAO]
ARE EHst=d e APsins A &
% 7HRisk Evaluation)ol& A& + §ltde
Aol o A= ST = oy oA AdEE I BTtst
FAZE Ate AS Yrgt vk wo] At WEAE fF8ael 9
e} gEo 28E @Y Hrtdx AHE HAL e ETE JERY
AR d3E SAHLE EY%te E7EE YR =780 A
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Table 6 Applicability of tools used for risk assessment[25]

Risk Assessment Process
Tools and Techniques Risk Risk Analysis Risk
i i ... |Level of i
Identification| Consequence | Probability el‘{/TSkO Evaluation

Brainstorming SA" NA? NA NA NA
'Structgred or semi-structured SA NA NA NA NA
Interviews
Delphi SA NA NA NA NA
Check-lists SA NA NA NA NA
Primary hazard analysis SA NA NA NA NA
Hazard and operability studies 3)

A A A A A
(HAZOP) S S
Hazard Ar.lalysm and Critical SA SA NA NA NA
Control Points
Environmental risk assessment SA SA SA SA SA
« What if? » (SWIFT) SA SA SA SA SA
Scenario analysis SA SA A A A
Business impact analysis A SA A A A
Root cause analysis NA SA SA SA SA
Failure mode effect analysis SA SA SA SA SA
Fault tree analysis A NA SA A A
Event tree analysis A SA A A NA
Cause . and consequence - SA SA A A
analysis
Cause-and-effect analysis SA SA NA NA NA
Layer protection analysis A SA A A NA
Decision tree NA SA SA A A
Human reliability analysis SA SA SA SA A
Bow tie analysis NA A SA SA A
Rel.1ab1l1ty centered SA SA SA SA SA
maintenance
Sneak circuit analysis A NA NA NA NA
Markov analysis A SA NA NA NA
Monte Carlo simulation NA NA NA NA SA
I]?]zifsesmn statistics and Bayes NA SA NA NA SA
FN curves A SA SA A SA
Risk indices A SA SA A SA
Consequence/probability matrix SA SA SA SA A
Cost/benefit analysis A SA A A A
Multi-criteria decision analysis A SA A SA A

1) Strongly applicable, 2) Not applicable, 3) Applicable.

r --.. '-I.---. — = \
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3% DPAEe] A EAA T BA

3.1 A&

HA9 MuAly BHIAE G831H oS nlgtoZ Aadbal UQlS uhg o
& AstAY AN F e BHE S F Ak 28y Addke] A Aojl
A g7 @7ke AFLE A S ] fal e HES A B ok ot
H ol H{H ZWoA SutEA Y] wEo] Al HIEEAS T3 1
A ALE AEsta olE FHA LR #AEsts Ao mIHITT]

106(2001~2010) 59+ B ¥ DPAEF LOPAIY RyAle] AHHH BHAL Es3

LOPAILS] F3 A<1ES 21 3 tH29]~[32],[34]~[39].

IMCAE =4 s FAAHAH 7IAFI = A AA 90047) 71| 3|do=
7hdEe]l dom, F2 xfHpo] Fopst AHE A4 P FHI b - & -
H A & (Safety, Environment & Legislation)oll tdt At A o] & &I St
TS IMCAE 47 7121 3](Diving, Marine, Offshore Survey, Remote System
& ROV)E FACE agHAAd i Zloleaiile HiEgo® it ASuS
S AFskaL Atk IMCAY AZEE+= DPAHE LOPAFY BRI A= 4FdAIS 4
< FFe7] fsl nAAR g Agea e AEolH, IMCACAE °] & Ht
goz AZF DPAHF LOPAFILY] 91& A 2 BX3la QT}S5]. IMCA ©]
o] DPAELY #AHEH AR IANE gFeA SAY ¢ doy ols HilA =
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B =29 A3 AlFH o IMCAO| R1¥ DPAIYF LOPAMIL HIlAE 2010
dol] 71 HAY Az olH, 109 (2001~2010) 52+ IMCA®| X ¥ DpAlw
LOPAFL HIA7F HAE ZE LOPARE EFste AL ofYth fEo
IMCA2] DPAHF LOPAIILS] EF7]ES 10 B9 TUsIA &ghr] wj&ol o]

£ EUs] 98l Axe) €L 1072 Helstel BRI,

DPAINLE FEA 2R, F70A 28 B DP AN 2R e ALsta Auke] 67

55 (Surge, Sway, Yaw, Pitch, Roll, Heave) %A Surge, Sway % YawE
Ao 2 A ojdti[15]. UM A Pitch, Roll, Heave= A18Fe] A X F o]y}
Aere] ®WHEo] ofyr] wjZo DPARMIAE ©]& VRS(Vertical Reference

Sensor) AX| 2 S35l DP Al&EloA HAASIES Eof QITH3]. Fig. 10> A
ko] 62 =53 2]l o3k Surge, Sway ¥ Yaw A|ojo] /dS HolFO)

©2003IMCA

THE SIX FREEDOMS OF VESSEL MOVEMENT

‘ a7 Ta
I
FITCH HES/E
S0 i g j‘ - | [ ‘,"‘"—‘E:
Current i ﬂ il <
pzmutn B e DR N : L/
Thruster ~ Sway \\ . ; r.uncs
ﬂ. 4 ﬁ‘“ .5 S :' ; .

Thruster  Propeller
and Rudder

Fig. 10 6 Freedoms of vessel movement[28]
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32.1 DP Al2=H"le] F4H84

DP Operator

DP Control
Console(HMI)

P.R.S. .
Position Reference System |
_ DP Computers

Generators

\"’/___ n

Wind sensor

Batteries

Thrusters

Fig. 11 Elements of DP systems[3]

IMO MSC/Circ. 645 EAS Hlgto 52 DP A|2~Ho FAHQAS A KRW  Fig
113} #Z°] DPO, HMI(Human Machine Interface), Thruster, &= A|2~8l AlA] PRS
2 DP HAFEH T 77FA 84o|H[3], AZe] 9 v o

i} 284S W B Ao Z STCW ool 23k 3| 7]A} w3
£ B3kl e Aol DPO A4S F 53t DPAYHS #-83th DPO9| 7
A 2 W 27-ES Nautical Institutese] DPO &¥ % AA7|FE3}, STCW HeF
Section B-V/f DP A28 &821o] £ 2 Ao tig A oA AF3t
°om, IMCA M 117 EAjo|A= DPO2
A TH26][50].
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2= VRS ol it f¥e ZAsE AL ZRAA, AN 5 gUd
FAGo] ARl YA DML FANA FFEFEY gPoz 27

&7] WEoll Wind A2l A&=7} mf-¢- F2st3].

6) PRS

DpAHtol| A ARE3k= PRSE DPS& AA|stal Sle Aol 11 fXE #A
wE olEY W AAURE FAT 5 ALH AFE A2UL BaH, A
322 <l PRS7}F DGPSoltH3]. ©] fJo% &3E o] &3t= HPR(Hydro-aquatic

Position Reference), #|©]AE ©]&3F Fanbeam A|~®l, &% <2lo]ojE o] &3t
Taut-wire, Z 35 AFE3l+= Artemis & TS AX]E0] AME 7o utA A
A, AHEEI At DGPST A AFAHR]D AXFEA X<

| HETH o]
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@ 2003 IMCA

LOCAL or CARTESIAN FPOSITION CO-ORDINATES

WESSEL
CofG

TYPIC AL CO-GRDINATES: :
N217.2m
E-<H78m :
NORTHING OF
VESSEL (metres)
Feallemenonenes Rl T SR S s - @

WESSEL (metres)

F AMBE A /

REFLECTOR
selected as
Reference Origin

Fig. 12 Local position reference system (Fanbeam)
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7) DP 7 FE

DP FFEIE DPANY $FEYS $oH0R wEo] Humde] gse
9¥e AN PRS B AAEHEH B AuE wgom dst ANE £
A3 % P Adstel FAFAE WA 8 AEAIE 4TS BrHs)

1) IMO 5371&

IMO°| A= DPAEMe] 535S 2184 T+ Redundancy 7l'd ol we} Table 73
2ol gefstar ATH8I[15][28].

Table 7 IMO DP equipment class[28]

©
{o
|
o
2,
lo
ey
>
o
N
5
N
N
olf
tlo
ox
>,

Equipment Class 1 | &

Equipment Class 2
(Generators, Thrusters, Switchboards, Remote controlled valve, etc.)

- B3 9 ARAE s AEs] £A413 HA ode G A A es
(Cables, Pipes, Manual valves, etc.)

A} AzEe] 9o wAIe] oA AAGA 75E A

@I, oo ©de 1= DP 7% #A 7}1%
- Class 20 A5H ARRF 2 dukzQl A3 749
- AU AgERE Bt He BE 7884 1%
- AU AeERE Uee Y 1%

Equipment Class 3

IMO DP Equipment Class 1432 @] n7o] dAYstA DP 7|5e FAE
A I~

T e TFoE AA(Gryo, Wind AA, VRS)oll EAZ} EAsAY, F314
ol 7] o]} AMEEIIRE Aol HW A FA7|Eo] FAEE Tue 2R
t}. IMO DP Equipment Class 2+ Redundancy 7H'dS # &3l ©hde] 1w Aol
dAstE et s DP 75 E AT & Ue T TITh
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Redundancy= T Aol HAIS o

1 =
x|y A|2~H o] HFES Wslm, DPARIS] S5 FHeteo 1 AALE

T}H28]. DPAlIEIo] o] AT o] ANIHEE 7l o} ==
AfFAsY FARE A3l DA t= AP =ol w2t HafxiTh16].

IMO 2 A9 DPAY S37]|F WA Q1S A3 Table 83 £t

Table 8 DP class of IMO, DNV, LR and ABS[11]

System Minimum Requirements
IMO Class 1 2 3
oo & 1 pNy AUT AURT | AUTRO
notations | LR DP(AM) DP(AA) DP(AAA)
ottions | Apg DPS-1 DPS-2 DPS-3
Generators and Non- Redundant & separate
. Redundant
Prime movers redundant compartments
Main Switchboard 1 1 with 2 with normally open bus-tie
Power bus tie In separate compartments
System Bus Tie Breaker 0 1 2
Distribution system Non- Redundant Redundant & separate
redundant compartments
Power management | no yes yes
Thrusters | Arrangement of Non- Redundant Redundant & separate
System thrusters redundant compartments
Auto control: no. of 2+1 in alternative control
1 2 .
control computers station
gontrol Manual control : Yes Yes Yes with auto heading
ystem joystick
Single levers for
each thruster Yes Yes Yes
PRS 5 3 3 include 1 in alternative
control station
External Sensors
Sﬁgs}lﬁs Wind 1(ABS 2) |3(IMO 2) |3
VRS 1 3 3
Gyro 1(ABS 2) |3 3
other 1 2 2
UPS 1 2 2+1 in separate compartment
A-60 division No No Yes
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Table 8°llA4] HoF= uie} o] DP Class 19 &H A 2H-S Redundancy &
GA2"lo] QFEHA &3, DP Class 204 THALHY XR9AEE
(Switchboard)7} 32| Al2®Hle] 31Afo] WAYSIH S A OE A2EHS ALE
3 4+ JEE Bus-tieZ 27 o]o=E *v‘?ﬂﬂoi lojok $t}[28]. DP Class 3¢l
M dhe] Al zElo] Aol WSR-S AT e ALEE AT F AR
= 270 oo r ‘elEojoF &, oA EYd FHA LTS IMO SOLAS
goFoll 213 A-60 class TEDOZ FEjHo] HES Aol fAsoF doh. =
g TYAI2E o] FHEt fAEte A 1 FEL FETEIE HojoF 3t
[28].

=

PRS$} ##dte] DPARLS V|EH o R B fX& M-S 7HAL A%
o2 AT 4 QlojoF stE=E oAy FF{RO PRSE FAo AHEIT DP
Class 2 2 3olA= H& 3FF o149 PRS7F AX|=ojof 3w, DP Class 30
Ae H4A 1704 PRS7E A-60 Class® 2] ¥ Back-up AloAA2=dlo A3 A4
o] AR ojoF 328

DP Class 2= HA 2719 =93 AFE A2"ES 7hA 3 gojof gith. DP
Class 3+ A7IRGAR S X383 Ha 2710 SHE AFH A2y 1=z
3lte] Back-up DP ZFFEI7} A-60 Class® 228 F 7o) A X5 ojoF 3T}[28].

h

N
P

DPAHR 3714 T/ AAZEE EooE AHEI ul$ F8317] wiEol
ol g Ao EAZF AT A thvlste] DP Class 29} 3 AMroll= Wind
AlA, 2ol 2, VRSE 247 371 ol AX|st=s a3kl ITH15]. 183 DP
Class 3914 = Zojx 17§12 A A7 A-60 Class® #2]F Back-up A o] A 2~HE o
213 AAEo] X ook 28]

3.3 DPAIEFS] LOPALL #4

1) 60% ol stdeol =& A ofysh
+3tA olY3l= )| o] )
M 18052 2T A2setA olUslrE 2ol EdA Az wdo] AZ

el 79,

Collection @ kmou



10%(2001~2010)

T F AlddS g

==

AR 7R ER/S
HEE,

-84 ZK(Procedure), 5717%X](Propulsion) % AlA & F 1274 =

PRS, Thrusters,
(Mechanical),

o

d, @

IMCA®] BE3¥ DPAH} LOPAIILE = 612701, ©]
T A= Aol 6097 01A T Alare] €912 2001~2007

=
I Ao, 2008 o] FHE|= DP HFH, FHAA,
7d

I, A7ZA e A, AR, MAH A

p

EFsl9th 20073 olAo+= 71AZ Ag, 84, = 2D A T 471
A Al & gU7HA 840 XFAA BEFSR7] WEel & Yol o3k AF
A7 R BEREA EJTH36].

Table 9 Categorization of DP LOP incident causes

No. Categorization Criteria
DP #EE PRS, AIMZEE e HRE nlgo g dstes JAE A3}
1 (Computer) 7] 3%k - ALtstA thrusterE Wlx] 9 ZSA 7 ESF St
i & 5tof| hardwarelt softwared 0.2 EA|7} A= H$
) YA 9] AL, i B EujellAl AR Z1AAHQ EA7E A
(Power generation) | 3= 74-%
Hito] T8 RASAG oI5 u 9X9 WE g
s g | SI® e A4 E PRSEHE sk 7 tlsEale) PR
3 an DGPS(Differential Global Positioning System)©]3. 1 £] Fanbeam,
Sensors o _ -
Artemis, Taut-wire, RADius, DARPSS°] = ©|#3d x|
EAZF BAYste] DPAEke] fIA|-FA 7] = & *aﬂ% 85
Thrusters= 241 Hte AAZE FABIAY ol 53 ES 3t
4 Thrser | el 23 9%e) QS WAL Tt AARA ol 3
(Propulsion) ol A7 A, AAA BA7} dyst= A
5 olH o= DP &89 3lo] DPO, DP Al ~Hl ##H Englneer ETOS 9 94
(Human error) ol 23 DPAEF LOPANYL 7} WA= 745
25, 55 A SR Q= A 9d o
6 A7 dHe ) ?in, , d=5 SHAIL U= AAZR] Lol ¢
7 7172 DP A 2=El] Ato] 77| o] A3 #Hste] A4, Cable A
(Electrical) 2 Ed As A B 57 dAEE AS
e L Hhgolu 279} 22 S 2 FFoleo] F9 T3t
8 o3t FFH o] AFHOE LR RFEoA = o o3
(External force) Qape wo Ao
A
o | VE R wuy goimp e A ge AR A8
(Mechanical)
10 B XA DPAMro] Bfsta Qe &8 AxF AA|e] EA 2 LOPARAL 2
(Procedures) A= 75
2008'd ] FFE = IMCACIA DPHMe] ALndle & © ZAlsHA 73
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ATH37]. ¥ =&l A= DPAE LOPALT ARJNEFVEY] 54L& s Y37 A
Hgmo I BFo 5338l Table 99 2o] 10714 2 /3 TH39].
Table 99 EF7]1+S vlgo 2 108 &9 R1E 612712 DPARF LOPALAL
H BEFZAIAE Table 109] AAISFATH10]. AFRTA A AAS
AL 11 5o vfx|3}A T
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4 F gl

Table 10 Causes and frequency of DP LOP incidents(2001~2010)

Causes 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | Sum
1 | Computer 23 11 3 1 8 7 18 22 8 6 107
2 | Environment 18 3 3 2 3 7 4 3 2 4 49
3 | Power 8 13 5 8 4 12 11 9 13 5 88
4 | Human error 8 8 2 6 5 13 7 5 10 3 67
5 | PRS(Sensors) 14 14 2 12 5 11 13 27 18 21 | 137
6 | Thruster 14 12 6 4 7 4 8 21 12 2 90
7 | Electrical 10 3 0 1 4 3 5 10 10 12 58
8 | External force 0 0 0 0 2 1 1 0 1 8
9 | Mechanical 0 0 0 0 0 0 0 1 0
10| Procedures 0 0 0 0 0 0 2 2 4
11| Undetermined 0 0 0 0 0 0 1 0
Total 98 64 21 34 36 59 67 | 102 | 75 56 | 612

Table 10914 & 5 U= AAHH
A8 LOPAFLY] d1e=Z 7P & &S vIFYE A2 PRS(Sensors E 3o
TS 137749tk Table 102 Hlgro 2 vtk A3 DPAEF LOPARLS] €9l
H H| 8-S YeERE Table 11 2 Fig. 133 ZTH10].
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Table 11 10 Years average of DP LOP incident causes(%)[10]
Causes 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | Ave.
1 | Computer 2351172143 | 29 | 222|119 269 |21.6 | 10.7 | 10.7 | 16.2
2 | Environment 184 | 47 | 143 | 59 83 | 119 | 6.0 2.9 2.7 7.1 8.2
3 | Power 82 | 203 238|235 | 11.1 1203|164 | 88 | 173 | 89 | 159
4 | Human error 82 | 125 95 | 176 | 139 | 220|104 | 49 | 133 | 54 | 11.8
5 | PRS(Sensors) | 14.3 | 21.9 | 9.5 | 353 | 13.9 | 18.6 | 19.4 | 26.5 | 24.0 | 37.5 | 22.1
6 | Thruster 143|188 | 286 | 11.8 | 194 | 6.8 | 119 | 206 | 16.0 | 3.6 | 152
7 | Electrical 102 | 4.7 0.0 29 [ 11.1 | 5.1 7.5 98 (133|214 | 8.6
8 | External force| 3.1 0.0 0.0 0.0 0.0 34 1.5 1.0 0.0 1.8 1.1
9 | Mechanical 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.1
10| Procedures 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 3.6 0.6
11| Undetermined | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.7 0.0 0.4
Total 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
A Al dd R HFANA 7 2 HE&S A s= A2 PRS(22.1%)°]
i, 1 522 Computer(16.2%), Power(15.9%), Thruster(15.2%), Human

error(11.8%) 52 wo2 YEIRT Ad5H 57FA AL HRle vl &E& 25 A

M 81.2%%1d], °]E %3] DPAIHF LOPALALE Bl=d o7 8 oz 283}

al S

S o
AE =

10 0

External force:1.1%

o = ATHST].

10 years average of DP LOP incidents causes(2001~2010)

Mechanical : 0.1% procedures:0.6%

0.4%

&
. qu

H Computer

Environment

4. Thrusters :15.2%

1. PRS(Sensars): 22.1%

Iy,

6o "‘e/__

7. Env

5. Human error: 11.8%

2. Computer:16.2%

ironment :8.2%

H Power{Generator)

H Human error(Operator)

i Reference

o Thruster

M Electrical

H Other(Extemal force)
B Mechanical

H Procedures

Undetermined

Fig. 13 10 Years average of DP LOP incident causes
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1) &k
DPAIEF LOPAF ¥<le 549, 3@ 2 1@ "©9E FERsY I HF HE&S

5 years average DP LOP incidents causes(2001~2005)

External
- force:1%

& Electrical :
X 6% 4. Computer : m Computer

16.0% = Environment

W Power| Generator)

2. thruster :
18.6%

= Human error{Gperaior)
6. Environment : 10.3% m Reference
= Thruster

1. Reference : 18.0% = Electrical

3.Power:17.4%

m Other{External force)
m Mechanical

m Procedures
5. Human error :
12.3%

m Undetermined

Fig. 14 5 Years average of DP LOP incident causes

Fig. 14 2001~2005(5) 5<Fe]l DPAHE LOPAMALY] 8 WS RoJFal
ATk A Ao w=m o] 7|3t B LOPARRLS] FH YA PRS 19.0%,
Thruster 18.6%, Power 17.4%, Computer 16.0% % Human error 12.3% &2 <<%
2 Yehgtorn olF 5717 & EF B3t 83.3%7F ETH10].
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5 years average DP LOP incidents causes{2006~2010)

External force: . 0.2%._
1.5% s N _0.7%

I,_Prm:edures 11.1%
{

W Computer

5. Electrical : ® Environment
11.4% 2. Computer :

16.3%

® Power{Generator)
.6 A B Human error(Operator)
ame
E‘N“o i m Reference
> D ® Thruster
3. Power : 14.4%
W Electrical

m Other(External force)

1. Reference :
25.2% 6. Human error
:11.2%

® Mechanical
M Procedures

B Undetermined

Fig. 15 5 Years average of DP LOP incident causes
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Fig. 15& 2006~20010(5'3) &<Fe] DPAYF LOPAFALS] 8 €<l
ATH B Ao mEH o] 7|z F LOPAALSY FH W12 PRS 25.2%,
Computer 16.3%, Power 14.4%, Thrusters 11.8% % Electrical 11.4% 52 o2
Uelgon o]E 571# ddS 5 H3H 79.1%7F ETH10].

o8 AFE YA Fig 1304 1 10d HFF wwge u DPAR
LOP/\}EEI FH 57FA Aol e FAE AT, 1 e AdoJA thA zpelrt
Aes & F Aok 22y PRSE %3 DPAY LOPAILS] 7H 9 AtdL

Y-S & 4 An10]

FEY He z7] 53(01~05)F F7] 53(06~10) Abo]e] AlLHEIE ALA| 3
wAske] &Rl Ad, 27] s $7] 5 Akele] DPAH LOPARILS] &
g ARlo] 98% YA gthE Aol ol DPAHF LOPAILZE HIs=gk Rl
ofs] wrEZ o7 WA= AL gt & 2B =54 B4E S8 AHE
H IMCAY AtZRIAZE A AA 9 DP{\j‘i} LOP/\}F_% 5 23seE AL
ol RE Abare] FR/ F Qo] RIRHTE ZE OE BiEA &2 DPAH
LOPAIZL % o] M5 oA st ASS 5 + Ath
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Procedures
Other(ExternaL!_orce] ~1.8% Undetermined
0:9%, TS o 1.2%
Mechanical —— —— _ =8
0.3%

3. Computer
2. Electrical 14.3% y
14.9% Environme
5. Power{Ganerator)
e 11.7%
6. Human
error{Operator)

1. Reference .09

28.3%

3 years average DP LOP incidents causes(2008~2010)

B Computer

W Environment

B Power|Generator)

W Human error{(Operator)
m Reference

® Thruster

W Electrical

W Other(External force)

m Mechanical

M Procedures

W Undetermined

Fig. 16 3 Years average of DP LOP incident causes

Fig. 16 2008~20103) 5<te] DPAH LOPAFLY F8 A&

At 4 Ao m=w o] 7|3 &k LOPARILS

ol
N
)
N
(i,
>
kl
(o
o
a4
o |
e
o)
%0,
=

2010 DP LOP Incidents Causes

7. Procedures
:3.6%

External
force : 1.8%

3.

Computer
:10.7% o“ﬁ.e“‘
S
a-‘“‘“q_‘ff"
2. Electrical : 21.4%

4. Power : 8.9%
R ENE

7. Thruster :3

6. Human errorg
5.4%

1. Reference :
37.5%

T3 YA PRS 293% ,
Electrical 14.9%, Computer 14.9%, Thrusters 13.4% % Power 11.7% &2 To =
Uelgom 5714 940S 5 YshH 84.2%7F B {10]. 9714 % PRS7F H#

W Compuier

m Environment

m Power{Generator)

m Human errar| Operator)
= Reference

m Thruster

m Electrical

m Other{External force)

m Mechanical

m Procedures

= Undetermined

Fig. 17 2010 average of DP LOP incidents causes
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Fig. 172 20109 &<te] DPAHF LOPALRLS] 8 U1 RAFH Qo &
A Ao =™ o] 7|7t & LOPAYLS] =% Y<US PRS 37.5%, Electrical
21.4%, Computer 10.7%, Power 8.9% % Thrusters 3.6% &2 <oZ UESTH

o5 57HA Q& EF ©Etd 82.1%°]1, 3] PRS7F /Mg FH At
Je AT % 9t
DP/dEF LOPAFLS] 1S BA4% ZA3E A2lstd Table 129F ZUH10]. 5
28 ge 7 BRolA PRS7F 3 7MY 8 9oz g g ol
ot &8 PRS7F 2001 39, 20031 591, 2005 39, 2007d 2912 1 <919
HEe AAAT 108 HFES Bd PRSYF F¥ LOPALILS] flot) of2d
ol2]3t 5742 Hauff(2014)° o3 APAFNAE AT + A= Aol
[56].
Table 12 5 Categorization of average DP LOP incidents[10]
Ranks 10 years average| 5 years average | 5 years average |3 years average 1 year
(2001~2010) | (2001~2005) | (2006~2010) | (2008~2010) (2010)
1 PRS PRS PRS PRS PRS
2 DP Computer Thrusters DP computer Electrical Electrical
3 Power system | Power system | Power system | DP computer DP computer
4 Human error | DP Computer Thrusters Thrusters Power system
5 Thrusters Human error Electrical Power system | Environment
Sum 81.2% 88.3% 79.1% 84.2% 82.1%

2) PRS A&

612712] DPA Y} LOPAFL oA PRS % Al A (Gyro, MRU % Wind sensor)?} 3

HAy AlzE 137d0]%0 o]
Sensordoll 9]k Al 2A
%o Gyro, VRS ¥ Wind AlA % PRSZE ZFFSHA] ¢F7] o

2) Cable laying o]y Pipe laying

A5 2

-

3) 3l A drilling pipe®] 2t

r
= A

=8 248 A
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DPAEF LOPAILL 1748 A LstH & 1178°] DPAY LOPAIZLA| A PRS7} €
Qlo] HAW Atz Eolt) o]E 11749 PRSHEH Al1E FHHEE B/ o
H PRSH XA 77} F2 WASI=AE &Qls] EUTH10].

Aol Al 7hd Ry A o8 wo] ARE¥ = PRSE DGPSO|th. 12y DPA
ANX= DGPSHE HA SR oAt B A& FAstA Ferh o
DGPS AHA18] 17 B AS [ 7heA wiEoln oo thHlste] DPAIM ol A=
+&% A8 T7FY PRSE FAo AMESESE L 73TH8][16]. ©l+H DPAIHt
9] PRSol= 7HE BRHZAHO R ALE-E = DGPSE X33t Microwave Systems?),
Laser ReferenceS), Taut-wire®), HPR?) 2! DARPS® T2 AH|7} Al&E1 Qt}
DPA B} LOPALLOA] 11772] PRSEFAH Al E FTHEE EFslo] £4% 23
= Table 133} Fig. 189l A A&t

ol -

rl

rulru

Table 13 Number of failures of each PRS(2001~2010)[10]

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | Sum
DGPS 7 4 1 2 4 9 16 10 65
DARPS 3 1 0 2 0 1 0 0 0 0 7
Microwave | 5 0 | 0 1 i 3 5 4 | 21
reference
HPR 0 0 1 3 0 0 0 2 4 5 15
Laser 0 0 0 0 0 0 0 1 1 1 3
Taut-wire 1 1 0 0 1 0 3 0 0 0 6
Total 12 11 2 11 3 6 13 22 17 20 117

Table 132 H ™ 67}% PRS = DGPS7} 657402 7}A B Alg19o] Ylo =
2+ gl om, TS0 & HPRO| 21740 E LOPALZY] B& IS nx1 IS

4) AMulo] MHX = interrogator?} &3 o] A X ¥ transponder Alolo] HIAE Fuwtom HR¢el A
g8 53T F de AAZEZA=H

5) HolAE o] &3t Aol Aot HHE SAHE T A= AXNF=x

6) A WHA wire?] =9} Zo] ”ﬂﬁl-e izéa'@] AAE U F e AXNZFZA2=H

7) Hydro-acoustic Position Reference, = 3+& sty B9 transducer?t A AAH
transponder Atolo] Azlet W E FH5H= -r|><] FzA 2

8) DARPS(Differential Absolute and Relative Positioning Sensor) : GPSol| 2§ F
UHF link® 4% 1 wo} F Mub Ato]e] A& gelstal 4 4L {4
T AZz"E T3t

/\] < Eﬂ

%

x

uko] 9% %
=2 A28

{

O
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S ¢ F Atk ol vE&E YERYHE Fig. 1838 Tk o]& RW 1043 DPA
H LOPAMaLOl A 7h 2 Aba f91o2 283kl ™ PRSE DGPS 61.5%°] 4L,
T3-S 2 Artemis 17.9%, HPR 12.8%, Taut-wire 5.1% % Laser sensor 2.6% %2
2 FAFHAT

DGPS(GPS)
61.5%

Tautwire
5.1%

B DGPS{GPS) ~ W Tautwire M microwave radarfArtemis) ®Laser ®HPR

Fig. 18 LOP incidents ratio depend on PRS -types(2001~2010)[8]

DGPS7F 7HE =2 HlE€2 Y= 01%—5 EE DPAYelM DGPS= 7HE
Z|EH o ® HAH= T AT =, LOPAILYE A3 A
dlol| A DGPSE A9+ Artemis, HPR, DARPS, Taut-wire 3 Laser Reference A
28 Te EF AAska e Aol ohyr] "Ee] W= ZHelAM DGPS7 ®
o] A= AXH Hole Aozt & 4+ U
&= PRS AR 9 AXof o] mE HEZ Yetd7] fal 117149 AL
£ MR O 2 LOPARILZE AR Advbe] X H PRSY F/RE Felstth
E Heo g 2] 3.1)3% Zo] PRS T/FE ALAL3FE PRS7F AXH Hute
H4Z Uro] I v &S 7P o, o] Table 149 A AlSHA T

' PRSAFAL S
Z2W AL S — o= T
PRSSTEAE = 2o proda1e Aot &

% 100 3.1)
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Table 14 Adjusted frequency of PRS failure(2001~2010)

. Original failure . Adjusted failure
PRSs PRS failures frequency(%) PRS installed frequency(%)

DGPS/DGNSS 65 55.6 117 55.6

Microwave 21 17.9 34 61.8
system

HPR 15 12.8 52 28.8

Taut-wire 6 5.1 19 31.6

Laser reference 3 2.6 22 13.6

DARPS 7 6.0 17 41.2

117 100.0

Table 14914 X A3 PRSTH DPAY LOPALY] 314 DGPSel 2|3
Aba7b 7 oy AXH PRSE TREE KEH Microwave Systems(Artemis,
RADius 5)°ll o3k Aoz Hl&2 o2 71 Aves Ae & F Aok °ol& §
g DPAH LOPAALE T2 HIE o] &3t

5) Aol o8 BAFHE 2e AT 5 ok,

3) AHLF FAlEA

3.3.12] Table 119141 &<21% nHie} o] DpAL)
Q79 HEL 11.8%E sHA S FH Kclolgle

HlEERG Hwd B yEigt a8y A efet dd® DPAY LOPARAL

Y
Ao] AARE A5 EE AAT S AT =
22 ALl = 3}

vl = s
< EFskd 10d B 168%7F A/t A, P F o2 AdEHO LOPAAL
_/,:

T3 1019(2001~2010) &¢F IMCAo] E ¥ A DPABF LOPAFAL 61271 =
g gA3 BAStel AHAA AFeF B oh BPHOE Ao

= 4]
A#EH e AFE EF FAsSE A 3757(61.2%)2] LOPALTE <1

2
N
S
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< & F AU ol AFLF7F DPAHL
NXE A FFE vAL dve= AS Yu|st) o]H 3 AL Sorensen et
al.(2014)] ATlA AHH 2471 DPAMF Abaro Al 1771¢] DPOS FZA A3 9
AR o= AT S E T AR #3J1T = ATe4]. Fig. 19+ 61270
o] DPAHF LOPAFLO Al 1A /7F &, 1A o2 AAHAY Ao v &S

Ueha QT

Human error and non human error ratio
(2001 ~ 2010)

B Human error B Non human error

Fig. 19 Human error & non-human error incidents among 612
LOP incidents

ppAEte] S3o) tiate] AWslych. 18]l o] 2 nielo@ ppAul LOPALLL
o Fd AL AdE3hr] 93] 101d(2001~2010) FF IMCAol HiE DpA4}
LOPAFIL HuAME AFHo g EAsigleon 1 Aie a3 2ok

=

[ R=x
=

PRS

rlo

o
o

AR, 10d Hd DPAHE LOPAILY] 2 FFS n|3 Al

d

22.1%, DP Computer 16.2%, Power 15.9%, Thrusters 15.2% % Human errors

11.8% o2 2159t}

A
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47 PRS L Fol T3 FSAS A&

4.1 A&

1A AdFstlxel FSA= F2 A4, AN, Ead, Adelvd 2 9
7t S Aol AEHo] st=dof AlxRle] F7HEA| (o ¢ ECDIS, AIS

olt] FAl2Hl, Active Steering Gear Redundancy -2 7'<] ), AlTtusel Ald

(ol AduALd A S, ECDIS AlEdolH wS) P A9 =9(e : Hot
work Az} 2 FH) Fo] AaHAT ol dTELS UIFEE IMO ITAE LS

ol FABE o] A Adubel A& B ABEHIL AT ol FSAZF AdHhe] kX

T &S fsl 2o AdES 2Fsked o 78T == ASE g 3

3 A 3 E DPAIBE LOPARALS] ARIEA Ao o3t 10d H 713
F9 LOPAZL ¥¢1S PRS &F 4t 1 29 sl=9g]old @4 % DP Computer,
Thruster, Power A28l §o] JX|qk o] BE HRlof ojs)] Ho]x ¢t YESL A
£ 283 FSAE Fds7lol= A=7F Bdistal ®97E Yol B =&odAs
7t 8 Al PRS 7ol digk FSAS F3staAl gith PRS 2.7l
gk FSA A g2 52 PRS 277 DPAEF LOPALLLY] o= Axo &R
YFE "ASA Felsta, ol HEFoE DPAY LOPAILE olstr] 9%

RCOsE E==3%). olE 3% FSAY =72+ By d2EwT Ho]X et Y ES

l

f

42 FSA2Q] #H]

42.1 FSAS] AA=zA
DPAl g} 3t AR A= IMCAS AE7F AL Fd3sta, o] Asd+=
DP/dHF LOPAALY] I Is), S&EAAL, A4Hs] Fof thsiaes dwel fith
— 48 _
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FSAS] 8o @4 DPAM LOPATS] EFE 4740l Wl Table 159 2

Table 15 4 Categorization of DP LOP incidents[63]

Type of Definition

Incidents
B FYo| AFaE o] DAkl oo ofa) el dfe] KA

Drift off A Hojys= HdHE Zely, 25 ZA Blackout, & Blackoutel] 2
3k Thruster &% F=ol o3 TS

. BAo] 7kA|al e F9o] #AXHE 91X HEU DPOY ZXH A

prive off | grayo) ofa) et SIAGA HoluA HE AE T3

OPeraion | Lopatas BAISAE 29k h DPEGo] S0

Time loss LOPAALZ} A SHA] ¢al, 8T HE ‘f'——_}_*ﬂé}xl % %o, DPEHOI
ol 7] W&ol AP Ao A o] A

422 A8 FSA &

19 & F 5%l 2Js 2atelol] 24 AT Bl
ER2 4 2ok AErkec] FHst=E dusy o a3y & o

= 7
oAt DPS A7 D AATA HEFE FulelA 2w #7471 2lo] DA
o =3 DPO 4 AEZIE B FAA FE 2§ ZHM FSAE &
Pl ee WHED. BAA2EDS 55 AHE AFe e 23 =9
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TAH WEEL FHol HFsAn.
7} PRS RCOs 23} =9l 24
- AHRell RCOsE W3t AH3HAdel ted 595 FHF Fx)

L}) PRS RCOs®| Z|gol W& datade] 24

2) Hlo] A ¢t U ESL A

3o A E23% DPAIEF LOPALL EEH% A AAANA EAAZ ZE DPAHEE
o} LOPARALZ} of7] wiZof #Atme] FFo wE AsHS RHedstr] flsl v
ol ¢k YEYAE g3l PRS 3%7} DPA18}S] Drift off, Drive off, Time
loss ¥ Operation abort 5 P|X&= FFS IRASESE gt

342 DPAYF LOPAMLe] Tk ¥l EA Ao A &Rld uie} o] DPA
Hho] LOPAMALE H e Ao o3 mREIL th. wlojx|Qt HEY A& A
A7bsd 2 2AE JMedS B F e 783 =FolnE, olF B3

ﬂ]

3 AgH BHg Fyshd ppalut
o) o) JXe)
AA

o] 2|t U EL A A& flal w= FH=H T thgtoll A NEE GeNle =
Z2IWE AFR3ATHIL. GeNle: AAZ E4S =3 e

= ASsto Az 8 2348 Ve s

&3t 20|t} o] 232 MS(Microsoft) A 3 FEeje] 4 dHlol
15 A 4 7] W& DPAHEF LOPAIY e & A4 oY= 2Hgst3ith
F 2 DPAE; LOPAILOA Atare] 9l E A Alelo] MZ FAAo] e
Ae <07, BEAo] gl AS 1’2 BEAHH, ojEA AAHdHE g4 mde B
ol HFHATH10].

3) FMEA

FMEA+ Al 7o W& Abare] WA 7}sAd (Probability of occurrence) 2

A ZF A (Severity) S EUIZ 18-S H7}StE DP Class 2 ©]7de] Alute o3
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© 2 FMEAE $33t4oF 3lH, FMEAE %3 DPSol| theh 9 ¥ =(Criticality) S
B71ed 4 UATH24]. WEkA DPO= #4119 FMEAE A8t Adube] Qb3
8ol FxdoF gtk B Aol = DPAEF LOPAILLS] FH AQle g zH&
32l Q1= PRS 2FE FMEAolA oEA EF3a A=A &Rlstr] 38 24
o] FMEA At E Fr=zstdt

-

43 FSAS <3}

U AFF vkt o] DPAME &% A= LOPAILOl+ Drift off,
Drive off, Operation abort % Time loss 5°] ATH63]. ©] FolAl Drift off& <l
29 o] o g MAEtE Zlolal PRS LFE HAStE Zlo] ofyY]
] &o] FSAS S=3gto)] QoA PRS L Foll W Drift off= A2 3FA T

2) LOPAFIL W= R4

(1) Risk Index

FSA°| A Risk= AFaLe] =AY 7}sAd (Probability) 332l = (Consequence) &
ANE FZozx Hrthant oS AFA O Z FAF IndexS A3 veRH
Risk Index(RI)= Frequency Index(F)¢} Severity Index(SD¢] o2 A4tEl tf
-7 2.

Risk = Frequency x Consequence 4.1
Log(Risk) = Log(Frequency) + Log(Consequence) 4.2)
Risk Index = Frequency Index + Severity Index 4.3)
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Table 16 ¥ 17 RIE F3l7] 9% FI9} SI9| 7]&E& YERdT Table 16>
PRS 2ol W& LOPAFALS] Severity Index(SI)E E. T LOPAFALE Drive
off, Operation abort % Time loss 522 YEFYIL ©]& Severity Index(SHE A
ZF3}sk Ao|th. Table 172 PRS 27/ mE LOPAFALS] Frequency Index(FI)E
epac,

Table 16 Severity Index of LOP incidents

Severity Index (SI)

SI | Severity Effects on DP vessel S (equivalent fatalities)

HEEREY ZEol glon] ofzre] ArEA gl ATEA
(Low severity) &, A 2 S ES Yl (time loss)

, | =0 aza 50| glom BEe A4REA 9l | DPAY S8FH
(Medium severity) | &. T34 9 A ES §la (operation abort)

FE2 A% A 9 Atk AR |
o= CAadA = pus

3| EEAED ey Shsage) gle Aty qm | 0lE B

(High severity) B m A2 FsAo] 9l (Drive off or drift off)
Table 17 Frequency Index of PRS error DP LOP incidents
Frequency Index

FI | Frequency Definition F (per DP hour)

7 | Frequent 12 o] DPAlHLof 7]l 13 A 10"

6 | Probable 12 2] pprddte] 1idel] 13 A 107

5 | Reasonably |10z 0) ppatutol sy 10) 13] whay 10°
probable

4 | Unlikely 1003 2] AMutofl 1del 13] LAY 10*

3 | Remote 1,000 o] Aukel A 1de] 13] LAY 107

2 | Very remote | 10,0003 2] Alulol A 1\do) 13 ¥AY 10°¢
Ext 1 . .

1| CRTEEY o A 5,0003 9] Aukel A 20 0] 18] LAY 107
remote

2o 7]&FS vl O 2 Risk IndexZS ZHA1 W Table 183 2t}
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Table 18 Risk Index of DP LOP incidents

Risk Index(RI) of PRS

Severity Index(SI)

FI Frequency ! 2 3

Low Medium High

(Time loss) (Operation abort) (Drive off)

7 Frequent 8 9 10
6 Probable 7 8 9
| oy : 7 8
4 Unlikely 5 6 7
3 Remote 4 5 6
2 Very remote 3 4 5
1 Extremely remote 2 3 4

St 71XH(DP vessel year)<, % DPAHro] 3&3t= 7|3t

o
e 70%= BT, 365%0.7x0.7=178.85(day) = Al AHE TH27].

20014 FE 2010974 10 5 HA =¥ DPARLY F HS4E UeR
A7 7F 9lol A, Clarkson(2012) 2 KMI(2012) R 1A E Fadte] =AY
=, KMI(2012) B3 Ao AAIE 2011d 7] DPARLe] F A4 6,0524 & ntgt
O 2 C(Clarkson(2012) EIA o] AAE dFHF HHFE I%E 9oz HE3d

38,8402 S A& & AT}

Nl

S

1097 39 DPAHLe] F 4= 38,840F o] A Bt WS 132 DPA
dlo] g =&" 717t 178.85(day)E 3t 10:d3F DPAldte] Qo =&
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H F Y 6,946,534(day)7t AALETT o] & TA] 365(day)E YTH 19,302 D

vessel yearg T& 4 U}

P

4714 FA4& Tl 10d F< DPAES] T HSFE Adbsg o, o= o

=
Offshore market overview®l] WX H 287} A& t23 APF+ AAEE I3}

A AT & Qe A e wHED,
o1 4e HYFY thet Lok

7h 18¢] DPAdute] 1d3E Yol =&F 713 : 365%0.7x0.7 = 178.85(day)

) A DpAdure] 10d37F f18o] =FF 7IZF : 38,840(3F)x178.85(day) =

6,946,534(day)

oh 1083F A DPAEMS] DP vessel year : 6,946,534/365 = 19,032

19,032 DP vessel year= 3l& HP== &<t 117709 PRS 27/l &g DP

A8l LOPAFLZ}F WHAYSIA &S o vttt DPAIEF LOPAILYl A PRSe} HH =

s

Drive off, Operation abort % Time loss U WIE=E A4t Table 199} 2t

PRS 2 F 2 23t LOPAIY. FoA 7M H& WEE Hol: AL Time Loss©)

W, I 522 Drive offehs A= € + Utk

Table 19 Frequency of DP LOP incidents scenario caused by PRS

Incidents scenario Numbers (;I;:i(]l;;tsvise;uiiz) F-Proportion
Drive off 43 226 x 107 36.75%
Operation abort 10 525 x 10™ 8.55%
Time loss 64 3.36 x 107 54.70%
Total 117 6.15 x 107 100%

Table 20-2 Drive off, Operation abort ¥ Time loss &= WA A1 PRS &5
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Frequency IndexE 283} Table 213 %2 Risk IndexE LA °l&
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Table 20 Frequency of each PRS

Frequency of each PRS

. Operation Time
PRS Drive off | Frequency abort Frequency loss Frequency
DGPS 31 1.63° 4 2.10* 31 1.63°
Microwave 2 1.05% 1 5.25° 18 9.46"
system
HPR 5 2.63* 3 1.58* 6 3.15*
Taut-wire 2 1.05* 2 1.05* 2 1.05*
Laser 1 5.25°% - - 2 1.05%
reference
DARPS 2 1.05* - - 5 2.63*
Total 43 2267 10 5.25% 64 3.367
Fleet at risk : 19,032 DP vessel years
Table 21 Risk Index of each PRS for DP LOP incidents
Risk Index
RI = FI + SI
Types of Drive Operation Time e Operation Time loss
PRS off (FI) | abort (FI) | loss (FI) abort
SI =3 SI =1
SI =2
DGPS 5 4 5 8 6 6
Microwave 4 3 4 7 5 5
system
HPR 4 4 4 7 6 5
Taut-wire 4 4 4 7 6 5
Laser 3 i 4 6 i 5
reference
DARPS 4 - 4 7 - 5
Fleet at risk : 19,032 DP vessel years
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FAN T E Table 22~24¢F o] A4ratgch

Table 22 Cumulative frequency of drive off

Cumulative frequency of Drive off

. Frequenc Cumulative Frequenc

Types of PRS Drive off (per DP Ci/esseil year) (per DP vesselqyealr)y
DGPS 31 1.637 1.637
HPR 5 2.63* 1.89°
Microwave system 2 1.05* 2.007
Taut-wire 2 1.05* 2.10°
DARPS 2 1.05* 2217
Laser reference 1 5.25% 2.26°

Total 43 2267

Fleet at risk : 19,032 DP vessel years

Table 23 Cumulative frequency of operation abort

Cumulative frequency Operation abort

Operation Frequenc Cumulative Frequenc
Types of PRS pabort (per DP Ci/esse?] year) (per DP Vesselqyear)y
DGPS 4 2.10* 2.10"
HPR 3 1.58" 3.68*
Taut-wire 2 1.05 473"
Microwave system 1 5257 5.25*
Total 10 SOy

Fleet at risk : 19,032 DP vessel years

Table 24 Cumulative frequency of time loss

Cumulative frequency Time loss

. Frequenc Cumulative Frequenc
Types of PRS Time loss (DP V;lssel }}//ear) (DP vessel y(i:ar) '
DGPS 31 1.637 1.637
Microwave system 18 9.46™ 2.57°
HPR 6 3.15* 2.897
DARPS 5 2.63* 3.157
Taut-wire 2 1.05 3.267
Laser reference 2 1.05* 3.36°
Total 64 3.367
Fleet at risk : 19,032 DP vessel years
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Artemis %Al 2|3k Drive off
Taut-wire %Al 2|3 Drive off
DARPS Z A9 2] 3t Drive off

Laser reference A9l 23} Drive off
DGPS Ao ]3¢t Operation abort
DGPS®ll 2|3 Time loss

HPRO| 2]%t Operation abort
Taut-wire®| 2|3} Operation abort
Microwave system©l] £+ Operation abort
Microwave system®| ]t Time loss
HPRO| ©]%t Time loss

Laser reference®| 238t Time loss
DARPS® 23+ Time loss

Taut-wire®] 2] 3+ Time loss
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(3) W EE E3EZ(Marginal probability distribution)
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Fig. 33 Marginal probability distribution of DGPS & Artemis
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Fig. 35 Marginal probability distribution of laser reference & DARPS

Fig. 355 XEW Laser Reference= 3I=o11F, A& g =& 541 A,

azZEdel EAIZM WAL DARPSE AE ofg EE 4 Asrh FH A9
otk oleld WL WesH PRSS) Fd oF UUS T 2o

Table 26 Summary of PRS error causes

Lists of main PRS error causes

DGPS Signal blocked, Signal weak or fail, Software error

Artemis Hardware failure, Antenna position, External environmental

Signal weak or fail, Hardware failure, External structure or

HPR equipment error
Taut-wire Hardware failure, Signal weak or fail
Laser reference Hardware failure, Signal weak or fail, Software failure
DARPS Signal weak or fail
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Table 27 Summary of risks caused by PRS

Risks caused by PRS

- DGPS9] errordll 2]t DPAIBFS] Drive off (57 %)

- HPRY errorell 2]t DPA18+2] Drive off (31.7%)

- Artemis®] erroroll 2§ DPA1H}FS] Drive off (19.6%)
- DARPS®l| ¢t DPHE| Drive off (15.0%)

- Taut-wire®|] 3+ DP44}+2] Drive off (6.4%)

- Laser reference®l 2|3+ DPA1E}2] Drive off (5.9%)

Drive off

- DGPS®l| 2]%+ DPABFe] Operation abort (52.0%)
- Artemis©l] 2|3k DPAHFS] Operation abort (15.7%)
Operation | - HPRell 2]t DPA14}2] Operation abort (11.2%)

abort - DARPS®I| ¢}3F DPA1HFe] Operation abort (5.8%)
- Laser reference®l] 2] DPA1H2] Operation abort (3.1%)
- Taut-wire®l| ©]$t DP41H}€] Operation abort (2.4%)

- DGPS®ll 2|3k DPAEL2] Time loss (52.0%)

- Artemis®| ¢33 DPAI®S] Time loss (15.7%)

- HPRol| 9]&t DPAH}E] Time loss (11.2%)

- DARPS®l| ]t DPA®S] Time loss (5.8%)

- Laser reference®l 2]+ DPA4Fe] Time loss (3.1%)
- Taut-wire®| 23 DP/1E2] Time loss (2.4%)

Time loss

433 1A ot

1) RCOs9| 218 % A&

AZ74A DPAM LOPAIAM F2350 9L mAE AF8ATL 35
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o
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3
o
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7h =843 wloj|t HELZNA &dd A7l Bagt Iy 4d

PRS &FE AF APES AoJstr] 93 RCOst= IMO2| FSAOIA dF3staL
A= 71FS HiE o g ARJIES HYAAEWS =3 Table 289 o] A A
sttt Bl ~EW S Abdo] ZF pRS Ao thiF RCOsE At 7+ 35
o digt 2 AFE FAsATh BHYJIAEYS 53 A&7E9 59 ¥

AlFE o A4 AAHL aiA= MSC 83/INF. 2014 AFsta J= A

o
2~
oo
ol
ol
3R

] =(Degree of agreement between experts concordance matrix)
]

o 7L Hat ZTH46].

= 2
122] ZX ——J[+1)

W= =t U=l 4.4
J(P—1T) “4

W7F «07o] HH HETHE AllolA AEH T o] FAAA FUee
stal, “170] HW EE AE7E AA" Aug ol 100% 59 stdthE
olu|gti46]. Ao ostH W > 078t AW BwFH L& dXNEE YERY

0.5 < W <07¢ SRR dA%, 81 W <05 o A &
AE7F LA =S HERATHA46].

Collection @ kmou



2 WA & dAEE HYY. BHJdA2EYS 93] AAE RCOs & AHAE

Table 28 Risk Control Options

PRS Types | Code RCOs

Al | DP Class 1 Aluto] 2% 5/ o]4F2] PRSA X

A2 | DGPS A &AF 15 o] F-3}

DGPS A3 | ZHE DGPSol 271 ©]42] spot beam A service A&
A4 | REEFS T4 A4 Ad A=Y
Bl | DP Class 1 A4rol] 257 ©]/4+2] PRSAA|
. B2 | Artemis A A} w8 o] F-3}
Artemis

B3 | FMEA°] tEIUe] HA| Aol tid kg B2 A4
B4 |45 FASAE v 48 9 ChecklistE T3l HA

Cl | DP Class 1 Augto] 257 ©]42] PRSAHX]

HPR C2 | HPR A ZA} 1S 953}

C3 | =9 Al AgE 9 =9 Sl

D1 | DP Class 1 Au}tol] 257/ ©]42] PRSA X

Taut-wi : -
aut-wire D2 | Taut-wire A|ZAF L& o] F-3}

El | DP Class 1 A18}e) 25/ ©]/F2] PRSA A

Laser -
E2 | Laser reference A| ZA nl8 o] 53}

reference g3 | amEdols] F/14 44 Ad A=d 9w

F1 | DP Class 1 A8t 257 o]/d2] PRSAA

DARPS F2 | DARPS A ZEA 1S 253}
Remarks : A g 7]l &|3}H DP Class 2°]4<¢] Aulo= PRSE 3F5F ol AX3s}
55 8938t 5. ZEv PRSY TR/ 84T AES stal Al o5 R
AA O g 812 gl

=
=
H Table 299} 220w, o]E &3 A|AE RCOs7F oW T T2 AP LS oA
71 =A &2l & 4 51
AANE EE RCOsE Z&ste] flds ¥5s A2 ¥
A~

]
EWS A Table 303 Zo] RCOs9 AL $A-ES AAsAT.

Al BEQd
DPA M-S 7] 0 & Redundancyol] Wt 7ol vl-¢- F835HA AHEH= A
A
o
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Z2l RCOZ AE3sl= Ao F2lstT).

Table 29 Categorization of risk control measures

Categories of Risk Control Measures

CATEGORY A
Preventive risk control A Preventive A4, E3
Mitigating risk control A Mitigating

CATEGORY B
Engineering risk control B Engineering C3
Inherent risk control B Inherent

Procedural risk control

B Procedural

A2, B2, B3, B4, C2, D2, E2,
F2

CATEGORY C

Diverse risk control

Diverse

Redundant risk control

Redundant

Al, A3, Bl, Cl, DI, El,
F1,

Passive risk control

Passive

Independent risk control

Independent

Dependent risk control

Involved human factors

Involved Human

Critical human factors

Critical Human

Auditable or not Auditable

Audit

Quantitative or Qualitative

C
C
C
C
C Dependent
C
C
C
C

Quantitative,
Qualitative

Established or Novel

C Established

Developed or Non-developed

C Developed

Table 30 Priority of RCOs

PRS types High Medium Low
DGPS Al, A2 A3, Ad

HPR Cl, C2 C3

Artemis Bl1, B2 B3, B4
DARPS F1, F2

Taut-wire D1, D2

Laser reference El, E2 E3

r --.. '-I.---. — =
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2) DP Al E# o] A&

AANE RCOsE ZolA Al, Bl, Cl, Elo] sl DP A E#HoldS o435
of Ao FaFs E}O 39tk &, DI} F1& AlE#olE e DP ZdXlylo
A o] QA kol HEd £ YU

DP Al E# o] Zt RCOsE #-ET 7% Drive off, Operation abort % Time
1 Aol ZAEEAE 1] 98] DPO7F OSVE
Rigdel HIZete A< T3l TIFFHAT. OSVE Rigel 2 SHA 250mA
3 7} 25354 A 83kt DPAIRNY| A PRSE 2% F/ ©l
F AREsEE A AlEE ol AA 7R PRSOl L /VF HAStE Ae%
ARAT, 2HA F2 Aode &5F UAE PRS| &/FE EYAA o]
5355 3} Drive off, Operation abort = Time loss A3

HEE sttt DP Al EH ol AHEd Adute] e v 2o

Ship's Particulars
Length overall 80.4 m Type of bow =
Breadth 18 m Type of stern [ U-shaped
Anchor Chain(Port) 14 shackles
Anchor Chain(Starboard) 14 shackles
Anchor Chain(Stern) N/A shackles (1 shackle =27.5 m / 15 fathoms)
Steering characteristics
Steering device(s) (type/No.) -/2 Number of bow thrusters 1
Maximum angle 45 Power 883 kW
Rudder angle for neutral effect 0 degrees Number of stern thrusters 1
Hard over to over(2 pumps) 17 seconds |Power 883 kW
Flanking Rudder(s) 0 Auxiliary Steering Device(s)
Stopping Turning circle
Description Full Time Head reach Ordered Engine: 100%. Ordered rudder: 35 degrees
FAH to FAS 79.55 s 1.35 cbls Advance 1.76 cbls
HAH to HAS 785 s 1.08 cbls Transfer 0.79 cbls
SAH to SAS 78.5 s 0.78 cbls Tactical diameter 1.54 cbls
Main Engine(s)
Type of Main Engine Medium speed diesel Number of propellers 2
Number of Main Engine(s) 2 Propeller rotation Outward
Maximum power per shatt 2x 6166 kW Propeller type CRP
Astern power 100 % ahead Min. RPM 7:5
Time limit astern N/A Emergency FAH to FAS 17.25 seconds

Fig. 36 Simulation model DP Vessel Ship’s Particulars
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DP AlE# ol +&A,

7hH 89X : 50°38.91N, 010° 41.74W

Wb a7 2 e g

= o

- Wind speed and direction : 13.0kts, 180°, Depth : 168.6m

- Currents and direction : 0.7kts, 090°, Wave and direction : 1.3m, 170°

Fig. 37 Visual DP vessel approach simulation concepts

A EH ol 3 A7 DPAIYF LOPAFYL ZHAE-S Table 31, 32, 333 #o] 4y
Ebtth. DPAMEO] 270 ¢ PRSE A A8t AME-3t+= 7% Drive off, Operation

abort X Time losst o ZF 11%, 10% 2 15% Z43Igs AxE o
Drive off®] ¢ 7V £& REE Yehd A2 47(16%)°1ATH o= 91Y
Gk o3k Aoz FAGHT. Operation abort®] %= 47 (16%)°] 7H4 =
NS YERA I, Time lossd 790l 57(20%)7F 7HE &2 HIEAT
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Table 31 Frequency of drive off caused by PRS during simulation

Frequency of drive off caused by PRS

000° 090° 180° 270°
RCOs | Types of PRS (25 times) | (25 times) (25 times) | (25 times) F reduced(%)
DGPS only 4(16%) 3(12%) 2(8%) 3(12%)
Al | DGPS, Laser
reference 0 0 0 0 12
DGPS only 3(12%) 2(8%) 4(16%) 2(8%)
Bl DGPS,
Artemis 0 0 0 0 1
1 DGPS only 3(12%) 2(8%) 3(12%) 3(12%)
DGPS, HPR 0 0 0 0 11
External Wind speed and direction : 13.0kts, 180°
force Currents and direction : 0.7kts, 090°
Wave and direction : 1.3m, 170°

Table 32 Frequency of operation abort caused by PRS during simulation

Frequency of operation abort caused by PRS

000° 090° 180° 270° 0
RCOs |Types of PRS (25 times) (25 times) (25 times) (25 times) F reduced(%)
DGPS only 2(8%) 3(12%) 2(8%) 1(4%)
DGPS,
Al Laser 0 0 0 0 8
reference
DGPS only 4(16%) 4(16%) 3(12%) 3(12%)
Bl DGPS.’ 0 0 0 0 14
Artemis
C1 DGPS only 2(8%) 2(8%) 3(12%) 2(8%)
DGPS, HPR 0 0 0 0 9
External Wind speed and direction : 13.0kts, 180°
foice Currents and direction : 0.7kts, 090°
Wave and direction : 1.3m, 170°
el -~ =
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Table 33 Frequency of time loss caused by PRS through simulation

Frequency of time loss caused by PRS

RCOs | Types of PRS (250(t)i(znes) (250?iomes) (251§i(:nes) (25221(311es) F reduced(%)
DGPS only 5(20%) 4(16%) 4(16%) 3(12%)
Al DGPS,
Laser 0 0 0 0 16
reference
DGPS only 4(16%) 3(12%) 4(16%) 3(12%)
B1
zil;is 0 0 0 0 14
1 DGPS only 5(20%) 4(16%) 4(16%) 3(12%)
DGPS, HPR 0 0 0 0 16
External Wind speed and direction : 13kts, 180°
force Currents and direction : 0.7kts, 090°
Wave and direction : 1.3m, 170°

3) PRS A=A 5

PRS 2o 23t Drive off 16%, Operation abort 16%, Time loss 20%<] LOP
At o] gk AlEdeold Aol ARAF BSES T AFLALE 30%E vt
o

Fo2 orM FSA 9124 GAllAM SARASAT F-NAZe] APt ads WY
gt A3 Fig. 387 #2o] YEMETE AAIE RCOse Al&E# ol Ao wE DP
Adk LOPALL @t add AlzA 5S 53 A4 EFS Ao E F-NA
T2 Jepd A7, ZE DPAHY] PRSE 2FF/ ol AA8ta olof g AH|
1S5S F3| DPAHFS] Drive off, Operation Abort % Time loss ALl 9@ &
B AAaAE 7 due s g0g F Uk
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1.00E-01
- 1 0 100
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&80 Intolerable
o 1.00E-02
o= |
CQm;m
8
=
= Faaa,
il e e e -l -
E f‘; 100508 =1 :-:-:-."_'_"'_-' :::: Time loss after RCOs
28 :
g2 —
’:E Tt i
L # ~ "
5 E 1.00E-04 Operation abort after RCOs
=8
53
@ Tolerable if ALARP
% Broadly Acceptable
1.00E-05
DRIVE OFF, OPERATION ABORT & TIME LOSS (N)
Fig. 38 F-N curve after RCOs applied
BHRJI2EY Ao HAIE S F A= A<dsty ASkE RCOsE A&
shE QoA JEqeE o RCOsE EA0 Agais Aol 9 Ta
FE Szt & + dvkal sHlth dE S DP Class 148k PRSE 2% F

o
0%
il
o
ol
b
hu
ol
ol
N
N

St & ZF AH]E0 figk a8S
46%, Operation abort= 46%, Time losst= 50% AT ZAA4E & JoB8=2 olg F
o}

3 EFAoZ LOPARLY S AT F 9l

He A dirdos A4% HrhE T dA vlER®IE AT RCOs
Hd= Adst=s Aasta os1].
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A ARE-E = 712 GCAF(Gross Cost of Averting a Fatality)Q]- NCAF(Net Cost
of Averting a Fatality)”} AT GCAF= U™l ﬂ]“ﬂ- AdE 7HA3E7] s A
&% RCOs® H712 n|&9 Hl&S st HI&H|S FAs= o,

A Cost
GCAF = A Rish 4.5)
_ A Cost — A EconomicBenefit A EconomicBenefit
NCAF = A Risk = GCAF A Rish (4.6)
d7]14, ACE RCOsE HE3HAA AasE Aubie] Fete] HlE, ABE
RCOs< Z&3tHA A He dudel s<del ZAA4 o5, ARE AF= Al

&, AEA A B B X, AAuE, FYHE 5 AFHo} s
o3t ARE Tl FRSH=E FAL Yo GCAFH H &G TH2]. o]
U3 AAE HRoR B =Rt e 2o wyow wewRLE 4

Bkt

7h PRSSH F7HAA Al o7 AdFaTFY A= As) A A& H

W} BEHA2ERS 53 Ao LOPAIRL A4 &<l

u}) %“—ﬂﬂ% PRS Ao 7bA 2 FAu o) HAS 98 AxA A
38

Z}) ACE RCOs9 Hgo2Z AQ9=+= vl g9 & U3l NPV(Net Present
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Value) 215 o] &3t 3
1) RCOsol| tgk GCAF A4

Hb) RCOs A -84 7IthE = A4, GCAF

NE
rd
i
4
1>
ot
o

AR =T x APLOP (4.7)

o} 7] 4, PLOP= DP vessel yeard 74 LOPAFIL 9] & (Reduced risk of LOP
incidents/DP vessel year)©]3l APLOP+= RCOs #-&3% DPAuFe] A& LOPA}

A HEE et

NPV = A+ Ao Ny X ET] X
- (1+7) (1+T)2 (1+7“)T a =1 (+r) (4.8)
o7]14, XtE RCOs® ZH&o| wE A7 toAe 2aug TEE o5, AE

RCOs®] %7] AEHE, 1= 7 (5%), T= Ak Ao 7]7k2s5d)o] o

PRSY| Z7] A1) gL DPHE S &34 B FulAE SAZTE ARE A

FHgko ™ 1 A= Table 342} 2t}

Table 34 PRS installation & maintenance costs(Unit USS$)

DGPS Artemis HPR Taut-wire Laser DARPS

Initial installation

costs(A) US$ 65,000 135,000 300,000 250,000 50,000 95,000

Maintenance

20,000 20,000 20,000 20,000 20,000 20,000
cost/year(Xt) US$ ’ ’ > > 5 ,

(Source : STX marine service, Kongsberg Maritime Korea)
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2) A|FE RCOoI| thgt v]-&H g7}
(1) RCO Al
Table 35 Cost-benefit assessment for RCO Al
RCO Al Initial F % Reduction F Reduction PLOP Final
Drive off 1.633 12% 1.954 1.437
Operation abort 2.10™ 8% 1.687 1.93*
Time loss 1.637 16% 2617 1.37°
Total 3.473 4.73* 2.997
Risk Reduction Cost(US$)
AR AC GCAF(US$)
RCO Al-1(HPR) 2.11 581,879 275,772
RCO A1-2(Taut-wire) 2.11 531,879 252,075
(2) RCO BI
Table 36 Cost-benefit assessment for RCO Bl
RCO BI1 Initial F % Reduction F Reduction PLOP Final
Drive off 1.05* 11% 1.1673 9.367
Operation abort 5.25° 14% 7.36° 4.52°
Time loss 9.46* 14% 1.32* 8.13*
Total 1.10° 1.51* 9.524
Risk reduction AR | Cost AC (US$) | GCAF (US$)
RCO BI1-1(HPR) 6.75" 581,879 862,043
RCO B1-2(Taut-wire) 6.75" 531,879 787,969
Collection @ kmou



(3) RCO Cl1

Table 37 Cost-benefit assessment for RCO Cl1

RCO C1 Initial F % Reduction F Reduction PLOP Final
Drive off 2.63* 11% 2.897 2.34*
Operation abort 1.58* 14% 2.21° 1.36*
Time loss 3.15* 16% 5.047 2.65*
Total 7.36% r.or* 6.34°
Risk reduction AR | COSUUSS) 1 Gear (uss)
RCO CI(Taut-wire) 452" 531,879 1,176,723

Table 35~37°A4 &1 < Q= HEe: o] RCOs Al, Bl % C19 GCAF+
7} 275,772 USS, 862,043 USS$, 1,176,723 USSZ &A= Tt IMO2| A 3ol 2|3}
| GCAF7F 3,000,000 US$ ©]3te] 79 H&Hol = ZerE By Yot
[43][47]. WetA] 2= DPAHEFY] PRSE 2%+ °©l AX|gk= RCOs Al, Bl ¥
Cl2 vl &Ho] FHoANE FeHolgts AS on|dint

o

435 A1
DPAHF2] PRSo| thgk FSA 23} DPAEN LOPAIL 18-S TaAl7]7] 1%
Hie ta3 2ok
(H RCO Al : PRSZA] DGPSTHS A x3lal 9+ DPAIRFS] 79 HPR =+
Taut-wireE F7I2 AX|st= o] dadt.
(t}) RCO Bl : PRSEA] DGPS$} Artemis’} A X E o] = DPAIHLY] - 3
WA PRS+= HPRO| A X7} dAidT}

(th RCO C1 : PRSEA DGPS® HPR7} A X Eo] 9= DPAute] AL
A PRS+ Taut-wire2] A X7} B HT}.

W

H

(2}) RCO A2, B2, C2, D2, E2, F2 : PRS & DP Al2®lo] t)d A|ZA 2%
o] HadY
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AR, PRS 7 ok DPAH LOPARAL 1177& Hlo|X|QF U EIE o] &
st B35t o ™, o|& F3ll Drive offdll 3k PRSS ZAF 7ls4d 2 DGPS
57.0%, HPR 31.7% = Microwave AlZ2¥ 19.6%U S #2135ttt =3+ Operation
abortel] ek ZAFE TS DGPS 52.0%, Microwave AlZ~El 15.7%, HPR
112%9S ZAT F AATE HEY o]lHd 2/ AJo=EE 45 oFF, 3}
= 1%, JFRIF So] FasH FAEAte Ae FlsATh

=4, BIE 9 WolA} YEYA E4E&
Drive off ¥ Time loss®] €F&o] PRS &
T8&7ts AAE dolvte ol des
Drive off @ Time loss At119] YIS %
7] 8 =E DPAEte 2FF o]l P
H RCOE AlEHIHAES B3l & &5

Fo ARt =3 BHJ2ERY A PRS AFA S-S T3 30% A=

R (e}

o LoPAtT $1We AadD U

ﬂllﬂ]mE
S

AR, gJE AFHALFS FNAEZ H83 23} Drive offt Time loss7k
T8&7Hs S ool Eojoe AL AT F Ao, AAE AdALHF
o RCOsE T4l Agsh= Aol ¢

A el = & Atk okl AAIE RCOsol|l thyt B]&H A=

= il
7V A 2% R/ ol/de] PRSE AA| k= A A xAF alFo] HEH ] SH A
s}

o

&
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LOPAILS] IF e F/F Uid FSAE FIdstt o=
LOPALaLY] o A=xo| g2 FFE FEA Fdsta, ol dHR/
ZaA717] Y% RCOsE HI-E&HH7IE B3l AT

AR okl A o] 1A F &4
Atare] &Rl Wyt Z2 O S ARJbSFATH7]. E]F Griggs(2012)F HFACSE
Zg3le] m=Z NTSB sl¥At BaA, 7luich TSB slfAtz BaA, o=
MAIB 3l AR 1A HolHE Hlgo g 214 18 EA3|E A3} HFACSZ}
s FA A 1A 8RS At /8 EFYS STHIATH19]. 18
Hauff(2014)= DPA1H} LOPAFRLS] Q1% gRld] HFACSE # &3l DPAIE}F LOP
kS

SEERIOEEE SRS

B Fo| A ol#dt APATE Hx3dle] 339 DpAE LOPAIL QAo
NS BEMZAARE H"g o2 HFACSE 83t JIALFE B/, o] & wlo]
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7h 1% 25 RCOs A3 w9l A4

) JHLF RCOs9 Zgoll e Adaadel 274

2) HFACS % Hjo]x|t HES =

o et %ﬁ—s}aac}.
HFACS® wet &7F9 A /ol w3k Ad7bsd 2 247 7tsds &

Q13}7] 98] DPAYF LOPA o

stRaom, MS A= A48 948 HolEE GeNleZ H43t3tt.

f
Rl
o
ro
X

i
i

5.3 FSAY] 3Y

1) HFACS &+

103719 QAA L {FE HFACSE E/3H 2 Table 383 o] FRl= Ut DP
Al LOPAFALY] QIF /& EF EQEA 315 (Unsafe acts)oll &3l EA3HA L
m, B 5 ZA| =7 (Precondition for unsafe acts) 4071(38.8%), =4 =
(Unsafe supervision) 8871(85.4%), Z21/¢<¢] < 3&F(Organizational influences) 6871

(66.0%) 2.2 A= ATH12].

Table 38 HFACS categorization of human errors for DP LOP incidents

HFACS Category Numbers Percentage(%)
Organizational influences 68 66.0
Unsafe supervision 88 85.4
Precondition for unsafe acts 40 38.8
Unsafe acts 103 100.0

— 85 —
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e Bd dF9 A2 B¢ dF9 A 2dEYgeE Ebd s =
Z1o] @3Fol o & HlFS AASt U= Aol ol ERA P& 5
Hog Aostr] fsiMe A5 2FZHA A MAel ¥ Z AHRE JHA
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Table 382 QAFALFZ= 2704 W3 HFACS EF7|Fo 2 AAM3HA 4

S A3} 471A] @A QA QL FE Table 39~429 o] A E At

Table 39 Human error DP LOP incidents caused by organizational influences[12]

Organizational influences

Categories Errors No. %

Inadequate management of human resources 22 32.3%

Resource

Inadequate management of monetary resources - -
Management

Inadequate design and maintenance of facilities 6 8.8%

Adequacy of organizational structure - -

Organizational

A i ational .. i i
Climate dequacy of organizational policies

Adequacy of safety culture - -

Adequacy of established conditions of work - -

Organizational

1 0,
Process Adequacy of established procedures 37 54.4%

Adequacy of oversight 3 2.9%

Table 3994 £ 4 & vle} Zo] 103749 AL Fo 93 DPAYF LOPA
9] YUJoA z2Ae] ggke F£HH At EA7F Qo] o)A AR A
AEE A7) 544%2 7HE =4 Jebga, 2] 3l A3k 5ol

o

Atghe] e s 279 #Ae] A7) 323%2 45 A0H12).

AT At

rr

%2

o
Y
>
dg

Table 402 & ZAZ=olH s &&8AFY A4 vlFol 375%= 7H =2
ddoz ZEstHa, =9 BAE 284%2 YEIYT HEAH o2 = FX-3
ol A F AFe] A3l (Failed to provide guidance) 9.1%, =88] o

gt A5 AI(Failed to track performance) 8.0%, 183 WSA|F 43 (Failed

i
o

rsﬂ
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to provide training) 6.8%= 4% A TH12].

Table 40 Human error DP LOP incidents caused by unsafe supervision[12]

Unsafe supervision

Categories Errors No. %
Failed to provide guidance 8 9.1%
Failed to provide operational doctrine 2 2.3%
Inadequate Failed to provide oversight 25 28.4%
Supervision Failed to provide training 6 6.8%
Failed to track qualifications 1 1.1%
Failed to track performance 7 8.0%
Failed to provide correct data 1 1.1%
Planned Failed to provide adequate brief time - -
Inappropriate Improper manning 1 1.1%
Operations Adequacy of operational procedure or plan 33 37.5%
Provided inadequate opportunity for crew rest - -
Failed to correct document in error - -
Failed to Correct a | Failed to identify an at risk behavior - -
known Problem | Failed to initiate corrective action 4 4.5%
Failed to report unsafe tendencies - -
) Authorized an unnecessary hazard - -
S\lllf(iZ;(s)izy Failed to enforce rules and regulations - -
Authorized unqualified crew - -

Table 41 EBSHA & AAZHANAM= FH XA FHZFo] 35%=Z 71 =kl
B9 20%, F3EAA A3 15%=2 &S5t a8la Aoyt gEeE s

A2 B3 AAEE 5%2 EAEATHI12).
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Table 41 Human error DP LOP incidents caused by precondition for unsafe acts

Precondition for unsafe acts

Categories Errors No. %
Channelized attention 5 12.5%
Complacency 1 2.5%
Distraction 8 20.0%
Adverse Mental fatigue - -
Mental .
States Haste 1 2.5%
Loss of situational awareness 6 15.0%
Misplaced motivation 2 5.0%
Substa.n.dard Task saturation - -
Conditions
of Operators Impaired physiological state - -
A(llverse? Medical illness - -
Physiological X —— —
States Physiological incapacitation - -
Physical fatigue - -
Insufficient reaction time 1 2.5%
Physical/ Poor vision/hearing - -
Mental .
Limitations Lack of knowledge 14 35%
Incompatible physical capability - -
Impaired communications due to language
difference 2 >.0%
Interpersonal conflict among crew - -
Crew Failed to use all available resources - -
Substandard Resource | Failure of leadership - -
Practices of Mgt. Misinterpretation of traffic calls - -
Operators Failed to conduct adequate brief - -
Impaired  communication/conflict ~ due to| ;
cultural difference
Personal Self-medicated - -
Readiness | [nadequate rest - -
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EQHd 52 Table 429} o] 7]&7]¥F Q F/(Skill-based error)”} 7171 68.9%
2 7P Bka, oAPEA 2 F(Decision error) 27.2%, A2 2 F(Perceptual

error) 2.9%, Y421 9 (Routine violation)©] 1.0%% 2= A TH12].

Table 42 Human error DP LOP incidents caused by unsafe acts[12]

Unsafe acts

Categories Errors No. %
Failed to prioritize attention 1 1.0%
Inadvertent use of controls 60 58.3%
Skill- Omitted step in procedure, or executed g 7.8Y 68.9%
based step out of sequence. 070
Omitted checklist item or completed o
e 1 1.0%
check list item out of sequence.
51 Misjudged distance/rate/time - -
S
@ Perceptual | Misread dial or indicator 1 1.0% 2.9%
Failed to see/hear/otherwise sense 2 1.9%
Improper procedure or maneuver 21 20.4%
Misdiagnosed emergency 2 1.9%
Decision 27.2%
Wrong response to emergency 4 3.9%
Poor decision 2 1.9%
Definition: Common or habitual instance
g. Routine of breaking the rules and regulations 1 1.0%
g (taking a shortcut) 1.0%
S i
2 Exceptional Definition: Isolated departure from ) )
authority, rules and regulations

AAFel og DPABF LOPALS AZHA 7]&& Table 433 o] ohA

Q AN T 7] E2 Table 44

sty o] S HlEF O 2 Table 459 Z©] Risk IndexS A
o

A 2 Foll t Risk IndexE AT T4 44 F4 41), 42) ¥
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Table 43 Severity Index of human error DP LOP incidents

Severity Index (SI)

SI | Severity Effects on DP vessel S (equivalent fatalities)
! we Az S=ol o oo AREL 9| AREEA
(Low severity) =, AR A ES e (time loss)

Z2 A7

DpAY} E&Fo

(Medium severity) A W SAES gl (operation abort)
= o= (el e S 1] =N
wo AlZFA TEE I 34 B AT A2 %) 0] 5 uAY
3 | = ne &4 TJhsAdol A& AA7E A= ° s
High severit . _ = Drive off or drift of
(High severity) | nyy o e Apeaol dg. | )

Table 44 Frequency Index of human error DP LOP incidents

Frequency Index(FI)

FI Frequency Definition F (per DP vesscl
year)
5 Frequent 122l DPAEFA 100412 13] =AY 107
4 Probable 17 2] DPAIEFO A 1,0004]ZFl] 18] 24 10°
3 Unlikely 13 2] DPAlHFol A 10,0004 2kl 13] 24y 10
2 Remote 102 2] AEke] A 10,0004 kol 13] 24 107
1 Very remote 1003 o] AdEko) A1 10,0004 Tkl 13] A8 10°
Table 45 Risk Index of human error DP LOP incidents
Risk Index(RI) of Human errors
Severity(SI)

FI Frequency ! j 3

. Medium . .

Low(time loss) (operation abort) High(Drive off)

5 Frequent 6 7 8
4 Probable 5 6 7
3 Unlikely 4 5 6
2 Remote 3 4 5
1 Very remote 2 3 4
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(1) Risk Index

s
|
>
@)
w2
fru
i
= il
o
rO
)
to

5lQ13}al o] = Table 449} Table 459l

_%_
= QA FH Risk Index S A=t} o

AN A F+= 7l=7|HF 279 93 Drift off 2 Drive off7} 7H ¢33 g
Q4= AS AT 4 ok

Table 46 Risk Index of DP LOP incidents caused Unsafe acts

Risk Index (RI)

RI = FI + SI
Number Drift off or Operation Time
Unsafe acts of error Frequency | FI Drive off abort loss
SI =3 SI =2 SI =1
Skill-based 70 3.687 4 7 6 5
Perceptual 3 1.58 3 6 5 4
Decision 29 1.52° 4 7 6 5
Routine 1 5.25° 2 5 4 3
Exceptional -
Total 103 5.41°

Fleet at risk : 19,032 DP wvessel years

Table 469 EQFA PFol that AALR[FHE HWEE Drive off, Operation abort
2 Time loss AZESDE Uro] Al4FstH Table 473 Z©] LOPALL FF/9
g Ed s AAe[ WEE 7 4 Utk ol& HIR S E Drive off,

ul
Operation abort ¥ Time loss¥# RIE 3% Table 483 2T}

1FeFol 23k DPANE LOPARLE 7I=7]%E &F B A oF
Drive offRI 7)7} 7F& =& =& Uehga, 202 AZ4F Q7o 23

Drive off(RI 6)8] =202 ALY
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Table 47 Frequency of unsafe acts

Unsafe acts frequency

Unsafe acts | Drive off | Frequency | Operation abort | Frequency |Time Loss | Frequency
Skill-based 57 2.99° 1 5.257 12 6.31°
Perceptual 2 1.05* - 1 5.257°
Decision 21 1.107 3 1.58* 5 2.63*
Routine 1 5.257 - - -
Exceptional - - - - -
Total 81 4267 4 2.10™ 18 9.46

Fleet at risk : 19,032 DP vessel years

Table 48 Risk Index of DP LOP incidents caused by human errors

Risk Index
RI = FI + SI
Drive | Operation | Time . (Operation .
Unsafe acts (c;t;t; a(ch;;t Izlgls)s (Dsrive_ (;ff) abort) (Tlrgle_lloss)
SI=2
Skill-based 4 2 3 7 4 4
Perceptual 3 - 2 6 - 3
Decision 4 3 3 7 5 4
Routine 2 - - 5 - -
Exceptional - - - - - -

r
L

N Nt s

ollection

727 9
=g 7

W W

?] 3l Drive off, Operation abort ¥ Time loss®] Z} X F

3H Table 49, 50 2 513 7t}



Table 49 Cumulative frequency of Drive off by Unsafe acts

Cumulative Frequency of Drive off(2001~2010)

Unsafe acts Drive off Frequency Cumulative Frequency
(per DP vessel year) (per DP vessel year)
Skill-based 57 2.99° 2.99°
Decision 21 1.10° 4.10°
Perceptual 2 1.05* 4207
Routine 1 5.25° 4.26”
Exceptional - - -
Total 81 4.26°

Fleet at risk : 19,032 DP vessel years

Table 50 Cumulative frequency of Operation abort by Unsafe acts

Cumulative Frequency of Operation abort

Operation Frequency Cumulative Frequency
Unsafe acts
abort (per DP vessel year) (per DP vessel year)
Decision 3 8= 1.58"
Skill-based 1 5257 2.10"*
Perceptual - - -
Routine - - -
Exceptional - -
Total 4 2.10*

Fleet at risk : 19,032 DP vessel years

Table 51 Cumulative frequency of Time loss by Unsafe acts

Cumulative Frequency of time loss

. Frequency Cumulative Frequency
Unsafe acts Time Loss (per DP vessel year) (per DP vessel year)
Skill-based 12 6.31" 6.31"
Decision 5 2.63* 8.94
Perceptual 1 5.267 9.46™
Routine - - -
Exceptional - - -
Total 18 9.46™

Fleet at risk :

19,032 DP vessel years
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Table 52 Risks Caused by human errors

No. Risks required RCOs Risk Index
1 71€ 719k @ 7ol 23 Drive off 7
2 A AA 7ol 23 Drive off 7
3 A2+ Q7o 23 Drive off 6
4 Uukd 4 fdto] 2%t Drive off 5
5 JAEAH 7ol 23t Operation abort 5
6 71718 @7l 2% Operation abort 4
7 71719 2579 23t Time loss 4
8 ArAAA 27 2% Time loss 4
9 A2+ 7] 23 Time Loss 3

2) ol ek EH L 34
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= Organizational infl..
State048%

O supervisory viol... ) Crew resource
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O Adverse physiol..
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O Adverse Mental ...
State022% [l
State1 78%[1

[&]

© Physicaland m__.

StateD 15%|l
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> Personal readin....
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State1 100% [0

Fig. 40 Prior Probability of human
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Ranked Targets

| Probahility |

Drive off :Stated

Drift off :Statel

Unsafe Acts:State0

Unsafe Supervision:State(
Organizational influences:Statel
Precondtition for unsafe acts:Statel

e

000 M
0.934 I |
0660 NN |
043 NN |
0307 N 0 ]

Drive off :Stateld

Dirift off: Stated

Skill based :Statel

Inadequate supervizion: Statel
organizational process: Statel

Planned inapproprate operations:State(

resource management: Statel
Decision:Statel

Adverse Mental States:Statel
Physical and mertal limitations :State(
failure to comect problem:Statel
Perceptual :Statel

Crew resource mismanagement: Statel

violation: Stated

supervisony violations: Statel
Adverse physiological states: Statel
organizational climate: Statel
Personal readiness:Statel

| Probability n
1000 I |
1000 |
074 I
o505 N |
o3t

i}l}25|

]
]
0015 [ ]
0007 [ ]

< 0.001
< 0.001
< 0.001
<0001

Fig. 45 Probability ranks of Drive off & drift off

Fig. 46= X Operation abort®} Time lossO|A %= 7]&7]
s}

by human errors

o = le) =

51.9% % 64%=2 71% & Q1o g #Fgsla o= AL el

 Rarked Targets | Probability | |Ranked Targets | F
Operation abort:Statel 1.000 Il Time Loss:Stated
Skill based:Statel 0519 MM | Skilbased:Stated
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organizational process: State

Planned inapproprate operations: Statel
Decision:State0

resource management: State

Adverse Mental States:Statel
Phiysical and mental limitations:Statel
Perceptual Statel

failure to comect problem: Stated

Crew resource mismanagement :State
violation:Statel

supervisory violations: Statel

Adverse physiological states Statel
organizational climate: Stated

Personal readiness: Statel

Drift off:Statel

Drive off:Stated

Time Lozss:Statel

Fig. 46 Probability ranks
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3) M eF ABEA 2ok

At HEAE FPstlen, o] Fall DPAR LOPALY FastA &=
1A 245 Agstd Table 533 At oA AW Hiel o] AF Q7
ol tae] 7Hg 2 ddd2 Zervtefola, FAHER A5 2449
FEF ol dF R/ 2 dFe AL e 2asolH

Table 53 Summary of risks caused by human errors

Risks RCOs required

- 71719 @ 7ol 23 Drive off (74.3%)

- 7A-e 5ol 23 Drive off (50.5%)

- 2219 AapEAloll €3 Drive off (38.8%)
Drive off - Ak wAlel 93 Drive off (27.2%)

- YA AA 7ol 2%k Drive off (27.0%)

- HIAEA A4 AFElel 83 Drive off (21.8%)

- AAF AAA Aol o3k Drive off (14.2%)

- 71€7]HE 2579l 23 Operation abort (51.9%)

- FAA-EG 75l 98k Operation abort (50.5%)

- 22 9] HAEA ol 2%k Operation abort (38.8%)

- 7HE AL FHH 9% Operation abort (30.1%)

Operation abort
P - oA AA 7ol 28k Operation abort (27.8%)

- A A 98 Operation abort (27.2%)
- U1 A4 AEel 213 Operation abort (24.1%)

- AAA AHAA FEA o 2] Operation abort (15.6%)
- 71€71R 27 9% Time loss (64.0%
- BRAG = 9k Time loss (50.5%)
- Z;“-/] A2 Z Al 23 Time loss (38.8%)
, -Ed Ao BARHE 93 Time loss (30.1%)
Time loss .
- -/]/\]'?‘4_7‘4 L7l 23 Time loss (27.4%)
- AL #E FA o) 2% Time loss (27.2%)
- 1A A4 AdEel 23 Time loss (22.9%)

- AA A AAA ZAo] g Time loss (14.9%)

- 100 —
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5.3.3 @A o] Hkt

1) RCOs®| 21¥ 2 A&

HFACS®} Hlo] ¢t U ELAE 3l &dd AH 7Y A@ANE AT A
Yoz F&A4 A28 (Triangle of effectiveness)S 2830} ©]= HFACSE W&

e g A QFE duteAY ZAAZ]7] A3 89A =X &
< Fig. 477} Zo] =ds3gk Aol

HFACS model ! -
FSA risk control options examples
Organizational
e Fersnne iy
& - Training
Hithes - Leadership issues
for etc
du
Job Aids ‘Working environment
Supervision - Noise level
/ Interpersonal \ - siunilag
interaction
Technical/engineering

sub-system
- Ergonomic design
- Good layout etc

/ Training/SOPs \

Personal Selection

Preconditions
for Unsafe Acts

Organizational/
management subsystem

- Policies on recruitment

- Operational procedures etc

Environmental Control

/ Workplace Design

/ Polices & Culture

Fig. 47 Triangle of effectiveness to reduce human error

FEY AP AHNLF AR AW $74A L4&FS eI} 212,

7hH A2 2 E3}k(Policies and culture) : HH, JAPFA 2 A4S dAs=

g d 2 7dEs
W) 2 F3F AA(Workplace design) : 1A1F3H2 Q1 AA 9 wlX|

o) &7 Al oj(Environmental control) : Ut & §3t 2 F e =2H, &,

170
LETE A
2} AbEe] A8 (Personnel selection) : 21 5ol 233k Alghe]l A
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nh TH 9 EF &8 A XN(Training and standard operating procedures, SOPs)
LAY ARE SRS s WL AW A& AAES S
SOPs= A&stal ¢FAtElE Tl daEofof 3

vh Wl F 74 €8] IA (Interpersonal relationships) : © 74 €3 233 AR

AH &) AR (Job aids) : ©ldl L AFEE7] H Lok 3
of) Aol A3k 717} (Fitness for duty) : 2FAke] H4lo]
st QkdsA 2 58S I 5 dve AS <

olF 87HA 84FE FolA AFAAN M E TS vAE L4 A
e A} Zo] Fig. 479 AAE A Y

EL e <=
Fiolth metbA dA R/ thdk RCOsw= ©)23h Fie] MAS Abste A

HFACS &5 9 djo)x|¢t EYIE F3] Ad QAFF S 9w

AU FAaA7]7] Y% RCOs+= BHCAEWS

Aot BYJA2ERS 93k RCOs= Ak ZAste] o] & 3]olo A A|tstA
O~

HAE7} d&e]& MSC 83/INF. 204 AF3sta e A&7 A= 2835}

ATh ol A PRSO| tig FSAJAE €&

Table 54 % Table 559} o] RCOs® A1+=HE ZAASAT. ZF RCOs Codedll

g dE7F A= WE RCOs A7} 0.78, RCOs B 091, RCOs CE 0.88,

RCOs D= 0.83)2.2 A4HE AT MO A Ao m=2H W > 0.79 HAE7F ¢
S L FFY YAEE B urh46]. Aol A|tE RCOs2F HE7F ¢

2 A5 FE HESEATH
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gord PR AHe R o WL gAY 4 AE A taA A
BT 5 %

olate] o]¢} FAF RCOsEC] $42 o2 HAHAT

Table 54 RCOs for Human errors

HFACS Code RCOs P
Al | DPO &3} 9] A SHSTCW 8 k)
R o -
L Q| CEONEE A2 | DP 284 Au B wERsl 2a 39 2
=4 % | Management o o o o —
£ 2 A3 | A RE HAsT F e AAAAS T 2 A48
:Z ME G R R e LE
- Process stal A H§ ARE Flst= AR Y
AS | DPAEE &8 e Eat HAS 9% A £
Bl | DP &8%d Aol &A% 32l A3 79
| g | FAAR DPO o8 B WAl £Y 9 BN wE
a Snaefqizéoi i 5.
upervisi 4 . .
2 B3 | DPO 7} 4 %8 &3S 93 43 4 4
& B4 | FAIE DPO A /54 w& Fd A3 9
§ Planned
< | Inappropriate | BS | DP &84} 7| Z 2799 o] 8(TAM, SMOP etc. ) | 6
g‘ Operations
Failed to
Correct a | B6 | DP & BG4S AlEg o] A A3 1

known Problem|

- Cl | #7141l DP =& AFud 3 +1 3 A3 2
aQ
§ Adverse C2 | Leadership & Teamwork D S-S F3 432124 &4
%‘: Mental 3 DPAHF QB85 9% HA Hdu g 4
§ =) States Az 49
g C4 | HAR FANDT R FAANL AZ 5
[
2 Crew - e A=A 2 W
£ C5 | DPO &4 dojs™ A5dar =4 2 H7} 1
o’ | Resource Mgt.
DP & AlgdolH 24 Ax 9L AAETH Al
D1 | (ol : DP 8A] A 7lss 1ol tig +4 1

Skill-based AUl e A 2 mgo] Ald)

D2 | A58 A checklist A8 2 <85 el

S)0e Jjesun)

Decision

D3 | T3 DP & AlyEle JE L AlEdold &
D4 | DP & vAYSEH Ay Y 2 w8 A3
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Collection @ kmou



Table 55 Priority of RCOs for Human errors

HFACS High Medium Low

Or.gamzauonal Al A2, Ad A3 A5
influences

Unsafe supervision B1, B2, B6 B3, B4 B5

Precondition for
unsafe acts

Cl, C2, C5 C3, C4

Unsafe acts D1, D3, D4 D2

Table 542] RCOst= A @ (Polices) %

Z2 Z3H(Culture)2} #HH RCOsE

o] F

2 Maggon o)l 84 N2y 8714 842 EFEH Table 563 2T}

Table 56 Triangle of effectiveness categorization

RCOs Polices, Culture

Al | DPO &34 2] ZHA| 3}
Aq | DP =& AaE A TIES Mo R FHASekal AA AE oARE F<ls
A% 59
Bl | DP &&¥##A AF Ao FAHA ¢
B2 | €449l DPO 2845 dxrg 2 Wa g 24
B5 |DP &3z /iat TZ13 o] 8(TAM, CAM etc. )
Cl | F71#<] DP & A5t Azt 7 51 A3
D2 | A2 7 E(Checklist) 2 2 8 F &l
RCOs Workplace Design
o | PP =& AEdely 24 AA 9 A Fd AY
(cl : DP &84 FA 7Hsd o] i Fd Aug e A 8 g d)
RCOs Personal selection
A2 [DP £84 A% 9 wA9sL A4 74
RCOs Training/SOPs
C2 | Leadership & Teamwork 52 F3F DP +8 Id 43U TH A
D3 | )3 DP &8 Aluele g 3 A EH Ol wF
D4 |DP =& HlddlsEd Ayye 7 5 WS 8

Coll
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AkE RCOsS) A48 Fal WENSS Te3 2o| 9Ho] Badgm B

7}) RCO Al : NIoA] ¥3sl= DPO AAF S SLETEES
E ¢ 30%HEZE B, DPO 259 ZASE T3l 30% A fFo] gasdtes
ol Folet ATt

}) RCOs A4, Bl : AFdAolA =42
3} 32 DPO7} ©ol& AR R dte A& Tl AHLLF{FIF 20% Tadte A
o8 FY3Att

tH RCOs B2 : 917
ol DP &8 2ol
o7 Hkt}

2}) RCOs B5 : DP =&&xtol ofg A& A|2He &S Tl f1de] 30%
AaTal B9kt (RCO A49h= thE A& Q] DPAIE

1l RCOs Cl, D2 : ol= @A DPAHE &4 AldH1 e F&Eo]7|+= 3
U Aoz AFEHE HSo 20%8 = o
Ao ZH 20% 8 =2 9138 #HAAZ & doar AT
Hl) RCOs DI, D3, D4 : EXo] HXH A EHIHE o] &3l Aol &Y
g 2ol 8-S F3l Fdol o3t
oA Fosteom, olE Fal UA
As AOE HYTH

2

4> i

A RCOs A2, C2, C5 : DPOY 8L A&z o7 Hrste: 3t A<l
2, gAEA, Auadde] o ud ngo® 20% AFE BAAZ F 3
o FoE it
AV 43S FEsa Table 573 2t} o2 Hlgo g
M=7F 28R & B

1= 1_]_ o
Fo dage ZHAU ol7] BEe oAt e &

]—O f 3, r—;—'
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Table 57 Risk reduction rates through RCOs

Risk reduction rate through RCOs

Risk reducti t .
RCOs Types of RCOs sk recue lo.n raes HFACS categories
(Assumption)
Al 30% Resource managements
A4 20% Inadequate supervision
B1 20% Inadequate supervision
B2 Polices, culture 30% Inadequate supervision
BS5 30% Planned inappropriate operations
Cl 20% Adverse mental states
D2 20% Skill-based
D1 Work place design 50% Skill-based
A2 Personal selection 20% Process
C5 20% Physical/Mental limitations
DI1-1 . 50% Skill-based
— Training/SOPs
C2 20% Adverse Mental status
D3 50% Decision
1.00E02 " " . e . . T S
P i T Intolerable
Drift off. Drive off after RCOs = .
1 1.00E-03
BE e m e
% % Time loss after RCOs e :
é o - -~
b=
g al -
EE 100508 T ' Operation abort after RCOs
o
g
%] t—{
E 5 Tolerable if ALARP
5

Broadly Acceptable

1.00E-05
DRIVE OFF, OPERATION ABORT & TIME LOSS (IN)

Fig. 48 F-N curve after apply RCOs for Human errors
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Fig. 482 H W A¢tE RCOs9| # &S 53 Drift off @ Drive off’} Tolerable
if ALARP 9] Wl Eoj2the AS F18 5 At} o] AlbE RCOs7t <1

Hofol @ DPAY LOPAZAPS] MES Parssd Felde =19

FEAFE%ER)TS A 48T + o, °olF F3 d27t ods v
FOR o 50% o) A el o3 DPAH LOPAML A& AaAE
Ak,

2) A|kE RCOs ZA| A

(1) RCOs Al, A2, Bl

RCO Al : DPOY & HH =
[59]. 28U NIV} A &3h= 2% L T Hae s|7|AF "9} o] ZFAAL

=
o] o}yr] wEe] DPO= #d WSS BX| ZI % DPAYe FA4T & Q.
[e)

RCO A2 : DPO A& Ef3taL 9l
FE DPAHFY 8o AYAZ THE EFIATy E F= (it dF
Anchor handling vessel®l 54131 DPOZ} Drill-ship®ll $A1sle] w2 A F-&
P& ¢ it wekA DPOE Adstal visd W= RCO A29t Zo] o]E]

See AFe AAE FYstel AT Bt Arkss),

9) Gl AT Adut &F B ol e A7 s d 3
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(2) RCOs A4, B2, BS, C1, D2

RCO A4 : AACl= @2 DPAHT 2&4aE 7idste] A&t oy
olg gk Atatel %A ARE HFske Hele AV 7] WEe #¥
AT 5 Y=S B Y3 43 FYo) Basio,

RCO B2 : IMCA M 117 &4l 23} Senior DPO7} Junior DPO2] 7+
$2 =S Ho| 9oy DPO 2227} BA FAE RASL A G A
2 sATHE ol AxAAZE onrt ity & 4 o wEkM ol
A4S A AQAA A zHstsel 28T Bast Aok

RCO B35 : 2FFAIol A= SMO(Safest Mode of Operation), WSOG(Well Specific
Operating Guidances), ASOG(Acitvity Specific Operating Guidelines), CAM(Critical
Activity Mode), TAM(Task Appropriate Mode) s DPAH}S] <QFH &3 FHHH
Axg Mdste] AHgEal oy EE DPAuEe] ol#d HAE HEshal
AA = FTH14][18]. webA HEXHOE JdE DP &84S EE DPAH
Sgo] HLPTY FALeo Egol 2 ol T14]

(3) RCOs DI, D3, D4

RCOs DI, D3, D4 : DPAlu} EUClEHE BAd HXsla o] &85}
o 2 FdH AEHIAS 53l FH A vE $A5=S W DPA
dlo] Qb g Tgo] & Zo|g. ol HgHYF e} A e FHo ok s}

]_

B = FSA Step 4014 o5 e I8

(4) RCOs C2, C5

RCOs C2, C5 : YA 9 "3 w8LS STCW FHofoll 93 AR nSAS
AHQ A SH A 944@7& A5 %

SR
T3l AA L

ftl
il
oL
dot T
)
g
X
o
)
P
»
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o
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rlo
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AkR RCOse] WL Belaly] SelME UM 483 FASA GCAFE

g3t AkE tFEES] RCOsE2 H|Eo] Ao A£Q9FA %= RCOs°|7]
u&ol Bl-gHH 7= RCOs Al 2 DITF 283 A T
RCOs Al 2 Di1ol tfgk v &H)H 7= 3 Zo] 33T
7h BEJI2EW S F3] DPO 259 A AL&s T3l 7tEHe A= 7
AT 30%E &3
) BEIAERES B3l DP A E8HCEE AXFo=2H 7dEHe= A3 ¢

oh) DP Al E#olE e A g {FA|8] 8L DPS AFZALZHE FATHRCOsH
g07 29FE HE ACE NPVE T3, 54 (5.2) F=2)

2}) RCOsoll T3t GCAFS F3H(F2) 4.5) Fx)

AR =T x APLOP (5.1
Xl X2 XT 4 Xt

NPV =A+ + + -+ = A+ 52

(I+7)  (1+r)? 1+r)7" t; (1+7r) (52)

o714, ARe AEHOIH AA| AL7]7F A9 AI= Z4a™, APLOP=
RCOs A &3 ppAlute] ZAA LOPAIY Y= 7HAH, Xt= RCOs &8 o}

AR oMo &8 Mg EE o5, A= RCOs A& 27] W&, r= A7Hd4

H(AEHOIH = 10%4 8, DPO 252 HE31A %), T DP Al E#HOIH At
{75 717H109) == DPO w&fa7|7k5d)oth
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2) A ¢+E RCO gt v]-§H e H 7}

(1) RCO Al
DPO W58 7L STCW oo 93t AAnSsoz AL A wsH AA
© 1999 10,000 USSE &1t 3L, o] ALY FAH] & A7zl gt ol&
Hlelo g n{HAHIIE FIPstPgoen, 1 A Table 583 o] GCAF7}
1,234,568 US$E &<l At}
Table 58 Cost-benefit assessment for RCO Al
RCO Al Initial F % Reduction F Reduction PLOP
Drive off 4267 30% 1.28° 2.987
Operation abort 2.10* 30% 6.31° 1.47*
Time loss 9.46™* 30% 2.84* 6.62"
Total 5.417 1.627 3.79°
Risk reduction Cost(USS)
e N GCAF(US$)
RCO Al 8.17° 10,000 1,234,568
IMOS] 7]&ell o&tH GCAF7F 3,000,000 US$ olate]w ulgohu] a#7t 3l
T 2o B Qui18]. wetA DPO w59 AAlstes HgHe] FHARE
Al Wetolgtar & 4 Ut
(2) RCOs DI, D3, D4
DP Al E#olE Y %7] AXHLL ARAE E3) 1,000,000 USS, 13 521
£L 10,000 USS, 77zl E 10% =2 3213t oS Hlg e & DP Al Ed

olgje] Ao thek W&

A2

GCAF7} 20,717,552 US$E &2l = At}
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Table 59 Cost-benefit assessment for RCO D1

RCO D1 Initial F % Reduction F Reduction PLOP
Drive off 4267 50% 2.137 2.137
Operation abort 2.10* 50% 1.05* 1.05*
Time loss 9.46™ 50% 4.73% 4.73*
Total 5417 2.71° 2.71°
Risk zc}i{uction CostA(léS$) GCAF(USS)
RCO DI 2717 561,446 20,717,552

IMO2] 7]&o =W GCAF7} 3,000,000 US$ ©]3lo]d nvl-&oin] a37} 9l
= o2 ®H3 Qt18]. DP AlEH oI AX o s GCAF=
AA7] W&ol AP Ahdes EFHo|y, HEH SHoE AF7E &

gAo2 Bosted AYT et Aok

oft
i3
(0]
rt
\n

(7h) DPO % ZASHRCO Al) : STCW ¥ Section B-V/fZo| ©ZH DPO
of et W& AR Sk YTk WA o] E STCW FOF Section A-V “57
o) $A5tE Y U ST HQ A E o|Fste] #TH W

o

| %
shak avk Ak ole ¢A NIgHe] FRGME EFl Qe AoR By

&
9

(\}h) DPAEM AlE#olE] A X|(RCOs DI, D3, D4) : DP A&
AR5k 2ol g AlEEolAS F3sta Abd] el Y
o] %

o MA S84 WAT 5 AE AT A AnAPL FEAN WG
o = T’H

B FAAAE FAAIA BAE A £FALOd AITA AT 2
S wlg $eetel 28] gelH BROE H$Y W} Uk
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Appendix 1 Brainstorming Group

Vantage Drilling Drillship DPO

1. 2" MATE / DPO (Sep. 2008 ~ Sep. 2010)
- DPO (Nov. 2011 ~ present)
2. DP Unlimited Certificate, 1st class deck officer (Master’s)
3. 6 years of experience in offshore field
4. Valid BOSIET/HUET (OPITO)
5. Master’s degree in Shipping Management,
Korea Maritime and Ocean University.

Changsoo,
DPO KIM

Vantage Drilling Drillship DPO

1. 2™ MATE/DPO(Dec.2011~Jul.2012)
Wochven 2. 3“2 Mate/ADPO(Oct.2012~Nov.2013)
DPO pARK | 3. 2" Mate/DPO(Nov.2016~Present)
4. Holder of DP Unlimited Certificate.
(Kongsberg/Converteam system experienced)
5. Involved offshore field since 2011

STX Marine Service

1. Sep 2009 ~ Jan 2012(Officer)

Superintendent E Wan - In charge of Navigational watch, DPO, Ice navigator

STX Marine KIM - Controlled Deck Part, Passenger safety Feb 2012 ~
Service 2. July 2015(Marine Superintendent)

- In charge of assisting vessel safe operation

- Monitoring Cargo Operation

- Assisting Major Inspection (OVID)

C-MAR Group

DPO Joseph
Instructor Vinod

DPO Instructor and Training Manager
Vice-Chairman of DPTEG

Master of OSVs(1990)

Chairman of World DP instructor conference

Associate Professor of KIMFT

- Master’s Licence
Person In . - DP Induction course(UK)
charge of DP Chongju, - DP Advanced course(Singapore)
CHAE - DP Sea time reduction course(USA)
- NEBOSH IGC
- Team Manager of Offshore Training Team
- Master degree of Ship Navigation(KMU)
- Master degree of Maritime Safety and Environment
Administration (WMU)

Training in
KIMFT
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Appendix 2 DP LOP incidents reports sample(PRS, Human error)

(1) LOP incidents reports sample(human error)

Comments

Initiating Event :

Main Cause

Incident # 1021

Vessel on DP
All 6 thrusters .
undertaking drilling 3 3 generators online
online
activities

L5
| | |

\
J

Positional
Alarm on DP = information
conflicting

A
1

/ Unsuccessful \\

attempt to regain
Alarms investigated control by switching
between DP

e A YR ore )

;
f

Further alarms on Yallow Jle

o)
T

|
\
W—[—
)

DPO reboots Vessel drifting off
healthy controller location

!

|
L

) A
Thruster control ’
observed :u I:: r:n: & I
N S 7]
P S
DP operator
stations non 1
communicational
L

DPO mistakenly connected the operator station that was in
command to back up DP and failed reconnect main DP
controllers. While troubleshooting an alarm both main DP

controllers were rebooted
Human error — Both controllers were rebooted leaving nothing

in command
Computer — Only two controllers intalled on main DP system
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(2) LOP incidents reports sample(PRS)

Incident # 1024

3 thrusters online

/ \

3 generators online
& 3 on standby

undertaking

Vessel on DP
passenger transfer

/2 DGNSS & | Ias;r\\
radar online
3gyros, VRS & 3
\wir\d sensors online

s

5 (-
h 4 _
~ N
Vessel in. gangway ol Passenger transfer
position stopped
L / £ /
F N | 7 R
Gangway on deck Gangway lifted
\ | N /
‘\
Passenger transfer ve::loinei Z’;’:;iCk

I =

Vessel moves 30
metres ahead

2> W PSP

Off position warning

Comments

Laser radar system detected false reflective target of group

of 40 to 50 persons in life vests and coveralls quipped with

reflective tape

Initiating Event Off position warning

Main Cause
Secondary Cause :

target swap
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Appendix 3 RCOs

(1) Suggested RCOs for PRS errors

PRS Types No. RCOs
Al | DP Class 2 ©]79] Aute] H ¢ 7H5gk PRS A X
A2 | DP Class 1 Aute] 25/ ©]F2] PRSAA]
DGPS A3 | DGPS A ZAF w& o] 73}
A4 | 52E DGPSOl 27] ©]’¢<2] Spot beam 914 Service AM-&
A5 | AZE e F748 944 HA A2H T3
Bl | DP Class 2 ©]¢2] Aute] B¢t 7b53g PRS A A
B2 | DP Class 1 Aute] 2%/ ©]2] PRSAHA]
Artemis B3 | Artemis A ZA} 118 o] &3}
B4 | FMEA°] ¢He|uUo] AR 9jA]el gk HdAd F& A
B5 | 4% EAQ4E vz 2]¥3ta ChecklistsS E3] H7
Cl |DP Class 2 ©o]/g2] Aute] B¢k 7458 PRS A XA
C2 | DP Class 1 Ad4bol] 257 ]3¢ PRSEA
HPR C3 | HPR A=A} 1S o F3
C4 |HPR &3 72 Z3ts 9% =9 S0
D1 | DP Class 2 ©]/¢] Alutol Bl 7453 PRS A%
Taut-wire D2 | DP Class 1 Aol 257 o342 PRS A4
D3 | Taut-wire A|ZA} 113 o] 3}
El | DP Class 2 ©]/F¢] Ayl B¢ 7}53H PRS A%
Laser E2 | DP Class 1 Auto)] 25/ o] 2] PRSAA
reference E3 | Laser reference A FAF n8 2|53
E4 | 2ZEH o #7135 A4 M Al=" o735
F1 | DP Class 2 ©]32] Aute] B¢ 7H53 PRS A A
DARPS F2 | DP Class 1 Aute] 2%/ ©]9] PRSAHA]
F3 | DARPS A XA W& o3}

71%0) 23t DP Class 201742 Alulol&= PRSE
<. 23y 3F7F9 o PRSO| i 4% AFE Q)

A
A BAC i 2L AE
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(2) Suggested RCOs for human errors

Classification Code RCOs
Al | DPO n&3A o] A SHSTCW )
o| Resource | A2 |DP &&8AE A% 9 595 Friste HA 49
= 5 | Management | A3 | A2 RE A45 @ sl AT ¥ 3 A%
§ § A4 | Leadership & Teamwork 7] & A3} 9
& =
& 8 A5 DP & ¥ HAE= *]'%174]-4 ]%t% nigro 2 Halsksta 4
) S - .
~|  Process Al Zﬂ%oq—r—g‘ gRlsh= A
A6 | DPARF 28350 EIE ﬁoﬁg T 3= AR H
Bl | DP &&#HAN <A oAF &2l A 3
Inadequate | B2 | 3212¢l DPO && ZA=dar 1 2 oA 2= F7haix|
. Supervision | B3 | DPO 7} ¥ =3 34 Az} 48
Z B4 | A% DPO A4 Bl §4 w 9 A 9
© | planned | BS | DP &84 |k ZE 3% o] §(TAM, SMOP etc. )
§ |Inappropriate| | DP 2§ A A= Aol B AEHolHE BI A
g, Operations B AT A=
S | Failed to
t - -
Comect a | p7 | pp g HADS AR FA A3
known
Problem
Cl | #714<l DP & AFut] Az}t ¢ 9 A3
= /?\:Iivetrsle C2 | Leadership & Teamwork &S F3F A3 A
g enta e . .
g States C3 | DPAH; fbd 8= 913 HH Mal 1] HA 1
5 Ci | AT FAND ol 9 FA AH AT
; Physical/
- Mental C5 | Leadership & Teamwork 1SS 33k 4304 TH A3
§ Limitations
f Crew C6 | DPO A& A o 59 HAF5 Ax 9 2 H7}
(e}
& Resource _ -
Mat. C7 |DPO & 9 FH dxt &9
DP &8 AE#Ho|H 24 A 2 AL FH A3
c ) D1 (o : DP &8 Al A 753 Ao g Td Avg e )
2 Skill-based % Ux‘] E%/\] 53)
= —
g D2 B 423 A X} Checklist 2HA 2 &8 = &<l
# | .o | D3 [T DP 2§ AL A % AgHeld i’%
SN D4 pp eg MIA O Fd AUEL AE P ag A
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Appendix 4 Degree of agreement between experts concordance matrix

i= 2
122 EX ——J[+1)

=1 Lj=1

W= JH(P—1T)
W= A7 dA=

J = FA% d&7}

[ = A|AE RCOs2| &

(1) Degree of agreement for PRS RCOs

Expert~RCOs | Al| A2| A3| A4| Bl| B2| B3| B4| C1| C2| C3| D1| D2| E1| E2| E3
1 1 |2 (11143 |4 |I15|16]|5 |6 |12|7 |8 |9 |10]13
2 2 |1 | 14,1114 |3 |16]15|6 |5 |12/8 |7 |9 |10|13
3 2 |1 (1401114 |3 |[16]|15|5 |6 |12]7 |8 |9 10|13
4 1 |2 (117143 |4 |15|16|5 (6 [13|7 |8 |9 /10|12
5 1 |2 (14113 |12]16{15|5 |6 (4 |7 |8 |9 |10]|13
Z i 7 |8 | 6461172678 77126|29 53/36|39|45|50] 64
W =091
(2) Degree of agreement for RCOs A (human errors)
Experts COs Al A2 A3 A4 A5
1 1 2 4 3 5
2 1 2 4 5 3
3 1 2 4 3 5
4 2 1 3 4 5
5 1 2 4 3 5
X, 6 9 19 18 23
W = 0.78
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(3) Degree of agreement for RCOs B (human errors)

Experts COs B1 B2 B3 B4 B5 B6
1 2 3 4 5 6 1
2 3 2 4 5 6 1
3 2 3 4 5 6 1
4 3 2 5 4 6 1
5 2 3 5 4 6 1
X, 12 13 22 23 30 5
W = 0091
(4) Degree of agreement for RCOs C (human errors)
Experts COs C1 C2 C3 C4 C5
1 3 2 5 4 1
2 2 3 4 5 1
3 2 3 5 4 1
4 2 3 4 5 1
5 2 3 4 5 1
DX, 11 14 22 23 5
W = 0.88
(5) Degree of agreement for RCOs D (human errors)
Experts COs D1 D2 D3 D4
1 1 4 2 3
2 1 4 3 2
3 1 4 3 2
4 1 4 2 3
5 1 4 2 3
X, 5 20 12 13
W = 0.83
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Appendix 5 Bayesian

(1) PRS errors excel
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(2) Human errors
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Appendix 6 FMEA Reports

(1) OSV Relume FMEA(Global Maritime, 2013)

DP Control System Failure Modes

Failure Cause(s) Probability Local Effect Final Effect
Power failure
Correction . . Other referer
DGPS 1 Failure | signal failure Medium I]SI%/ falljlg(%)s lrrépélétedto systems
Masking ’ ) available
Configuration
Power failure
Correction . . Other refere
DGPS 1 Failure | signal failure Medium I\Dlg/fall)l&(%)s 1::3Pgétedt0 systems
Masking ’ ) available
Configuration
Loss of vertical reference
Fan b Fail Loss of target/false
(lirsler er%rfrére;é el;re target Medium | Sensor out of range | Sensor deselected
Loss of serial link to DP
Loss of 24V
Taut-wire Failure | Potentiometer meter fault Low No data or wrong | Rejection by
data in one axis control
Input failure Medium | Prediction Other HPR
Loss of HPR Power failure Low error, HPR functioning
Inadequate DGPS rejected if Loss of degradat
satellite sl?ig{din gfcregget atfornimd Medium | other position of position if o
coverage g p references are in use | DGPS on line
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(2) DSV Adams Challenge FMEA(GM, 2009)

DP Sensor failure Modes

Failure Cause(s) Probability | Local Effect Final Effect Criti
DGPS Weak signal due to shielding System switches .
Failure 1 or out of range Low Alarm on DP to healthy MRU Mi
DGPS Weak signal due to shielding System switches .
Failure 2 or out of range Low Alarm on DP to healthy MRU Mi
Gyro 1 failure, MRU 1 Vessel continue
HPR failure, DGPS 1 failure, to operate on .
Failure 1 Transceiver or responder faults, Low Alarm on DP other  reference Mi
Noise from propeller wash systems
Gyro 1 failure, MRU 1 Vessel continue
HPR failure, DGPS 1 failure, Low Alarm on DP to operate on Mi
Failure 2 Transceiver or responder faults, other  reference |
Noise from propeller wash systems
Vessel continue
Taut-wire Main  power  supply  or to operate on .
Failure 1 compressed air failure fow Alarm on DP. other  reference Mi
systems
Vessel continue
Taut-wire Main power supply or to operate on .
Failure 2 compressed air failure Lovg Alarm on DP. other  reference Mi
systems
Fanbeam Power failure, Scanner failure, t\(/)esse(:)l erg?;tm:)lﬁ
. Poor Visibility, Encoder or Low Alarm on DP. P Mi
Failure T other  reference
serial link
systems
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