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A Study on the Improvement of DPO Training Courses
based on the Analysis of DP LOP Accidents

Jeong, Min Young

Department of Offshore Plant Management

Graduate School of Korea Maritime and Ocean University

Abstract

Recently the offshore plant industry has been in a slump overall due to
low oil prices. However, the operation of the offshore plants and the
maintenance work by DP vessels are ongoing. DP vessels work in close
proximity to the offshore plants, which means that potential hazards always
follow. If these potential hazards lead to an offshore plant accidents, there
will be enormous direct and indirect damage. Therefore, it is important to
study to prevent these accidents. Until recently, however, there was a lack
of study on the LOP accidents of DP vessels caused by potential hazards

and near-misses.

In this study, the author reviewed the LOP accident cases reported to
the IMCA over the last six years (2011-2016) to analyze the causes of LOP

accidents.

As a result, LOP accidents were caused by a variety of causes and

among them, Thruster/Propulsion was the highest cause of the accident at

— viii —
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30.8%. Human error accounted for 17.2% of the total accidents. Among
them, 13.0% were accidents caused by direct human error, and 4.2% were
accidents caused by indirect causes.

The author classified LOP accidents in the last six years through HFACS
to identify the trends of human error that cause LOP accidents. The
classified data were then analyzed using the Bayesian network program
GeNle. As a result, the conditional probability of human error due to
skill-based was the highest with the ratio of drive-off and drift-off of
60.8%. Next, the ratio of Time loss and Operation abort was 48.3%.

The author compared the above result with the previous study, which
studied the LOP accidents in 2001-2010 in the same way. Through this, the
author identified the trend of human error and confirmed the problems of
the existing DPO license system and training courses.

The author proposed improvement measures: for the decrease of
skill-based errors and effective management and supervision of DP project

managers to address these problems.

KEY WORDS: DP vessel, LOP accident, HFACS, Bayesian Network,
Drive-off, Drift-off, DPO, Dynamic Positioning System,

Loss of Position

_iX_
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Glossary

AHTS : Anchor Handling Tug Supply vessel

BBN : Bayesian Belief Network

DGNSS : Differential Global Navigation Satellite System

DP : Dynamic Positioning

DPO : Dynamic Positioning Operator

DSV : Diving Support Vessel

HFACS : Human Factors Analysis and Classification System

HPR : Hydroacoustic Position Reference system

HTW : Human element, Training and Watchkeeping

IMCA : International Marine Contractors Association

IMO : International Maritime Organization

LOP : Loss of Position

MRU : Motion Reference Unit

PRS : Position Reference System

RCO : Risk Control Options

SDPO : Senior Dynamic Positioning Operator

STCW : The International Convention on Standards of Training,
Certification and Watchkeeping for Seafarers

The NI : The Nautical Institute

VRS : Vertical Reference Sensor
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2.1.1 DPAu}ke] A9
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&= Surge, Sway ¥ Yaw #A|o)S bR Aot

Current -
Azimuth
Thruster

Thruster Propeller
and Rudder

Fig. 2.1 Dynamic positioning system - basic forces and motions(Kongsberg)
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Fig. 2.2 Elements of DP systems
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2.1.3 DPA|£Hl 9] FF

IMOell A= DPAl2=®ls T3t AHlY o]F3HRedundancy) @A ot

DPA| 2"l Fol A Ar] 1552 DPA2H
71

(Single failure)o] HAYFP S w) < XA o]

°l ‘%%ﬂﬂc AAEAR olojA A sketh v 35
<3 7% Oﬂ Z7}sked A60 Class 2 Hzld 79

(IMO, 2017).

Table 2.1 IMO DP equipment class

Equipment | Automatic and manual position and heading control under

Class 1 | specified maximum environmental conditions.

Automatic and manual position and heading control under
Equipment | specified maximum environmental conditions, during and
Class 2 | following any single fault excluding loss of a compartment.

(Two independent computer systems).

Automatic and manual position and heading control under
specified maximum environmental conditions, during and
Equipment | following any single fault including loss of a compartment
Class 3 |due to fire or flood. (At least two independent computer

systems with a separate back-up system separated by A60

class division).
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IMCAE F=2 x40 Foke} #dd A4, Fd 2 ¢y ddd 4AgA
71Ee Adshs WA, 198092 DPAE LOPAREY AEES sigos
mjd ‘Dynamic positioning station keeping review’ £ @3jste] 3QEA A
237 9l IMCAE o] HuAE B3 Al AHHSS AR 251
TFHE AHEEY ddE BAS $ O AAE IUEH FRITT olEHA FF
HAAREE #1% EWE AlFst A Ade WA s Ao EHont

IMCA®l B Atd|lE2 3dE0] ALFHo R HAd AOE Aol Hy7}
A5 AsAel BAAG HY IMCA] BusA e Ame] 24 75
2 WAE) ol e, ol A waNel N BAV} Aee EH)

Fig. 3.1 IMCA Atar B Ae] ofAle]ty, A|AlE DPAIHFS 243 epdEk
kol 7gSolE AAst7] fste] DPREES AMgstal dAeH, F 571
1, 3¢ Tx 7], DGNSS, Gyro, VRU, F3&<5A 59 PRS # AlA7t 25
< oA

LR7] BYHE &Asks HAAA A7) EAT] 2789 Aso] FAH F
A2l black outo] ®AYSIFTE. I Fof, 171e] A7) & 2719 2YAHE
E FASHL ANeY A= BE 2P 2HO Ago] FAFH AHte] =4

aZgetA ® LOPAaLoIH

N

ZFA A LAYE LOPAFLE IMCAIAE A}

=9
o FRUJNE THEAR QA FREZH2 Black oute. 2 E/F3IATH

_10_

Collection @ kmou



Vessal on DP
standing by in

preparation for
EEngway connection

Comments

Initiating Event

Main Cause

Incident # 1007

3 generators online DHEMSS anline
5 thrusters online with switchboard Gyro, YRU & wind
closad zensor online

L 4
Generator 2
stopped for filter
cleaning after alarm
indication

T

Partial blackout

T

| generator and 2
thrusters remain
running

IR

‘Wessal maintaining
position

Thrusters 4 & 7 stop

Veszel starts drifting
away from platform

This incident appears to have coincided with a generator being taken out of service
to clean a filter. Initially vessel was able to hold position on one generator and two
thrusters however system stopped two remaining thrusters

Two generators stopping

Power — Partial blackout

Fig. 3.1 Example of IMCA flowchart (IMCA, 2011-2016)
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A 77hA IMCA A1 LOPARILS] R1& £4F o 8-127FA|¢] WFE AH&-3)
gkth. 2001-2007d )= DP7FE], S A ], Thruster, PRS, ¢
A, BA G, dFrFF /AR EFH3IATE 2008-20101d ol = <ke] 87HA
Foll 1A A A, &84a AA g FIAFA ] 47HA] F5S Frhste] F 12
THAZ ERsTE 2011del= 2ol 1278¢] 99dE FolA 717#1zq 4%, +&
dzp, o RIEFS Adstn FAZAE 2Y2HE FHst] F 87k A
o= AFA stk I F, 2012-2016d 0= DPHIFE, 7&717%721, HE9Y
AHIE, AH R/, Y, PRS, AlA B 28 2E)/F3 &
st=Hl, olZo] IMCAAIAM HI7HA| AgstaL =
Table 3.1 IMCA BuAe] A=W Atudcle]l E/FIHEES AYd Aol

o

O

r>~l
OEi
il‘
offl
ofje
©
A
N
A
fr
l-il

i

Table 3.1 Comparison of accident causes by year in IMCA report

Year Cause No.

DP Computer, Power, Thruster, PRS, Human
2001-2007 8

Error, Electrical, Environment, External factors

DP Computer, Power, Thruster, PRS, Human
2008-2010 | Error, Electrical, Environment, External factors, 12

Mechanical, Procedures, Sensor and Propulsion

DP  Computer, Thruster/propulsion, PRS,
2011 Human Error, Electrical, Environment, Sensor, 8

Power

DP  Computer, Electrical,  Environment,
2012-2016 | External factors, Human Error, Power, PRS, 9

Sensor, Thruster/propulsion

_12_
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=
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=z
El
g

HE AgE0] e AARFAAES FOE I ojF ATAASS 972 A

TASATE ©] 97FA YolEFo AHE-S Table 3.29F %t

Table 3.2 Categorization of DP LOP incident causes

No Cause Criteria
DP
1 fault on DP hardware or software
Computer

2 Electrical | fault in switchboards, UPS, voltage

3 | Environment | excessive wind, wave or current

External .
4 other vessel, 3rd party interference
force
Human /.
5 fault by human (operator, electrician etc)
error
6 Power fault on generator or PMS
fault on reference system
7 PRS DGPS(Differential global positioning system), Fanbeam,
(Reference) | Artemis, Taut-wire, RADius, DARPS(Differential
absolute and relative positioning sensor) etc
8 Sensor fault on reference sensors (Gyro, Wind, MRU etc)
Thruster
9 fault on thruster control, mechanical, rudder etc.
[Propulsion

_13_
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3.2 DPA¥re] LOPALL HE

321 Yubn B4

B dTolMs LOPARaLe] w3t Folg E438t7] sl A 10d3
(2000-2010)¢] LOPAtLE AEZ HAPAT(C. J. Chae, 2019+ HZ 64
(2011-2016)%¢+ IMCAol B 1® LOPAIAMEE A3t AT 63 B¢
3063 9] DPAuFo ZHE] IMCAol RuE LOPAITE % 40971¢]H, o= H7F
oz 6d st T AduallA 13419 Abarh 2SS SV THIMCA,
2011-2016). 20119 =9] Ala Q1 FolA QRFFe] 0’ Aoz %y A A
2 AT dxde FATFo] Aol Ao R XIFEA Ftr] W] olek %
o] thAsFAT

A 697 Hud LOPARRL <& yErW Zlo] Table 3303 17& Ml&
2 Uehd 7o) Fig 3.2 o]tk o|& HW, LOPY| Az U FolA 2 2E/F
719 EAF 12674(30.8%)C 2 7M=L vl &S AFPoey, I o
= DP 4%}3 6871(16.6%), &% 48%1(14.4%), UAA L7 5371(13.0%), PRS 4871
(11.7%), BB 2471(5.9%), AA 17734.2%), A71ZA 972.2%), 53 5
2A(1.2%) %ol LOPAtaLe] dloz Zgsidlees AT = UATIMCA,
2011-2016).
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Collection @ kmou



Table 3.3 Causes and frequency of DP LOP incidents(2011~2016)

No. Cause 2011 2012 2013 2014 2015 2016 Sum
1 | DP Computer 14 8 6 13 13 14 68
2 Electrical 3 4 0 0 1 1 9
3 Environment 5 2 3 2 11 1 24

External
4 0 2 0 2 0 1 5
force
Human
5 3 11 7 7 10 15 53
error
6 Power 7 6 13 9 10 14 59
PRS
7 8 6 13 9 6 6 48
(Reference)
8 Sensor 1 5 2 3 5 1 17
Thruster
9 13 20 20 26 24 23 126
[propulsion
Total 54 64 64 71 80 76 409

Environmen

6%
Electrica

Fig. 3.2 Average of DP LOP incidents causes (2011-2016)

Collection @ kmou
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Fig. 3.32 < 6% LOPA L E €82 E7/3 2, 3¢o] 7M =& At
I RlES BAal 24o] 7P Wkoy & Aol glo] tAlZ 1E BES HO

19 &@919 € LOPAt daE AyEd 2011¥d = 124, 201290+ 3
¥, 2013d90= 64, 2014 dell= 44, 5, 84, 2015+ 3¢, 499 Ata
AEC] AT oo ST AL fle Aoz HATUIMCA, 2011-2016).

45

40

35

30

25
20
15
10

Jan Feb Mar Apr May Jun  Jul  Aug Sep Oct MNov Dec

M Incidents

Fig. 3.3 Number of incidents by month

LOPARALE 3 A o] DPAHEe] 24 FF/, DPAHe] 55 B A9
NFHA ottt ol HiE  Atae] Hdrh AlRbE oo

T A7 wEolTHIMCA, 2016).
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a2y 20169 HE Aol mE Aol S 45k e T Ay= Fg. 349
2t SEAFo] 357144.8% = Aol WA E© ] M EoH, 1 tgeor &
Hl 1371(16.6%), oFAlotelE < 117(14.1%), 38 1014(12.8%), vl 97(11.5%)

N

oA THE A Yol Mg FEA Y H]%Ol =3O, IMCA HuAMoA=
5383 Agg 3tA ZUTHIMCA, 2016).
40
35
30
25
20
15
10
5
Q
Aisa Pacific Europe & Africa  Middle Eastasia  Morth America  South America
Hincident
Fig. 3.4 Number of LOP incidents by region in 2016
LOPAFILS] %1& A3 ®luwstr] st 3714 FLAJNLARE A&7
Z o] Fig. 3.5°1th. st=9ol= DP9} #AHE AHulE Hsi= Ao = DPAHIFH,
A7), 59, PRS, AA, 22828 2 FA7|7F oo E3tHAT. HT 637
st=glol2 13 LOPAMLL H|&o] 80%=2 7Fd =k, 71 H=E AHLF 13%,

HA9F 2 9 RGF 7%2 2233 YTHIMCA, 2011-2016),
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Environment /
External force
7%

Fig. 3.5 Causes of LOP accidents (2011-2016)

322 AFLF FAEA

Fig. 3.5014 yerd nie} o] LOPALILS] of F-

clglc}. dt=9go]d QA2 DPHFE, PRS, 4lA
gloll= %=

H_ o
L
s AFHOR 7)o

53 Qlovk, T dsrt DPAte] gol WesE

ael M AHefe ¥elg Edz DPOS| A4ed 2 me FEEHE,
dojd o weE AY vl wgsel 1 EaYe ¥ F dth

F707), DPAFE, BEH B

S Ab

AA o FE LOP ALl FoA 228 2H 2
A oz 4use] 8 felo2 et
dol Qo v gl W) Adoz wA vy
Fig. 3.6 H 6z A = A<l
o Aee Yrx LOPATLE] 182 Uehd Aot

o]

H, 71 H]Eo] 13%

rﬂl

= Fig. 352 441l
0 F 41%7} F718 Aol
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M ain 8
Secondary
Cause of Human

Errors
17%

Causes of LOP
otherthan
Human Errors
83%

Fig. 3.6 Analysis of LOP accidents by main and secondary cause of human
error (2011-2016)

Fig. 3.7¢ DPAute] LOPARL FollAl AL {2 Qs 2D 7079 AL
132 2 2214 A0 E Bz ol HEZ Ued Aotk 1xA Ang
o] 76%(537) o= =romW, 22HA ARALAQl L 24%(177) = ST o]

° &

A1, 2208 Al St AFIL7Y F 47 0]90 a1, 9]

24 Qoo g z3HEgTh

Secondary

Cause
24%

Fig. 3.7 Comparison of main and secondary cause of human error ratios (2011-2016)
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3.3 DPAlHte] LOPALY £4 =

3.3.1 HFACS(Human Factors Analysis and Classification System)

tE 2l Atar B4 md9l Casual sequence RdZE LOP Alare] ¥ oA
S¢ 2R, ANALE NEd 2% AnE @ b PAneR Aw)
o] + &2 gon, gFEE Az EFAQ ddEo] Aot dojd
o At o] A&l AFADPO 3)o EQRHS P& FEARS

23 Aot BAEA H+= Zlo]tiReason, 1990).

obx 3 YUnsafe acts), E<FA 3L <e] A A =7A(Pre-conditions for unsafe

acts), <94 7= (Unsafe supervision), Z3] 2] 9 3HOrganizational influences)

Organizational
Influences

Latent Conditions

Latent Conditions

Preconditions
For Unsafe
Acts

Latent Conditions

Fig. 3.8 Reason’ s Swiss cheese model theory

_20_
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HFACS+= Shappell#t Wiegmanno] Reason®] 29~ Xz md
T8k et =FAe B B9 ERAAE N

FEALE 4

HFACSE Reasono] F7#3F 21z7F 3¢ Aufjo] tidt 47FA <l =
2 177HA 9 Rl FEeE MR Zoln, =243}ty Fig. 3
JAALFE &

HFACSE= 1 &3Ado] oju] FHEo], Autaael <l
o] &8 xo] hA. Rothblum et al, 2002).

Latent Conditions o, ganizational
Influences

[ E |

Resource Organizational  Organizational

Management climate Process
Latent Conditions

States E imitakions Mismanagement. ‘Readiness
Active Failures Do hige

|
Error Violations
| |
| I
Routine Exceptional

[
Decision Errors Skill-Based Errors

Perceptual Error

Fig. 3.9 HFACS model
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R 2 Ao Q= Eebd d)E(Unsafe acts)S AA A 93PS dala,

2] )
EokA 3= o] ARA ZA(Preconditions for unsafe acts)-&

= AAAA EA FHE @, Bk ZH=(Unsafe supervision)e F3+ ©
Aol ZAAQN Ao A E w3t 2o Jgke =7 dA BEAe #

g Ao FEFE vA= AANLALE ou|FTKS. A, Shappell and D. A.
Wiegmann, 2000).
D E¢td gF

DPO2] E<¢FAd 3 =(Unsafe acts of operators)e IA L F(Error) == ¢yt
(Violation)e] + 7FA W5 FellA stuel &34 Aot 'L/ '& dzte] 543
99 AEZ Yee Adzg R Aoy, B A Fol o3 e At

I olof] gt fure WA FAS FAIG 19H<l PE L

Fig. 3.102 E<td 59 7 2 dAlo]tHA. Rothblum et al, 2002).

Examples :
Decision - misdiagnose problem
— S — - Wrong response to problem
- Inadequate information to
make decision
Examples :
Unintended ; - Do procedural steps in wrong
Action skill-Based order or skip a step
(Errors) aan - Forgetting to make a turn at a
way-point
Examples :
Perceptual - Misperceive running light
_ . — Ervtirs — configuration
' ' - Hear a verbal order wrong
Unsafe Act - Misjudge distance or rate
Examples :
MISTAKE - Routine shortcuts in a
(Routine i maintenance procedure
ended violation) - Habitually not donning
Action personal protective gear
Violations) VIOLATION ExaErxnples_ ] _ _ _
: - Excessively risky ship-handling
(Exceptional — TN
Violation) ntentionally mis-wiring a
circuit to supervisor

Fig. 3.10 Unsafe acts classification
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Eobd F o2 Qs dAsle o7+ '#H 2 F(Decision error)’, V& 7]
vl Q F(Skill-based error)’, "A|Z} < F(Perceptual error)’ 2 Al &3} ),

T /= FASH AdHEA, BAHES A, #E HERe o3 2 28 F
o=, &3 PFFoly AP AT AFo] A vrA FAY FAAEIIF A5
g Zeoh

e SR/ o=HA ALY BAQle]l YEl= AS=E, DPAAH S
24 o] F= 2AE3tE P& Foll Ao Fo(Attention)7t EEH A AY

, ARE 28R 24

£ =9
EE el & AAE A

FTHEA, P2 AL YEAE AETHEA,
FHEA o o)A AL DA

A7k QFE ok, 714 SO MARAH 2R3N 12 Aol et
g 2R W Uehde Fgeld HeE wee Aow A 2 &xo
@ Be o, FA Fol oo gt

Aure =ZA "EAA YukRoutine violation)’# ‘o]# A 9 wH(Exceptional
violation)'?] F 7H1A 2 FEHo, EAA gute g, A=A A7 825= ¥
A HellA el Ardk fute2A, i/ FHA0E P& Zoltt. ol#F
W2 ZAZAAANA EHeA = SEHAE dolAe fNte R A,
AAAA 3&=A e AolthA. Rothblum et al, 2002).

AT FE S FAS EFsted = yERd Zlo] Table 3.4°]t.
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Table 3.4 Classification guide for unsafe acts

Error for Unsafe Acts

Skill-based

failed to prioritize attention

inadvertent use of controls

omitted step in procedure, or executed step out-of

sequence

omitted checklist item or completed check list item out of

sequence

Perceptual

misjudged distance/rate/time

misread dial or indicator

failed to see/hear/otherwise sense

Decision

improper procedure or maneuver

misdiagnosed emergency

wrong response to emergency

poor decision

Routine

Definition: Common or habitual instance of breaking the
rules and regulations (taking a shortcut) that is part of a
person’s behavior pattern and is often tolerated by the

organization

UONBIOIA

Exceptional

Definition: Isolated departure from authority, rules and
regulations (taking a shortcut) that is typically not
condoned by management

BolA3 PFo AAzAL 829 7)1F#Eug AH(Substandard conditions
of operators)®} 842 7|Fulg &-&(Substandard practices of operators).2.
2 oA, Rothblum et al, 2002).
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Table 3.5+ E<2Hd P59 AAzHS A8l 73 Aol

Table 3.5 Preconditions for unsafe acts

Substandard Conditions of Operators

Channelized attention

Complacency
Adverse Distraction
Mental Mental fatigue
States Haste
Loss of situational awareness
Misplaced motivation task saturation
Impaired physiological state
Adverse .
S Medical illness
Physiological : ~g —
Physiological incapacitation
States : :
Physical fatigue
Insufficient reaction time
Physical/ . ;
Poor vision/hearing
Mental
o Lack of knowledge
Limitations : : —
Incompatible physical capability
Substandard Practices of Operators
Impaired communications due to language difference
Interpersonal conflict among crew
Failed to use all available resources
Crew

Resource Mgt.

Failure of leadership

Misinterpretation of traffic calls

Failed to conduct adequate brief

Impaired communication/conflict due to cultural difference

Pers_onal
Readiness

Self-medicated

Inadequate rest

_25_
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Fej(Adverse mental states)
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=
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Table 3.6 Classification guide for unsafe supervision

Errors for Unsafe Supervision

Failed to provide guidance

Failed to provide operational doctrine

Inadequate Failed to provide oversight

Supervision | wajled to provide training

Failed to track qualifications

Failed to track performance

Failed to provide correct data

Failed to provide adequate brief time

Planned
Inappropriate | Improper manning
Operations :
Adequacy of operational procedure or plan
Provided inadequate opportunity for crew rest
Failed to correct document in error
ggilree(ltt% Failed to identify an at risk behavior
known Failed to initiate corrective action
Problem
Failed to report unsafe tendencies
Authorized an unnecessary hazard
Supervisory - -
Violations Failed to enforce rules and regulations

Authorized unqualified crew

(A = HAHAHG ZHE(nadequate supervision)S WA AN A Q]

B 4
AR E e, AYH F&8HXe FAHI 3Y(Planned inappropriate

operations)2 =827t FHEA oY AT o} AARE +837] =7
S Aol FANA oA A= BAZA FF= A He A dEH
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Z2ge] g FolA A (Resource managemen)E A ALY #HYE
e, AHAE G 2] AdomA I HeEe tide] Hed 1 C’ﬂi
= SAke] Adrdal, w5 FEAA, AR AR Fol Atk £2
9 71(Organizational climate)«= A4 &9 s FFS v xF°

AAE Dote Aoz AT X0 wE AIAA, SAF hxEA 2 A Hywk

2] 5ol 1 oojt}. -84 xHOperational process)t 22 5o F2AQ #
g 2 AaE wele Aeg ARe]l EA Qe HoskAY, AddtelA A4t
o] AP 9}%11011 gt AS5E 3kA e 45 olet #d" AV &
A = Aok A9 Gk tis M EF+ Table 3.72 ZtHA. Rothblum
et al, 2002).
Table 3.7 Classification guide for organizational influences
Errors for Organizational Influences
Inadequate management of human resources
Resource [nadequate management of monetary resources
Management q g Y
Inadequate design and maintenance of facilities
Adequacy of organizational structure
8%1&&153“0“31 Adequacy of organizational policies
Adequacy of safety culture
Adequacy of established conditions of work
Organizational -
Process Adequacy of established procedures
Adequacy of oversight

_28_
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3.3.2 Wlo]AIt Y EH =

o] Aok YEL IE H|o]=Z o] &E(Bayes theorem)=S HIE O 2 dhH, of® A}
A9l djlo] He =EWNode)et 235 UE= =ENode) Alele A3aA
Z ola(Ar0)E AHg3te] &= 71 o|tiM. Horny, 2014). o] WL zAR

7}Hs/d(Conditional probability)¥ ZAES] 4& #AAE oldsty] g4 IT

T A= Aol 7 2 AAolth F, HlolAt UES A= ofH el W
A 7Fs/d (Prior probability)e vl®CE ZARIMEAS AT F A= 2

2, Ao WE 9 AL BAsld Adeida & 4 oM. Horny,

2014).

Aufe] 9 Fol WASHE AE U A Aolo] Biw A
ggsol Uk olHW AAE Aole ARNWAS HEE FWsHT BAHOE
A UsbE Alze] Ael 9 olEe WAL seslsh Ak 2y

AAE erew, Woz

How Yed 4 .
sxsd ma2 gelg Holtk.

P(A| B)= P(B1A) P(4) (3.1

B : Evidence

A : Cause(1%1) or Hypothesis(F=)

P(A | B) : Posterior probability(A}$ 2+&)
P(B | A) : Likelihood function(-$-=3%+<)

P(A) : Prior probability(AH4 7Fs4d)
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42 (3. Dol AAE ulel o] B(Evidence)”t FoIH S uwl A(Cause)7} HA &
g5 Xga 3 o2 PA | B) = Xgtz F33th o] 29 ojuE Byl AR
(True)ol™ &4 A= XE oulst= ZAo] ofyar, wef B7F AHL(True)ol il A<t
A FAsigd P(A) = X7 o= Ae S THM. Horny, 2014).
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P[Cause] (3.2)

P[Cause | Fvidence] = P|Evidence | Cause]'m

o & Eo] DPAIRtoA DPOS] HFo|(PRS ZEHE 31# %) %L PRS Al ~Hl
715l & Drive-off A7} WStk 71439 S W) DPOS] RFoE ‘M,
1 g5 032% 7FASHH PIM=Happen] = 0.30.2 X &= 31, PRS Al2H 7]
SHFNE ‘T, 1 §5< 022 7}ASA PlT=Happen] = 0.22 FdHh 18
a1 DPO9| H-F9¢ PRSAZHIS 7ol AR ZHA ozt & &+ glon,
DPO®] 339 @ PRSA| A9 71%55)7} BAysx @=tiw, Drive-Off Abx
T EAeA Fetal AAE 5 Atk

o]= Drive-off At312E Delar 3} P[D=Happen | M=No Happen, T=No
Happen] = 022 %3 LT DPOS FFo&= glov, PRSS 7|s7olr7 Ay
7% Drive-Off Atar7} dAst= &< 0.2+ 7HgskH, o]+ PID=Happen |
M=No Happen, T=Happen] = 0.22 ZdEt}. 2|3 DPO FF2o]= PRSA|2-H
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2HEHES AR A PRS Al=Hl 757 ol e} F33tA Drive-offAbaL 7}
Q-S4 =31 P[D=Happen | M=Happen, T=Happenl = 1, P[D=Happen |
M=Happen, T=No Happen] = 12 Zd &t}

ol& W& o= Drive-Off Abare] @A 74sA PID=Happenl& #Hlo]= o] &<
wtel Agtetd oE3 2

P|D= Happen] = Y, P|D= Happen, M, T| = Y ,(P[D = Happen | M, T|-P[M]-P[T))
M. T M, T

3.3

= (P|D = Happen | M= Happen, T = Happen|: PIM = Happen)|: P|T = Happen)|) +
(P[D= Happen | M= Happen, T = No Happen|- PIM = Happen)-P[T = No Happen)) +
(P[D= Happen | M= No Happen, T= No Happen|- PIM= No Happen|- P[T = No Happen]) +
(PLD = Happen | M= No Happen, T = Happen|- PI]M= No Happen]-P|T = Happen))

= (1>0.3>0.2) +(1x0.30.8) + (0% 0.70:2) + (0.2 0.7< 0.2)

=0328= 0.33

T2 3.3 Azt ‘0337 = w3 FAS &<l A Drive-off Atare] of
AA7sAdoletaL gt o]’ Hlol= olgs AHEst= HIoAY HEANA
g or FHEse =750 o8 JHA At B dFolAE v= v=H
i &toll A 7|e3 GeNle ZZI1e AFE3FATH GeNlex H|o]#| ¢t Y EQ

w4 HelHE

rﬂ

il

u

3% HgoE YA BHL s AN 5F
Hgsta, ol BT =
o]tHBAYESFUSION, LLC, 2015). 21(3.3)< GeNleg &8st IgEo=E £
@l Fig. 3119 2.

B
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0 DPO Mistake 0 PRS Trouble

Happen 30%|] Happen 20%|[j]
MoHappen 70% = NoHappen 80% 7

> Drive-Off Accident

Happen 33%|]
NoHappen 67 %

Fig. 3.11 Prior probability distribution

qkeF Drive-Off Aba7} #AYstR T, S ‘Drive-off=Happen’ ¢ 7Fs4do] 1
o] HgwH DPOel XFo = PRS 7|5H)7t FoJ  ZADrive-off
accident)oll tisiAl o1L@A WSIHEHAEA] FAo2 A4 R o33 2o

P[M = Happen | D= Happen| = EP[M: Happen, T | D= Happen) (3.4)
T
_ Z P[D = Happen | M= Happen, T|-P|M = Happen)|-P[T|
T P[D = Happen)
_ (1Xx0.3X0.2 1Xx0.3X0.8
( 0.328 )+ 0.328 )
= 0914 = 091

2 3.4F B84 Drive-off At} @A etE 7o) FoHS wf o)A Y
dle] DPO FF2o o3 AL &Eo] o 9udte Ae AT 4 Ui o

| =
AL =AY bed B AFFEoGT Wt
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P[T= Happen | D= Happen| = ZP[T: Happen, M | D= Happen) (3.5
i

_ Z P[D = Happen | T= Happen,M|-P|T= Happen|-P[M]

i P[D = Happen)
_ 1x0.2x0.3 0.2x0.2x0.7
( 0.328 )+ 0.328 )

= 0.268 = 0.27

T4 (3.5 Drive-off AFar7} AYsH-S o oA e Yle] PRS 757l
o AY FHEo] o 7%t AL ojn @

T4 B4 3 G52 ZHE GeNleols Zrfzle= FdstH Fg. 3.12¢9 2
ot

()  DPO Mistake @@  PRS Trouble
Happen 91% Happen 27%|[]
NoHappen 9% ™ MoHappen 73% ”

i Drive-Off Accident

Happen 100%
NoHappen 0%

oj#igt WHOo=E H|ojX| ¢t WESAY ATsAde ot EA-ARAC] &
=

AR 7ts4dE S§dE o+ JHM. Horny, 2014).
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Fig.3.13 2 Table 3.8& Drive-off Atz aje] ¢9lo g DpOe] Rz o
PRS 7|57l el #&AZ ALA7FsA S GeNlee] NPT(Node probability table)=
vehd Zlolt}. Table 3.89)4 Happen¥t Happen 7ol ==
FFol9f PRS7I5A )7t Ao A ste o, Drive-off Aozl @Ask= 7

O 1

T

100%2+=

o
&

BEEEE

ol &

12 GeNled <

GeNleoll 4 NPT= & ¥ = 24749 ofu|= Table 3.99 # T}

Table 3.8 NPT from GeNle (Drive-off accident)

‘1’ & DPO<

48 Aoty Frm

DPO mistake Happen No happen

PRS trouble Happen No happen Happen No happen
Happen 1 1 0.2 0

No happen 0 0 0.8 1

Table 3.9 Meaning of node probability table for drive-off accident

DPO Mistake Happen No Happen
PRS Trouble Happen No Happen Happen No Happen
If DPO’s ;
Drive-Off | Ro Trouble | Mistake trouble | PRS trouble
Happen same time Node occurs Node do not
’ Happen occur, Node
Node Happen Happen
Happen bp
If DPO’s ;
Drive-off | RS Trouble | Mistake trouble | PRS trouble
No Happen same time Node No occurs Node do not
’ No Happen | occur, Node
Node No Happen No Happen
Happen pp
—_ 34 —_
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3.4. HFACS 3 H|o|A ¢ HEHNZ 7|4 AZ L/ &4

NOE IS Bl SOt G A A BAE F
2 A ko Aelaxe] @ A A%E el sbsshAu, A Yge

Selo] BT kA 7079 AL FolA AL WES FAT & YUE
637l tistd HFACS &FA A ot &/FstRth
F ABE Axe ARsd 2 24

o 1=
! = T
st MS = gefstal GeNle Z20H s &8st 433t

3.4.1 HFACS &+

HFACSE ©]-&3to] 63719 1A /FE £43 A, Table 3.103% o] et
Wl B9d 5oz WSl HE LOPAIRE Betd 5o Abdzz 33
2A(78%), BT = 370@8%), =2 FF 26061%)0 FFE Wevhe

AL BAY 5 Atk 331004 AFHARe] AATE B oI b U

So| AF o Hgatel WS H 9T Rk o]s ol & pA A
3ol ofE] Uelo] BFHOo2 A§F A$, HFACSS WFol utet 9elg 72
G w474 WF FolA b olde] WRel FRo2 RFEH/E Stk

Table 3102 R, Q140 Fo| Aol FolA BAT 25| v &o] 71 =
IR, T T o Bebdd BEe] AAZA, A0 Ggo] U g

o5 T3l AT g LOPAILLE Azstr] fls] Ebdd d5S A
3t Aol BoAd PFo AARAL MAstE A Bk Aol =S AL

_35_

Collection @ kmou



Table 3.10 HFACS categorization of human errors for DP LOP incidents

HFACS Category Numbers Percentage(%)
Organizational influences 26 61
Unsafe supervision 37 88
Precondition for unsafe acts 33 78
Unsafe acts 42 100

Table 3.112 =232 9&Fe AR £/ Aoty =43 IF
4

# AH R

i 2 o)
Bl &2 Uehd z2e] Z2Ax vl go] 333%% 7% =gon, I g
ZA o] 2T 20.6%, ZA B7] 7.9%=2 1=t
9lo] 37kA WFE AL EH7|Zez ARsegd. £9"E dat

O

46.1%% 71 =gtow, 1 treow U] 17.9%, Anle Au) = A
15.4%, QFAE3F 10.2%, ZA34 5.1%, Ao 7= U =29 urxlo] zhzh
2.6%E A AT

FAE dAo SHFE AU AAL FHF

= =
nAAste] LOPALE olfAE U2 FE ATt

gyeta 3Ake] A}

1A=z, AR AApel GNSS WlEE HiE Y JHdEe] FEE A EA
GyroAdl Aol Aoli7} A3t o] = As) LOPAIALRE o]oj3 Ate|7} Bard np

Stk o] A%, GyroAlMel 71537k of Axe] HHA UACE HE3HY
a|

O

ARk, 22HA QD A7l FAERE A A QA o] Abare) flle] HUH
& 5 JTIMCA, 2015).
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Table 3.11 Human error DP LOP incidents caused by organizational

influences
Organizational Influences
Categories Error No. % %
Inadequate management of human
7 1179
resources
Resource [nadequate management of monetary 20.6
Management | resources '
Inadequate design and maintenance of 6 154
facilities .
o Adequacy of organizational structure - -
Organizational — —
- Adequacy of organizational policies 1 26 | 7.9
Climate
Adequacy of safety culture 4 | 10.2
Adequacy of established conditions of ) -1
Organizational | work ' 133
Process Adequacy of established procedures 18 | 46.1 '
Adequacy of oversight 1 2.6

2) B A=e £F

Table 3.125 ¥<td 259 B/ Zolnh Bd 502 IF AHOH
AL A BFE B/t IAS A AHF 63l thek &= e
ol 2A4d3 7H=o] v go] 46%2 7P wgow, I ooz Add &
FAare] FAHol 22%, EAMAE A3 11%E 2FA3FA

o] a7t MFE 187HA BR7VIELE AlRs) ’3}“ . AEAITT 28%%
7V =4 UERgaL, oS Au) B AAEAA G FHdo] A2 18%, A

A Ao 10%, FAHEd & 10%, AP 28 Ay 8%,
6%, 8= A3 2%z BAEAT

AEET R
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DPZd Al SDPO(Senior DPO)e] WA Alo|A FAHES ZrZo] o] Fo|A]
LOPAILE o]ojA = AF, ol SR QU QA=

R,

1 o2, IMCA AR A FoA DPREVE A E 7 ol
A stel LOPAILE ololxl Aelzh it o] Abae] #7249
A2E AznE zAo|A W, 244 A DA ZEAWI B F A
(IMCA, 2015).

2

IMCA HiAoA mSAIf=Z )] AHeFr7E dAS AEZ A1 DPO7E
A18k9) X5 A %5 (Station-keeping capability) & <A &x] £t LOPALaL7} &+
At A5 2/ 61 Ao

r°l'
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Table 3.12 Human error DP LOP incidents caused by unsafe supervision

Unsafe Supervision

Categories Error No. | % %
Failed to provide guidance 5 10
Failed to provide operational doctrine 1 2

Inadequate Failed to provide oversight 14 | 28 46

Supervision | Failed to provide training 9 | 18

Failed to track qualifications - -

Failed to track performance - -

Failed to provide correct data - -

Failed to provide adequate brief time - -

Planned Improper manning 5 10
Inappropriate | Adequacy of operational procedure or 22
Operations 1 9 18
plan
Provided inadequate opportunity for _ _
crew rest
. Failed to correct document in error - -
Failed to
Correct a | Failed to identify an at risk behavior 4 8 1
known Failed to initiate corrective action 3 6
Probl . :
ropiem Failed to report unsafe tendencies - -
Authorized an unnecessary hazard - -
Superv;sory Failed to enforce rules and regulations - - 0
Violations

Authorized unqualified crew - -

3 EXA Ao MAxHe £F

Table 3.132 EQFA F5o AAXAS &7 Aot EFA P59 A

N
N
=2
lo
o
ro
JZi
:[m
L
W
My
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=~
N
ﬂ_‘
N
0L
N
f
Mz
i
ol
ok,
k]
[
P
flo
=
é
r O
X
lo
i
(@)
L

Aol tig ¥&= et F84 AAGE Hl&o] 36.5%% 7HE =3kom,
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BAA AL 175%E AA AT &4 7IEr g =

1 2 -
| Fo A ALY E A FHNEE EF %2 SEAE T

TE 27HA ERVIELE AMEE SRt FFoUt 32.3%=
7V =A UERS AL, A A RSo] 26.4%, LI AZo] 11.7%, 7‘9]4‘401
8.8%, AF&°] 5.9%, AZ SJHUAR B Az 2 siwo] S FH F
St AP AR BF, &) &Y HJFo| 47 2.9%E A S AT
Folt &84 BAAL AR AP FRH 2% LOPALE of

O o2, DPO7F Aukes X E AL 3t oA &

7} ATHIMCA, 2015).

I
rlo
o
oo

s A7 A FS A% AER A4 BaskA X3 As
o, 71 & DPOr} DSV(Diver Supporting VesseD@] 2:2]~¥ HjX]/$&
of gk X|&jo] EZ3le] Diver 249 & 2 Operation abort7} A sk A o]
27} ATHIMCA, 2015).
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Table 3.13 Human error DP LOP incidents caused by precondition
for unsafe acts

Precondition for unsafe acts

Categories Error No. | % %
Channelized attention 1 2.9
Complacency 4 | 11.7
Distraction 11 | 32.3
Adverse Mental fatigue - -
Mental ” > -9 36.5
States aste i
Loss of situational awareness 3 8.8

Misplaced motivation task saturation - -

Task saturation 2 | 5.9
Impaired physiological state - -
Adyerge Medical illness - -
Physiological . N ot -
States ysiological incapacitation - -
Physical fatigue - -
Insufficient reaction time 1 |29
Physicalf Poor vision/hearing 1 |29
Mental 17.5
e Lack of knowledge 9 |264
Limitations

Incompatible physical capability - -

Impaired communications due to
language difference

Interpersonal conflict among crew - -

Failed to use all available resources - -
Substan Crew

dard Resource | Failure of leadership - - _

Practices Mgt. Misinterpretation of traffic calls - -
of Failed to conduct adequate brief - -
Operation

Impaired communication/conflict due
to cultural difference

Personal | Self-medicated _ _

Readiness | jnadequate rest - | -
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Table 314 #od EL LT Zolch BebH ol o AHF 42
S 57kx WEE BREsty AL AA AHeF 6340 Uid v Ve
% o5}

AQth 77k 259 H| Lo 54%E VA =¢romw, 1 Lo e I
38.1%, A7 77}

o 57A HFE 137K EF7IEe R A3 gt ZERE xZF o)
35.5%=Z 71 =A YErstal, FAS AI™XTIY 27.4%, st ok sl A}
A Eko] 9.7%, sl okst= HATE Aol 8.0%, FAASH Aol 6.5%, H

Bl ZAEE g0l 4.8%, thold Ev FEAY] FHeUt 3.2% AYET
=, AIEE/AZE g A 2o, ZAZto] BE 1.6%E FRAF AT
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Table 3.14 Human error DP LOP incidents caused by unsafe acts

Error for Unsafe Acts

Categories Error No. %
failed to prioritize attention 1 1.6
inadvertent use of controls 22 | 355
Sill-based omitted step in procedure, or executed step 6 07 | 54
out-of sequence
omitted checklist item or completed check . 2.0
list item out of sequence
misjudged distance/rate/time 1 1.6
Perceptual | misread dial or indicator 2 3.2 | 6.3
failed to seefhear/otherwise sense 1 1.6
improper procedure or maneuver 17 | 27.4
Decision misdiagnosed emergency - 0 %1
wrong response to emergency 4.8
poor decision 4 6.5
Definition: Common or habitual instance of
breaking the rules and regulations (taking a
Routine | shortcut) that is part of a person’ s| - - -
§- behavior pattern and is often tolerated by
%“ the organization
Definition: Isolated departure from authority,
Exceptional | rules and regulations (taking a shortcut) that | - - -
is typically not condoned by management
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3.4.2 HolX ¢ M ESY T £4

3.2.2001 4 AWRE A o], Wo]X|et HEH A= AR o] dl EAHE

Uelfl= ==Node) Atelo] AFTAAE olA(Ar0)E AFg3te] = 719 )
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state154% [ | [

) Alanned Inappropriate
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_) Failed to Correct a
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Fig. 3.13 Prior probability of human error on DP LOP incidents
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Fig. 3.14 Conditional probabilities of drift off by human error
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Fig. 3.15= Drive-Off¢] 7}sA<S 100%2 243 Aolth. 1 A}, Botd 3
5ol 85%, Bt fFo| MAlzo] 35%, B 7HEo] 37%, =24 9

gFo] 26%% A=A
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state0 46% [l | State0 21% I
State154% ([l | [ State1 79% i
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£ Aanned Inappropriate ganiz ational Influ
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Fig. 3.15 Conditional probabilities of drive off by human error
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Fig. 3.16= Operation aborte] 7lsAdS 100%= A2AA3g Aoty 1 A}, &
A Eol 76%, BT FFo MAlxo] 31%, E}FA F=o| 35%, =3
o] daFo] 25%=E A= U

(— Inadequate Supervi ... (— Resource Managem .
state0 46% [l State0 21% i)
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_» Failed to Correct a Stale0 33% -
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Fig. 3.16 Conditional probabilities of operation abort by human error
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Fig. 3.17 Conditional probabilities of time loss by human error
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3) W& B ¥ (Marginal probability distribution)

220014 Ag3 A} Zo], LOPALE Drift-off % Drive-off & 23t
GeNle §3) Q17 ofiel of@ DPAIS LOPAe) & SHla) sngkesl, 3

Drift off 2 Drive off¢] & F{F+= EFH A5 77| {7t 60%=
M ' FES EAY 1 teog RAAI FEo]l 46%, BFFUH
42.8%, F-A2 BAGE 7 38.2%, -&HA7F 33.1%, AYH +&-xe] 74
gk 3ol 22.2%, AHAHETE 20.6%, =8, BAA A TE 18.6%, A A<
A3 7F 11.1%, 22 2E9717F 8%, A4 L77F 6.8%° &&= YENH.

Fanked Targets Probability
Drive-off :Stated oo I |
Drift-Off: State 0 tooo T ]

Unsafe Acts;Statel os2s [ |
Preconditions for Unsafe Acts:State0 0.377 -:l
Unsafe Supenvision:Statel 0.372 -:l

Organizational Influence: Statel 0257 -

Fanked Targets Probability

Drive-off State 1000 [ |
Dirift-Off :State 1000 Y ]
Skillbased:Statel cezc
Inadequate Supervision:Stated 463 _:l
Decision:Statel 0423 _:l

Adverse Mental States:Statel o220
Organizational Process: Stated 0.331 -:|
Flanned Inappropriate:State 022 -:l

Resource Management:Statel 0206 |
Physical/Mental Limitations:State0 0186 [ |
Failed to Comect a:Statel 0111 i |
Organizational Climate:Statel 0.080 l |
Perceptual :Statel 0.068 I |

Adverse Physiological States: Statel
Crew Resource Mgt . Statel
Personal Readiness: Statel
Supervisory Violation: State
Viclations:Statel

I e Y o Y e [ e |

Fig. 3.18 Probability ranks of drive off & drift off by human errors
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ig. 3.19+= Operation aborte} Time lossE TAAA 7= F2 WAUS &HE=E
FAIRE Aot o] AAE2 LOPARALE ol AR, &% LOPAMILE o]ojd <
R FAALL Kol

Operation abort % Time loss®] 1A F+= B d59 7|=7|Hte®
48.2%% SEo| 7V Edow, FHAI} FZo| 45.7%, FAZ BAGHTL
36.0%, HHE 771 33.9%, =&&Ax7t 32.9%, Al¥E =&Axte RAAT 43
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Time Loss: Statell

Dperation Abort:Statel

Skilbased: Statel

Inadequate Supervision:Statel
Adverse Mental States:Statell
Decision:Statel

Oroanizational Process: Statel
Flanned Inappropriate: Stated
Resource Management: State(
Physical/Mental Limitations:Statel
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Fig. 3.19 Probability ranks of operation abort & time loss by human errors
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Table 3.15 Summary of risks caused by human errors

=70 25 (60.8%)

= (46.3%)

F (42.8%)

A8 H (38.2%)

3 L9A-=} (33.1%)

BAxte] HEA A 78 (22.2%)
Z-4 2] (20.6%)

A A1 kA (18.6%)

i
ok

Possibility of | -
drive off and | -
drift off by -
cause of human | -
error

-

lo it Sk U gt fid i X fo
ok Ho

Mo ool 2y [ N ME o2t g e L 4

F (6.8%)
- 71k (48.2%)
- A3 75 (45.7%)
- 2 B H (36.0%)
Possibility of | - 27 (33.9%)
operation abort |- HZd3 =842} (32.9%)
& time loss by | - Al¥HE 82} FHAS 75 (21.9%)
cause of human | - ¥& 43 AL #AE] (20.6%)
error - 594, AAA A 17.5%0

2
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9 THC. J. Chae, 2016).
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Fig. 4.1 Comparison of accident causes between 2001-2010 and 2011-2016
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At ol#3F AHHES JdHeRFE eH 10d HE 16.8%9) LOPA}
ATHC. J. Chae, 2016).

2 AF o Fol o|g LOPALILI} %3]

18.0
16.0
140
120
100
B.0
6.0
4.0
20
0.0

Accident Ratio

Main Cause Secondary Cause Total
W2001-2010 (%) 109 59 16.8
W2011-2016 (%) 130 432 17.1

Fig. 4.2 Comparison of LOP accidents by main and secondary causes of
human error in 2001-2010 and 2011-2016
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APATF 2 B AT A LOPAIL Y] Q1A 2 /& HFACS ®/FAAIZ AES)
ATt Fig. 432 A 1087 H 69 HFACS 2% ZA#E Hlwd Aolth
HBAL} A BF 7E7HeFI 47 69%, 54%E M L nS&S 2AE
I AT I g, FAHAS o] 50%, 46%2 A=A dd8a F
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jm ]
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W2001-2010 (%)

W2011-2016 (%)

Fig. 4.3 Comparison of LOP accident cause ratio based on the 2001-2010
and 2011-2016 HFACS classification criteria
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Drift-off= 41%, Drive-off= 38%, Operation abort= 11%, Time loss= 25%<]

A b4 FASYTHC

J. Chae, 2016).

Fig. 4.4= LOPAMA & 3} Drift-off, Drive-off, Operation abort % Time

lossoll thek A 10d3 H 6@ AHXAEES v ek Aotk LOPAL
718t @l o & Drift-off 7} ZA tiv] 2% ZHAstg oy, A3 714
A&k Yok O th& o 2 Drive-off & 14% ZHAstg oy, A 697
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Fig. 4.4 Prior probability comparison of human errors in DP LOP incidents
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o] 50.5%, Aol AAEAI} 38.8%, ALTE EAI} 27.2%, BELFI)
27.0%, BIAAZA HAAAAE I 21.8% T8]la AAA HAZA EA7F 14.2%2 3
A 5 AE 7ol AARTHC. I Chae, 2016).

Operation abort= 7]&7|%¥F /7 51.9%, &A% 7H50] 50.5%, +&4=t
7} 38.8%, FHE A BAHHo] 30.1%, AFEAA LR77F 27.8%, Ad#AE E
A7V 27.2%, BIAAAQA AHA AEl7F 24.1% 18 ]5(1]731 A ZA7F
15.6%% AT = A= 7Aool AATE Time losse] 74-9-, Operation aborte};
TFoAUME == YA, HATEEAE HlEo thAa i}olﬂ AATHC. J. Chae,

2016).
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m2001-2010 (%)

W2011-2016 (%)

Fig. 4.5 Probability ranks of drive off & drift off by human errors
between 2000-2010 and 2011-2016 (%

4.2 DPO n5EF- 9] 7wt Ak

4134 Zo] A 10d3 H 61132 A2 FE A% LOPAILE Hluws] B
o

d0.3% 71 X2 2 WUk QIS dH R/ ddas = 7
o

o] Mo Fel & LOPALE Ast7] 918l DPO W3 2 w&EA

Hol Ba@ Aoz Amdth @4 DPO W 2L wEA 2

#elstn 9l The NI AHE71%O24 DPO @3 WFe AZo e 3A
.% %

A Xetal e, DPO w5&H #AAg9] mnjg o= Qlste] LOPALL
A g

_59_

Collection @ kmou



42.1 ¥3 DPO n&FH #AA
1 DPO¢ nSE&H 831 471
NI&= DPO9 n&EFH #A 9 AAHE AXE <hfst= ‘DP  training and
= W3t ok B AFolA = DPO W 2 wsEFd
o FAIHe £43st7] flel Fig. 4.13% #o] A< 6dxte] DPO ws&d #4
< B W IFFTIMCA 2012, IMCA, 2014).

certification scheme’

20103 28 2016W@7FA) 37kA 9] wSE-E o] H{=UTh DPO n&&H
o] B4 34L& DP induction 2 DP simulator 342 FA 9@t} DP induction
742 DPo| e, DPAI2ES T4, DPAI2Ele] A&, PRS, &4 4
Hz7]7], 9tA7] @ Z=2Ax], DPL{-S %351, DP simulator#4 & DPA] 2
1o] A4 DP TZAE Z3), DP ¢, 7 X(warning) @ H]o)-$-d=}

|

2 AAEE 5 B4 weBAe W)

offl

s

WEHAALY F A 20100l = 4592 HEg A Aol gldon,
doll= H4A 24471, 2014 oll= HA& 28AZF0.2 FUhet thA WEr}

DPOZ} induction ¥4 S 48331 simulator A4S A1A3}7] Aol AA DP
Adle] FAste] HGsl= AZFE UEtdl= DP seatime®] 7% 2010@7HA =
A Z1Ee] o, 20119 RE 1Y H4 INZEY AdE F3stedok 1 Day
2 JdAGsteE 1S AR, 20140l = 1Y FHA 243 o] FFo =z
A=A o]oll F7}ske], Active mode(75%) 2 Passive mode(25%)% Al £3} &}

%Ath. Active mode= DPA|~®lo® Muks x5, DPAI2El AR, DPAXH&
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Table 4.1 Comparison of DP training and certification scheme

Before 2011

2012

2014

1) Principles of DP

2) Elements of the DP system

DP
nduction 3) Practical operation of the DP system
Course 4) Position reference systems
Contents | 5) Enyironment sensors and ancillary equipment
6) Power generation and supply and propulsion
7) DP operations
DP Simulated DP operations. including errors, faults and failures;
Simulator | 1) Practical operation of the DP system
Course 2) DP operations
Contents | 3) DP alarms, warnings and emergency procedures
Time of
the ~ .
nduction 4-5 Day Minimum 24 Hours | Minimum 28 Hours
Course
Time of
the o .
Simulator 4-5 Day Minimum 24 Hours | Minimum 28 Hours
Course
: : 1 Day : Operation in
DP 1 Day : Operation DP myode f%r at least
; in DP mode for at
Seatime NIL least 1 h 2 hour per day
Guideline cas our per -Active Mode(75%)
day -Passive Mode(25%)
1) Introduction of Verification System by Ship Management
Company through Confirmation Letter in 2011
Remark | 2) Introduction of minimum qualification requirements for

DPO training on 1 January 2012.
- Effects of the STCW Manila Amendment
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AH2Fo 23k DPAute] LOPALLYY A 1033 2
= B 919k Zo] DPOS| W3 HASS A% uSEH 84
o

DP induction &A= DPAIAHEY g @ 7]|EAQ]

simulator FA A= DPA|2H Q] AlA &89 =HE F %7
HEo 5 dl BAAHE 7= QA QFE /At Y3 nSo] AHE3A Wi
o JA FSS & F AY

2) 2018 DPO n 534 2] 7§ A ALst

The Nle|A& A&HH o2 WAst= AH 7ol 25 LOPAILE 7iAds7] 9
& 2018 ‘DPO certification and training scheme’ o] £ZZo|¥ DPO o
4o gk W& HEg3) st

Fig. 42 2 Fig 43¢ 2018d 71A% DPO wm&Ed o7 ZoA DP
induction 2 simulator course2] n-SU]-&-S YEFHATHIMCA, 2018).

Table 4.22] DP induction @S-34A e} A9, 18 A =i DPAAHl &
of FHoF xrojof = FALAVF HAHAT. 18/l DP+83 #d
skl FAlo] e dlYg, A3 23 39 AP ==FH e B FY 2

DP 9&o] AFAAM, B4 2 o ApaEo] ZFF Ut Table 439 DP

simulator W 5342 7]ES DPAA =8 &9 I7HA &5 27HA] dHo=E
U AR 8-S HEstA AA AT DPAI 2" &8ddA& 7]E nLFolA
PX—}‘” Al EAE 7 e B s 22A o E AAEY JdE FES

RS =9on, ZleZIwte /= HIWstA Ayst= DP
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Table 4.2 DP Induction course contents of DP training and
certification scheme in 2018

Contents of the course

-General principles of dynamic positioning

-The elements of a DP system:

-Computers and control elements

-Position reference systems

-Heading reference systems

-Wind sensors and other environment reference systems
-Power generation elements. The UPS

- -Thrusters and manoeuvring systems
DP Induction

c -Position reference systems and other sensors; their
ourse

-Principles of operation, their use, operational merits and
Contents o
limitations

-Practical demonstration and operation of a typical DP
system

-DP vessel operations: hazards associated with certain
types of operation, e.g. shallow water and strong tides
-Power generation, distribution and management

-DP watch keeping and watch handover procedures,

documentation and communications

_64_

Collection @ kmou



Table 4.3 DP Induction course contents of DP training and

certification scheme in 2018

Contents of the course

DP simulator

course

The DP Simulator Course is intended to build on that
experience and to provide realistic DP-based scenario work.
These scenarios should provide the opportunity to practise
all aspects of the planning and conduct of typical DP
operations, including the handling of emergencies.

(DP scenarios must closely match the situation on board a
vessel)

1) Operation of DP system

- Interpret information with capability plots (paper or
electronic), footprint plots to do proposed operation

- Review FMEA and Annual DP Trials

- Risk assessment and determine the level of redundancy

- Make appropriate contingency plans

- Approaching a work site and transferring from manual/
joystick to DP control

- Conduct vessel positioning manoeuvres and station keeping
functions

- Conduct appropriate watch handover

- Maintain the appropriate logbooks and records pertaining
to DP operations

2) Emergency procedures

- Recognise the conditions and degrade operational or
emergency status.

- Recognise the warnings and alarms

- Evaluate the wvarious factors to be taken into account
subsequent to any system failure, determine and carry out
appropriate corrective actions
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