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Abstract

This study was a part of FSA study which was initiated by IMO and was
applied to hatchway watertight integrity of bulk carriers. Hazards which were
involved in high risk level were identified as follows: Ship Operation out of Design
Criteria (Hatch Coaming Damage) and Poor Maintenance & Inspection (Securing
Arrangement Damage). The potential risk was calculated by risk analysis and risk
control option was made to reduce potential risk. The potential risk was about U$
60,000/ship-year and could be reduced to about U$ 30,000/ship-year by applying
RCO 1(Advanced system directly related to Hatchway Security). In addition,
effectiveness of RCOs was shown by cost benefit assessment.
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Fig. 1 Flowchart of formal safety assessment
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Fig. 2 Hatchway watertight integrity
system
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(2) #sle4a ¥et(Hazard Identification)
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AEZ HHUL. o] E.°i]\-‘:- depa el MH,
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T ©o]& Hlg o= Table 49 22 B (risk
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Table 2 Rating scale of occurrence (Q)

Description Definition

Frequent F | likely to happen yearly or more frequently

Reasonably likely to happen during the life of a bulk
RP ?
Probable carrier
unlikety, but not unknown, to happen during

Remote i R | the life of a bulk carrier

Extremely only likely to happen in exceptional

Remote ER circumstances

Table 3 Rating scale for severity (S)

Description Definition

- total loss of the ship (actual loss &
constructive total loss)
- 10 or more equivalent deaths*

Catastrophic { Cat

- major damage/degradation of the ship
Major Maj strength
- less than 10 equivalent deaths

- minor damage/degradation of the ship
strength (local damage to the structure)
- less than 1 equivalent death

Minor Min

- no significant harm to people, property &
environment
- less than 10 minor injuries

Insignificant ! Ins

* 1 equivalent death = 10 major injuries = 100 minor injuries

Table 4 Risk matrix

Frequent [4.1

” Reasonably [1.3.1'1.3.2
A BA8 Fiol A¥4E 5, 6, 724 Probable |16 42
wol Y 4 gle ~r]@%“fl(unacceptable risk 121 122 111 112 211
Remote 4.3 212 321 322
region)’ o] F9°] Yl ¥ AErE 1, 2 33
i}\—] ”;H;q’l;_q 2 %o}. %‘Q‘ﬂ'ﬂ’ H*@ogg?‘ E;:;?;Iy 341 342 141 142
'0 eptable risk region)”ols] 3t
(br adly” acceptabl g M F3t — — — — -
F#o] “ALARP(as low as reasonably NERITY
practicable) 9% 0|t}
Table 1 An example of HAZID worksheet
HAZID Worksheet
Hazard Category 1. Internal / Technical / Engineering
ID | Hazard Description Cause Effect Accident (¢] S IRiSk Remark
Application of Vulnerability to cover o R Maj 1 Crucial damages are
1.1.1 | inadequate design | Design error severe potential coaming | usually detected by the
criteria structural damage securing | end of the first vovage
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Risk Region (Level 5 to Level 7)ol 3l& At
3 AlJdg)ley 3.1 Ship Operation out of
Design Criteria(Hatch Coaming Damage),
3.2.3 Poor & Inspection
Securing(Arrangement Damage)d] ¥ 72

stet=Igiet.

Maintenance

3

dch. ARgEe

73
(3) H#el H&3H(Risk Assessment)
YL AP3tslr] sl AldeES R 23

= AF(RID Index) & T3k H3 S 3
z7] 8& #HA9 dHelgE

vleto 2 | Ship-Yeard 0.05232 ZA=AUY
(10).

7t E18E, 7 AlRd(event)olA

B/C Watertight Integrity Failure

RID Index = 0.531
0 _3/7 ? Y \0 g -ereereeermees Weighting
Human Hardware External Failure Level
0.554 0.506 0,556 ---veoremenren: Rating Direct Level
3IC i
Motivation Working Working _H availabiity of | |Quality of Meterisls | | Quality of Avshabiity of y Vessel
Compastence Morale Erwi Environment mew! Sultabls & Manuti YA Communication | | Complienoe Aoe
» il
Organisational Level
Racrultment ’ ’ : . Work ! Desion | | Opersting
aSeiection |{ 74 || “cuiturg | | PTOCRNN | pirchasing |1 /Advice » Organi Communication | | iy || Enviranment
Company Culture/
s |
Port State lag State i Class Commerclal Drivers Regulatory Level
. i' CLASS
Losd Line MARPOL STCW SOLAS i ‘l ISM (IACS) ™MDG BC 8LU Ccss Policy Level
|
Fig. 3 Regulatory impact diagram
Is the Is water Is buayancy Is cargo
vessel on a I:e:’::::;;}l ingress 1oss sensitive to 'ls:ill’l;ﬂliﬂ A,':,,f.,':& Frequenc Structural  Cargo Loss of  Potential
voyage? occurred? | | considerable? humidity? o v Damage Damage Lile Risk
| 40 O o lo o]
Hatchway vY¥ o7 v¥ o7 v o9 v¥ ons v¥ 03 {=3 44E-4
|::|e:it;m;n o R o B PR 11 44€-4 14700000 9182901 -  8215.240
Bul:"c”‘,’ms L————-— 1=8.03E-4 14700000 9182901 1480000 20366.772
N| 093 Y 02 Yy 03 {=1.31E-3 " = _
526 2/Ship-Year T < DA 1=1.31E-3 60000 1234805 1692.471
d : 1=3.05€-3 420000 2213133 -  8030.940
NLos v 03 1=5.233 1=523E-3 60000 - - 313.710
R
: 1=1.22E-2 420000 - - 5123.926
NLed Y 01 125564 1=2.556-4 60000 - - 15.288
1=2.55€-3 N| 03  1=2.20€-3
- 1=2.206-3 420000 - - 963.144
M T Y 03 I9.2865 |3 096-5 14700000 9182001 - 782.404
- o~ . N[ 07 (=7 B4E-5
1=7.64E~5 14700000 9182801 1480000 1938.740
e L= 1=1 07E-3 240000 - - 256.838
N 1=4.286-3 240000 - - 1027.354
N :’55 o t=5 46E-3 60000 - - 327.600
N{ o3 Y 03 1=7.80E-3
] t=7.80E-3 60000 - - 468.000
"I—-°_’ L Y on Y 03 22,345 ) 34E-5 1470000 9182001 - 558.660
=7 8063 | -3 9063 | 17 B0E5 o7 tes a0t
1=5.4BE-5 1470000 9182901 1480000 1384.814
MO YI 03 f=7.64E-4 I=7.64E-4 240000 1234805 -  1127.341
Nlos  1-3.0663 (-3.06E-3 240000 2213133 -  7500.699
N| 0S5
e 1=3.90E-3 60000 - - 234.000
Total = $0318.141

Fig. 4 Event-tree analysis (Base case)

KERIEMEBRAE £ 37 B F 3 Ht 20006F 8H



74

AAAEES AR/IES] #EE 2AZ FHA
o} AARAYL F2&4F ESY a8l A
&4 3714 oz Jehilx olEE ¥
o2 Hriehr] A3l 7S JIEe R FAEA
. & ApoMg BE B LE vx 2 E o]F
314t Fig. 304 AMEY 7|&e] A= 1
Ship-Year?d ZMH¥e] & 60,318 €& A
< 24 5 U

ARAFESA D A 2HFFE AFE Tk
=], ©] $(index)v AEY FBE DAl
AR EAIE o, HREANREe HdRaR
E 23] 9% Ax=H A8Ed. A9 @t
£ 0%E 1Al0lY e 7K BE&54F Aot
A ggo] ke AL uigitt B AT
A ARE 2AYTREE Fig. 49 2o 239F
8 sk 8489 AHl(rating) #7 3H
WA 2AE0] A9 WA 8489 vl IF
(weighting) @< o838t A+& AMtsA 4
. FYE Atmel tiEiN 2P 22 F

£ 7120, 8489 AHl(rating) @l 918%
Alete] Ao w Wgld 4 gt}

(4) Y EAML2HRisk Control Option)

AYEAILS AP AME $H we
AR42e 2e gasd 4RSS, 2AGY
E 52 s A¥S Aol + Ik AYA
olrwe selelol Bt MEAS AL wkdsl
9 % 327K19) APACIFTE Terstion of

OlE%, olM=F, ol¥EH ,yde

23 fgAolsrde] d¥a &3, &4, 9%
W He olduAR 52 BEs] HPAlF
@ 222 A3 ABAeled 559 de
Table 59 #t} @A olse] £49& AA 3
K2 ER7E F den B 583 §4 Ae
AIDE 3R] Ee At 2o 7S FAalT]
© AL guigtt =3 fAsEE LY
A5} Aol F e Aslait ARisEe] §
717 ] g BHEE EEEUCH

AR dAolrd S Sfel AgEApRt
< UEA "o B dFore 25 679 9E
BAERMo] TrEoiR on o3} ot

RCO 1 - Advanced System Directly

Related to Hatchway Security

RCO 2 Structural Monitoring and

Protection System

RCO 3 - Improvement of Design and
Construction

RCO 4 - Improvement of Inspection
and Maintenance

RCO 5

RCO 6

Improvement of Operation
Additional Serviceable
Information

o] A ¥ AFFELS AoIsAY Al
Zel 83 G2 viAE 7 AF AN
< A9l A8l AP st o5 DAL Bl &
HYEAE st HeHE HFEALES
RCO 1, RCO 4, RCO 5°[t}. RCO 12 3t&

Table 5 An example of risk control measure

Stakeholders

design process

Qualitative

ID {Node [ Description Benefit Attribute Affected Remark
1 1 |Designers to | To ensure that | A-Preventative | To regulate level of design Designers & | Relevant
have . ap;?ropnately B-Procedural | Procedure for registration required Makers hazard ID -
appropriate trained & - o 111 1.1.2
qualification qualified C-Redundant ECapablhly not wholly dependent on qualifications 1.2.1. 1.2.2
engineers are Passive i No action by crew
involved in :

Independent Not affect other RCMs

Involved HF ;Human involved at registration
Auditable %Qualiﬁcations can be checked
:fRisk not quantified

Established EEMany designers already qualified
Developed EAppmpriate qualifications exist
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3 9l £ A2de] JAgR e} BAE R
i, RCO 4% A} #ARpol] A-AE ARE
o] ol BAY MRlolny, RCO 5 83 &
de Ao &, 2 =82 F 5 e
Alzgle] £913 AR kol

Adg JPZAMRN tisld AdBAERRE
2 8319S wol 2AFFE 2FE 7 FA A
28 AFgeozRe Aln NEE AANSH
th RCO 49 A$dle AladAe] &A4dTe] gl
7] B Zutz g e] Aute] sbssA B
o} zev RCO 18 RCO 59 A%<l 938
Aigre] &40] AlnE WAE ¥yt opzt A3}
o AZHAE ZA2aAe dEE Xt 71 o
Fol] Ap4ES AsidE Fart ok ARTE
o AA F S48 APRAG HAFAANE LS
Table 62 Zo] €t}

Table 6 risk reduction for each risk
control option selected in this study

Basic Risk Risk Reduction Final
Preventative Mitigating Potential Risk

RCO 1 0318 -18,492 (61.4%) -11,647 (38.6%) 30,179

RCO 4} U$/Ship- | ~15.190 (100%) 0 (0%) 45128

RCO 5] Year [-17320 (99.2%) -141 {(0.8%) 42,857

(5) HI2HALE A (Cost Benefit Assessment)

BlgHol R B2 (4)dd4 HHd HEF
Akl oisled w83t He] BRI EEA
< HWkske d stk AESANREE A8
s gag Alxagelv u§ T2 HlEeE B¥
g

A EARLe thated w3 Hle FHT
o vl g #ole] FE2 AYTAEI TIE
E A3AIFHES 52063 Mdutdl ¥ 20
d B Agsh] A 276l Ailg 2
Zlgels dAztEedog PRl FHsINTE
£ g5dle Alxsel dA, A AEe o
§ 5ol Tg=INen He ¥Fe Alne da
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2 Qg 3o Fvisl 7NE AadE AEE
ANxdog wAs] Ayl HWeje]l EHHU
dd9lE rlges RE H|4S 19983 T 7t
Aoz FHESIH

Table 72 ¢lo| v|2HAEM HAE YE}
A Zojth Table 7€ Al 7kx1e] HFEAIN(S
L3RS A$, Azte] olsjdAAE] A
o} k= vl&3 Hel U CURRS & HESA
uiete]l g3t viehdct o] FAlM CURRE #
ANE 182 207 d8l Fi=e v8E 9n|
#tt CURRE AHE A 2ZE J¥5AME
2 yj27e 29 Aoz Jehdu 53
RCO 19} 75l 7V F& 2HE Ed4F3a U
=3

Table 7 Summary of cost benefit model
output

RCO:

51 akeholders RCO 1 RCO 4 RCO 5
U (o B C B C B
Ship Owner & [USK | 397071 | 186,160 | 2,763 | 12428 | 246903 | 14186
Operators
Classification | USK 2,604 0| 143078 0] 120232 0
Sacieties
Designers & | USK 302 0 6,907 0 0 0
Makers
International USK 0 0| 94451 0 0 0
Regulators
Cargo Owner | USK 1] 0 2,763 0 0 0
Crew Provider &| USK 0 o "} 0] 58983 0
Trainer
Terminal USK 0 0 0 0| 94451 0
TOTALS USK | 400,879 | 186,160 | 280,269 | 12,428 | 412,361 | 14,166
Net RCO Cost | USK | 214718 267,840 398,195
Net RCO Cost | USK 2.06 257 382
/Vessel Year
Potential Risk | USK 3014 15319 17.46
CURR 0.068 0.169 0.219

(Discounted at 6%

*Units, ** Costs, **+ Benefits

(6) Final Recommendation

AR AE oW AFFTAPIIS HEsk
AdE Fodolg Ag ZAsfo It CURRRO|
ortdg el 71Fe]l € A-tole RCO 15 A3
oF & Aojr}. iyt RCO 1€ RCO 49l uist
o vlgo] go] =& o] Utk FAAES] 4
oA gk AP LS Eo)7] 3 B2 Bl &
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< Fdve A2 udFEA] @2 do] € #
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w2t ejatdPAE<lA CURR 99l the 3
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THd 10,000 29 FAHE #2avl EXY 3
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olz|g FRE Fig. 5245€ 4 + Sich.

0.0
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Potertial Risk Reduction

] 5000 10000

Fig. 5 CURR on a range of potential risk
reduction for each RCO
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