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Abstract

It is the well=known fact that most part of goods transported are moved on the unfavorable ocean and even a small amount of accident
on sea is extremely dangerous for human lives, financial losses, and social responsibility, Among the several causes of accidents, those
by fire have occurred frequently and their damage has been highly serious, The aim of this paper is to assess the risk of fires due to oil
leakage in the machinery space, To define the possible fire scenario, our team has performed the search of casualty database and
reviewed the previous and various studies in the field, As a result, it is noted that the quantitative risk of the fire scenario have been
evaluated on the ground of the FSA risk model,

The expected frequency of a fire amounts to incidents during the life of a ship, and the expected financial damage amounts to 5,654
USD per a ship, By adopting Safety Instrumented System (SIS) introduced in IEC 61508 and IEC 61511, SIS model is designed to prevent
oil leakage fire as a risk reduction method, It is concluded that System Integrity Level (SIL) 1 seems to be appropriate level of SIS,
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Fig. 1 Formal safety assessment framework (IMO, 2002)
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Fig. 4 Event tree of risk model
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Table 3 Downtime and cost

Downtime(day) Cost(USD)
Portable 2 40000
Sprinkler 8 160000
CO, 12 240000
Fi=Fi 20 400000
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Fig. 5 Concept of functional safety(Dave, 2004)
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Fig. 7 Failure mode classification (SINTEF, 2010)
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Table 4 Rate of critical failures(SINTEF, 2010)
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Table 5 Safety integrity level

SIL PFD

4 0.0001-0.00001
3 0.001-0.0001
2 0.01-0.001

1 0.1-0.01

2.3.3 SIS H& ot

PLC

CPU
input H autput
Sensor device CPU device ESV

Fig. 8 SIS plan1 for risk reduction

PLC CPU ESV
input H output

Fig. 9 SIS plan2 for risk reduction

712k FoollMel s oFHAEE SRAIZ|T] ffshAM ¢lef aE
O

1} 20| F 7IX[2] SIS(0l5t AR F FEUXIER)E HASINCE

MAMZ= oil leakage sensorE ARSI, =2 2AM7|2=
standard industrial PLCE ARESICh 2|1 &ESI|=2E
Emergency Shutdown Valve(ESV)E  ARZEHC}L  Reliability
Prediction Method and Data for Safety Instrumented Systems
(SINTEF, 2010)oll= SIS FZ=0ll 2t D&E(failure rate) 0|
Me|=lo] Ack 8Lt ol leakage sensore| TEE2 LIRRRJX|
2dCt mi2fM o|2t FALSH EHAISC| SAlgE E8olo IEES
ZNstL LA sliiE B2 IMES ARSSICH

Table 6 Failure rate of SIS component

Failure rate per 10° hours
Component
o hs ou Asu
Oll leakage 15 19 05 11
sensor
1.8 1.8 0.7 1.4
Control 8.8 8.8 35 7
Logic Unit : : :
1.8 1.8 0.7 1.4
ESV 3 2.3 2.1 2.1
X els AR TV 2UEiE Hef2 2t PARE
=0| 2EZ I ?_“F_%Wﬂ A0 At F Ex| ghobe
-I Hiz X

0| &2 Control Logic Unite| CPU2}
input element?! oil Ieakage sensor, 2t&7| ESVE HHEZ
AA St

2Z0| AHZ AZE0] Us A0l Table 62| IEES
2le| (2) Alof| CHR!SI0d Zizte| £EE PFDE AlLKSICE (2)4lo]|
M 1E 1 shipyear(=8760 hours) 2 HlAFSH}.

PFDos ~0.5/10%-8760/2 = 0.00219

PFDpc- ~0.7/10%-8760/2 = 0.00306
PFDpicc ~3.5/10%8760/2 = 0.01533
PFDpc-0 ~0.7/10%8760/2 = 0.00306
PFDesy ~2.1/10°-8760/2 = 0.009198

HHZ 0|F0{X U= CPULLESVe| A=R0ll= (3)AlE &8
Stk (3)Aofl E01Z Bgf2 CPULS| Z=0l= 0.07, MAe| A
20l= 0.05, ESVE 0.03 &2 Reliability Prediction Method
and Data for Safety Instrumented Systems (SINTEF, 2010)
O.HA-i oF 2~ OIE},

PFDos =0.05-(0.5/10%-8760/2)+(0.5/10°-8760)%/3

= 0.000116

PFDeic-c ~0.07+(3.5/10%8760/2)+(3.5/10°-8760)°/3
= 0.001073

PFDesy ~0.03-(2.1/10%8760/2)+(2.1/10%-8760)%/3
= 0.000389
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ol2igh ALke Sall A einf Hete| PFD g2

PFDroa = 0.03285

w

0|1, SIL &2 SIL 1 ¢l A =ele 4 Uct

PFDrota = 0.00802

0|1 SIL &2 SIL 2 ¢l A =eler 4 Uct

HAE AR FELUXIYRIE HRR 50| F ojLh= vy
2ot FZof FESH| =l 627 +50] HX(=H s Alx
B2 A =lof sy LY Jisde R ECL OB HER
FEARERIL oS AlLES HFA =M OAS FHlst of
Al AR -rlOH Alzio] ER= sich I AZKS T2k 6AIZI0]
T FEUXEAE MAlsP| o|Fe| Al Bz

£ a2t o1, HBF FEUXIERIC| PFDE ba} SkAL Zxlol| 2f
ol S AIAEIO| HFE= AlZR2 CiSat 2ol Allket 4= Qloh

Downtime = (a—a*b)6 = a(1—b)6 (4)

Sl ARSI Aut BMRE T3
Sfsl LBt HIZISAIZIO) WE %7} HIS HAE 4 Ck

0” = =
of|Al 0|85t fault treet event treeE E-&310{ HERF +&
LXRIERE MES o|Fo| ZuE CHA| AHiSIH HZEF F&0f
ost sixl g HiEel ke cfsul 2t
Table 7 Risk reduction by SIS
Before SIS SIS SIS
Application Option 1 Option 2
Frequency 103E-03 | 3.39.6-05 | 8.28.E-05
(#/shipyear)
Consequence
(USD/shipyear) 5654.26 190.73 50.48

w2bM QofA At SIS giok 12 Met 7 g
2% 1 shipyear & 5463 USD 02 Mzst 4= Ut S ey
ots M3t Z<0l= 1 shipyear & 5603 USD 2HE AMzst

ALk,

=
5% o
Piping,
tubing
Duplex 40%

strainer, filters
o
or ¢oalescer—"
Eo%

Fig. 10 Source of oil leakage fire(USCG, 1998)

Bi2Hpiping, tubing) =X 20| Ldlsk= 2fRie| Holl=
olzMx| 714 B, TS X2, KRBT SO 525 o2
SofCh 13000 DWT H7{et H3 7hz|ofe] =HE A &l
04 duplex strainer, filters, coalescere| £Z2| & &olsf| =

1l W3 2. 572k e o 2 IQch
SIS £E9| 714TM2 O A2 Sofet B U= It Y
of sileF EHE TEIIefe| HEs S M

2= chaot 2ot

Pressure transmitter 1,500 USD
Logic solver(CPU, 1001) : 20,000 USD
Logic solver(CPU, 1002) : 40,000 USD
Valve 6,000 USD

0] 7142 Eti= M MAH|ES Tt dx| Al Hd==
2| &M 7IXIE FoliA H|wstH cfSat 2ok

Table 8 Cost—benefit analysis

SIS Option 1 SIS Option 2
Reduced Cost(USD) 93,019 95,407
Installation (USD) 68,750 137,500

=20 ME Jtssict & 5 et

HIZof bl MA|H|Z0| HF =ob HE5P ol FAHsICH

o Bfgsiche 7.%1% 2 —’F ‘RA'EF KU_'_E oH%%EH_Oﬂ HE=l=
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