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Abstract : This study was carried out in order to verity the usefulness of FSA(Formal Safety Assessment) methods as a tool to conduct
a safety assessment of general cargo ships flying the Korean flag, and to provide useful information on ‘the Safety of General Cargo Ships’
for IMO committee’s discussion on the matter at a future session. In the previous paper, “A Study on High-level FSA for Korean—flagged
General Cargo Ships(1)”, the concepts of the FSA methodology and its five steps were described and the results of Hazard
Identification(Step 1) and Risk Analysis(Step 2) from the FSA study for the Korean-flagged general cargo ships were discussed.
Subsequent to the Steps 1 & 2, the identification of Risk Control Options(RCOs-Step 3) for eliminating or reducing either the frequency
or the severity of the risks identified and their Cost-Benefit Assessment( CBA-Step 4) were undertaken. In this paper, the results of the
Steps 3 & 4 are discussed, and some recommendations are made.
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5) LAt #3919
A ETA(Event Tree Analysis)® A3 2= Aubd
year) AUAM, Agf FEEAHLY), AAEY D EEA
of tig Axrt dojx
H&-a 3 J7tE
< ABZ
H= dg) AYAgel g ETA d349e AHE3
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Table 4 Lifetime costs for implementing RCOs

RCO Al | RCO A3 | RCO C6
Z7144 A0 &(A) 9000 $ | 30000 $ | 35000 $
A FA/HFHE(X) | 2500 $ | 53000 $ | 2600 $

@O RCO Al VTSt dA&d Aduasy 913
EY

AT g9 E Fated, RCO AlS 44398 4%
1= GA W(Low speed) @3l Ao} Auk Fgtagol
3l (Restricted) 3l Alell ARaL 247} 95% kA
gty e Y, AE AlaE ﬂ?ﬂ lHQ‘r °4/ELH
1— 71—/\ }EIFJ—/_ 7}24g}oﬂ\;1r
N AN AETA & Al
(Powered grounding)<}

tﬂ—/\g H] 1:7]_

A4} -4 F31g0]

8ol glol W HA (Drift
grounding) #x¥ F$+Z /393, RCO AlS H& & 7
- F7g0o] = H9-2 Powered grounding Aol vk 2 A}
T WA HIE7) 10% ZAsketa 795kt Table 5= RCO
AlE AL A9 7IgEAA = 7F ALLEFO mE s
Aaws Yeha gloh

)
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Table 5 Risk reduction for RCO Al

RCO-AL initial F| PLL redlj/gtion reduP;tion gr%; N.Slg.es
Low speed | 17x107%| 34x107* | 25% | 4.2x107|25x10*|84x10”
%% |Restricted | 28x107|39x10° | 25% | 7.0x10™ |29x10°9.8x10™
Full speed | L1x10%|1.0x107%| 0 0 |10x10% 0
Low speed | 26x107| 0 5% | 13x10° | 0 0
A% |Restricted |62x107° | 16x10°| 5% | 3.1x10™ |15x10°|7.8x10°
Full speed |33x107*|41x10°| 0 0 [41x10°] 0
#% |Powered | 86x107 [26x107| 10% | 86x10" |24x107|26x10
Total 9.7x10%| 1.9x10™ 1.4x107 | 1.7x107%|1.4x107
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Table 6 Risk reduction for RCO A3
. initial % F PLL |NLives
RCO-A3 F FLL reduction |reduction | final Sav.
%5 56x10°(14x10%  209% | 1.1x107 [1.1x10%]2.9x10™
Low speed [26x107% 0 15% | 39x10°| 0 0
% |Restricted [62x10°|16x10°| 5% | 3.1x10* [15x10°|7.8x10°
Full speed [33x10'4.1x10°| 0 0 |41x10°| 0
#%|Powered  [86x107°(26x10°| 15% | 1.3x107 |2.2x10°|3.9x10™
Total 97x10%/1.9x10°* 1.7x10% |1.5x10%(3.3x10°

@ RCO C6. AIS9} RADAR(ARPA/ATA) SFAI =8 3

RCO C6& A8E 49 SEAILY] AR ERF hagtta
7RSI, ATS 7] AU E] 5% E 7}7@0 ga
Table 7 RCO C6 A& A 7]t o]«

A= Fads yeha ook

Table 7 Risk reduction for RCO C6

RCO-C6 |mitil F| PLL | B PLL | Nlives

reduction | reduction | final Sav.

25 |56x107[14x107| 15% | 84x107 |12x107| 2.2x10°

Total  |56x107|1.4x10™ 84x107 | 1.2x107| 2.2x10°
Table 8 7] W&S vlgto =z Aateolzd zF & =40
whoto]l th3l n]-8-g 3 H7HCBA: Cost-Benefit Assessment)

o A3E et k. wA dRksta o] H&3s 7

7= oA = 8= A (AR)O] 7 =4 vERE HE‘¢
Aot A3S & B A¥EE oy 2ok Y EA o
WeE A3S AE3toRA TH o A= Al WARI e A

(% reduction)S HPEE4
Event Treeol 483 7

72 (APLL)2 33 x 10“ ojw, F=21 (4)o] 40}04
of 7]17H209) B9t YAE AT ARS 67 x 107 0] ®
RCO A3& A&3Fo=2A] L85 &= HE ACINPV)= 27] A
A H]-&-(A) 30,000 USD, 47t #A/258]8(X) 53,000 USD,

SHA(Step 2)9ll 4 2 E 2+ A}
© Huledzl oW AR w93

f
oo

A7y A4E 5%E 74 (Dol st 690,497 USD7F A4t
HRom, 47 Wes 4 (Dol dsho=A RCO A3

Agof mE GCAFE 10333951 USDZE uERsth RCO Al
3 RCO C69) 440 W& GCAF 3t Ee 28 woz 7
Ao}

Table 8 Detailed results of the CBA

AC GCAF
RCO ID | APLL AR
(USD) (USD)
Al 14 x 107|128 x 102| 40,156 | 1,429,480
A3 33x10%]67 x 10%] 690,497 |10,338951
C6 22x10%143 x 10%| 67402 | 1,566,863

v -

olos

AE - oA

A3l d 99 = (Societal Risk)E Abaze] Hlmel AR &=
Atole] B ?ﬂﬂog HojF= F-N AES S, A=
Aot A3S HE3AS A9 wgse A3 AR 4
£ vasty] 9l =T EA(Step 2)olA ol Z}E%

QA=A ojHker A3 & =

Halsl FA AW B F-N AEE 371 Z 3o Flg 1
of JelSth 1 Ax oA REnkel o] oA ditks)

1.00E-01

INTOLERABLE

1.00E-02 e

100E-03 N~ S

ship year
1

100604 S

Frequency [F] of N or more fatalities per

NEGLIGIBLE ey

100E-05 Ssa

Number of fatalities [N]

Korean-flagged GCS(RCO M 2 H)

RCOAIHES e mmomimm -

Fig. 1 Societal Risk Level after the introduction of RCO A3

4.3 H|Z-=1 g7t Z3t

H§-a 3 7te] 2F Ay (Table 8)oll 2lahd, -2 dnksl
B A48 A9 7 B2 AEE AAH(AR)O] 7dE
oA g =A oot “A3, F7) &Rl vl X ()AL
-191, FARFA-18)7e]H, thgo & RCO C6, RCO Al &2
2 Yelhtz vk w3 GCAF #4olA B of “Al. VTS
Ass Aueray ARAR A"l FEH"I “C6. AIS9)H

RADAR(ARPA/ATA) &% Al2=® +5"¢] 2+2} 1.4 million
USD®} 1.6 million USD®E 71 &34l $13 exloieto
= yehten], RCO A3¢] ¢ 7= ojA= e A
= P = vEstoy s el wE 29 v
(GCAF)°] °F 10 million USD®E =7 Yyttt

o off o

=091 109

baloll EAletE AL
5 EL(X}Zﬂ A AE 7H A 5= )l
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