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A Study on Safety of Liquefied Gas Tankers
(Part 2 Risk Assessment of Liquefied Gas Tankers)

by Hirohiko Emi, Member

Summary

The paper describes a study of procedures on risk assessment of liquefied gas tankers.
The study consists of : a) a proposal of a simple analysis method for the assessment, b)
assumption of essential failures and human errors, and their probability involved, and
c) an example of the assessment applied the proposal to a 70,000 m3 Ref. LPG tanker.

Concludedly, following formula is proposed for safe design of liquefied gas tankers ;

P;<A.C;™ or C;<(Pi]A)~Vn
P; is probability of accident(i) per year. C; is coefficient of accident effect and takes 100
for the maximum accident assumed, such as collision in a harbour, and reasonably decreases by
risk level in each accident. A is 5x1075 to 1075 and n is 0.7 for Ref. LPG, LNG, Ethylene
tankers.
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(Necessary information] !
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r Object & pourpose to be assessed J

1
Potential hazard evaluation Q Basic specification
/information of cargoes paticulars of construction & equipment "
l . (modification)
kinds, cond. & quantities of cargoes ~-- - - - - "1‘
Records of various accidents ' operation (voyage, cargo handling) 1
(Ships & shore facilities) enviroment (route, port, shore) |
liquefied gases / \ ;
various lig. products l - - . |
(oils, dangerous chemicals) Causes to be occured mechanical ] Assume accidents to be occurred |
! & human risk (inclulding secondary accident)|
- fail f construction & equip- kinds of accidents
Records of damage /failure of l atare o on§ 1_0 quip ) I
. . 1 human error (including defect. features of accidents 1
construction & equipment |
. . to emergency /safety measures) (when, why, where)
liquefied gas tankers '
other tankers i :
ships other than tankers ? - - !
- Assume probability of Select accident (i)to be assessed
shore facilities for . _ ] 1
. ! mechanical & human risk Predict accident effect (C;) |
dangerous chemicals .
essential components l \ / :
involved i [ Probability (P of accident (i) to be assumed j i
I
" .
h r J .
Data of human error S> Risk level Di=P; e« C; J :
———— - - i' (not agcgpt_ab_l_e)_i
Allowable level of risk (safety level) Assessment of safety level S;>Djor Sau>2Di[” — ~

Fig.1 Procedure of Risk Assessment for Liquefied Gas Tankers
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Fig.2 TFeature of Occurrence of Accident
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Table 1 Category of Accident Effect Table 2 Category of Accident Probability
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218 ; 0.7)
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8l (05) (hull structure) Ignite (0.3) Spread of accident - (Fé& E)D—2
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NB;( 3:probability (Y™), Tk: Cargo tank, . shell: Outer shell of Hull, F&E: Fire & Explosion

Fig.3 ETA of Collision Damage (in Fig. is omitted collision other than cargo area)
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) Table 3 Ship’s Group
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Fig. 4 Critical Ship Speed for Tank Failure
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EEATOEREECRAAE Y EFE L TRE MEEED . BT Lo tn e
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Table 5 Essential Failure of Cargo Containment System
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Table 6 Essential Failure of Cargo handling System
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Table 7 Probability of Human Error for Cargo handling
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n
Pthzlat'Pj‘%w (8)
]=
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[ High Surge Pressure |3 x107/E=1.5x10" /Y

[ — 3x10°

A.S.D. Valve Ciose E.8.D. Valve Close at
at Normar Lia. Velocity Normal Lia. Velocity

Gp 3 x10-
|
107 I—J

Power |{Emergency
Alarm FailurefjEvent
10~ | _Failure

_‘ % 1077
1072 alse FalseN 107 10-2
102 Signa Signal
<1077 <107°

* 1: Not adiusting lia. vel. and closing time of the valve at high
level as appropriate
*2: Valve close before pump stop operation

Fig.6 FTA for high Surge Pressure due to
Shutting Cargo Valve
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) Level
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Table 10 Summary of Risk Assessment for Ref. LPG Carrier
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