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A HAZID is a brainstorming workshop to identify hazards in an early phase of a project, It should be flexible to capture all probable
accidents allowing experienced participants to exploit their expertise and experiences, A bowtie analysis is a graphical representation
of major accident hazards elaborating safety measures i.e, barriers, The result of these workshops should be documented in an organized
manner to share as good as possible details of the discussion through the lifetime of the project, Currently results are documented
using a three—step representation of an accident; causes, top event and consequences, which cannot capture correctly sequence
of events leading to various accidents and roles of barrier between two events, Another problem is that barriers would be shown repeatedly
leading to a misunderstanding that there are an enough number of safety measures, A new bowtie analysis method is proposed to
describe an accident in multiple steps showing relations among causes or consequences, With causes and conseguences shown in
a format of a tree, the frequencies of having the top event (Fault tree analysis) and various consequences (Event tree analysis) are
evaluated automatically based on the frequency of initiating causes and the probabilities of failure of barriers, It will provide a good
description of the accident scenario and help the risk to be assessed transparently,

Keywords : Bowtie analysis(Z-E0| 2A) HAZID(Hazard Identification, Y/S=AIE) Chain of events(FAEES), Fault tree analysis(Zglg:
2A) Event tree analysis(Af{1gs £A)
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Hazard Cause Prevention Consequence Mitigation Risk Recommendation

measure measure Severity Category Likelihoo Risk Action Owner  Remark
ranking
LH2 leak into the Crack on the inner  |Pressure sensor |Cryogenic loading on Consider providing Refer to ISO H2
annular space shell at a support in the annular the outer shell (Loss GH2/LH2 detection detection
space of insulation) method at the annular method
space guideline.
Fatigue Fatigue design  |Failure of Outer shell [SUS 316L A Asset 3 Consider providing a

as per ISO xxxxx

Thermal loading

to release GH2 out of
the tank

(Inner/outer
shell)

safety device that can
handle H2 in the
annular space e.g.
rupture disc

Transfer of LH2
into the other
intact tank

Consider providing
GH2/LH2 detection
method at the annular
space

Fig. 1 HAZID worksheet with 3—steps accident description (Sample)
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Fig. 3 Bowties of BowtieXP(Top), Bow Tie Pro(Mid-Top), Synergi(Mid-Bottom) & Bowtie Master(Bottom). All use 3 steps
representation for an accident scenario.
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Fig. 4 A typical sequence of events

Operation error
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Vibration of compressor
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o N LNG leakage
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Flange failure
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Physical impact
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Fig. 5 A bowtie representation of a multi-stage accident
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Prevention Mitigation
Hazard Cause measure Consequence measure

LNG leakage Operation error
Vibration of compressor

Failed fixation e.g. loosened

bolt Vibration control |let fire

Flange failure
Physical impact

Fig. 6 Worksheet of conventional 3—stages representation
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Fig. 7 Multi-stage representation of LNG leak and various consequences
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LNG leakage
(Multi-stage) Flange failure Dispersion
Failed fixation e.g. loosened
bolt Flash fire Ignition control
Operation error Jet fire
Vibration of compressor Vibration control |Structural damage
Physical impact Embrittlement & hull fracture
Frosthite

Fig. 8 Worksheet of multi-stages representation
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Fig. 9 Multi-stage representation of accident sequence
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3. Blowout

Frequenc

10. Temporary loss of

operation
j Frequency: 2.00e-07

9. Flammable gas
dispersion
Frequency: 2.00e-07

|
} 4.(7) F&G|

4.Fire on the rig
Frequency: 2.00e-08 D. BOP ‘

R ——1

11. Marginal loss of asset
Frequency: 2.00e-08

13. Loss of life

system
| Pym | Frequency: 2.00e-08 12. Loss of asset only
| | / Frequency: 2.00e-11

: [3 o,ooD’\

5. Long lasting fire

Frequency: 2.00e-11
C:Asset L.CS:3 o
71
7.PFP |

| P:0.05
__

8. Loss of rig
Frequency: 1.00e-12 \\_‘
[
X 14, Further loss of life

during escape
Frequency: 1.00e-12

Fig. 10 Risk ranking of the credible worst consequence, which is not a final but an interim one.
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Fig. 11 Bowtie analysis of hazard leaking liquid hydrogen in a cargo hold
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