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A Research on the Verification Test Procedure for Quantitative Explosion
Risk Assessment and Management of Offshore Installations

Bong Ju Kim-Yeon Chul Ha-Jung Kwan Seo'
The Korea Ship and Offshore Research Institute, Pusan National University

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

The structural design of offshore installations against explosions has been required to protect vital areas (e.g. control room,
worker’s area etc.) and minimize the damage from explosion accidents, Because the explosion accident will not only result in
significant casualties and economic losses, but also cause serious pollution and damage to surrounding environment and coastal
marine ecosystems, Over the past two decades, an incredible efforts was made to develop reliable methods to reduce and
manage the explosion risk. Among the methods Quantitative Risk Assessment and Management (QRA&M) is the one of
cutting—edge technologies, The explosion risk can be quantitatively assessed by the product of explosion frequency based on
probability calculation and consequence analyzed using computer simulations, namely Computational Fluid Dynamics (CFD) and
Finite Element Analysis (FEA), However to obtain reliable consequence analysis results by CFD and FEA, uncertainties associate
with modeling and simulation are needed to be identified and validated by comparison with experimental data, Therefore,
large—scaled explosion test procedure is developed in this study, And developed test procedure can be helpful to obtain
precious test data for the validation of consequence analysis using computer simulations, and subsequently allow better

assessment and management of explosion risks,

Keywords : Offshore installation(SHAZZHE AdH|), Quantitative risk assessment and management(QRA&M, HZFH Q& mHyt 2t
2|). Large—scaled explosion test(CHE2 22 A|E), Explosion test procedure(Z2F A= AIS AXIA)
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explosion and fire safety of offshore
installations (Paik & Czujko, 2011)
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(2) Z4t AL|2|2(explosion scenarios) MA 0|F Zits
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SEALE MiSt|of RU0jA A7 (2 M HEE RSt Rz &
27| ofHct (A-Hassan & Johnson 1998; Selby & Burgan,
1998; Bauwens et al., 2010; Gexcon, 2017). O[2{$} O|RF=Z
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\ Quantitative Gas Explosion Risk A t and M: t I

k3
* 1
Explosion Frequency
=Leak frequency X ignition probability

Explosion Scenarios
* Wind direction (X;)
* Wind speed (X;)
|‘q * Leak rate (X;)
* Leak duration (X,)
2 « Leak direction (Xs)
Gas Explosion Load Characteristics « Leak position X (X;)
* Explosion load profile with time « Leak position Y (X;)
* Blast pressure « Leak position Z (Xs)
* Pressure impulse T
| Design Gas Explosion Loads | | Gas Dispersion Analysis
Pr ilisti curve r
Gas Cloud Characteristics
« Gas volume (Y,)

| CFD Simulations

[ Nonlinear Structural Consequence Analysis |
¥

" - * Gas concentration (Y,)
= Expl ¥
"| Risk frequency x | « Gas cloud position X (Y3)
N ‘¢ * Gas cloud position Y (Y,)
o . iti
Risk > ALARP @ Gas cloud position Z (Ys)

* Gas cloud size X (Yg)
Yooy + Gas cloud size Y (Y5)
* Gas cloud size Z (Ys)

Risk Control Option Design
* Blast wall
* Reduction of HC leaks
+ Reduction ofignition probability

Fig. 2 Quantitative risk assessment and management
procedure for gas explosions (Paik et al.,
2011)
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‘ Functional requirements H Characterization of topology H Metocean data

Hazard identification

Operation-related parameters:
}-— Leak rate, leak duration, leak

direction, leak location, etc.

|

Selection of

Metocean-related parameters:
dispersion scenarios

Wind direction, wind speed, etc.

CFD H Cloud characteristics H Experiment

5 Dispersion-related parameters:
Selection of P ¢ P N
. . Cloud size, equivalent ratio,
explosion scenarios N
cloud location, etc.
H Experiment ‘

“ Exceedance curve ‘ ‘ Nonlinear FEA ‘ l

[ cro [ Blast loads

Asset: Structural
damage and safety

Frequency }—-{ Blast design loads }——-{ Consequence Personnel

Pressure, drag force,
impulse, duration time P
Risk calculation:
Risk = Frequency x Consequence
‘ ALARP H Risk acceptance criteria ‘
‘ Redesign }'—{ H Risk control options ‘

Fig. 3 A new procedure for quantitative explosion risk
assessment and management procedure (Paik
et al., 2014)
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Table 1 Chemical composition of the propane gas
used in the present study

Propane | Ethane | Butane Tot'al Methane | Total
olefins
98.19% | 0.98% | 0.79% | 0.03% 0.01% | 100%

Table 2 Explosion scenarios by varying the number of
pipes in the test jig for the modeling of gas

clouds
Case no. Number of pipes Remark
| 0 -
Il 12 12 pipes x 1 row
1l 24 12 pipes x 2 rows
% 36 12 pipes x 3 rows
V 48 12 pipes x 4 rows

ﬁﬁm I

/=

‘.
-

Fig. 8 Location of the ignition point and the gas
cloud

Fig. 9 Layout of the dummy pipes with 12 pipes X 4
rows (Case V)

levation D @ 3.0 m)
levation C i@ 20m)
levation B @ 1.0 m)
Elevation A {§ 0.1 m}

Elevation view

12

(b) Elevation B (1.0m)

(a) Elevation A (0.1m)

R

(c) Elevation C (2.0m)
Fig. 10 The selected locations for pressure sensors

(d) Elevation D (3.0m)
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