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Abstract

This paper employs stochastic processing techniques to analyze explosion risks in plant facilities based on explosion return periods. Release
probability is calculated using data from the Health and Safety Executive (HSE), along with annual leakage frequency per plant provided by
DNV. Ignition probability, derived from various researchers' findings, is then considered to calculate the explosion return period based on the
release quantity. The explosion risk is assessed by examining the volume, radius, and blast load of the vapor cloud, taking into account the
calculated explosion return period. The reference distance for the design blast load model is determined by comparing and analyzing the vapor
cloud radius according to the return period, historical vapor cloud explosion cases, and blast-resistant design guidelines. Utilizing the
multi-energy method, the blast load range corresponding to the explosion return period is presented. The proposed return period serves as a
standard for the design blast load model, established through a comparative analysis of vapor cloud explosion cases and blast-resistant design
guidelines. The outcomes of this study contribute to the development of a performance-based blast-resistant design framework for plant

facilities.
Keywords : stochastic processing technique, explosion return period, explosion risk, blast load, blast-resistant design
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Fig. 1 Event tree analysis for vapor cloud explosion
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Table 1 Release type and severity in HSE (2015~2022)

Release Type| 2-Phase
Severity Type

Major 0 6 2 8
Significant 8 98 84 190
Minor 14 216 91 321
Awaiting Classification 6 95 27 128
Sum 28 415 204 647

Gas Type | Oil Type | Total
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Fig. 2 Histogram and probability density function of annual gas
type hydrocarbon release data
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Table 2 Calculation of release probability from Gas Type Hydrocarbon
Release Data

Table 3 Estimated annual leakage frequency (DNV, 2013)

Release
Quantity Probability Non—excec.ec.lance EXCCCd?IleC
Probability Probability
(kg)
0.001 0.120 0.037 100.000
0.005 0.803 0.296 99.700
0.01 1.620 0.648 99.400
0.05 6.240 3.120 96.900
0.1 9.910 5.520 94.500
0.5 22.000 16.500 83.500
1 27.600 24.000 76.000
5 35.300 46.500 53.500
10 34.900 57.200 42.800
50 25.700 78.900 21.100
100 20.000 85.700 14.300
500 8.500 95.400 4.550
1,000 5.220 97.500 2.520
5,000 1.280 99.500 0.496
10,000 0.618 99.800 0.222
50,000 0.087 100.000 0.026
100,000 0.033 100.000 0.009
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Data Source Estimated Annual Leakage Frequency (f;)
DNV 0.021
Dutch Government 0.006
Belgium Government 0.012

~
+

& NS WERE, W]olol A PR SUEY A
2 W15 G AAIBHE 3702) 71Tl 4 AIXIRE g% DNV
o) o] 2 olfris SUE 1) g VI 412 oI

=7/ 280 FEo] A Al HBkE o] o %] %] o
7] fizoll A8} g5 aesgeofof gtk Hat e gyt
o2 Fhely 7120 B, 7helA 7o) £4) A7 B2 0
4 502 01514 8] Yejolek of ol st sk
2 ohefet FEfet gro = EA gt CCPS(2012) 9 3} =
20.051 0] He2} Weng(2020) 2] A3} 2H&-20.228, Badri 5
(2011)2 3} &2 0.3375 2 A|A]gtc) E=3E RR1034(2015)
= A3} 852 0.05~0.52] 7+ A A5 T

€ 0 ML i 2l Hf31o] 4 (1) 59}
of Bul WS fEE 4 glom, Zu Q@]
o] o} A A £ 7H5 3k Table 49} Fig. 3
=9} Badri 5(2011)7} A A|5+0.3375 9]
of Eut A7) 2% Pefolch

P

i

fio
O
oo

ot

oY L
o

AFI|0 WE LAEUSHE 22

Za} o1F o] tf3ke] CIA(2010)7} UKOOA(2003)S 3%
A& F7] 24 ZF2F 10,000 100,000 of] 3l F3H= ZHS AT
oy sz 41"_4 zﬂgqxq o] Wl EL Zul &Ako)
2 B7Rgth & AFtollA Z2 91d
EE A S al%%% A AF7]of| thste] F7122
Fo] gl v S nkskal AA s Hdls vfERith A
71EA R E AL 57

Zbof| siishe Hkels A oA AT o thE

Z 19w thefe] B AET B BARIO R
o ouA9) Bt 2 & 9IS APEsh] ofele] ot
7)€ 33 9) 2AE E510]of Gk CPR 14520050

ofN e i
=)
2



Table 4 Explosion return period according to release gas type data
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Release Quantity Release Estimated Annual | Annual Release Ignition Annual Explosion | Explosion Return
(kg) Probability Leakage Frequency Frequency Probability Frequency (/year) Period (years)
0.1 94.500 1.9845 0.00670 149
1 76.000 1.5960 0.00539 186
10 42.800 0.021 0.8988 0.3375 0.00303 330
100 14.300 (DNV, 2013) 0.3003 (Badri et al., 2011) 0.00101 987
1,000 2.520 0.0529 0.00018 5,599
10,000 0.222 0.0047 0.00002 63,556
100,000 Table 5 Normalized hydrocarbon by weight average
Hydrocarbon Type Volume per 1kg (#7°/kg)
Butane 12.450
10000
5 Propane 12.660
%‘ Ethylene 12.119
§ Weighted Average 12.413
= o000 |
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