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ABSTRACT

This study collected 5,100 cases of gas accident occurred in Korea for 14 years from 1995 to 2008, established Data
base and based on it, analyzed them by detailed forms and reasons. As the result of analyzing the whole city gas acci-
dents with Poisson analysis, the item of “Careless work-Explosion-Pipeing” showed the highest rate of accidents for the
next 5 years. And, “Joint Losening and corrosion-Release-Pipeling” showed the lowest rate of accident. In addition, for
the result of analyzing only accidents related to LPG vaporizer, “LPG-Vaporizer-Fire” showed the highest rate of accident
and “LPG-Vaporizer-Products Faults’ showed the lowest rate of accident. Also, as the result of comparing and analyzing
foreign LPG accident accompanied by Jet fire, facility’s defect which is liquid outflow cut-off device and heat
exchanger’s defect were analyzed as the main reason causing jet fire, like the case of Korea, but the number of accidents
for the next 5 years was the highest in “LPG-Mechanica-Jet fire” and “LPG-Mechanical-Vapor Cloud” showed the high-
est rate of accidents. By grafting Poisson distribution theory onto gas accident expecting program of the future, it's
expected to suggest consistent standard and be used as the scale which can be used in actual field.

Keywords: Database Structure, Vaporizer gas accident, Poisson distribution, PDF (Probability Density Function), CDF
(Cumulative Density Function), Jet fire, Domino effect
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Figure 1. Research scheme.
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Table 1. Specific Origin of the Accidents Involving Jet Fire

EAZES AR el tigh AEES SR 28 B4
7E27F So7P] of# & A9 = LPGE AHEshe FolE
ol 7M1 B 34 SelME v Zlolw, Ay
o] ofEa gl 7kse] obddeE] A3e Yk Ao
Hom dadh AuE Algstl 2 zlolth. & 7R=ARL
dloJefulo]~E 199578 20083714 1447 2
ks AfaLE v geE 24 9se) ekdldele) Fa
e AL AFEE B4 S FLT ALE o
Webr] 9% agAol A e E8Y 5 ke
= 8ISt Figure 1.2 ¥ A9 18] Hxjo|rt,

2. LPG 7|5817| AlTEA
AAA fAB7 DA AJEH, 55, o

Il
()
9] JtAFERE 2% Jet fire @ ZA}ar) wAlsr A9

Specific origin N”".‘ber of | Percent of
accidents total
Gas Equipment
Pipe work 20 16.93
Process vessels 6 5.08
Reactor 11 9.32
Unknown 4 3.38
Equipment with flame 15 1271
Heat exchange (Check floater) 11 9.32
Transport
Rail tanker 13 11.01
Road tanker 12 10.16
Pipeline 9 7.62
Storage
Pressurized tanks 6 5.08
Atmospherical pressure tanks 1 0.84
Pipe work 1 0.84
Loading/Unloading
Hose 5 4.23
Road tanker 2 1.69
Rail tanker 1 0.84
Pressurized tanks 1 0.84
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Table 2. Ranking of Substances Most Frequently Involved in
Jet Fires

Substance Number of accidents | Percent of total
LPG 51 61
Hydrogen 10 12
Chemicals 8 10
Natural gas 8 10
Qils 7 8
Other hydrocarbon 7 8
Ethylene 6 7
Propylene 6 7
Gas 3 4
Methane 3 4
Naphta 3 4
Acetylene 2 2
Ethylene 2 2
Gassoline 2 2
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Figure 2. Genera causes of LP gas accidents.
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Table 3. Types of Event Present in Accidents Involving a Jet
Fire

Type of event Number of entries | Percent of total
Fire/Explosion 26 56
Non jet fire 13 27
Vapor cloud 12 26
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Table 4. The Number of Total Vaporizer Accidents for 14 Years

Classification 95 | 96 | 97 | 98 | 99 | 00 | 01 | 02 | O3 | 04 | O5 | 06 | O7 | 08 | Sum
Product,’s faults 1 0 3 5 0 1 4 3 3 1 1 1 0 0 23
Deficient of utilities | 0 0 0 0 0 2 0 0 0 0 0 0 0 0 2
User's faults 0 0 0 0 0 0 1 0 0 0 0 0 0 0 3
Sum 1 0 3 5 0 3 5 3 3 1 1 1 0 0 28

Analysis of vaporizer accident cause
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Figure 3. Percentage of total gas accidents by vaporizer for
16 years.
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Figure 4. Analysis of vaporizer accident type for 16 years.
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Figure 5. Analysis of vaporizer accident cause for 16 years.
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Figure 6. Diagrams of PDF vs. R in Poisson distribution
according to the intensities.
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Figure 7. PDF and CDF for the LPG-mechanical-jet fire.

Table 5. PDF and CDF Distribution for the LPG-Mechanical-
Jet Fire in Vaporizer Gas Accidents

T;E’;‘t’f LPG-Mechanical-Jet fire
Intensity 0.7857 event/yr -ﬁlr:?;g?;;;)f
MTBF 1.2727 yr/event 5

No.
Year accident

R P 95 0

(number of (R, PDF 96 0

occurrences) | cumulétive) 97 1

98 2

99 1

0 0.019671755 | 0.019671755| 00 1

1 0.09695365 | 0.077281895| 01 0

2 0.248757371| 0.151803722 | 02 3

3 0.447547959 | 0.198790588 | 03 0

4 0.642788715| 0.195240756 | 04 0

5 0.796192166 | 0.153403451 | 05 0

6 0.896634902 | 0.100442736 | 06 2

7 0.953005825 | 0.056370923 | 07 1

8 0.980687975 | 0.027682153 | 08 0
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Figure 8. PDF and CDF for the LPG-mechanical-non jet fire.

Table 6. PDF and CDF Distribution for the LPG-Mechanical-
Non Jet Fire in Vaporizer Gas Accidents
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Figure 9. PDF and CDF for the LPG-mechanical-vapor cloud.

Table 7. PDF and CDF Distribution for the LPG-Mechanical-
Vapor Cloud in Vaporizer Gas Accidents

Té/p;?f LPG-Mechanical-Non Jet fire Tg\?sn?f LPG-Mechanical-Vapor Cloud
Intensity 0.42857 evenylyr Tilrr:t]:rge(r)\//;r;) f Intensity 0.1428 event/yr Tilrr::rge(';/ir;)f
MTBF 2.3334 yr/event 5 MTBF 7.0000 yr/event 5
No. No.
Year accident Year accident
R = 95 0 R = 95 0
(number of (R, PDF 96 2 (number of (R, PDF 96 0
occurrences) | cumulative) 97 1 occurrences) | cumulative) 97 0
98 0 98 1
99 0 99 0
0 0.117319166 | 0.117319166| 00 0 0 0.48954166 |0.48954166 | 00 1
1 0.117319166 | 0.117319166 | 01 0 1 0.839214274 | 0.349672614 | 01 0
2 0.368717379| 0.251398213| 02 1 2 0.96409735 |0.124883076| 02 0
3 0.638072607 | 0.269355228 | 03 1 3 0.993831416 | 0.029734066 | 03 0
4 0.830469199 | 0.192396592| 04 1 4 0.99914107 |0.005309655| 04 0
5 0.933538802 | 0.103069603| 05 0 5 0.999899592 | 0.000758522 | 05 0
6 0.977711489 | 0.044172687| 06 0 6 0.999989893 | 9.03002E-05| 06 0
7 0.993487448 | 0.0157759 | 07 0 7 0.999999107 | 9.21431E-06 | 07 0
8 0.998316824 | 0.004829375| 08 0 8 0.99999993 | 8.22706E-07 | 08 0
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Table 9. PDF and CDF Didtribution for the LPG-Vaporizer-
Check Floater in Vaporizer Gas Accidents

Type of L PG-Vaporizer-Product, s faults Type of L PG-Vaporizer-Products falts-Check floater
event event
. Time interval of . Time interval of
Intensity 1.6428 event/yr interest(year) Intensity 1.0000 event/yr interest (year)
MTBF 0.6087 yr/event 5 MTBF 1.0000 yr/event 5
No. No.
Yo | accident Ve | ccident
R p 95 0 R p 95 0
(number of (R, PDF 96 0 (number of (R, PDF 96 0
occurrences) | cumulative) 97 3 occurrences) | cumulative) 97 0
98 0 98 0
99 0 99 2
0 0.000755977 | 0.000755977| 00 1 0 0.012588142 | 0.012588142 ( 00 1
1 0.006189559 | 0.005433583| 01 0 1 0.067661265 | 0.055073122| 01 0
2 0.025716497 | 0.019526937| 02 3 2 0.18813372 |0.120472455( 02 2
3 0.072499784 | 0.046783287| 03 5 3 0.363822717 | 0.175688997 | (03 1
4 0.156563503 | 0.084063719| 04 0 4 0.555982557 | 0.19215984 04 0
5 0.277405099 | 0.120841596 | 05 1 5 0.724122417 | 0.16813986 05 1
6 0.422163262 | 0.144758162 | 06 4 6 0.846724399 | 0.122601982 06 3
7 0.570798875 | 0.148635613| 07 3 7 0.923350637 | 0.076626238 | 07 2
8 0.704338683 | 0.133539809| 08 3 8 0.965255611 | 0.041904974| 08 2
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Figure 10. PDF and CDF for the LPG-vaporizer-Product’s
faults.

o] &% 5d ool TFAa7F 5 A 3HE<2] PDF
16, Fojx= 5H sk 3-89 CDF= 0.82% 45

32
2o

323 LPG-7|3}7]-skA el o] g AfariEA

Table 102 LPG-7]3s}7]-slAjoll 2]dt AlRLE-A] S Z A
AT 47102 BAEAT. 3 Table 10014
&% 5d ool FFAIE YA Intensity= 0.28
eventlyr, MTBF= 3.50yr/eventz AlxtE it} ol&
Poisson X & 283t A3} Figure 120 vepdule}l 2
o] &5 5d ool FFALYE 5 WA &5 PDF
£ 0.03, Fojx= 53 TAE 352 CDF= 0933202 +

3
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Table 10. PDF and CDF Distribution for the L PG-Vaporizer- PDF VS R Cumulate distribution of PDF
Fire in Gas Accidents e
0% A
Type of L PG-Vaporizer-Fire - \\ ‘ il
e/ent "Utb \ O '] /
. . O ;
! Time interval of SR g“
Intensity 0.2857 event/yr interest (year) - \\ u/
MTBF 3.5002 yr/event 5 ; . t
Year NO' [R(rznumf)er & on)?:curcygncc;)2 IL Ranf;lbe; 0f€ occuror;ce)
accident
95 0 Figure 12. PDF and CDF for the L PG-vaporizer-fire.
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Sep Ranking Event Ru PDFy
Under constructing 1 Careless work-Explosion-Pipeline 3 0.222858
2 Joint losening and corrosion-Fire-Pipeline 3 0.211153
3 Joint losening and corrosion-Explosion-Hose 4 0.195168
4 Bad finishing-Fire-Hose 4 0.175467
5 Subway construction-Release-Pipeline 4 0.175467
Operating 6 Joint Losening and corrosion-Explosion-Pipeline 5 0.162981
7 Ground sink-Release-Pipeline 6 0.158931
8 Road construction-Rel ease-Pipeline 7 0.148233
9 Careless work-Fire-Pipeline 8 0.13627
10 Careless work-Release-Pipeline 9 0.131696
11 Bad finishing-Explosion-Pipeine 9 0.125111
12 Tap water construction-Release-Pipeline 12 0.114019
. 13 Waste water construction-Release-Pipdline 20 0.088384
Under constructing — -
14 Bad finishing-Explosion-Hose 26 0.077792
15 Construction-Release-Pipeline 24 0.077785
16 Joint Losening and corrosion-Release-Pipeline 90 0.041965
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Table 12. Summary of Poisson Distribution Calculations for the Urban Gas Accidents

Ranking Event No. of occurrences | Intensity (event/yr) | MTBF (yr/event)
1 Careless work-Explosion-Pipeline 7 0.6363 1571
2 Joint Losening and corrosion-Fire-Pipeline 8 0.7272 1.375
3 Joint Losening and corrosion-Explosion-Hose 9 0.8181 1.222
4 Bad finishing-Fire-Hose 11 1 1
5 Subway construction-Release-Pipeline 11 1 1
6 Joint Losening and corrosion-Explosion-Pipeline 13 1.1818 0.846
7 Ground sink-Release-Pipeline 14 1.2727 0.785
8 Road construction-Release-Pipeline 16 1.4545 0.687
9 Careless work-Fire-Pipeline 19 1.7272 0.578
10 Careless work-Release-Pipeline 20 1.8181 0.555
11 Bad finishing-Explosion-Pipeine 22 2 0.555
12 Tap water construction-Release-Pipeline 27 2.4545 0.407
13 Waste water construction-Release-Pipeine 45 4.0909 0.244
14 Bad finishing-Explosion-Hose 58 5.2727 0.189
15 Congtruction-Rel ease-Pipeline 56 5.0909 0.196
16 Joint Losening and corrosion-Release-Pipeline 197 17.9090 0.055
D Careless work-Explosion-Pipeline (2oint loosing and erosion-Fire-Pipeline @oint loosing and erosion-Explosion-Hose 025
@Bad finishing-Fire-Hose (5Subway-Release-Pipeline ©Joint loosing and erosion-Explosion-Pipeline
(DGround sink-Release-Pipeline ®Road const.-Release-Pipeline (DCareless-Fire-Pipeline 0.2
[0Careless work-Release-Pipeline ()Bad finishing-Explosion-Pipeline (2Tap water-Release-Pipeline
[[3Waste water-Release-Pipeline (4Const.-Release-Pipeline (5Bad finishing-Explosion-Hose 0.15
([6Joint loosing and erosion-Release-Pipeline E
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Figure 13. Series of Poisson distributions for the urban gas
accidnets.
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(DLPG-Mechaninical-Jet fire @LPG-Mechanical-Non Jet fire (QLPG-Mechainical-Vapor Cloud

R(No. of occurrences)

Figure 15. Series of Poisson distributions for the LPG vapor-
izer accidnets on LPG jet fireredlated accidents in foreign
countries.

Table 13. Classifications of Events with Ry and Py into in
Operation

Ranking Event Ru PDFy
1 LPG-Mechanica-Vapor Cloud | 1 | 0.349672
2 L PG-Mechanica-Non Jet fire 0.269355
3 LPG-Mechanical-Jet fire 3 | 0.198790

Table 14. Classfications of Events with R and Intensity,
MTBF into in Operation

Raking | Ry | PDFy | CDFy |Intensty | MTBF
1 1 0.349 0.839 164 0.61
2 2 0.269 0.638 1.00 1.00
3 3 0.198 0.447 0.85 1.66
Comparison | Incresse | Decrease | Decrease | Decrease | Increase
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Figure 16. Series of Poisson distributions for the LPG vapor-
izer accidents.

Table 15. Classifications of Events with Ry and Py into in
Operation

Ranking Event Ru PDFy
1 LPG-Vaporizer-Fire 1 | 0.358131
2 LPG-Vaporizer-Explosion 2 | 0.237521
3 L PG-Vaporizer-Release 3 | 0.206699
4 L PG-Vaporizer-Rupture 3 | 0.206699

L PG-Vaporizer-Products Faults

5 ) Cheii i 4 | 019216
6 LPG-Vaporizer-Products Faults | 7 | 0.148636

Table 16. Classfications of Events with R and Intensity,
MTBF into in Operation

Ranking Ru PDFy | CDFy | Intensty | MTBF

1 0358 | 0644 164 061

2 2 0.237 | 0.466 100 1.00

3 3 0206 | 0483 0.85 1.66

4 3 0.206 | 0483 0.85 1,66

5 4 0192 | 0555 0.64 155

6 7 0.148 | 0570 0.28 350
Comparison | Increase | Decrease | Decrease| Decrease | Increase
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