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Abstract - We have garnered 3,593 data of gas accidents reported for 12 years from
1995, and then analyzed the LPG vaporizer accidents according to their types and causes
based on the classified database. According to the results the gas rupture has been the most
common accident followed by the release, explosion and then fire accidents, the most
frequent accident-occurring sub-cause is LPG check floater faults. In addition, we have
applied the Poisson Probability Functions to predict the most-likely probabilities of fire,
explosion, release and rupture with the LPG vaporizer in the upcoming 5 years. In com—
pliance with Poisson Probability Functions results, in the item which occurs below 3 “LPG-
Vaporizer-Fire”, in the item which occurs below 5 “LPG-Vaporizer-Products Faults—Check
Floater” and the item which occurs below 10 appeared with “LPG-Vaporizer-Products
Faults”. From this research we have assured the successive database updating will
highly improve the anticipating probability accuracy and thus it will play a key role as
a significant safety— securing guideline against the gas disasters.

Key words : database structure, vaporizer gas accident, poisson distribution, probability den-
sity function, cumulative density function, mean time between failure
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Fig. 1. Research scheme.

- 29 -

o
2

:I]_

i

St} ol AEAleE o] Q77 WA EY
SAI7F2s Ao w9 F X ol o] EAI7FA
Aol dist AFAS FRE2 EE TAVF
27F 501717 olEE A9 S LPGE AHEske &
o]El] 7MY 2 T FoAE iR A FlojH,
TN ] o w ZpAo] ke A RS
FHetE Aror Ao A2E AT
= Zlojt), w3t 7IAR Q13 3, T vE 59
Alarel| o3t DB(Database)S A 5407 FE-H
AA73, o5 BFE I3 AIA FF 5F Alael
st wE ol-523S A At Areg S}
A7 4= Qi) B 7EAALIL DB 1995 H-E] 2006
W7EA] 12 7F DA S 7 AALLE TRkt S EHR
TAN-3IE] ke o F S AlAlsaL AtaL

II. LPG 7|57 A&

AAAR FA 7 Al s, 544, ¥
g 59 tEol gl AAE LPG 713k 4 €]
ZFrER QIS ShA 9l FdAbar) e A
g Al E ;S = 3] LPG 7]3HEA| 2
AArE 9 S AREAN-3]E Eske] 713h] e
Zp2Abarel] )b/ S rekE A=Al g

2.1 LPG Z1&7[e] At ALE

ZAA 7} 2~AaL Databasel| 4] 713171 &7 ALl
#l[1,2]15 £41 3t 43}, LPG-Vaporizer-Release-Fire
FENe] Ata 9] & dr2e 73] A E
A 71318 w7t 298] A grot 7181
A U 2 siag =l wijgh o] Fao g 7iav)
FE B TYTE Boke] 7 H 8RR
kel 7E7t n)de] kel o) QlslkE o] g
A7 LA g AF A7 Qlek 53] o] AdE 8]
B g 7)gdx) o] A2 91X 7} GL(Ground
Level) ©]3le] il g7]7F EaFeh ool 3= o
ATt E T AFTAF E& LPG-Vaporizer-Check
Floater Faults-Fire F el ZA] 7|3}l A 7]13}7] A
FrEPA AR AEesos Ao [ prlAT)
Foto] o] WAt A ART 7 L EHA
7}27F FEE ALt LPGA G A 7] A1 2 7]
3328 7 e (@Y T o E o] AATIHEA
7Vt rE EFYTE S VAN R kA
7F FEHE S v Askdel <lgkE o] Azt

WAE Ak ol gtk

g 7k2~8kE] 2] A4 Alls 2010 2€



A

Table 1. The number of total vaporizer accidents for 12 years.

Mo Year o
Classification B T % | 9 T ® o oo o ooe o ulowl wn| ?
Products faults 1 0 3 5 0 1 4 3 3 1 1 1 23(82.5)
Deficient of utilities | 0 0 0 0 0 2 0 0 0 0 0 0 | 272
User faults 0 0 0 0 0 0 1 0 0 0 0 0 3107

Total 1 0 3 5 0 3 5 0 0 0 0 0 |280100)

1%

products faults

M Deficient of
utilities

0 Users faults

Fig. 2. Percentage of total gas accidents by
vaporizer for 16 years.
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Fig. 3. Analysis of vaporizer accident type

for 16 years.
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Fig. 4. Analysis of vaporizer accident cause
for 16 years.
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Fig. 5. Diagrams of PDF vs. R in poisson dis—
tribution according to the intensities.
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Table 21| YEFd1}e} 7o) LPG-Vaporizer-Products
Faults®l] 2§+ A= 19953171, 1997\l 37, 1998
o] 57, 20001l 171, 2001 d ] 471, 200239 374,
2003 el 371, 2004'd5-H] 20061 A7HA] 7+ 171 EAY
sto] F WA= 23700] AT

TS Table 2 LPG-Vaporizer-Products Faults ]|
73t intensity, MTBF(Mean Time Between Failure),
PDF(Probability Density Function), CDF(Cumulative
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Table 2. PDF and CDF distribution for the
"LPG-Vaporizer—Products faults”
vaporizer gas accidents.

Type of LPG-Vaporizer-Product faults
event
Intensity 1.4375 event/yr T?me interval
of interest(year)
MTBF 0.695652174| yr/event 5

v No.
R P e Accident

(number of (R, PDF g; 8

occurences) |cumulative) %3 0

94 0

0 0.000755977|0.000755977| 95 1

1 0.006189559 0.005433583| 96 0

2 0.025716497|0.019526937| 97 3

3 0.072499784|0.046783287| 93 5

4 0.156563503 0.084063719| 99 0

5 0.277405099 1 0.120841596| 00 1

6 0.422163262 | 0.144758162| 01 4

7 0.570798875(0.148635613| 02 3

8 0.704338683]0.133539809| 03 3

9 0.810985058 | 0.106646375| 04 1

10 0.88763714 |0.076652082| 05 1
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Fig. 6. PDF and CDF for the LPG-Vaporizer-

Product”s faults.
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Table 3> LPG-Vaporizer-Products Faults-Check
Floater 3ol 2|8 AL -4 © 24 19951 o] 17,
1997'df] 27, 1998\ 174, 20003 )l 173, 20013
o 37, 20023l 274, 2003l 273, 20053 2} 2006
ol AZh 714 dAste] & dAATE 14710=
Bt} =3 Table 329 LPG-Vaporizer-Products
Faults-Check Floater & %¢] ¥3} intensity, MTBF,
PDF, CDFS AlAFeE 124 35 51 oo F&
AFar7F @A intensityi= 0.87event/yr, MTBF+=
1.14y/event = AAE S t}h T3 Table 37} Fig. 79l
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Table 3. PDF and CDF distribution for the
LPG-Vaporizer-Check Floater in
vaporizer gas accidents.

POF vs A
Type of | LPG-Vaporizer-Products falts-Check
event floater
Intensity 0.875 event/yr Tgﬂe nterval
u of interest(year)
r MTBF | 1.142857143 | yr/event
No.
\\’\g R Year Accident
. i . ; P 91 0
Rlnumber of occumence) i::ilzz(r:ezi (Rcurnulative) PDF ) 0
i 93 0
Cumulative distribution of PDF 94 0
. 0 0.012588142 | 0.012588142 | 95 1
: 1 0.067661265 | 0.055073122 | 96 0
. 2 0.18813372 | 0.120472455 | 97 2
s 3 0.363822717 | 0.175688997 | 98 1
; o 4 0.555982557 | 0.19215984 | 99 0
o 5 0.724122417 | 0.16813986 | 00 1
. 6 0.846724399 | 0.122601982 | 01 3
T st T 7 0923350637 | 0.076626238 | 02 2
8 0.965255611 | 0.041904974 | 03 2
Fig. 7. PDF and CDF for the LPG-vaporizer— 9 0.985626085 | 0.020370474 | 04 0
Check floater. 10 0.994538167 | 0.008912082 | 05 1
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Fig. 8. PDF and CDF for the LPG-Vaporizer—
Release.

Table 4. PDF and CDF distribution for the

LPG-Vaporizer-Release in gas
accidents.

Type of LPG-Vaporizer-Release
event
Intensity 0.75 event/yr o fI ;nthr;I;E?;ZEIr)
MTBF | 1.333333333 | yr/event 5
v No.
R ear Accident
P 91 0
(number of (R cumulative) PDE 92 0
occurences) % 0
A 0

0 0.023517746 | 0.023517746 | 95 1
1 0.111709293 | 0.088191547 | 96 5
2 0.277068443 | 0.165359151 | 97 3
3 0.483767382 | 0.206698938 | 98 1
4 0.677547636 | 0.193780255 | 99 0
5 0.822882827 | 0.145335191 | 00 0
6 0.913717321 | 0.090834494 | 01 0
7 0.962378658 | 0.048661336 | 02 0
8 0.985188659 | 0.022810001 | 03 2
9 0.994692826 | 0.009504167 | 04 0
10 0.998256889 | 0.003564063 | 05 0
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Fig. 9. PDF and CDF for the LPG—Vaporizer-
Rupture.
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37} 23S intensity= 0.75event/yr, MTBF+= 1.33y/
event= AAFE Th S Table 4%} Fig. 801 et
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0.822% 4 =3It
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Table 5+ LPG-Vaporizer-Rupture °] &3+ A}l
A0 74 1997 17, 19981 ] 571, 2001 ]
37, 200230l 174, 20030l 27 HAYsI] F 9
ATE AR BAHQT)

3 Table 5914 LPG-Vaporizer-Release©l| 33t
intensity, MTBF, PDF, CDFZ A4 24 &3
5 ool FFARL7F 283t intensity+= 0.75event/yr,
MTBF+= 1.33yfevent®= Al2HE| T} B3 Table 59}
Fig. 9°1] UFeRdhike} o] 35 51d ool F5AKa7t
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Table 5. PDF and CDF distribution for the
LPG-Vaporizer-Rupture in gas

A

Table 6. PDF and CDF distribution for the
LPG-Vaporizer-Explosion in gas
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Cumulative

distribution of PDF

CDF

R(nu
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Fig. 10. PDF and CDF for the LPG-Vaporizer—

Explosion.
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accidents. accidents.
Type of LPG-Vaporizer-Rupture Type of Vaporizer-Explosion
event event
Intensity 0.75 event/yr T%me interval Intensity 0.5625 event/yr T%me interval
of interest(year) of interest(year)
MTBF 1.333333333 | yr/event 5 MTBF | 1777777778 | yr/event 5
No. No.
R Year Accident R Year Accident
P 91 0 P 91 0
Sﬁ:ﬁ;ﬁ (Reunilative)| ¥ R 0 éggﬁ:izezg Reundative)| 1% R 0
93 0 93 1
94 0 94 0
0 0.023517746 | 0.023517746 | 95 0 0 0.060054668 | 0.060054668 | 95 0
1 0.111709293 | 0.088191547 | 96 0 1 0.228958421 | 0.168903753 | 96 0
2 0.277068443 | 0.165359151 | 97 1 2 0.466479325 | 0.237520903 | 97 0
3 0.483767382 | 0.206698938 | 98 5 3 0.689155171 | 0.222675847 | 98 0
4 0.677547636 | 0.193780255 | 99 0 4 0.845724126 | 0.156568955 | 99 0
5 0.822882827 | 0.145335191 | 00 0 5 0.933794163 | 0.088070037 | 00 2
6 0.913717321 | 0.090834494 | 01 3 6 0.975076993 | 0.04128283 | 01 1
7 0.962378658 | 0.048661336 | 02 1 7 0.991663845 | 0.016586851 | 02 2
8 0.985188659 | 0.022810001 | 03 2 8 0.997495159 | 0.005831315 | 03 1
9 0.994692826 | 0.009504167 | 04 0 9 0.999317445 | 0.001822286 | 04 0
10 0.998256889 | 0.003564063 | 05 0 10 0.999829963 | 0.000512518 | 05 0
PDF vs A 59 2AE 2591 PDFE 0.145, Zoj % 591 2Aye

B

2 CDF= 0.822% &4 w9t

45 LPG-7|&87|-Z Woll 2|8t AlDEA

Table 6> LPG-Vaporizer-Explosion®]| 2] 3t A}L
20 24 1993l 174, 2000 ol 274, 2001 o]l
17, 2002301 274, 20033l 17, 20065301 274 2
st F dAAFE 90w AT

3 Table 6] LPG-Vaporizer-Explosion®l] #+3F
intensity, MTBF, PDF, CDF= AlAH3t 24 &35
59 ojulell FFAIL7E FAAE intensity = 0.562
event/yr, MTBF 1.777yfevent=. AIAFE it LS
Table 67} Fig. 101 VFERdule} o] &5 51 ofufje]]
FEA7E 5 s 3521 PDF= 0088, Aol %
5¥1 HHAE 8591 CDFE= 09330 % 24 Hivh

4.6 LPG-7|3t7|-3txjoll 2|8t AlZEN

Table 7> LPG-Vaporizer-Fireol| 2|3t A}313-4]
02 19953 17, 1996131 174, 200083 174,
2003l 171 WAte] T AT E 4310w
A= Atk

T3 Table 7> LPG-Vaporizer-Firel| 3t in-
tensity, MTBF, PDF, CDFE AAFeE 224 &5 5
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Fig. 11. PDF and CDF for the LPG-Vaporizer—
Fire.

ojulel] FFA7F B intensity= 0.25event/yr,
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o) 283171 $IsiA A 671 F-E(Table 3~10)
S WML intensity, MTBFE & &3} 31 ZA3jo)
tht=5). o]Z2& A¥H WPAFEZ = LPG-
Vaporizer-Fire 471, LPG-Vaporizer-Explosion971, LPG-
Vaporizer-Release1271, LPG-Vaporizer-Rupture 1271,
LPG-Vaporizer-Products Faults-Check Floater 1471,
LPG -Vaporizer-Products Faults 2371 =S = 213
b gl e 5 9lth

olel] ket intensity’= F7FH& 2 4 QA e
T G AN R] MIBFgES: Eo]5WA] v
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Table 7. PDF and CDF distribution for the
LPG-Vaporizer-Fire in gas accidents.

Type of Vaporizer-Fire
event
Intensity 0.25 event/yr T?me interval
of interest(year)
MTBF 4 yr/event 5
Yes No.
R car Accident
p 91 0
(number of (R,cumulative) PDE 92 0
occurences) 93 0
9 0
0 0.286504797 | 0.286504797 | 95 1
1 0.644635793 | 0.358130996 | 96 1
2 0.868467665 | 0.223831873 | 97 0
3 0.961730946 | 0.09326328 98 0
4 0.990875721 | 0.029144775 | 99 0
5 0.998161915 | 0.007286194 | 00 1
6 0.999679872 | 0.001517957 | 01 0
7 0.999950935 | 0.000271064 | 02 0
8 0.999993289 | 4.23537E-05 | 03 1
9 0.999999172 | 5.88246E-06 | 04 0
10 0.999999907 | 7.35307E-07 | 05 0

Table 8. Classifications of events with Fy
and Py into in operation and under

construction.

Ranking Event Ry | PDFy,
A | 1 |LPG-Vaporizer-Fire 1 0.358131
B | 2 |LPG-Vaporizer-Explosion 2 10.237521
C | 3 |LPG-Vaporizer-Release 3 |0.206699
D | 4 |LPG-Vaporizer-Rupture 3 10.206699
el s LPG-Vaporizer-Products 4 019216

Faults—Check Floater
e LPG-Vaporizer-Products 7 10148636
Faults

A R Bt a7 (A ARl MTBFRLe] hob4
5 FEAkae] WAEEQl PDFS gto] AR, vt
o= A3IARI R 1 Aobds & 5 SUSITh Table
8ol 4] MTBF2] #ko] 7 & Ranking 19! LPG-
Vaporizer-Fire<- Fig. 126114 71 %) gl 202
FEA o] g ekEQl PDF #ho] 71 2 wbdel
BRI R gh 78 A2 A5 e Q)
%3k MTBF9] ko] 7H¢ 22 Ranking 6% LPG-
Vaporizer-Products Faults Fig. 12014 7} @ E%0
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Fig. 12. Series of poisson distributions for the
LPG vaporizer accidents.

7} At - DBE &-8-510] Poissonit- ol 4
3 AaH=5d) Abare] 2SIt 37 ofstR
WA S @5 9 2= LPG-Vaporizer-Fire, LPG-
Vaporizer -Explosion, LPG-Vaporizer-Release, LPG-
Vaporize r-Rupture = #2121, 5% ©|3H= LPG-
Vaporizer-Products Faults-Check Floater, 1011 ©]3}
+ LPG-Vaporizer-Products Faults® 2 = {t},
WO B AT BEALY fE WA e
918 Poisson #E ©| & 59 kbl 3
B BuAba STE RS ARy e TFO
2 Ag/\‘]/\]7] OEH /éx-]]ﬁ o7 /\].}131— 2= gli_‘:. uo]-

He A Fgee 7 BEA o7 ) g TATEA

|

KIGAS Vol. 14, No. 1, February, 2010

- 36 -

Az Azl B A%A Az FH3} B
AAEL AEgo A AdH 0BY FE ¢

3 erane A /| RgE Sk /FAE
2 o8 4 9oeiet e,

Anes
[1] 729 TAY, “7h2Aba A7, 7haqra Ak

AFa1Z2AFAL(1995-2006)

[2] 7EAREA AL “AL7EAE A", 7EAb B AL
AAA 4. (2001)

3] 2AA, B =lLP 2 A A7F~AFIL Data-
base 7% B #Aell #gk A5, KIGAS Vol
12, No. 3, 56-63, (2008)

[4] Rebort L. Winkler and William L. Hays, “Statistics
Second Edition Probability, Infernce, and Decision”,
Holt, Rinehart and Winston, New York, (1970)

[5] Roger D. Leitch, “Reliability Analysis for Engi-
neering”, Oxford University Press, (1995)

[6] Calabro, S.P, “Reliability Principles and Practices”,
McGraw-Hill,(1982)

[7]1 D. O. Hagon, “Use of Frequency-Consequence
Curve to Examine the Conclusions of Published
Risk Analysis and to Define Broad Criteria for
Hazard Installations” Chem Eng Res., Vol. 62,
Nov, pp381-386, (1984)

[8] Health & Safety Executive, "Risk Criteria for Land
Use Planning in the Vicinity of Major Industrial
Hazard”, HSE, England, (1989)

[9] CCPS for American Institute of Chemical Engineers,
“Guideline for Consequence Analysis of Chemical
Releases”, AICHE-CCPS, New York, (1989)



