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Development of Software for Damage area Estimation by Leakage of Gas Pipeline
in a City
Sa-Hwan Leem

Dept. of Computer Eng., Graduate School,
Graduate School of Industry
Pukyong National University

Abstract

With the sophistication of the industrial society, demand on gas as an
environment-friendly source of energy has shown a rapid growth and people's
inner desire for safety also has become stronger than ever. In this connection,
there have been many studies on the risk assessment. This essay proposes a tool
to easily recognize a safe area from leakage of gas in distribution pipelines by
predicting the damage range with a risk assessment program. By using this
program, onc can have the safety management in his control focused on the
high consequence areas around city centers and thus can have easy access to the
establishment of policy program against economic risk factors.

In this respect, it may not be excessive to say that the current risk assessment
based on the formation of pipelines is a very limited evaluation of effects
covering a very simple scope. Concludingly, the embodiment of multimedia
technology and extensive evaluation of effects by using GPS enables the
integrated management of safety on risky areas around city centers is expected
to help coming up with an easy evaluation of risk factors.

Hence, further study will be carried out in order to apply the method in
reality as a form of virtual reality assessment on the multimedia after conducting

more on-site test and analysis of incident cases.
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AFRE 335 (Bureau OF Mines)® ZAMZFE 1Mol Alze] f¢le BARgs 2
Aol Abgelal o]d T4 FAAGHY Hk 800melAt e olob &w A ey
2 FHo) {5 (disk or bund)A x| 7} Hasciy ¥y,
2. 19739 ¥l= 78 AHO]E ofdWB=o)M LNGAFHASGAZ 409 o] Abdatdd
=
3. 19843 11€ 19¢ MY WAIAE EW 10mA MY 29 gz 831419
N7 LT ZEA A AT A AT PR 2 FRE 35 54470] A
FE 1500 0] FAdFRen 109 o4 olAjwle] drA@T)
A AtmARE AN He vel go] INGH A A ¥ZAluE #As Zuaz o
oixm daje] FRrF Avte g G ¢ o FuE vIddRu gy He) e
=2 WIARAANAN = LNGFEE 98 od + e 939 gqeuye <
2-6>¢ W83} o] AAFIT QY

<& 2-6> LNGF2A 9 Fafo g4y
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e | 7FaA
| FNE e A8 oy £ e
3} Case TzrelM Z717F sk RS Ead 2% gl
A 2! HEd F FEE TAANACH
$ | 29E A9 B8 wa Wrtsn Asets Adrs
#H | 2o R gy =
EYA d@VE s EHE IS, oA By =4
T, 2, B #A3H
=z |[O9ad AAF 2= 64
A 7] | EEFGA QATEE AN
A FEIZAA A AFET ol &
= DESEEE
= 38 4oy
o | QdXdL BEr R AN
| Ld¥AE BAEA oA
gaAd 83

kg @ U. S. Coast Guard, A Condensed Guide to Hazardous Chemical Data(LNG
code), 1985.
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A 3% A 2AL AP o2y n2

& TolxEtg] BE AAYA sde ol WREAY FZ)
M A e wil dAs 2ol 2wy slar)
FASA "} olu) FEHwd ety BRAYE AL mA st
URARRH A4 2E 7)-4Y £23 ka2 Rge) 7A%Es Us &= g
om, & ATNME AR AZEYY 7)A FE2F $AE CAAu B e
Ze dstel g =3k VAR E L SxolAL S&olsle £ne r= =H,
ol& sty et WA AAFIEY (critical flow pressure ratio)oll o3t =7
2]

P
Pa

N

©»

¥
> (7_5].) r+1 (1)

Pt Aol 7k 4H(IN/m)
P @ BiZ1 b= (N/m')

r e (g ©

r+1
Q- CDJ( R 3)
Q : HEH=(kels)
Co 1 WEAF(<1O)
A uER7 Ao A wus
M T E F (kg
R : 7H244(8310 Vg wl K)
PHVIRE( KA RaY Lx
ao A VEGA B S AT SEUTO| R FEEEL
J Pay % Pay
Q= CoZo i gy (1) 7 (50 @

os @ BAUNA 7} ”éE(kg/cm)
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= F7IHT BAE vt 9E9 A F®e) gt AWow spay)
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CTHUAZRY dE2RE B4
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2
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FAE oA rENH F9 F7)9) UE, 4, $29 £77) WaE doy
= oA TR YR EY CMRY ZhAZRA= Rl e o) we =
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Hol7te] gehigg Qosle A WA, AAdHd A A%Hal
Ao g AUAT BeRA e Az Ay
e ol ) g EAL ouix A Wk Zol

H(detonation) 2.8 EF 3t}

L o
T.

3-3-2. F7)-& %% (UVCE)
9= Flixborough® X NyproAlel slZ2ete FaolMe Zu ydgo
Beekol #x% DSMe] NCCelAj¢] Zt3} o] g Ag@Ao|M el Atz Ay
& TU1eEEe A2 9 AdEA ok
Y= UVCETs AAHA, ¥4 v 544 47, vaozyy 34 ygug
A dA E=E vha2 s 48 A4 g "aela v EAT ey
EE &0 ¥t=A] UVCEZL He AL ohvdh #32 29§ 2192 #J UVCE
7 HAEHA e 2L @ 71A] z2del "o}

Zd E40] 7tdAolojo} gl gtE 2Tyl HAEF zAd gojel sl
HEY 249 de a2, Baa 2o gEdasts o2 #a, dale 2
593 32 E=E ngteA 7ty A, dg ol gy 2e gtEsla o)

b) HEl %A shagol FYHolol @k FE 24 oz LAY sdol
AT Aoy FAHY HAG AsE Yo Wolm FusH AAE 7D & 9
& Eagde wagA o

¢) gl ARl Ao A4 Wl ol glolol Bk Frlee Yurd
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22 Y 92z #RHE ¥ FEAHY rich 99, 7428 A4 lean
99, rich B lean FHArtole] 7t QM) 7} 1R oo}

d) E71=5dol o TEEAe gAY S o8 dAH Fgdns}
WESE Bl & Ao 472 Flag 9o ZEFws) 2748 Aol

el dR7E EAFor drh FHRzANME b wilsre sldine
5-30m/s2 AdE A4 AAdVAE YR wd dREe AENRE 859 ot
Eoag 5 7hdd 2d AAY vEd o9 A sde B3 AHN 2y T
3734 FolE A= A BAo] Sedlith BE EPe AGUYdA JEFZ

5
ol o] F e wAUZl FA BAY = uh

Lenoir and Davenport(1992)ell 9]t Atz ¥A A3 714 2o AMAAZ 238 o)
HEHQ F7EEFLL <F 31> P

<E 31> F719F WA el A

a7 91 24 A A

1989. 6. 3.1 Ufa. USSR Natural gas | =% pipeline) ¥4 645
Ludwigshafen, | _. HEd D ggdd o3
1948, 7.28. wo) Dimethyl ether Reilcar 52 245
" Butadiene and "

—_1943. 7.29. Butylene 30
1978, 2.11.| © "blj,‘ﬁ eS| Natural gas | PHpipeline) 4 40
1974, 6. 1| TIOIOUER | hexane [ i 28

8
. . Azolgz Q%
1960 628 |Veldin Georgia| 1P [17 0 Rallcar)
Isobutane  [¥Hg7] W82 o4 &
1389.10.23. | Pasadena, Texas mixture Z(accidental discharge) 2
1990.11. 6. | Bombay, India |[Ethane, Propane =3(pipeline) ¥4 21
1975. 4.30, Ea%rlgxl;’ Z‘SS’ LPG Ao g gaze] de | 17

2A UVCE Ala2 8y o4 4+ 9

sy

Ae EPons Pai: 33 =Ew Ry



3-3-2-1. 5 9} (Blast wave) =4

T 9o, E33= %4{—" "J‘—'T—’Jr?—} '6_7—:“”']', Q‘i}-‘ﬂr(rarefactlon Wave)% 23
<29 3-3>2 LTI o7 gy H@l%ﬂ AT},

1)EAS Fol sk §j)FAs Fo] &4 4= 3H(sonic compression wave), I

chgol BT i) Ss GEue 5w

ZEae) Fej oAy} Euka 01‘%171], A4 FEAQ LA Estn Bu)
Hozel Aze Jednh FE Swel gt £Fi)o] dFFold. ofa =
e 2o B o)A u F7o| %%:a EFi)el @ 4 ook

Pressure

iii) /\
—

Time

<I¥ 3-3> ZF3] o7 g

LT FAuld g Z“’f]"JE—EHSi;atic or side-on pressure)$t HRA}QULE
(reflected pressure)E& AMG@ch ZAYHL waves] Aupidfe] sxoa Zx7
Aoz F43 5o de Aot wAlgE e wavert Wi 2L 2HE wY o
45T ® WAHreflection)t TAEZH FAo] of)miz A<tz ulajora
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Apolol = ztol7} olut,

Shock wave

Shock wave %

.
g pReﬂectcd

s wa é
pSide-on Wall

<Y 3-4> HWGYIH WA

prnz 2 (5)
_[2vP,+(y+ D P,
o= 27Pa+(')’_l)Ps fa ®)

714, Ppnm = 5 H(Pa)
P = 43 A9 93943 (Pa)
P, = S43 &9 di71¢4€(Pa)
p = AT e Fr)e A (kg/m')
Pa = AR ¢4 79 F719 2WE(kg/m')
u=F3A9 H va FHAAEE) (m/sec)
V= &7]9 ugy

HEARHE (PoE S A1) HA) 29232 we] tgjoz ¥ Fo| P Fod AHo R
2y ge gk pe og Ax g,
P,=2P+(r+1)P,; (7)

2719 A% vjEue AY 140lnz FAMe T 4} go] Wil
P,=2P+(y+1DP; = 2(P+ Py (8)

FAN T e AL HEE gol B AAe] FaE Wi Eshr, o
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< Positive Incident Impulse@ti 3 ola) 43 v} sto] A AbzFE o] v
A o2 gE "

:J;Hﬂw:—%ﬂufﬁ) (9)

&k
2

714, Is = Positive Incident Impulse, (Pa—msec)
P(t) = Fo9 Aol M A7e 3524 119HPa)
te = Fo3 AXAA FAT E=FA Hmsec)
tp = FA ] ¥ Ao] B A ZHimsec)

1l

Ad TE FUgEoss du Jde HL¢e A (shock wave)o] positive

=

phase <t ZAet= dI7] A9 tnet) G4EL Do, ol HugPe W)=t

S/ ERLRD N AYAAM ] A D AGASAL T A A4
HOoAE ANEY A2l AP ol fHo] AA P FRE AL o
FTE 2ARH ST @@ ANmde <19 3559 o] 349 wdz
-HEo




dEe TARHon uys FUE Sise] ATHYL ARHow 14y
S R Asold DAY, & Twabae) Ewelw TNT 49 s o442
o YA olAF WYPo 2 aTwel YAAE BE 27 LEBADAY B
=8 S FHE F3 INT #9390 2AdS Laaran,

INT 493 29¢ ¥ slaZwe £33 TNT ZPAbolols Holzh glxw
TNT 3] & 27} spasere 240 230 422 d4d Zu
1§ 5o}

IR R FF dF Bxor Al4EE TNT Awuwe me bsin), =&
°of e da Vhed AN G JezyE TNT 49%os aAsddyg
M H,
Qrvr= ?]Hf (1o
A7) A, Qrnr = TNT A3 ZF(kg)
M; = 728 7194 2429 Ak
n =483 £238001~02)
He = 7held7bes] dadk)/ke)
Horwr = TNTS] ﬂi%(%&)k]/kg)
TEA 7MY B9 e deHE TNTEE2E A4S § aaAs 2o
of ZREZRRE AY PsE ek d, BaAe s te A9 g
! /4
=T (1D
T Qe P

A7)M, r = B4AA Y (kg™
r=32Y0ZHg BAAY(m)
QN = TNT ﬂ'%%k(kg)
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N
1
1 10 100
) , r ~
scaled distance r' = T 1/s (m kg=1/3)

<A™ 3-6> TNT Z2ol w2 w12 3¢} Marshall [1976]

TNT d3d% 2d9 dAE g7 7

NT 2943 Qmr A%

T<A® 36>8 °-gste] #AAEAM HHPs) A

A9 TEEE, 37199 0718, A3k
 RUR Z1gol we AHHE A4S As
& z9) A%oz Ak ey vE
e W Ak A5E shae) AFe g
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2dg ol 43t A2AVEE(UFLIF A48 FELFLIY ZAWS o, o
499 k) Angel $IE A3k Ay 279 AYe ARAI Fadq A
29U Thag T ARYEs) e vHE Fug

AdAs] da e wHozs WFHEAS olfetd ArAsEEs} £
e AN TE oE uRe) $58 Tede AadarrAn SPARS A2
sl P9 g FREEE Fohel A Jlew F AAWYL AdwT wer i
T2/ e A & vEYel YA ANE da b5 4% 2y AL
At wsd oM £ FEFS A4 A5d shay dgom By

NEAORE AL 9 TUEgo] 0%E 3% + b el Tug
&9 A5 293 e FILT U N B2 Ahzyy %Eﬂ—”— o o
} &

- Brasie and Simpson(1968], Brasie[1976] : Z%9 7 x(near field) 2%, 49
AA He] "old Ffar field) 5% AA)

* Eichler and Napadensky[1977] : 6.9kPa®] #2204 209% A A]

- Health Safety Executive[1979, 1986] : v¢ts} e Hgubey e 717 7}ag)
3% 3%, Propent Oxide$} 3o 3 Fo]Ale] 7}2-9] A% 6%, Ethene Oxide$} 2+
< W wHkAde] Sl Thro] A 10% AlAl, olm) FhAela]l Hu) vt
100kPa, & (blast wave)?] A £A|ZHE 100-300m/s ©]o]oF &t

- CCPS{1994] : 7WA el A 3%, Wad EE Fof& A A 10%
Industrial Risk Insurers[1990] : 929 A A]

- CRE -14E[1988] : 10% =A|

<HE F2>= CCPS & ARe 2 dF TRy 284 23y Zuxg e
AIREE it}

(3) TNT A2%E o83 91 49 484 ag 73
- ZwAe shtel How wed,
Aol W Bepe] Zat TNTY Aus FAbsto
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- Z2gl ZA A At T ol Z g,
- oA Wal Wl fAd AL HYe] i EHD,
AY, AR Tr B EAHE uedsA gu

& 4 4

Sohioker aEwe) 28 =)
BotA & vk Beskol, A 5go] BaAs.

. Q

=

(5) TNT 2% Hde] 54 9 ALRA gA}e

TNT £32 FNLTw ZFo digf v]Es 2oty TNT7} WS & A=
(amplitude) ¥ L2 A£AS Ad F73F(shock-wave)Q! ¥ Z7]9Zwe u
0 2 JAER B 7 AEARE AY ZES(blast wave)o|th WM FzE
NHE-o Aldte] mEY o] kol Aol AT e ELo HgHo] L FTxI o
AR e HF9e defet A&7k F28 WFo|n TNT 49% nde 0
F29A g Edo] 9 Aot}

el E7ea TNT 9% 292 vj$ ddsta 24449 dilos 78
528 FIEAE FAYY 5 UEE ¥rh INT 493 2de =3 722
ek TNT 233 aA7 AgAeln 2gAQ AANlmg 7 eZwe] 4
AEA Tl Fog BTG F43 PPY $E Y}

¢

TNT 43¢ =d& 29std o573 2,
CTINTH 4 S71eW oluA] = Atolo] w&d® #AE 717
SARREA 2 F2RES AEPC] wE LA gANe sEFoes
Fef wlas 7hge it
sk, FAE Azl Rkt

TR BUREE 29s .
LB eEg) 2EET A A GEch(Ae F4 TeT )
L E 2A s o

f

S
H
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2
[
uif
£



<E 3-2> %

0y

S719k 7h2=ol i

23 e

258 B 3 o
Furfural Alcohol N-Butyl Acetate
Acetaldehyd
AZZtonee vee Hydrocyanic Acid N-Decane
o Hydrogen N-Heptane
Acrylonitrile .
Amvl Alcohol Hydrogen Sulphide N-Hexane
coho
v Iso-Butyl Alcohol N-Pentane
Benzene
. Isobutylene N-Propanol
1,3-Butadiene
Butene-1 Iso-Octane N-Propyl Acetate
e
" . Iso-Propyl Alcohol O-Dichlorcbenzene
Carbon Monoxide ,
c Methalamine P-Cymene
ogen
lslfa?)ighl " Methane Petroleum Ether
,1-Dichloroethane ) .
Methanol Phthalic Anhydride

n=0.03

1,2-Dichloroethane
Dimethyl Ether

Methyl Acetate

Propane

Ethyl Nitrate

Methyl Acetylene

3-Methyl-Butene-1 Proprionaldehyd
Dimethyl Sulphide eyt Butene prionaldchyde
Ethane Methyl-Butyl-Ketone Propylene
Ethanol Methyl Chloride Propylene Dichloride
0
an Methyl-Eutyl-Ketone P-Xylene
Ethyl Acetate
Ethviamine Methyl Formate Styrene
v Methyl Mercaptan Tetrafluroethylene
Ethyl Benzene
. Methyi-Propyl-Ketone Toluene
Ethyl Chloride )
Ethvl Cveloh Monochlorobenzene Vinyl Acetate
Ethyl ch © t‘zxa“e N-Amy! Acetate Vinyl Chloride
ormai . . .
E thyl Proprionate Naphthalene Vinylidene Chloride
y] Propriona
B N-Butane Water Gas
Acrolein Diethyl Ether Ethyl Nitrate
n=0.06 Carbon Disulphide Divinyl Ether Methyl-Vinyl-Ether
s Cyclohexane Ethylene Propylene Oxide
Acetylene ' Hydrazine | Nitromethane
n=0.19 |Ethylene Oxide Isopropyl Nitrate

Vinyl Acetylene
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- &Nt EF ] Fej7t ohd BSEre] dE o
et A el A
9% WE2YH RaveE dudew Agug.

FeH 7hem PR W 23 Vol SojglE oluix BQ) AN

@ Md 7tag o %»1 Vel G&3 d854-F7] EFEY di2do o
HIa 35410°/m e F&e] Arojux S Ak

<E 3-3> B34t 409 9449 [Harris 1983]

FEE e e _BEA E449
AR (288K latm) °= 4(;)’4 ] Ag-27 dag
(MJ/m’) ? (MJ/)
of g 34 9.5 3.23
o] g 60.5 5.6 3.39
o e &l 56 6.5 3.64
29 86.4 4.0 3.46
zz93 81.5 4.4 3.59
Bet 1124 3.1 3.48
2L 107.1 3.4 3.64
&}fvlﬂi@ﬂ»& 167.3 2.3 3.85
S 10.2 205 3.01
@ Aa2d4YA E = (35x10°/m)xV(m')
BAA g S At
. 14
TGP "
, 4]
_ —_ 1
4 (E/Pa)l/B ( 3)
A 71A, ¢ bR E Zakgl FA oz NE 347
roc EEE Zuwre) 2o @ME) w4 A e (m)



E @ A& A(])
Pa @ 7149 (Pa)
Ao s At
O <39 3-7>25E FAA e
@ AR <k Ps At
Ps = P x P,

92 39 P, A

(14)
To He 2 g A e 2 &7 A
@ <2y 3-8>02RE FA A rd o2 A A
@ A A£AD ¢, A4
ty < (E[P)™
C. (15)
A71A, t = B A E A 7H(sec)
ty’ = B2F A2 7 (sec)
Co = %‘él:-(rn/s)

by=
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scaled peak 'side on’ overpressure Py’

10/
10 e
9
;
0.1
0.001

01

<29 3-7> @4A T

combustion energy-scaled distance 1!
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Q.1 .
0.1 1 j") 100
Yo combustion energy-scaled distance r
Py
t—————

PR R /\\_

time

'p

<I¥ 3-8> ¥l A A A% ZE5 P

(6) ME 29 #2& 93
- HE3LE g ake]l XY E

cEwgown 4o
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(7) ME 249 54 2 LA zejrd
HgE FE2 o B FolE g9 ZU)eE AAHY o)HE 7R
44 WiAYEE ME 2929 Jidg Fxstn o) 7JBHQ 249 93 #g =)
SAT YE2 9 ohy 5 4 4o Zx(source strength)d] o &l
ME ®33t #dste Zxe A9 3¢te 7127} = ME 2% ApEs Z32
o) FAE ATt 2 AN AEI AF B uAE & AAS 9§ day
7t 2o A F 2
ME 2d& goksld o83 2},
- 712 AH ) = v S e 1y,
bEag R R AAZAN By 2wre £33 9
cSAE AHEEA A EES AAT AA =1L Ale
- ThFE E FeE me g
C T, AKAN G EFHE e BE 23] sbssiv)
CRAQ Yo g ALgd A9 7hdelt)
- HR FL gty Wy eg ZTYA A Ec)

O

rel

o},
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A4 sEEY A4 T2ad dugE
4-1. rE9 #4Y

gholBele] TF4E AAEE AL R Microsoft Visual Studio 602 o] & (Visual
Basic €o])& A3t Source Code® #A3}al wHEo]A Source Code Al 83} o
DLL #42 dAgsdn

4-1-1. Yap=2 4 DLL T2
HAES FE FUIRG AbE ha B BAL JlAY @55% B £0%E
3l

.’.‘F‘-_
9 #AL 98 AL

4-1-1-1. d57E 2 £rE BF
(1) 7b2e] #AA Y7o =

2x
tt,,z 7 (16)
(2) TEND DY =AY IR dE B Y EE 04
te = to AEFE
ta < ty =&

QEFEA R, = 0003019 HAL 7px
TIFEA R, > 0.04°01H FAE s

- FEYo22HY Agm
- FZA|7Hsec) : td - FeErHE Bl 25(K) s
- 719 %E(kg/m) - *'T_%—'?—ﬂ%%(m/sec) V_v
- 24 AEm) : - FEEHm) :
A

-‘ﬁ%%(kg/sec) D V_kv

~ Plume or Puff & %7]4% (kg/m') : si_r
- 10m o)l A9 nlgh&E(m/sec) : u_10
- FEEE 27 FX(vol %) C0
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4-1-1-4. DLL Flow Chart

(A% )

k 4
2 o
¥s g

Decision = u * td / x

Decision >= 2.5 Decision < 0.6 0.6 =< Decision < 2.5
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4-1-5. Flow Chart
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