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Abstract - In chemical industry plants, the raw material, intermediate and final products can leak from un-
stable joints of flanges and valves as well as cracks of storage tanks. From the safety and economic standpoints,
it is very important to understand whether leaks or not and leakage rate. The OGI(optical gas image) technique
can tell gas leakages, but cannot give the leakage rate. Some special OGI devices can show the kind of gas in
different color concentration in different darkness. Therefore the research on quantification of OGI is
necessary. In this research, we have developed the practical method to quantify OGI of methane leakage. To
estimate 3-dimensional gas leakages distribution from 2-dimensional OGI, the Monte Carlo Probability tech-
nique was applied. First the number of points in the area of width(2.54 cm) and length(2.54 cm) in OGI was
counted. Total no of each experiment was compared with the measured flow rate. The correlation average be-
tween total points and measured flow rate was found to be 0.980. Reversely we estimated the leakage rate of
OGTI by use of the correlation table. The results showed good agreement between the estimation value and the
measured value.
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Table 1. IR camera imaging specifications

Model Temp.
GF320 -20 °C to 350 °C
Number Range 035
Detector | jed msb || TPl | _j5 ik @ +30°C
Type Sensitivity
Spectral 32 ~ 34 um Zoom 1~ 8><.c'ont1nuous
Response digital
Total
Resolution| 320 x 240 O 76,800
Pixels
410
Accuracy temperlat(tirefoiange Lens Standard: 24 18°
0°C to +100°C Options | Optional:14.5°, 6
. CHgO, CsHio, C7Hi6, CsHi4, CsHs, CH;OH, MEK,
Detection
as MIBK, n-CsHis, CsHiz, CsHio, CsHs, CsHio, CsHs,
885 | C4He, CoHe, CH,, CH,
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Fig. 4. Image processing at 1 m distance.

Table 2. Quantification of leakage gas at a dis-
tance of 1 m
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Fig. 5. Quantification of leakage gas at a distance
of 1 m.

Measuring Estimated
distance and| Dimensions |Number of points output volume
Outflow | 6.4cni, (25.8ci) | 6.4cri, (25.8cii) pz .,
. 6.4cn, (25.8cm)
(L/min)
1 m 1.0 | 3414, (8.266) |2786.6, (6747.4) | 4.74, (17.88)
1 m 0.8 | 3.326, (7.913) |2714.9, (6459.4) | 4.56, (16.74)
1 m 0.6 | 2.523, (6.048) |2059.2, (4937.1)| 3.01, (11.19)
1 m 04 | 1.771, (3.001) | 1445.6, (2449.6) | 1.77, (3.910)
1 m 0.2 | 1.180, (2.302) | 963.3, (1879.2) | 0.96, (2.630)
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Fig. 6. Image processing at 2 m distance.
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Table 3. Quantification of leakage gas at a dis-
- [ 2] -
tance of 2 m
Measunng X . . Estimated 9 r ;
distance and | Dimensions | Number of points S ‘ = i i
2 | output volume e e =
Outflow | 6.4cm, (25.8cm) | 6.4cm, (25.8cm) . . = ==
. 6.4cn, (25.8cni)
(L/min)
2m 10 | 2.836, (7.736) | 23153, (6315.4) | 3.59, (16.19) ‘J' ! ‘J' |
2 m 038 | 2690, (6.129) | 21957, (5003.0) | 332, (11.41) o FESERN LR
2m 06 | 2079, (6.039) | 1697.1, (4929.6) | 2.25, (11.16)
2 m 04 | 1279, (3.103) | 10439, (25333)| 1.09, (4.11) Fig. 8. Image processing at 3 m distance.
2m 02 | 0.662, (1.181) | 540.7, (963.90) | 0.41, (0.97)
Table 4. Quantification of leakage gas at a dis-
tance of 3 m
7000
¢ 25464 cn2) Z Measuring
o0 J| © 508258 cm*2) .
I distance and| Dimensions | Number of points o Esntmztli(:ne
son | o Outflow | 6.4ci, (25.8cii) | 6.4ci, (25.8c) | CUPU VoIume
g . 6.4cm, (25.8cn)
‘émnn (L/m-ln)
2 2 3m 1.0 | 2.130, (6425) | 1739.1, (5244.5) | 2.34, (12.25)
% -
2000 . * 3m 08 | 1.969, (5.955) | 1607.3, (4861.1) | 2.08, (10.93)
o 2 3m 06 | 1732, (4.946) | 14138, (4037.6)| 1.71, (827)
0 T T T T T
L 3m 04 | 1228, (3.002) | 10027, (2450.7) | 1.02, (3.91)
. cpe e . 3 0.2 | 0.750, (0.853 612. 696.1 0.49, (0.59
Fig. 7. Quantification of leakage gas at a dis- - 50, (0853 5 6D : 05

tance of 2 m.
BE7bno Ao AAs e AHe Hels

e y=o 7= WA 64 or
(258 car)oll ®E7F27F A gk WY 5 vER
t}. 1~0.8 L/min = AHEH 517 % 2| 2o = 7]
FO2 2 U2, A= ZF 254 cemoll &3 £& 7}
220l WA Z Zol7} gle vt 5 AR
Al & JEith 08 L/minE 0.2 L/min7hA
BEF oig "ol 71 vle=Ee 49 2928
YERTE x5 y5o| JadAATE 0981% =
AR A= AT $IES e
EZ729 WA 258 ars AHHEYE EEF
7h2- A Ao Ut o R
Ro]Z% 0.6 L/min 9] 73-¢- 0.8 L/min¥} & 2}o]
A= AFEAE VeI 2 71 98 240
2 Qg 3719 55 vt FFgo R BRIt~
plume©] 71 WA A BA BFEA =HIUTh
=7 A2 3 m 9 EEF G2 7tAE AuR
A, AA w7 e] deo] &F A 9 - FEAE AT

- 21 -

pad

ZF BEZwFol| tig g 4k (70,255), (30,0)= A&
sle] BE7F2 ol A|ojth. Y& 9 HH %0

o =2

=

21,08, 06, 04, 02, L/min ©% 1 L/min®| 7
7t WA O] nRA 2 &
H71E2 &7 S 383t 0001225 crre] A2t
A 17391 ME YERATE 3 m, 1 L/min®] W3

%, 84 6.

4 cn

2 = =

S T =

2130 a2 WHo] LY} FHPolg = JIHL=E
234 e AHE YehlTh £EF0] ZolAFE
&7t 0] Ae HWAH A2 AHS gl
xZF9 BEFo) oE y=9 7|E W4 64 ar
(25.8 cr)oll EE7t27}F A8 M) 2 UE
o} 1 L/min 1739.1 7} 0.8 L/min 1607.3 7i, 0.6
L/min 1413.8 7§, 0.4 L/min 1002.7 7}, 0.2 L/min
6125 ME YeERTh xFF yFo FoATFe
0.976 ©|t}.
BZ71 <9 WA 258 o2 AHEH A
& dASFAT 3| AN ozl AR
a#zE eIt 02 L/min
ojlm|R| o] AR FFFEA He

A3 Eol=AT

ks

P

7¥
%]
9]

A Ho bl ot

o 12 (o

St 7~ 83 2] A21 Al5% 2017 102



=
ny
&t
Ho

6000

* 25464 cm2)
o 5.08(25.8cm2)
Plot Regr

5000

4000

3000

Number of points

2000

1000

1.0

12
(L/min)

Fig. 9. Quantification of leakage gas at a distance

of 3 m.
e
oo o Jomm = ‘l e = -!
"‘f] “‘/']
ey -.l-o.rc. -!

Fig. 10. Image processing at 4 m distance.
54 A 4m o £ IE 7t2E AHE
AA w7 e] do] o #A 9 - S A
EE2F dig 5L 7 (55255), (20,0) A&
o £E712 o|uAE UETh 9% RH ¢
202 1,08, 06,04, 02, L/min 2= 1 L/min
AT, B3 64 af T FF 7F= ¥ 0.001225
o] A 16264 HE YERATE 4 m, 1 L/min
14 1.992 e 2 W2 o] P} FFolgk= 71
o2 212 ar®] AFHES ekt &l ok
TE EE7t29 22 "Wy AHe stk
Fig.11.>1L/min 1626.4 7} 0.8 L/ min 1481.6 7},
0.6 L/min 1160.3 711, 0.4 L/min 866.7 7}, 0.2 L/min
5682 /& UElH o, xZ8 EE & & 7t=H
A o] FyEo FABAAATE09UE i § =2
AHAE FEE 2= AL F HEFS e

BZ7lx0] WA 258 o AWEE EEgo

2

7

fo o iy

Cl
o

=

Lo

L
L

=0
.8~1.0 L/mine= tHF 6.4 of BT} oF 2.54]
FAE UYERIAT, A3 BT d&
AYTA oz Adde 7
159l th 0.6~0.2 L/ming] 3%
Zag AFEA He HY 2 3

]

=)

o (X o

KIGAS Vol. 21, No. 5, October, 2017

o
ok
»

Table 5. Quantification of leakage gas at a dis-

tance of 4 m

Measuring
distance and
Outflow
(L/min)

Estimated
output volume
6.4cii, (25.8cn)

Number of points
6.4cii, (25.8ci)

Dimensions
6.4c, (25.8ci)

4 m 1.0 | 1.992, (5.508) | 1626.4, (4495.9) | 2.12, (9.72)

4mo08 | 1815, (4.602) | 1481.6, (3756.4) | 1.84, (7.43)

4m 06 | 1421, (1.823) | 11603, (1488.5) | 1.27, (1.85)

4m 04 | 1062, (1.343) | 8667, (1096.0) | 0.82, (1.17)

4 m 02 | 0.696, (1.116) | 568.2, (911.0) 0.44, (0.89)
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Fig. 11. Quantification of leakage gas at a dis-
tance of 4 m.
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Fig. 12. Image processing at 5 m distance.
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Table 7. Leakage gas quantification by distance

distance of 5 m of 1~5 m
Measuring | = . Estimated Measuring |~ ) 04 06 | 08 1.0
distance and | Dimensions | Number of points distance and . . . . .
A A A .. | output volume L/min | L/min | L/min | L/min | L/min
Outflow | 6.4cm, (25.8cm) | 6.4cm, (25.8cm) Outflow
) 6.4cr, (25.8cih)
(L/min)
Number of
5m 1.0 | 1.520, (4.860) | 1240.5, (3967.7) | 1.41, (8.06) points, 1 m 9633 | 14456 | 20392 | 27149 | 27866
5 m 0.8 1.456, (3.131) | 1188.4, (2555.8 1.32, 4.17
@131 (25558) @17 ]I:OL:LT:B;‘I’; 5407 | 1043.9 | 1697.1 | 2195.7 | 23153
5 m 0.6 1.117, (3.029) | 911.8, (2472.3) | 0.89, (3.96) ’
Number of
5m 04 | 0772, (0.673) | 630.1, (549.6) | 0.51, (0.42) umber o 6125 | 1002.7 | 1413.8 | 1607.3 | 1739.1
points, 3 m
5m 02 | 0267, (0267) | 217.7, (217.7) 0.10, (0.10)
Numberof | 500> | 8667 | 1160.3 | 14816 | 16264
points, 4 m
Numberof 1) 127 | 6301 | o118 | 11884 | 12405
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Fig. 13. Quantification of leakage gas at a dis-
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Fig. 14. Graph of leakage gas quantification by
distance of 1~5 m (Temperature 3~4 C,

14.5° lens).
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Table 8. Inverse estimation of Outflow (L/min)

Quantificat
ion of 1 m 2 m 3 m 4 m 5m
Outflow
2650~3000| 1.0, 0.8
2300~2650 1.0, 0.8
1950~2300 0.6
1600~1950 0.6 1.0, 0.8 1.0
1250~1600 04 0.6 0.8
900~1250 0.2 04 0.4 0.6 10, 08,
0.6
550~900 0.2 04, 0.2 0.4
200~550 0.2 0.2

Fig. 15. Application of outflow quantification
(1~5 m distance).
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Fig. 16. Review inverse estimation of outflow
(1~5 m distance).
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