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Abstract - The domestic gas detector installation standards applied to gas detectors, which are one of the fa-
cilities that can prevent accidents such as fire, explosion, and leakage that can cause serious industrial acci-
dents, do not take into account the behavioral characteristics of hazardous chemicals in the atmosphere. It can
be seen that the technical basis is insufficient because the standard is applied. Therefore, in this study, the size
of the leak hole for each facility mainly used in chemical plants and the diffusion distance according to the con-
centration of interest of hazardous chemicals were analyzed, and based on this, the optimal installation distance
for gas detectors for each material was suggested. Using the method presented in this study, more economical
and effective gas detector installation can be expected, and furthermore, it can be expected to help prevent seri-
ous industrial accidents.
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Table 1. Domestic and foreign gas detector installation standards
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Fig. 1. Classification of equipment.

9] Failure Rate and Event Data for use within Risk
Assessment®] ARE 83T B A A=
Ahle] 1A4E HolHE 83t stgFAe] 7zt
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3.1. Vessels

Vessel =7 Ambient temperature and pressure
vessels, Pressure vessels, Chemical reactor Al 7}X] =
EFE 4 o o] F YA Pressure Vessels
£ oy A2 e,

3.2. Components
Components= Valves, Pumps, Flanges and gas-
ketsZ E/3taL 9o, o] = ValvesE T AH|
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Table 2. Failure rate of General pressure vessels

Table 4. Failure rate of Pipework diameter

Type of Release Failure rate Notes Failure rates(per m per y) for pipework diameter(mm)
(per vessel year)
Unper Hole size 0-49 50-149 | 150-299 | 300-499 |500-1000
Catastrophic 6 x 10-6 'pp
failures 3
mm
Catastrophic 4 x 10-6 Median diameter 1> 10-52 > 10-6
Catastrophic 2 x 10-6 Lower 4mm 1 % 1068 x 107|7 x 107
K diameter
50 mm diameter hole 5 x 10-6
25 mm di hol 5 x 106 25 mm s 10.6]1 % 10-6]7 % 10-7]5 % 1074 x 107
mm diameter hole x 10- diameter
13 mm diameter hole 1 x 10-5 13
6 mm diameter hole 4 x 10-5 pipework 4 > 10-7|2 x 10-7|1 < 10-7
diameter
Guillotine |1 x 10-6|5 x 10-7|{2 x 10-7|7 x 10-8|5 x 10-8
Table 3. Failure rate of Valves
Type of Failure rate Notes Table 5. Hazardous dose of combustible substance
Release (per vessel year) otes
Manual valve Name LEL UEL 7L EL 7U EL
Failure to close 1 x 104 (Exc. Human ppm ppm o VIV o VIV
Error) acetic
acid 54000 160000 5.4 16
Failure to close 3 x 102 ROSOV
(Inc. Human Error) acetone 26000 128000 2.6 12.8
Failure to close 1 x 102 ASOV acrolein 28000 310000 28 31
Fail ammonia 160000 250000 16 25
aiture to 13 x 102 XSFV benzene | 12000 80000 12 8
operate
n-butane 15000 90000 1.5 9
NP n-butanol 14000 112000 14 11.2
2] A ]
24 00]';,;\1:]'. 1-butene 16000 93000 1.6 9.3
3.3. Pipework djzg’f‘i’ze 13000 | 500000 13 50
v o] 7 vje] FA we} FEF A7)0
= i ALA] o] o o= S o
U2 Failure rate7} AP0} glom ol= trel carbon | 1)5000 | 740000 125 74
w9} 2} monoxide
ethane 29000 130000 29 13
V. RSS2 ¥ 8 == ethanol 43000 190000 43 19
ethylene 23000 323000 23 323
41, QIS EFo| 9 == n-heptane 10000 70000 1 7
KOSHA Guide P-135-2018, Q1314 7}2~%S713 n-hexane 10500 76800 1.05 7.68
A 5o A 9 o] B /1 eA M) w2 [ hydogen [ 40000 [ 750000 | 4 7
Er_:] ?_]_5],/%] 7}_5_‘\_1’—_%%1—;(]%]01@_7]9/] %]H)gxél% Zj]—x] methane 44000 165000 4.4 16.5
A 7129 Zaks)3kgk 25% o)sloll A AR W methanol 73000 360000 7.3 36
A EE HASIEE HolQth =3 27) o)A+ propane 20000 95000 9.5
A2 A= 1;]_(ng}1) AR = ZIElsk propylene 20000 110000 2 11
A¢) 25% ]gl.oﬂ}\-], ZZ]'(ngh High) ARE= Zas) toluene 12000 71000 12 7.1
@A) 50% olstolA] Zug Wystolop sl @ [ molenc | 11000 | 70000 | 1 7
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Table 6. ERPG of toxic substance

Name ERPG-1 ERPG-2 ERPG-3
acetic acid 5 35 250
acrolein 0.05 0.15 15
ammonia 25 150 1500
benzene 50 150 1000
carbon
disulfide ! 0 500
carbon
. 200 350 500
monoxide
chlorine 1 3 20
ethanol 1800 3300 -
ethy.lene ) 50 500
oxide
hydrogen
3 20 150
chloride
methanol 200 1000 5000
nitric acid 1 10 78
nitrogen
1 15 30
dioxide
phenol 10 50 200
phosgene - 0.5 1.5
styrene 50 250 1000
sulfur
dioxide 03 3 2
toluene 50 300 1000
vinyl 5 75 500
acetate
vinyl
20000
chloride 300 5000

Fa ok

ol

54X T 9L S FHEIEE
(1) "4 1A &3] (ATHA) 9] ERPG-2

() V=37 1 54 (EPA)S] AEGL-2(1A4171)

(3) Fl=roll X F(DOE)2] PAC-2

(4) P=2IQEHA AR NIOSH) 2] IDLH 5=3]2] 10%

mets B AfolAE 24 EFY HAdsE T
o]¥] % ERPG(Emergency Response Planning Guide-
lines), AEGL(Acute Exposure Guideline Levels), PAC
(Protective Action Criteria), IDLH(Immediately Dan-
gerous to Life or Health)oll thdte] ZALSIAT

Table 7. AEGL of toxic substance

Name AEGL-1 AEGL-2 AEGL-3
acrolein 0.03 0.1 1.4
ammonia 30 160 1100
benzene 52 800 4000
carbon
disulfide 13 160 480
carbon - 83 330
monoxide
chlorine 0.5 2 20
ethy'lene ) 45 200
oxide
hydrogen
chloride 1.8 22 100
methanol 530 2100 7200
nitric acid 0.16 24 92
nitrogen
. 12 2
dioxide 03 0
phenol 15 23 -
phosgene - 0.3 0.75
styrene 20 130 1100
sulfur
dioxide 0.2 0.75 30
toluene 67 560 3700
vinyl acetate 6.7 36 180
vinyl
2 12 4
chloride 0 00 800
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Table 8. PAC of toxic substance Table 9. IDLH of toxic substance
Name PAC-1 PAC-2 PAC-3 Name IDLH Name IDLH
acetic acid 5 35 250 acetic acid 50 hydrogen 50
chloride
acrolein 0.03 0.1 14
R acrolein 2 methanol 6000
ammonia 30 160 1100
ammonia 300 nitric acid 25
benzene 52 800 4000
nitrogen
benzene 500 . 20
?arbc.m 13 160 480 dioxide
disulfide
carbon
carbo.n 75 83 330 disulfide 500 phenol 250
monoxide
carbon
chlorine 0.5 2 20 monoxide 1200 phosgene 2
ethanol 1800 3300 15000 chlorine 10 styrene 700
ethylene
. 5 45 200 sulfur
oxide ethanol 3300 dioxide 100
hydrogen
chloride ! 24 44 etil;;lg:e 800 toluene 500
methanol 65000 120000 400000
nitric acid 0.16 24 92 Table 10. Weather data
nitrogen
dioxide 05 12 20 A AE
phenol 15 23 200 & 4.02 mfs
phosgene 0.027 03 0.75 & 3.35 ms
FHmys)
styrene 20 130 1100 7+ 4.12 mfs
[e)
sulfur 02 075 30 AE 471 mps
dioxide
714 =(A~F) D
toluene 67 560 3700
= 12.87 C
vinyl
acetate 67 36 180 s 23.63 C
712 %(C) i .
. 7h= 16.83
Cl:'lggile 250 1200 4800
A& 3.83 C
= =. = % 64%
V. ralifEEael 7| & 7HSsHA
45 81%
o = o] 5 o o ™ FE(%)
fFrefl @ =2 o] 7l Ae fls PHAST" A& Jle 65%
Hold 22 78S F-83 3t A F3 S EWEA A
- - o
&3] AHe-H = A3t £ Toluene ) 48U = A= 56%
q %él“ HCI-S AHg-3he] QIS Bl =4 S o]
SHAS W FAFE FEste At A= A= 5.1. AIE-EHOI Y
HeA E48t 7t2317] A4 AR AgE DA A EY olAE 918 717 dlolE & 2n] HloJEl&
aheic. AR ATE SA5te] A Z7h ALBATE AX T Tl

- 43 -

s

=712~ 38k 4] A26A A|23 2022\ 49



ez QBN AN - oA fE - 1A%

Table 11. Substance and equipment data Table 13. Optimal installation distance of gas
detectors in vessels
2 g A
240 Tol Hal Name LEL 20% LEL 25% Toxic
= oluene
9 N N acetic acid 26.5 22.6 610
2 z)0] X N 71 A
=3l 2 ' 1A acetone 393 252 345
- L’%‘;}]‘EH ‘) Tank Tank acrolein 267 250 360
A T T
ammonia 429 347 1216
Sty
=34 ban) 15 0.01471 benzene 236 219 364
FALE(T) 96 30 n-butane 680 680 350
FE=T9 n-butanol 21 20 126
1 150 150
=17(mm) 1-butene 760 760 760
d?aﬂl’fc.’g 304 304 304
Table 12. Reach distance 1sutide
carbon
. 23 33 82
Toluene HCl monoxide
LEL 20% LEL 25% 5 ppm chiorine - 1250
N 03 189 34 ethane 192 165 22
=] O m D m m
ethanol 120 101 282
=
% 379 m 255 m 39 m ethylene 208 246 203
7+ 29.1 m 185 m 34 m
ethy.lg’ne 246 246 246
Ae 220 m 133 m 31'm oxide
n-heptane 192 168 289
A o) A 8 B3 )3 AR AL A o 33 prhexane » e =
ZFo] Mu] Ho|HE AA ].f}liq. hydrogen 26 25 6.2
AEY ol WE ZF B & A EF A hydrogen i 16
= E}—%E}— 7]2—1;]_ chloride
methane 70 63 6.2
52. 7{SsliAo| M= =& MX| Hel methanol 130 115 406
fegIREAe] AuE A S AFE —— : -
Mo fINREAE sfatAs] AH A -
AelE AT dioxide : 208
phenol 55 43 50
Algq| o
= propane 255 200 330
AR AT A F7E AR U] 88hgake] Al propylene 20 210 -
B OO so] FEAL Artel o] mE 39 phosgene : 265
FRA AFHLG FYHAT. ASHN 54 2 syrene 10 5 204
28 BAste] WAl A H o) Y ThagA 7] A sulfr -
o] %9} vl wEFATh dioxide
toluene 210 193 453
6.1. HS8IM 3 A} ]
_-_—[7_01] /\:’E‘ 7}_5_,:%]_1] 7] 2 _/_(] HZ] J&/g ) 7]_ VlIlyl acetate 255 237 353
1]:]1 %]\7] Eq]%q] %/‘(—)] %;g_“’]' ?_lil'/%] %@ /\]—O] Oﬂ 3] viny] 9% 7 204
23 2 2Fol= gtk weEkA Toluene @} HCI -, & 5 chloride
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Table 14. Optimal installation distance of gas
detectors in valves

Table 15. Optimal installation distance of gas
detectors in pipework

Name LEL 20% LEL 25% Toxic Name LEL 20% LEL 25% Toxic
acetic acid 9 7.7 201 acetic acid 7 5 225
acetone 133 88 113 acetone 102 60 127
acrolein 90 87 118 acrolein 69 60 133
ammonia 145 121 401 ammonia 112 83 449
benzene 80 76 120 benzene 61 53 143
n-butane 231 238 115 n-butane 177 163 129
n-butanol 7.1 7.0 41 n-butanol 5 5 46
1-butene 258 266 250 1-butene 198 182 281
carbon carbon
disulfide 103 106 100 disulfide 79 7. 12
carbon
. 7 11 27 carbon
monoxide monoxide 6 8 30
chlorine 412 chlorine 462
ethane 65 57 2 ethane 50 40 22
ethanol 40 35 3 ethanol 31 24 104
ethylene 101 86 66 ethylene 77 59 75
ethylene
thyl
oxide 83 86 81 efene 64 59 91
oxide
n-heptane 65 58 95 n-heptane 50 40 106
n-hexane 102 98 105 n-hexane 78 67 118
hydrogen 8.8 8.8 2 hydrogen 7 6 22
hydrogen
chloride 38 hydrofgen 0
chloride
th: 23 22 2
methane methane 18 15 22
methanol 44 40 133
methanol 34 28 150
nitric acid 99 .
nitric acid 111
nitrogen X
dioxide 66 nitrogen 75
dioxide
phenol 1.9 L5 16
phenol 3 3 18
propane 86 70 109
propane 66 48 122
propylene 91 73 119
propylene 70 50 126
phosgene 87
phosgene 98
styrene 37 29 67
styrene 29 20 75
sulfur 80
dioxide sulfur 9%
dioxide
toluene 71 67 149
il toluene 55 46 167
viny!
acetate 86 83 116 vinyl acetate 66 57 130
vinyl vinyl
chloride 32 25 97 chloride 25 18 108
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Table 16. Reach distance in case of HCI leakage

3 ppm
2 34 m
45 39 m
7+ 34 m
Ae 3lm

Fig. 2. Effect range of HCI leakage.
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