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Release of hazardous and flammable gas is a significant contributor to risk, The ignition of flammable gas clouds can lead to
explosion accidents in the offshore installations, A gas detector, which is one of active protect systems, brings the module into
a safe state through emergency shut down processes and reduces the damage by eliminating the dangerous releases, It is
critical to understand the gas release, the wind field, and the complex geometry of installations to determine gas detector
placement, In this paper, the Gas detector Location Index (GLI) which is a novel index for optimal detector location determination
to efficiently prevent explosion accident using probabilistic approach,

Keywords : Offshore installations(GHYEUE), Explosion accidents(ZZALL) Gas detector(7FAZIX|7)), Gas detector location
index(GLI, 7tAZIX|7| IX[QIEIA)

[}
o mehE Fast g Ark

Fig. 12 7t~ +& & 7RAZixPle| Eaol e +& 7k~
FH|HSE ofA|2 HoiECL JRAAXII7L TIAE ZRlet =
7

AT} e, RRIE (ECR, 2012)2 SHUTEE Alel MAIAES S [0f 710iA TRt S7H TEA (7ot
= — [ —o — o o —_ ad
olot Aol MzdE malehl lok (Table 1). 531 7RG 7L o) w2 12 mast AziS #9)o Bk S22} =
= o [ LY o - —_—
Ao| £ES FjoBHUE A I Hiistn Alzlst Zare

ol g = 21o0q, olof| et HE AIRE ot 22, uls
o

S GIUSUES oMM E JIAZIK| AlAEISl 28MT §

1990). Mol I J=EICkD S PYskch TRILE Thyer (2005) =

0[2{8t ADE olodol| BiX|SE| 2fsi APl (2007)= HATtA AR 7 |9 2tEsEe ZA| Amg Erhke ZX|Th SIYEUE

Mg BT B2 £% FE JRUAIIE S ORNS 7ol =AM, JAERe| Clol, JIAEY SO ol H

SEISHOFICID WAISOIIC JIAZIRP IS SEX oF AIARL  Jia =Z0lA] 4%} of2x| Elckn B0siict w5 EET

(active safety system)22Z J{oiM JIA7| URIE 0| BjX|=| of orAl 37|9| CitMT} RETNO| EHME JIAZX|T|| £
0y, Z|NANSHHEECE Wi MYE SEoMQ| JIAE AR XZAMES ofgA| slod, T LRSS HAKSIK| 23ich

Received : 2 January 2017 | Revised : 17 January 2016 | Accepted : 26 January 2016
1 Corresponding author : Sang Jin Kim, sangjin@pusan,ac kr

fol



YT ZALD YRS 9Bt TRRUAD| IR M gy o7

Table 1 Extent of damage in relation with the main
event (European Commission Report, 2012)

Event Insignificant | Minor | Sever | Significant
Anchorl mooring 37 45 0 37
failure
Blowout 138 54 6 27
Breakage/ 21 54 | 96 197
fatigue
Collision 106 186 68 174
Crane accident 67 20 0 5
Explosion 46 34 10 28
Dropped object 876 69 14 74
Fire 592 132 86 100
Grounding 2 10 21 29
Hehcppter 30 07 0 0
accident
Out of position 32 15 2 5
Fluid/gas 1047 132 | 125 40
release
Towline failure 53 1 3 2
Well problem 211 14 0 8
300 |
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Fig. 1 An effect of gas detector on gas cloud
volume
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O Purpose: leakage/ area monitoring, personal protection

O Operating conditions: temperature, pressure, humidity

O Gas type: flammable/ toxic/liquefied gases

O Flow velocity, flow direction, low vibration, electromagnetic
interference, accessibility
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Fig. 2 Scheme of calculation of gas detector location
index
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+ Variables for gas dispersion scenarios i | -_ R
- X,: Wind direction ; :
- X;: Wind speed
- X;: Leak hole size
- X, Leak direction
- Xg: Leak position in X and Y directions
- X;: Leak position in Z direction

Gas dispersion
scenarios

Fig. 4 Procedure for selection of gas dispersion
scenarios (Kim, 2016)
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Table 2 Calculated index at each monitoring location

Point Point Point Point

No. Id. | Average ER No. Id. | Average ER No. Id. Average ER No. Id. Average ER
8 2 4.67E-02 178 2 2.95E-02 282 2 2.31E-01 364 3 1.31E-01
9 2 4.49E-02 193 2 2.98E-02 283 3 1.96E-01 365 3 9.27E-02
10 2 2.60E-02 194 2 3.11E-02 284 2 1.40E-01 366 2 6.78E-02
20 2 2.94E-02 195 2 3.27E-02 285 2 9.19E-02 367 2 3.59E-02
24 2 2.40E-02 197 2 3.50E-02 295 3 1.24E-01 377 2 2.33E-02
25 2 1.14E-01 209 2 2.24E-02 296 4 1.59E-01 378 2 7.32E-02
26 2 9.69E-02 214 2 1.71E-01 298 2 1.22E-01 379 3 7.92E-02
27 2 2.05E+00 223 2 5.10E-02 299 2 1.60E-01 380 2 8.09E-02
41 3 4.67E-02 224 2 5.12E-02 300 3 1.34E-01 381 2 8.06E-02
42 4 6.03E-02 225 2 4.78E-02 301 2 8.91E-02 382 2 6.63E-02
43 2 2.95E-02 229 2 4.91E-02 302 2 4.82E-02 383 2 6.23E-02
56 4 4.86E-02 230 2 7.156E-02 303 2 4.30E-02 384 3 4.10E-02
57 2 2.90E-02 231 3 9.56E-02 312 2 4.41E-02 385 2 3.35E-02
58 2 3.52E-02 239 2 2.21E-02 313 3 9.81E-02 394 2 2.87E-02
59 3 3.74E-02 240 2 2.43E-02 315 2 8.23E-02 395 2 5.27E-02
60 2 2.32E-02 241 2 3.50E-02 316 2 1.05E-01 396 3 7.63E-02
61 2 1.80E-02 242 2 3.21E-02 317 3 8.91E-02 397 2 7.59E-02
74 2 2.10E-02 244 2 3.62E-02 318 2 5.98E-02 398 2 6.95E-02
75 2 3.68E-02 245 3 8.33E-02 319 2 3.08E-02 399 2 5.77E-02
76 2 3.65E-02 246 2 9.29E-02 320 2 2.61E-02 400 3 6.17E-02
7 3 2.76E-02 247 3 1.21E-01 330 3 1.12E-01 401 3 3.72E-02
78 2 2.01E-02 248 4 1.38E-01 331 3 6.17E-02 402 2 2.80E-02
79 2 1.37E-02 249 2 1.26E-01 332 2 5.11E-02 429 2 3.64E-02
90 2 3.79E-02 250 2 1.15E-01 333 2 6.12E-02 446 2 3.59E-02
92 3 4.12E-02 256 2 2.50E-02 334 3 3.15E-01 463 2 3.42E-02
93 3 2.97E-02 260 2 3.62E-02 335 3 5.43E-02 467 2 4.01E-02
94 2 1.80E-02 261 2 5.12E-02 336 3 3.81E-02 480 2 3.63E-02
95 2 1.80E-02 262 3 1.73E-01 337 3 3.32E-02 482 2 2.56E-02
109 2 3.99E-02 263 2 1.85E-01 338 2 2.79E-02 484 2 3.57E-02
110 3 3.39E-02 264 3 1.98E-01 345 2 2.44E-01 518 2 2.71E-02
125 2 5.14E-02 265 3 2.42E-01 346 3 8.96E-02 533 2 2.17E-02
126 2 6.14E-02 266 3 2.16E-01 347 4 1.02E-01 704 2 6.77E-02
127 3 3.38E-02 267 3 1.70E-01 348 3 1.02E-01 705 2 7.41E-02
144 2 2.81E-02 268 2 1.30E-01 349 2 4.69E-02 721 2 1.72E-02
160 2 2.44E-02 278 3 5.54E-02 350 3 3.40E-02 722 2 3.43E-02
161 2 2.59E-02 279 3 1.78E-01 362 2 7.82E-02

177 2 2.89E-02 281 2 1.88E-01 363 2 8.93E-02
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Fig. 8 Location of uniformly distributed 12 gas detectors
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(a) Elevation B (6 detectors)

Fig. 9 Location of uniformly distributed 12 gas detectors
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Table 3 Probability of equivalent gas cloud volume

with or without gas detectors

2268-2592

Probability
Equivalent
quivaren With gas
gas cloud | W/o gas
3 detectors |*Case | | *Case Il
volume (m®) | detector
by GLI
0-324 0.62 0.74 0.68 0.66
324-648 0.16 0.14 0.14 0.22
648-972 0.20 0.40 0.20 0.20
972-1296 0.40 0.20 0.60 0.20
1296-1620 0.40 0.00 0.40 0.20
1620-1944 0.40 0.20 0.20 0.00
1944-2268 0.20 0.20 0.20 0.40
2268-2592 0.60 0.20 0.20 0.20
Total 1.00 1.00 1.00 1.00

=1 with uniformly distributed gas detectors
25000
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Fig. 12 Histogram of total equivalent gas cloud
volume of 50 dispersion scenarios

Table 4 Effect of gas detectors on total equivalent
gas cloud volume of 50 dispersion scenarios

Total With gas
equivalent detectors /
Effect of gas detectors )
gas cloud without gas
volume (m®) detector
Without gas detector 23548.8 1.000
With gas detectors by 0.612
aLl 144035 1 (38.8%)
With uniformly Case | 17769 3 0.755
distributed *(24.5%)
gas 0.696
detectors Case I 16389.5 +(30.4%)

= reduction ratio
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