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Estimation and Adjustment of Time Point in Manifestation of Gas
Safety Project Effects using Sigmoid Functions

Hyeon Kyo Lim'" - Geon Yeong Bak?

'Corresponding Author Abstract : Gas has replaced coal or petroleum as primary fuel because of its convenience.
Hyeon Kyo Lim However, gas has risk of fire, explosion, or poisoning. To reduce gas-related accidents,
Tel : +82-43-261-2462 many strategic projects have been being carried based on ‘Gas Safety Management Basic
E-mail : hklim@chungbuk.ac.kr Plans’ on a domestic scale. In spite of those projects, the gas-related accident rate did

not decrease over past decades. Thus, this study was conducted to analyze the effectiveness

Received : October 18, 2022 of ongoing projects, and to find out ways to make improvements. Conventional statistical

Revised : December 19, 2022 analyses on accident data published by gas-related institutions were not useful to

Accepted : December 21, 2022 determine meaningful attributes to predict future. Whereas, accident case analyses

adopted in the present study discovered differences in the type of people and their unsafe
acts for each gas type. Meanwhile, the overall average priority of projects was not high
in the aspect of System Safety Precedence. If the current trend is maintained, with sigmoid
functions, it can be estimated that mean annual accident rate will decrease by only 2.0%
in the next two decades. To improve the current trend, the present study made conclusions
as followings: (1) safety projects should be designed with careful consideration of accident
traits including gas type, unsafe acts, and persons involved and (2) alternative strategies
should include system considerations such as minimum hazard design and safety devices
prior to mere education or training. To summarize briefly, the present state related with

gas accidents highlights the necessity of a system-based multidisciplinary approach.
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Table 1. Results of multiple regression analyses

Gas City |High-P|Butane
Variables Total | LPG Gas | Gas** | Gas
] Year | 0425 | 052 | 0766 | - | 0.789
Time
Month | 0918 | 0.841 | 0229 | - | 0299
Consumed | 0.711 | 0.768 | 0.576 | - | 0.009*
Gas Supplied - - 0.000* - -
amount | # of homes - - 067 - -
Produced - 10477 - - 10737
: e # _ #
pvalue Alierarive. 19Ut 0000% | 0.000% 0,124 0.010
energy | Electricity | 0.008*  0.014 | 0.000* - | 0.606
consumed |\ ral gas| 0728 | 0419 | 0312 | - | 0.844
LPG 04 | 0555 0225 - | 0826
No. of Hydrogen | 03 | 0.906 | 0.343 - 10329
vehicles

Electricity | 0.323 | 0.769 | 0.721 - 10509
Others | EXNAION o374 071 0567 - | 0629

work
Linear R 0179 | 0.16 | 0183 | - | 0.098
Model AdjR? 0.165 | 0.145 | 0.169 | - | 0.082

Note) * significant, p<0.05
** high pressure gas, data unavailable
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Table 2. Distribution of accidents (2011~2020)

Gas Type No. o(i ai‘ecsc)idents P(Eroz;)n
LPG 471 47.8
City Gas 180 182
Butane Gas 207 21.0
High Pressure Gas 128 13.0
sum 986 100.0
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Table 3, Distribution of accident cases adopted in the present
study

Gas Type No. o(t;a /S\:sc)idents P(Egz;)n
LPG 57 449
City Gas 28 22.0
Butane Gas 24 18.9
High Pressure Gas 18 142
sum 127 100.0
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Table 4. Effects and manifestation periods of accident prevention
projects

Effect of Accident| Manifestation Period
Counter Measures Pr . o
evention p (%) years A
Design for Min. Hazard 80 10 10/12
Safety Devices 50 15 15/12
Warning Devices 30 20 20/12
Special Procedure 20 30 30/12
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Table 5. Variables considered in estimating saturated periods of LPG accident reduction projects (part)

. . . Target Prev. | Manif.
Basic Plan Id. No. Project Name Spec | Onset |Completion People Measure Level Effect | Period
New Normal 19 EMC Enhancement no 21 22 designer | min.hazard design 0.8 10
The 2nd 1-1-3 Safety Network in Islands yes ‘18 22 supplier safety devices 0.5 15
New Normal 1 Supplementation of Incompleted Blocking yes 21 22 supplier safety devices 0.5 15
New Normal 50 Buried Pipes yes 21 21 supplier safety devices 0.5 15
The 2nd 1-2-2 Remote Management of Small yes 20 24 supplier | warning devices 0.3 20
New Normal 14 Re-examination of Small Storage Tank yes 21 23 supplier | warning devices 0.3 20
The 2nd 1-2-2 | Education of Small Storage Tank Suppliers | yes 20 24 supplier | education training 0.2 30
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Table 6, Comparison of converged accident rate over time
(unit : cases/year, year)
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