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Abstract

The quantitative evaluation method of the safety management cost was
suggested to prevent a gas accident as a major industrial accident. In a gas
governor station, process risk assessments such as the fault tree analysis(FTA)
and the consequence analysis were performed. Based on process risk assessments,
potential accident costs were estimated and the cost-benefit analysis(CBA) was
performed. From the cost-benefit analysis for five classification items of safety
management cost, the order of the cost/benefit ratio was estimated.
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Fig. 1. Fault Tree for Top Event.

Table 1. Example of Frequencies for Intermediate Events with Combinations of
Safety Managements

(unit : /yr)
termediate
N event | [MS1] [MS2] [MS3] [MS4] [MS5] [MS6] MS7]
0.
[A1] 1.767x10°5 [ 1.046x10° | 3631 %107 | 6.699%x 107 | 4.453x 10 | 2.505x 107° | 9.184 x 10°®
[None] 3535%107 |4.754% 107 | 2.183x107? | 1.218%10% | 3.820% 107} 2528x 107" | 4580% 102
[A] 1.767%x107° [4754x 10| 2.183% 102 | 1.218% 1072 {3.820x 107 | 2528x 10" | 4580107
(B] 3535% 107 {4754 %107 | 1.661 107 | 6.090%10° [ 2.042x 10| 1.264x 10 [ 4.195x 10
[C] 3535%107% |4.754x 10| 1.661 X107 | 6.090%10°® | 2.042x 107 | 2.277x 10" | 4195% 10
(D] 3535x107 [ 1.046% 10| 4803x 102 | 2680%103 | 8405%10%|5562%102 | 1.008 %1072
(E] 3535x 102 |4754x 10| 2.183x 107 | 1.218 X108 | 3.820x 10 | 2528 102 | 4580 X 103
A 1884 Bigod g Az
B: g4 oj¢ kA
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Table 2. Process Conditions of Scenarios

Scenario Pressurefkgi/cm® G] Temperature[ ‘C] Pipe ID[cm]
[MS1] 70.0 10 25.40
[IMS2] 85 0 40.64
[(MS3] 70.0 10 15.24
[MS4] 70.0 10 25.40
[MS5] 70.0 45 25.40
[MS6] 85 0 50.80
fMS7] 85 0 20.32

TEAAAA A AdASH FAZBE Weel B1YN v A, T%z%—

& 7180l A (Dl oAl & 4 (

o os 2 Aveed F2
PR Ao N AT 754 2

l>
nkr L
e
of, it

Table 3. Calculation Results of Source Term and Dispersion Models

Scenario flke/s] Distance[m] Duration timels]

/s UFL LFL UFL LFL
[MS1] 25.414 192.3 3486 722.7 1310.2
(MS2] 9.174 1125 200.7 422.9 754.0
[MS3] 8.657 109.2 194.5 410.3 731.1
[MS4] 25.414 192.3 348.6 722.7 1310.2
[MS5] 23.975 186.4 337.6 700.6 1268.8
[MS6] 14.482 142.9 256.4 536.9 963.6
[MS7] 2.177 53.7 94.4 201.7 354.6

T3 giAEFAFE B3 350 m olel] AAEHo 7] wiFe] BEARddA e

UFL# LFL ¥971A] &4 712FFo2 2 TNT BZFELE Algsle #4AE
oA gy FAFL AEAT, A (159 & zZF AUt probitE A4
probability(%)& H7}8t e, 21 A3+= Table 49 Zt}.
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Table 4. Structural Damages of Scenarios at Various Distances

cenario| [MSI1] [MS2] [MS3] [MS4] [MS5] [MS6] [MS7]
Distance Probit{ % |Probit| % |Probit] % |Probit| % |Probit| % |Probit| % |Probit] %
100 m {13454 100.0| 10.014{100.0] 9.833[100.0{ 13.454] 100.0{ 13.248|100.0{ 11.503| 100.0{ 6.086| 86.0
150 m  |10811]100.0| 7.735| 99.7| 7.579| 99.5] 10.811|100.0| 10.619/100.0] 9.036! 100.0| 4.351| 165
200 m 9.082{100.0{ 6.315| 91.0[ 6.175| 830 9.082|100.0| 8907| 99.9| 7.479| 99.3| 3234] 4.0
250 m 7.854] 99.8| 5.311| 62.0] 5.182| 57.0| 7.8541 99.8] 7.693| 99.6| 6.383| 91.5| 2410| 0.0
300 m 6926 975, 4544| 320| 4.421| 280 6.926| 975 6.776| 96.0{ 5553 71.0| 1.748] 0.0
350 m 6.158| 88.0] 3.899| 130 3.782] 11.0| 6.158| 87.0| 6.016/ 84.0] 4.860] 44.5| 1.155{ 0.0

3-2. v & A=
3-2-1. A F#E FA|

HEEAe e FREE "=EAEGIABYIIETERA, Y 194 dAw
Y FALFUZ AYHT Yo 23Y FA#EY FANE FELE HE-AYRYE
AN 7lole FAwe FAH] FEo] AP FHA siqEE 84 H FEI HME
BAAHA HAL Ha 7] Wi, B AT ddde FAY FEEE 474
o2t HAZOPOlA 7€ & 571 ¥Fo2 dag FxulE FEsgo. o 2+,
Qe o kAAE WL 166533 HY, AFHA o ZA Auld 4T 71AHA
AABF HEL2 10402 Y, AABVIAAY BF F FAHEL 12848 A, wiH 9
ARG FAE AT dAwY v &L 229369 Y, 2T HP2AL WS A ¢A
Z2) "§& 37,125 Aot

3-2-2. FAASH &4n|

7 Am Auveled dE ANSYHE 60 mE NFo BAADY ARE A
gotel RFFAY F AN Frhus Add ERGFL Fokol BAAYUS T2
o9 £¥Fdez ¥EW A, 4 Adde, & MSU~[MSTIE A &dule 247
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Table 6. Example of Potential Accident Cost for Various Combinations of Safety

Managements
(unit : Won/yr)
Intermediate
event | [MS1] [(MS2] | [MS3] | [MS4] [MS5] [MS6] [MS7]
No.
[All] 67,451 22,142 72,835 0 167,424 7,663 33,796
[None] 134,941,016 1,006,348{ 43,783,289 46,366,327| 143,624,329 773,305,347 16,853,879
[A] 67,4511 1,006,348} 43,789,283 46,366,327| 143,624,329] 773,305,347| 16,853,879
[B]} 134,941,016 1,006,348 3,331,837 23,183| 7,677,510 386,653 1,543,712
[C] 134,941,016 1,006,348 3,331,837 23,183 7677510 696,525,425 1,543,712
(D] 134,941,016 221,422 9,634,446| 10,202,115| 31,601,112 170,139,412} 3,709,325
(E] 134,941,016 100,635] 4,378929| 4,636,633 14,362433| 77,330,535 1,685,388
3-3. W] §-A 2 Y
A #EE] Fxpdlo] oigh v E-HYEM L A EH LA AAFE FABE vlgo=

tn, Zr Hde 2ol dE WIS AEE Hd AAAH SAuldA T =3

AR SQuel Fdoz H (A7 A B3 QAEE VL2 EYIAeH,
Table 79 HEZQL & JGetiUTh FAXG Fo] AA GHde FAuld did A
/el 82 250103, 4B =3E B/HEL [BI>[DEI>EI>ICI>[AE] ©41°]
Row, Z4zre) gh& 97.2, 431, 24.8, 245, 22201}t £ HA HY/MmEERT e

AdABE 2L (A% [AC] =§te 2 Z4Zt 0874 1.78 JENAH.

Table 7. Example of Cost-Benefit Evaluations for Various Combinations of Safety

Managements.
Combination Cost(Won) Benefit(Won) Benefit/Cost
[All] 456,277,000 1.159,515,224 2.5
[None] 0 0 -
[A] 166,533,000 134,873,565 0.8
[B] 10,402,000 1,010,976,276 97.2
[C] 12,848,000 314,837,503 24.5
[D] 229,369,000 799,437,687 35
[E] 37,125,000 922,450,968 24.8
4. 4 &
B
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