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ABSTRACT

Natural gas has been supplied through underground pipelines and valve stations as a new city
gas in Seoul. In contrast to its handiness the natural gas has very substantial hazards due to fires
and explosions occurring from careless treatments or malfunctions of the transporting system.
The main objectives of this study are to identify major hazards and to perform risk assessments
after assessing reliabilities of the composing units in dealing with typical pipeline networks. there-
fore two method, fault tree analysis and event tree analysis, are used here. Random valve stations
are selected and considered its situation in location. The value of small leakage, large rupture,
and no supply of liquefied natural gas is estimated as that of top event. By this calculation the
values of small leakage are 3.29 in DC valve station, 1.41 in DS valve station, those of large rup-
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ture are 1.90x1072 in DC valve station, 2.32x10% in DS valve station, and those of no supply of
LNG to civil gas company are 2.33x107%, 2.89x102 in each valve station. And through minimal cut
set we can find the parts that is important and should be more important in overall system. In
DC valve station one line must be added between basic event 26, 27 because the potential hazard
of these parts is the highest value. If it is added the failure rate of no supply of LNG is reduced
to one fourth. In DS valve station the failure rate of basic event 4 is 92% of no supply of LNG.
Therefore if the portion of this part is reduced (one line added) the total failure rate can be
decreased to one tenth. This analytical study on the risk assessment is very useful to prepare
emergency actions or procedures in case of gas accidents around underground pipeline networks
and to establish a resolute gas safety management system for loss prevention in Seoul metropol-

itan area.

Keywords : Reliability, Failure rate, Valve station, Fault tree, Event tree, Minimal cut set
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Table 1. Component Equipments composed in a valve station
e AT
FIL | HTR | PCV | ESV | MOV | PVA | FOR | PSV | XVA IQ IVA INS
DC 3 2 4 4 29 55 5 5 33 5 59 58
DS 1 0 2 0 17 17 3 1 20 2 25 24

FIL : ZE{(Filter), HTR : 318/(Heater), PCV : 48238 X (Pressure Control Valve), ESV : B33 X" B (Emergency Shutdown
Valve), MOV : AFz2ZH (Motor Operated Valve), PVA : v]7]¥ ¥.(Purge Valve), FOR : A% 223~ (Flow Orifice), PSV :
42 okl B (Pressure Safety Valve), XVA : #3522 (Manual Valve), JO : 8 %< E(Instrument Joint), IVA : Al 7|8 B,
(Instrument Valve), INS : #}7](Instrumentation).

Table 2. Generic Database

Name Description I\I;“egfl Mean | 5th% |Median | 95th% [Reliability
CLESV [ESV TRANSFERS CLOSED DURING A YEAR N/A | 1.21E-01| 3.26E-02 | 9.70E-02| 2.88E-01 | 0.886034
CLFIL |FILTER PLUGGED DURING A YEAR N/A | 2.75E02 ] 740E-03 | 2.20E-02| 6.54E-02 | 0.972875
CLFOR [FLOW ORIFICE TRANSFERS CLOSED DURING A YEAR NA | 125E-03] 3.36E-04 | 1.00E-03| 2.97E-03| 0.998751
CLMOV [MOV TRANSFERS CLOSED DURING A YEAR N/A | 150E-03| 4.04E-04 | 120E-03| 3.57E-03| 0998501
CLPCV [PCV TRANSFERS CLOSED DURING A YEAR N/A |350E-02 | 9.42E-03 | 2.80E-02 | 8.33E-02 | 0.965605
CLXVA |[MANUAL VALVE TRANSFERS CLOSED DURING A YEAR | N/A |2.50E-04| 6.73E-05 | 2.00E-04| 5.95E-04| 099975
CONSH [LARGE RUPTURE BY CONSTRUCTION ERRORMHIGH) N/A |125E02| 3.36E-03 | 1.00E-02 | 297E-02{ 0.987578
CONSL [LARGE RUPTURE BY CONSTRUCTION ERROR(LOW) N/A | 250E-03] 6.73E-04 | 2.00E-03 | 5.95E-03{ 0.997503
CONSM |[LARGE RUPTURE BY CONSTRUCTION ERRORMEDIUM) | N/A |625E-03 | 1.68E-03 | 5.00E-03| 1.49E-02| 0.993769
EXTEH {LARGE RUPTURE BY EXTERNAL EVENTMHIGH) N/A 11.25E-02 3.36E-03 | 1L.OOE-02| 2.97E-02] 0.987578
EXTEL [LARGE RUPTURE BY EXTERNAL EVENT(@LOW) N/A | 125E-03 | 3.36E-04 | 1.OOE-03 | 2.97E-03( 0.998751
EXTEM {LARGE RUPTURE BY EXTERNAL EVENTMEDIUM) NA 1625E-03} 1.63E-03 | 5.00E-03| 1.49E-02] 0.993769
HEOIH [OPERATOR FAILS TO DEFEAT INTRUDERHIGH) N/A |1.25E-01 | 3.36E-02 | 1LOOE-01| 297E-01 | 0.882497
HEO1L JOPERATOR FAILS TO DEFEAT INTRUDERLOW) NA {1.25E-02 3.36E-03 | 1.00E-02| 2.97E-02{ 0.987578
HEOIM JOPERATOR FAILS TO DEFEAT INTRUDERMEDIUM) N/A |250E-02| 6.73E-03 | 2.00E-02| 5.95E-02| 097531
HE02H {MAINTENANCE ERROR LEADING TO LARGE N/A | 625E-03 | 1.68E-03 | 5.00E-03 | 1.49E-02| 0.993769

RUPTURE(HIGH)
HEO2L |MAINTENANCE ERROR LEADING TO LARGE N/A | 1.25E-03| 3.36E-04 | L.OOE-03 [ 2.97E-03| 0.998751
RUPTURE(LOW)
HIGHH |HIGH PRESSURE INDUCEDMHIGH) N/A | 625E-01 | 1.68E-01 | 5.00E-01 [1.49E+0( 0.535261
HIGHL [HIGH PRESSURE INDUCED(LOW) N/A |625E-02| 1.68E-02 | 5.00E-02 | 149E-01| 0939413
LKESV |ESV LEAK RATE N/A | 1.25E-02 | 3.36E-03 | 1.00E-02 | 297E-02| 0.987578
LKFIL |FILTER LEAK RATE N/A | 1.25E-02 | 3.36E-03 | LOOE-02 | 2.97E-02| 0.987578
LKFOR |FLOW ORIFICE LEAK RATE N/A | 1.25E-02 | 3.36E-03 | LOOE-02| 297E-02| 0.987578
LKHTR |HEATER LEAK RATE N/A | 125E-02 | 336E-03 | 1.00E-02| 297E-02| 0987578
LKIJO |INSULATION JOINT LEAK RATE N/A | 1.25E-02| 3.36E-03 | 1.OOE-02| 2.97E-02| 0.987578
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Table 3. Continued
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Fig. 8. Quantitative risk analysis of event tree for large rupture at DC V/S.
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Fig. 9. Quantitative risk analysis of event tree for large rupture at DS V/S.
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Fig. 10. Quantitative risk analysis of event tree for Small leakage at DC V/S.
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Fig. 11. Quantitative risk analysis of event tree for Small leakage at DS V/S.

Table 4. Quantitative risk analysis of fault tree in terms of V/S

. Large Rupture Small Leakage No Supply of Natural Gas
Valve station
Frequency (/year) Frequency (/year) Frequency (/year)
DC 1.90x 102 329 2.33X1072
DS 2.32x107? 141 2.89%x1072

FFA - 2483 17 AlE, 20034
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Table 5. Quantitative risk analysis of event tree in terms of V/S
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Valve Stati Large Release (/year) Small Release (fyear) Fire/Explosion (/year)
alve ion
Short Term Long Term Short Term Long Term Small Major
DC 1.80x 1072 9.45X 107 3.09 0.19 3.87x10°° 3.80x10°°
DS 1.71x 102 1.90x1073 1.31 0.08 1.63x1076 4.17x1073
No supply of natural gas 0.030 B2 before
0.07 - B2 Short time large leakage after
Long time large leakage 0.025 S
0.06 4 == Large fire 0
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0.00 4 Fig. 15. The change of failure rate for no supply at DS
V/S.
Fig. 12. The compare of large accidents at valve stations.
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Fig. 16. The change of failure rate for min cut set at DS

Fig. 13. The change of failure rate for no supply at DC
V/S.

B3 before
RZZR after

RIIRIR)
eres:
Q552525654

%% %% %"

RHXRRAHRR

8RS

S

Sotatotetetelele!
%e2e%%%

o,
et

%>

TRXARIIRIIS
%

5

XX
o
s

2
S

X5
b
o

o
%a%%

TSR

2
X

X
%% %
20303 s%%
KX P
2%l 0%%
0% A%t
PR XY
20368 $%0% 20!
1%% 's%% I "o%e"

Fig. 14. The Change of failure rate for min cut set at
DC V/S.
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