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Abstract - In this study a new SIS evaluation method based on the reliability analysis
has been developed. It evaluates the Safety Integrity Level (SIL) using the Fault Tree
Analysis (FTA), and when the SIL falls short of the systems target level, through the
reliability analysis and system retrofit, this method will satisfy the aimed SIL.

A hazard evaluation was carried out on the 415V Diesel BUS to verify the SIL
evaluation method based on the reliability analysis. The availability of the original 415V
Diesel BUS was 99.40%. which comes under the category of SIL 2. After exchanging
the diesel generator and the isolator switch using the developed evaluation method, the
availability rose to 99.94%, SIL 3.

By applying the method presented in this study, not only will it reduce the
maintenance cost due to the prevention of accidents and reduction of loss, but also
maximize the reliability of the system. '
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Table 1. Qualitative View of SIL.

SIL Generalized View

4 | Catastrophic Community Impact

3 | Employee and Community Impact

Major property and production Protection.

Possible Injury to employee

1 | Minor Property and Production Protection
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Fig. 1. Safety integrity level correlation with availability and risk reduction factor.
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Table 2. Consequence only decision
table.

SIL Generalized View

4 1 Potential for fatalities in the community

3 | Potential for multiple fatalities

Potential for major serious injuries or
one fatality

1 { Potential for minor injuries
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Fig. 2. Procedure of the SIS evaluation method based on reliability analysis.
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Fig. 3. Diagram of 415V Diesel BUS.
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Table 3. Minimum cut sets.

No | Probability | % Event 1 Event 2
1 245E-01 | 41.43| DIESEL ISO-D
- . EXT GRID
2 1.86E-02 [ 31.36} DIESEL REPAIR
3 7.46E-03 | 1263 | CON-A ISO-D
EXT GRID
- e = AN
4 567E-02 | 9.59 CON-A REPAIR
- EXT GRID
- - l) = - -
5 2.67E-02 | 9.59 REPAIR ISO-A
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EXTERNAL GRID
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External grid fails
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Q.
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Isolator switch fail
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i H
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Fig. 4. Fault tree of 415V BUS.
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Table 4. Importances for basic event.

No|Basic Event{Nom. Val.| FV |RDF|RIF
1| DIESEL | 2.04E-01 |7.28E-01| 3.15| 3.65
2 ISO-D 1.20E-02 |5.15E-01| 43.3 | 2.06
3 ﬁég‘AISRID 9.11E-03 |4.87E-01| 51.1 | 1.94
41 CON-A 6.22E-02 |2.22E-01{ 365 | 1.21
5 ISO-A 6.22E-02 |9.59E-02] 244 | 1.11

g4 5 : System Retrofit
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Table 5. Minimum cut sets using the
better generator.

No.{ Probability | % Event 1 Event 2
1} 7.46E-02 {39.65 CON-A ISO-D
EXT GRID
2 1 56B7E-03 | 30.1 CON-A
REPAIR
S EXT GRID .
3| 567E-02 301 REPAIR 1SO-A
4| 245E-02 (013 DIESEL ISO-D
EXT GRID
5| 186E-04| 0.1 DIESEL
REPAIR

Table 6. Minimum cut sets using the
better generator and CON-A.

572X .,

No.| Probability | % Event 1 Event 2
EXT GRID N
1 5.67E-03 | 80.7 REPAIR ISO-A
2 7.46E-02 | 10.63 CON-A ISO-D
) EXT GRID
3| 567E-03 | 8.07 CON-A .
REPAIR
4 245E-02 | 0.35 DIESEL 1SO-D
i . EXT GRID
5 1.38E-04 | 0.26 DIESEL :
REPAIR
Table 7& generator &A & A#% 2X&
88 AxE AA AT Table 7oA A4
¥ AR generators A T Al2"d F2
ki %}% FA e Rer FAEHUAG. ¢
of CON-A7} Alzde] 7} & 4gFE F&
ZNEAFe 2 BEAEAC
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Table 7. Importances for basic event
using the better generator.

No. |Basic Event|{Nom. Val. FV RDF | RIF

1 CON-A | 6.22E-02 [697E-01| 11.5 | 3.30
EXT GRID

9 . o = o=
2 REPAIR 9.11E-03 |6.03E 101 64.5 | 2.51
3 ISO-D 1.20E-02 |3.98E-01{ 33.7 | 1.66
4 ISO-A 6.22E-02 [3.01E-01| 553 | 1.42
5 DIESEL | 2.04E-04 |2.20E-03| 11.5 | 1.00

Table 8. Importances for basic event

using the better generator
and CON-A.
No. |Basic Eveﬁt Nom. Val. FV RDF | RIF
EXT GRID o
1 REPAIR 9.11E-03 {890E-01] 97.3 | 9.11
2 ISO-A 6.22E-02 |8.07E-01] 132 | 518
3 CON-A 6.22E-03 {1.87E-01{ 30.7 | 1.23
4 1SO-D 1.20E-02 {1.10E-01] 10.0 | 1.12
2 DIESEL | 2.04E-04 |6.13E-03{ 30.7 | 1.01
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