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ABSTRACT

The purpose of this work is to analyze quantitatively if the safety instrumented system(SIS) like the
pressure safety valves(PSV) in the processes of ethyl benzene plant have been designed relevantly to
the safety integrity level because overpressure in the benzene or ethyl benzene columns causes the
explosive reactions, fires and reactor explosions. The safety integrity level(SIL) 3 has been adopted
as a target level of SIS based on the general data of the Probability of Failure on Demand of PSV,
1.00E-4~1.00E-3. The standard model of the reliability has been set up and then the fault tree analysis
of it has been carried out to get the PFD of SIS, and the results show 8.97E-04, 5.37E-04, 5.37E-04
for benzene prefractionator column, benzene column and EB column, respectively. Thus, we conclude
that the SIS is designed to fulfill the condition of SIL3, and when the partial stroke test for the control
valve are carried out every sixth month, the SIS of each column is expected to increase its reliability
up to 22~27%.

Keywords : Pressure safety valve, Safety instrumented system, Safety integrity level, Fault tree analysis,
Probability of failure on demand, Reliability block diagram
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Table 1. Safety integrity level : probability of failure on
demand*®®

Demand Mode of Operation
Safety Average Probability
Integrity of Failure on Risk Reduction
Level Demand

4 =107 to <10™* [>10,000 to <100,000
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1 =107 to <107 >10 to <100
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Fig. 3. Draft on safety instrumented system in ethyl benzene process.

Table 2. Fails to open on demand for PSV

No PFD Date Source Other

1 4.15E-3 CCPS4.3.3.1 Pilot operated type

2 2.12E-4 CCPS$.3.3.2 Spring loaded type

3 3.20E-3 IEEE-500 11.2b.1 Pressure relief valve

4 1.00E-3 EPRI ALWR URD Annex A Table A2-1 | Pressurizer safety valve for PWR

5 7.00E-3 EPRI ALWR URD Annex A Table A2-1 | Safety/relief valve for BWR actuation mode
6 5.00E-3 EPRI ALWR URD Annex A Table A2-1 | Pilot operated type
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Table 3. Description of tag & abbreviation for EB process

olg3 QbR Azl 14

Tag & Abbreviation Description Tag & Abbreviation Description
AS-101 Benzene Prefractionator Column TT-113 Reboiler
AS-105 EB Column EV-121 Emergency closed Valve
AS-106 PEB Column EV-216 Emergency closed Valve
AS-206 Vent Gas Scrubber EV-1052 Emergency closed Valve
HS-101 Prefractionator Reboiler FV-165 Flow Control Valve
MS-114 EB Column Reflux Drum FV-210 (Fuel Gas) Flow Control Valve
MS-453 MP Condensate Drum FVv-212 Residue Flow Control Valve
TT-103 Prefractionator Condenser PV-291 Pressure control valve
TT-106 Benzene Column Condenser PSHH A/B/C Pressure Switch
TT-109 Reboiler MS-104 Benzene Column Reflux Drum
TT-111 A/B/C EB/Benzene Heat Exchange MS-112 PEB Column Reflux Drum
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Table 4. Probability of failure on demand SIS of ESD15

A& o

Systems-Part 1 : General Requirements”, International

S}t Sl Y L BB =] A0 A3, 2006 H

value = 8.978E-004
value f-v acc cut set
no
case 1 case 2 case 1 | case 2 case 1 case 2 case 1 case 2
1 1.57e-4 1.6e-4 0.18 0.24 0.18 0.24 PSHH213A PSHH213A
EV11610 EV11610
2 1.56-4 1.0e-4 0.17 0.15 0.35 0.39 PV10550 PV10550
EV11610 EV11610
3 1.56e-4 1.0e-4 0.17 0.15 0.52 0.54 PV10370 PV10370
EV1210 EVI1210
4 1.56e-4 1.0e-4 0.17 0.15 0.70 0.70 FV2120 FV2120
EV1160 EV1160
5 1.56e-4 1.0e-4 0.17 0.15 0.87 0.85 FV2100 FV2100
6 4.04e-5 4.0e-5 0.05 0.06 092 091 PLCF PLCF
EV11610 EV11610
7 1.0e-5 1.0e-5 0.01 0.02 0.93 0.93 PY1055A PY1055A
EV1160 EV1160
8 1.0e-5 1.0e-5 0.01 0.02 0.95 0.94 FY210A FY210A
EV11610 EV11610
9 1.0e-5 1.0e-5 0.01 0.02 0.96 0.96 PY1037A PY1037A
EV1210 EV1210
10 1.0e-5 1.0e-5 0.01 0.02 0.97 097 FY212A FY212A
UYI1161A UY1161A
17 4.3e-7 4.3e-7 0.01 0.01 0.99 0.99 PY1037A PY1037A
UYI21A UYI21A
18 4.3e-7 4.3e-7 0.01 0.01 1.00 1.00 FY212A FY212A
F-V : Fussel-Vesely 52 E=@NF 7|8 0] 23 e HADEE Hlse] 33 Ax) vlize] v|2 A9
Table 5. Result of quantify of PFD on demand SIS
SIS/Case Case 1 Case 2 Improvement Efficiency Result
ESD-15 8.89E-04 6.63E-04 26.5% SIL 3 satisfaction
ESD-16 5.43E-04 4.30E-04 22.7% SIL 3 satisfaction
ESD-17 5.43E-04 4.30E-04 22.7% SIL 3 satisfaction
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