Theories and Applications of Chem. Eng., 2005, Vol. 11, No. 2 2695

HOPE Z@HEZ2| SISOl tist A2 &4

LAY A =

NEAHSD st 2 st}

( 119kjs@hanmail.net” )

Reliability Analysis on Safety Instrumented System of
High Density Polyethylene Plant

Ko Jae—Sun", Kim Hyo
Department of Chemical Engineering, the University of Seoul
( 119kjs@hanmail.net™ )

1. A2

= SH0ME HDPE BRUEC SSBTHUA 2SI SHEHIS JILYXS SAcH SXE SISSIL : Safety
2 ot

Instrument Level)2 AlZIEJ} 29I E 8B (PSY : Pressure Safety Valve)Jl @R &&= HHAM L LT (SIL) 22
HAHA=XE 3oz E406t= b

2.

0

3&9

HOPE S&HE SettSs Sol DLUE ZL20EH S Mitdcte BHLZ ZHSES 20| LIEHHE Fig 2-1
o 2O DT ZSC/0E M0 HRE F2= MEHU XSHEY2 S0, S0 24 =W &5
O, SHZ AI2E = &, BISEASE =4 S0l UL 0lHE RS BHEIINA SEESE HH B8
st& 2el, Ax, AdSSE S HA 2135 MES MAGH S SEEHS0l 0120 K= BHSII(R-2103)H A =
F=BtZ(Run Away Reaction)Z M Al BFSI12l 220| A S0t =0l O 20| BI8)| SO g EWE 9
SFX OIACZ ASOHAH I BHSI10F SYE =& UL 2XHEQ ADNSEAC=Z SIS AAEHS WSt U
Ct. Olc4St AtDE THHIGHH BHSIIU LS ASS 2 Xot0 DAl =0 HEQ 3532t WEE X6t
= SIS(Safety Instrument System)Jt & X1 E 0 UL

Sturry

Slurry
=210|
(Gr=oN — Pellet
arsS | <1 Screen

Ofl & el

Comonomer ' HDPE
== + et = B

Evaporator

Figure 2—1. P &ID on product unit of high density polyethylene.

]
5
0y
Iy

o 014 S8 Al1d A2z 20058



Theories and Applications of Chem. Eng., 2005, Vol. 11, No. 2 2696

2-2 Target Safety Integrity Level

Table 2-11F 210 PSVel PDF(2 P Al S AT : Fails to Open on Demand)dlOlE & = 7.03E-03, =4
21E-042 SZ ULt Table 2-1 L 2-25 HlwoloiE M PSVS PFD= SILS 35=2(0.001~0.0001)01 o
EtEtCE. MetAl HDPE B EQ| SISE 3522 SILS 2H=al 0F St

Table 2—-1. Probability of Failure on demand of pressure safety valve

No. PFD Data Source Others
1 4.15E-3+x |CCPS 4.3.3.1 Pilot operated type
2 2.12E-4x |CCPS 4.3.3.2 Spring loaded type
3 3.20E-3* |IEEE-500 11.2.b.1 Pressure relief valve
4 1.00E-3** |EPRI ALWR URD Annex A Table A2—-1 Pressurizer safety valve for PWR
6 7.00E-3** |EPRI ALWR URD Annex A Table A2-1 Safety/relief valve for BWR, actuation mode
7 5.00E-3x* |EPRI ALWR URD Annex A Table A2-1 Pilot operated type

*imean g2 JIE, » §FEXl JIE, E-3= 10-32 2/0/18.

Table 2-2. Probability of failure on demand from Safety Integrity Level

Ranking PFD (1-PFD)
SIL 1 0.1 to 0.01 0.9 t0 0.99
SIL 2 0.01 to 0.001 0.99 to 0.999
SIL 3 0.001 to 0.0001 0.999 to 0.9999
.Mz e
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Figure 3—1. Reliability block diagram by success criteria of SIS.
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Table 3—1. Fault tree by failure on demand of SIS for HDPE Plant

classification description
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Figure 3—2. Fault tree for SIS failure on demand.
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Table 4-1. Final Cut Set

No Value(PFD) f-v acc Cut set Contribution

1 5.260E-004 0.7209 0.7209 CCFPASH 72.1%

2 1.730E-004 0.2371 0.9580 CCFPLC 23.7%

3 2.767E-005 0.0379 0.9959 PASH21602AA PASH21602BA 3.8%

4 2.993E-006 0.0041 1.0000 PLCAF  PLCBF PLCBF 0.4%

5 1.576E-011 0.0000 1.0000 P2103AF [ XvV212010 PV212050 FV216090

Report for SIS value 7.297E-004
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Table 4-2. Basic event list for sis

Name Mean Description Lamda Remark
CCFPASH | 5.26E-04 |PASH 21602A/216028 fails to function on demand | 5.26E-04 |CCPS 2.1.4.1.3 and CCF 0.1
CCFPLC | 1.73E-04 |PLC fails to function on demand due to CCF 1.73E-04 |OREDA 4.1.2 and CCF 0.1
FV216090 | 2.20E-03 |FV21609 fails to close on demand 2.20E-03 |[CCPS 3.5.3.3
P2103AF | 1.48E-03 |Pump(P2103A)fails to stop on demand 1.13E-07 |KOSHARI PAGE E-19CCPS 1.4.1.3

PASH21602 | 5.26E-03 |PASH 1602A fails to function on demand 4.00E-07 |CCPS 2.1.4.1.3
PASH21602 | 5.26E-03 |PASH 1602B fails to function on demand 2.93E-07 |OREDA 4.1.2

PLCAF 1.73E-03 |PLC A module fails to function on demand 2.93E-05 |OREDA 4.1.2

PLCBF 1.73E-03 |PLC B module fails to function on demand 2.93E-05 |OREDA 4.1.2
PV212050 | 2.20E-03 [PV21205 fails to close on demand 2.20E-03 |[CCPS 3.5.3.3
XV212010 | 2.20E-03 |XV21201 fails to close on demand 2.20E-03 |[CCPS 3.5.3.3

Table 4-32 SIS2| QLFAl OI2SSEHE2| S 200 Uiote 2HIGIEZ(Monte Carlo)2 S AFE0t0 £
SHAlMO| 22 Asist 21100

Table 4-3 Result of inaccurate analysis

classification frequency

5% 2.83E-4

50% 6.50E-4

Mean 7.31E-4

95% 1.52E-3

point estimation value 7.30E-4
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