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A Study on the Semii-Quantitative Reliability Analysis of High
Density Polyethylene (HDPE) by Plant Safety Process Safety Integrity
Level (SIL)

Jae-Sun Koh

Department of Fire Safety Engineering, University of Howon
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Abstract This study analyzes the reliability of the SIS (Safety Instrumented System) to be installed in the
reactor and downstream line. The SIS helps in preventing overpressure due to runaway reactions, etc.,
during the polymerization process of the HDPE (High Density Polyethylene) plant. This study is a
quantitative analysis to determine whether the pressure safety valve is designed to the required safety
integrity level (SIL). Reliability data were obtained from the results, and the Probability of Failure on
Demand (PFD) was investigated. We determined that the target grade of the Safety Integrity Level (SIL)
for SIS was SIL 3, and the PFD ranged between 1.00E-3 to 1.00E-4. Quantification of the failure
probability upon request of the SIS using the Fault Tree Analysis (FTA) technique based on the model
building revealed the PFD for the SIS to be 7.30E-4. Our results indicate that the reliability of the SIS

is designed to the required safety integrity level (SIL) for the pressure relief valve.
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Table 1. Hazard presents of major facilities in
chemistry industrial

Operation Time(yr)

Classification  total

0~5 6~10 11~15 16~20 21>
Total 284 38 80 79 58 9
Oil 5 1 - 1 -
Petrol'eum 53 3 12 15 16 2
chemistry
Precise & 11 21 25 17 8
chemistry
Chemistry 18 1 6 9 - 2
Manure 3 - - 1 2
Toxic
Substance 20 2 2 4 9 5
Hazardous
material 68 11 16 18 15 8
terminal
Urban Gas 28 4 19 4 _ 1
factory
LPG, LNG ; ) . ; ) )
Terminal
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Table 2. Presents of major accidents in chemistry

industrial
Accident Type No. of Occurrence Percentage(%)
total 46 100
explosion 19 41
fire 12 26
release 11 24
others 4 9

Table 3. Causes of major accident in chemistry

industrial
Causes No. of Occurrence  Percentage(%)

total 46 100
facilities default 18 39

miss operation 14 31
product process default 2 4
corrosion 4

others 8 17
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Collecting data
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Quantify
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Countermeasurement

Fig. 1. Flow chart on study.
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Starting Point
for risk reduction
estimation

--- = No safety requirements

a = No special safety requirements
b = Asingle E/E/PES is not sufficient
1,2, 3,4 = Safety integrity level

C = Consequence parameter

F = Exposure time parameter

P + Probability of abvoiding the hazardous event

W = Demand rate for process assuming no protection

Fig. 2. Draw on Risk Assessment.
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Table 4. Safety integrity level : probability of failure
on demand

Demand Mode of Operation

Safety Integrit Average
alety ‘ntegrity Probability of Failure on Risk Reduction
Level
Demand
4 > 10-5 to € 10-4 »10,000 to <100,000
3 > 10-4 to < 10-3 »1000 to <10,000
2 > 10-3 to < 10-2 »100 to <1000
1 > 10-2 to € 10-1 »10 to <100
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(Determining SIL values)
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Table 5. Safety integrity level : frequency of
dangerous failure per hour

Continuos Mode of Operation

Frequency of

Safety Integrity Level Dangerous Failure per Hour

4 > 10-9 to ¢ 10-8
3 > 10-8 to € 10-7
2 > 10-7 to { 10-6
1 = 10-6 to € 10-5

2.5 HIO|H Xt=

Safety Instrumented System(SIS)2] E3H Safety
Integrity Level(SIL) @ 1459 AFsIA] AES]oF
S ATAFEE Tlo|E AR E A= Table 6[13-1513 &
t}. (EPRI, IEEE Standard 500, CCPS , OREDA)
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Table 6. Classification of national data reliability

Classification Description

- Reliability data used by Basically when
perform a probabilistic safety assessment of
new light water reactor at american EPRI
(Electric Power Research Institute)

- This data is also used to extract reliable data

that are deemed suitable by reviewing data

collected from several different dates, and
general reliability in nuclear power plants,
each plant type

That contains information about the

common-cause failures

In addition, appendix A contains a

description that is sure to extract liability

data by any assumption

- And given only point estimates(Point Estimate
Value), or whether the value is the average
value or 50% value, including assumption
about the distribution not given.

- These data are given a total of 104 data
reliability, this type of equipment is
separated 24, detailed specifications are 44.

EPRI

- This data is analyzed by collecting data on
the nuclear power plant facilities and
equipment as dates published by the IEEE
(Institute of Electrical and electronics
Engineers).

- Compared to other literature data that the
reliability for the electric and electronic
equipment is given in detail

IEEE Standard
500

- Reliability data for use reference when
analyzing the reliability of chemical plants at
CCPS (Center for Chemical Process Safety of
the American Institute of Chemical
Engineers)

- This data is extracted using reliability data on
the number of facilities required from the
general liability data

- That the advantages of this dates is given
figure determining the boundaries equipment
and the average upper limit/lower limit is
given

- The separated dates has given a total of 113
data reliability, equipment types 34, 73 for
detailed specifications.

CCPS

- Given that oil plant reliability data for the
facility as a kind of one hundred kinds of
data collected for the equipment associated
with(mostly petroleum related facilities)

- Given that has been detail classified as a
failure mode and failure severity, upper and
lower limits, the failure rate and
maintenance time the basis of the
calculation,

- The number is not given the failure rate per

operation

Each facility-specific data collection period is

an advantage that the reliability of the data

that have been collected from hundreds of
thousands to millions of times higher

OREDA
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3. M#HE S8t High-Density
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Fig. 3. P&ID on product unit of high density
polyethylene.
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3.2 Target SIL (Safety Integrity Level)
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Table 7. Probability of Failure on demand of
pressure safety valve.

No. PFD Data Source Others

1 4.15E-3* CCPS 4.3.3.1 Pilot operated type

2 2.12E-4* 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  Pressurizer safety valve for
Annex A Table A2-1 PWR

6 7.00E-3* EPRI ALWR URD Safety/relief‘valve for
Annex A Table A2-1 BWR, actuation mode

7  5.00E-3** EPRIALWR URD Pilot operated type

Annex A Table A2-1

fmean = 71, Y AFAA 7€, E-3= 10-3& iRk

Table 8. Probability of failure on demand from
Safety Integrity Level.

Ranking PFD (1-PFD)
SIL 1 0.1 to 0.01 0.9 to 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

3.3 Safety Instrumented System (SIS)2| 74
% NEIE
Safety Instrumented System(SIS)+= YA AETA|
Al2Hl Logic Solver A|lAH] 18|31 Zg<kQl Wi B Xt
AAE 59 3REOR o]RojXIt} SISO FF7E
Sensor System % 5F%} Logic System % sh47}
Bolal daFHEile] 4F3HoR AdEE As 7%
Skoitt. o9t 22 H371ES HIRCE Safety
Instrumented System(SIS)] Reliability Block Diagram
(RBD)[14,16,19]% 2J5HH Figure 49 2t

XV 21201
(Ethylene)

PASH PV 21205
216024 PLCA (Ethylene)

PASH FV 21609

216028 PLCB (Ethylene)

P2103A
|

Sensor system Logic system Final element system

Fig. 4. Reliability block diagram by success criteria of
SIS.
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Safety Instrumented System(SIS)2] 8 FA| o] &&
585 (Probability of Failure on Demand, PFD)<
AX¥sE7] 9Igt 71520] Table 9[14,16,19]°]H ©o|& 7]
Hroz S/det 3ol Figure 50|t

Table 9. Fault tree by failure on demand of SIS for
HDPE Plant.

Classification Description

2103 reactor pressure switch installed
on the top, PASH21602A & 21602B
the inability to have failed all available
upon request2B

If the pressure switch is out of use
when the signal is not sent to the PLC
in response to a pressure rise

If the inability to use both the PL
cconnected in parallel

If the signal from the pressure switch
does not transfer to the final element
The flow control valve (FV21609), a
pressure control valve(PV21205), the
emergency shut-off valve(XV21201) in
the ethylene feed line are both closed
on failure requires

In the case of failure when the ethylene
supply line blocked, and the
co-catalyst pump has failed to stop
when required

Unavailability
when sensor system
requirements

Unavailability when
Logic System
requirements

Blocked failure when

catalyst line needs or

ethylene supply line
requirements

Fig. 5. Fault tree for SIS failure on demand.
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PFD = (1/T)f 1—e Mdt= )\ x T/2
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4.3 KI7}RIEt7 |5 (Diagnostics)0| = 71719
BTN

PLC(Programmable Logical Controller) A|2~&]3}
Zo| 17| WS ARV S8 FA BAT 5 e
71718°] et ol=Ek 71719 QA ol8ESEES]
PFD(Probability of Failure on Demand)x 179
izl 771§ RBeoletl dge HAAIHMTTR:
Mean Time To Repair), 183 A7 QJsto] 11
Zo] ¥AE= 3E(DC: Diagnostic Coverage)ol =
A= o3t Zo| A4k

PFD= (\,/2) % T, @

o}7]4
T,=0—-DC) x (T/2+ MTTR) + DC <
MTTR

243

ols, WHLAGE(DC)E 0.95 (95%), FdFESA7k
S(MTTR) 847+ = 83t3ict

g9l 717191 B¢ oF
A== ST 1 S
7h BEEA] AA] o] HElA|= @=Th 11 olf= o
Fo= AXHE F of ol 7717t 5Lgt RleE <
Sto] ZH5ES AH7E 2 7FsAdo] Q7] "Relth B £
Ho|A AMgH FEddol gt I B2 By
FactorZd 2 A F5A0vAgog 3t QA o]lgE
531591 PFD(Probability of Failure on Demand)=
th&3} o] Akt

PFD= B3X\ X T ®)
of7]A, FFA/ALY QAR f= 87 A A9 A
£ 0.1& A8ttt
o714 Aol AR 59
I Zrt

= o}eTable 10[14,16,19]

Table 10. Abbreviation description used PFD
calculation for basic event

Abbreviation Description

t

Proof-test interval(hour)

MTTR Mean time to restoration(hour)
Diagnostic coverage(expressed as a fraction in
the equations and as a percentage elsewhere)

DC

The fraction of undetected failure that have a
common cause (expressed as a fraction in the
equations and as a percentage
elsewhere)(assume B x B p)

Of those failure that are detected by the
diagnostic tests. The fraction that have a
common cause(expressed as a fraction in the
equations and as a percentage elsewhere)

By

Average probability of failure on demand for the
group of voted channels(If the sensor, logic or
final element subsystem comprises of only one

PFD.
voted group, then PFDG is equivalent to

PFD, PFD,. and PFD )

Failure rate(per hour)of a anneal in a subsystem
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Dangerous failure rate(per hour)of a channel in

a subsystem, equal to 0.5 )\(assumes 50%
dangerous failure and 50% safe failure)

Detected dangerous failure rate(per hour) of a
channel in a subsystem(this is the sum of all the
detected dangerous failures rates within the
channel of the subsystem)

Undected dangerous failure rate(per hour) of a
channel in a subsystem(this is the sum of all the
untected dangerous failures rates within the
channel of the subsystem)

Detected safe failure rate(per hour) of a channel
in a subsystem(this is the sum of all the detected
safe failures rates within the channel of the
subsystem)

Channel equivalent mean down time(hour) for
1002, 1002 and 1003 architectures(this is the
combined down time for all the components in
the channel of the subsystem)

Voted group equivalent mean down time(hour)
for 1002 and 2003 architectures (this is the
combined down time for all the channel in the
voted group)
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Table 11. Quantification results of the final cutset.

Value

No (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%
PASH216
3 2767E-005 0.0379 0.9959 PASH21602AA 02BA 3.8%
PLCAF
4 2.993B-006 0.0041 1.0000 PLCBF PLCBF 0.4%
XV21

1.576E-011 0.0000 1.0000 P2103AF 2010 PV212050 FV216090

Report for SIS value 7.297E-004

Table 12. Quantification results for the failsafe

system related to the basic event list.

Lamd

Name Mean Description a Remark
CCFP 5.26E PASH 21602A/21602B fails 5.26E CCPS 2.1.4.1.3
ASH -04 to function on demand -04 and CCF 0.1
CCFPL 1.73E PLC fails to function on 1.73E OREDA 4.1.2
C -04 demand due to CCF -04 and CCF 0.1
FV216 2.20E FV21609 fails to close on 2.20E
090 -03 demand -03 CCPS 3.5.3.3
KOSHARI
P2103 1.48E Pump(P2103A)fails to stop 1.13E PAGE
AF -03 on demand -07 E-19CCPS
1.4.1.3
PASH2 5.26E PASH 1602A fails to 4.00E
1602  -03 function on demand -07 CCPs 2.1.4.13
PASH2 5.26E PASH 1602B fails to 2.93E
1602 -03 function on demand -07 OREDA 4.1.2
PLCAF 1.73E  PLC A‘ module fails to 2,93_E OREDA 4.1.2
-03 function on demand -05
1.73E  PLC B module fails to  2.93E
PLCBE -03 function on demand -05 OREDA 4.1.2
PV212 2.20E PV21205 fails to close on 2.20E
050 -03 demand 03 CCPS 3533
XV212 2.20E XV21201 fails to close on 2.20E
010 -03 demand -03 CCPS 3533
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Table 13. Event importance information. Failure on Demand)®= 2.83E-49} 1.52E-32] H] <F
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No event mean f-v rrw raw pd
| CCEPASH 5260e-004 07209 3.5871 137078 1.0000 System)9] A1=|%+= SIL(Safety Integrity Leve)35+
2 CCFPLC  1730e-004 0.2371 13108 1371.26 1.0000 = &Sk Qiokal HojRe 919} 22 AiE FY9
3 PASH21602BA 5.260e-003 0.0379 1.0394  8.17  0.0053 o E o SIS(Safety Instrumented System)2] AF %
4 PASH2IG02AA 5.260e-003 0.0379 1.0304 817  0.0053 7b orEmpEwiegl Q1w FAAAASE(Safety
5 PLCAF  1.730e-003 0.0041 1.0041 3.37  0.0017 Integrity Level, SIL)O 2 AA=olqlcty mekEdh
6 PLCBF 1.730e-003 0.0041 1.0041 3.37 0.0017 0}%E1 ?J__;SXC};—(] ];Ll Zﬂcﬂ }\L}_\_qu]kl ]:]E]—}\c])qé]—"i :1—_’78"%
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Fig. 6. Probability density function of SIS for PFD
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