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Abstract - Modern chemical plants including petroleum refinery and gas industries have evolved into more
complex and specialized. In these industrial complexes, it is important to maintain acceptable safety level
protecting from various potential disasters caused by fire, explosion and the leakage of toxic materials.
Recently possibility and consequence of accidents are increasing in the industrial process. So there is a
trade-off between the plant operation efficiency and safety level. In this study SIF(Safety instrument
Functions) was incorporated into SIL(Safety Integrity Levels). As a result, the safety level was upgraded by
designing resonable allocation of safety instruments.
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2.1, HAZOP(HAZard and OPerability)
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2.2. LOPA(Layer of Protection Analysis)
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2.3. SIF(Safety Instrument Function)

SIF(Safety Instrument Function) oFF-3 A&
HAskAl o o] Frkste 34 e Ads

ASAY 2w ALE 377 918 =4
E Y3t ZA9 ZYolt). SIFE= Sensor, Logic
Solver, Final Element, Al 7}A] 842] 2oz T4
o

(1) Sensor : FAWTO FHE ZA3A logic
solver2 Z&3dl= AA

(2) Logic Solver : SensorE %3 & A
sl o]’de] Logics &3l 1 3l Final
Elementll Al £8]14 Z5& A ste A

(3) Final Element : Logic solver®] X A& 1o} F
AL A A E THEY] ) 2ad B
A A5E st AA

SIF Z}2te] TR 84 AdEE 1484t Al
Hle] g 7Hs el met AEEE e 5 3l
= 727 NdE] gtk dRkE QE—\: all stand-by
TZ7} A ool WS wl, ol I &
AZIAY BFE A4S 38l 7129] all stand-by
T-ZE SIF 74 84 &4 9 *711-0]1,]. 23] A2
T3P o] Aol B 7sS SutEA FeA
o 28 AR =T =AY, BaR A S

- 58 -



SIL(Safety Integrity Level) A1 8] o] o] gt 2] =3 7hA4o 3t A

L8k FAAAE O F2 AFEES Ry 9
3o ©] 5 3HRedundant of replicated) T-F& AM-8-5}
7= qch EHQ o2 F e AAH a4v)
AP 7 AAF] e T2l 20022 out of 24, F
Mol AE 47 HERE AZdEY e 7=
2, YAz g 2Asr] Hdl 3 == F 719
PHANZE 273 1oo2(1 out of 2) TE7}F Sl

ig 13} Fig 28 Sl ©l& YUehith

)
>
fot

s

2.4. SlL(Safety Integrity Level)

SIL(Safety Integrity Level)2 T34 oll thd SIF
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Fig. 1. 2002 physical block diagram.

| Element I—I Element I

Element I—I Element i

Fig. 2. 1002 physical block diagram.

Table 1. Safety Intergrity Levels :
Failure on Demand

Probability of

SIL PFD Risk Reduction
(Safety (Probability of Failure on Factor
Integrity Level) Demand per year) (1/PFD)

SIL 4 210" to <10* 100000 to 10000
SIL 3 =10* to <107 10000 to 1000
SIL 2 =210 to <107 1000 to 100
SIL 1 =107 to <10" 100 to 10

QA 7150 B AEA ¢S §E)S o83 A
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H] 212 A& AX] 9] proof test interval 7+ ¥} failure
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T F S

PFD, .= $PFDy, + YPFD,, + SPFD,,

- PFD,,. : Average PFD of a SIF
- PFDg : PFD of a sensor

- PFD,s : PFD of a logic solver

- PFD; : PFD of a final element
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Table 2. HAZOP Cause-Consequence pair
and LOPA Result

HAZOP Result
No. Node Causes Consequences
No.
On high high
pressure oxygen s
in vent g from Increas.ed air 1n.
1 2 mercaptide caustic
separator as 4
sent to Oxidizer
measured by
AI-0269
LOPA Result
Scirjlarlo Tltle : On h.lgh high pressure Node No.
[2" warning alarm] in vent gas form 5
separator as measured by PIT 0266
Date Description Probability | Frequency
Increased pressure in
separator 121-D0003
Consequence | and dissolved air in
Description / caustic sent to
Category |extractor due to high
high pressure
detected in vent gas
Risk >
Tolerance Action required 1.00E-3
Criteria Tolerable <
(Frequency) 1.00E-5
Intiating event Level control valve
(Fre fenc ) 410-P-007A/B/C 1.50E-02
quency malfunction
Frequency of
Unmmitigated 1.50E-02
Consequence
Independent
Protectin Pressure detector and 0.64E-03
DCS
Layers
Total PFD for
all TPLs 9.64E-03
Frequency of
Mitigated 1.44E-06
Consequence(p
er year)
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SIL(Safety Integrity Level) A1 8ol g+ &) 2= Ao g A+

Table 3. Summary of SIL verification and add SIF

SIF Description Sensors Final Element
Pressure Sensor Pump
On high high pressure alarm ™ warning alarm] in (lool) (2002)
vent gas form separator as measured by PIT 0266 Pressure Sensor Pump
(1002) (2002)
PFD Proof Test Interval(year) Calculated
Sensor Logic Solver | Final Element SIF Sensor Logic Solver | Final Element SIL
3.47E-3 8.48¢-4 5.34e-3 5.77E-02 1 5 1 SIL 1
1.85¢-4 8.48¢-4 5.34e-3 6.37E-03 1 5 1 SIL 2
skl LOPAE aste] Aluhe] Lol wh& 918w
F =8 Aol 3N AN G HE AP
" =Ed3len, SIL AH8-& 53 SIFY] 28-& &3l
: Laak06 FAU AN YL BAHOZ 2N F AT
) AT =2 SILY| SIF & 7RSS B vg
. 8.31E-08 o] RTHEE PSS 1H}Y FHEY 5 e
‘ el W kol A HHshE SILY AL ok &
c 5.29E-10 o} B8-S uH% SIL 2 SIFe| A e s FH Ve
7 A& ol Aol ARE P THBTH 3t
ol e el & =80 2 Aot
V. ZA =
Non SIF SIL1 SIL 2

Fig. 4. Compare with frequecy of non SIF process
and frequecy of SIF process.
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Nomenclature
SIL : Safety Integrity Level

SIF : Safety Instrument Function
SIS : Safety Instrument System
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HSE: Health & Safety Excutive

HAZOP : HAZard and OPerability

LOPA : Layer of Protection Analysis

PFD : Probability of failure on demand

IPL : Independent Protection Layer

CPQRA : Chemical Process Quantitative Risk Analysis
P&ID : Piping & Instrument Diagram
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