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A Study on the Improvement of Reliability of Safety Instrumented
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Abstract : International standards such as IEC-61508 and IEC-61511 require Safety Integrity Levels (SILs) for Safety Instrumented
Functions (SIFs) in process industries. SIL verification is one of the methods for process safety description. Results of the SIL
verification in some cases indicated that several Safety Instrumented Functions (SIFs) do not satisfy the required SIL. This results in
some problems in terms of cost and risks to the industries. This study has been performed to improve the reliability of a safety
instrumented function (SIF) installed in hydrodesulfurization reactor heater using Partial Stroke Testing (PST). Emergency shutdown
system was chosen as an SIF in this study. SIL verification has been performed for cases chosen through the layer of protection
analysis method. The probability of failure on demands (PFDs) for SIFs in fault tree analysis was 4.82x107. As a result, the SIFs were
unsuitable for the needed RRF, although they were capable of satisfying their target SIL 2. So, different PST intervals from 1 to 4 years
were applied to the SIFs. It was found that the PFD of SIFs was 2.13x10™ and the RRF was 469 at the PST interval of one year, and this
satisfies the RRF requirements in this case. It was also found that shorter interval of PST caused higher reliability of the SIF.

Key Words : partial stroke testing, safety instrumented function, risk reduction factor, probability of failure on demands
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Table 1. SIL Classification worksheet of ESD
5 6 7
1 2 3 4 8 9 10
Protection layers(PLs) enter 1 if no PL present
Additional igated
Initiation | General Mitieati Independent | Intermediate | SIF Target Mit
Impact e . o 1. Pr BPCS | Al Et 1gation, . . Event
. Initiation | Likelihood | FTOCESS Ams, EIC. | pestricted | Protection Event Integrity S
Event  |Severity Level Desi i Likelihood
- Cause | (events per an Access Layers Likelihood | Level &
Description (events per
year) - (IPLs) (per year) PFD
(probability) year)
SIF No : 105-UC-010-1 Sensors : 105-TE-071 HH Final Elements : 105-UV-036/037 (C); 105-UV-038/039 (C)
NA NA | NA NA N/A N/A
Cause 1
NA NA | NA NA NA NA
Cause 2
_ _ - - - - - NA
Safety 0 NA NA | NA NA NA NA
Cause 3
NA NA | NA NA NA NA
Cause 4
0.00E+00 NA NA
N/A NA | NA NA N/A NA
Cause 1
N/A NA | NA NA N/A NA
Cause 2
Potential NA
Environment 0 N/A NA | NA NA N/A NA
damage Cause 3
to HDS - - - - - - -
Reactor
Heater . NA NA NA NA NA NA
(105-F-502) - - - - - - -
0.00E+00 NA NA
 |overheating| NA | wa | 1O TAHOS 1y NA
Overheating with response
0.10 1.00 | 1.00 0.10 1.00 1.00 1.00x107
105-F-502
NA | NA NA N/A N/A
Overheating | tube leaks
0.01 1.00 | 1.00 1.00 1.00 1.00 1.00x107 | i SIL 2
-PV- _TAH- range
Asset 4 105-PV-014 NA | NA 105-TAH-075 N/A NA 2
Overheating open with response
0.10 1.00 1.00 0.10 1.00 1.00 1.00x10-2
Vent line 105-TAH-075
Overheating | blocked NA | NA with response NA NA
0.10 1.00 | 1.00 0.10 1.00 1.00 1.00x10?
4.00x10° | 2.50x10° |  1.00x10"
Risk Reduction Factor(RRF) 400 Net Individual SIL In SIL 2 range 2.5x10°

3.dxn d n¥

3.1 8IFQ] Alz|E EM

ESD£ SIF7} 23 SILE A znymg;q B71517] 9
slo] 2714 &S sl A HAE SIFY 319
Awle] paA Aok @A) SIFS P4 AEE 8
BT, T AL S AFHE A TYHE
(Probability of Failure on Demand, ©]3} PFD)2 AlXAls}
of B SILE Z&51=A BT SIFY] 51914)

ok

F2OIM EHS| K|, M|323 M43, 201743

2e]o] 27 AokS Frlshr] $18)A] EC 6151170]
X AIAE Table 25 7|202 dlglom, SIFS] @72}
5 A 14EE PFDE A4kl oA Akgd 7}
AL oSt e KOSHAY | 483515134 A4
Aol A AFH Ake st
+ SIF9]| Full Stroke Testi= 41 9]
2YEA) Aol AR
* PFD ARS 9131 7F 519jx| 28o) thalo] Xﬂﬂ*}Oﬂ

A—] Zﬂ.J_O]_L_ %l—o] AL A 4 o= /\]__9_

g] M

YPE 47]

O_I——_‘



e
0lok

Table 2. Structural constraints on type A subsystems and type B subsystems®

Hardware Fault Tolerance (HFT)
Safe Failure Fraction (SFF) 0 1 2
Type A Type B Type A Type B Type A Type B
< 60% SIL 1 Not Allowed SIL 2 SIL 1 SIL 3 SIL 2
60%-<90% SIL 2 SIL 1 SIL 3 SIL 2 SIL 4 SIL 3
90%-<99% SIL 3 SIL 2 SIL 4 SIL 3 SIL 4 SIL 4
>99% SIL 3 SIL 3 SIL 4 SIL 4 SIL 4 SIL 4
Table 3. Subsystem data of ESD
Element A ADD ADU SFF Note
Temperature sensor 3.97x107 3.30x107 3.60x10® 90.9% Vendor Data
ESD PLC - - SIL 3 satisfaction Vendor Data
Solenoid Valve 5.15%107 1.88x107 73.3% Vendor Data
ESD Valve 5.40x10° 7.00x10° 2.00x10° 63.0% Generic Data"
A\ : Rate of failure, App : Rate of dangerous detected failure, Apy : Rate of dangerous undetected failure
Table 4, Results of structural constraint evaluation of subsystem on ESD
Subsystem Tag No. (Voting) Target SIL Type C;_Jx]Fr?rnt ?1}2; SUbCalculated S]I;?inal
Sensors TT-071 (1 out of 1) SIL 2 B 0 90.9 SIL 2
ESD Logic Solver PLC (2 out of 3) SIL 2 B 1 - SIL 3 SIL 2
UV-036/037 (1 out of 2) SIL 2 A 1 63.0 SIL 3
Final Elements
UV-038/038 (1 out of 2) SIL 2 A 1 63.0 SIL 3
T2#5kA] S0l generic H|oJEE ARERICH?. o] pFEoR BF PHRAASEQ SIL 28 S5
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Fig. 3. Result of fault tree analysis for ESD.
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Table 7. Results of PFD and RRF according to different PST cycles for ESD

Required RRF PST cycles Values of PFD No. of RRF Results
4 year (FST) 4.92x10° 203 No satisfaction of required RRF
400 2 year 2.92x10° 343 No satisfaction of required RRF
1 year 2.13x10° 469 Satisfaction of required RRF

Required RRF

Risk Reduction Factor
(RRF)

4 years 2 years 1 years

Partial Stroke Test Interval

Fig. 7. Variations of number of RRF according to different PST
cycles,
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