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General Definition
What is risk?

A Risk is the amount of harm that can be expected to occur during a given time period 
due to specific harm event.
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Safety related system consists of:
· Mechanical protection system
· Passive protection system
· Basic process control system
· Alarms
· Safety instrumented system (SIS)

What is SIS?
A relative level of risk-reduction provided by a safety function, or to specify atarget level of risk reduction. In simple terms, SIL is a measurement of performance required for a Safety Instrumented Function (SIF).

Notes
1. The function of SIS is called SIF. More than one SIF could be allocated to a SIS.
2. A SIS consists of a sensor, logic solver and final element.
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3. The ability of a SIS is to carry out the actions necessary to achieve a safe state in process.





4. Standards: IEC-60508 for general industry and IEC-60511 for oil and gas industry.
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IEC-61508:
Functional Safety of Electrical/Electronic/Programmable Electronic Safety Related Systems

IEC-61511: 
Functional safety –safety instrumented systems for the process industry sector

ANSI ISA-84.00.01: 
Application of Safety Instrumented Systems for the Process Industries
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Stages of SIL Study
1.Target SIL Evaluation
What SIL should be allocated for the SIF?

2.SIL Verification
Does SIS fulfill Target SIL requirements?




















SIL Verification Procedure
In order to verify the selected SIL in a loop, 3 components should be taken into account.
A. SIL capability stated in the certificate
B. Calculate PFD for each and then sum them and find the corresponding SIL
[image: ]C. Check architectural constrains by checking first rout.
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Calculate PFD for each and then sum them and find the corresponding SIL
Primary Definitions:
Failure Frequency:
The probability that a system fails during a specified period of time.

Mean Time To Fail (MTTF)
 
Probability of Failure upon Demand (PFD) : equals to λ times TI divided by 2 if λ.TI<<1. It is assumed that after each time interval the equipment is as new as first day. Time interval is really important when regarding sil target.
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Test intervals (TI) (directly affects PFD) 
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Lifecycle from IEC 61511
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exida hereby confirms that the:

SSX/SST Isolator/Splitter
The manufacturer

B Moore Industries - International
North Hills, CA - USA

Has been assessed per the relevant requirements of:

IEC 61508 : 2010 Parts 1-7

and meets requirements providing a level of integrity to:
Systematic Capability: SC 3 (SIL 3 Capable)

Random Capability: Type A, Route 1, Device

PFH/PFD,,4 and Architecture Constraints
must be verified for each application

Safety Function:

The SSX/SST transmits the input signal to the output port(s)
within the stated safety accuracy.
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exida hereby confirms that the:
Fisher™ 249 Displacer Sensors with
e manufactrer FIELDVUE™ DLC3100 SIS Digital Level
R Controller

Emerson Automation Solutions
Fisher Controls International, LLC
Marshalltown, IA - USA

Has been assessed per the relevant requirements of:
IEC 61508 : 2010 Parts 1-7
and meets requirements providing a level of integity to:
Systematic Capability: SC 2 (SIL 2 Capable)
Random Capability: Type B, SIL 2@HFT=0,
Route 1, Device

PFD,yq and Architecture Constraints must be verified for
each application





image11.png




image12.png
Appendix F: Form for SIL Allocation for Each Safety Function

TAG NO. P&I DIAGRAM NO.

INITIATOR(S):

FINAL ELEMENT(S):

CAUSE OF UPSET:

SAFEGUARDS ALREADY IN PLACE:

CONSEQUENCES:

Matter of Concern: Safety Financial Environmental

Likelihood:

Consequence:

SIL Level: =

Overall SIL Level (Highest Level):
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Safety Functional Requirements

The trip diagrams show the identified hazards and the shutdown strategy required to bring
the plant to a safe state as well as manual shutdown and reset functions. To be confirmed
after the final plant HAZOP.

The trip value of each initiator will be given in the Operating Manual together with the
alarm and normal operating point. Instrument ranges are found in the Instrument Data

Sheets.

Likewise special valve requirements ie. failure action, stroking speed etc. are found in the
Instrument Data Sheets for Control valves.

Contingency considered for the safety relief valves are found in the Flare Load Summary.

Functional requirements for the Emergency Shutdown System are given in the General
Specification for the Emergency Shutdown System.
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Documentation and Input Requirements

The functional and safety integrity requirements of the SIS are based on and documented
in the following documents:

Piping and Instrumentation Diagrams

Trip diagrams

Operating Manual

Instrument Data Sheets

Instrument Data Sheets for Control Valves

Instrument Data Sheets for Safety Relief Valves

Flare Load Summary

General Specification for the Emergency Shutdown System (ESD)

Description of method for the preliminary assignment of Safety Integrity Level’s (SIL) for
the Safety Instrumented System (SIS)
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Field instruments and final elements

Vendors of sensors and final elements which form part of the Safety Instrumented System
are to provide details of failure rates, diagnostic coverage and safe failure fraction to be
used for the final SIL calculation for each safety function of the SIS.

Package vendors

Package vendors are to provide a safety specification including SIL assessment for each
package.

Safety Lifecycle

After the final Plant Hazard and Risk analysis the Preliminary SIL assessments are to be
reviewed and modified or contirmed. The safety lifecycle is to be followed during detailed
engineering, installation and commissioning, validation, operation and maintenance and
finally decommissioning.
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Safety Integrity Requirements

Based on the Trip Diagrams each trip group (Safety Function Group) is broken down into
safety functions. They are listed at the end of this specification. Each safety function has
been given a SIL based on a qualitative analysis using risk matrices; the procedure is
described in the document Description of method for preliminary assignment of Safety
Integrity Level’s (SIL) for the Safety Instrumented System (SIS).

The architecture of each safety function shall meet the hardware fault tolerance
requirements as well as the system reliability requirements of IEC 61511.

The diagnostic capabilities of sensors and valves are to be utilised by the logic solver if
required to meet the specified SIL.

Testing schedules for sensors and final elements are a function of the implementation
method selected to attain a particular SIL. Adequate provision shall be designed into the
ESD system for testing back to the primary element without shutting down the process.
Likewise testing of final elements during operation may be required if SIL requirements
cannot be met due to long turnaround periods.
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Safety functions with Preliminary SIL assessment

On the following pages the Safety Functions are defined and a preliminary SIL is assigned
for each.

It has been assumed that:

1) Adequate measures are taken to prevent hazards arising due to explosive atmospheres.

2) The DCS is configured in such a way that a failure will not affect all the additional
safeguards for a safety function at the same time.

3) Critical trip initiators are configured as 2003 with median extraction. Any significant
deviation between initiators is alarmed.

4) Individual pump / blower / compressor trips to be specified by the respective vendors.

5) Control valves in series with SIF final elements are forced to their fail safe position by
the DCS which automatically switches controllers to manual mode with output 0%
even when the valve is equipped with a solenoid valve.

6) Over pressure protection of the plant is taken care of by safety functions based on other
technology i.e. capacity safety valves protect each design pressure level.
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Tag No. P&I Diagram No.

Tnitiator(s): FSAL-6070 P07
2003

Final Element(s): USV-2092/2093/2094 (NG | P10
double block-and-bleed
DB&B)

'USV-2010/2043/2048 & USV- | P02/03
2045/2049 (02 DB&B and SU

shut-off)
USV-2541/2542/2543 (Fuel | UOL
g2as DB&B)
CAUSE OF UPSET:
Control valve/ Controller / Transmitter failure (FIC-6070.FIC-2061 & PIC-2073)
Operator error
NG supply failure

SAFEGUARDS ALREADY IN PLACE:
Low NG feed flow alarm FAL-2061

S/C indication FFI-2069

High temperature alarm TAH-2305

High temperature trip TSAH-2305

Operator action

Flue gas temp. alarms TAH-2295 & TAH-2297

CONSEQUENCES:
Overheating of reformer tubes, reduced tube life, possible rupture
Potential overheating of waste heat section coils

Matter of Concern: Safety Financial Environmental
Likelihood: = Low

Consequence: = Minimal Extensive Minor

SIL Level: = NR 2 NR

Overall SIL Level (Highest Level): 2
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Tag No. P&I Diagram No.

Tnitiator(s): LSAH2474 P21

2003
Final Element(s): Patial tnp of Syngas | P22

compressor C 3001. Block in.
CAUSE OF UPSET:
Control valve/ Controller / Transmitter failure (LIC-2474)
Operator error
SAFEGUARDS ALREADY IN PLACE:
High level alarm LAH-2474
Compressor vibration trip
Operator action
‘CONSEQUENCES:
Liquid carry-over possible damage o Syngas compressor
Matter of Concern: Safety Financial Environmental
Likelihood: = Moderate
Consequence: = Minimal Serious Minor
SIL Level: = NR 2 NR

Overall SIL Level (Highest Level): 2
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Tag No. P&I Diagram No.
Tnitiator(s): LSAL-2442 P20
1ol
Final Element(s): USY-2446, USY-2450 (stop of | P20
Process Condensate pumps 2
MP 2002 A&B)
LV-2441 (LUSY-2441) P20
CAUSE OF UPSET:
Control valve/ Controller / Transmitter failure (LIC-2441)
Operator error
SAFEGUARDS ALREADY IN PLACE:
Low level alarm LAL-2441
Operator action
‘CONSEQUENCES:
Possible pump damage
Matter of Concern: Safety Financial Environmental
Likelihood: = Moderate
Consequenc Minimal Minor Minor
SIL Level NR 1 NR

Overall SIL Level (Highest Level): 1
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Tag No. P&I Diagram No.

Tnitiator(s): PSAL-7120 U10
Final Element(s): USY-7121 (Stop of BEW | U0
pump P7001 C)

CAUSE OF UPSET:
Tnlet filter blocked
Operator error

SAFEGUARDS ALREADY IN PLACE:
Low pressure alarm PAL-7120 (not all failure modes are independent)

Operator action

CONSEQUENCES:

Pump damage

Matter of Concern: Safety Financial Environmental
Likelihood: Moderate

Consequence: Minimal Minor Minor

SIL Level: = NR 1 NR

Overall SIL Level (Highest Level): 1
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Tag No. P&I Diagram No.
Tnitiator(s): LALL-5447 P45
1ol
Final Element(s): UY-5454/5458 (Stop of Off | P45
stream pumps P5009 A&B)
CAUSE OF UPSET:
Operator error
SAFEGUARDS ALREADY IN PLACE:
Low level alarm LAL-5446
Operator action
CONSEQUENCES:
Pump damage
Matter of Concern: Safety Financial Environmental
Likelihood: = Low
Consequence: = Minimal Minimal Minor
SIL Level: NR NR NR

Overall SIL Level (Highest Level): N/R
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Tag No. P&I Diagram No.
Tnitiator(s): LAHH-6083 P08
Final Element(s): USV-6081 (USY-6081) P08
USV-6082 (USY-6082) P08
CAUSE OF UPSET:
Control valve/ Controller / Transmitter failure
Operator error
SAFEGUARDS ALREADY IN PLACE:
High level alarm LAH-6082
Operator action
‘CONSEQUENCES:
Overflow of process condensate
Matter of Concern: Safety Financial Environmental
Likelihood: Low
Consequenc Minimal Minimal Minor
SIL Level NR NR NR

Overall SIL Level (Highest Level): N/R
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