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Outline of presentation

In this presentation, we will discuss:

1. What is a SIS?
2. What requirements are associated with SIS 

performance monitoring?
3. What is the current status for SIS performance 

monitoring?
4. What is our proposal for a new procedure?
5. How may the new procedure be applied?
6. Ideas for further work

SIS

Requirements

Outline

Status

New procedure

Case study

Disc. & concl.



3Technology and Society ESREL 2008

Safety instrumented systems (SIS)
A SIS is a safety system used to detect the onsets of 
hazardous events and mitigate their consequences

SIS: 
A system that implements safety function(s) based on 
instrumented technology

Main subsystems:
Input elements, logic solvers, final elements

SIF: 
A safety function that is implemented by a SIS
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Requirements – SIS performance

National authorities provide overall requirements

Reference is often made to IEC 61508 and IEC 
61511 (process industry)

SIS performance in IEC 61508/IEC 61511 is 
related to SIFs and comprises two elements:

Functional safety – “what to do”
Safety integrity – “how well to perform”

Safety integrity is split into four levels:
SIL1 - SIL4
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Requirements – SIS performance
IEC 61508 and IEC 61511:  Field data to be collected to:

Confirm compliance to the required SIL.
Confirm other design related assumptions like e.g., 
demand rates.

Probability of failure on demand (PFD) is used as 
measure of the “SIL performance”.
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Current status on SIS follow-up

Based on a survey, we find that:

Varying quality of field data: Lack of adequate reporting 
and collection procedures.

Performance targets assigned for component groups 
rather than functions 

Failure classification not always in line with IEC 
61508/IEC 61511

Lack of consistent procedures on:
How to update the failure rate
How to adjust the functional test interval
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New procedure

Purpose: 
Provide decision support for SIS follow-up that 
is consistent with the IEC 61508/IEC 61511 
requirements.

Pre-requisites: 
All dangerous (critical) failures are reported.
Possible to outline the ones that are DU.
The initial functional test interval selected so that the 
SIL requirement is met.
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Previous initiatives

OLF 070 guideline*) appendix F
DNV procedure
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*) Google “OLF 070 guideline”
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Step 1: Analyze integrity 
performance 

Step 2: Evaluate the 
functional test intervals 

Consider changing 
the functional test 

interval?

Yes

No

No change
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Establish integrity indicators and targets 

Integrity performance 
indicator:

Measure of the experienced 
safety integrity of a 
component

In our case: # reported DU 
failures

Integrity target value:

Measure of the acceptable 
number of DU failures for a 
defined population of 
components.

We have selected α = 70%

0 ( ) DUx E X n t λ≈ = ⋅ ⋅
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Step 1:  Analyze integrity performance

Hx

Lx
0x

Observation 
Period (yrs)

1 2 3 4

Go to step 2

Go to step 2

Count the number of DU failures (x)

?L Hx x x≤ ≤

No change

Yes

No

Go to step 3
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*) Alternative: Accumulated number of failures
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Step 2: Evaluate functional test interval

DUλ

DUλ
ˆ
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Calculate the confidence
interval for 

Estimate 

Change
interval? (quantitative

rules)

Change FT 
interval? (qualitative

rules)

Yes

Yes
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No

No
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Step 2: Quantitative rules

Quantitative rules*:

*) May apply more flexible rules than halving / doubling of test interval
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Step 2: Qualitative rules

Review a check list to identify any reasons for 
not changing the functional test interval:

Quality, relevance of and confidence in the 
collected data
Quality of functional testing
(Number of operational hours)
Type of failures experienced (CCFs?)
Benefits and practicalities of changing the 
functional test intervals
Vendor recommendations
Secondary effects of changing the functional test 
intervals

SIS

Requirements

Outline

Status

New procedure

Case study

Disc. & concl.



15Technology and Society ESREL 2008

Case study – Step 1

Assume a plant with 800 smoke detectors. 

During the first two years there have been 2 failures (x) 
classified as DU.  The initial failure rate λDU used to 
predict the PFD was 0.8 ·10-6 per hour.

Step 1:

The corresponding  xL and xH are 8 and 14 failures 
respectively. Since x is below xL , we proceed to step 2.

Note: The final decision is made based on the 
qualitative rules.

6( ) 0.8 10 800 2 8760 hrs 11 failuresDUE X n tλ −= ⋅ ⋅ = ⋅ ⋅ ⋅ ⋅ ≈
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Case study – Step 2

Result (quantitative rules): Considered doubling
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1/2 * LambdaDU 2 * LambdaDU
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Discussion and conclusions

The method has been presented to the oil and gas 
industry through the PDS forum* and industry projects.
The method is being tested through industry projects.
Some key questions to address in further work are:

What if we do not have sufficient amount of data?

Generic failure rates are based on historical performance, 
so why ignore them when calculating  λDU?

Why only allow doubling and halving of functional test 
intervals?

*) http://www.sintef.no/pds
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Further work - initiated*)

Handling insufficient amount of data:

N
O
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*) The report will be available at http://www.sintef.no/pds from Des 1st 2008 
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Thank you for your attention!
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SINTEF has developed 
a method for quantifying 
the reliability/availability 
of instrumented safety 
system, named the 
PDS method
The PDS method 
support reliability 
calculations according 
to the IEC-standard
61508: ”Functional
safety of safety-related
systems”
The PDS method is 
continuously updated in 
regular meetings in the 
PDS Forum. 

PDS Forum
PDS is the Norwegian acronym for "Reliability and Availability of
Computer Based Safety Systems".

http://pds.sintef.no/
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http://pds.sintef.no/

The PDS Forum's vision is to become 
Norwegian centre of force for developing 
Safety Instrumented Systems (SIS) in the 

petroleum industry.


