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Objective of the presentation

e Present a new approach for follow-up of safety
instrumented systems (SIS) in the operational
phase

e Secure that the safety integrity level (SIL)
requirements are met in a “cost-efficient” manner

e Main focus is on the oil and gas industry, but the
main principles may also apply to other sectors
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Safety instrumented systems (SIS)

Example:

8\ Logic solver
O/ \%

9 =, =
Input elements Final elements 7) “ "3’ ‘ﬁ‘!é
e

http://www.puffer.com/
e Detect and act upon hazardous events
e Often a stand-alone system
e Often a system that performs on demand
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e Safety integrity is used as a reliability
performance measure - |
PN o e

e Splitinto four levels (SIL1 — SIL 4) e 4 b skt -

Fartie 1
Frescripoohs Ganesakes -

Funcliaral salely of electricalislectraalz)

* |t must be demonstrated that the S —
probability of failure on demand (PFD) mm
is within the specified SIL range —in
design and in operation

Example: PFD requirement for SIL 2:

10~ <PFD <107
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Factors influencing PFD
Failure rate

Test interval

PFD

CCF fraction

Other factors
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Reflections on the factors influencing PFD

= The failure rate in operation, A, , may be significantly
different from the failure rate, A .., assumed in the design
phase.

des ?

" A, and P are kept a low as possible through the
maintenance management.

* The only decision variable is the test interval t.

= 71 entersinto the PFD formula only as A1
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PFD example

Logic solver

PFD =~
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Purpose of the paper

e Give end users a practical
approach for deciding
the “correct” test interval
T — such that the PFD
requirement is met.
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Main features: Is the performance adequate?

The design failure rate has been used to
confirm that the SIL requirement is met

A4

€S

In the operational phase, the failure rate

A\

is estimated by observing the number of

| Y 8 X —> A
failures (x,) 1 op
By comparing the two failure rates, we R
can assess whether or not the SIL ﬂ“des VS. ﬁo
requirement is met* P
In practice, it is easier to use the number >
of failures for comparison €S

Xo < X
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Main features: Should the interval be changed?

The functional test interval may be
changed to compensate for

changes in the failure rate X, > Xo Or X; < Xo

The changed functional test

mteryzﬂ is based on the following Top . ﬂ“op — Mes Tdes
condition

N

How can ﬂop be determined?
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A

Estimating a new failure rate

Alternative I:

e Using operational experience alone

(Assume that failures occur according to a
Poisson process and that at least two

failures have been recorded)

Alternative Il:
e Bayesian update
e May always be used

e Defines the initial failure rate as a random

variable with a prior (Gamma) distribution

e Suggests an approach for “choosing”

o and y

s a+X
P y +1 ’

ﬂ“des

(ﬂ“cons — Mes )2
and a=y - A,

where y =

ESREL 2009, Prague

www.ntnu.no/ross/rams/maryann




Main features:
Adjusting the functional test interval

Three steps:
1. Calculate a preliminary test interval (1*):

* ﬁ“des ' z-des

Top = 5

op

2. Select the new test interval:

e Predefined intervals are suggested.
e Never more than doubling or halving
e Special rules applied for doubling and halving

3. Apply a set of qualitative rules before the final decision
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Visualization of rules

Assumption:7 . = 12 months

@ Z-des

| | | | | i s> Test interval

(months)
3 6 9 12 18
For doubling or halving: Must also consider
G NTNU
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Concluding remarks

e The approach has been tested in
industry projects

e Asargued in the paper: Itis still necessary
to perform recalculations from time to time

e The process of going through failure records is
valuable, even if it is time-consuming

e Experience from projects indicates that
common cause failures should get more attention
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Thank you for the attention!

e (Questions?

About the paper:

e The paper builds work performed in the “PDS-BIP” research
project funded by the Norwegian Research Council and the
Norwegian PDS forum (www.sintef.no/pds )

More information about our rearch:

e Safety and reliability activities at NTNU and SINTEF:
WwWw.ntnu.no/ross
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Additional slides

@ NTNU

Norwegian University of
Science and Technology

ESREL 2009, Prague www.ntnu.no/ross/rams/maryann




CASE:
The proposal is doubling or halving

Consider doubling the interval Consider halving the interval
4 4
— —" - ~ — —~

___________________________________________________________________________________

0 . :
design /1 design 2ﬂ’deﬂgn
2
I
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Case study:

e One (dangerous) failure has occurred during three years of operation for 35 blowdown
valves. That gives 9.2:10° hours of observation time.

e The initially selected failure rate was 2.9.10-6 failures/hour and a functional test interval
of 12 months was sufficient to meet the SIL requirement.

e Itis further assumed that the best guess for a conservative estimate is 2 - 2.9.10-6
failures/hour

e (Question: Should we change the functional test interval?

A .
esign —~3.5-10°hours

y =
(@_ ﬂ“design )

and =y - Ayegign =1
1+1
3.5-10°+9.2-10°

1= ~1.6-10°° failures/hour
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Case study (continued):

The experienced failure rate is lower than what was assumed
in design

The question is then: Can we extend the functional test
interval?

] 2.9-107°-12
- _

= ~ 22 months
operation 16. 10—6

A doubling is not suggested, so we do not apply those rules

Instead, we select the nearest allowed interval below 22
months which is 18 monthes.
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