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Focus of this PhD thesis

This PhD focuses on safety instrumented systems:

0 On how they are used in the oil and gas industry, and

0 On what methods to apply to determine if they are

sufficiently safe and reliable
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0 It is important that the SIS is safe (“does the right things”) and
reliable (“when required”)

[0 Reliability is often referred to as safety integrity

[0 As a measure of safety integrity, we often use the probability of
failure on demand (PFD)
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[0 Such assessment should address, e.g.,:
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[0 The overall approach to the assessments should follow key
standards for SIS design, construction, and operation:

[J 1EC 61508, IEC 61511, OLF070
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Article 2: Lundteigen, Mary Ann and Rausand, Marvin. Common cause failures in safety instru-
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function testing. Journal of Loss Prevention in the Process Industries, Volume 20,
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: Article 3: Lundteigen, Mary Ann and Rausand, Marvin. Spurious activation of safety instrumented
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Conclusions Article 4: Lundteigen, Mary Ann and Rausand, Marvin. Partial stroke testing of process shutdown
valves: How to determine the test coverage. Journal of Loss Prevention in the Process
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s (ESREL conference)

Research approach Article 9: Hauge, Stein and Lundteigen, Mary Ann. A new approach for follow-up of
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Thesis structure and Risk Analysis: Theory, Methods, and Applications, Volume 3, CRC Press

e Parts 2008, p. 2921-2928 (ESREL conference)
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Calculating the PFD with fault tree analysis

Fault tree

Fault tree analysis is useful for assessment of
complex SIS, but many software tools perform

non-conservative approximations for the proba-
bility of failure on demand (PFD).
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Calculating the PFD with fault tree analysis

Fault tree

Fault tree analysis is useful for assessment of
complex SIS, but many software tools perform

non-conservative approximations for the proba-
bility of failure on demand (PFD).

This PhD proposes:

[0 New approach for calculating the average probability of failure
on demand (PFD) with fault tree analysis that:
00 Is based on conservative approximation formulas as basis
[0 Uses minimal cut sets as basis for identifying CCFs

0 Provides formulas for including CCFs for non-identical
components
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Calculating the spurious trip rate

The concept of spurious (unintended) activation
is not well defined, leading to many different
ways of calculating the spurious trip rate.
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The concept of spurious (unintended) activation
is not well defined, leading to many different
ways of calculating the spurious trip rate.

This PhD proposes:

0 New formulas for calculating the spurious trip rate that:

0 May be used for any k-out-of-n configuration

[0 Relate the contributing factors to the underlying causes of spu-
rious trips

[0 Distinguish between safe and dangerous CCFs

[0 Three new definitions: spurious operation, spurious trip, and spurious
shutdown
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Determining the partial stroke test coverage

The partial stroke testing may improve SIS reli-
ability, but insufficient focus has been given on
how to determine the PST coverage.
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Determining the partial stroke test coverage

The partial stroke testing may improve SIS reli-
ability, but insufficient focus has been given on
how to determine the PST coverage.

This PhD proposes:

0 New procedure for determining the partial stroke test (PST)
coverage that:

[0 Requires a joint effort from end users and valve vendor

0 Combines historical data with plant specific (operational)
conditions

[0 Three new concepts: PST reliability, PST revealability, and
weight factor
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Using the SFF as a design parameter

SFF is used to determine the architectural
constraints. Many SIS manufacturers and
end users question the use of the SFF as
a design parameter.
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Using the SFF as a design parameter

SFF is used to determine the architectural
constraints. Many SIS manufacturers and
end users question the use of the SFF as

a design parameter.

This PhD provides:

[]
[

New insight into the ambiguity of the SFF

O
O == = = Logo solver |

o

Input elements

Rationales for why the SFF should not be used as design pa-

rameter

New insight into why added redundancy may not have the in-

tended effects
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Defending against common cause failures

Common cause failures (CCF) are given much
attention in the design phase, but, unfortunately,
not followed up in the operation phase.
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[0 New procedure for defending against CCFs in the operational
e Monitoring phase that:

e Guidance

o Validity 0 Provides tools (checklists, tools for analysis) to prevent,
Conclusions reveal, analyze the root causes of CCFs

Acknowledgements

[0 May be integrated with current industry practises for func-
tional testing and follow-up

[0 Suggests how to interpret CCFs in light of periodically
tested systems
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Monitoring safety integrity in operations

Key standards require that the SIS reliability is
monitored during operations, but the industry
lacks practical guidance on how to do it.

This PhD proposes:

0 New (practical) approach for follow-up of safety integrity in-
cluding:

[0 How to define integrity targets and measure integrity per-
formance

0 When to allow or require adjustments of the functional
test interval
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0 Integrate other RAMS requirements with IEC 61508 for
product development
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Mary Ann Lundteigen,

0 Validity is an important property of research.
O In this PhD project, validity has been ensured by:

O Publishing articles in journals and conferences with
referee

O Presenting results at conferences and in industrial
networks, such as the PDS forum

0 Collaborating with relevant experts
Two methods have been used in industry projects.

0 ...however, the methods require further testing in the
industry
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e Further work
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All contributions aim at integrating theory with practical experience.
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