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Service Description
and Values Generated:

A Safety Integrity Level (SIL) assessment determines the effectiveness
of safety systems based on the probability of tolerable incidents that
can occur within a number of processing demands. With many years
of experience in the management of safety, hazard and risk,
Germanischer Lloyd (GL) are extremely well placed to deliver SIL
assessments. Our understanding of major hazards and their
consequences and the evolvement of tools and methodologies, as our
knowledge has enhanced over the past 30 years to where it is today,
is fundamental to our business and the services we provide.

The determination of Safety Integrity Levels (SIL) for safety
components and systems is part of GL’s overall Quantitative Risk
Assessment (QRA) service.  

SIL assessments are a formal classification method which provide a
record of a quantified assessment of the probability of failure on
demand of a safety system taking account of the consequences of
the failure of the Safety Instrumented Functions (SIFs).

Initially a review of safety documentation will be carried out in order
to identify relevant information required for the project.  The
documents to be reviewed will include safety studies and HAZOPs. A
complete list of the Safety Instrumented Functions (SIFs) is prepared
prior to the SIL classification being developed. The project is
completed with verification of instrument and system specifications,
including reliability data and a formal recording of a Safety
Requirements Specification (SRS).

This is one of a series of formalised specialist methods for calculating
numerical individual, environmental, employee and public risk level
values for comparison with regulatory risk criteria.

GL conduct SIL studies in accordance with International standard
IEC 61511 and have conducted studies for numerous customers over
a wide range of projects.
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a. Data Gathering and Review

The initial stage of this type of project will be to gather the data
required for the study.  This will include, but will not be limited to:

� All relevant studies (HAZOPs, QRAs, etc)

� P&IDs

� Cause and effect charts

� Current maintenance and shutdown details

� Relevant operational information

It is also anticipated that visits will be required to the operational plant
facilities.

GL will require access to key site personnel during the visits (e.g. In-
strument engineers, mechanical engineers).  The purpose of these vis-
its will be to obtain a clear understanding of the actual
instrumented systems being studied and any constraints on proof
testing.

A review of the documents will be carried out in order to identify
relevant information required for the project.  The documents to be
reviewed will include safety studies and HAZOPs, but will also extend
to:

� Drawings of the process and ESD systems.

� Documents detailing design and operation philosophy, as
required.

� The client risk matrix.

A record of documents received and reviewed will be retained for
inclusion in the reports to the client.
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b. Process Hazard Analysis

A Hazard Identification (HAZID) workshop will be conducted for the
plant facilities in order to formally define the fire and gas hazards
present on the facilities (including toxic hazards).  This HAZID can then
be used, in conjunction with a Quantified Risk Assessment (QRA) to
define the level of risk reduction that would be required from the fire
and gas systems present on the facilities.

The HAZID will be carried out on a location basis and at each stage
the provision of fire and gas detection systems will be identified.
Where a shortfall in the provision of fire and gas systems is identified,
this will be detailed in the HAZID report.

The client will need to provide personnel for the HAZID workshop
who understand the nature of the fluids present at each location and
the fire and gas systems.

Based on the review carried out in Activity (a), a methodology will be
defined that will allow the HAZOP studies to be used in the definition
of Safety Instrumented Functions and assignment of Safety Integrity
Levels.

c. SIF Definition

Based on the work carried out in Activities (a) and (b), a complete list
of Safety Instrumented Functions (SIFs) will be prepared.  This list will
be provided to the client in a draft report for review.  Following receipt
of comments, the report will be updated to provide a definitive list of
SIFs.  This list will be used to define those systems that need to be
assessed in all subsequent activities.

During the definition process, where loops provide identical
functionality and have the same design, this will be identified in order
to avoid repetition of analysis work
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d. SIL Classification

Following the definition process, a Safety Integrity Level (SIL) target
will be assigned to each SIF.  This SIL target will be assigned using a
methodology that will be agreed with the client.  The methodology
will take account of both Layers of Protection Analysis (LOPA) and risk
matrix approaches as appropriate.

The methodology will also be consistent with and take account of any
existing client risk matrix, the risks as quantified in existing QRAs and
relevant client guidance.  The SIL classification methodology will take
account of the consequences of the failure of the SIF in relation to:

� The safety of people

� The environment

� Asset damage and production loss

� Company reputation

The typical SIL target levels that will be defined in the methodology
are:

SIL 0 - no safety requirement for the function

SIL A - risk reduction of less than a factor of 10 required
from the function

SIL 1 - Probability of failure on demand between 10-1 and 10-2.

SIL 2 - Probability of failure on demand between 10-2 and 10-3.

SIL 3 - Probability of failure on demand between 10-3 and 10-4.

SIL 4 - Probability of failure on demand between 10-4 and 10-5.

Though SIL 4 will be defined within the methodology, no single SIF
will be allowed to have a target of SIL 4 as maintaining this level of
reliability in a single system is generally impracticable.  If SIL 4
assignments are given, then the SIF will be identified as one where
multiple independent SIFs are required with recommendations
indicating how this might be achieved being provided to the client.

The SIL classification methodology will be reviewed with the client
within workshops to ensure a consensus view has been achieved. 
GL will provide the facilitator and secretary for these
workshops and it is assumed that the client will make personnel
available for these workshops.

A report will be prepared that provides the SIL classification for each
SIF along with:

� The methodology

� The parameters selected to arrive at the classification

� How the demand rate was determined and what causes
a demand on the system

� Details of other risks reduction measures considered in
the classification

� The manning assumptions and consequence studies used
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e. SIL Verification

The next stage of the project will be to determine the SIL that the
installed systems can achieve based on:

� The equipment, (e.g. sensor, logic unit) used in the SIF

� Appropriate reliability data

� Specific proof testing intervals

Reliability data specific to the client and plant/process will be used in
the assessment if this readily available, otherwise either manufacturers’
data or generic industry data will be employed.  It should be noted
that caution should be used in applying manufacturers’ data as they
may only consider the element they provide and not the associated
cabling, hydraulic supply etc.  Reference to industry data will always
therefore be made to ensure that overly optimistic data is not used.
Where significant deviations from generic data are observed, this will
only be used if there is sufficient justification provided by the
manufacturer.

In addition to the manufactures’ industry data sources GL will also
refer to the following publications:

1. “Reliability Prediction Method for Safety Instrumented
Systems”, PDS Method Handbook, Sintef, 2006 Edition.

2. “Reliability Data for Safety Instrumented Systems”, PDS
Data Handbook, Sintef, 2006 Edition.

These references provide an interpretation of the OREDA data
(Offshore Reliability Data) in conjunction with other published data.
These references also provide valuable guidance on common cause
factors and dangerous failure and spurious trip fractions.

The method used for calculating both the overall reliability and
spurious trip frequency and SIF of components will depend on the
complexity of the system.  For simpler systems, approaches such as the
use of reliability block diagrams will be used.  More complex systems
are likely to be analysed using fault tree analysis.  GL will use an
appropriate software package to carry out any fault tree analysis.

Proof test intervals of one, two and three years will be used in the
analysis and the maximum proof test interval that will still meet the
SIL target will be detailed.

Where the verification shows that the SIL target cannot be met with
the one year proof test interval, recommendations will be provided
that detail system improvement options that will allow the target to
be met.  These recommendations will focus on the elements of the
system that contribute most to the overall probability of failure.

Typically a report will be prepared that will detail all the inputs and
outputs of the verification process and describe the methodology
used.
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f. Safety Requirements Specification

Safety Requirements Specifications (SRS) will be prepared for all SIFs.
As required by the client and these SRSs will typically contain:

� A description of the SIF, how it works and related devices

� The assigned SIL

� Reference to the Cause & Effect charts

� Calculated SIL values for proof test intervals considered

� Recommended response time based on a high level
understanding of functional requirements

� Trip settings and whether the system is energised or
de-energised on trip

� Safe state

� Test requirements (tasks, not frequency)

� Operator interfaces (including manual initiation)

The SRSs will be tabulated in a standard format and provided to the
client in a report.
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g. Performance and Testing

Performance standards will be prepared for each SIF describing the
functionality, reliability and survivability of the function.  They will also
detail the proof tests that should be carried out on each system, the
steps associated with the proof test and the relevant regulations.

The performance standards will be consistent with the requirements
of the client’s technical integrity or quality assurance guidance
documents.

If required, a document will be prepared that provides all relevant
information for uploading the testing requirements into the client’s
database for maintenance management.

h. Management of Change

It is important that once this SIL study has been completed that
changes are only made with the full understanding of any
implications for the SIFs.  A change management procedure will
therefore need to be prepared that is consistent with the existing
change management processes used by the client (e.g. Management
of Engineering Change).  In this manner, the change management
process could be incorporated within the client’s existing procedures.

The change management process will include the procedures that
should be used if there is any erosion of the SIF performance below
SIL target levels.  This could include, for example, provision of special
protection measures.

i. Gap Analysis and Reporting

The final stage of a project will be to collate all gaps found between
the target requirements and specifications of the standards and the
actual equipment installed.

Where gaps have been identified, recommendations on how this gap
could be closed will be provided.

The summary of gaps and recommendations would be provided in a
report to the client.
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a. Reliability Assessment of Overpressure Protection Systems

Date: 2007
Customer: Onshore Gas Storage Facility, UK
Benefit: Confidence to the HSE that protection systems would

operate as per the design

Issue:

GL were requested by an Onshore Gas Storage Facility in the UK to
undertake a detailed analysis of the Safety Instrumented Systems that
are to be used to protect a number of critical areas of plant against
overpressurisation. 

Work:

The work included:

� Providing a robust determination of the frequency of
overpressurising the critical plant areas in the absence of
the Safety Instrumented Systems.

� Determining the potential consequences of
overpressurisation using updated results from a full QRA
of the site that had previously been undertaken by GL.

� Determining the reliability (i.e. achieved SIL rating) of the
Safety Instrumented Systems that included both ESD and
HIPPS systems. Fault tree analysis was used to determine
the reliability of the systems.

� Calculating the risk in terms of PLL (Potential Loss of Life)
as a result of overpressurising the critical plant areas.

� Showing that the risks were ALARP.

Output:

The proposed design of the safety systems changed a number of
times during the project and required re-working of reliability and
ALARP calculations. However, the work was still completed on time
against a tight schedule and enabled the Storage Facility to meet
important commitments made to the HSE.
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b. Tankfarm SIL Assessments

Date: 2008
Customer: Major Asian National Operator
Benefit: Understanding of safety systems which do not meet

the required standard

Issue:

To conduct a risk analysis of the Tank Farm facility, comprising:

� A Quantitative Risk Assessment (QRA).

� An assessment of the safety systems in place using a
calculation of the appropriate Safety Integrity Level (SIL)
approach.

� A review of the Safety Management System (SMS) based
on the UK Health and Safety framework HSG 65.

This case study focuses on the review of the safety systems.

Methodology & Results:

Information supplied by the client that describes the safety systems
on the facilities was reviewed in order to assess their adequacy in
terms of their reliability and performance.  This study utilised a similar
approach to the Safety Integrity Level (SIL) methodology as defined in
IEC 61508 and 61511 and provided recommendations, based on
international standards, on areas for improvements to the
instrumented systems.  The approach was to identify the hazardous
events that could occur as a result of failure of the safety instrumented
systems and evaluate the consequences in terms of the safety,
environmental and security of supply from the facility.

Benefits:

The assessment showed that the majority of  the safety systems on site
met the required safety integrity level. However, a few areas were
identified that did not meet required SIL and recommendations for
improvement were provided.
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Germanischer Lloyd does not warrant or assume any kind of liability for the
up-to-date nature, accuracy, completeness or quality of the information provided.
Liability claims against Germanischer Lloyd arising out of or in connection with
material or non-material loss or damage caused by the use or non-use of information
provided, including the use of incorrect or incomplete information, are excluded
unless such loss or damage is caused by the proven wilful misconduct or grossly
negligent conduct of Germanischer Lloyd.
All offers are subject to alteration and are non-binding. Germanischer Lloyd expressly
reserves the right without notice to change, supplement or delete parts of the pages
or the entire offer or to stop the publication temporarily or definitively.

Germanischer Lloyd
Industrial Services GmbH

Oil and Gas

Steinhöft 9

20459 Hamburg, Germany

Phone +49 40 36149-7700

Fax +49 40 36149-1781

glis@gl-group.com

www.gl-group.com/glis

Issue no.001 15.05.2008

Safety & Risk Management Services

Safety Case and Compliance Consultancy

Hazard Identification Studies (HAZID)

Hazard Operability Studies (HAZOP)

� SIL Studies (Safety Integrity Level)

Consequence Evaluation (Fire, Release,
Explosion, Dispersion), Including CFD

EER Analysis (Escape, Evacuation,
Rescue) (GL-Aeneas)

Quantitative Risk Analysis (QRA)

Decision Support (Risk Based Layout Studies)

Performance Standards

Large Scale Hazards Testing (Spadeadam)

Incident Investigation



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


