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The paper describes a tool and process that shows management where to make interventions that

reduce the risk of having a major accident.

It indicates those areas that need immediate attention and those that need to be addressed in the

future.

It allows these interventions to be tracked. It is designed to be used by all levels of management.

As context the paper briefly describes the journey of process safety management as a result of

major accidents in the process industries. It describes it beginnings in Loss Prevention and

shows developments into Process Safety Engineering together with the development of manage-

ment systems which are designed to prevent and control the release of hazardous substances.

Parallel to this, it describes how an oil and gas contractor as a result of its international experi-

ence and the trend of asset owners to expand the responsibilities and services from their supply

chain found itself in the position of being legally responsible for the operation of a number of sub-

stantial oil and gas facilities over a very short time frame.

Process Safety Management system key elements were apparent across these assets. However

there was not a reliable and simple way of comparing each asset in terms of vulnerability to

having a major accident.

This gap was identified as a business need. The potential liabilities both legal and financial result-

ing from major accidents are punitive. Senior management required to have visibility and be

assured that their operations were being correctly managed.

The paper describes how the gap was closed.

The tool and process has been in place for over 4 years. It is a practical demonstration of Process

Safety Management in the international Oil and Gas industry.

For the company concerned it is now an essential part of Process Safety.

THE NEED
During 2008 Wood Group PSN, an international oil and gas
engineering services contractor became the Operator for 10
facilities in the North Sea. These are commonly known as
Duty Holder contracts.

These types of contract place a legal requirement on
the operator about how an asset is managed and operated.
In the event of a major accident the liabilities for any
company are considerable particularly in these types of
contract; this became apparent due to a number of high
profile incidents such as Grangemouth, Texas City, and
Buncefield.

The risks associated with these contracts needed to be
quantified and understood. As part of this process the then
current management systems and associated processes and
procedures were examined and evaluated.

It became apparent there was a need to capture the
main threats associated with operating and maintaining oil
and gas facilities and explain them in a simple and timely
way in order that meaningful management interventions at
all levels were possible in order to prevent major accidents.

THE IDEA
In Oct 2008 a conference on safety performance indica-
tors was hosted by FABIG in Dyce, Aberdeen. A number of

presentations made reference to James Reason’s Swiss
Cheese or Barrier model and related it to different indices
which attempted to calculate a number based on breaches
of the barriers.

They were all trying to quantify the cumulative risk or
how the individual risks combined and interacted and used
algorithms to predict an outcome. The results seemed
complex, difficult to understand, and were not engaging.
They appeared academic and not very practical.

The idea of a Vulnerability Index came from combin-
ing these ideas into a simple less mathematical model to get
engagement and buy in by all levels of the organisation.

It proposed the use of diagrams to display combined
risk as a picture of the individual risks in such a way as to
concentrate on management interventions, in a timely way
in order to prevent major accidents. A key point was to
try to avoid the inevitable complexity and difficulty associ-
ated with predictive cumulative risk analysis.

THE PRINCIPLES
Oil and Gas installations and chemical plants do not have
major accidents every day. There must something in place
to prevent them happening. There must be barriers in
place which if breached could result in a major accident.
This is the basis of the barrier model.
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Figure 1 shows the generic barriers selected. They are
not site specific and can be applied universally.

The main technical barriers can be undermined by
inappropriate behavior by individuals this is represented
by the black band surrounding the technical barriers in Fig1.

When an event occurs against a leading or lagging
indicator the impact on the barriers is determined using a
simple Root Cause Analysis. This shown in Figure 2.

The barriers are not equal, some are more important
than others. A calibration questionnaire is used to calibrate

the barriers for a site based on the potential for a major
accident.

The questionnaire consists of Density and Thickness
questions which represent the respective material and thick-
ness of each barrier. Figure 3. This gives the barrier
weighting

Figure 4 shows a range of Lagging and Leading indi-
cators. The subjects covered are wide ranging under gene-
ral headings such as: Legislation, Hydrocarbon Releases,
Management of Technical Change, Safety Case, Assurance,

Figure 1.

Figure 2.
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Verification, and Process Safety. Currently there are 35 indi-
cators monitored. These are called Process Safety Perform-
ance Indicators and they are split into lagging indicators
which result in holes or leading indicators which result in
cracks in the barriers when there is an event against them.

On a weekly basis all the site holes and cracks are
collated in the tool and using a simple equation that takes
account of the site calibration generates the Vulnerability
Index for that week. Figure 10 shows the trend of the
index for different sites over a year.

An increasing VI trend means there are more holes
and cracks in the barriers and they are consequently
weaker and less able to prevent a major accident. A decreas-
ing trend means the reverse.

ASSET INTEGRITY IS A STATUS
When there are simultaneous holes in each of the technical
barriers or if the behavior barrier is breached then Asset Inte-
grity status has not been achieved. This is shown in Figure 5.

This simple measure of asset integrity is used in
senior management reports.

DASHBOARD
Senior management need to be assured that a site
management is making effective interventions to prevent
major accidents. Their dashboard is based on a traditional
sports car design with warning lights and a tachometer. See
Figure 6.

The lagging indicators show asset integrity status are
displayed as a line of warning lights. The cracks or perform-
ance against the leading indicators are shown as the tach-
ometer. More cracks in the barrier mean the rev counter

needle starts to approach the red sector which means
change up a gear or the engine can get damaged in other
words fix some of the cracks.

The trends for the site are also displayed to the right in
Figure 6.

The engine behind the dashboard in the tachometer is
the Vulnerability Index.

Asset Integrity management is all about managing the
cracks to prevent there being holes.

SITE VIEW OF ASSET INTEGRITY
Figure 7 shows a standard Risk Assessment Tool. The darker
colours mean an event has either a more severe consequence
or is more likely to happen. The tool is used to display the
combination of both these attributes against PSPI events;
these are displayed as a colour.

The tool in Figure 7 is used in the site view shown in
Figure 8. The magnifying glass is focused on all the holes
and cracks in a particular module on a large offshore oil
platform and their severity or colour.

This information is used by site management to
decide when to make an intervention such as shut down a
process, replace temporary repairs, or take mitigating
measures to risk the risk.

OVERALL MANAGEMENT OF ASSET INTEGRITY
The combination of the dashboard which is driven by the
Vulnerability Index and the site view mean senior man-
agement get assurance and visibility that the site manage-
ment are making effective interventions to prevent major
accidents and site management get a tool which tells them
where to make the interventions.

Figure 3.
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Figure 4.
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Figure 5.

Figure 6.
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Figure 8.

Figure 7.
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Figure 9.

Figure 10.
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CONCLUSION
This tool and process together with the company Senior
Management Safety course has raised the awareness of
Asset integrity and Process Safety Management in the com-
pany. Occupational Safety was already well catered for in
the company but now both aspects of the safety triangle
can be demonstrated as being are managed see Figure 11.

Thus the company can justifiably make the claims as
shown in Figure 12.

The tool and process is now in use internationally
using a web based platform Fig. 9 across a wide range of
different assets ranging from onshore oil terminals and gas
plants to large fixed oil platforms and FPSO.

Figure 11.

Figure 12.

SYMPOSIUM SERIES NO. 158 Hazards XXIII # 2012 IChemE

416


	The Need
	The Idea
	The Principles
	Asset Integrity is a Status
	Dashboard
	Site View of Asset Integrity
	Overall Management of Asset Integrity
	Conclusion
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


