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Atypical Scenarios – ’Known and Unknown Unknowns’

The Chemical Industrycontinues to have major accidents. Whilethese might be infrequent, they

continue to have large effects on thecommunity, the environment and the economic viability of

chemicals productionand use. Furthermore they are a stain on our industry’s reputation andper-

ceived value to society.

Our risk management processesaim to identify potential hazardous events, analyse them and

eliminate wherepossible and provide sufficient control and protection for risks which remain.These

processes have served us well when all the possible scenarios have beenidentified although ‘worst

cases’ sometimes present special challenges. Whatremains to be accomplished is the identification

of all possible scenarios.Examples such as Texas Cityand Buncefield show us that we either did not

identify and anticipate theevents which actually occurred or we assumed that they were so unlikely

as tobe of an acceptable likelihood or even, not worth comprehensive study.

How can we improve ourability to find and deal with ‘atypical’ scenarios? Our hazard identifi-

cationmethods such as Hazard and Operability and ‘What if’ studies are effective whensufficient

creativity is allowed to identify what we can call ‘atypical’scenarios. The other tools such as

Fault Tree Analysis, Layer of ProtectionAnalysis and Quantitative Risk Assessment can then

address a complete set ofscenarios to help us manage risk comprehensively.

TheEuropean Process Safety Centre (EPSC) has a working group which has sought tofind best

practices which offer an improvement in scenario development whichaddresses these missing ‘aty-

pical’ scenarios. The results of the work areencouraging and offer a way ahead. Thework builds on

strengthening and enhancing the tools we already use by addingdimensions which appear to have

been missed in the past. The paper describespractical steps which when properly applied will close

some of the gaps in ourprocess risk management systems.

SUMMARY
The Chemical and Process Industries continue to have major
accidents. While these might be infrequent, they produce
large effects on the facility employees, the community, the
environment and the economic viability of chemicals pro-
duction and use. Furthermore they are a stain on our indus-
try’s reputation and perceived value to society.

The number of reported Process Safety Incidents has
declined in most years since 1995 according to the statistics
collected by the American Chemistry Council. This concern
has led to the establishment of a EPSC Work Group study-
ing the subject of Process Safety Incident Metrics and ulti-
mately to the Work Group authoring this paper on Atypical
Scenarios. The success of the Metrics group will lead to an
improvement in our ability to learn and apply lessons.

Our risk management processes aim to identify poten-
tial hazardous events, analyse them and eliminate where poss-
ible and provide sufficient control and protection for risks
which remain. These processes have served us well when
the possible scenarios have been identified although
‘worst cases’ sometimes present special challenges. What
remains to be accomplished is the identification of all possible
scenarios. Major Accident examples such as Texas City and
Buncefield show us that we either did not identify
and anticipate the events which actually occurred or we
assumed that they were so unlikely as to be of an acceptable

likelihood or ‘had never happened’ or even, not worth com-
prehensive study. The same pattern emerges from studies of
the Fukushima Nuclear Power plant tragedy in Japan where
large amplitude tsunamis had been experienced several
times in the last 500 years.

How can we improve our ability to find and deal with

these ‘atypical’ (ref 1) scenarios? Our hazard identification

methods such as Hazard and Operability and ‘What if’ stud-

ies are effective when sufficient creativity is able to iden-

tify what we can call ‘atypical’ scenarios. The other tools

such as Fault Tree Analysis, Layer of Protection Analysis

and Quantitative Risk Assessment can then address a com-

plete set of scenarios to help us manage risk comprehen-

sively. The studies carried out with Hazard Identification

and Risk Assessment tools appear in some cases to come

up short where worst cases are concerned.
The European Process Safety Centre (EPSC) has a

working group which has sought to find best practices which
offer an improvement in scenario development which addres-
ses these missing ‘atypical’ scenarios. The results of the work
are encouraging and offer a way ahead. The work builds on
strengthening and enhancing the tools we already use by
adding dimensions which appear to have been missed in
the past. This report describes practical steps which when pro-
perly applied will close some of the gaps in our process risk
management systems.
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If we categorise events into:

. ‘known knowns’ – Events which we know about and
can plan to prevent or control

. ‘known unknowns’ – Events which we can predict even
if they have not occurred yet

. ‘unknown knowns’ – Events which have occurred but
we have failed to remember and study (e.g. loss of cor-
porate memory)

. ‘unknown unknowns’ – Events which we have so far
failed to predict or have been dismissed as unrealistic.

We might see how our Hazard Identification and
management processes can be used for each.

Process Hazard Analysis: Is often driven by a question-
naire which embodies much of the learning experience of the
company. A more detailed formal examination of worst cases
within the analysis has been shown to yield good results.
This includes a strict requirement to cover relevant events
from history from the industry and predefined worst cases.
As an example, the U.S. Environmental Protection Agency
Risk Management Plan (RMP) requires that Vapour Cloud
Explosion is included in studies for any flammable material.

HAZOP Study: Is frequently carried out in the steady
state and reliance is often dominated by ‘credible’ versus
‘worst cases’. Furthermore, worst cases may be consigned
to the mitigation offered by emergency plans. Here seem
to be missed opportunities which might be helped by start-
ing with the worst cases and working backwards through a
HAZOP process to determine root causes.

Risk Assessments such as LOPA and to a lesser extent
QRA will not be fully effective if they are not presented with
the scenarios to study. The paper gives examples of com-
pany practices which effectively ‘mandate’ a core set of scen-
arios which must be studied. This allows a much more strict
inclusion of potential events from the technology and his-
tory which might not be known by today’s generation of
operations.

We might conclude that:

. We sometimes fail to identify some significant scenarios
through: limitations of our methods or

. We might be unaware of events which have happened in
the past and could apply to us.

. So called ‘unknown unknowns’ are in many cases to be
found in history or in a more creative approach to worst
case scenarios and their management.

The activity of Process Hazard Analysis can be
The EPSC ‘Scenarios’ group all have a formal

approach to Hazard Identification in their:

. Project Management

. Normal Operations

. Management of Change

The Hazard Identification method of choice is usually
built into the Process Hazard Analysis and HAZOP method-

ologies although member practices are not identical. Where
HAZOP is concerned, all members carry out studies in the
steady state, but HAZOP is not always conducted for start
up and shut down phases. These critical phases are not over-
looked but are covered by detailed instructions which
include potential hazards and their consequences. The pre-
dominant cases in these studies are ‘credible’ and ‘from
learning experiences’ and rely very much on the discipline
and creativity of a properly constituted and competent team.

Whilst efforts are made to study worst cases may
occur in HAZOP, events seem to show that we are not
always successful. Indeed, even when a worst case scenario
is considered, HAZOP may not be the best method to study
it. If this is true, the ‘bow tie’ has potential to become the
method of choice.

What comes out of this and a review of company
practices could be an approach which says:

We need to gain consistency from our Hazard Identi-
fication practices:

. Address steady state comprehensively (e.g. HAZOP or
FMEA or ‘What if’)

. Ensure that complementary start up and shut down
studies are included in Hazard Identification (and study)

And there is much to be gained from:

. critical task analysis and

. human error analysis

in predicting atypical events and managing them better and
exploit them for the ‘known knowns’, ‘known unknowns’,
‘unknown knowns’ and use a creative approach to
imagine the ‘unknown unknowns’ which can be studied
with ‘bow tie’ analysis and perhaps controversially study
them with a ‘reverse’ HAZOP approach where we start
with the worst case consequence and work out what can
initiate or fail for the full impact to be realised. We may
imagine that the likelihood of all the holes in the Swiss
Cheese aligning is very unlikely or unimaginable. . . . but
can we be sure?
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Valerio Cozzani Università di Bologna, Dipartimento

di Ingegneria Chimica, Mineraria e delle Tecnologie

Ambientali.

Accident Epidemiology and the U.S. Chemical Industry: Acci-

dent History and Worst Case Data from RPM-info.

Paul Kleindorfer, James Belke, Michael Elliott, Kiwan Lee,

Robert Lowe, Harold Feldman Risk Analysis Vol 23 No 5,

2003.

Studies on Fukushima The Carnegie Endowment for Inter-

national Peace.

SYMPOSIUM SERIES NO. 158 Hazards XXIII # 2012 IChemE

206


	Summary
	References


<<
  /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


