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Using	historic	data	to	influence	real	
time	hazardous	operations
Christopher M. Lilburne [c.lilburne@uq.edu.au], 

Paul A. Lant, Maureen E. Hassall
The University of Queensland, School of Chemical Engineering

Accidents	and	unplanned	events	continue	to	cause	harm	across	all	industrial	sectors.	In	particular,	the	same	outcomes	and	causes are	
observed	time	and	time	again	across	a	range	of	operating	environments.	So‐called	‘recurring	incidents’	are	a	challenge	in	many	of	the	
hazardous	industries	despite	much	existing	knowledge	of		the	causes,	mechanisms	and	consequences	of	workplace	accidents.

A	major	opportunity	exists	to	use	our	current	understanding	of	people	and	technology	to	put	existing	incident	databases	to	work	in	
pursuit	of	reducing	recurring	events	as	well	as	improving	efficiency	and	effectiveness	of	plant	operation.

by Acroterionby tas.gov.au

Over the last century the industrial
world has changed significantly.

Workers are tasked with precisely
managing facilities and equipment
that has a complexity and efficiency
that could barely have been imagined
100 years ago.

Key	Questions
As	an	exploratory	starting	point,	two	key	questions	have	been	posed:

Frontline	(N	=	50)
• Follows	procedures
• Perceives	most	decisions	as	high	impact

Information sources
Routine
decisions

High‐impact
decisions

My own	knowledge 1st 2nd

Info.	provided	to	me 2nd 1st

Info. I	seek	out 4th 4th

Knowledge of	others 3rd 3rd

Frontline	Support	(N	=	35)
• Tends	to	determine	own	action	plan
• Perceives	most	decisions	as	routine

Business	Support	(N	=	24)
• Tends	to	determine	own	action	plan
• Mixture	of	different	decision	types

Leadership	(N	=	26)
• Tends	to	determine	own	action	plan
• Sees	most	decisions	potentially	high‐impact

1. Understand the needs of 
workers

2. Analysis of incident databases
3. Understand links between 

worker needs to known incident 
patterns

4. Tools to link operational 
activity to incident patterns

5. Workers are better able to 
detect and avoid known 

incidents

Frontline workers appear to be unique
In terms of the types decisions being made and the general mode of
work, frontline workers appear to predominantly follow procedures
and engage in high‐risk decision making.

This pattern is to be expected as frontline workers are typically
trained to follow procedures in most circumstances (normal
operations through to emergence situations)

Frontline workers are the closest in proximity and time to process
hazards and can influence them directly. It makes sense that they
have a unique set of needs to manage these risks.

There is diversity within populations
Within populations there is a range of approaches to the way
individuals work (e.g. procedure vs. self planning) and decision
making (i.e. routine vs. critical decisions).

The variation is evident in the spread of responses for both
questions although there is some clustering in each of the
populations.

Answers to other survey questions (not included here) also showed
significant spread highlighting how individual needs can vary
markedly from the population average.

Information needs change based on context
Between routine, non‐critical decisions and high‐impact decisions
the preferred information source varied in three out of four of the
surveyed populations.

In general, individual knowledge (e.g. on the job experience) drives
routine decision making but individuals defer to provided
information (e.g. procedures) for high‐impact decisions.

Information sources
Routine
decisions

High‐impact
decisions

My own	knowledge 1st 1st

Info.	provided	to	me 2nd 2nd

Info. I	seek	out 3rd 3rd

Knowledge of	others 4th 3rd

Information sources
Routine
decisions

High‐impact
decisions

My own	knowledge 1st 2nd

Info.	provided	to	me 2nd 1st

Info. I	seek	out 3rd 3rd

Knowledge of	others 4th 4th

Information sources
Routine
decisions

High‐impact
decisions

My own	knowledge 1st 2nd

Info.	provided	to	me 2nd 1st

Info. I	seek	out 3rd 4th

Knowledge of	others 3rd 3rd

Method
Online	and	paper‐based	surveys	were	used	to	gather	data	from	frontline	
and	other	workers.

183	participants	took	part	in	the	survey	with	a	75%	completion	rate.	Most	
participants	were	from	the	oil	and	gas	sector	(N	=	174)	from	either	the	
Middle	East	(N	=	117)	or	Oceania/Australia	(N	=	43).

Participants	were	divided	into	4	groups	based	on	their	job:

Per	cent	of	participant	group	(i.e.	
frontline)	who’s	answers	fall	into	this	

category

Following	procedures Determining	my	own	action	
plan

Mixed
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Scores	are	based	on	weighted	averages	of	responses	to	forced	
ranking	question	asking	about	preferred	information

Scores	are		based	on	weighted	averages	of	responses	to	forced
ranking	question	asking	about	preferred	information

Scores	are	based	weighted	averages	of	responses	to		forced
ranking	question	asking	about	preferred	information

Scores	are	based	on	weighted	averages	of	responses	to	forced
ranking	question	asking	about	preferred	information

Frontline	workers Frontline	support	workers Business	support	workers Leadership

Q:	How	do	you	go	about	your	daily	role?

Existing knowledge is not being fully
utilised in the form of tools to empower
workers to detect and avoid known
incidents.

To fully capitalise on this data, we firstly
need to better understand how works
interact with different information
sources

1900‐1940 1950 1960 1970 1980 1990 2000 2010 Now Future

Localised,	direct	control Centralised control Remote,	collaborative	control
Eras	of	Industrial	Control	(Hassall,	2015)

Technical	age Human factors	age
Management	
systems	age

Adaptive age Data	centric	age

Integration	age

Ages	of	Safety (Hale	&	Hovden,	1998;	Glendon et.	al.,	2006;	Borys et.al.,	2009;		Nicholson	&	Faulkner,	2016)

1. What	types	of	decisions	do	
different	workers	make	and	
what	approach	do	they	take?

2. How	do	information	needs	
change	in	different	
circumstances?

Frontline Frontline	
support

Business	
support

Leadership

• Well	operator
• Head	console	
operator

• I&E	Technician
• Maintaining	
refinery	
instruments

• Corrosion	
Engineer

• Technical	
support

• Senior	process	
engineer

• Training	
coordinator

• Senior	Chemist
• Engineer	
handling	small	
projects

• Manager	of	
operators

• General	
manger

• Commissioning	
superintendent

In the last 100 years we have learnt a lot
about how accidents occur.

An enormous amount of knowledge
exists in corporate databases that contain
records of tens of thousands of accidents.

R
es
u
lt
s

B
ac
kg
ro
u
n
d

D
is
cu
ss
io
n

by ESA (cropped)

Acknowledgements
This	work	has	been	supported	by	
funding	from:
• The	Centre	for	Coal	Seam	Gas	(UQ)
• The	University	of	Queensland	
Graduate	School



<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


