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This article illustrates how the findings from research work have been used to develop practical
tools for the assessment of safety management systems and attitudes to safety at Major Hazard
sites. In describing the process of developing such tools some mention is made of the research
work itself, although this is mainly by reference to published material, and some reference is
made to the process of initiating research work and managing it. The paper, therefore, seeks
to emphasise the practical utility of research work in the field of health and safety. The author
fully acknowledges the wide range of contributions made by other workers to the outcomes of
the work. © 1997 Elsevier Science Ltd. All rights reserved
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Introduction

This article discusses some examples of how the findings
from research work commissioned by The Health and
Safety Laboratory (HSL) have been used to develop
practical tools. The research discussed is concerned with
causes of loss of containment accidents and aspects of
safety culture as measured by attitudes to work-place
safety. The practical tools are assessment methods for
safety management and a safety attitudes survey ques-
tionnaire. In describing the process of developing such
tools some mention will be made of the research work
itself, although this will mainly be by reference to pub-
lished material, and some reference will be made to the
processes of initiating research work and managing it.
Research has a crucial role to play in the field of health
and safety, and how research is initiated, managed and
used is an important topic.

Research studies

The Health and Safety Executive (HSE) uses Quantified
Risk Assessment (QRA) as a basis for giving advice to
Local Planning Authorities concerning the use of land
around Major Hazard sites. The Health and Safety Lab-
oratory has collaborated with The Major Hazards
Assessment Unit in HSE to develop a range of com-
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puterised risk assessment tools, called RISKAT, to
inform such land-use planning advice. During 1988 work
was in hand to develop a RISKAT methodology for liqu-
efied petroleum gas (LPG) [1]. This work was an exten-
sion of the RISKAT methodology, which had previously
been developed for toxic hazards only [2]. RISKAT
makes use of generic failure rates, which in this context
describe a failure rate derived from both historical data
and theoretical models and which may contain elements
of engineering judgement and caution. A single or gen-
eric value is taken to be representative of these data. The
generic failure rates are used to estimate off-site risks to
people from hypothetical releases of hazardous
materials. There was interest in these generic failure
rates and the extent to which they included human and
organisational failures as well as failures of engineer-
ing systems.

This interest led the Research and Laboratory Ser-
vices Division of HSE* to commission and manage
research into the contribution to pipework failure fre-
quencies of human error and ‘sociotechnical’ failures
[3.4]. This was later extended to include the underlying
causes of loss of containment incidents for vessels, hoses

*Research and Laboratory Services Division (RLSD), now the
Health and Safety Laboratory (HSL), an Agency of HSE.
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and couplings [5-8]. The work was carried out by Four
Elements Ltd and managed for HSE by The Health and
Safety Laboratory (HSL). Close liaison was maintained
between Four Elements and HSL throughout the work
and progress reported by HSL to HSE’s Major Hazards
Assessment Unit, Field Operations Division and other
interested parties in HSE.

Figure 1 shows some of the results from the work
which analysed over 500 incidents involving loss of con-
tainment from pipework. The figure shows the percent-
age contributions of pipework failures according to
underlying cause of failure and failure of potential pre-
ventive mechanisms. These results were very interesting
because they illustrated how previous loss of contain-
ment incidents had occurred and pointed to practical
actions to prevent future incidents.

For example, the figure shows loss of containment
during maintenance to be a cause of 38% of the inci-
dents. In the judgements of the researchers these inci-
dents could have been potentially prevented by reviews
of human factors, e.g. task analysis (15%); checking of
maintenance tasks (13%) and routine checking such as
inspection (10%). It is interesting to note that this work
was also used to form the basis of advice to plant man-
agers on reducing incidents and in this context was inde-
pendently described by an author who had taken no part
in the research work or its management but who never-
theless wished to highlight the results of the work [9].

The Health and Safety Laboratory also com-
missioned and managed for HSE a contract carried out
by the Safety Research Unit (SRU) at Liverpool Univer-
sity to help quantify the contribution of attitudinal and
management factors to risk in the chemical industry [10].
Again, close liaison was maintained between SRU and
HSL throughout the work and progress reported by HSL

Figure 1 Underlying causes of pipework failures*

to interested parties within HSE. This was a carefully
researched report which developed a safety attitude sur-
vey questionnaire (SAQ) from a theoretical base includ-
ing an analysis of major hazard failures. The SAQ was
designed specifically for the measurement of attitudes to
safety at chemical and major hazard plants and included
specific questions developed for that purpose [11]. Its
application to other industry sectors was not considered
by the researchers at Liverpool.

The development of STATAS

The practical utilisation of the above research work on
loss of containment (but not the use of the SAQ) is
described in three articles in the Loss Prevention Bulletin
by Ratcliffe [12-14]. He explains how the original
research work had been commissioned and managed by
HSL and how HSL together with The Hazardous Instal-
lations National Interest Group of the Field Operations
Division (FOD) of HSE had developed a structured audit
technique from the research and finished the first of a
series of trial audits. The system as developed for FOD
is known as STATAS (Structured Audit Technique for
the Assessment of Safety Management Systems).

Subsequently, STATAS has been reworked within
the framework described in Successful Health and Safety
Management; HS(G)65 [15]. STATAS is not a stand
alone system but is now included within a set of tools
and techniques known as ‘The FOD Guide to the Inspec-
tion of Health and Safety Management’” (The FOD
Guide). A recent paper at The XIVth World Congress
on Occupational Safety and Health [16] describes the
development of the FOD Guide and how it incorporates
the results of the research work.

The paper describes the current state of develop-
ment of a suite of practical tools and techniques which
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provide for (1) assessment of management arrangements,
(2) assessment of risk control systems, and (3) assess-
ment of safety culture. Management arrangements are
the managerial methods by which an organisation sets
out to determine and provide adequate controls of haz-
ards. Risk control systems set out the way systems and
workplace precautions are implemented and maintained.
In the best companies, management arrangements, risk
control systems and workplace precautions support each
other. They form a logical structure resulting in effective
control of risks. STATAS is one method described in
The FOD Guide, by which information on risk control
systems may be collected when loss of containment is
particularly relevant.

With respect to the safety attitude survey question-
naire developed by SRU, development work would be
needed to convert the research work into a practical tool
for use by operational inspectors to support assessment
of the health and safety management system.

The development of STATAS from the research has
required a considerable effort from within HSE and HSL
but the SAQ was provided in a form in which the univer-
sity researchers already had considerable experience of
its use and had developed a database of company results.
However, the use by operational inspectors, as opposed
to university researchers, has not taken place within the
Major Hazards field and the implications of such an
activity have not been investigated. This would require
additional effort within HSE, and would be needed to
develop the research into a practical tool for inspectors.

Work in Europe—The PRIMA System

As explained above, an initial reason for looking at
underlying causes of loss of containment incidents was
to identify the contribution made by human error and
other causes, such as design problems and maintenance
errors, to generic failure rates. The aim was to include
these factors in QRA such that standards of safety man-
agement were made explicit in the QRA process. The
thinking behind this was that standards of safety man-
agement will determine standards of plant design, oper-
ation and maintenance, for example, and so standards of
safety management will directly influence risk. Refer-
ences [17-21] discuss these issues in detail.

This aim, to develop explicit links between stan-
dards of safety management and estimated risk levels at
Major Hazard sites, led to the development of an audit
system called PRIMA (Process Risk Management
Audit). This was used together with the SAQ at seven
Major Hazard sites in four European countries within the
context of a CEC DGXII research project [22]. The tools
provide quantitative measures of safety attitudes and
safety management performance. It is beyond the scope
of this paper to describe this European work fully but
some of the interesting findings from the work can be
listed:

@ A strong statistical correlation was found between
the quantitative results of the two survey tools.

® Quantitative measures of safety management per-
formance as measured by PRIMA varied by a factor of
16 for the seven sites studied.

® Company cultures may have strong influences on
safety attitudes as well as national cultures.

® The use of quantitative estimates of safety manage-
ment standards in QRA caused the participants no fun-
damental problems.

Reference [22] contains a full account of this work.

Discussion

This paper has described some examples of how the
findings from research work have been used to develop
practical health and safety tools. Some of the interesting
findings from the research are mentioned and extensive
reference is made to published work where full details
are available. The development of PRIMA and STATAS
audit tools are described which, although distinct sys-
tems, are both underpinned by the same research work.
In considering the development of practical tools this
paper has therefore illustrated by the use of examples
the role of research in the overall process. This process
begins with the initiation of work and continues through
to the development of practical tools.

Of course research also advances ‘the state of the
art’ in any field, although this paper seeks to emphasise
the practical utility of research work in HSE. In addition
there has been very considerable use made by SRU and
Four Elements of the research findings in advancing
health and safety in their work with industry which, of
course, is very important when considering the overall
benefit of the research. Indeed, the research work has
been applied widely in both the UK, Europe and world-
wide and may find important applications outside the
UK. For instance, the Dutch Ministry of Housing
(VROM) is currently looking at the utility of the PRIMA
system and of using modified failure rates in land-use
planning, especially within the context of the anticipated
SEVERSO 2 Directive. The Department of Occupational
Safety and Health, Malaysia, is also considering the
PRIMA system and has practical experience of its use
in Malaysia.

Acknowledgements

The work which is outlined and referenced in this paper
has involved many people from the research and con-
sultancy community, Inspectors within HSE and safety
professionals from industry. These contributions are
fully acknowledged. Without them the work would not
have been possible.

References

[11 Clay, G. A, Fitzpatrick, R. D., Hurst, N. W., Carter, D. A. and
Crossthwaite, P. J., Risk assessment for installations where liqu-



66 From research to practical tools: N. Hurst

efied petroleum gas (LPG) is stored in bulk vessels above ground.
Journal of Hazardous Materials, 1988, 20, 357.

(2] Pape R. P. and Nussey C. A basic approach for the analysis of

risks from major toxic hazards. I.Chem.E. Symposium No. 93

(1985).

Bellainy L. J., Geyer T. A. W. and Astley J. A. Evalua on of

the human contribution to pipework and in-line equipmen' .ailure

frequencies. Contract Research Report No 89/15. HS' ISBN

0717603245.

Hurst, N. W, Bellamy, L. J., Geyer, T. A. W. and As :y,]. A,

A classification scheme for pipework failures to ir ..de human

and sociotechnical errors and their contribution to pipework fail-

ure frequencies. Journal of Hazardous Materials, 1991, 26,

159-186.

[5] Hurst, N. W, Bellamy L. J. and Geyer T. A. W. Organisational,
management and human factors in quantified risk assessment. A
theoretical and empirical basis for modification of risk estimates.
Safety and Reliability in the 90’s (SARRS’90) (eds Walter M. H.
and Cox R. F.). Elsevier Applied Science, UK.

[6] Bellamy L. J and Geyer T. A. W. Organisational, management
and human factors in quantified risk assessment (ed. Williams J.
C.). HSE Contract Research Report 33/1991

[7] Tinline G. and Wright M. S. Strategies for the Control of Human
Influences on Transfer Hose Failure. Taylor and Frances in Con-
temporary Ergonomics, London, 1994.

{8] Wright M. S. and Tinline G. HSE Contract Research Report
No 6671994.

[9] Dunford N. A strategy for plant management to prevent loss—7
ways for managers to cut incidents by up to 44%. Loss Prevention
Bulletin 093 p. 25.

[10} Report to HSE 1993 The Contribution of Attitudinal and Man-
agement Factors to Risk in the Chemical Industry. Safety
Research Unit Liverpool University. Contract Research Report
81/1996.

[11] Donald, I. and Canter, D., Employee attitudes and safety in the
chemical industry. Journal of Loss Prevention in the Process
Industries, 1994, 7, 203.

3

—

[4

[}

[12] Ratcliffe K. B. STATAS—Development of an HSE Audit
Scheme for Loss of Containment Incidents. Part I—A Loss of
Cantainment Model. Loss Prevention Bulletin 112, p. 1.

[13] Ratcliffe K. B. STATAS—Development an HSE Audit
Scheme for Loss of Containment Incidents. Part II—A Soci-
otechnical Model of Accident Causation. Loss Prevention Buli-
etin 113 p. 15.

[14] Ratcliffe K. B. STATAS—Development of an HSE Audit
Scheme for Loss of Containment Incidents. Part III—Con-
structing an Audit Scheme. Loss Prevention Bulletin 114, p. 21.

[15) Successful Health and Safety Management. Health and Safety
Series Booklet HS(G)65. HSE Books, 1993.

[16] Hurst N. W. and Murray J. C. The UK Health and Safety Execu-
tive Guide to the Inspection of Health and Safety Management.
XIVth World Congress on Occupational Safety and Health, Mad-
rid. April, 1996.

[17} Bellamy L. J., Wright M. S. and Hurst N. W. History and Devel-
opment of a Safety Management System Audit for Incorporation
into Quantitative Risk Assessment. In International Process
Safety Management Workshop, 22-24 September
AICHEME/CCPS, 1993.

{18] Hurst, N. W., Auditing—A European Perspective. Journal of
Loss Prevention in the Process Industries, 1994, 7, 197.

[19] Hurst N. W. Auditing and Safety Management
CECDGXIVESReDA Conference ‘Occupational Safety Seminar’
Lyon France, 14-15 October 1993.

[20] Hurst N. W., Davies J. K. W., Hankin R. and Simpson G. Failure
rates for pipework—underlying causes. Paper presented at Valve
and Pipeline Reliability Seminar, 24 February 1994, University
of Manchester. Institute of Mechanical Engineers (1994).

[21] Jenssen T. K. Systems for Good Management Practices in QRA.
Process Safety Progress, 1993, 12, 137.

{22] Hurst, N. W, Measures of safety management performance and
attitudes to safety at major hazards sites. Journal of Loss Preven-
tion in the Process Industries, 1996, 9, 161-172.



