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Abstract

The ‘Seveso II Directive’ (96/82/EC) requires certain establishments holding hazardous substances to implement a Safety Manage-
ment System (SMS). The first part of the paper discusses the origin of this requirement, the guidance drawn up to help companies
fulfil it, and the results of preliminary testing of this guidance. One important element in implementing and inspecting SMS is the
identification of SMS weaknesses, the safety culture that effects SMS and finally the evaluation of safety performance. The second
part of this paper examines some principles underlying industrial practice in evaluating SMS. Audit-related activities, involving
proactive performance indicators for monitoring compliance with standards, are used nowadays to identify weaknesses of the SMS.
Preventive actions to control risks and policy updating within the company through strategic plans are found to be sensitive to the
number and type of SMS elements taken into account as indicators. The value of quantifying performance using simple rating
systems in audits may be limited to the single installation. The guidelines and evaluation methods could thus produce useful results
only when safety aspects and system elements are identified and evaluated separately for each installation; the value of quantification
is limited to the individual elements after considering their functional relation with the rest of the elements in the SMS environment
and the local safety culture into which they are developed. © 1998 Elsevier Science Ltd. All rights reserved.
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1. Structure of this paper as a means of evaluating safety performance. Section 6

presents an example of such an approach, and discusses

This paper draws from conference papers presented by the results and the limitations and uncertainties involved.

the authors (Mitchison & Clementé, 1998; Papadakis & Finally, Section 7, contains an overall discussion and

Loupasis, 1998). conclusions on the usefulness of generic guidance and

Section 2 discusses the background of modern the applicability of a simplified audit rating for the
approaches to safety management, both from the point assessment of an establishment’s SMS.

of view of companies and in the changing legislative
requirements, in particular those embodied in the new
‘Seveso II Directive’ (96/82/EC). Section 3 discusses the 2. Introduction
guidance currently being drawn up to help companies

fulfil the Directive’s requirement to implement a Safety Among the new provisions of the ‘Seveso II’ Direc-
Management System (SMS) and the results of prelimi- tive (96/82/EC) (see another paper in this special issue:
nary testing of this guidance carried out in several EU Wettig, J., Porter, S., Kirchsteiger, C. Major Industrial
countries. In Section 4, a summary of some industrial Accidents Regulation in the European Union), is one
approaches to performance indicators and safety per- which requires operators of certain establishments hold-
formance measurement is presented, while Section 5 dis- ing substantial quantities of hazardous substances to put
cusses the quantification of the results of a safety audit into effect a Safety Management System. A Safety Man-

agement Systdm (SMS) is defined in the Directive as
S including ‘the organisational structure, responsibilities,
* Corresponding author. practices, procedures, processes and resources for
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determining and implementing the major-accident pre-
vention policy’, in other words the System for
implementing safety management, The Directive recog-
nises that the requirements laid down ip the major-
accident prevention policy should be Pproportionate to the
major accident hazards presented by the establishment.

The simplest reason why an SMS is required under
the new Directive is the large proportion of accidents
reported in the European Commission’s Major Accident

management failings, Rasmussen (1995) gives the pro-
portion as 67% for the accidents notified to MARS up
to 1993. This figure practically corresponds to the one
for the accidents notified by the end of January 1998

(~66%; see another Paper in this special jssue: Kawka,
N., Kirchsteiger, C. Technica] Note on the Contribution

ment standards,

It is more and more recognised that the management
of safety plays an important part in achieving and main-
taining a high level of safety, on top of a more tech-
nology-oriented approach in the past. Many of the larger
chemical and petrochemical companies have adopted
integrated health, safety and environment (HSE) man-
agement systems (Cacciabue et al., 1994), which are in
some cases further integrated with total quality manage-
ment (TQM). It ig important, however, that an SMS

policy. This will involve a whole range of activities,
initiatives, programmes, eic., focused on technical,
human and organisational aspects and referring to all the
individual activities within the organisation. All thig
effort is associated with the concept of continuous
improvement through ‘contro] loops’: planning, organis-
ing the work, implementing, evaluating, checking the
outcome against the plan, and adjusting/taking corrective

ment of safety into a formaj system.
There are Mmany companies in the European Unjon

with a long tradition in SMS. Approaches of different
companies and different establishments to safety man-
agement frequently vary substantially, because safety
culture, history and company size differ from company
to company and local culture from country to country,

by their significance (Morici & Battistella, 1993),
The need to measure safety performance by the use
of performance indicators-output measurements and

(IAEA, 1991; CCPs Guidelines, 1994).  Approaches
based on pro-active indicators examine:

® weaknesses and malfunctioning of SMS;

® preventive actions which control the risks;

® the use of output measures to evaluate results and
trends;

® accident causation factors;

® efc.

One means of applying performance assessment is
through auditing. There are dangers in using an audit
primarily to quantify the performance of an installation
or a site: the quantified results are usually only compara-
ble over time within the same unit, However, with that

3. Guidance on SMS: drafting and testing

Several national and international Initiatives over the
past few years have aimed at developing guidelines for
SMS in various domains, e.g. OSHA ( 1992); BSI
(1994); Cacciabue etal. (1994); E&P Forum ( 1994); 1M1
(1994); 1SO (1995). Although the terms used may be
different, these different guidelines often have many

After an initia] workshop for nationa] authorities on the
subject of SMS (Cacciabue et al., 1994), the European
Commission, in conjunction with the national authoritjes
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concerned, decided, particularly in the light of requests
for help in this area from small and medium-sized
enterprises (SMEs) and bodies representing them, to set
up a technical working group (TWG) to develop guide-
lines to help operators and authorities interpret the
requirements of the ‘Seveso II Directive’.

Initial input to the TWG’s work came from the con-
clusions of an earlier seminar on the subject (De Cort
in Cacciabue et al. (1994)), and the work of the ACRO-
NYM project (van Steen et al., 1994). After a series of
meetings, a proposed guidance document was drawn up
(Mitchison & Porter, 1998), which has just been finalised
and is due to be published during summer 1998. The
overall aim of the TWG was to identify and describe the
current ‘best practice’ and to ensure that the resultant
guidance was appropriate to a very wide range of situ-
ations and industries involving hazardous chemicals.

One unusual aspect of the preparation of the guidance
was a series of tests carried out of the draft guidance
over 1997. The ultimate test of the ‘operationality’ of
the draft would of course have been to use it to build a
SMS from scratch in several companies, and evaluate
the results; but for several reasons, including the time
and resources available, that was not possible. More lim-
ited tests were therefore carried out, with feedback on
the guidance provided from authorities and industry in
France, Austria and Finland. The test procedures were
somewhat different in the three countries.

In the case of Austria, the guidance was sent to vari-
ous companies, along with a questionnaire covering
other aspects of SMS. Replies were received from seven
companies, with a wide range of sizes of establishments
(from 80 to 3000 employees on site). The main con-
clusions concerning the draft document were:

e there was a satisfactory coherence between the
requirements for SMS systems and those involving
quality management and the voluntary EMAS
scheme, in which three of the companies took part;

e the guidance, being descriptive rather than prescrip-
tive, was in places difficult to understand;

e there were certain specific gaps, including a failure to
offer a complete feed-back structure for the whole
SMS.

Points to be noted about the Austrian situation are that
there is at present no requirement on companies to
implement a SMS, nor is there much experience with
SMS development tools. There are however numerous
norms, standards, and ordinances governing different
aspects of the prevention of accidents.

In Finland the guidance document was tested with a
total of four establishments, ranging in size from 15 to
130 employees. Apart from specific points concerning
particular items of the guidance, the overall points
made were:

e it was not clear whether the objective of the guidance

was to help operators to create or improve their SMS,
or to help them define and describe their existing sys-
tem to the Authorities;

e there was a need for more practical examples;

e the document was not fully consistent, going into
more detail in some areas than in others.

The French initiative involved integrating the draft
guidance into a more general document presenting key
issues to be addressed by the operator, as well as the
elements required for compliance with the recommen-
dations in each section of the guidance. The resultant
document was tested in co-operation with 12 companies,
all with substantial experience in SMS. The establish-
ments concerned varied widely in size (from 14 to 1800
employees) and in their activities, including refineries,
gas storage and distribution depots, integrated chemical
plant, and agrochemical distribution stores. The test
required the inspectorate to study documentation pro-
vided by the operator on his SMS, and then to carry out
a 1-day inspection of the safety management.

Several conclusions were drawn, some concerning the
guidance document and some more general concerning
SMS inspection:

e a very company-specific SMS can be very difficult
to assess;

e the safety culture of the operator can make a great
deal of difference to the inspector’s task, making it
more or less easy;

e the agrochemical distribution industry appears to have
a particular need to concentrate on this area in order
to fulfil the Directive’s requirements;

e it is very important to confirm by interview what is
stated in company documents;

e overall the guidance document was felt to be useful,
despite criticisms of some parts of the ‘organisation
and personnel’ section, felt to be too general.

It is worth noting that even this pilot experiment led
some of the operators to identify areas of their safety
management that could be improved.

The conclusion is that the proposed guidance is useful
and meets a real need. Even with some further amend-
ments agreed as a result of the testing, the document
remains open to the criticism of not being sufficiently
detailed, but it was felt that this is intrinsic to any docu-
ment of its type, which attempts to cover the require-
ments of a wide variety of industries and activities:
indeed there was a danger that introducing further detail
could be misleading, as there would inevitably be some
cases where the more detailed descriptions and sugges-
tions would be inappropriate. There also remains a ques-
tion of terminology. It was clear that some terms used
had different fneanings for different participants, and that
even careful definition in the text of the guidance had
only limited effect on the reader’s initial assumptions.
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4. Safety performance measurement: industrl
practice

. : . tstanding questions concerning

There remain meajanmdo:afery culture. Among them are:

safety performanc
how should safety performance be evaluated? (van

= Steen, 1996; Ministerie van Tewerkstelling en
Arbeid, 1997)

e is it possible to define ‘safety culture’ and what its
effects on SMS effectiveness and performance are?
(Papadakis et al., 1997)

® how best can the weaknesses of particular SMS be
identified and addressed? (an interesting development
here is the AVRIM2 approach (Bellamy et al., 1995;

Bellamy & Brouwer, 1998)).

Safety performance is a measure of the completeness
and adequacy of the SMS operating on-site. The system
can fully operate only when a number of control loops
integrate effectively all relevant system elements at all
levels of operation. Such control loops will include some
fundamental elements such as: policy setting and stan-
dards drawn by regulations and norms; implementation
procedures and training; operator and equipment
reliability; and monitoring, control and revision.

The performance indicators—output measurements
and indirect indicators—needed to evaluate the effec-
tiveness of the SMS on-site have come under discussion
recently (van Steen, 1996). Reactive indicators such as
fatal accident rate (FAR), lost time injury (LTT) rate and
other output indicators have been used extensively in
assessing process safety. Other indicators such as loss
of containment rates (LOC) and positive indicators such
as fraction of positive observations to the total number
of observations are considered in some approaches
(Bellamy et al., 1995; Bjerke, 1996).

Companies make use of a wide variety of indicators,
subject to the availability of the relevant measurements
and the quality of their results, in order to check the
implementation of the SMS and identify strengths and
weaknesses. Results are normally observed and com-
pared with management goals. When information pro-
vided by the results of the several indicators and
measurements is poor, it is common practice to conduct
safety audits. It is interesting to note the different
approaches in measuring safety performance in EU
countries. Some characteristics of the various approaches
in van Steen (1996) are summarised in Table 1, in which
only a particular category of monitoring activities within
the company’s current practice in a specific area of
safety management input is highlighted. Audit-related
activities using appropriate tools appear to be the neces-
sary procedure in most of the approaches for monitoring
compliance with management, technical regulatory and
statutory standards in specific safety areas.
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5. Audit systems and rating

An audit of an SMS, as for any other management
system, normally verifies the existence and implemen-
tation of objectives, standards and procedures. The
results of such an audit are used to validate the
efficiency, effectiveness and reliability of the SMS.
While the individual SMS elements can normally be
identified and evaluated, the interlinking of the pro-
cedures, rules and other management tools to form a
functioning SMS is still under research (see Burgbacher
in van Steen (1996)).

The assessment and measurement of the performance
of an SMS can be carried out as part of an audit system.
Such an assessment will aim to produce a ‘snapshot’ of
the functioning of the SMS. The performance measure-
ment should be treated with some care, both because of
the extent of expert judgement required and because
there are major difficulties in comparing one establish-
ment and one set of procedures with another; however
a4 sequence over time of such assessments can be of
value both in confirming progress (or the lack thereof)
and in identifying weaknesses and targeting intervention.
Audit systems often include the rating of a certain num-
ber of SMS items and elements identified according to
a standard programme. For this purpose the evaluation
of independent variables representing those items and
elements are related to relevant ‘award’ criteria and
score scales. This is a simple and natural way to
approach the quantification of performance. It is indus-
trial practice to tailor available rating systems to
encompass best company and site safety policies, man-
agement standards and practice based on operating
experience. To this end, appropriate mathematical
expressions (correlations) representing the involvement
of all individual SMS elements may be used to deduce
overall safety performance. Variables of several different
types may be included in such a correlation, representing
both the existence of provisions and procedures relevant
to safety and the extent of their implementation as ident-
ified by the rating system in use. Often the variables used
are grouped under such titles as leadership and adminis-
tration, planned inspections, accident investigation,
organisational rules, management and employee training
etc. (International Safety Rating System, 1978).

When a number (1) of programmes are available in a
rating system, a simple linear expression has been
widely used in practice for the overall performance:

l.L v
E,=4,> > w; ;%

i=1i=1{

where p is the programme of the rating system (p =
L,...,n); A, the maximum score of the programme; x;; the
evaluation score of the ith item of the Jth element at the
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Safety performance measurement approaches (Loupasis, 1997)

Company

Brief description

BASF

Bayer

BP

Borealis

Dow

Du Pont

Exxon

Behaviour is observed on the shop floor. After identifying and defining critical behaviour observers have been trained to recognise
and measure the occurrence of the behaviours in the working place. A system of ongoing observations and feedback is established.
The data gathered is used to identify corrective actions and plans for continuous improvement.

The operator carries out a constant inspection of the plants and their components, independent experts are responsible for the initial
and periodical inspection at set intervals and state authorities inspect initially as well as on unannounced occasions.

The framework delivered a means of auditing, a tool to help managers set HSE plans and targets and a mechanism to facilitate
sharing and comparing between business units. The framework (REALM) has two parts: a management systems component essen-
tially common across all elements of HSE and, a technical/physical conditions framework subdivided according to the HSE disci-
plines (on the principles of ISRS).

The minimum HSE requirements have been produced and the site performance is assessed using audits. The production sites are
scheduled to be audited every 3 years. Separate HSE audits are carried out at the major production sites while combined audits
are carried out at the minor sites.

The company is committed to responsible care and has developed a system of self audit against a range of environmental, health
and safety standards and objectives to support it. The system covers 13 areas and each of these areas is given substance and
complete descriptions which allow the people operating safety management system to see exactly where they are on a 1-6 scale.
Four steps to effective process safety management have been identified: establishing a safety culture, providing management leader-
ship and commitment, implementing a comprehensive process safety measurement programme and achieving operating excellence.
Safety performance measurements include both lagging and leading indicators.

Annual self assessment of the system by reviewing system design, implementation status and effectiveness. The leader of the self
assessment is a member of the site or unit management. The external assessment is carried out once every 3 years by an experienced
multi-disciplinary team led by a senior manager. The entire team is external to the operations.

The idea is to incorporate as many different audit aspects as possible. A system with 18 modules was set up. The integrated aspect

Hoechst

of the audit is achieved by the co-ordinated flow of information between the different modules.

Frequent audits check the activity against local procedures. Periodical audits check the adequacy of local procedures against stan-
ICI dards, guidelines and good practice. An overall management audit every 1 to 3 years checks that the system covers all requirements

and leads to improvements.

Shell

The Tripod incident analysis methodology distinguishes three ‘feet’ in incident causation: the incident itself, active failures and
latent failures. The approach can be used reactively in incident analysis and proactively as a diagnostic tool for accident prevention.

time of assessment; w;;, the weighting factor (coefficient)
of the item (i,j); v the number of items in the element:
and w the number of elements considered in the pro-
gramme.

The usual practice is to use constant coefficients wy,
defined according to the relative importance of the item
in the overall evaluation. Therefore, the relative impact
the individual item or the element has in the overall per-
formance cannot surpass a predetermined upper limit.
Although this approach ignores any interdependency
between the variables (which could be captured, for
example, by the introduction of higher-order terms in the
linear relation defined above), it can be defended as a
reasonable effort to produce a manageable formula with-
out the need for a complex evaluation of the depen-
dencies among the elements of the SMS—an operation
which, even were it always possible to carry out in an
objective manner, could prejudge exactly the questions
which a safety performance measurement is intended
to answer.

In such arating system several programmes can be
considered. For some sites, only a few programmes are
relevant; the items and elements of those programmes
can have coefficients (weighting factors) with different
values because further elements and items are con-
sidered. The more advanced programmes include more

items and elements. Fig. | presents the ratio of the indi-
vidual elements to the overall maximum score of the
programme for all elements of the 10 programmes (P1—
P10; the higher numbers correspond to more ‘advanced’
programmes) considered in an early version of the Inter-
national Safety Rating System (1978). It will be seen
that the coefficients assumed for certain elements vary
widely among programmes.

There does appear to be a difficulty with using a large
number of elements and items (van Steen et al., 1994:
Loupasis & Papadakis, 1997). On the one hand, it is
difficult to justify substantial differences in the weight-
ings attached to different items, when in some sense it
is clear that all the items concerned make an important
contribution to safety; on the other hand the importance
of items clearly does differ from one to another, and
assigning similar weights to them obscures this fact, and
builds a distortion into the resultant rating system. In
practice, it would appear that systems with a large num-
ber of elements end up assigning similar weightings to
them (as exemplified by P8, P9 and P10 in Fig. 1): thus,
for example, we can find the items ‘planned inspections’,
‘protective equipment’, and ‘employee training’ with
similar weightings, despite their different impact on
overall performance.
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6. Application and validity check of a rating
System

In order to study further the role of expert judgement
in the selection and weighting of SMS elements and rat-
ing programmes, a rating system similar to the one dis-
cussed above was applied to a company which produces
and stores a range of flammable substances. The major-
accident prevention policy of the company has been
implemented in all its sites using the same SMS. The
SMS is periodically assessed and the safety performance
evaluated using several performance indicators and a rat-
ing system. For each specific activity of the company, a
rating programme is chosen, and tailored to meet the
safety requirements associated with that activity. The
selection of programmes and of individual elements
within the programmes for the evaluation of SMS of the
company is based on criteria developed from experience
with operations and on independent expert judgement.

One such programme (‘footprint’) has been selected
for this paper, as appropriate to the level of complexity
of the operations concerned. In Fig. 2, the four elements
of the footprint with the largest weights are compared
with the relevant elements of the 10 programmes (P1—
P10) available in the rating system. It can be seen that
the footprint programme is among the most advanced in
the rating system, similar to P9 and P10. It is also clear
that these elements of the footprint do not differ much
in their weightings (each contributes 5-10% of the
maximum overall performance). Similar conclusions can
be drawn from the examination of the variance of the
weights of the elements within each programme (Fig. 3).
None of the measures of deviation of element weights
in the footprint exceeds 3%, whereas the less advanced

@ Leadership and Administartion
Planned inspections

W Accident/Incident investigation
B Emergency preparedness

M Accident/incident analysis

& Personal Protective Equipment
W Program evaluation system

B Personal Communications

[ General promotion

W Purchasing controls

P7

04 ~

O Management training

O Task analysis and procedures
D Task abservation

O Organisational rules

E Emloyee training

B Health control

D Engineering Controls

B Group meetings

DO Hiring and Placement

O Off-the-job safety

Maximum weight of SMS elements vs. programmes of the rating system.

0.35

0.

Y
o

0.

relative weights of elements

005 '

Fig. 2.

Large 1
W Large 2
OLlarge 3
OLlarge 4

P9
P10

Programmes

Weights of the four largest elements.
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B Standart Deviation
0Sum of Squares of Deviations

B Vanance
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Fig.3. Deviations of element weights.
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programmes of the rating system show significantly
higher deviations.

In order to examine further some functional character-
istics of a rating system and to delineate uncertainties
connected with its application, a simplified linear model
was studied. It is postulated that all (w) elements ident-
ified in the SMS under examination could be analysed
into a number of items which are represented by appro-
priate variables in the rating system. The items thus
identified can be evaluated and the quantified results can
contribute to the overall performance according to the
relative weighting of each item. The score for each item
is a percentage of its maximum score controlled by its
relative weighting. It is assumed that the same scores
can be obtained when we reduce each item into a number
of units that take values either zero or one and have
equivalent weighting (w;) in the overall performance.
The number of such units in every item is thus equal to
the maximum score of the item. The scores can then be
obtained by summing up the number of the units with
non zero values. The total number of units in such a
model, for a specific programme, is assumed to be

j
E v; and the weighting of each unit is the inverse of

=1

that. Such units are represented by variables (x;) that can
take values either zero or one:

when the unit corresponds to the
part of the item evaluated negatively

- when the unit corresponds to the
part of the item evaluated positively

The number of elements (w) in each programme and
the number of units (¥) in each element are assumed to
be linear functions of the programme (p), and are by
default positive integers:

Mp = Mo + p*A/J,,,

— *®
Vpj = Vo; + p*Av,;

The initial conditions w, and v, can arbitrarily take
any non-negative values. The slopes Au, and Ay, are
positive integers and represent the number of extra
elements (w,., — m,) and units (v,,, — v,), respectively,
added when passing from one programme (p) to a more
advanced one (p + k), where (k) is a positive integer.
A programme is considered to be advanced for a specific
installation when the elements and items considered con-
sist of an eXtensive inventory of safety related aspects.

The analytical solution for the relative weighting
using the expressions above showed strong dependence
of the weightings on the number of elements () and on
the number of items added to an element when passing
from one programme to a more advanced one. The

weighting of an element is reduced when passing from
one programme to a more advanced one. A measure of
such a reduction is given by v,/v, ., — 1.

In the case of v, = 0 and Ay, = const., the above
formula for a given element is reduced to =% , where
k can take values in the range (1,....,p — 1).

The minimum and maximum of the above expression
will give an indication of the possible reduction of the
element weighting when moving to more advanced pro-
grammes; for 10 successive programmes (p = 1,...,10)
these are — 10% and — 50%, respectively. For non-zero
values of w,, the weights were found to reduce more
than 20%. For programmes with large differences (i.e.
M1 W), taken from implemented rating systems, the
impact of an item on the overall performance varies sub-
stantially. For example the element ‘leadership and
administration’ of the International Safety Rating Sys-
tem can lose 50% of its weight when a programme with
a large number of elements is considered instead of a
less advanced one (Fig. 4). It is thus arguable that
advanced programmes should assume satisfactory values
for high-importance items as a prerequisite for their
application, rather than attempting to take them into
account explicitly within the evaluation process.

Often, the results of such evaluations are used to draw
up strategic plans for the improvement of the SMS. In
general, it is expected that comparable scores will be
obtained when evaluations are performed by different
groups of auditors using several programmes. Therefore,
the scores obtained for each element as compared with
the maximum scores of the selected programme should
be independent of the programme itself. Using a simpli-
fied model like the one above, it can be argued that
uncertainties in the process of quantification introduced
by the modelling parameters could distort the strategic
plans of the company and the perception which the com-
pany has of the improvements achieved in safety per-
formance. It was found that a strategic plan can be
assumed to be independent of the rating programme
when the following condition is satisfied for each
element and for the whole period of audit planning
and execution:

vp%»l

az'xlj[)’t'k |

i= | ilp + k .

‘V—= /A”l L forj=1,..,u,
2 Jlp

This expression links the evaluations of the items (or
units) with the maximum scores of element (A))
addressed in two programmes (programme p and p + k)
defined by the rating system. An example of this
expression applied to a single element namely ‘the lead-
ership and administration’ is presented in Fig. 4.
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Fig. 4. Devaluation of element weight with different programmes.

The maximum scores of the element in the 10 pro-
grammes examined have been correlated with a poly-
nomial. It appears that the evaluation of the items is
sensitive to the weights assumed by the selected pro-
gramme of the rating system. Since this effect may be
strong in some cases it should always be taken into con-
sideration by applying sensitivity analysis.

7. Discussion and conclusions

Most SMS guidance is intended to allow flexibility in
the structure and details of a SMS, and the guidelines
discussed here (Mitchison & Porter, 1998) are no excep-
tion. This flexibility is needed to allow adaptation to the
company’s practices, to local circumstances, and to the
structure of other company management systems. The
price paid, however, is that the guidance is not straight-
forward to apply. In particular, questions of overall pri-
orities in safety management are not addressed by the
guidance; they fall to be decided by the company itself,
perhaps in discussion with the regulatory authorities.

Once these overall priorities have been decided, they
can be used to establish performance measures and rat-
ing programmes. Such an operation is iterative, and
should build on company and site experience. The corre-
lation between different indicators, and therefore their
value as performance measures, is a subject of some
argument: e.g. what is the correlation between the rates
of lost time injuries (LTI) and of loss of containment
(LOC) accidents? (Bellamy et al., 1995). Often LOC
rates are too low to be usable in such a correlation. It
is also true that the trends of LTI rates do not usually
represent the occasional sharp increase of the annual

rates of serious accidents in a company (HYDRO Safety
Report, 1997). It therefore seems reasonable to try and
take as wide a base as possible in the establishment of
performance measures. In particular this avoids the
danger of ignoring a major part of the overall manage-
ment system, a possibility with dedicated methods (Hurst
et al., 1996).

If a safety audit is used to implement a safety perform-
ance rating system, caution is called for, both because
the results will not in general be comparable across dif-
ferent establishments, and because the desire to perform
well in the rating may prevail over the real objective,
which is to improve overall safety. However, having
made those cautionary remarks, it remains that the
results over time of a series of audit-based ratings of the
same site can be of use—provided the rating system is
well adapted to the particular site conditions.

We have shown that the results of performance
measurement can vary quite substantially according to
the rating system and weighting factors used. Given the
variability of companies, installations, and activities, it
is difficult to see how a standardised rating system could
be developed across one industry, let alone across all the
industries handling hazardous substances. In particular,
we remain sceptical as to the usefulness of rating sys-
tems based on simple and uniform formulae, adding up
scores to give an overall value—although as we suggest
above, such a system can be used in an incremental pro-
cess to evaluate changes. On the other hand, other work
(Papadakis et al., 1997) has shown that despite the con-
siderable arithmetical variability which results from
changing the element weights in a rating system, when
an analysis looks at safety performance as a multi-
dimensional variable, certain fundamental facts about
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safety culture and organisation remain salient. Still,
some sort of sensitivity analysis should underlie the
choice of weighting factors and programmes. Moreover,
the analysis which goes into these choices can be of
great value in its own right, as a means of focusing the
attention of analysts and managers on the strengths and
weaknesses of the company.

The other point to emphasise is that safety perform-
ance measurement should be seen as a means to an end.
It is of use to know how you are doing; but it is even
more useful to be able to improve your performance. To
this end, monitoring the dependence of the performance
of the various system elements against a wide variety of
parameters enables the performance measurement sys-
tem also to be used to identify weaknesses, and thereby
to target interventions to improve safety.

References

Amendola, A. (1998). Performance measurement in management for
safety: a challenging issue. Viewpoint. International Journal of
Quality and Reliability Management, 15, 10-12.

Bellamy, L. J., Brouwer, W. G. J. (1998). AVRIM 2: a Dutch major
hazard inspection and assessment tool. Journal of Hazardous
Materials (accepted).

Bellamy, L. J., Leathley, B. A., & Gibson, H. (1995). Organisational
factors and safety in the process industry: inspection tool develop-
ment final report C2432. The Hague: Ministerie Sociale Zaken
en Werkgelegenheid.

Bjerke, W. (1996). Output measures. In J. F. J. van Steen (Ed.) Safery
performance measurement EPSC/IChemE, ISBN 0-0858295-382-
8.

BSI (1994). Guide to health and safety management systems. Draft
presented for public comment. London: British Standards Institute.

Cacciabue, P. C., Gerbaulet, I., & Mitchison, N. (1994). Safety man-
agement systems in the process industry. EUR 15743 EN. Ispra,
European Commission, DG JRC.

CCPS (1994). Guidelines for implementing process safety manage-
ment systems. American Institute of Chemical Engineers, ISBN 0-
8169-0590-8.

E&P Forum 6.36/2.10 (1994). Guidelines for the development and
application of health, safety and environmental management sys-
tems. London: E&P Forum.

Hurst, N. W., Young, S., Donald, I, Gibson, H., & Muyselaar, A.
(1996). Measures of safety management performance and attitudes
to safety at major hazard sites. Journal of Loss Prevention in the
Process Industry, 9(2), 101-172.

HYDRO Safety Report (1997). HYDRO Intranet, February 1998.

IAEA (1991). Safety culture. JAEA Safety series, 75-INSAG-4.
Vienna: International Atomic Energy Agency.

IMI (1994). International safety management code. London: Inter-
national Maritime Organisation,

International Safety Rating System (1978). Loganville, USA: Inter-
national Loss Control Institute.

ISO (1995). Petroleum and natural gas industries—health, safety and
environmental management systems. ISO/CD 14 690, circulated as
International Standards Organisation Committee draft.

Loupasis, S., & Papadakis, G. A. (1997). An approach to the qualitat-
ive evaluation of safety management systems. Communicating
Safety, Report SRDA-R16, ISBN 0-7058-1739-3. UK: HMSO.

Loupasis, S. (1997). The Directive Seveso II and the requirements it
poses on safety management systems. A case study, EUR 17345
EN. Ispra: European Commission.

Ministerie van Tewerkstelling en Arbeid (1997). Metatechnical evalu-
ation system: an evaluation system for the safety management in
the process industries, Version 1.0. Available from MAHB/CDCIR,
DG JRC, Ispra.

Mitichison, N., & Clementé, C. (1998). Safety management systems in
the ‘Seveso II’ Directive. Proceedings of ESREL 98 Conference,
Trondheim.

Mitchison, N., & Papadakis, G. A. (1996). Safety management sys-
tems: international initiatives. In Safety management, T1.96.91.
Ispra: European Commission, DG JRC.

Mitchison N., & Porter S. (Eds.). (1998). Guidelines on a major acci-
dent prevention policy and safety management system, as required
by Council Directive 96/82/EC (SEVESO II). EUR 18123 EN.
Ispra: European Commission, DG JRC.

Morici, A., & Battistella, G. (1993). The role of safety management
systems and their application in hazardous plants. Workshop on
Risk Assessment and Management in Large Industrial Com-
plexes, Alexandria.

OSHA (1992). Process safety management of highly hazardous chemi-
cals, Title 29, Code of Federal Regulations, Part 1910.119. Wash-
ington, DC: Occupational Safety and Health Administration.

Papadakis, G. A., & Loupasis, S. (1998). Evaluation of safety manage-
ment systems and safety weighting policy. Proceedings of the 9th
International Symposium on Loss Prevention in the Process Indus-
tries. Barcelona.

Papadakis, G. A., Loupasis, S., & Mitchison, N. (1997). Sensitivity of
safety management systems evaluation to relative priorities in
safety policy. Proceedings of a Workshop on Human Performance
in Chemical Process Safery. Berlin: Umweltbundesamt.

Rasmussen, K. (1995). The experience with the major accident
reporting system from 1984 to 1993. EUR 16341 EN, JRC, Ispra.

van Steen, J. F. J. (Ed.). (1996). Safety performance measurement
EPSC/IChemE, ISBN 0-858295-382-8.

van Steen, J. F. J., Kok, E. H. J., Kolk, W. J., & Bakker, L. J. (1994).
ACRONYM: Development of proposals for guidelines on safety
management—Final report. Available from MAHB/CDCIR, DG
JRC, Ispra.



STVIHILVIN SNOAYVYZVH 40 IVNYNor

cez— | (6661) S9 O

JNSSI IVIOIdS

ISSN: 0304 - 3894

B9 G

The Seveso |l Directive

. .Gﬂgst Editors:

U, 1999




- 65, NOS. 1-2 1 MARCH 1999

JOURNAL OF HAZARDOUS MATERIALS

racted/indexed in: Applied Science and Technology Abstracts, ASp Int i .
stals — Materials Information, Cambridge Scientific Abstracts, Ce?‘:ggna;fnggz;giggm
tifique et Technique - PASCAL database, Chemical Abstracts, cjg Documentation C'Q[;
icts, Current Contents (Engineering Technology  ang Applied Sciences) E'Isev‘?ﬂ
ASE/Current Awareness in Biological Sciences, EMBASE/Excerpta Medica, nee -
icts, Environmental Periodicals Bibliography, Geo Abstracts, GEOBASE, Lab

Oratol
n/Chemical Hazards in Indyst , NIOSHTIC, Systéme de Documentation et Irfl:fc;arfaat;gfs,
urgique)

Special Issue: The Seveso Il Directive

For contents see p. vii

i

s1-U 05162

STVIHILYIN SNOAHVYZYH 40 IVYNYNOr

cee—1 (6661) 9 1O

3NSSI vIO3ds



	SMS_Under_Seveso_II_Mitchison_JLP_1999_Page_01
	SMS_Under_Seveso_II_Mitchison_JLP_1999_Page_02
	SMS_Under_Seveso_II_Mitchison_JLP_1999_Page_03
	SMS_Under_Seveso_II_Mitchison_JLP_1999_Page_04
	SMS_Under_Seveso_II_Mitchison_JLP_1999_Page_05
	SMS_Under_Seveso_II_Mitchison_JLP_1999_Page_06
	SMS_Under_Seveso_II_Mitchison_JLP_1999_Page_07
	SMS_Under_Seveso_II_Mitchison_JLP_1999_Page_08
	SMS_Under_Seveso_II_Mitchison_JLP_1999_Page_09
	SMS_Under_Seveso_II_Mitchison_JLP_1999_Page_10
	SMS_Under_Seveso_II_Mitchison_JLP_1999_Page_11

