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A number of recent and high profile accidents in the process industries have occurred
on bank holidays or at weekends. This has led to the suggestion that there was a poten-
tial for higher numbers of accidents, particularly those classed as major accidents, to
occur on a bank holiday or a weekend.

If this perception should represent an actual effect, there could be serious implica-
tions for the work of the safety regulators of major hazard industries and the industries
themselves.

The Health and Safety Laboratory (HSL), was commissioned by the Health and
Safety Executive (HSE) to analyse a selection of data on major accidents. The aim of
the analysis was to identify whether there was evidence of a weekend or bank holiday
increase in the numbers of major accidents.

Attempts were made to normalise the data to account for the reduced operations and
staffing levels sometimes present at process industry sites on weekends or bank holi-
days. Unfortunately, sufficient data could not be found to normalise the accident data
in these respects.

Main findings are:

* Analysis of the aggregated data and sub-sets consistently failed to provide evidence
for either a weekend or bank holiday increase in the number of major accidents.

« Fairly consistent evidence was seen of a mid-week peak and a weekend dip in the
number of accidents reported.

e Chi-Square tests consistently showed either ‘no significant difference’, or ‘signifi-
cantly more accidents occurring on a weekday’ in comparison with accidents
occurring on a Saturday, Sunday or bank holiday.

In essence, the results show either no evidence of an effect, or that the effect is too
weak to stand out over other factors within the data available.

INTRODUCTION

Unfortunately, major accidents involving dangerous substances in the process industries
have occurred and continue to occur despite continued efforts aimed at their prevention,
control and mitigation. The control and regulation of process industry major hazards is
informed by analysis of those accidents (as well as by first principles approaches to hazard
management).
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Several high profile incidents have occurred at weekends. Examples include those at
Flixborough, Seveso, Milford Haven and Buncefield (Parker, 1975, Orsini 1977, HSE
1997, Newton 2006). The publication, in 2005, of a report into a bank holiday incident at
the Humber Refinery in the UK (HSE 2005) was the prompt for the present work.

Speculation based on anecdotal evidence, has led to the suggestion that there is a
potential for higher than proportionate numbers of accidents, particularly those classed as
‘major’ accidents, to occur on a bank holiday or a weekend (Saturday or Sunday). Here,
this postulated increase of accident incidence on a weekend day or bank holiday is termed
a “weekend (or bank holiday) effect”. The term bank holiday is not used in the strict sense,
but is used loosely to refer to the kinds of ‘national holiday’ days when roles that are
normally filled on week days will not be filled.

If this perception should represent an actual effect, there could be serious implica-
tions for the work of the regulators regarding major hazard activities and industries. The
confirmation of any clear weekend (or bank holiday) effect might justify further research
clarifying the causes of the effect and the targeting of resources on reduction of those
causes or the introduction of additional barriers tailored to the identified effect paths.

This paper reports the findings of research carried out by the Health and Safety
Laboratory, commissioned by the Health and Safety Executive. An analysis of data from a
selection of major accident lists and databases was performed, to search for significant
differences in the numbers of major accidents occurring on weekdays when compared
with weekend days and bank holidays. Significant differences might provide evidence in
support of a weekend or bank holiday effect on the occurrence of major accidents.

More specifically, the objectives of the exercise were:

® To review five collections (lists or databases) of major accident information (data
sources);

e [dentify whether these accidents occurred on a weekday, weekend or bank holiday;

® Analyse the data to determine significant (or non-significant) differences in accidents
occurring on a weekend or bank holiday in comparison to non bank holiday
weekdays.

Throughout this paper the term ‘accident’ is used to refer to accidents and incidents
recorded across the five sources of data.

Full details of the analysis are reported by Healey 2007. This paper provides a
summary of the work and some discussion of the context and implications.

PREVIOUS WORK
A literature search found no previous work specifically investigating the presence of a
weekend or bank holiday effect on the occurrence of major accidents.

A study of fatal accidents at work associated with maintenance (HSE, 1985) found
that accidents occurred throughout the working week with a peak observed mid-week.
“Surprisingly, only 13% happened during weekend maintenance work, but this may be
affected by the recession or reduced production pressures”. If accidents were proportionately
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spread over the entire week (that is, if there were no reduction in activity or numbers of
people at risk and accidents were evenly distributed) then of course about 30% of accidents
would occur at weekends (2/7 ~0.3).

DATA SOURCES AND ANALYSIS

A selection of five data sources, with appropriate inclusion criteria, were identified and
utilised throughout this work. Appendix A gives an outline description of the sources, an
indication of the criteria for inclusion of data in each source and, where appropriate,
additional criteria applied in the data selected for this study.

The data sources covered a varying range of the process industries, and varied in
their inclusion criteria.

Each of the five data sources was interrogated and information extracted. Journal
articles and websites (see references) were used to supplement the ‘date’ and ‘country’
information from the accident data sources to identify the day of the week an accident
occurred on. Using this information most accidents could be tagged according to whether
they occurred on weekdays, weekends or bank holidays.

There was apparent replication of some accident reports both within and between
the various data sources. In some cases the replication was clear, whilst in other cases it
was not so clear. Where possible, replicated accident reports were removed to reduce the
likelihood of duplication in the analyses. HSL relied on its subjective judgement to remove
this replicated information.

ATTEMPTED NORMALISATION OF THE DATA

There are potentially numerous and varied factors which might influence the occurrence
of accidents on weekdays, weekends or bank holidays. One obvious factor is the extent to
which operations may (or may not) differ: some sites will operate in similar mode regard-
less of the day of the week, others may operate very differently (perhaps not at all) on a
bank holiday. Another factor is the presence of population (both on and around the major
hazard site). The effects of these factors may be simple (e.g. fewer operations leading to
fewer opportunities for accidents) or complex (e.g. fewer people on site may result in
fewer casualties in the event of an accident, or, a greater number of people on site, by
virtue of their appropriate actions, may inhibit the escalation from an initiating event to a
reportable accident).

A fair comparison of the incidence of accidents (and their consequences) would take
account of other factors which raise or lower the potential for such accidents at weekends
or bank holidays. To some extent the occurrence of accidents may be inhibited at week-
ends or bank holidays if operations are reduced or consequences may be inhibited if fewer
people are present. So, for example, a fair comparison would take account of reduced
operations (or exposure to consequences) outside weekdays.

In the discussion above, a simple definition of “weekend” (i.e. a Saturday and
Sunday) has been used. However if there is a “weekend effect” it may not be relevant to
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distinguish between midnight on Sunday and resumption of normal “office hours” on
Monday. A weekend effect may also be somehow related to (or, at best, confounded with)
diurnal effects (which have been studied separately, Fortson 2004).

It was, therefore, desirable to explore whether the analysis was sensitive to scaling
of the data to factors such as ‘degree of weekend working’ and ‘population present’. So it
was envisaged that alternative analyses would be undertaken with the data “normalised” in
respect of these factors.

Literature and abstract searches were carried out in order to identify a method (i.e. a
relevant data source) for normalising the major accident data, in line with differences in
the productivity levels and work patterns typically observed in the different industries
reporting accidents. An appropriate source for this information was not identified.

Furthermore, the accident information held in the data sources was not detailed
enough to identify information such as staff shift patterns or patterns in productivity levels,
and normalisation of the accident data was not possible (neither for these factors nor for
other factors).

ANALYSIS

Analysis was performed on the aggregated data from all sources, on data from each source
separately (or a selection of that single-source data) and on subdivisions of the aggregated
data (for example, the aggregated set of accidents with reported consequences including
ten or more fatalities).

The Chi-square test was applied to the accident information collected from the five
data sources to assess the significance (or non-significance) of differences between the
proportions of major accidents occurring on weekdays, weekends and bank holidays.

A variety of t-test was used to determine the statistical significance of differences in
the relative proportions of ‘weekend’ to ‘weekday’ accidents in subsets of the data, when
compared with the same proportions in the overall aggregated data.

RESULTS
An ‘overview analysis’ was performed on the aggregated data from all sources. The raw
aggregated dataset consisted of information relating to 4333 accidents, collected across the
five data sources. Replicated accident reports (numbering 487) were removed from the
dataset before the overview analysis.

The remaining sample of 3846 accidents were classified according to the day of the
week on which they occurred.

Figure 1 shows the breakdown of the accidents, by day of the week. Information was
‘not available’ (N/A) for some accidents. The chart shows a mid-week peak and a decrease
in accidents reported as occurring at the weekend (Saturday and Sunday).

Table 1 shows the breakdown of the sample, by bank holiday accidents. To deter-
mine a bank holiday both the country, and exact date were required. This additional data
was not always available leading to a higher number of accidents classed as ‘N/A’.
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Breakdown of accident information by day of week

576

Total No.

Mon Tues Wed Thurs Fri Sat Sun N/A
Day of Week

Figure 1. Breakdown of accident information by day of week (n = 3846)

Results of Chi-square calculations showed there were significantly more accidents
on a weekday (Monday—Friday) than on a Saturday, Sunday, weekend (Saturday and
Sunday) or bank holiday in this overall sample. A little over 20% of accidents occurred on
a weekend (compared with ~30% for a flat distribution). Significantly more accidents
occurred on a Saturday, in comparison to a Sunday.

ANALYSIS: BY DATA SOURCE AND BY CONSEQUENCE
(NUMBERS OF FATALITIES)
Further analyses of the accident data were also performed to explore the sensitivity of
features in the data to the data source and to a measure of accident consequence (number
of fatalities).

The data from each data source in isolation was analysed. The results for each data
source, comparable with Figure 1 for the aggregated data, are presented in Appendix A.

The aggregated data was subdivided by ranges of numbers of fatalities (a crude
indication of accident severity). The results are detailed in Healey 2007.

In most cases, for either individual data sources or for subsets of the aggregated data
based on bands of consequence (ranges of numbers of fatalities), the features of the “over-
view analysis” were confirmed.

Table 1. Breakdown of bank holiday accident information (n = 3846)

Bank holiday Total no. accidents
Yes 46
No 2308
N/A 1492
Total 3846
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Breakdown of Lees accident information by day of week

99

Total No.

Mon Tues Wed Thurs Fri Sat Sun N/A
Day of Week

Figure 2. Breakdown of Lees accident information by day of week (n = 551)

There were some apparent distinctions between features of the “overview analysis”
and the analysis of individual data sources or sub-sets of the aggregated data. For example,
arelatively high proportion of ‘weekend’ to ‘weekday’ accidents was seen in both the Lees
data (Figure 2, Appendix A) and a ‘ten or more fatality accidents’ subset of the aggregated
data, when compared to the overall aggregated data. A Chi-square test showed ‘no signifi-
cant difference’ between accidents on weekdays and weekends for these two cases, where
the overall, aggregated data had shown significantly more accidents on weekdays.

Further statistical analysis was necessary to establish whether this change was
significant or merely a consequence of the smaller amount of data in a single source or
sub-set of the aggregated data.

A form of t-test was used to determine the statistical significance of differences in
the relative proportions of ‘weekend’ to ‘weekday’ accidents in individual data sources or
sub-sets of the aggregated data, in comparison with the overall, aggregated sample.
A statistically significant higher proportion of ‘weekend’ to ‘weekday’ accidents was
observed in both the Lees data and a ‘ten or more fatality accidents’ subset of the aggregated
data, when compared to the overall aggregated data.

Therefore, the dip in weekend accidents noted earlier (HSE 1985) and here in the
“overview analysis” is significantly less pronounced in some subsets of the data.

Although these findings do not show evidence in support of a weekend or bank holi-
day effect, the results of the t-test suggest that some subsets of the data (in particular the
Lees data, and a ‘ten or more fatality accidents’ subset of the aggregated data) are different
in nature to the overall, aggregated data. It is possible this is evidence of a weak, relative
association of larger/more severe accidents with weekends.

In no case was there evidence of an excess in the incidence of accidents on week-
ends (or bank holidays). The full results are reported by Healey 2007.

DISCUSSION
The aggregated data studied here is principally distinguished from the data reviewed earlier
by HSE (HSE 1985) by its focus on the process industries (i.e. excluding construction etc).
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The aggregated data (particularly because it includes the large IChemE dataset) includes a
wide range of consequences, including but not limited to ‘major’ accidents.

From the distribution of accidents by day of the week (Figure 1) and statistical anal-
ysis, it is clear that there is no absolute and disproportionate increase in the incidence of
accidents on weekends (or bank holidays). In no case were accidents occurring on week-
ends or on bank holidays in excess of those expected in a flat distribution (where accident
frequency is statistically independent of the day).

In the aggregated data, there is a relative increase in weekend accidents when
compared to the broader-based study (from ~13% in HSE 1985 to ~20 % in the aggregated
data here).

There were significantly more accidents on a weekday (Monday — Friday) than on a
Saturday, Sunday, weekend (Saturday and Sunday) or bank holiday in this overall sample.
A little over 20% of accidents occurred on a weekend (compared with ~30% for a flat
distribution). Significantly more accidents occurred on a Saturday, in comparison to a
Sunday.

Analysis of the individual data sources which are more clearly restricted to
“major” accidents (for example Lees), or subsets of the data more restricted to large
scale consequences (for example accidents associated with ten or more fatalities) showed
a weak relative increase in the incidence of accidents on weekends. But these increases
were of little or no statistical significance, or else were confounded by the reduced
amount of data.

These analyses produced no general evidence of a disproportionate increase in acci-
dent numbers on weekends or bank holidays and no conclusive evidence that more conse-
quential, influential or spectacular accidents correlate positively with weekends or bank
holidays. There were some indications that more consequential, influential or spectacular
accidents are relatively (but not absolutely) more likely at weekends, though this may
merely be due to a confounding factor (i.e. industries capable of more consequential,
influential or spectacular accidents may be more likely to be operating on weekends and
bank holidays).

When viewing the data classified by consequence (simply represented by number of
fatalities), there may be a confounding effect in that weekend (or bank holiday) incidents
may be less consequential than corresponding weekday events. For example, had
the Flixborough disaster occurred during a normal working day (and been in other
respects unchanged) the fatalities in that incident might have been ten times greater
(Rushton, 1998).

There are, undoubtedly, some safety professionals who believe there is a “weekend
(or bank holiday) effect”. Perhaps this belief is mistaken, or perhaps it is based on sound
(if unsubstantiated) intuition.

It is easy to conjecture how a weekend effect might arise. There may be fewer staff
to detect incipient causes (accident initiators or barrier failures), supervise interventions,
respond to incipient causes or diagnose ‘leading’ indicators. For example there may be
more situations put “on hold” awaiting the attention of weekday staff or contractors. It is
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easy to speculate on other features of bank holiday and weekend working which might
weaken or remove barriers to the initiation of or escalation to an event.

It is possible there is a “weekend effect”, that is too weak to stand out over other
factors within the data available. Where common sense and/or engineering judgment indi-
cates a greater propensity for initiation or escalation of events in some particular
circumstances (including but not limited to weekends or bank holidays), then that propen-
sity should of course be given proportionate attention in the management of hazards.

CONCLUSIONS

There are some safety professionals who believe there is a disproportionate incidence of
accidents (particularly ‘major’ accidents) on weekend days or bank holidays (a “weekend
(or bank holiday) effect”).

Study of the day of occurrence of a large number of accidents in the process indus-
tries shows no statistical evidence of a weekend or bank holiday increase in the numbers
of major accidents.

The main findings were:

® Analysis of the aggregated accident data from five sources and sub—sets of that data
consistently failed to provide convincing evidence for either a weekend or bank holiday
increase in the number of major accidents.

e Fairly consistent evidence was seen of a mid-week peak and a weekend dip in the
number of accidents reported.

® Chi-Square tests consistently showed either ‘no significant difference’, or ‘significantly
more accidents occurring on a weekday’ in comparison with accidents occurring on a
Saturday, Sunday or bank holiday.

There is some weak evidence of a relative increase in incidence of accidents on weekends
in the process industries compared to industry in general. There is weak evidence of a rela-
tive increase in incidence of ‘major’ accidents on weekends in the process industries
compared to accidents in the process industries in general.

In essence, the work has shown either no evidence of an ‘effect’, or that the ‘effect’
is too weak to stand out over other factors within the data available.

Although evidence was not found in support of a weekend or bank holiday effect,
at this juncture, such an effect has not been disproved. It is possible that a weekend or
bank holiday effect may exist, but was not revealed in this study due to the masking effect
of other factors.

A comprehensive understanding of the organisational factors underlying major acci-
dents is vital in order to inform regulators and major hazard industries, regarding regula-
tion and the prevention of major accidents. Where common sense and/or engineering
judgment indicates a greater propensity for initiation or escalation of events in any
particular circumstances, then that propensity should be given proportionate attention.
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In recognition of the limitations associated with this research, it is recommended
that these findings be considered as a foundation for further work, with a focus on address-
ing some of the limitations encountered in this research.

DISCLAIMER
The views expressed in this paper are those of the authors alone and are not a statement of
HSE policy.
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APPENDIX A: SAMPLE OF DATA SOURCES AND APPROPRIATE

RELEVANCE CRITERIA

® Loss Prevention in the Process Industries. Lees. This is a personal selection/collec-
tion by the author (F.P. Lees) of major accidents reported by the process industry.
The collection is in the form of a list. So, the inclusion criterion was the subjective
discretion of Lees. All accidents in the list were effectively classified as ‘major’ by the
author due to their inclusion in the selection, and were all considered in this analysis.

The sample of 551 accidents recorded in the Lees database were organised according to
the day of the week they occurred on.

Figure 2 shows the breakdown of the Lees accidents, by day of the week, ‘N/A’ was
used where information was ‘not available’.

® [Large Property Damage Losses in the Hydrocarbon-Chemical Industries: A Thirty-
Year Review. Marsh McLennan. This is a list reviewing 100 large property damage or
losses occurring in the hydrocarbon processing and chemical industries over a thirty-year
period. (Information relating to an additional 15 accidents, taken from the latest version
of the review was also included). All accidents were included in this analysis. The inclu-
sion criterion was economic loss (in the qualifying period and limited by number).

The sample of 115 accidents recorded in the Marsh McLennan database were
organised according to the day of the week they occurred on.
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Breakdown of M-M accident information by day of week

29

Mon  Tues Wed Thurs Fri Sat Sun N/A
Day of Week

Figure 3. Breakdown of Marsh McLennan accident information by day of week (n = 115)

Figure 3 shows the breakdown of the Marsh McLennan accidents, by day of

the week.

MHIDAS. The Major Hazard Incidents Data Service. This is a collection of world-
wide accidents recorded using information taken from the public domain. The collec-
tion is in the form of a database. The inclusion criterion is incidents involving hazardous
materials that had an off-site impact, or had the potential to have an off-site impact.
Such impacts include human casualties or damage to plant, property or the natural
environment. All accidents in the database are effectively classified as major due to the
offsite impact (or potential for offsite impact). The most recent 860 accidents recorded
excluding those occurring in long standing members of the European Union, i.e.
Belgium, France, (West) Germany, Italy, Luxembourg, Netherlands, Denmark, Ireland,
United Kingdom, Greece, Portugal, Spain were considered for this analysis. This
reduced set was used in order to minimise the number of accidents likely to be included
within the remit of the other data sources, therefore minimising replicated incidents in
the analysis. (The current work was limited to the inclusion of 860 accidents due to
project resources.)

Figure 4 shows the breakdown of the MHIDAS accidents, by day of the week, ‘N/A’

was used where information was ‘not available’. The graph shows a mid-week peak and a
decrease in accidents reported as occurring at the weekend (Saturday and Sunday).

EU MARS. The Major Accident Reporting System. This is a distributed information
network compiling information from 15 databases in each member state of the
European Union. All accidents in the compiled database are effectively classified as
major accidents, as the reporting process relies on the major accident definitions in the
Seveso directives (EC 1997). All accidents in the database were included in this
analysis.

The sample of 603 accidents recorded in the EU MARS database were organised

according to the day of the week they occurred on.
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Breakdown of MHIDAS accident information by
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Figure 4. Breakdown of MHIDAS accident information by day of week (n = 860)
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Figure 5. Breakdown of EU MARS accident information by day of week (n = 603)

Breakdown of IChemE accident information by
day of week
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Figure 6. Breakdown of IChemE accident information by day of week (n = 2204)
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Figure 5 shows the breakdown of the EU MARS accidents, by day of the week.
The graph shows peaks on Monday and Thursday and a decrease in accidents reported as
occurring at the weekend (Saturday and Sunday).

® JChemE Accident Database. This is an accident database used worldwide by chem-
ical and process industries. The database was created and maintained by the Institution
of Chemical Engineers and details the cause and effect of accidents and incidents.
The inclusion criterion is broad, including any accident report in the process indus-
try. The consequences of the accidents are many and varied and so it is unclear that
all the accidents would meet a definition of “major” (such as in the Seveso Directives).
All accidents in the database were including in this analysis.

The sample of 2204 accidents recorded in the IChemE database were organised
according to the day of the week they occurred on.

Figure 6 shows the breakdown of the IChemE accidents, by day of the week, ‘N/A’
was used where information was ‘not available’. The graph shows a mid-week peak and a
decrease in accidents reported as occurring at the weekend (Saturday and Sunday).
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