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Summary

Some problems associated with assessing the safety performance of the Chemical Industry
are discussed. Over 170 major incidents involving chemical plants world-wide have been
collated and analysed for trends.

The number of major incidents and the total number of people killed by such events are
rising exponentially. The trend to increased size and complexity of installations does not
appear to have led to more severe incidents in terms of deaths, although the analysis has
limitations. Financial costs of major incidents are increasing at a rate way ahead of infla-
tion but there is no correlation between these costs and the number of fatalities arising
from these incidents. All this, together with additional considerations identified, is con-
sidered ample justification for the special attention directed at the study of Major Hazard
installations.

Introduction

Today, the British Chemical Industry is fourth largest in the Western World.
In Europe it is second to Germany, with annual sales around £13,800 m. Table
1 lists volumes of production for some common materials in the U.K. [1].

The increase in demand for chemicals, coupled with economies of scale and
advancement of technology e.g. in petrochemicals, particularly during the past
two and a half decades, has resulted in an increase in the size of chemical and
allied plants. Associated processes have been integrated forming chemical com-
plexes on single sites. In 1967 and 1972 H.M. Factory Inspectorate expressed
concern [2, 3] regarding the potential hazards associated with large industrial
plants. Subsequently the Roben’s report [4] referred to:

(a) ““....the need to protect the public as well as workers from the very large
scale hazards which sometimes accompany modern industrial operations.”

*Present address: Unilever Research Laboratory, Port Sunlight, Wirral, Merseyside L62
4XN, Gt. Britain.
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TABLE 1

Production figures of some common chemicals in the U.K.

Commodity Production (million tons)
Ammonia 1.0*

Chlorine 1.0

Ethylene 1.2

Benzene 0.7

Propylene 0.7

Ethylene oxide 0.2*

Sulphuric acid 1.3

Hydrochloric acid 0.1

*1970 figures since 1976 figures not available.

(b) “....a number of locations in this country where high explosives or flam-
mable substances are kept in such quantities that any failure of control —how-
ever remote the possibility — could create situations of disaster potential.”

However it was the explosion at Nypro (UK) Ltd on June 1st 1974, the
first major incident in the U.K., that provided the main impetus for the
setting up of an Advisory Committee on Major Hazards. Their first report [5]
was published in 1976 and in 1978 a Consultative Document was issued by
the Health and Safety Commission [6]. Concern is essentially for those instal-
lations which could present a major threat to the safety of the workforce or
the surrounding community from:

(i) catastrophic fires;

(ii) massive escape of volatile liquids or gases to form a large cloud of
flammable vapour which may explode; or

(iii) massive release of toxic substances which could remain lethal for up
to 20 miles from the point of escape (Great Britain, Health & Safety Commis-
sion, 1978).

The scale of operation, and the inventory and nature of the materials on site,
are clearly important factors. Indeed it has been proposed [7] that the fatality
rate in scaling up a process can be correlated by the expression, Fr = KS° t©
0-33 where Fy = fatality rate, K = a constant and S = stream capacity. The sub-
ject has recently received considerable attention in the literature; for example
the present authors have discussed the definition and significance of Major
Hazards [8] and reviewed their identification and control [9]. The recent re-
port [10] on the investigation and assessment of the overall risks to health and
safety arising from possible accidents at existing or proposed hazardous installa-
tions on Canvey Island, including the loading and unloading of dangerous sub-
stances (e.g. L.N.G., L.P.G., crude oil and ammonia) was a major contribution,
costing in all about £400,000.

Understandably, concern has been expressed regarding the amount of effort
devoted to such installations, since incidents involving them are fortunately
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rare in the U.K. and they cause fewer fatalities per year than the daily, less-
spectacular accidents in the chemical or other industries. For example, Ben-
son [11] suggests that ““there could be a national cost which might be loss of
overseas investment...” in the event of the government adopting an unbalanced
approach and questions whether there is “any evidence that the consumer
needs more protection from major chemical hazards than he has at the mo-
ment”.

The present paper discusses the allocation of resources and assesses whether
Major Hazards merit the attention they currently receive. In addition, reference
is made to some problems associated with determining the safety performance
of the Chemical Industry.

The problem

In allocating effort from finite resources to attempt to solve a variety of
problems the quantity and rate (urgency) allotted to each should be deter-
mined by the magnitude of the problem. For Major Hazards this is a function
of their number and the risk associated with each installation. This risk is de-
termined by a combination of the chance of something going wrong coupled
with the likely consequences of such a mishap. Since the latter component is
socio-technical it is inevitable that any effort devoted to the problem of Major
Hazards will be influenced not only by the ‘‘need” from a purely technical
point of view, but also by social pressures, such as emotional and political im-
plications. Such criteria, although important, should not be confused with the
technical considerations.

Therefore care is required when statistics which purport to measure the risks
associated with industry are used to justify technically the effort in studying
Major Hazards. This can be illustrated by ‘“‘over-3-day absences per thousand
employees’’, a common yardstick for monitoring industrial safety performance.
Besides being beset by under reporting, a limitation of this method surrounds
the “‘severity threshold’ [12]. This is the degree of injury above which a person
goes absent from work; since this is strongly influenced by social and economic
factors it is clearly an imperfect measure of true safety records.

Fatality statistics are considered more reliable than absence returns. Thus
fatal accident frequency rates (FAFR) are believed to be a more accurate indica-
tion of the risk associated with a particular industry. Examples [13, 14] are
given in Table 2. The FAFR is defined as the number of fatalities occurring in
10® working hours, sometimes expressed as deaths from industrial injury in a
group of 1000 employees during their working life. Thus, like over-3-day ab-
sence statistics, FAFR figures neglect any effect of an industrial accident on
the surrounding community, which is an essential consideration when assessing
the problems of Major Hazards. Furthermore FAFRs do not include deaths re-
sulting from acute events with chronic fatal outcomes.
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TABLE 2

The FAFR for various occupations

Occupation FAFR
Chemical industry 4
British industry (i.e. all premises

covered by the Factories Act) 4
Clothing and footwear 0.15
Vehicles 1.3
Timber, furniture etc. 3
Metal manufacture, shipbuilding 7*
Agriculture 10
Fishing 35
Coal mining 12*
Railway shunters 45
Construction erectors 67
Staying at home (men 16—65) 1

*Latest values (T.A. Kletz, 1979).

Hence, in order to assess the safety record of “Major Hazards’’ more realisti-
cally, information on some 176 incidents worldwide with potential for mul-
tiple casualties was collected and analysed. The data were collated from four
main sources [15—18] and summarised in Table 3, which is not intended as a
comprehensive list of all incidents reported in the literature and press. The
data were analysed for useful trends and to provide some indication as to
whether the considerable effort devoted to a study of Major Hazards is war-
ranted.

Analysis of major incidents

An analysis of the frequency of major incidents (i.e. with potential for
multiple fatalities) in the U.K. is of limited value since the sample size is too
small to be meaningful. All that can be concluded is that there were more
incidents during the past decade than in the preceding 40 years.

An analysis of the frequency of major incidents world-wide, however, was
more revealing and is illustrated by Fig.1. It may be argued that the exponen-
tial nature of the curve itself is ample justification for devoting resources to
halt the rate at which such incidents occur, even though such a general trend
could be expected simply from the growth of the industry.

Similarly, an exponential rise in the total number of fatalities from major
incidents can be detected from Fig.2: the exponential trend for the period
1950—77 is emphasised by use of moving means (averaged over overlapping
three-year periods) as shown in Fig.3. (Zero fatalities was assumed for incidents
with unknown outcomes on the basis that multi-casualties are likely to receive
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Fig.1. Frequency of major incidents (i.e. with potential for multiple fatalities) worldwide.
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Fig.3. Mean fatalities per year.



161

publicity.) It is not clear from these data alone, however, whether or not the
rate of increase in fatalities is simply in line with the number of incidents or
whether the trend to increased plant and site capacity has indeed increased the
severity of incidents. If, as argued earlier, the significant changes in the industry
with regard to the number, size and complexity of installations commenced in
the 1950’s (which also coincides with the upturn in the frequency of major
incidents in Fig.1), then any effect of such changes on the outcome of incidents
may be revealed by a comparison of data for incidents pre-1950 with those of
more recent events. Accordingly, the histograms in Fig.4 were constructed. In-
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Fig.4(a). Pattern of major incidents prior to 1950.

Fig.4(b). Pattern of incidents since 1950.
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terestingly, although a preliminary analysis suggested that the severity of in-
cidents was increasing [8], visual inspection of the current data reveals little
difference in the pattern of events for the two periods. If anything, the trend
is to less severe disasters, although it is likely that this difference is not statis-
tically significant. Thus pre-1950, 70% of all reported major incidents resulted
in less than 5 fatalities while the corresponding figures for the period 1951—76
is 77%. Also, 17% of all incidents before 1950 resulted in 20 or more deaths
whereas only 4% of incidents since then have caused 20 or more fatalities. The
2 most serious accidents before 1950 killed 213 and 245 in 1944 and 1948,
respectively, while the worst two incidents since then in 1972 and 1973 re -
sulted in 38 and 40 fatalities.

This cursory analysis does suggest that while present day large installations
possess greater potential for harm, in reality this has not resulted in incidents
of greater fatal consequences. Possibly, this is attributable to improvements in
technology and more sophisticated design techniques. However a limitation of
this approach for assessing the degree of hazard associated with major installa-
tions is the neglect of effects of incidents on the impairment of the health of
the community by such disasters as that involving TCDD at Seveso [19]. For
example, of the more than 100 incidents involving flammable/explosive
vapours 13 involved vinyl chloride and of these at least 2 involved formation
of a large unconfined vapour cloud without ignition. In these cases the cost
was considered zero both in material and human terms, whereas, in addition
to other toxic properties, vinyl chloride has potential to cause angiosarcoma
in humans exposed to the vapour [20, 21], and it is uncertain whether the
effect of this compound is time-dependent or whether a summation law holds
[22]. In summary, the above mortality figures include those in which death
occurred within a very short time-span of the incidents and fails to include
casualties with deteriorated health leading to a reduced expectancy of life.
Because of this limitation, the paucity of data in certain areas, and the un-
known significance of improved reporting in recent years on the trend, a more
detailed analysis of the data is not justified.

The financial costs of major incidents were also examined. Thus, Fig. 5 shows
the change in average cost of incidents with time on which the mean cost per
fatality is superimposed. All costs were normalised to 1976 values using data
from Fig.6 to eliminate the main effects of inflation [15]. Only those events
with quoted data on costs were used in calculating average costs per incident.
Again by visual inspection an upward trend in the cost of major incidents is
discernible, as might be expected from the trend to increased size and com-
plexity of installations. The limited data suggest that the number of fatalities
do not increase proportionally with material damage. Indeed, those incidents
resulting in greatest financial loss are rarely the most costly in terms of lives
i.e. there is no correlation between loss of life and material loss.

From the foregoing it is concluded that the special attention directed at af-
fording additional protection to those working on Major Hazard sites is considerec



163

:

——— e e

195052 54 56 3B 60 & 64 66 68 1072 74 Tb

Year

Fig.5. Mean costs. () Mean cost per incident; (0 ) mean cost per fatality.

JO10D§ LONDHU|

Year

Fig.6. Inflation factor.



164

justified on technical grounds because:

1. Incidents involving these installations although not increasing in severity
are increasing exponentially in number.

2. The total number of fatalities arising from major incidents is increasing
with the rising trend of incidents.

3. The cost of material damage caused by major incidents is substantial and
rising ahead of inflation.

Further justification for expending additional effort on a study of Major
Hazard installations comes from:

1. The greater size of the population potentially at risk from Major Hazards
than exposed to the “normal’’ risks within industry. Thus, in considering the
more frequent accidents leading to injury and loss of life in the industry, atten-
tion is directed solely at the workforce. However when considering Major
Hazards the surrounding populace must also be considered and although the
industry tends to be capital not labour-intensive and the total workforce per
shift at a Major Hazard installation may be low, the neighbouring population
density may be high.

2. The greater susceptibility of the community at large compared with the
local workforce and the need for a lower level of acceptable risk [23]. Thus
in the main the workforce is composed of healthy adult males trained in
emergency procedures and, in the case of toxic hazards, provided with re-
spiratory protection apparatus. Conversely, the community at large also con-
tains children, the aged, the infirm, pregnant women and others more sus-
ceptible to impairment of health.

3. The disruption to the community as a whole, physically, mentally and
economically as a result of single acute major events leading to multiple casu-
alties and/or material damage, in contrast to the more frequent, less spectacu-
lar accidents in the industry. Both the emotional and the economic/social im-
plications of loss of life, damage to dwellings, unemployment, lost production
etc. must be quantified.

4. The need for a different method of control of Major Hazard installations
[24]. With the increasing size and complexity of plants, and because of the
relatively small number of major incidents, Gibson’s view is that there has not
been the time or the opportunity to learn from mistakes [25]. Hence data on
the cause of previous incidents cannot be applied realistically to the protection
of Major Hazard installations and the technique of ‘hazard analysis” is the ap-
proach currently adopted.

5. The causes of major incidents are in general foreseeable i.e. the chain of
events are rarely, if ever, beyond existing knowledge of the technology in-
volved. Therefore, with limited resources it is statistically justifiable in a non-
labour intensive industry to devote effort to reducing the risk associated with
Major Hazard Installations rather than to concentrate solely on those industrial
accidents frequently resulting in fatalities.
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