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ABSTRACT.

The Report, after establishing its terminology, examines the basis for the
Directive by reviewing the development of the major-accident hazards problem
as it has evolved during this century. It examines the various forms of realisation
of the hazards and draws attention to the significant part played by liquefied
gases in giving rise to flammable, explosive ot toxic clouds.

[t proposes an misotraumic" principle for establishing threshold inventories
in Annex 1l and Annex I[, namely that these should be based, in most cases,
on their potential to cause, in a typical realisation, ten fatalities. The quantity
of the substance calculated to have this potential should then be approximated
to a scale of 1, 2, 5, 10 « <« This quantification may be achieved, for some
key substances, by a combination of the mortality index approach with the equal
probability approach. ;

These validate the figure in Annex [l for the standard explosivé TNT but
some explosives soO listed have values inconsistent with their blast energies.

The' Report concludes that the inventory level accorded to iiqueﬁedvﬂammable'
gases stored at atmospheric temperature should be reduced to 50 tonnes.

Toxic substances, it is concluded, should not be included where they are
solely chronic occupational hazards. The limitations of animal experiments
as predictors of. human fatalities are examined. Dispersive energy, persistence,
tendency to cause multiple injuries etc are recommended as criteria to determine
whether a substance should be listed and weightings are proposed for these factors.

The mortality index of chlorine is estimated as 0.5 fatalities per tonne.
Mustard gas is éxamined as an example of a substance rated at | kg and shown
to be less dangerous than chlorine. Methyl isocyanate is given a provisional
mortality index of 12.5 and the Bhopal death toll is shown to be not inconsistent
with this figure. :

For practical considerations, the Report recommends listing two industries,
those nanufacturing pesticides and those processing polychlorinated aromatics,

as falling under the provisions of Article 5, regardless of inventory levels of

the dangerous substances involved.




AUTHOR'S FOREWORD.

I have pleasurc in submitting this Final Report which has been drawn up

o~
i

after consultation with those Member States which accepted my offer to consult

them over their views on the amendment of the Annexes. These states, in
chronological order of visiting, were the United Kingdom, Eire, the Federal
Republic of Germany, Italy, France and the Netherlands.

| Examination of the problem of the control of Major-Accident Hazards shows
it to be complex as it has to deal with the potential for harm through a number
of agencies, principally those of fire, explosion and toxic release, from a gréat
variety of substances. These may be present under vvarious conditions of tempera-

ture and pressure, and in differing states of matter and, if' liquid or gaseous,

in various states of subdivision. The potential for harm varies enormously
from substance to substance. Toxic substances vary, for practical purposes,
in their lethal properties, over many orders of magnitude. They differ also

in their mode of attack upon humans and animals.

The Report argues that a satisfactory system of control of these hazards
must be one which takes account of all these complexities. This is to avoid
arbitrary assessments which may divert resources to the control of relatively
minor hazards at the expense of néglect of real problems. Nevertheless, the
Report also concludes that it is possible to devise a scientifically based system
of classifying the hazards, and of QUantifying the hazards which they pose to
work people, to the general public, and to the environment.:

The Report argues that, at the present, there do not exist satisfactory
theoretical models for predicting  the quantity of a dangeroﬁs substance which,
in the event of a realisation, will give rise to an isotraumic levelrof fatalities.
This is not intended to discourage the.search for such theoretical mbdels, still
less is 1t intended as a criticism of those models which some Member States
-are engaged in constructing to determine the radius of possible harm from given
installations.

It has becen found necessary to comment on Annex | because the nature
of this Annex has implicatiéns for Annex II and for Annex Il The order of
treatment which seems to be dictated by the need for a logical exposition of
the subject is to comment first on the implications of the Directive, followed
by detailed comment on Annexes IlI, 1I, | and IV in that order. ‘
| Notes by the author on proposed amendments to the threshold levels for
chlorine, phosgene and methyl isocyanate in Annex I which were requested
by the Commission during the performance of the Contract, and which were

covered by its terms, do not form part of this Report.
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SECTION 1.

AIMS AND OBJECTS OF STUDY.

1.1. TERMS OF CONTRACT.
These are set out in Annex I of the study contract as below.
‘Introduction.
Article 19 of the Council Directive on the major accident hazards
of certain mdustmal activities (82/501/EEC) requires that the Council,
. on a proposal from the Commission, review Annexes 1, II and III before
8.1.86.

‘ The Commission will present in 1985 a limited and punctual revision

with a view to correcting anomalies contained in Annexes II and I

and will present later a more fundamental revision on the basis of

systematic criteria.

Contents of the Study.

A. The st.udy will examine the question of the fundamental revision

of Annexes Il and lll. ~ The methods and criteria through which a revision

of the Annexes could be developed will be analysed and discussed.

Account will be taken of the bases on which the present Annexes were

prepared. The analysis will examine, in particular:- ‘

- the validity of applying criteria which relate to the intrinsic properties
()f the substances such as explosivity, flammability, acute and chronic
toxic effects, mutagenic and teratogenic effects, and effects which
harm the ecosystem. )

- the feasibility of using other criteria in combination with these, such
as industrial significance, scale of usage,v type of process and equipment
in which used, and the likelihood of the substance escaping.

- - the crileria Lo be used to détermine the threshold quantities of the

subslances.

- - any other matters relevant to the construction of a reasonable and

justifiable list of substances and threshold values.

The study shall include the compllatlon of an indicative list of

W key substances, showing how the application of the conclusions reached

under Study A would affect the inclusion of substances and the threshold

- levels of Annexes II and III of the Directive. '

B. The study will examine also a limited number of questions relating

to some entries and threshold quantities in the Annexes. The contractor

will assist the Commission in analysing and resolving these questions




which have been raised in the Group of Competent Authorities, in order
to accomplish in 1985 the pu.nctuai revision of certain entries in the
Annexes in order that they correspond to a more realistic appmisal'
of the hazards of the substances and the chardcteristics of the processes
in which they are used. ’
C. If required to do so by the Commission, the contractor will examine
also possible revisions of Annex I
Planning and Organisation of the Work.

Part A of the study, concerning the fundamental revision of Annexes
H and I, will consist of a consolidated report. An interim report
wz’lilv be submitted before April 30th 1985 and a final report before
30th September 1985. Progress reports will be submitted to the Commi-
ssion at regular intervals. |

Part B of the study, concerning a limited number of questions
relating lo the punctual revision of Annexes I and i, will consist
in preparing short documents to ‘be used to support the work of the
Commission  within the Group of Competent Authorities. These docu-
ments will be prepared as and when requested by the Commission,
in the first semester of 1985.

Part C of the study, should the contractor be required to carry
it out, will be conducted concurrently with Part A.

The contractor shall consult the Competent Authorities in the
Member States on the matters concerned in this .\'ludy{ This shall
take place after the time ko/' submitling the interim report and before

Lthe time of submilling the /'ir;al report.
SECTION 2.

TERMINOLOGY.

2.1. PROBLEMS OF TERMINOLOGY.

It seems to the author necessary, before discussing the substance- of the
report, to set out the terminology which will be used in it. The lack of an
agrecd terminology in the area under consideration has produced, in the past,
in the English speaking world at any rate, a great deal of confusion.  The words
"hazard" and "risk" have becen used interchangeably just as they are in everyday
speech. As a result, the potential for harm of a given situation has been con-
fused with the probability of its realisation.  This has led to the same situation

being described by one authority as constituting a "high risk" and by another




as constituting a "low risk'.

[t seerns essential, -therefore, in this study to use a set of terms which
are self consistent and yet which do not conflict with everyday usage. The
terms are defined below in a manner which accords with what is now a growing
consensus in the United Kingdom as their usage. They also correspond with
the way they are used in the Directive on Major-Accident Hazards of Certain
Industrial Activities (hereafter referred to as "the Directive").

2.2. GLOSSARY OF TERMS.

A working Party of the British Institution of Chemical Engineers has produced
a glossary of terms "Nomenclature for Hazard and Risk", [1] I.Chem.E. The
definitions given below are taken from this glossary.

HAZARD a physical situation: with a potential for human injury, damage

to property, damage 1o the environment or some combination of

these.
RISK the likelihood of a specified undesired event occurring within a
specified period or in specified circumstances. [t may be either

a frequency (the number of specified events occurring in unit time)
or a probability (the probability of a specified event following
a prior event), depending on the circumstances.

INDIVIDUAL the frequency at which an individual may be expected to sustain

RISK ‘ a given level of harm from the realisation of specified hazards.

SOCIETAL the relationship between frequency and the number of people suffer-

RISK ing a specified level of harm in a given population from the realis-
ation of spo('il'iod harzards.

"ACUTE immediate, short-term. Relating to exposure: conditions which
develop rapidly and may cause harm within a short time.

CHRONIC  persistent, prolonged and repeated. Relating to exposure: frequent,
or repeated, or continuous exposure to substances.

Added to these are “further definitions not given in the above reference.

AT RISK having a significant probability of sustaining injury or damage
in the event of the realisation of a hazard.

REALISATION to bring into being. Thus, of a hazard, to bring into being that
which had been potential.  Thus in the Study the phrase "realisation
of a major-accident hazard" means the occurrence of such phenoména
as fire, cxplosion or the dissemination of a toxic agent which repres-
ent the release of the potential of the hazard.

Definitions, for the purposes of this Report, of other technical terms will
be given as they arise.

The author recommends that the Commission give consideration to the




possibility of compiling a multilingual dictionary of terms used in the field under
discussion.
2.3. THE TERM "MAJOR ACCIDENT HAZARDS".

The European Community's own term "Major-Accident Hazards of certain
industrial activities" may be analysed in light of the above.

The term is concerned with Hazards and the qualifying clause "Major-Accident” .-
delimits these hazards to ‘those whose potential may be realised through a major
accident. ‘ }

The clause "of certain industrial activities" further delimits major-accident :
hazards, by the examples of such activities given in Annex I of the Directive,
to what may be conveniently termed the hazards of the chemical and process -
industries.  The hazards are thus "Chemical" Hazards.

The delimitation of hazards to those with the potential to give rise to accid- L

ents implies an acute event. It is self evident that {fires and explosions are }
acute events but it is not self evident that toxic releases are an acute event.
Such reledases may be continuous giVihg rise to chronic effects in both the work
place and 'in the surrounding area. They may give rise over a long term to
environimental darmage, somctimes, as with acid rain, up to considerable distances.
Such hazards, it will be argued, are r{otnappropriateiy dealt with by the Directive
under discussion.

There are two forms of acute toxic releases. The first is an acute release
which gives rise solely to acute consequences as, for example, a release of
a non-persistent agent where such injuries as are sustained occur within, say,
minutes or, at most, hours after release even if the onset of symptoms may
be delayed. Examples are chlorine, where the effects are immediate, and phos-
gene, where the effects are delayed. ‘

The second form is an acute event which gives rise to both acute and chronic"
consequences on account ‘of its persistency. Examples are mustard gas and
dioxin. In both of these cases the onset of symptoms is delayed.  This seems
to be general in such cases but this may not be universally true.

2.4. ABBREVIATION.
The "Major-Accident Hazards" of the Directive will be abbreviated, where Lo

it is appropriate to do so in the report, to "MAH", .




SECTION 3.

GENERAL METHODOLOGY OF THE STUDY. .

3.1. THE ADVISABILITY OF AVOIDING PIECEMEAL AMENDMENTS.

The author strongly advises that the making of piecemeal amendments
to the Directive be avoided wherever possible. Amendment to the Directive
should take place only against a background of an analysis- of its purposes and
against a rational framework of understanding of the inter-relationship and comp-
arability of the hazards which the Directive aspires to control. To do otherwise
may lead to the perception of anomaly where none exists, or to the increase
in an anomaly when the intention is to reduce anomalies.

To this end the discussion commences by seeking to analyse the purposes
of the Directive and by examining the events which led up to it.

3.2. THE JUSTIFICATION FOR THE ADOPTION OF THE DIRECTIVE.

In common with much law of a national character the Directive itself deals
only briefly with the justification for its adoption. In the preamble it states,
inter alia,:-

“Whereas the protection of the public and the environment and safety

and health protection at work call for particular attention to be given

to certain industrial activities capable of causing major accidents;

whereas such accidents have already occurred in the Community and

have had serious consequences for workers and, more generally, for

the public and the environment;"

It had earlier stated, ,

"and having regard - to the principle that the best policy consists in

obviating possible accidents at source by the integration of safety

at the various stages of design construction and operation'r’
it states later,

"Whereas it is necessary to lay down that any person outside the estab-

lishment liable to be affected by a major accident should be appropri-

ately informed of the safety measures to be taken and of the correct
behaviour to be adopted in the event of an accident.”
and, in Article I

“This Directive is concerned with the prevention of major accidents

which might result from certain industrial activities and with the

limitation of their consequences for man and the environment. It

is directed in particular towards - the approximation of the measures

taken by the Member States in the field."




i . - or even nofn- , .
and, in Article |, (@) N

[ I T

"Major accident means:
an occurrence such as ‘a major emission, fire or explosion resulting
from uncontrolled developments in the course of an industrial activity,
leading to a ‘serious danger to man, immediate or delayed, inside or
outside of the establishment, and/or to the environment, and involving
one or more dangerous substances." o
Article 1 goes on to define "dangerous substances" by references
to criteria in Annex IV of the Directive and/or by their being listed,
- together with a speciﬁed thresheld quantity, in Annex III and Annex
IL. :
3.3. SUMMARY OF THE PURPOSES OF THE DIRECTIVE.
As a working deflinition, for the purposes of this Report, the purposcs of
the Dircctive may be summarised as below:-
"The Directive aims to avoid major accidents arising from certain
industrial activities involving dangerous substances and which can
give rise, Inter alia, to majbr fires, -explosions or toxic releases.
Such accidents have been shown by the historical experience to have
given rise to injury to workers and to the general public and to the
environment. Such injuries to man or damage to the environment
may be either immediate or delayed.
It aims also, in the eyeh_t of such accidents, to mitigate their
consequences. _
To this end it lays down, in Annex 1V, criteria which determine
the intrinsic properties of toxicity, flammability and cxplosibility which
render substances dangerous. In Annex [T and Annex 1l it lays down .
an extrinsic criterion, that of mass, which constitutes the threshold
above which an accident involving a dangerous substance is deemed , '
to be a major accident." '
It may be noted that neither the intrinsic criteria nor the extrinsic criterion
are justified in the Directive. Nor does the Directive in listing particular
chemical substances in Annex IlI or Annex II identify the particular intrinsic
critérion which justifies the inclusion of the substance in either Annex. ‘ '
3.4. THE PRINCIPAL TASKS OfF THE STUDY.
Based on the above, the principal tasks of the study are:-
(1) To analyse, examine and justify
(a) The intrinsic criteria which determine the concept of a dangerous sub-
stance.

(b) The extrinsic criterion, i.e. mass, which determines whether a particular




substance, recognised as a dangerous substance by the application
of intrinsic criteria, is present in sufficient quantity to justify its
desighation as a major accident hazard.
To examine the question as 1o whether there may be other criteria which,
taken in conjunction with the above, may more effectively determine whether
a substance is a dangerous substance or, if so, at what threshold level of
quantity it may be deemed to constitute a major-accident hazard.
METHOD OF OPERATION. | \

The study will
examine the circumstances which have given rise to the major-accident

hazard problem.

(2) it will consider the historical evidence both in the Community and outside
it. ,

(3) it will examine the difficulties inherent in determining the validity of this
experience.

(4) it will examine the intrinsic criteria of the Directive.

(5) it will analyse the concept of a "major accident".

(6) it will consider the extrinsic criteria to be used to determine whether a
quantity of a dangerous substance constitutes  a majér accident hazard.

(7) it will examine alternative criteria which may result in more effective

control of some major accident hazards.
SECTION 4.
SCOPE OF COVERAGE.

4.1. COVERAGE OVER TIME.

Because the realisations of major chemical hazards are comparatively rare
events, it is necessary to review such realisations over a considerable time span.
This has drawbacks because circumstances are continually changing and the
lessons of previous events are learned making them less likely to happen, or
technology may change ren'dering dangerous processes obsolete. Thus a view
taken over 60 to 70 years, on account of this factor, is likely to result in &
pessimistic view of the frequency of realisation under present conditions.
On the other hand the chemical and process industries have grown rapidly over
recent decades and this tends to cancel out the reduction in frequency produced
by better knowledge of how to control the hazards.

4.2. GEOGRAPHICAL COVERAGE.

Even worldwide, and especially for some hazards, the data on their realisation
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hazards problem producing a death toll for a MAH which was not exceeded
until the Mexico City fire and explosion disaster of November 1985, and the
Bhopal toxic release disaster of December 1985.

During the First World War there was a further development, this time

in the use of poison gas. At Ypres, in April 1915, the discharge of 168 tonnes -

of chlorine killed, according to generally accepted figures, a total of ca 5,000
men. The chlorine was transported to the front line as a liquefied gas in cylind-
ers and from that time onwards, the technology of handling chlorine as a liquefied
gas progressed rapidly. There was an incident at Wyanadotte, Michigan, USA
in 1917 in which a release of 17 tonnes killed one person, and at St. Auban,
France in December 1926, in which a release of 24 tonnes killed 19 persons.
. Thus in the first half of this century there were major accidents involving
unstable substances and liquefied toxic gases.

5.2. MAJOR ACCIDENT HAZARDS SINCE THE SECOND WORLD WAR.

The period from 1940 to the present day haS seen a steady growth in the
production of inorganic chemicals such as ammonia, chlorine and amm‘ohium
nitrate which continue to be Major-Accident Hazards. But there has also come
into existence a whole range of new MAH principally through the growth of
the technology of producing and handling hydrocarbons and their derivatives,
especially those hydrocarbons containing up to four carbon atoms.

-For example, today ‘in Western Europe natural gas, which is mainly methane
(CH,), accounts for 18% of total delivered energy [2] Anon. There has been
also a steep growth in the market for Liquefied Petroleum Gas (LPG). This
1s a mixture principally of propane and butane and is used mainly as a fuel.

) In the field of chemical manufacture, methane (CHQ), ethylene (Cqu)’

propylene (CBHG) and butylene (CQHS) now play a very prominent part as feed
stocks. With the exception of methane, which is mainly derived from natural
gas, the other hydroc‘arb_ﬁ,o:_ns are mainly derived from the cracking of petroleum
fractions. Methane andr ethylene may be stored and transported as refrigerated

liquids, but propylene and butylene may be handled as liquefied gas. C3 and

- Cq hydrocarbons are not necessarily handled as liquefied gases. They may
be handled at -atmospheric pressure as refrigerated liquids. This is the case
. in the recently opened Mossmorran project in the U.K. In such a condition

they present a lower hazard than when handled under pressure at atmospheric
temperature.

An early ajor accident involving Liquefied Natural Gas (LNG) -was that
in 1944 -at Cleveland, Ohio, where a storage tank burst and discharged over
1000 tonnes of LNG. This killed ca 130 people and caused severe damage to

“surrounding property.




Perhaps the earliest LPG disaster was at Meldrin, Georgia, USA in 1959,
when a rail tank car discharged 36 tonnes and killed 18 people.

2.3. THE SPECIAL ROLE OF LIQUEFIED GASES. ;

What distinguishes hydrocarbons ~Ci to C& is their flammability combined
with volatility. They are either permanent gases (methane) and ethylene -
{critical temp IOOC), or may be handled as pressurised liquefied gases (propylene,
butylene, butadiene, propane, butane). Paradoxically, though methane is much
more volatile than propane, when handled in liquid form it has to be refrigerated
and hence its rate of vaporisation in the event of spillage is governed by the
rate of input of heat from its surroundings. Propane is usually handled as
a liquefied gas and, on being spilled, it flashes, releasing vapour and spray.

As will be seen from the discussion above, there is difficulty over terminology.
The general term "liquefied fuel gas" includes methane which must be refrigerated
and also C3 and Cq hydrocarbons which may be handled either as refrigerated
liquids or under pressure at ordinary temperatures. The term LPG will be
used to refer to the latter circumstance and refrigerated LPG to refer to sub-
stances stored as liquids below atmospheric temperature and near to atmospheric
pressurc.

Some of the inorganics are handled as liquefied gases (examples being chlorine,
ammonia and phosgene). These also flash when spilled giving rise to toxic
clouds.  In the case of ammonia, the cloud may also be flammable. Though
the MAH problem is not exclusively caused by liquefied gases, they form the
central core of the problem by their ability very quickly to form vapour clouds
of a flammable or a toxic character. '

5.4. THE INFLUENCE OF SCALE.

The intrinsic factors noted a