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THE HAZARDOUS PROPERTIES OF AMMONIUM NITRATE FERTILIZERS AND THE TA/B6/7
REGULATIONS TO WHICH THEY ARE SUBJECTED

K 5 Barclay
Norsk Hydro Fertilizers Ltd, U.K.

SUMMARY

Two EEC Directives which will affect the handling and storage of
concentrated ammonium nitrate fertilizers are examined relative to the
known properties of ammonium nitrate.

The Ammonium Nitrate Directive (80/878) has little relevance to the
conditionsd in which ammenium nitrate is stored. The Major Accident
Hazards Directive (82/501/EEC) will make a significant contribution to safe
atorage. It does this in terms of ingieting on demonstration of safe
practice. Safe practice depends on adherence to Codes of Practice drawn
up by manufacturers. Adherence to these codes is the main factor in safe
storage and handling of ammonium nitrate fertilizers.

An oxidising capacity test under consideration by a United Nations
Group may ask questions about the oxidising statua of scme fertilizers not
currently classified in U.N. Division 5.1.

1. INTRODUCTION

That ammonium nitrate can be manufactured, stored and handled safely
in very large tonnages is illustrated by the good record of the Fertilizer
Industry, over the last two decades. Ammonium nltrate for fertilizer use
is usually manufacrured in the form of hard, dense prills or granules, in
contrast to that for use as a component of blasting agents which is usually
in the form of porous prills. Despite the accident at Tarcom in Australia
in August 1972, in which an explosion occurred in a lorry lead of poroua
prills, history indicates that the porous prills can be handled safely,
again in large tonnages.



Ammonium nitrate has been involved in several devastating incidents,
four of which are summarised in Table 1. Although these occurred a

~ _relatively long time ago, they atill coleour the thinking of people, both

within the Industry and in regulatory authorities, who are responaible for
setting standards for the safe handling and storage of ammonium nitrate,

TABLE 1

Exampiles of Explcsions Involving Ammonium Nitrate

Date Place Amount Involved Comment
{Approximate)
1921 Cppau, Germany 4,500 te * Explosives used to

break up caked heap.
Over 600 fatalities,

1942 Teasenderloo, 150 - 200 te Explosives used to
Belgium break up caked heap,
Over 100 fatalities.
1947 Texas City, 3,000 te Explosions in two ships
U.5.4. following fire. Over

500 fatalities.

1947 Breat, France 3,000 te Explosion in a ship
following fire, About
20 fatalities.

* Material was a double salt of 2 moles ammonium nitrate and 1 mole

ameonium sulphate.

Because of these and other incidents ammonium nitrate is placed,
without quastion, on any list of dangerous substances drawn up by
authoritiea reaponaible for legislation or codes of practice. The
Industry has altared the physical stare of thae product, making it more
dense, and has taken a poeitive stance againat the use of exploaives to
break up caked heaps. Also to avoid classification as an explosive the
organic matter ia lower than that in the material involved ar Texas City
and Brest, Theae things reduce the risk of, and power of, a potential
explosion, but the basic chemical that exploded at Taxas City is tha one
used in fertilizers today; the hazard potential remains. Nevertheless the
risk of incidents with armonium nitrate tends to be exaggerated in zome
4reas ae suggested in a paper "Ammonium Nitrate Fertilizer - Exploding the
Myth" presented to an A T Chem E Meeting by L Greinar,(l



Knowledge of the conditions in which ammonium nitrate will decompose or
detonate has increased since the incidents noted above, Fertinent
queations to ask therefore are (l) whether the legislatien to which
ammonium nitrate is subjected is relevant to the known hazardous properties
and (2) whether the self-imposed Induatry codes complement or obviate the
need for, some of the regulations? This paper attempts to diacuss these
questions. The regulations considered are mainly those currently in force
or impending in the EEC, although due teo their importance in transport
matters the current UN Rapporteurs deliberations on oxidising capacity are
included, Regulations within the EEC are considered by means of the
appropriate Directive. These Directives are in general not regulations as
such but directives to member countries to amend or approximate their own
Naticnal Regulations in particular areas.

2. DIRECTIVES, REGULATIONS AND GODES CONSIDERED
Principal Directives considered are:-

(1) Directive 80Q/876/EEC on the Marketing of Straight Ammonium
Nitrate Fertilizers of High Nitrogen Content,

This is often called the 'AN Directive'. It sete out criteria for
strajight ammonium nitrarte as a fertilizer to distinguish asuch material from
ammonium nitrate intended for non-fertilizer purposes.

{(2) Directive 82/501/EEC on the Major Accident Hazards of Certain
Industrial Activities.

This is often called the 'Sevese' Directive. Its objective iz to
ensure a system of control over industrial activities that present a
significant risk of a "Major Accldent", by a aystem of notification and
survey of inatallations.

(3) Directive 67/548/EEC on the Clazsification, Packaging and
Labelling of Dangerous Substances and the

Proposad Directive on the Classification, Packaging and Labelling of
Dangarous Preparations.

These directives set out the criteria for classification of dangercus
substances/preparations and specify the hazard warning information that
shall be given on the packages.

(4) UN Recommendations on the Transport of Dangerous Geoods (2},

These recommendations and the classification system contained therein
are used as the basis of several international transport codes, for example
the IMO IMDG Code (3) which deals with the transport of packaged goods by
sea, Ammonium nitrate fertilizers, considered in this paper, are included
in the UN Classification system in Class 5, Divisiconm 5.1 - Oxidiaing
Substances. Currently the UN Group of Rapporteurs is conaidering the
adoption of an "oxidising capacity test" as a criterion for new substances
in Divieion 5.1. Such tests ars also used in the Substances and
Preparations Directives mentioned above,



3. HAZARDOUS PROPERTIES OF AMMONIUM NITRATE FERTILIZERS

The harardous properties of ammonium nitrate and fertilizere based on
it have been the subject of considerable investigative work. This ia well
documented, hence only an outline summary of major pointe is included here,

3.1 Detonation

The major hazard from ammonium nitrate arises from its ability to
detonate. Conditions under which it can be made to detonate have been the
subject of many studies, most recently by Bauer 4} and his group in
Canada. Bauer concluded that ammonium nitrate was relatively insensitive
and the large shock necessary to induce detonation in solid material is
unlikely to be met in normal storage conditions. However Bauer and
earlier workers (2,6) showed that the sensitivity was increased by a
reduction of the density of the material, and by a reduction in particle
size. The senaitivity is also increased by mixing the nitrate with
combustible material, Hence the use of oil-treated porous material as a
commercial blasting agent (ANFO). Bauer showed that molten ammonium
nitrate, particularly when ita density was lowered by the presence of gas
bubbles (e.g. produced by thermal decomposition), was more sensitive than
the solid.

3.2 Thermal Decomposition

Again there 1s extensive literature on this topic; a review of thisa
was included in the reports prepared by Bauer and his group 7). Ammonium
nitrate melts at about 169°C; it decomposes at a significant rate at 2009C
and an easily measurable rate at 220«230°C, In these regions the
exothermic decowposition to give nitrous oxide and water is in competition
with the endothermic dissociation to ammonia and nitric acid vapour. At
higher temperatures the course and rate of reaction changes; other nitrogen
oxides and nitrogen become major products., Saunders (8§, an early worker
in the field, referred to these highar temperature reactions as '"the
explosive decomposition of ammonium nitrate".

The decomposition of ammonium nitrate is catalysed by acid, chloride
and certaln metal ions e,.g. Cr, Co, Cu. The catalyeis by chloride is of
importance to the fertilizer industry as potassium chloride is the major
potash carrier in compound fertilizers.

The hazard from the decomposition is the evolution of toxic fumes and
in confined conditions the theoretical possibility that the rate of
decomposition will increase and a transition to detonation will occur.

3.3 Oxidising Properties
Ammonium nitrate is not in ltself combuarible, Howevar in a fire it

will enhance the combustion of gther materials. This can be demonstrated
by igniting mixtures of ammonium nitrate and sawdust or wood shavings,



3.4 Crystal Phase Transitions
Ammonium nitrate undergoes three crystal phase transitions as its
temperature is raised from ambient to its melting point. The temperatures

at which these tramsitions occur and the volume changes involved are
illustrated in Table 2.

TABLE 2

Crystalline Phase Transiticnas in Ammonium Nitrate(9)

Fhase Tranegition Temperature | Heat Absorbed Voluyme Change

{°c) Cal/g (%)
v

32.3 4,7 3.6 Expanaion
Il

84,2 4.0 1.3 Shrinkaga
1I

125.2 12,6 2.1 Expansion
I

169.6
Molten

These sclid phase transiticns are not in themselves '"hazard"
properties; however one of them, the Phase IV to Phase IIl transition,
which oceurs at about 329C, features in the AN Directive (B0O/876/EEC).
Continued temperature ¢ycling of the particle through the IV to IIT
transiticn causes the particle to swell, hence become less dense, and
eventually degenerate into powdered form. It is this reduction in density
that is considered important in Directive 80/876/EEC in terms of enhanced
senaitivitiy to detonation (10), The mechanism of the transition 1is
complex; for current purposes it will suffice to be aware that the
temperature of the transition is dependent on the moisture content of the
particle and the presence of other materials, for example, magnesium. In
very dry ammonium nitrate Phase IIJ] does not appear and a transition
directly IV to II occurs at about 5539C (1), "The temperature of 329C can
readily be exceeded in surface layers of granules in plastic sacks stored
in direct sunlight.



4. HAZARD 3CENARIC

The Fertilizer Industry adopts the pragmatic approach of carrying out
production, handling and storage coperations in such a way that the risk of
initiation of the hazard properties is reduced tc a negligible level, The
record of the Industry illustrates the success of this approach. However
accidenrs do occur and the typea of event that could lead to an incident
are illustrated in Fig Il. This iz a generalised fault tree covering both
maenufacturing and storage operations; hence the term 'explosion' is used to
cover both detonaticon and pressure burst resulting from thermal
decomposition in cleosed pipelines/vessels, A fault tree of this sort
would require to be developed extensively to be of use in risk faeessment.
It is howevar adequate for the present purpose. For example, for the
storage of sellid ammonium nitrate a detonation (explosion) can only occur
1f the ammonium nitrate is in a form in which detonation is possible and
there is an initiating event. Minimising the likelihood of these avents
ie the aim of the storage codes produced by the Industry and regulations
introduced by National Aurhprities,

The work on detonation of ammonium nitrate prills already mentioned
illustrates that the cold solid material is insensitive. Large booaters
and/or severe confinement are necessary to induce detonation. The work of
Bauer(%) suggests that all ammonium nitrate can be brought to detonation
providing there is sufficient present and the detonative shock usad iz big
enough, Short of detonation of relatively large amounts of conventional
explosives adjacent to the storage heaps, which comes into the realms of
sabotage, the severe shock necessary is not a credible event in normal
gtorage conditions. This applies tc the dense prills used in fertilizer
oparations and the more porous prills normally used as a component of an
ANFQ explosive,

The increase in sensitivity of the ammonium nitrate with temperature
(12) gnd the enhanced sensitivity of molten material 4) pesns that
involvement of ammonium nitrate in a fire is a possible scenaric for the
accidental detonation of stored ammonium nitrate, Bauert13) in his review
of past incidents with ammonium nitrate concluded that involvement in fire
was the avent moat likely to result in a major incident. Fire prevention
is therefore the main concern of storage codes.

Whether sufficient quantity of solid ammonium nitrate could be heated
te induce a vigorous decompositon (or deflagration) in a storage heap, or
induce a significant risk from possible missile impact in the relatively
unconfined situation of normal storage, is a matter of conjecture. An
indication of one type of behaviour of ammonium nitrate in a major fire, in
which considerable quantities of combustible material were involved, is
given by the fire at Cory Brothers Warehouse, Ipswich in 1982 (14)

The store contained over 10,000 te of fertilizer of which some
3,600 te was high nitrogen content {above 28%N) material. Of the latter
only about 1,400 te were damaged by the fire or water used to combat it,
illustrating that even in a major fire the majority of the ammonium nitrate
in the warehouse did not become involved.

The detonation of a pool of molten ammenium nitrate, by the impact of
falling masocnary or roof beama is a possible scenario; this was given
weight by the work of Bauer et al (%) yho demonatrated the sensitivity of
molten ammonium nitrate. To produce a major accident from this scenario
would require the detonation induced by the missile to propagate through
the meit and initiate the residual solid.



The possibility that deflagration, once induced in decomposing ammonium
nitrate, could transfer inte a detonation has been investigated by van
Dolah(12). He wasa able to demonatrate such a transition only if the
ammonium nitrate was fuelled. The possibility that a deflagration could
be induced in a solid heap by the detonation of a melten pocl cannct be
ruled out.

5. REGULATIONS, DIRECTIVES AND STORAGE CODES

It is of interest to attempt to relate the hazardeua properties and
hazard scenaries cutlined above to various regulations and codes applicable
to ammonium nitrate fertilizers. Ae already commented storage codes drawn
up by the Industry, either by international organisations such as IFA/APEA
or individual companies, attempt to minimise risk by preventing the onset
of the decomposition reactions or hazardous situations. The EEC ammonium
Nitrate Directive on the other hand attempte to distinguish between
'fertilizer ammonium nitrate' and, by implication, more hazardous smmonlum
nitrate by regulating physical and chemical parameters of the material
itself,

5.1 The United Nationa Clasmification

The ammonium nitrate contents and permitted combuatible matter
content of fertilizers in U.N. Class 5, Division 5.1, are illustrated in
Figure 2. The Division is labelled "Oxidising Substances" which are
defined as "Substances which, while in themselves not necessarily
combustible, may, generally by yielding oxygen, cause, or contribute to,
the combustion of other material®. In the IMDG code the possibility of an
explosion with 5.1 fertilizers in the event of a major fire aboard ship is
ment joned.

Not all the fertilizers illustrated in Figure 2. are covermd by the
legislation considered. The AN Directive (80/876/EEC) covers only straight
ammonium nitrate fertilizers containing 80% or more ammonium nitrate,
Although the original Seveso Directive (82/502/EEC) refers only to
"ammonium nitrate", a proposed amending Directive (85/C305/07) defines
ammoniom nitrate fertilizers more precisely, However, as it usea the
specification of straight ammonium nitrate fertilizers given in the AN
Directive, it 1limits its scope to those fertilizers containing more than
80% ammonium nitrate. It does, however, cover some fertilizars defined by
UN No. 2070 (compound fertilizers) in addition to those in UN 2067 (part)
and 2068 straight ammonium nitrates, covered by the AN Directive.
Fertilizere defined by UN 2069, the ammonium sulphate nitrate type, are not
covered by these Directives. This is not a serious ocmissicn at present as
there are no fertilizers defined by UN 2069 on the market in the EEC. The
Substances Directive and the proposed Preparations Directive do not
specifically mention Division 5.1 fertilizers. The UK legislation
implementing the Substances Directive, however, uses the precise
definitiona in UN Diviaion 5.1.



3.2 The Oxidising Capacity Test

Ammonium nitrate fertilizers classed as 'oxidising substances' in the
UN system are those defined under the appropriate entries in Division 5.1.
These definitions were based on experience and knowledge of the properties
of the gubstances. Currently the relevant UN Group of Rapporteurs is
attempting to specify an oxidising capacity test as a criterion for
Divieion 5.1, It is understood that no extensive reclassification of
substances is intended or envisaged and that the teat is intended for new
substances. It will not be easy to maintain this pesition indefinitely.
Once adopted the test will, eventually, be applied to materials currently
transported.

Two broad versions of the oxidising capacity test are relevant. In
one the solid mixture of oxidising substance and fuel is formed into a
train of triangular cross section and the horizontal burning rate meagured
over a specified distance. In the other rthe mixture is formed into a cone;
the time taken for the whole cone to be consumed is measured. The tasts
have relevance to potential practical conditions and attempt to measure the
property "contribute to the combustion of other material" specified in the -
definition of the class.

A subatantial amount of work on oxidising tests was carriad out by an
IFA/AFEA group(l5). In this unpublishad work, attempts were made to obtain
congistent burning rates in variocus co-operating laboratories. Chemical
and physical differences in the fuels and phyasical differences in the
oxidisers were contributing factors in the failure to achieve this
objective.

An EEC gr0up(15) compared two variants of the train test, one using
sawdust as fuel (UK Laboratory of the Government Chemist) the other
cellulose as fuel (FRG, BaM). Inter-laboratory comparisons were made on
the basis of placing the oxidisers in a 'ranking order' of burning rates
rather than consistent burning times. Although reaults did not give a
clear cut preference between the two variants, the EEC authorities,
selected the BAM procedure as the criterion for the oxidising
classification; materials fiving higher burning rates than barium nitrate
are classed as oxidisera (17),

The UN Group have not completed their work in this field, but are
giving serious consideration to a cone test., Cone teats are relatively
simple to carry out and give reasonably reproducible resylts,

Typical results, obtained at Levington, with a cone teat are shown in
Table 3. These serve to illustrate a problem that faces the Fertilizer
Industry in the adoption by the UN of such a test as criterion for
Divisions 5.1. For inclusion the materisl should give a more rapid burning
time than that of a selected reference. Currently the ammonium nitrate
fertilizer is included in Division 5.1 and calcium ammonium nitrate
fertilizer (below 287N) used in the tests is excluded, by definition.



All potential reference materials given in Table 3 clasaify both
fertilizers as oxidising substances or neither of them. The Industry
would obvioualy prafer that any test adepted would leave currently marketed
fertilizers precisely where they are at present with regard to inclusion or
exclusion from Divieion 5,1. However, it is unrealistic to expect results
of a single test to draw lines for Division 5.1 precisely whare they are at
the moment., To specify that this is the result that must be obtained from
the test is to say that a test is not needed, for fertilizers at any rate.

TABLE 3

CONE OXIDATION TEST

OXIDIZER BURNING TIME VARIANCE

(SECONDS ) (%)
Ammoniuym Nitrate A.R. 53 10
Ammonium Nitrate Fertilizer 65 10
Calcium Ammonium Nitrate 80 10

Fertilizer

Lead Nitrate 20 15
Potassium Dichromate 360 10
Sodium Peroxide 10 -
Chromium Tricxide 10 -
Potaesiym Nitrate 13 -
Sodium Nitrate 15 10
smmonium Persulphate 50 15
Barium Nitrate 150 20
Sodium Percarbonate 240 15
Potasgium Persulphate 420 10

SAWDUST A8 FUEL
ALL MIXES 1:1 OXIDIZER:FUEL

CONE 100g TOTAL WEIGHT
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It is not conceivable that the UN Group will agree to the exclusion of
straight ammonium nitrate fertilizers, UN Nos. 2067 and 2068, from tha
list of dangerous substances. Hence it muat be expected that a test will
be adopted, with a suitable reference waterial, to include ammonium nitrate
in Divisicn 3.1. The Industry may be faced therefore with the inclusion in
Division 5.1 of some calcium ammonium nitrate fertilizers that are rot
currently regarded as oxidising substances. Discuesions on technical
aspects of this situation are required. It could be agreed the lower limit
of 80% ammonium nitrate currently in the UN 1ist should be lowered, or the
test dees not measure the right parameter with regard to the hazard. The
safety record of such material certainly indicates that transport
conditions need be no more severe than used at present.

5.3 Ammonium Nitrate Directive 80/876/EEC
5.3.1 General

This Directive attempts to specify physical and chemical parameters of
straight ammonium nitrate fertilizers diastinguishing the fertilizer
material from ammonjum nitrate used as a component of an explosive, In
the introduction the Directive commenta that "....ammonium nitrate
fertilizers of high nitrogen content should conform to certain
characteristics to ensure that they are harmless,....". The Directive
therefore attempts to specify material that is safe, or rather safer, than
material used as a component of an explosive, in normal storage and
marketing conditions, Characteristics defined in Annex I are glven in
Table 4,

Table 4

Characteristice and Limits for Ammonium Nitrate

Directive 80Q/B76/EEC (Annex I)

Characteristic Limit
Porosity (oil retention) 4% by weight maximum
Combustible Matter

>90% Ammonium Nitrate 0.2% by welght maximum
80 to 907 0.4% by weight maximum
pH (l0g fertilizer in 100ml

water) 4.5 minimuom
Particle giza <3% through lmm mesh
<3% through 0,5mm mesh

Chlorine 0.02% by welght maximum

Copper 10ppm maximum
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In addition Annex IT specifies a detonation teat that should ba used
1f member states believe that further testing is necessary.

For the oil retention test (Annex I) and the opticnal detonation test
(Apnex II) the material must be thermally cycled between 25 and 50°9C; two
cycles are required before the oil retention test and five cycles before
the detonation teet.

The Ammonium Nitrate Directive {Article 3) stipulatea that material
must only be supplied to the final user in packaged form.

The relevance of these points is considared.
5.3.2 Detonation Test (Annex II)

The detonation test as a measure of the hazard presented in storage
operationa has been eriticised by Bauer et a1(18) _ Their view is that the
test was unnecessarily severe for the intended purpose; it represented an
overkill situation. Bauer made his criticism on details published in an
early version of the Directiva(l®), At that time the booster suggested
was 500g dynamite containing 22 to 28% explosive oil. In latest drafe
descriptions of the test the booster was changed to 500g PETN containing 83
to 86% exploaive, This certainly meets cne of Bauers criticiams, that
dynamite was an unreliable booster, howesver if anything it has increased
the severity of the test, Multipeinr ignition of the booster is also a
permitted option in the latest draft, These refinementa are presumably
designed to increase the consistancy of results obtained; an acceptable
objective fer the dasigners of the tast, Whether Bauers c¢riticisms are,
wholly or partially, accepted, any increase in the severity of the test
must be questionable in terms of relevance to conditicns likely te be
encountered in storage operations,

The test is not relevant to the behaviour of ammonium nitrate in a
fire; the situation in which a hazardous situation can be envisaged. The
conceivable, though still not demonstrated, scenario for the detonation of
a4 storage heap in a fire is via the detonation of a pool of molten ammonium
nitrate. Whether a pool of sufficlent dimensions to propagate a
detonation, supposing this could be initiated by a falling object, depends
on the geometry of the store, Whether the detonating pool could initiate
detonation of residual seolid is unknown. It must be conceded, however,
that the latter would be a more likely event in the case of porous prills
than in the case of dense prills. Any additional hazard or risk that this
repregents could, however, be covered by a less severe detonation test.

5.3.3 Thermal Cycling (Annex I and II)

The mechanism of the transitions in ammonium nitrate are complex and
the kinetics of the process are influenced by many factors, However, all
that is relevant in the present context is whether the process is or can be
a factor in the safe storage and handling of ammonium nitrate.

Before the oll retention and detonation tests associated with the
Directive the fertilizer iz cyclad between 25 and 500,
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In the thermal cycling procedure the material must not be in layers so

thick that ecycling of material in the centre is not possible in a
Teasgnable time; thicknesses of about 45mms are suitable, This fact alone
must throw doubt on the validity of the process as an enhancement of
hazard. Filled fertilizer sacks (50Kg) are usually of the order of 120mm
thickness. In the conditions favourable for cyecling therefore one would
only expect the surface layer, say the top 25mm or 80, to be affected.
This 1s illustrated in work carried cut by RARDE at Woolwichczo), in which
the temperature of material at the centre of a 50Kg sack of fertilizer, and
that 10mm below the surface of the sack, was followed as the whole sack was
¢ycled between 10 and 50°C, using 12 hour periods at each temperature.

Resulta, reproduced with permisstion of the Minlatry of Defence, are
shown in Fig 3. These illustrate that the material 10 mm into the sack
would cycle through the 32°C transition, whereaa the material in the centre
was only subjected to a temperature fluctuation of *+ 19¢.

In an experiment at Levington during the summer of 1975 a stack of 15
sacks (5 sacks high and 3 sacks wide) was exposed to direct sunlight; for a
period June lst to October 2nd. Thermocouples situated at various points
in the stack, were held at a depth of 15mm below the surface of the
fertilizer. The fertilizer used in this tesr was not stabilised with
magnesium,

Thermocouple readings indicated that material at a depth of 15mm into
the side of the stack exposed to direct sunlight underwent a maximum of 37
cycles during the experiment. Damage to syrface layers, illustrated in
Figure 4, was restricted to a depth of 20mm. Protection afforded by the

gack on top of the one illustrated, can be seen in the figure, In terms
of an enhanced hazard, it is difficult to visualise a situation in which
detonation could be induced in this surface layer, In a fire situation,

the one most likely to result in a hazard, the surface layers exposed to
the heat of the fire would melt. In this situatlon ecycling damage would
be irrelevant. Although cycling damage was restricted to material in the
surface layers exposed to direct sunlight, it would have rendered the
material unsaleable.

Cycling damage is tharefore a quality factor; it is not a hazard
factor in normal storage situations. Inclusion of a thermal cycling
procedure in the Directive is an unnhecesgary restraint regarding safe
storage and handling. One poasible dafence of the thermal eyeling teat is
that it simulates the worst possible casa. Data preaented here
illustrates that this defence is weak as complete breakdown in a good
summer in the UK is extremely unlikely.

The above remarks made in the context of bags apply with equal
validity to bulk, either locse bulk heaps, which are usually under cover,
cr storage silos, which can be in the open. In siloa, as with bags, it is
only the material in contact with the walls that is at risk. The amount
at rigk ias small and is unlikely to create a quality problem.
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In bulk storage and bulk transport, the problem of molature pick up
and the effect of this on cycling damage muat be considered. Ammonium
nitrate 1s hygroscopic and the rate of the IV I1I phase transition is
affected by moisture. These factas are Eresumably a basis for the comment
in the draft of a Commission Directive(2l) detailing test procedures for
the Ammonium Nitrate Directive, implying that the thermal ecyecling procedure
simulates conditions within the application of the Ammonium Nitrate
Directive, but that they may not necegsarily simulate all conditions
relevant to bulk tramsport by water,

Moisture pick up will ba confined to the surface layers ¢f ammonium
nitrate, This pick up could conceivably increase the rate of thermal
cycling damage in the surface layer. This will mot in itself present an
enhanced hazard. Ag with damage in dry matertal it is difficulr to
envisage a situation in which a detonation could be induced.

Inclusion of the comment concerning transport by water (21) 44
therefore unnecessary,

3.3.4 Porosity (oil retention; Annex I)

Porosity of the particles affects the sensitivity of the ammonium
nitrate to detonation. In a Directive aimed at distinguishing between
material intended for fertilizer use and that intended for use in
explosives, a limitation on porosity (set at a maximum of 4.0% oil
retention) would seem reasonable, although the association with a prior
thermal cycling procedure is unnecessary (Section 5,3.3). Fertilizers are
usually made in the form of hard, dense particles and the limitation would
not cause problems. If, however, the limitation implies that the less
dense prills present a significantly greater hazard in normal storage
conditions, it is questionable. Porous prills are made and stored safely
in large quantities. The stability of such material and the fact that it
can be handlad and stored in conditions leas stringent than those
applicable to explosives iz a factor in ita large scale use, The limit of
4% is unnecessary in terms of a hazard in storage but acceptable as a means
of distinguishing fertilizer products from others.

Although porosity is known to affect the detonability of ammonium
nitrate particles it is of interest to note that Hahnefeld et ai(21) did
not find a consistent relationship between sensitivity and oil retention.
This perhapa suggests that oil retention is not a true measure of the
porosity of the particles. The oil retention test itself has also been
the subject of much refinement in attempts to improve reproducibility. An
interesting exercise in terms of designing a test but of questionable value
since the property has little significance in terms of hazard in storage.

Bauer(l?) wag severe in hia criticism of the thermal c¢ycling and oil
retention capability aspects of the Directive. He was perhaps too severe
as he seemed to imply that the Directive sought to limit porosity from the
point of view of restricting oil retention capability. An alternative
view is that the Directive uses oil retention as a measure of porosity;
regarding the increase in porosity itself as the enhanced hazard.
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5.3.5 Combustible Matter {(Annex 1)

The combustible matter limita are the same as those used in the United
Nations Classification. The limits can be justified in terms of the known
enhancement of sensitivity to detonation by small amounts of hydrocarbon
fuell2.2), The deflagration to detonation traneition obtained in van
Dolah's tests{lZ) with fuelled ammonium nitrate supports the need for a
restriction on combustible matrer content,

This is a relevant parameter in safe storage.
5.3.6 pH (Annex I)

The pH limit is one used by producers in their manufacturing
operations, usually to minimise the risk of decomposition in areas where

the ammoniuvm nitrate exists in the molten form, In terms of safebty in
storage a pH above 4,5 would inhibit a self-heating tendency in the event
of accidental contamination with organic matter. Although a pH above 4.5

would hinder the cnset of thermal decompeosition the effeect this would have
in a fire is marginal; acidity would develop as the nitrate is heated.

The limit in the product is reasonable and gives an indication of correct
manufacture.

5.3.7 Particle S5ize (Annex 1)

The size limits are less severe than many manufacturers use in their
own operations. Although the proposed size limitation is no problem the
Industry should be prepared to challenge it as it could inhibit future
developments,

3.3.8 Chlorine Content (Annex I)

It has been known for many years that chloride has a marked effect on
the thermal decomposition of ammonium nitratel23), Whether the low level
specified in the Directive, maximum 0.02% by weight, is juatifiable in
terms of a hazard in handling and storage operations is arguable. Data
given in Figure 5 show the effect of chloride levels of 0, 100, 200 (the
EEC limit), 500, 1000 and 1500 (the limit used by the US Indsutry) ppm.

At all these low chloride levels the ephancad deccomposition that set im
soon died away and the behavicur of the system reverted to that of pure
ammonium nitrate. Thie loss of small levels of chloride and decomposition
rates reverting to that of the pure nitrate wae reported by Saunders in
1922(8), In a fire situation the chloride, at these low levels, would be
rapidly lost from any molten material formed. The hazard presented by all
these systems would be the zame. The low level set by tha EEC is
reasonable in terms of manufacturing operations in which the nitrate goes
through a molten stage. This is a usual stage in the majority of methods
of production of hard dense particles. However ammonium nitrate can alsc
be produced by a rotary granulation procedure in which it may be more
difficult to meet the EEC specification. There is no justification in
terms of enhanced hazard to legislate against such products.
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Some limitations on chloride can be juatified in ferms of hazard in the
melten form (lowering of density by gaseous decomposition products(a)},
when chloride levels are such that complete loss is not possible; the US
level would not be excesasive. It is worth noting, however, that early
versions of the ADR (rcad) and RID (rail) transport codes listed potassium
chloride as an acceptable diluent in ammonium nitrate.

5.3.9 Copper {(annex 1)

Copper 1a the only metal for which a specific limit is =met, The need
for a limitation of the copper content is generally accepted in view of its
known effect on the decomposition and sensitivity to detonation of ammonium
nitrate, confirmed in the recent work by Bauer (&), Other metal ions are
known to effect the decomposition but their effect on the detonation is not
in the same order as copper. These metal ions are catered for in general
terms by the provision In the Directive that additivies should not increase
the sensitivity to heat.

5.3.10 Packages or Bulk (Artiele 3)

There is controversy within the Induatry om the question of the safety
of storage and handling of ammonium nitrate in bulk compared to bags. The
proponents of atorage in baga claim that the best way of preventing
contamination is to hag the material. Contamination is important in terms
of Increasing sensitivity to detonative shock and, as van Dolah 12) showed,
in terma of permitting a transition from deflagration to detonation in a
fire situation.

All possible steps should be taken to aveid contamination of bulk
heaps., However accidental uniform contamination of bulk storage heaps is
not easily achleved,. Contamination represented by the packaging materials
and pallets in bagged material is more homogenocusly distributed through the
stack than could be achieved by accidental -contsmination of bulk. Cook
showed that maximum sensitivity to detonation in ammonium nitrate -
hydrocarbon mixtures occurred at lower levels than required for maximum
power, RARDE work{24) ahowed that high hydrocarbon levels (say 20%) had a
marked depressant effect on the power of the explosion. Accidental
contamination of the surface of a bhulk heap would produce a range of
nitrate-fuel mixtures. Only a small fraction would be in the range for
maximum sensitivity., In a fire situvation the surface contamination would
be relatively readily consumed,

van Dolah et al(12) conclude from their work on the behaviour of
amponium nitrate in fire that bulk storage is preferable to bags from the
safety point of view. Van Dolah also comments that the channels in
palletised stacks parmit fire to penetrate into the interior of the stack.
Bulk heapa are impervious to such penetration. '



7 - 16

Storage in bulk can, therefcre, be as safe if not safer, than storage
in bags. Storage in bulk on the farm {the final user) can be a safe
operation provided the supplier assures himself that the storage area is
suitable for the purpose. Also that the farmer is aware of the need to
avold contamination at all times, Farmers can, however, once the supplier
has left the site, destroy the suitability of the storage area. Howaever,
similar comment can be made on bagged storage on the farm. Bags can
readily be moved and stacked againat hay or straw,. The plastic storage
silo is an attractive answer to bulk on the farm, The material is in bulk
but is contained. Contained, not confined, as the silo will melt and
release its contents into the open if invelved in fire,

Ammonium nitrate can be stored safely in bulk and in bags and options
should be kept open to suit particular situwations. Further discuasion on
this topic will undoubtedly occur but will only be of value if this 1s free
from commercial implications.

5.3.11 Comment on Directive

The Ammonfum Nitrate Directive liberalises marketing of straight
apmonium nitrate fertilizers within the EEC and sets a quality standard.
The considerations in Sections 5,3.2 to 5.3.10 support the view that the
Directive does not in general relate the known hazardous propertiea of
ammonium nitrate to normal storage and handling operations. It 1i=a
unnecegearily severe on the sclid material and has little relevance to the
behaviour of ammonium nitrate in a fire; the situation in which a major
incident is more likely to arise. Prevention of fire has more influence
on safe storage and handling of the fertilizer than many of the parameters
in the Directive. Thie Directive does, however, sat a specification for
ammonium nitrate fertilizer which with some modification, deletion of
thermal cycling, liberalising chleride levels, modification of the
detonation test, could be an acceptable quality standard. Maintenance of
high quality through good atorage conditions, would be a significant factor
in safery,

5.4 Directive on The Major Accident Hazards of Certain
Indystrial Activites, 82/501/EEC. The Sevesc Directive.

Comment on the Ammenium Nitrate Directive indicates the Author's view
that the conditions in which ammonium nitrate fertilizers are stored is
more important, from the safety view point, than the specification of the
material itself. Safe storage is of concearn to the Manufacturer and
Legislator alike; the manufacturer has the additional incentive of
commercial interest. The Seveso Directive is based on the concept that
manufacturers should know the hazards and risks of their cperations,
including storage and handling, and should be in a position to demonatrate
this knowledge to appropriate authorities.
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Basically the Directive, as far as storage is concerned, stipulates
that people who store dangerous materials above certain specified tonnages
must be in a position to demonstrate, on request, that they are aware of
potential hazards and the steps they have taken to minimise the Tisk that
the hazards will be realised. At specified higher tonnages a written
report must be supplied to the approptriate authorities, This report,
krnown as 'The Safety Case', must contain detailes of the operations on site,
potential hazards, situations in which the hazards could be realised, the
risk of these cccurring, means of minimiaing hazards, site emergency plans
and detaile of the geographical location. In addition to this "Saferty
Case" information must be given to people at risk in the vicinity of the
site, Information must be provided to enable an off-site emergency plan
to be drawn up by the appropriate authority. There 1s also a requirement
to report major accidents.

The original Directive listed ammonium nitrate amcng the dangerous
subatances to which the above requirements applied. Threshold tonnages of
500 te for demonstration of safe practice and 5000 te for preparation of
the "Safety Case" were atipulated. The ammonium nitrate entries were
subject to a footnote which indicated that the requirements only applied
when the material was in a state in which it was capable of creating major
accldent hazard.

The footnote was taken to mean that ammonium nitrate that conformed to
the Ammonium Nitrate Directive B80/876/EEC would be exempt. However, the
EEC Commission have published (COM(B5)572) a proposal to amend the original
Diractive. These proposals comment that in the light of current knowlepge
ammonium nitrate is always in a state which gives it properties capable of
creating a major accident hazard. The proposals define two forms of
ammonium nitrate viz:-

a) Ammonium nitrate
b) aAmmonium nitrate in the form of fertilizers.

Ammonium nitrate in the form of fertilizers covers material that
conforma to the parameters in the Ammonium Nitrate Directive, 80/876, and
to compound fertilizers where the nitrogen content, derived from smmonium
nitrate is greater than 28% by weight.

Non fertilizer ammonium nitrate and solutions containing more than 90%
ammoriium nitrate by weight are covered by the "“ammonium nitrate" entry.
Threshold tonnages for the preparation of the Safety Case are given as:-

Ammonium nitrate 2,500 te
Ammomium nitrate in the form of fertilizers 5,000 te

It should be menticned that these figures are the subject of further
discussion within the EEC. The above figure for the "non-fertilizer"
ammonium nitrate represente a lowering of the threshold for this type of
material compared to the figure in the original Directive. No
juatification for this change has been advanced. It muat be accepted
however that fixing tonnage levels 1= an arbitrary process aa it is not
possible to present a firm technical case justifying one lavel against
another.
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The Directive requires manufacturers, store managers etc to
demonstrate their safety precedures,. On receipt of this information the
guthorities can surely comment on their suitability or efficacy.
Authorities could use this procedure to enforce safeguards they deem
necessary in particular circumstances and avold the need to have different
tonnage levels implying that there is a major difference in the hazard
presented by the two types of ammonium nitrate. Providing good storage
conditions exiet there is room for argument on this,

Manufacturers have as much, probably mcore, knowledge of the conditions
in whieh their products become hazardous than legislatora. Self-regulation
by means of the storage codes etc. 1s therefore a logical option.

On this premise the Directive on the mejor accident hazards of certain
industrial activities (the Sevesoc Directive) will make an important
contribution to safety,

Fertilizers will be stored, in situations net entirely under the
manufacturers control, in quantities below the level at which it is
necessary to be able to demonstrate safe operation, Manufacturers must
take all possible stepe to ensure that their products are stored safely in
these situations. If this is not done and an incident results, it can be
expected that the EEC Authorities will seek to lower the threshgld
tonnages. Manufacturers muat exaercise self-discipline in selection of such
storea. Commercial pressure such as "we only need to atore for two weeks
so this wooden shack will do' must be resisted.

3.5 Directive on the Classification, Packaging and Labelling of
Dangerous Substances 67/548/EEC, and Proposed Directive on the
Classification, Packaging and Labelling of Dangerous
Preparations

These Directives aim to ensure that substances and preparations are
classified, according to particular hazards and riska, and are packaged and
labelled accordingly.

Ammonium nitrate fertilizers, as definad in UN Division 5.1 would he
expectad to be regarded as Moxidising". However, the teat adopted Ly the
EEC is baszed on the BAM test in which these materials give negative
Tasults. It would be inappropriate for Industry to accept a
"non-oxidising" category for these products for the purpcses of this
Directive. Advice given to customers by means of leaflets informs them
that thay are “oxidising" and should not be stored near combustible
materials, Labelling for internaticonal transport alsc makes the
"oxidising" status clear; as noted earlier Industry wants the Division 5.1
status of these fertilizers in the UN system retained (Saction 5.2).

Fertilizers other than 5.1 materials may be covered by the
Preparations Directive under "harmful" and/or "irritant" categories.
These may redquire test work. Fertilizers have been marketed for a
considerable time and the problems they present in handling operations
should be known. It may be possible for Industry, acting together, to
agree with the EEC Authorities the hazard category for varioue types of
fertilizers and the requisite labels. This could avoid the need for a
considerable amount of test work.
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5.6 Codes of Practice

Manufacturers will have their own Codes of Practice governing the safe
handling of ammonium nitrate at all stages of their operaticns.
Compliance with these codes iz ensured by dissemination of information,

training and vigilance.

Codes produced by individual companies will obviously take note of any
legal rules and guidance notes applicable to the particular country. They
will in many cases be based on general codes produced by Industry
Assoclationa, The revised version of the Storage Code issyed by the
IFA/APEA Working Party on Safety in Fertilizers, which should become
available during 1987, will be an example of a general code which can be
adapted to suit the needs of particular situations,

Storage codes are usually based on the concepts that

l) solid ammonium nitrate is a relatively stable material.

Z) ammonium nitrate itself is not combustible, but if involved in
fire it will enhance the severity of the fire.

3) ammonium nitrate affected by fire, or other scurces of heat, will
decompase with the evolution of toxic fume.

4) in severe fires, particularly if the material becomes contaminated
and confined, there is a small risk of an explosion.

Sufficient c¢omment has been made in this paper and in quoted
references to support these concepts, Codes based on them thermfore have
prevention of fire and contamination, and the avoidance of confinement as
their principal aims. Fire precautions invelve minimising possible
ignition sources and as far as possible the exclusion of combustible
matter, In general therefore, codes aim to prevent conditions in which
decomposition of the nitrate can occur.

If the storage codes are strictly followed the form of the sclid
ammonium nitrate is irrelevant. The dense prills/granules used by the
Fertilizer Industry, and the porous prilles destined for use in ANFO
explosives can both be stored mafely.

As well as recommendations on the prevention of fire the codes often
contain recomnendations on maintenance of the guality of the product.
These recommendations complement safety regulations and ensure absence of
contamination and free flowing productas.

6. CONCLUSTIONS

Good Codes of Practice, strictly observed are the best way to ensure
safety in manufacture, handling and storage of ammonium nitrate.
Legislation in terms of regulating the chemical and phys{cal make up of the
amnoniym nitrate particles cannot replace the need for such codes.
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The Fertilizer Industry uses a large quantity of ammonium nitrate and
has considerable knowledge of the properties of the material. In terme of
practical conditions in storage etc their knowledge must exceed that of
legiaslatora, The Industry should therefore be in a position to influence
new legislation at the discussion stage, and update old legislation if
thought appropriate. Industry will only gain and maintain a credible
voice in discussion with authority if they make genuine efforts to reach a
uniform position. To do this commercial considerations must be excluded
from technical discussions relating to legislation concerned with safery
aspecis. Legislators have nothing to gain by introducing unnecessarily
severe legislation. Consistant and uniform advice from the Industry is
one way of avoiding thia.
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Figure 1. Explosion - Ammonium Nitrate jn Fertilizer Operations
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Figure 3.. Temperature Cycling of a 50Kz Sack of Ammonium Nitrate Fertilizer

RARDE (Dr R Father) Data reproduced with permission of Ministry of Defence. Gopyright(:)Controller
HMSO, LONDON 1986.
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Figure 5. Eftect of Low Levels of Chloride oa the
9- Thermal Decomposition of Ammonium Nitrate.
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TA/86/7 The hazardous pruoperties of ammonium nitrate fertilizers ana

tne regulationsa to whieh they are subjected by K.3. Barclay,
Norsk Hyaro Fertilizers Limited, Unitea Kingdom

DISCUSSLON : (Rapporteurs Messrs A. Constantinidis, SICNG, Greece &

Q

-

V. Bizzotto, NSM, Netherlands)

Mr J.B. PEUDPIECE, AZF, France

‘Do you think that the aistinction between ammonium nitrate

contalming more or less than 80% NHYUNO3, indicated in EEC
regulations, correspondas to & barrier separating products with
aifferent risk factora, mainly between 26=27% N and 33,5% N7

As noted in the paper the specitications in EEC regulations do
not always correspond te the aspecifications in the UN system of
classification. It would be unrealilstie, however, to suggest that
any limit in these systems represented a sharp break between
hazardous and -non-hazardous products; a gradatlion of properties
across the bouncary would be expected. With regard to "oxidising
capacity” behaviocur it is noted in the paper that the tests used
do not distinguish between the 26/27% N and the 33.5%% N products.
A ¢istinection between these two may be poszible in some cases by
means of a detonation test. In practice however, the difference
in riak in normal storage and handling is small.

Mr 5. OKMBERG, Norsk Hydro, Norway

I unaerstand that the political objective for EEC activity is to
ease the trade acrosas borders. However, since harmonization to UN

aystem was given no priority, I would like to ask for the authors
views on:

1. wWill the EEC~developed tests and criteria give restriction to
trade in or out of EEC - as trade ana distribution means
transport.

2. If 30, i3 the author observing other locgal initiativea to
deliberately restrict trade by establishing mew rulesa deslgnated
SAFETY?

A - Une objective of EEC activity is to eliminate Dbarriers to trade

between member stateas. Material meeting specified criteria can
therefore be traded freely within the EEC. Material coming into
the EEC from ocutside can alse be traded freely within the EEC
provided it meets the same ariteria. It 1s agreed that transport
is included in trade. However, the AN Directive mentioned in the
paper stipulates that International rules for the carriage of

dangerous goods still applies to the transport of the
fertilizers. This could be used to impose more stringent tests

than given in the Directive and constitutes a leophole.

With regard to local initiatives on "safety" grounds one member
state placed a restriction on the import of ammonium nitrate in
bulk by sea. As storage and sale in bulk were permitted within
that country it is aifficult to see a strictly safety reason
pehind the restriction on the impert in bulk.



Q - Mr G, SAID, 5AEPA, Tunisia

It was ipcicated on a paper, published by IFA in 1983, that the
storage with expeaure to the z3un of {ertilizers containing nigh
quantity of amponium nitrate can induce swelling and
disintegration of vparticles. According to Yoeur paper, it seems
that you support a thesis excluding any disintegration of
particles. Can you explain your opinion?

Is the transport of bulk ammonium nitrate by ship permitteqg?
loes a law governing this means of transpartation exjiat?

What is the maximum height allowed for stacks of bagged ammonium
nitrate?

If this 1limit exists, how <¢an the c¢charge of ammonium nitrate
inside the ship to a height of 12 metres be tolepated?

A - Thermal cycling can and does induce swelling and disintegration
of ammonium qpaitrate particles. In practice exposure to the sun
will only induce this behaviocur in the surface layars of the
storage heap, whether this is bagged or bulk. The ma jority of the
material in the heap will remain unaffected; hence the contention
that the problem 13 a quality one rather than a hazard,

Yes, ship transport of bulk ammonium nitrate is permitted and is
an agceptable practice. It is necessary to conform to tranaport
codes governing such transport. The International Maritime Code
governing bulk tranaport requires that the ammonium nitrate
should give a negative result in a «cwetonation test similar to
that described in the EEC AN Directive, or a test deemed
equivalent for tne purpose by the appropriate National Authority,
It would also be necessary to conform to local regulationa in the
ports or narbours invelved in the operation.

Inp the UK advice used to be given that stacks of btagged ammanium
nitrate should be restricted to a height of 7 metrea. This to
minimise the riak of propagation of a detonation in the stack.
The current advice, however, is to restrict the size of the stack
to 300 t ab sites other than those under the controle of the
manufacturer.

There 1is no restriction on the size of stacks at manufacturers'
premises.

In a =ship or on lanag aveidance of involvement of the material in
a fire is important. The height of the stack can then be governed
by the space ang handling equipment available.



