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SECTION 1  FOREWORD 
 
1.1 This guidance has been produced by a joint working party of the Health and 
Safety Executive and the Explosives Industry Group of the Confederation of British 
Industry.  The document builds upon earlier work carried out on this topic.1  It is now 
provided as a guide for determining which explosives manufacturing operations are 
conducted remotely or non-remotely, and the corresponding safeguards for each. 
 
1.2 This guidance represents good practice found within the Explosives Industry.  
Following it is not compulsory and persons are free to take other action.  However, by 
following the guidance, persons would normally be doing enough to comply with their 
legal duties.  HSE and the CBI Explosives Industry Group may refer to this guidance as 
illustrating good practice. 
 
1.3 A list of current legislation and information is included at Appendix 1 to this 
document. 
 
1.4 Whilst every effort has been made to cover appropriate legislation and good 
practice at the time of publication of this guidance, neither the CBI nor its servants or 
agents can accept responsibility for, or liabilities incurred directly or indirectly as a result 
of, any errors or omissions within this document.  Those persons involved in the 
Explosives Industry are responsible for taking their own legal and other advice as they 
see fit.  Readers are strongly advised to check for any changes in legislation since the 
publication of this guidance. 
 
1.5 Nor do the CBI, its servants and agents make any representation expressed or 
implied that the products and product ranges or the processes, equipment or materials 
referred to in this guidance are suitable, satisfactory or appropriate for the purpose or 
purported purposes set out or referred to in this guidance and the CBI, its servants and 
agents accept no responsibility or liability therefore.  
 
1.6 It is not the intention of this guidance to be used as a technical manual by those 
inexperienced in explosives manufacture, to enable them to carry out such activities.  
Those not experienced in the field should seek expert assistance. 
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SECTION 2  INTRODUCTION 
 
2.1 Certain explosive operations carry such a high risk of accidental explosion that 
they need to be conducted remotely.  This can be achieved by locating operators in a 
‘remote’ (but located nearby) control room or process area, protected from the 
hazardous operation by robust structures, engineering safeguards and spacing.  The 
structure containing the hazardous operation is sometimes termed ‘the donor’ and that 
containing the operators ‘the receptor’. 
 
2.2 Remote manufacturing operations can be defined as those possessing effective 
segregation of people from the operation, whether by engineering safeguards, 
separation distance, or both.  This is to assure the protection of process operatives and 
other people who might thereby be exposed to the consequences of an explosion/fire 
event.  Effective physical protection could involve the use of cell structures, control 
rooms, or reinforced concrete barricades for large-scale operations.  Captured key 
systems such as those manufactured by Castell and Fortress may be considered as 
effective engineering controls to exclude personnel from enclosures containing high risk 
explosives processing operations. 
 
2.3 Where the risk of an accidental explosion is low and complete physical 
protection of the operator is unnecessary, then operations may be conducted in non-
remote facilities.  Non-remote manufacturing operations can be defined as those where 
effective physical separation is not required, but where suitable protection is provided 
by a safe system of work.    These types of operation should generally only involve the 
use of small quantities of sensitive explosives behind suitable protective screening and 
with suitable personal protective equipment, or the use of relatively insensitive 
explosive materials. 
 
2.4 The purpose of this document is to consider the following: 
 

(i) The basis for conducting explosives manufacturing operations remotely or 
non-remotely. 

 
(ii) The provision of appropriate safeguards for fire and explosion hazards.  
Smoke, fume and toxic hazards are not covered by this guidance. 

 
  (iii) The safety of persons located in the control room or process area either 

within the manufacturing facility, or located within the process building distance 
of the facility – see scenarios depicted in Figure 1.  [Figure 1 shows illustrations 
of a remote operation where the control room is adjacent to a hazardous process 
(scenario 1), separated by distance (scenario 2), or in an adjacent process 
building within the process building distance of the hazardous process (scenario 
3)]. 

 
2.5 This guidance does not set out to provide detailed technical advice on how to 
carry out particular activities, but rather to provide an overview and highlight issues that 
need to be considered when planning and undertaking such activities.  The reader is 
also directed further to other relevant sources of information (see References). 



   
 

                                                                                    3 of 59 

Figure 1:  Schematic illustrations of various scenarios where a control room, or a non-
explosives building is occupied, in relation to a remote explosives manufacturing 
process. 
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Scenario 1:  Occupant located in a control room associated with a remote explosives process 
operation. 
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Scenario 2:  Occupant located in a nearby control room associated with a remote explosives 
process operation. 
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Scenario 3:  Occupant located in a process building adjacent to where a remote explosives 
operation is taking place. 

Note:  Process building distances are a compromise between the level of safety given to 

personnel and the degree of convenience they give by having process buildings relatively close 

together. 

 
 
SECTION 3   BACKGROUND 
 
3.1 The Manufacture and Storage of Explosives Regulations 2005 (MSER) requires, 
amongst other things, that persons should be protected from the effects of fire or 
explosion.  Other legislation such as the Dangerous Substances and Explosive 
Atmospheres Regulations 2002 (DSEAR) requires duty holders to conduct specific risk 
assessments.  For example:  such risk assessments would include remote 
manufacturing facilities and the potential effects on people located in the vicinity. 
 
3.2 The design and construction of such remote manufacturing facilities should be in 
accordance with the Construction (Design and Management) Regulations (CDM) 
1994, to ensure that facility designers are competent and capable of designing out 
foreseeable risks and also incorporating mitigation features at the start of a new build or 
building modification project.  Due consideration must also be taken of the safety and 
integrity of equipment used for either remote mixing, machining or pressing operations, 
along with physical safeguarding barriers.  Equipment purchase should comply with the 
essential health and safety requirements of the Supply of Machinery (Safety) 
Regulations 1992 (SMSR), and remain safe whilst being used, cleaned and maintained 
under the requirements of the Provision and Use of Work Equipment Regulations 1998 
(PUWER). 
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3.3 Over recent years there have been a number of serious UK incidents associated 
with remote explosives manufacturing operations: 
 

(i) One incident involved the remote processing of propellant which, when 
accidentally initiated, produced much more violent effects than expected and caused 
serious injuries to the operators in the remote control room.  This was due to the 
progressive development and use of materials that were much more energetic than 
originally conceived. 

 
(ii) A second incident was associated with the remote incremental pressing of 

a firework that, when it initiated, propelled one half of the heavy metal press die through 
the protective barrier between the press and the operator, who was killed. 
 

(iii) A third explosion involved unauthorised working inside a remote 
manufacturing exclusion zone, which resulted in multiple fatalities. 
 
 
SECTION 4  SELECTION OF THE MANUFACTURING PROCESS  
 
4.1 Generally the safest, but by far the most expensive option for any explosives 
manufacturer, would be to perform all explosives manufacturing processes remotely.  
For many operations clearly such arrangements could well be outside the terms of 
‘reasonable practicability’, with less expensive options involving non-remote "hands-on" 
manufacturing supported by a range of safeguards. 
 
4.2 To identify processes that should be conducted remotely requires an initial 
assessment both of the potential hazards and likelihood of initiations associated with all 
stages of the explosives manufacturing operations.  Such assessments should have 
due regard to: 
 

• The quantity of material present 

• The nature of the plant (confinement in particular) 

• The conditions of manufacturing (heat and mechanical input); and 

• The foreseeable process deviations (operator errors, impurities, 
malfunctions). 

 
A selection model is set down in Figure 2 to guide readers on reaching a decision as to 
the most appropriate explosives manufacturing method. 
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Figure 2:  Selection model for Remote versus Non-Remote Manufacturing Requirements 
and Fire/Explosion Safeguards. 
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SECTION 5    HAZARDS FROM EXPLOSIVES 
 
5.1 In recent years, UK licences for explosives factories and magazines have 
referred to Hazard Types (HTs) and not the United Nations Hazard Divisions (UN HDs) 
where the classification is assigned to explosives that are packaged for transport 
according to the UN Recommendations.  The nature of packaging (or lack of it), the 
quantity and arrangement in storage can have a significant affect on the hazard 
presented in non-transport situations.  HTs have been defined in the terms of the licence 
by descriptions similar to those for the UN HDs employed in the classification of 
explosives (see Table below). 
 
 
 
Hazard Type 1 
 

 
An explosive which has a mass explosion hazard (a mass 
explosion is one in which the entire body of explosives 
explodes as one); 
 

 
Hazard Type 2 

 
An explosive which has a serious projectile hazard but does 
not have a mass explosion hazard; 
 

 
Hazard Type 3 

 
An explosive which has a fire hazard and either a minor blast 
hazard or a minor projection hazard, or both, but does not 
have a mass explosion hazard (i.e. those explosives which 
give rise to considerable radiant heat or which burn to produce 
a minor blast or projection hazard); and 
 

 
Hazard Type 4 

 
An explosive which has a fire or slight explosion hazard, or 
both, with only local effect (i.e. those explosives which present 
only a low hazard in the event of ignition or initiation, where no 
significant blast or projection of fragments of appreciable size 
or range is expected). 
 

 
5.2 The Hazard Type system applies to the hazards presented by explosives 
throughout the course of their manufacture, storage and handling, and may require 
tests and trials to be undertaken to determine how an explosive behaves as conditions 
change.  Both the explosives licence and the process safeguards should properly 
capture the hazards presented by the explosives materials in various stages of 
manufacture and subsequent handling.  For example: propellant powder for shotgun 
cartridge manufacturing arrives in a package with a HT3 designation.  During 
subsequent handling on the plant, it presents a HT1 hazard in the bulk storage hopper.  
Thereafter in the finished product, the packaged cartridges are HT4.  Confinement is 
one of the main drivers for directing the hazard of energetic materials.  Another 
example is detonators.  These articles mainly classified as UN HD 1.4 for transport, but 
can present a HT1 hazard when stored together outside of their packaging. 
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5.3 Other hazard-controlling factors include the processing temperature, and 
whether or not the configuration is greater than the critical charge diameter (the 
diameter that is just large enough to support a propagating detonation).  Examples of 
where a combination of these factors may occur are within (a) an extrusion process 
(where the main considerations are critical diameter, confinement, pressure and, with 
certain pressing operations, elevated temperature); and (b) a hopper in a cartridge 
filling operation (where the critical considerations are propellant depth and 
confinement).  Additional information and discussion of the hazards associated with 
explosives is given at Appendix 2. 
 
 
SECTION 6    LIKELIHOOD OF INITIATION 
 
6.1 The likelihood of accidental initiation during the manufacture of explosives 
involves a balance between the energy imparted to the explosive and its sensitiveness.  
A precise assessment of this may not be possible, but some indication of the likely 
behaviour under the proposed conditions of manufacture may be available from 
recorded experiences elsewhere, or be anticipated from the chemical structure of the 
substances.  Further information can be obtained by measuring how sensitive the 
substance is to external stimuli such as impact, friction and heat using standard 
explosives testing techniques and criteria.2   In addition, it is necessary to establish the 
thermal stability of the materials at the proposed processing temperatures.  Much 
information has been published on these matters.3-14  It should be noted, however, that 
properties such as sensitiveness could be greatly increased when a substance is 
subsequently contaminated with gritty or catalytic materials, or when the substance is 
heated.  Ideally, substances and mixtures should be tested under the actual conditions 
experienced in manufacturing; this should include consideration of any intermediates 
that may be formed. 
 
 
SECTION 7  REMOTE HANDLING PROCESSES 
 
7.1 For explosives manufacturing operations, where on initiation there exists the 
potential to kill or seriously injure people and where the likelihood of initiation is 
significant, the basic premise must be that such operations should be carried out 
remotely.  Before considering a movement away from a remote manufacturing 
arrangement to a hands-on situation, it will be necessary to study carefully the proposal 
against fundamental hazards/sensitiveness information on the raw materials, 
intermediates and finished products; this might also require a series of tests and trials.  
If any doubt exists about either the potential hazards of explosives initiation or the 
likelihood, then a remote manufacturing operation should be conducted. 
 
7.2 Examples of explosives operations that are performed remotely are: 
 

i) incorporation of pyrotechnic compositions. 
 
ii) mixing/incorporation of NG-based propellants and blasting explosives. 
 
iii) detonator manufacturing lines. 
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iv) propellant extrusion/pressing. 
 
v) machining of explosives 
 
vi) pressing of MTV flare compositions. 

 
A table of examples of remotely operated explosives/activities along with their 
associated incident history, and typical non-remote hands-on processes, is given in 
Appendix 3. 
 
 
SECTION 8  NON REMOTE HANDLING PROCESSES 
 
8.1 Processes not requiring remote handling precautions are those where the 
consequences of initiating the materials are slight or are fully contained (e.g. handling 
of devices such as actuators), or where the likelihood of initiation is very small or 
negligible (e.g. manufacture of slurry explosives).  For the latter situation, where 
certainly the final product is considered to be insensitive, it is important that not only 
must the effect of the potential stimuli on the end product and on intermediates be 
evaluated for the normal course of manufacturing, but also for foreseeable process 
malfunctions; for example resulting from operator error in the order of materials addition 
in a mixing process.  In following up this evaluation, areas of weakness in the chosen 
safety regime may well be found, and then steps must be taken to eliminate them.  The 
guide words used in the formal Hazard and Operability approach are useful in this 
context.15-17  
 
 
SECTION 9  REMOTE HANDLING PRECAUTIONS 
 
9.1 General Principle of Personnel Protection 
 
9.1.1  In those circumstances where an explosives operation presents a 
sufficiently high likelihood of a fire/explosion hazard being realised, such that it should 
be performed remotely, the facility operating bay or the control room should be 
appropriately designed and constructed in a manner to safeguard personnel from 
serious injury. 
 
9.2 Containment of Fire/Explosion Effects 
 
9.2.1   The primary requirement of a remote manufacturing facility is to provide 
personnel in the vicinity with a predetermined level of protection against the effects of 
accidental initiation of the materials in process.  For relatively small quantities of 
explosives (few kilograms) it is possible to completely contain the effects of a 
fire/explosion.  For larger quantities of explosives this is not practicable, and only 
near-fully contained structures are used.  These are designed to release decomposition 
products/blast pressures to atmosphere in a predetermined direction to areas where 
personnel, equipment, etc are protected primarily by distance.  The design of 
containment structures is covered extensively in specific literature.18  
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9.3 Hazard Reduction 
 
9.3.1   Hazard reduction can be achieved by a number of measures.  Firstly, the 
quantity of materials in processing should be kept to a minimum. To this end, 
continuous rather than batch manufacturing presents a lower inventory and is preferred.  
Secondly, to ensure that the initiation of one quantity of material does not communicate 
with other quantities of explosives, which might be in adjacent production facilities, it is 
usual to prevent these "domino" effects by using fire/blast/fragment resistant 
barricades.  Where the production unit is housed in a purpose designed structure that 
vents combustion and explosion effects through a soft wall or roof, care should be 
taken to direct these effects to a safe place.  To protect persons who might be affected 
by these effects, the necessary protection is usually given by a combination of distance 
and barricades.19 
 
9.4 Levels of Protection 
 
9.4.1  Persons located at a control panel inside a control room, or within the 
process building distance should not be exposed to the following: 
 

(a) A blast overpressure in excess of the threshold for eardrum rupture. 
(b) Structural collapse (blast or debris induced). 
(c) Missiles or fragments sufficient to cause significant injuries. 
(d) Thermal radiation sufficient to cause more than reddening of the skin. 

 
9.5 Exclusion from Remotely Controlled Manufacturing Areas 
 
9.5.1  It is essential to prevent access to the remote manufacturing area during 
the critical manufacturing period.  Wherever possible, physical barriers must be used to 
prevent such access.  Safeguards must also be taken to prevent the approach and 
possible access to the manufacturing area by persons not associated with the particular 
plant.  Where not possible, other effective means should be used. 
 
9.5.2.  Depending on the operation, it may be important to observe the area by 
using mirrors, or closed-circuit television cameras, infra-red detectors, video recording 
equipment, audio monitoring devices, or a combination of any of these.  This will 
facilitate corrective or emergency stop action to be taken in the event of an unusual 
occurrence.  Emergency stop action might include both the initiation of fire alarms and 
operation of drencher systems.  The electrical monitoring devices should be connected 
in such a way that processing work cannot commence in the area without the devices 
being in operation. 
 
9.5.3  Remote control systems should be arranged in a manner to allow setting 
up and calibration to be done in proximity to the explosives, without permitting the full 
range of events to take place whilst the operator is in the remote processing area. 
 
9.5.4  When using machines, appropriate start-up and shut-down procedures 
should be used.  For example, with a remote CNC lathe, the procedure should be such 
that on a controlled shutdown, the machine should not stop with the tool in direct 
contact with the piece of explosives work. 
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9.5.5  Where robots or other potentially hazardous machinery are used, such 
operations may also need to be performed remotely or the area "fenced off" to prevent 
access.  Specific guidance on both these matters is available.20-23  
 
9.5.6  An effective method for securing entrances to fenced-off manufacturing 
areas, is the "captive key" (e.g. Castell Key) type of interlock system.  These should be 
arranged to either isolate positively the power supply or control to the manufacturing 
unit if any of the entrances are open.  There are a number of ways this can be done, 
but the essential elements are locks on all access gates to the danger area, together 
with another lock on the on-off switch to the manufacturing unit.  Thus, the latter cannot 
be switched on without the key in place and that key cannot be released from the 
captive key system until all the gates are closed.  A key exchange interlock system on 
an access door to a manufacturing area is given at Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3:  A key exchange interlock system on the access door to a manufacturing area.  
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SECTION 10  NON-REMOTE HANDLING PRECAUTIONS 
 
10.1 For non-remote handling processes where the consequences of initiating the 
materials is thought to be slight, but the likelihood significant, care needs to be 
exercised to protect the operator handling the potential explosion effects from the 
substance or article.  Protection of hands and eyes is particularly important.  The extent 
of necessary precautions will need to be judged, but often this can be helped by 
deliberately and safely initiating the substance or article and observing the potential for 
harm, perhaps using manikins as ‘targets’. 
 
10.2 It is recognised that certain particularly intricate operations can only be done by 
hand.  Careful consideration should be given to the acceptability of such operations in 
terms of quantity of explosive involved, sensitiveness and necessary precautions.  
Wherever practicable, “safer” substitutes should be used. 
 
10.3 It is essential that any safety regime that relies on very small quantities of 
explosives as a safety feature, also incorporates controls that eliminate any risk of 
communication between individual items and minimises the quantities of hazardous 
materials present in the workroom.  Associated with this requirement may be a system 
of work that requires finished articles to be removed from the workroom on a regular 
basis, say just before the start of every break.  In addition it may also be necessary to 
hold “in-transit” explosives in the workroom inside containers, which are designed to 
withstand the effects of an adjacent explosives initiation.  The design of such 
“operational” containers/shields is described in specific literature.24  
 
 
SECTION 11  DESIGN AND CONSTRUCTION OF BUILDINGS CRITERIA  
 
11.1 Design of Process Buildings 
 
11.1.1  People are generally protected from any accidental fire or explosion by 
sufficient separation distance, a shelter structure for people, a containment structure for 
the explosives operation, or a combination of these. 
 
11.1.2  Shelters should be designed to resist and attenuate blast sufficiently and 
resist primary and secondary fragments, including spalling from walls inside the shelter.  
It may be necessary for the entrances to be sealed by blast doors.  Openings required 
for process operations, such as ventilation, equipment access etc, may be sealed by 
blast valves or shields.  The roof of the shelter may need to be de-coupled from the roof 
of the process cell. 
 
11.1.3  An alternative means of protecting people is to use full or partial 
containment structures around the explosives or by the use of barriers. 
 
11.1.4  The design of process buildings should ensure that any fire and explosion 
in one location is not propagated to other cells or compartments in the building.  The 
number of people involved should also be minimised consistent with the safety and 
security of operations. 
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11.1.5  In practice, explosives processing buildings range in construction from 
small wooden sheds (at the simplest end of fireworks manufacturing), through 
reinforced concrete cell “egg box” constructions to buried or earth mounded heavily 
reinforced concrete structures.  The first type of structure has the advantage that in the 
event of an ignition the weak structure relieves easily, and the missiles generated are 
relatively lightweight.  For reinforced concrete cell constructions, the intention is to 
unitise the risk.  Any fire or explosion in one cell should not communicate or propagate 
to an adjacent cell and should not present a serious risk to persons in the adjacent 
operations.  For these cell-like arrangements it is also important that explosion relief is 
provided to protect against potential deflagrations.  Venting of the explosion in the 
protective structure should not be to a populated area.  This venting reduces the 
overpressure effects both on the structure and occupants.  In the event of a fire or 
explosion inside a cell/egg-box and other types of constructions which have relief via a 
weak outside wall, the fireball effects, decomposition products and some missiles will 
be directed with some force towards and through the soft wall, which may also be the 
direction of the escape route.  Whether or not escapees are caught up in these effects 
will depend upon many factors including the violence of the event, speed of take-up and 
speed of evacuation.  Suitable precautions should be also taken to restrict persons, 
other than those working in the cells, from these areas and/or, to provide effective 
barriers.  The use of lightweight composite panels as weak walls in explosives 
processing rooms has been investigated.25 The design of structures to withstand the 
effects of accidental explosions is covered extensively in specific literature.15 
 
11.1.6  When an explosives process inventory is safeguarded against or from, 
other adjacent explosives inventories by distance alone, then in the event of an 
explosion, the blast over-pressure and other effects will depend upon both the 
separation and the quantity of explosives involved.  Clearly the design of the ‘receptor’ 
process building(s) will need to take these possible effects into consideration. 
 
11.1.7  Two other important aspects associated with the design of explosives 
processing buildings are (a) the means of escape in case of fire (see next paragraph) 
and (b) the possible use of fragment or thermal radiation barriers.  If the process 
building of necessity contains several or more people and accidental initiation of the 
explosives substance or article in the room could kill or injure most or all of the 
occupants (by fragmentation and fireball effects), then steps should be taken to 
minimise these effects by fitting suitable barriers (for example sand bags inside a 
sealed hardboard enclosure) at strategic positions inside the workroom. 
 
 
11.2 General Fire Precautions 
 
11.2.1  When designing the layouts etc. of remote manufacturing facilities, it is 
important to accommodate the appropriate fire precautions. 
 
11.2.2  Under the Fire Certificates (Special Premises) Regulations 1976, 
explosives factories or magazines licensed under the Explosives Act 1875, or the 
Manufacture and Storage of Explosives Regulations 2005, require a fire certificate 
issued by the Health and Safety Executive.  HSE has given guidance on the general 
fire precautions appropriate to these types of premises.26  
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11.2.3  Worthy of particular mention are the means of escape requirements for 
pyrotechnics (such as fireworks) processing areas.  Depending upon the nature of the 
pyrotechnics handling operation, each particular process room or building is given an A 
or B rating. 'Fireworks Process Areas 'A' are those where there are loose or exposed 
fireworks compositions and ‘B' type areas are those where the composition is contained 
within the body of the firework.  Finishing processes where there is a small area of 
exposed composition on each firework are regarded as Fireworks Process Areas ‘B’.  
Filling of composition into fireworks either manually or by attended machine is regarded 
as Fireworks Process Area 'A'. 
 
11.2.4  In all fireworks process areas the spread of fire is likely to be rapid.  
Accordingly the permitted travel distance is very small.  From every position in any 
room or space in a fireworks processing area, persons must have access to 
unobstructed passageways leading to building exits, without having to travel more than 
4m in firework process areas 'A', and 6m in firework process areas ‘B’.  Dead ends 
(means of escape in one direction only) are not normally accepted in firework process 
areas, except for cell ('egg box') type constructions.  In these cases the rooms are 
arranged such that the operator is always positioned between the work bench and the 
room exit (i.e. no explosives material between the operator and the building exit), and 
the travel distance to the exit is covered in one or two normal paces. 
 
11.3 Control Room Structure 
 
11.3.1  For large plants, control rooms are likely to be situated in separate 
buildings, away from the process plant, which they serve.  For medium or small plants, 
control rooms may be within the plant building or control panels may be located local to 
the plant (see illustrated scenarios at Figure 1).  Whatever the location, control rooms 
should be designed to ensure that the risks to the occupants of the control room are 
within acceptable limits and that it is suitable for the purposes of maintaining plant 
control, should the emergency response plan require it, following any 
foreseeable/undesirable event within the plant. 
 
11.3.2   The most likely threats to the control room are: 

• Blast overpressure. 

• Blast fragments throw. 

• Fires, including jet fires, flash fires and fire balls. 

• Smoke and toxic gas releases (not considered further in this document). 

 

11.3.3   The threat from fireballs and explosions should be considered in the 
structural design of the control building.  Buildings should be designed to withstand an 
overpressure that will ensure that risks to individuals within the building are below 
acceptable limits. Particular attention should be given to the presence of heavy 
equipment on roofs (e.g. air conditioners) and the ability of internal fixtures to withstand 
the building shaking.  If windows are present in existing structures, then the potential 
vulnerability of these to blast loading (with subsequent breakage and generation of any 
high hazard fragments) should be assessed.  Consideration should be given to the use 
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of laminated or polycarbonate glass, or preferably eliminating them completely, in order 
to prevent serious injury to the occupants of the control room in the event of an 
overpressure.  ALARP principles should be applied in these considerations and cost 
benefit analysis used to determine if additional measures should be applied.   
 
11.3.4   Measures for protection from fires should ensure that the control room will 
withstand thermal radiation effects and that smoke ingress is controlled.  Materials of 
construction should be fire resistant for the duration of any possible fire event. 
 
11.4 Specialist Design Standards 
 
11.4.1   An appropriate standard for the design and construction of protective 
structures for explosive operations is the US Department of Defense standard TM 5-
1300.  The aim of the standard is to provide protection to personnel, equipment and 
explosives in one facility (the receptor) from the effects of an accidental explosion in an 
adjacent facility (the donor). 
 
11.4.2   An introduction in TM 5-1300, suitable for non-specialists, is given for an 
explosion protection system.  This uses a combination of physical safeguards such as 
containment structures (to prevent an explosion propagating from a donor to a 
receptor), shelters to provide protection to receptors, barriers between the donor and 
receptors and segregation by distance.  The susceptibility of receptors (personnel, 
equipment and explosives) to blast and fragments are also detailed and thresholds 
given. 
 
11.4.3  TM 5-1300 provides the specialist with a means of calculating the effects 
of blast, fragment and shock loads on structures and the appropriate means of 
providing protection.  Designs are given for reinforced concrete (laced and non-laced 
structures for walls, slabs, columns and beams), structural steel (framework, panels, 
blast doors, ventilation closures and fragment shields), masonry walls and blast 
resistant windows.  A building designed to TM 5-1300 and in construction is shown in 
Figures 4 to 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4:  Explosives processing building designed and constructed in accord with the 
principles of US Department of Defense TM5-1300. 
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Figure 5:  Explosives processing building (previous figure) during construction.  Steel 
reinforcement bars are visible in the walls before cement pouring.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6:  Reinforcement bars in the roof of a cell structure, before cement pouring. 
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Figure 7:  Reinforcement bars in the wall of a cell structure, before cement pouring. 

 
 
11.4.4  Retrospective application of TM 5-1300 to assess an existing explosive 
facility (where the original design parameters are unavailable) is possible.  A structural 
survey and assessment by a specialist would be necessary.  Difficulties may arise with 
reinforced concrete as the steel reinforcement and lacing of the bars together with the 
tie in of walls and floors, all critical structural parameters, are encased in concrete and 
not visible.  Covermeter surveys may be used to assess the steel reinforcement pattern 
(spacing, direction and approximate bar diameter) and the depth of concrete cover to 
the bars, although invasive surveys are necessary to determine the exact bar sizes as 
shown in Figure 8.  A covermeter functions by generating a magnetic field and 
detecting changes caused by the steelwork.  Core samples from the concrete may be 
taken to determine the compressive strength and chemical stability.  Excavation to 
reveal the foundations of the base is also necessary. 
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Figure 8:  Invasive survey to determine the steel bar sizes of a reinforced concrete slab. 

 
 
 
SECTION 12  CONCLUSION 
 
12.1 Some explosives manufacturing operations have a high risk of an associated fire 
or explosion.  Under such circumstances the process should be conducted remote from 
the operators.  Remote here may mean that the fire or explosion is contained, or that 
the control room / process area housing people is of robust construction or is at 
sufficient distance.  It is imperative that operators and others are protected from the 
effects of an accident. 
 
12.2 The need to conduct operations remotely, as opposed to non-remote “hands-on”, 
is determined by a combination of the potential harm from any fire or explosion and the 
associated likelihood of such an accident.  These components are assessed by 
considering a range of factors including the nature and quantity of the explosive 
substance or article; manufacturing conditions; the rate of energy deposition and the 
characteristics of the explosives event; and the foreseeable process deviations. 
 
12.3 Where hands-on operations may initially be considered appropriate, the ALARP 
principle still applies, such that where cost is not disproportionate the risk has to be 
further reduced.  Such ALARP considerations may lead to a conclusion that an 
operation should be conducted remotely. 
 
12.4 Personnel located in control rooms for remote processing operations, or located 
within the Process Building Distance, should be protected to a pre-determined level.  
Suitable levels should ensure no structural collapse of the building / room housing 
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people, no blast pressure in excess of the threshold for eardrum rupture, no missiles or 
fragments sufficient to cause significant injury, and no thermal radiation sufficient to 
cause more than reddening of the skin. 
 
12.5 This guidance has given examples of processes that should be conducted 
remotely to protect against the effects of blast overpressure, fragments, structural 
collapse, and thermal exposure.  Smoke and toxic fumes have not been considered.  
Engineering controls, such as captive key systems, are used to prevent operators and 
others from entering process areas at critical times.  Where process areas are designed 
to deliberately vent, the venting should be in a direction away from operators.  Escape 
routes should allow the unimpeded and safe escape of persons from areas of danger. 
 
12.6 Any control room structure must not only withstand the effects of an explosion or 
fire as outlined above; but it should also be designed to allow ergonomic operation 
under normal and emergency conditions.  An appropriate design code for explosives 
buildings, including control rooms, is TM 5-1300.  Whilst it is normal to apply this code 
when designing new structures, it is possible to apply it to existing structures, although 
survey work will be necessary where full construction criteria are not known. 
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Appendix 1:    Legislative Requirements 
 
The aim of this section is to provide a general overview of the key health and safety 
requirements that apply to explosives manufacture. 
 
There is a considerable amount of health and safety legislation, which has a bearing on 
the manufacture of explosives.  The list below is the principle legislation dealing with 
activities relating to remote manufacture of explosives: 
 
 
1. Health and Safety at Work etc. Act 1974 
 
This Act covers the health and safety of people through work activities.  It has a number 
of objectives, primarily to secure the health, safety and welfare of persons at work.  It 
applies to all persons at work irrespective of the work done or the premises where it is 
done.  Under Section 2, employers are required to ensure, so far as is reasonably 
practicable, the health and safety at work of their employees.  Duties placed on 
employers and the self employed under Section 3 of HSWA are relevant to persons 
who are not employees, for example contractors.  The Act also protects people other 
than those at work (i.e. the general public) against risks to their health and safety 
arising out of work activities.  The Act imposes duties on everyone concerned with work 
activities ranging from employers, employees, self-employed, manufacturers, 
designers, suppliers and importers, people in control of premises and even extends to 
members of the public. 
 
 
2. Explosives Act 1875 
 
Most of the requirements under this Act have been repealed with the introduction of the 
Manufacture and Storage of Explosives Regulations 2005 (section 9 of this appendix 
refers). 
 
 
3. Workplace (Health, Safety and Welfare) Regulations 1992  
 
The requirements of these regulations need to be met to ensure that workplace facilities 
meet certain standards.  There is Health and Safety Executive guidance on these 
Regulations.27 
 
 
4. Construction (Design and Management) Regulations 1994 
 
The construction industry covers a wide range of activities, hazards, materials, 
techniques, employment patterns and contractual arrangements. In these 
circumstances, good management of construction projects from concept through to 
demolition is essential to maintain health and safety standards. 
 
CDM is intended to protect the health and safety of people working in construction, and 
others who may be affected by their activities.  The Regulations require the systematic 
management of projects from concept to completion: hazards must be identified and 
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eliminated through design where possible, and the remaining risks reduced and 
controlled. This approach reduces risks during construction work and throughout the life 
cycle of a structure (including eventual demolition).  
 
There is Health and Safety Executive guidance on these Regulations.28 
 
CDM and the Construction (Health, Safety & Welfare) Regulations 1996 underwent 
extensive review during 2005.  The new regulations are expected in October 2006. 
 
 
5. Provision and Use of Work Equipment Regulations 1998 
 
PUWER applies to the provision and use of all work equipment, including mobile and 
lifting equipment, and to all workplaces and work situations where HSWA applies.  The 
Regulations define work equipment as “any machinery, appliance, apparatus, tool or 
installation for use at work (whether exclusively or not)”. 
 
There is an approved code of practice and guidance for PUWER.29 
 
 
6. Management of Health and Safety at Work Regulations 1999 
 
An important requirement of these regulations is for an employer to make a suitable 
and sufficient assessment of the risks to the health and safety of employees and other 
persons arising from the employer’s undertaking in order to identify the measures the 
employer needs to take to comply with health and safety legislation.  Similar duties are 
placed on the self-employed.  These Regulations also (in Schedule 1) lay down a set of 
principles to be followed in identifying the appropriate protective measures to control 
the risks identified by the risk assessment.  There is an approved code of practice and 
guidance for these Regulations.30 
 
 
7. Control of Major Accident Hazards Regulations 1999 
 
These Regulations apply to any establishment, which has, or anticipates having, any 
substance specified in Schedule 1 to COMAH above the qualifying quantity.  At 
establishments where COMAH applies, advice in the guide will be relevant to various 
aspects of the general duty under the regulations for the operator of the establishment 
to take all measures necessary to prevent major accidents and limit their consequences 
to people and the environment.  There is Health and Safety Executive guidance on 
these Regulations.31 
 
The COMAH (Amendment) Regulations, which implement the Seveso II amending 
Directive (2003/105/EC) came into force in 2005.  COMAH qualifying dangerous 
substances thresholds, which include explosives, were reduced. 
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8. Dangerous Substances and Explosive Atmospheres Regulations 2002 
 
These regulations apply to all dangerous substances at nearly every business in Great 
Britain. They set minimum requirements for the protection of workers from fire, 
explosion and similar (energy releasing) events, which are caused by dangerous 
substances and potentially explosive atmospheres. The Regulations are 
complementary to the general duty to manage risks under the Management of Health 
and Safety at Work Regulations 1999.  The main requirements are that employers and 
the self-employed must: 
 

• Carry out a risk assessment of work activities involving dangerous 
substances 

• Provide technical and organizational measures to eliminate or reduce as far 
as is reasonably practicable the identified risks 

• Provide equipment and procedures to deal with accidents and emergencies 

• Provide information and training to employees 

• Classify places where explosive atmospheres may occur into zones, and 
mark the zones where necessary. 

 
 
9. Manufacture and Storage of Explosives Regulations 2005 
 
These Regulations have replaced most of the remainder of the Explosives Act 1875 
and 1923 and subsidiary legislation. 
 
The central provisions of the Regulations are the need to: 
 

• prevent unplanned fire or explosion 

• limit extent and spread of fire and extent and communication of explosion 
from one location to another 

• protect persons from the effects of fire or explosion. 
 
MSER requires that explosives can only be manufactured in a factory licensed for that 
purpose, and only be stored at premises licensed under the Regulations.  All licences 
and the conditions of registration of premises specify the locations where explosives 
may be stored (also in the case of a licensed factory, manufactured); the maximum 
quantities and types of explosives that may be present at each location; separation 
distances; construction and positioning of explosives buildings; and the activities 
permitted to be undertaken in those specified buildings. 
 
The Health and Safety Executive has produced an approved code of practice and 
guidance to MSER.32 
 
 
10. Supply of Machinery (Safety) Regulations 1992 
 
These Regulations define the requirements on suppliers of machinery for product 
safety. 
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11. Fire Certificate (Special Premises) Regulations 1976 
 
The purpose of these Regulations is to ensure adequate provision of general fire 
precautions in explosives factories and magazines.  They cover construction and layout 
in buildings, provision of means of escape, fire fighting equipment and fire warning 
systems, together with the training of staff and establishment of emergency 
arrangements to be followed in case of fire. 
 
 
12. Fire Precautions (Workplace) Regulations 1997 (as amended 1999/2003) 
 
These Regulations make requirements for fire fighting, fire detection, emergency routes 
and exists, maintenance of the workplace and safety devices, risk assessment, health 
& safety arrangements, health & safety assistance, information for employees, 
coordination and co-operation and persons working in host employers' undertakings. 
 
 
13. Regulatory Reform (Fire Safety) Order 200- 
 
Fire safety within the UK is currently undergoing a major change.  The Regulatory 
Reform (Fire Safety) Order is set to change the emphasis from fire certification to the 
fire risk assessment goal based principle and self-regulation. 
 
The aim is to create one fire safety regime that applies to all workplaces and other non-
domestic premises. The current system of fire safety in the UK involves over 100 pieces 
of fire legislation. 
 
The RRO will be risk assessment based with responsibility for fire safety of occupants 
of a building, and others who may be affected by a fire, resting on the responsible 
person.  For most industrial situations the responsible person is likely to be the 
employer. 
 
The Fire Precautions Act 1971 and the Fire Certificate (Special Premises) Regulations 
1976 are set to be repealed/revoked and the fire certification process removed.  The 
Fire Precautions (Workplace) Regulations 1997 (as amended) and the Dangerous 
Substances and Explosive Atmosphere Regulations 2002 are set to form the basis for 
the Fire Safety Order. 
 
Fire authorities will continue to inspect premises and enforce the regulations.  The HSE 
will continue to be the enforcing authority for fire safety where they licence explosives 
factories and magazines. 
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Appendix 2:    Supplementary Information concerning Hazards from Explosives 
 
 
High Explosives 
 
1. The principle explosion hazards associated with high explosives result from blast 
waves and fragments that may arise from any container or adjacent structure.  A full 
quantification of these effects is outside the scope of this document, but some 
indication of the potential involved is given by considering the effects of explosions of 
small quantities of high explosives inside a small single storey (6m x 6m) building:- 
 

1g of Explosive: 
 

• any person holding the explosive could receive serious injury. 
 
10g of Explosive: 
 

• any person close to this quantity of explosive at the time of initiation would 
receive very serious injuries.  1% of persons at a distance of 1.5 metres away are 
also liable to eardrum rupture. 
 
100g of Explosive: 
 

• 50% of windows in room likely to be blown out. 
• 1 % eardrum rupture at distance of 3.5m. 
• 50% eardrum rupture at distance of 1.5m. 
• persons in very close proximity to explosion (e.g.. holding the explosive) almost 
certainly killed. 

  
500g of Explosive: 
 

• complete structural collapse of brick-built building is most likely. 
• steel or concrete framed building would probably survive. 
• persons very close to blast almost certainly killed. 
• persons close to blast will be seriously injured by lung and hearing damage, 
fragmentation effects, and from being thrown bodily. 
• almost all persons within the room will sustain perforated eardrums. 

 
Pyrotechnics 
 
2. The burning characteristics of pyrotechnic substances generally range from slow to 
very violent burning.  Under certain conditions some high energy pyrotechnic 
substances can detonate.  German legislation controlling the manufacture of 
pyrotechnics requires individual manufacturers to assign their pyrotechnic 
compositions, semi-finished products and finished articles into five groups according to 
their sensitiveness and burning characteristics.  At the slow burning end of the range, 
Group 5, the compositions burn slowly and articles either burn or explode singly.  At the 
opposite end, Group 1, the compositions burn very violently and even without 
confinement small quantities can explode.  Also they are mechanically and thermally 
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very sensitive and Group 1 articles are capable of mass explosion.  Examples of both 
composition and article assignments are as follows:-  
 

GROUP 1: 
 
Compositions: (burn very violently) 
Chlorate and metal perchlorate report or whistling compositions. 
Dry non-gelatinised cellulose nitrates. 
Barium peroxide/Zirconium compositions.  
 
Articles: (mass explosion risk) 
Flash shells (maroons). 
Casings containing flash compositions. 
Sealed hail-preventing rockets. 
 
GROUP 2: 
 
Compositions: (burn violently) 
Nitrate/metal/sulphur compositions. 
Compositions with >65% chlorate. 
Black powder. 
Nitrate/boron compositions.  
 
Articles: (accelerating single-item explosions) 
Large firework shells. 
Fuse unprotected signal flares. 
Non-pressed report bullets (bird scarer). 
Report cartridges, unpacked. 
Black matches, uncovered. 
 
GROUP 3: 
 
Compositions: (burn fast) 
Nitrate/Metal compositions without sulphur. 
Compositions with up to 35-65% chlorate. 
Compositions with black powder. 
Lead oxide/silicon with >60% lead oxides. 
Perchlorate/metal compositions other than report. 
 
Articles: (burn very violently with single-item explosions) 
Large firework shells. 
Fuse protected signal flares. 
Pressed report cartridges in primary packaging. 
Quickmatches in transport packaging. 
Waterfalls; Silver wheels; Volcanoes. 
Black powder delays. 
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GROUP 4:  
 
Compositions: (low/medium speed burning) 
Coloured smoke compositions. 
White smoke compositions (except those in Group 5) 
Compositions with <35% chlorate. 
Thermite compositions. 
Aluminium/phosphorous pesticide compositions. 
 
Articles: (single-item ignitions/explosions) 
Large firework shells without flash compositions in transport packaging. 
Signal ammunition without flash compositions, up to 40g of composition. 
Small fireworks, fuse protected (except volcanoes and silver wheels). 
 
GROUP 5: 
 
Compositions: (burn slowly) 
Slow burning heating compositions. 
White smoke compositions based on hexachloroethane with zinc, zinc oxide and 
<5% of aluminium, or <10% of calcium silicon. 
 
Articles: (slow single-item ignitions/explosions) 
Small fireworks in primary packaging. 
Signal ammunition in transport packaging. 
Delays without black powder. 
Coloured smoke devices. 
Sealed table bombs. 
White smoke devices unpacked (see Group 5 composition). 

 
3.  For each type of processing or storage activity, and for each type of pyrotechnic, 
German regulations prescribe how the pyrotechnic should be handled, including 
maximum quantity per room and number of occupants.  The greatest restrictions are 
placed upon Group 1 explosives and articles.  To reproduce here lists of groupings for 
specific formulations and articles, together with the corresponding restrictions that apply 
in Germany, would occupy several pages and probably not accord completely with UK 
products.  The examples given here of the groupings are useful though both in 
demonstrating the vast range in burning behaviour of these materials, and an indication 
of the likely behaviour of generic types. 
 
4.  It is important to understand the possible behaviour of small quantities of 
pyrotechnic substances or a single article, and the possible effects of self-confinement.  
Bundles of pyrotechnic articles (e.g. fireworks) may burn much more vigorously and 
even violently (with sufficient numbers of items) than single items.  If any doubts exist 
about the way a particular substance will behave, in the quantities and configuration 
that it is intended to work, it will be necessary to either use a remote manufacturing 
facility, or arrange for full-scale remote trials to be conducted to demonstrate “safe” 
behaviour. 
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5.  An estimate of the size of fireball from a “fast” burning pyrotechnic, high explosive or 
propellant is given by the expression:- 33 
 

D=3.77Q1/3  

 
D is diameter of fireball in metres.  
Q is weight of substance in kilograms. 

 
 
Thus 2kg of pyrotechnic composition might be expected to give a fireball of diameter 
5m.  A graph showing quantity (kg) of explosive versus fireball diameter (m) is given 
below. 
 
 

Diameter of fireball versus quantity of explosive 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.  Persons engulfed within a fireball and not wearing fire resistant protective clothing, 
are likely to receive very serious bums.  Persons in close proximity to the fireball are 
also vulnerable, depending upon size and duration of the event.  Methodologies are 
available for estimating likely burn injuries.34,35  
 
Propellants 
 
7. The potential hazards from propellants are generally very similar to those from 
pyrotechnics, i.e. vigorous burning and fireball effects are typical; - see previous 
paragraph for fireball diameter estimates.  Confinement, however, has the effect of 
increasing the burning rate of propellant materials and with sufficient confinement, 
detonation occurs on initiation.  Situations in practice that might encourage this 
transition from burning to detonation, might be where propellant is processed in 
relatively large quantities and in equipment which provides significant confinement. 
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Appendix 3:    Table of Examples of Remote and Non-Remote Processes 
 
Note:  The decision on the selected process should be based upon the result of a thorough risk assessment of the activity to be undertaken. 
The examples shown below may not be appropriate for all circumstances. 

 

Process Typical Equipment Protection Comments & Known incidents 

Synthesis    

Nitroglycerine manufacture Centrifuge, static separator Remote  Records found for 41 accidents during 
manufacture of NG worldwide in 
period 1950 to present (see Incidents 

1, 2 and 3 as examples).  Fifteen 
such accidents have occurred since 
1985, but none of these resulted in 
fatalities, presumably showing benefit 
of remote operation in most recent 
years. 

Formulation / Preparation     

Preparation of new / novel formulations Small scale, up to 10g in staged 
development.  Safety screen, 
conducting conditions, eye 
protection, and leathers gauntlets. 

 Non-
Remote 

 

Mixing of initiator compositions Turbular mixer/drum, jelly mould Remote  Numerous incidents worldwide.  See 

Incidents 4, 5 and 6 as examples. 

Mixing/Incorporation of pyrotechnic 
compositions 

Turbular mixer/drum, jelly mould Remote  Numerous incidents worldwide.  
Three of the more recent accidents 
are reported as Incidents 7, 8 and 9 at 
the end of the table. 

Mixing/Incorporation of NG-based 
propellants 

Incorporator Remote  Numerous incidents worldwide.  
Three of the more recent accidents 
are reported as Incidents 10, 11 and 
12 at the end of the table. 
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Process Typical Equipment Protection Comments & Known incidents 

Mixing/Incorporation of blasting explosives Incorporator Remote  Numerous incidents worldwide.  See 
Incidents 13 – 15 as examples. 

Mixing and pouring PBX Planetary mixers Remote  Very few incidents have occurred.  
Details of one such accident are 
reported as Incident 16. 

Mixing of secondary HE / PBX formulations  Anchor stirrer mixers  Non-

Remote 

 

Mixing and extruding HE  Remote  Numerous incidents worldwide.  
Three examples are reported as 

incidents 17 – 19. 

Manufacture of ANFO Inclined Elevator / Blender  Non-
Remote 

Very few incidents.  Those that have 
occurred have largely resulted from 
spread of fire on the site.  Three 
examples are reported as incidents 
20 – 22.   

Manufacture/Mixing of Slurries High speed rotary mixer Remote  Very few incidents reported during 
mixing operations.  One example is 
reported as incident 23. 

Manufacture/Mixing of Water Gels High speed rotary mixer Remote  Very few incidents reported during 
mixing operations.  One example is 
reported as incident 24, while two 
incidents during maintenance 
operations are reported as incidents 
25 and 26. 

Manufacture/Mixing of AN Emulsions High shear mixer Remote  Very few incidents reported during 
mixing operations.  Two examples are 
reported as incidents 27 and 28.  It 
may be noted that there have been 
several accidents during pumping of 
emulsion.  An example is reported as 
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Process Typical Equipment Protection Comments & Known incidents 

incident 29. 

Collecting Product: Filtering / Drying / 
Precipitation 

    

Precipitation, drying and sieving of initiator 
compositions 

 Remote  Many examples of accidents 
occurring during these processes.  
Three examples are reported as 
incidents 30 – 32. 

Sieving of sensitive pyrotechnic powder, 
e.g. flash powder 

 Remote  Numerous examples of accidents 
occurring during this process.  Three 
examples are reported as incidents 
33 – 35. 

Drying pyrotechnics   Non-
Remote 

Numerous examples of accidents 
occurring during this process.  Three 
examples are reported as incidents 
36 – 38. 

Sieving secondary HE Sieve  Non-
Remote 

Accidents during the sieving of 
secondary explosives are 
comparatively rare.  Two examples 
are reported as incidents 39 and 40. 

Drying PETN Turner Plough Remote  Only four reports of accidents found 
for this particular process – see 
incidents 41 and 42 as examples. 

Drying HE Ovens  Non-
Remote 

Accidents during the drying of 
secondary explosives are 
comparatively rare.  Two examples 
are reported as incidents 43 and 44. 

Testing, Analysis & Proofing     

Differential Thermal Analysis, Differential 
Scanning Calorimeter, Thermal Gravimetric 
Analysis 

DTA, DSC, TGA.    Non-
Remote 

Very small quantities. Damage to 
equipment, e.g. to balances, heating 
pans. 
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Process Typical Equipment Protection Comments & Known incidents 

Small scale tests F of I, mallet friction, mallet impact,  
electrostatic spark,  

 Non-
Remote 

Incidents during this type of operation 
are comparatively rare.  An example 
is given as incident 45. 

Bomb Calorimetry Bomb Calorimeter Remote  No reports of any accidents found 

Vacuum Stability Test, Chemical 
Compatibility Test 

  Non-
Remote 

Incidents during this type of operation 
are comparatively rare.  An example 
is given as incident 46. 

Trough / Train Test. Temperature of 
Ignition Test. 

Metal trough, bomb cabinet Remote  Explosion. 

Hazard trials on pyrotechnics   Non-
Remote 

Protect from flame. 

Hazard trials on propellants   Non-
Remote 

Protect from flame. 

Surface area measurement, Density of 
pyrotechnic (Small scale) 

  Non-
Remote 

No reports of any accidents found. 

Surface area measurement; Density of HE Balance, measuring cylinder & rod 
for Tap Density of powders, Coulter 
Counter 

 Non-
Remote 

 

No reports of any accidents found. 

X-ray of HE charges X-ray Remote Non-
Remote  

Remote not required where x-rays are 
enclosed, low power (c.f. airport 
scanners). 

Dimension measurement of HE charges Co-ordinate Measuring Machine  Non-
Remote 

 

Climatic storage, accelerated ageing Thermal chambers. QD rules.  Non-
Remote 

No reports of any accidents in recent 
times. 

Mechanical properties tests, compression, 
tensile, 3-point bend, Brazilian disc, creep 
test etc 

E.g. Universal mechanical test 
machine, e.g. Instron, Lloyds 

 Non-
Remote 

Accidents during this procedure are 
comparatively rare.  An example is 
reported as incident 47. 
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Process Typical Equipment Protection Comments & Known incidents 

Firing and test ranges   Non-
Remote 

Operator lost finger in non-remote 
activity.  

Medium scale hazard tests on HE LABSET, ODTX, gas gun impact 
trials 

Remote   

Large scale hazard trials on HE Jabroc Oblique Impact, Oblique 
Impact, Drop, Susan Test Vehicle, 
Confined Heating, Bullet Attack, 
Bonfire 

Remote 

Bunker on 
Range 

 Comparatively few accidents have 
occurred during these operations.  An 
example is reported as incident 48. 

Processing     

Manufacture of primer caps  Remote  Numerous incidents worldwide.  
Three of the most recent incidents are 
reported as incidents 49 – 51. 

Detonator manufacture lines  Remote  Numerous incidents worldwide.  Most 
of the recent accidents have been 
injury free because of the remote 
nature of the operation.  However, 
injuries can still occur at start up.  
Three of the most recent incidents are 
reported as incidents 52 – 54. 

Pelleting of pyrotechnic compositions Rotary press Remote  Numerous incidents worldwide.  Most 
of the recent accidents have been 
injury free because of the remote 
nature of the operation.  The three 
most recent examples are reported as 
incidents 55 – 57. 

Pressing candles, rockets, gerbs, fountains  Remote  Numerous incidents worldwide.  
Three most recent examples are 
reported as incidents 58 – 60. 

Pressing MTV flares  Remote  Reports of 12 accidents found, only 
two of which resulted in injury.  Three 
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most recent examples are reported as 
incidents 61 – 63. 

NC/NG paste manufacture  Remote  Not many incidents in recent times.  
Two older examples are reported as 
incidents 64 and 65. 

Pressing and extruding double base 
propellant 

Vertical or horizontal presses, mixer 
extruders. 

Remote  Numerous incidents worldwide.  
Three examples are reported as 
incidents 66 – 68. 

Cutting double base propellant Rotary cutters Remote? 

Protected 
and vented 
enclosure 

 Numerous incidents worldwide.  Most 
recent incidents in UK have been 
injury free.  Three examples are 
reported as incidents 69 – 71. 

Rolling of propellant   Non-
Remote  

Numerous incidents worldwide. Three 
examples are reported as incidents 
72 – 74. 

Incorporating propellant dough Incorporator Remote Non-
Remote 

Numerous incidents worldwide, a 
number of which have resulted in 
injury. Three examples are reported 
as incidents 75 – 77. 

Curing polyurethane based propellants   Non-
Remote 

 

Propellant machining, milling and grinding Lathe, mill and grinder Remote  Numerous incidents worldwide, a 
number of which have resulted in 
injury.  Three examples are reported 
as incidents 78 – 80. 

Core removal from HTPB propellant Core extraction Remote   

Milling of RDX/HMX  Remote  Very few incidents have occurred.  An 
example is reported as incident 81. 
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Particle size reduction of PETN, TATB Mill. Hydrocyclone Remote  Very few records of incidents found.  
An example is reported as incident 
82. 

Curing of polyurethane based HE   Ovens  Non-
Remote 

 

Blending batches of secondary HE Tray, rakes, scoops  Non-
Remote   

 

Cartridge filling water gels / slurries   Non-
Remote 

 

Pelleting of secondary HE / PBX powders Die press Remote  Records of 15 accidents found – all 
occurred in the USA.  Three 
examples are reported as incidents 
83 – 85. 

Pelleting HE (e.g. RDX/wax) powders Rotary press Remote  A number of incidents worldwide, 
some of which have resulted in 
casualties.  Three examples are 
reported as incidents 86 – 88. 

Pressing charges HE powders Isostatic press Remote  An example is reported as incident 
89. 

Pressing secondary HE into detonators Pneumatic press (high density fill) & 
hand press (low density fill) with 
explosives safety screen 

 Non-
Remote  

A number of incidents worldwide, 
most without injury.  Two examples 
are reported as incidents 90 – 91. 

Parylene coating of HE charges Coating machine  Non-
Remote 

 

Bandsaw cutting of HE charges Bandsaw Remote   

Bandsaw cutting of HE shells Bandsaw Remote  A few incidents worldwide. Two 
examples are reported as incidents 
92 – 93. 
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Cavity boring of HE filling (e.g. 155mm 
shells) 

Boring equipment Remote  No Records found. 

Machining HE charges Mill Remote  Very few incidents involving 
secondary explosives.  An example is 
reported as incident 94. 

Drilling / turning HE charges Lathe Remote  Very few incidents involving 
secondary explosives.  An example is 
reported as incident 95. 

Machining TATB  Remote in 
UK 

 Contact in some US labs, where 
TATB classified 1.5 or 1.3. 

Drilling Hand-held peck drill by experienced 
operator 

 Non-
Remote 

 

Disposal / Destruction     

High pressure water jet cutting of 
propellant 

Pressurised water jet Remote  Fire. 

Explosive contaminated equipment 
cleaning (vapour cloud explosion) 

Medium pressure jet of cleaning 
fluid (plasticiser) 

Remote  Many incidents have occurred during 
cleaning operations.  Three recent 
examples are reported as incidents 
96 – 98. 

Burning ground disposal Open burning Remote  Numerous incidents worldwide, a 
number of which have resulted in 
injury.  Three examples are reported 
as incidents 99 – 101. 

Burning ground disposal Incinerator Remote   Numerous incidents worldwide, a 
number of which have resulted in 
injury.  Three examples are reported 
as incidents 102 - 104. 
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Incident 1 
 
25/11/1953 United Kingdom 3 killed 15 injured 

An explosion occurred during the final washing and measuring stage in the production of 
nitroglycerine.  The exact cause of the accident was not established but may have been caused by 
a spillage of NG with subsequent ill-directed cleaning action.  The three people killed were working 
in the building where the explosion occurred.  Of the fifteen persons injured, only two were 
detained in hospital. 
 
Damage to other buildings in the factory was considerable.  Minor damage occurred to buildings 
outside the factory within 1 mile of the point of the explosion but claims also received for damage 
up to 4 miles away. 
 
 

 
Incident 2 
 
07/01/1978 South Africa 2 killed 38 injured 

An explosion occurred in plant producing nitroglycerine as first stage of dynamite production. 
Human error resulted in incorrect valve settings, which allowed the addition of glycerine to NG in 
separator.  
 
5 tonne nitrator thrown 60 metres. 

 
Incident 3 
 
11/06/1980 Germany 1 killed 4 injured 

Vessel of nitroglycerine exploded in nitration unit/wash-house. Secondary explosions occurred in 
adjacent buildings up to 45 metres away. The most probable cause of communication was the 
separation of NG/water emulsion due to possible failure of the water pump. The exact cause of the 
initial ignition was not established but it is possible that an operative noticed that the water pump 
had failed and that his efforts to correct the fault initiated the separated NG.  
 
Most of the debris fell within 200 metres though some fragments projected beyond this distance. 
Blast heard at 15 km. Considerable material damage caused. 
 
Internal inquiry recommended that new plant should be operated remotely 

 
Incident 4 
 
20/12/1950 United Kingdom 1 killed 1 injured 

Explosion during mixing of an initiator composition for detonators.  The process involved the 
mixing of ingredients in silk bags, which were then inverted to allow the composition to tip through 
a hopper into a sheepskin bag.  The explosion occurred at this stage. 

 
Incident 5 
 
28/10/1955 United Kingdom 0 killed 0 injured 

A jellybag mixer for azide-styphnate detonator composition had been started just before an 
explosion occurred.  There was no injury and building damage was light, the blow-out panels 
provided giving considerable pressure relief. 
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Incident 6 
 
30/03/195 United Kingdom 0 killed 2 injured 

After jellybag mixing, an experimental cap composition was seen to be lumpy.  Against standing instructions 
not to attempt to remove lumps an operator tried to do so.  He took the mix to a weighing room, poured it on 
a tray and used a gutta-percha spoon.  An ignition occurred, burning two men's faces and hands, and 
communicated to two charges of mercury fulminate, which detonated on the weighing room bench, causing 
further injuries to one of the men.  A quantity of mealed gunpowder also ignited. There should have been 
stricter supervision of such experimental work. 

 
Incident 7 
 
14/11/1996 USA 2 killed 0 injured 

The operation in process was loading for granulation of flare composition. A flash fire occurred which 
destroyed the building and resulted in 2 fatalities.  The company estimated that 15 lb of composition were 
present in the granulator.  An additional unspecified amount of composition was located outside building on 
a transportation trailer.  The building and contents were completely destroyed.  The exact cause of ignition 
could not be identified due to lack of evidence. 
 
The blending operation itself is operated remotely; the fatalities were due to the fact that the accident 
occurred during the loading stage of the operation. 

 
Incident 8 
 
03/11/2000 United Kingdom 0 killed 1 injured 

A capacitor on an electric motor driving an extraction fan burst and a spark landed on a quantity of smoke 
composition within the mixing building.  The majority of tiles in the building popped off the walls, possibly as 
a result of previous ingress of composition into the plaster fabric & ceiling.  The operative sustained a small 
burn to his right temple as a result of the flame wash from the ducting.  The operative was wearing 
protective clothing ensuring minimum injury - his right and left temples were the only areas of exposed skin. 

 
Incident 9 
 
03/05/2001 France 0 killed 0 injured 

The combustion of the pyrotechnic mixture occurred as the mixing operation was started.  The bowl 
containing the composition, which was desensitised by the presence of a solvent, was projected and the net 
result was the mixture was splashed on all surfaces of the workstation.  There was no effect external to the 
mixing station and there was little noise. 
 
A sealing problem between the mixer shaft and the drive system had led to a build up of the composition 
and this was initiated by friction. 
 

 

Incident 10 
 
26/08/1994 United Kingdom 0 killed 0 injured 

An ignition occurred within an incorporator during the process of mixing propellant.  The subsequent 
deflagration damaged lightweight structures & electrical fittings.  A non-metallic body or a partial blade 
failure may have caused the ignition. 

 
Incident 11 
 
06/08/1998 United Kingdom 0 killed 0 injured 

An ignition occurred as incorporator was being discharged.  The automatic sprinkler system operated but 
was insufficient to quench the fire.  A subsequent explosion dislodged a fibreglass roof panel.  Ignition 
caused by failure to supply coolant to screw. 
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Incident 12 
 
10/04/2000 United Kingdom 0 killed 1 injured 

An ignition occurred during the process of loading the incorporator with waste propellant.  The bay was 
immediately vacated and the drenchers activated.  An operative sustained singeing of both eyebrows.  It is 
believed that an electrostatic discharge was the source of ignition. 

 

Incident 13 
 
11/06/1959 USA 2 killed 3 injured 

A tally mixer, containing 680 kg of gelatine dynamite exploded causing the death of 2 workmen.  227 kg of 
nitroglycerine blew up as well.  The explosion occurred when the nitroglycerine was poured into the mix 
tank.  The cause of the ignition was not determined. 
 
A section of the stirrer, weighing 34 kg was projected 91 metres.  Pieces of sprinkler pipe over 1 metre in 
length were projected 182 metres.  Two men in an NC screen house 40 metres away received minor 
injuries.  All buildings in the area had plexiglass panes, very few in immediate area broken. 

 

Incident 14 
 
27/08/1993 Spain 0 killed 0 injured 

During the beginning of the first mixing operation following the summer break, the Tellex mixer and the 
nitroglycerine feed tank exploded.  The exact cause of ignition was not established but may have been due 
to the presence of a foreign body in the mixer.  The process was operated remotely and there were no 
fatalities or injuries. 
 
The blast caused serious structural damage out to 50 metres and light damage to 500 metres.  Pieces of 
equipment were projected to 160 metres. 

 

Incident 15 
 
17/09/2003 Peru 4 killed 11 injured 

The accident occurred during the process of mixing nitroglycerine and nitrocellulose to blasting gelatine.  
The explosion started probably in a lead plated tub, where 70.5 kg of nitroglycerine were being mixed with 
4.5 kg of nitrocellulose.  The explosion initiated a nearby lead plated tub containing 75 kg of blasting 
gelatine, which was being discharged.  A nitroglycerine tank with 1000 kg, and the automatic scale, which 
was at a regular distance protected by an earth mound detonated, possibly transmitted trough a connecting 
small diameter tunnel. 
 
The 4 people killed were directly working at the blasting gelatine production unit and the 11 injured persons 
were hit by projectiles originated by the explosion.  All injured persons have been released from the 
hospital. 

 
 

Incident 16 
 
23/03/1956 USA 0 killed 0 injured 

A detonation occurred during the process of remotely mixing an experimental PBX composition.  Four 
batches of explosives in the same bay detonated.  Dividing walls were damaged, but there was no 
propagation to other bays.  The building was barricaded on 4 sides.  The cause of the accident was not 
reported. 
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Incident 17 
 
18/10/1954 United Kingdom 2 killed 0 injured 

A serious explosion occurred when Opencast Gelignite was being made up into 25 lb. cartridges by screw 
feed extrusion from a modified Du Pont cartridging machine into cardboard cylinders.  The machine, which 
was hand fed and filled one case at a time, had been properly cleaned without dismantling at the end of the 
morning shift.  Filling was being restarted at the beginning of the afternoon shift.  One bogie of fresh 
Opencast Gelignite had been cartridged successfully and a second bogie of bulk was in position by the 
machine while a third bogie of rework Polar Ammon Gelignite was also in the building.  The total explosive 
present was estimated as 2,525 lb. 
 
The evidence suggested that the cartridging machine was not actually extruding at the moment of the 
explosion. It is more probable that some unusual trouble had halted the extrusion and since it is known that 
the morning shift had experienced difficulty with the Polar Ammon Gelignite rework, which was rather dry, it 
is possible that the screw feed jammed. In some way, perhaps by an attempt to free the seizure, explosive 
in the feed bowl detonated and communicated to the rest of the 2,525 lb. of explosive in the building. 
 
The two operators in the house were killed and eight other persons were injured by debris.  The house and 
its contents were destroyed.  Three craters were found, corresponding with the probable positions of the 
bogies already mentioned.  Several adjacent buildings suffered some structural damage not regarded as 
serious. 
 

 
Incident 18 
 
23/03/1971 United Kingdom 4 killed 0 injured 

A serious accident occurred in an explosives cartridging house as a result of which the 4 persons in the 
building lost their lives.  The explosive being worked in the building at the time of the accident was an 
authorized gelatine and the equipment in use was a Niepmann cartridging machine.  The inquiry into the 
accident found that the machine had been assembled in an incorrect manner, in that a fitter had failed to 
replace a spacer when changing the nozzle on the machine; this allowed friction between the nozzle and 
the worm drive.  The explosion occurred when the machine was switched on. 

 
 
Incident 19 
 
13/02/1990 South Africa 0 killed 1 injured 
Two explosions occurred in the same week during the process of extruding PETN in the detonating fuse 
plant.  In both cases residual PETN in the extruder crosshead assembly detonated about 5 minutes after 
completion of the operation of extruding a 1500m reel of 10g/m detonating fuse. 
 
Damage was very similar in both cases.  A reinforced rubber vacuum hose disintegrated due to the 
pressure.  A "ballast chamber" was slightly damaged.  In the first instance a loose fitting die was expelled at 
considerable speed.  An operative experienced slight contusions to the face, presumably due to flying 
rubber. 
 
The incidents were due to a high temperature in the extruder head combined with excessive spillage of 
PETN (0.5 – 3 grams) in the head assembly.  Poor seating of a thermocouple was found to be responsible 
for the high temperature.  
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Incident 20 
 
27/12/1961 USA 0 killed 5 injured 

A fire started by a welding operation destroyed the ANFO mixing plant.  The fire in the mix house 
apparently developed with extreme rapidity.  This rapid development was undoubtedly the result of many 
factors, but principal among these was the ventilation of the building aided by the wooden plank floors 
spaced 1 inch apart, the gap between the walls and the ceiling, and the large open doors.  The floor was 
probably soaked with both oil and ammonium nitrate, and in this condition would have contributed to the 
rapid fire spread.  
 
The explosion occurred about 30 minutes after the fire had first been noticed.  It is believed that a 
deflagration to detonation transition occurred when the fire reached some 80-pound paper bags of product 
in the building, and communicated with stored ammonium nitrate in a nearby building.   
 
The plant was not perceived to present an explosion risk and so did not conform to the quantity distances. 
As a result, the destruction caused by the explosion was considerable.  Five residences, an office building, 
four trucks, and three automobiles were completely destroyed; a house trailer and several other trucks and 
automobiles were severely damaged; and other property damage, including much window breakage, 
occurred up to 3 miles or more air-line distance away.  However, thanks to the quick action of the fire 
marshal in evacuating the immediate area after the fire was first reported, there were no fatalities and only 
five persons required hospitalization. 

 
Incident 21 
 
16/08/1971 USA 0 killed 0 injured 

A fire started in the diesel fuel area.  The wooden support for the elevated fuel storage tanks burned away, 
whereupon a fuel tank fell to ground, ruptured and spread burning fuel onto the mix plant.  A large quantity 
of ANFO and ammonium nitrate prill burned away without exploding, and no one was injured in the incident. 

 
Incident 22 
 
13/09/1995 USA 0 killed 0 injured 

A small fire in the mix plant consumed a quantity of ANFO in the mixer and some bagged product nearby.  
A wooden beam rubbing against a pulley started the fire.  The fire burned out and there was no explosion.   

 
Incident 23 
 
15/08/1973 Norway 5 killed 4 injured 

An explosion occurred in the Premix Plant during feeding operations.  A fire in one of the feed tubes 
initiated the explosion.  The explosion propagated to the contents of the mixer (approximately 200 kg) and 
the building was destroyed. 

 
Incident 24 
 
02/06/1982 South Africa 0 killed 0 injured 

A fire occurred in the mixer during manufacture of watergel explosives.  The mixer paddle had separated 
from the hydraulic motor.  This probably caused fragments of hot metal to drop into the mix, which caused a 
reaction with the aluminium powder and ammonium nitrate.  The building was evacuated and the fire was 
allowed to burn out. 

 
Incident 25 
 
07/05/1991 USA 0 killed 0 injured 

There was an abnormal Incident with a Netzsch Pump: it was discovered that the lubricant contained 
additives (i.e. sulphur, phosphorus) that could undergo a pyrolytic reaction upon break-down. 
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Incident 26 
 
24/06/1993 South Africa 0 killed 0 injured 

A fire broke out in the production house during modifications.  After the building had been being washed 
with water and decontaminated, a contractor was using an angle grinder on the wooden roof of the machine 
room when sparks ignited a small area.  A fierce fire subsequently developed due to sodium nitrite 
contamination.  The building was destroyed. 

 
Incident 27 
 
05/01/1988 China 0 killed 0 injured 

Explosion of emulsion matrix.  The accident was caused by (1) the presence of residue in the emulsifier 
from a previous run and (2) failure to cut off steam heating.  The workshop and equipment were damaged 
in the explosion. 

 
Incident 28 
 
07/05/1991 China 7 killed 17 injured 

An explosion of matrix in the emulsifying kettle destroyed the production line and left a crater of radius 3.3m 
& 2.8m depth.  A tunnel-like structure at the site acted as a shock tube: a building at the other end of the 
tunnel, far away from the explosion, sustained heavy damage. 
 
The most important lesson learned from this accident is the significant sensitiveness of the emulsion matrix 
before sensitization.  This was verified by tests conducted by the investigation team.  Under room 
temperature, cartridges of emulsion matrix (100 mm in diameter and 3 kg in weight) were completely 
detonated by a single No. 8 detonator.  The detonation of regular 32 mm cartridges of emulsion matrix was 
not complete when initiated by a single No. 8 detonator because the minimum detonation diameter of 
emulsion matrix, under room temperature conditions is well above 32 mm.  Experiments also showed that 
this critical diameter decreases significantly with the increase of temperature.  Experiments conducted in 
several, other factories also proved the above data. 
 
In this accident the ignition source was not clearly defined.  However, the inner diameter of the emulsifying 

kettle was 600 mm and was operated under a temperature of 85-100 °C.  The system was well above the 

critical conditions of detonation propagation.  Severe extrusion and friction due to extraordinary agitation 
conditions may have resulted in local overheating, which might have served as the initiation source.  In 
particular, the operation conditions in this production line were abnormal because a new composition with 
much higher viscosity was being produced.  This high viscosity composition was a mismatch with the 
existing emulsifying machine. 
 
The factory also had a tunnel that connected the production buildings.  The consideration was to protect the 
workers from the rain since the factory was located in an area with a rain-forest climate.  Tunnel-like 
structures should be avoided because they will direct blast waves during an explosion.  In this accident, the 
confined tunnel structure functioned as a shock tube.  The building at the other end of the tunnel, which was 
far away from the explosion centre, suffered heavy damage from the blast.  Its doors and windows were 
broken out due to the directional blast effect of the tunnel that it faced. 

 
Incident 29 
 
05/11/2002 South Africa 0 killed 1 injured 

Whilst a truck was delivering bulk emulsion to a silo at a mine, the delivery pipe exploded.  It is possible that 
there was a blockage in the pipe and this caused the pump to overheat.  There was no pump protection 
other than a pressure cut-off. 
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Incident 30 
 
25/10/1955 United Kingdom 0 killed 0 injured 

An explosion occurred in the lead azide precipitation pan on completion of the addition of the reacting 
solutions.  Minor damage was done to the inner walls of the building, but the control room was relatively 
undamaged.  The cause of the accident was not found: from examination of the plant debris, no cause due 
to mechanical failure, breakage or foreign matter could be established; from the evidence of witnesses, no 
cause was established arising from negligence, non-compliance with instructions, incorrect procedure, 
foreign matter or faulty chemicals.  Sabotage was not suspected. 

 
Incident 31 
 
09/05/1945 USA 0 killed 1 injured 

An operative was pouring oven-dried sample of azide from an aluminum tray into a paper container when a 
detonation occurred.  The operative was seriously injured and had to have both her hands amputated.  The 
tabletop, floor and containers were not conductive or grounded.  Humidity was 58%. 

 
Incident 32 
 
04/01/1990 South Africa 0 killed 0 injured 

An explosion of priming composition occurred in the sieve house.  The cause is not clear.  A dust cloud 
explosion is possible.  Static discharge, impact and friction are unlikely.  Light debris was spread over a 
radius of about 35 m. 

 
Incident 33 
 
22/02/1990 United Kingdom 0 killed 0 injured 

A fire occurred during the routine manufacture of delay composition.  The ignition happened as the 
operative was removing the sieve mesh for routine cleaning.  The fire spread to collection basket but 
damage was limited to the compartment. 

 
Incident 34 
 
22/02/1990 United Kingdom 0 killed 1 injured 

An operative received burns to hand and face when 5 kg of flare composition he was hand sieving ignited.  
The exact cause of the accident was not established. 

 
Incident 35 
 
08/09/1999 France 0 Killed 1 injured 

A deflagration occurred as an operative was loading a batch of pyrotechnic composition onto a sieve.  
Friction was the most probable cause of ignition, a static electricity phenomenon being considered unlikely 
(conducting ground, 60% hygrometry, operator equipped with conducting footwear and clothing).  Blow-out 
partitions were damaged and the operative sustained 2nd degree burns to the face. 

 
Incident 36 
 
29/03/1991 USA 0 killed 0 injured 

An explosion occurred in the drying house.  It is postulated that that an exothermic reaction started between 
the magnesium and the Arklone P vapour, leading to a fire and a subsequent explosion of the other 
materials in the building. 
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Incident 37 
 
27/11/1993 United Kingdom 0 killed 0 injured 

Failure of a thermostat resulted in smoke granules being heated to self-ignition temperature.  The building 
was evacuated.  The fire was contained within a stainless steel oven and safely burnt itself out. 

 
Incident 38 
 
18/07/2002 United Kingdom 0 killed 0 injured 

The operative had remixed a batch of pyrotechnic composition and placed it in the drying oven.  After about 
20 minutes smoke was seen coming from the oven.  The automatic drenchers operated and the fire was 
contained. 

 
Incident 39 
 
16/12/1947 United Kingdom 0 killed 0 injured 

There was a fire in a building used for the sieving and weighing of nitroglycerine-pastes.  Some inflammable 
material in contact with a steam pipe in the boot house probably caused the fire.  The building was 
destroyed in the fire. 

 
Incident 40 
 
28/12/1954 USA 0 killed 0 injured 

While sieving dynamite dope, an ignition occurred due to friction of tramp material on the sieve.  The deluge 
system immediately doused the fire.  No real damage or injury noted. 

 
Incident 41 
 
18/051954 United Kingdom 0 killed 0 injured 

Minor detonation of PETN when concrete sump cover of drying stove was dropped. 

 
Incident 42 
 
03/07/1987 Portugal 0 killed 0 injured 

Explosion of PETN in a drying chamber, possibly caused by faulty thermostat or electrical short circuit. 

 
Incident 43 
 
03/07/1967 Italy 1 killed 0 injured 

A deflagration took place in a dry house containing 600 lb of guncotton.  An unauthorized person in the dry 
house was killed.  His presence may have been related to the incident. 

 
Incident 44 
 
25/03/1986 USA 0 killed 0 injured 

Drying facility had just completed 2-week shutdown.  The crew had loaded the dryer with approximately 
4800 lb of HMX.  The 2nd shift reported for duty and the cool down cycle was commenced; shortly 
thereafter the explosion occurred. 
 
Cracks or “oil canning” in liner/friction, or pinching of filter frame possibly caused the ignition. 
 
The building and all associated equipment were destroyed.  Nearby buildings incurred minor to moderate 
blast damage. 
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Incident 45 
 
21/11/1995 United Kingdom 0 killed 0 injured 

While conducting Rotter impact testing of a high explosive composition, a louder than normal bang was 
heard and a flash was seen by the building operatives.  Slight damage was caused to the testing machine.  
The accident may have been caused by failure to clean the anvil between tests. 

 
Incident 46 
 
01/11/1993 United Kingdom 0 killed 0 injured 

Ignition of 5 g of research missile propellant during vacuum stability test.  No injuries to personnel or 
damage to plant. 

 
Incident 47 
 
14/03/2000 United Kingdom 0 killed 0 injured 

During a vibration test, the combustible fin case of an armour-piercing tank round ignited on the test rig.  
This caused the ignition of a further 11 cases on the rig.  The procedure was carried out remotely and there 
were no injuries. 

 

Incident 48 
 
24/09/1986 USA 0 killed 1 injured 

Employee downloaded a round of ammunition from cook-off test fixture and was proceeding to take photo 
of item.  Upon arrival at photo site, employee bent down to set round on ground and ignition cartridge 
functioned.  Insufficient cooling time after cook-off test. 

 

Incident 49 
 
19/03/1999 United Kingdom 0 killed 0 injured 

An ignition during the process of remotely filling 5.56mm caps with VH2 composition.  It is believed that 
spills of VH2 collected around the workstation and were eventually nipped.  The process was carried out 
remotely and there were no casualties. 
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Incident 50 
 
19/12/2002 Mexico 0 killed 0 injured 

An explosion occurred on a powder press in the blasting caps loading house while the operative was 
pressing a loading block containing 200 No. 6 caps.  Some 55,000 caps were pressed prior to the 
detonation that morning. 
 
Press explosions are a common occurrence.  Reports of similar incidents elsewhere suggest the following 
probable causes: 
 
  Powder ignition by electrostatic discharge  
  Friction due to misalignment of pins and blocks  
  Presence of grit or loose powder between moving surfaces  
  Impact on loose powder  
  Excess pressure on powder  
 
The latter is considered the most probable cause.  Inspection of the pins on the detonated press head and 
compensating block indicated that there was a portion of the loading block that had a high load of powders.  
The compensating block at the press head was unable to absorb the uneven load.  Detonators made prior 
to the incident indicated variations in charge weights. 
 
Besides damage to the pins and plates as well as the false wall and roof, there was only minor damage to 
the adjacent cubicles of the press.  There were no injuries to personnel or damage to the operating room, 
which housed the operatives. 
 

 

Incident 51 
 
24/07/2003 France 0 killed 1 injured 

While crimping, the operative placed a cap in the matrix of an automatic turntable, when it functioned. 
Analysis of this accident identified 2 possible causes.  The first was mechanical and may have been linked 
to poor positioning of the cap by the operative.  While trying to replace it in it’s housing, the cap may have 
been subject to mechanical stress, causing it to function.  The second cause put forward was an 
electrostatic effect.  The operator was not connected to the earth. 
 
The operative sustained a minor finger injury. 

 

Incident 52 
 
25/06/1988 Brazil 1 killed 0 injured 

Explosion in a detonator press.  Operative was in the process of refilling the lead azide in the hopper when 
the ignition occurred.  Possible causes include: static discharge, machine fault or some action of the 
operative. 

 

Incident 53 
 
21/11/1990 South Africa 0 killed 1 injured 

An explosion occurred in the element insertion Press Control Room.  The explosion occurred while No 7 
aluminium long period delay detonators were being processed.  The Press operative received a serious 
injury to his right arm, which necessitated its amputation, and superficial burns to his face and upper body.  
No other personnel were injured.  The building was extensively damaged.  The blast originated in a 
detonator carrier and involved 352 detonators.  Normal operating procedures were not being followed.  It is 
thought that detonator tray was inserted into the carrier with abnormal force. 
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Incident 54 
 
13/01/1997 United Kingdom 0 killed 0 injured 

Explosion whilst pressing an initiator composition into L1A1 detonators.  The plate of 88 detonators was 
destroyed with subsequent damage to press tooling, loss of blow-out panels and minor damage to adjacent 
compartment.  Possible causes: damaged tube, grit or misalignment. 

 

Incident 55 
 
20/02/2003 France 0 killed 0 injured 

During automatic pelleting of a composition, which produces gas generators for airbags, an initiation took 
place at plate level.  No obvious hypothesis emerged from analysis of the incident. 

 

Incident 56 
 
18/09/2002 United Kingdom 0 killed 0 injured 

An ignition occurred during the remote pressing of a pyrotechnic composition.  The fire burned out and 
there were no injuries. 

 

Incident 57 
 
11/07/2002 United Kingdom 0 killed 0 injured 

A flash was observed on camera during the remote pressing of a pyrotechnic composition.  It was found 
after the incident that a brass pellet ejector plate had not been fitted. 

 

Incident 58 
 
03/12/1994 United Kingdom 0 killed 1 injured 

An ignition occurred as an operative used a steel spiking tool to clear drifts of clay that had built up during 
the process of pressing gerbs.  The fire spread to finished gerbs in a box near to the press.  An operative 
sustained burns to a finger. 

 

Incident 59 
 
13/12/2002 United Kingdom 0 killed 0 injured 

During the process of pressing minigerbs, an operative inadvertently left two pressings attached to the 
pressing rods.  This caused an ignition during the subsequent pressing operation.  The incident was 
localized on the press. 

 

Incident 60 
 
30/04/1990 United Kingdom 0 killed 1 injured 

An ignition occurred during the process of pressing pellets into rocket motors by means of air-powered 
guarded press.  The polycarbonate guard shattered and a fragment struck the operative in the face, 
causing a laceration to her right eyebrow. 

 

Incident 61 
 
22/05/2003 United Kingdom 0 killed 2 injured 

The operative had remotely ejected a flare from the press and was in the process of recovering the pellet 
when it ignited.  The operative sustained burns to his face, hands and ankles.  Another worker was injured 
whilst attempting to put out the flames on his colleague. 
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Incident 62 
 
29/08/2003 United Kingdom 0 killed 2 injured 

An ignition occurred during the ejection of a pellet from the mould.  The operation was carried out remotely 
and there were no injuries. 

 

Incident 63 
 
19/12/2003 United Kingdom 0 killed 0 injured 

A pressed pellet ignited after being ejected and recovered from the mould of a Hydraulic Press.  The 
ignition was most probably caused by an electrostatic build-up and discharge.  The operation was 
conducted remotely and no one was injured. 

 

Incident 64 
 
16/12/1947 United Kingdom 0 killed 0 injured 

There was a fire in a building used for the sieving and weighing of nitroglycerine-pastes and nitroglycerine-
woodmeal pastes.  The working building was heated by a hot water calorifier system but the communicating 
boot-house had a live steam pipe running under the seat.  From the evidence it appeared that the fire 
originated in the vicinity of the boot-house.  The most likely primary cause of the fire was the presence of 
some inflammable material in contact with the steam pipe under the boot-house seat.  About 100 lbs. of 
paste was involved in the fire and the building was destroyed.  Following the incident, the firm considered 
the use of hot water or hot air heating systems as a source of space heating instead of steam heating. 
 

 

Incident 65 
 
23/09/1953 USA 0 killed 2 injured 

The maintenance crew had removed a sweetie barrel from an old paste halfway house to install a 
Sunflower blender when a fire occurred.  The men fought fire for almost 15 minutes before fire department 
came. 
 
 

Incident 66 
 
08/01/1998 France 0 killed 0 injured 

Deflagration during double base propellant extrusion.  The accident occurred at the beginning of the first 
extrusion cycle.  Cause unknown.  Damage limited to press. 
 
 

Incident 67 
 
14/05/1998 Sweden 0 killed 0 injured 

During production of a propellant, an explosion occurred in the extruder.  The automatic shutdown did not 
function quickly enough when the temperature and pressure in the die exceeded the critical values.  The 
blow-out panel in the bunker functioned. 
 
 

Incident 68 
 
08/12/1998 USA 0 killed 0 injured 

A fire occurred in a four-inch propellant extrusion press.  The press was extruding a propellant in support of 
research by a ballistics laboratory.  This operation was conducted remotely and no one was injured.  The 
extent of the damage was small. 
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Incident 69 
 
24/07/1998 United Kingdom 0 killed 0 injured 

An ignition of a very small quantity (estimated to be a few grams) of casting powder occurred while powder 
cord was being cut.  At the time of the incident the compartment contained approximately 4.5 kg of 
explosive, half of which was in the form of powder already cut and contained in the collection chamber, and 
half in the form of cord in the process of being cut. 
 
Ignition was indicated by the appearance of smoke from the front of the cutter.  There was no evidence of 
flame or flash outside of the cutter, which would have activated the IR detector external to the cutter.  As a 
result, the compartment drenchers were not activated.  The ignition did not propagate to the bulk of the 
powder in the collection chamber since the thermal sensor in this chamber was not activated, which would 
also have activated the drencher inside of the cutter.  These events confirm the very small quantity of 
powder consumed in the ignition. 
 
 

Incident 70 
 
14/01/1999 France 0 killed 0 injured 

Ignition during remote sawing of a rocket motor, probably caused by friction of blade on motor casing 
misshapen by over tightening in vice.  Considerable damage to machinery, but blow-out panels and 
sprinkler functioned as designed. 
 
 

Incident 71 
 
05/09/2002 United Kingdom 0 killed 0 injured 

Minor event during the cutting of casting powder - the operative observed a small flash.  The ignition was 
caused by an incorrectly tightened bolt while securing the cord guide after removal for cleaning. 
 

Incident 72 
 
03/01/1966 USA 1 killed 2 injured 

An Evenspeed Roll fire propagated through the transfer door into the make-up bay where 390 lb of 
propellant fired, injuring 3, one fatally.  The pass-through door was designed to prevent flame propagation 
into next bay, but had a defective seal. 
 

Incident 73 
 
19/01/2000 United Kingdom 0 killed 1 injured 

An explosion occurred during the process of rolling a sample of propellant paste.  Ignitions during this type 
of operation are not unexpected and measures are normally in place to control the effects and prevent 
injuries.  Indeed these types of incidents normally come within the category of “covenanted ignitions”.  In 
this case the explosion caused some structural damage to an observation window and wall and the 
operative sustained lacerations to his face and bruising to his face and chest. 
 

Incident 74 
 
13/05/2003 United Kingdom 0 killed 0 injured 

During rolling of re-work propellant there was an ignition and fire.  About 7 kg of propellant was burned.  
The local fire detector operated the drencher system.  There was only minimal local damage and no 
injuries. 
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Incident 75 
 
16/01/1989 Canada 0 killed 1 injured 

A fire occurred while a mixer was being loaded with nitrocellulose blocks.  The blocks had been prepared 
some days before and the ethanol content was probably very low.  Either mechanical energy or a static 
discharge initiated the dry nitrocellulose. 

 
Incident 76 
 
10/04/2000 United Kingdom 0 killed 1 injured 

An ignition occurred during the process of loading the incorporator with waste propellant.  The bay was 
immediately vacated and the drenchers activated.  An operative sustained singeing of both eyebrows. 
 

Incident 77 
 
12/12/2000 Japan 0 killed 1 injured 

An ignition occurred during the process of loading a mixer. It is thought that a static discharge from the 
operative to the mixer ignited ethanol vapour.  The fire propagated and the mixer room was completely 
destroyed. 
 

Incident 78 
 
19/01/1995 USA 1 killed 1 injured 

During a propellant machining process or a post-machining clean-up of residual propellants an ignition of 
the propellant occurred causing an explosion that destroyed the machining building and equipment, and 
critically injured one employee and fatally injured another.  Emergency responders to the accident scene 
immediately commenced first-aid to the accident victims, surveyed the area for potential follow-on explosive 
residue or material and cleared the area around the victims so the response of medical emergency 
personnel would not be impeded.  Upon arrival of emergency medical personnel, approximately 23 minutes 
after notification, both accident victims were transported to the medical centre burn unit.  One of those 
injured (female) died during surgery and the other person was in critical condition.  The facility used for this 
machining operation was constructed of concrete reinforced block walls, with a wood framed roof for blow-
out purposes.  The outside of the structure was barricaded to the south.  A twelve-inch concrete wall 
divided the building.  One side of this structure was equipped with a drill and the other with a lathe.  The 
mishap occurred on the side with the lathe.  Initial investigation revealed that the explosion occurred in the 
vicinity of the lathe and the explosion was released in a northwesterly direction spraying debris 
approximately 300 feet from the point of explosion.  No other facilities were damaged as a result of the 
explosion. 
 

Incident 79 
 
31/05/2000 United Kingdom 0 killed 0 injured 

An ignition occurred as a propellant charge was being machined on a lathe.  The cutting tool contacted the 
lathe chuck jaws providing sufficient energy to ignite the charge.  The operative evacuated immediately he 
noticed the charge igniting, the smoke activating the fire alarms.  No-one sustained any injury, and damage 
was limited to scorching of a protective screen and black burn marks to the wall immediately behind the 
lathe.  The burn marks were largely attributed to a minor secondary fire involving small diameter air supply 
tubing connected to the lathe.  Except for minor paint scorching, the lathe was undamaged.  To prevent any 
recurrence, the company instituted a formal procedure for setting up the lathe for use with explosive 
materials.  This required that the top slide is set at its furthest extension towards the lathe head, and 
machine stops set such that no contact between the tool and chuck jaws etc, is possible.  The machine 
setting would continue to be performed by a competent person and independently checked by another.  
This other person would then sign off against a formal checklist for the correct setting of the machine.  The 
checklist would specify the requirement to assess for any metal-to-metal contact and other potential ignition 
sources. 
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Incident 80 
 
05/09/2003 France 0 killed 0 injured 

A test sample of aged propellant (13 years old) initiated whilst being machined.  The investigation showed 
that shavings of propellant stuck to the internal cutting face were initiated by friction.  The lathe tools were 
damaged in the explosion. 
 

Incident 81 
 
17/09/1991 United Kingdom 0 killed 1 injured 

A fitter attempted to rectify a leak from the catch-pot lid on the RDX slurry return in the milling room by 
tightening a hand wheel on a threaded bolt.  A small explosion occurred which shattered the hand wheel 
and cut the thumb of the fitter. 
 

Incident 82 
 
21/02/1961 United Kingdom 0 killed 0 injured 
A minor ignition occurred in a PETN granulating unit during the warming up phase.  A small amount of 
blackening on a bolt fitted with a wing nut used to seal the lid was the only clue to the location of the 
ignition.  A modified lid was fitted following the incident. 
 

Incident 83 
 
09/11/1970 USA 0 killed 1 injured 

Pellet detonated in press station, propagated to 7-pound hopper, which destroyed SDW walls & 5/8" 
plexiglass viewport.  Blast propagated through explosives in Hoffman Dry Vacuum collection system to 
Bays 1,2 & 6. (Common header violation) 
 

Incident 84 
 
15/04/1999 USA 0 killed 0 injured 

An employee was manufacturing explosive pellets.  Approximately 27 pellets were manufactured before the 
incident occurred.  A typical run is 70 pellets.  The employee was checking the pellet weight of the previous 
run when he heard an explosion.  The employee notified appropriate personnel when he realized the 
explosion involved equipment he was tending. 
 
Cause of the mishap is thought to be foreign material in the PBXN-5.  This is thought to have caused an 
increase in the friction/impact sensitivity of the PBXN-5 during consolidation of the pellet. 
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Incident 85 
 
14/09/1999 USA 0 killed 0 injured 

A detonation occurred in the explosive consolidation press.  This operation involved the consolidation of 
PBXW-11 into warhead parts (lower housing assembly) using a remotely operated 250-ton press.  Damage 
to the press was minor, as was damage to the cubicle, which is designed with 3-foot reinforced concrete 
walls.  During the pressing of the incident lower housing assembly, the upper ram began its downward 
movement and stopped when it reached approximately 45,000 pounds of hydraulic pressure.  The ram held 
this position for approximately one minute.  The computer recognizing a fault in the intrusion detection 
system caused this hold.  The project engineer went to the fault screens on the control console and 
determined that there was no actual fault. He concluded it was caused by an intermittent communication 
interruption between the intrusion detection system and the controlling computer.  He restarted the press.  
The upper ram then continued down achieving 270,000 pounds of pressure and a vacuum was drawn.  As 
the ram began moving upward, the detonation occurred.   
 
Primary cause of this incident was the pinching of the PBXW-11 explosive.  The detonation originated at the 
crimp ring of the lower housing assembly 180 degrees from the dovetail.  Contributing factors were: 1. 
Lower housing assembly was cocked in the "girdle".  The lower housing assembly in the area immediately 
underneath the dovetail has a protrusion that by drawing can be up to 0.015 inches above the surface of 
the housing.  An analysis of the lower housing assembly indicates that many exceed this dimension.  2. The 
dovetail slot in the "girdle" has a square shoulder for the dovetail to rest.  The lip on the lower housing 
assembly on the bottom contacts the shoulder on the "girdle" before the dovetail reaches this position.  3. 
Cleaning the PBXW-11 off the press between pressing operations did not always remove all the PBXW-11.  
A characteristic of PBXW-11 is that it will flow into areas where there is minimal clearance and insufficient 
cleaning allows a buildup of powder.  These three factors came into play to cause the detonation.  First, the 
cocking of the lower housing assembly in the "girdle"; second the square shoulder on the bottom of the 
dovetail groove in the "girdle"; and third the inadequate cleaning of explosives from the tooling between 
pressing operations.  The upper ram comes down and rests on the positive stops by design.  It should not 
contact the lower housing assembly, but with the warhead cocked in the "girdle" it caused the upper ram to 
contact the lower housing at the dovetail area pushing the dovetail area down, raising the bottom crimping 
area 180 degrees from the dovetail or moving the lower housing assembly/girdle assembly to form a pinch 
point. 
 
 

Incident 86 
 
15/10/1975 USA 0 killed 4 injured 

Explosion occurred on Cherry-Burrell press.  Machine had 3 separate powder hoppers, each containing 4 lb 
of RDX that exploded.  Four employees in area of explosion -all taken to plant hospital, treated, released.  
One had a pinpoint eardrum perforation. 
 
 

Incident 87 
 
02/02/1994 United Kingdom 0 killed 0 injured 

An ignition occurred during the remote filling and pre-consolidation of A5 Composition into M77 Grenades.  
There were no injuries. 
 
 

Incident 88 
 
20/02/1996 France 0 killed 0 injured 

Detonation during pressing of Hexal 70/30.  The detonation of the pressed tablet broke the matrix in 3 main 
axles.  Foreign matter or a spark may have caused ignition when the pressed body was pushed out of the 
matrix. 
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Incident 89 
 
01/06/1988 USA 0 killed 0 injured 

Adiabatic pressure caused by bridging of explosives or breakdown of press mould.   
 
 

Incident 90 
 
22/12/1954 United Kingdom 0 killed 0 injured 

A plate of 181 ASA/PETN detonators exploded during pressing.  No other details available. 
 
 

Incident 91 
 
11/10/1986 Brazil 0 killed 0 injured 

Explosion in an automatic press for detonator No. 8.  The explosion communicated to the lead azide holder 
and probably to one or more blasting caps on the transporter belt.  The PETN in the loading funnel did not 
explode. 
 
 

Incident 92 
 
13/02/1991 USA 0 killed 0 injured 

During the sawing the warhead for density computation, a low order detonation occurred involving 
approximately 2 lb of Composition A3 Type II.  Detonation occurred during the start of the third cut of a six-
cut operation.  Detonation did not propagate to the first two segments cut, which were on a table adjacent to 
saw. 
 
 

Incident 93 
 
23/02/2000 United Kingdom 0 killed 0 injured 

An explosion occurred during the routine process of remotely cutting shell by means of a saw.  The 
accident occurred in a building designed to contain the effects of an ignition.  However, some light material 
was projected over the protective mound. 
 
 

Incident 94 
 
20/02/2001 USA 0 killed 0 injured 

Fire occurred while an operative was in the process of removing the explosive fill from an insensitive 
munitions test assembly using a remotely operated lathe.  The cutting tool came in contact with the bottom 
end of the test assembly & heat ignited PBXN. 
 
 

Incident 95 
 
10/02/1976 USA 0 killed 0 injured 

Operation involved modification of 90 mm (HE) projectiles.  A squealing noise was heard during the 
reaming operation approximately 1 minute prior to explosion.  Such noise is an indication of a dull reaming 
bit and should have been withdrawn immediately. 
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Incident 96 
 
09/09/2000 United Kingdom 0 killed 1 injured 

An ignition occurred during the manual cleaning of an extraction system attached to an autoprime machine.  
This is a routine process undertaken weekly.  On this particular occasion, the action of the brush caused an 
ignition that resulted in the operative sustaining slight burns on his arms.  The company investigated the 
incident and concluded that small deposits of premix in the extraction system had reacted with moisture to 
form lead styphnate.  Various potential sources of water ingress were considered, but suspicion soon 
focused on the air conditioning system that had been installed in the building 13 weeks prior to the incident.  
The cold air outlet of the air conditioning unit had been positioned near the ducting of the extraction system 
and this may have resulted in the formation of a very small amount of condensation inside the extraction 
system.  It is also possible that water droplets may have been blown out of the unit and into the extraction 
ducting.  A risk assessment had been carried out prior to the installation and operation of this unit but 
condensation had not been considered to be an issue. 
 
The company subsequently made a number of changes, including: the installation of better designed 
ducting with no redundant feeders so as to improve air flow and minimise deposition of the priming mixture; 
repositioning of the inlets of the air conditioning unit to ensure that they did not blow onto the ducting; 
redesign of the cleaning brush to minimise friction (the brush was at least 2 ft long making it awkward to 
handle within the confines of the ducting – the brush could easily have been knocked accidentally against 
the side of the pipe); erection of a permanent walkway to ease access and cleaning. 
 
 

Incident 97 
 
11/01/2001 France 0 killed 0 injured 

While cleaning the lacquering workstation with acetone, the operative heard a crackling noise and saw that 
the lacquering head had caught fire and the fire was spreading to the lacquer recovery tank. A short circuit 
was thought to have ignited the solvent. 
 
 

Incident 98 
 
03/07/2002 United Kingdom 0 killed 1 injured 

An explosion occurred in a tank used for decontaminating pipes coated with RDX/HMX by immersion in 
sodium hydroxide solution.  The operative, contrary to written instructions, added solid sodium hydroxide to 
the tank while contaminated pipes were present. 
 
 

Incident 99 
 
03/08/1994 United Kingdom 0 killed 0 injured 

An explosion occurred during routine disposal by burning of waste RDX/TNT.  The exact cause of the 
incident has not been conclusively identified, but the evidence suggests that the burning plate was 
contaminated with unexploded detonators from a previous burn. 
 
 

Incident 100 
 
08/04/1998 United Kingdom 0 killed 1 injured 

An operative set a small hearth to burn paper, wood and contaminated solvent.  A failed attempt was made 
to start the fire using a match-head and small bag of propellant.  After 10 minutes the operative returned to 
restart the fire when a flare-up occurred. 
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Incident 101 
 
10/07/1999 United Kingdom 0 killed 2 injured 

A quantity of pyrotechnic flash powder, which had been laid out on the burning ground ignited 
unexpectedly.  It is believed that a stray spark from the match struck to ignite the fuse fell onto the powder. 
 
 

Incident 102 
 
08/11/1998 United Kingdom 1 killed 1 injured 

A fireworks-display organiser was killed whilst disposing of old fireworks by burning.  The fireworks 
apparently exploded as the door of the incinerator was being secured.  A second person standing nearby 
escaped with superficial injuries. 
 
 

Incident 103 
 
19/10/1999 United Kingdom 0 killed 0 injured 

An explosion occurred during the disposal by burning of maroon rockets.  The lid of the burn tank was 
blown into the air and landed some 20 m from the burning point.  The safety distances routinely observed 
ensured that there were no casualties. 
 
 

Incident 104 
 
25/02/2003 United Kingdom 0 killed 1 injured 

Operative was destroying fuzes by burning in the fort.  Process involves dropping 3 fuzes down chute into 
fire, waiting until all 3 have exploded, then adding further 3.  Operative was about to add further fuzes when 
there was a bang.  The operative sustained burns to his nose.  He was treated on site and also sent to his 
GP. 
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ABBREVIATIONS 
 
EA 1875 Explosives Act 1875  
HSWA Health and Safety at Work etc Act 1974  
SMSR  Supply of Machinery (Safety) Regulations 1992 
CDM  Construction (Design and Management) Regulations 1994 
PUWER Provision and Use of Work Equipment Regulations 1998 
COMAH Control of Major Accident Hazards Regulations 1999 
MHSWR Management of Health and Safety at Work Regulations 1999 
DSEAR Dangerous Substances and Explosive Atmospheres Regulations 2002 
MSER  Manufacture and Storage of Explosives Regulations 2005 
 
ALARP As Low As Reasonably Practicable     
AN  Ammonium Nitrate 
ANFO  Ammonium Nitrate Fuel Oil 
ASA  Lead azide / lead styphnate / aluminium 
DSC Differential Scanning Calorimetry 
DTA Differential Thermal Analysis 
F of I Figure of Insensitiveness  
HD  Hazard Division 
HE High Explosives 
HMX Octogen / Tetramethylene tetranitramine 
HSE Health and Safety Executive 
HT Hazard Type 
HTPB Hydroxy terminated polybutadiene 
LABSET Laboratory Scale Explosiveness Test 
MTV Magnesium Teflon Viton 
NC Nitrocellulose 
NG Nitroglycerine 
ODTX One Dimensional Time to Explosion 
PBX Plastic / Polymer Bonded Explosives 
PETN Pentaerythritol tetranitrate   
QD Quantity Distance / Separation Distance 
RDX Hexogen / Trimethylene trinitramine  
TATB Triamino trinitrobenzene 
TGA Thermo-Gravimetric Analysis 
UN United Nations 
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