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Working together on  firework displays
A guide to safety f or firework display organisers and operators

Thisguide replaces the Health and Safety Executive guide HSG 123
and incorporates new features that have been introduced since the
last revision of that guide.

The Explosives Industry Group of the CBI (EIG) has agreed to publish
this guide and update it periodically. The assistance of HSE is
acknowledged.

Thisguide is for competent display operators and organisers. It does
not cover displays w here the fireworks are to be fired by people
without s pecialist knowledge or training & a separate guide has been
prepared by EIG for those users.

This new edition has been updated to include the significant
changes in the law relating to the supply, posse ssion, transport,
keeping and use of fireworks which may have an effect on the way
you organise and the operator firesyour display
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It is not the intention of this Guide to be used as a technical manual
by those inexperienced in th e design and execution of firework
displays. Those not experienced in the field should seek expert
assistance.
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Part 1- Introduction

This publication gives advice on safety for outdoor firework displays
where the fireworks are to be fired by a competent display operator.

This edition provides an update on relevant legislation, traini ng, risk
assessment and competence.

Who is this guide for, and who is it not for?
This guide is specifically intended for -

1 Organisers of firework displays, or events where
fireworks are to be used, where the display is setup, fired
and derigged by a prof essional display company

1  Professional display companies & as the basic
information to enable them to communicate effectively
with an event organiser to achieve a safe and effective
display

It is not intended for: -

1  People using consumer fireworks 0 a separ ate guide
has been produced by EIG 00 Gi vi ng your own Fi
Di spltayé

i  The use of stage p yrotechnics

Professional display companies

Firework displays typically fired by  professional display
com panies vary widely in their nature and scale, for
example:

1 displays held around 5 November attracting thousands
of spectators, often run by local authorities;

1 displays held by businesses, for example to celebrate a
special event, an invited audience where the number of
spectators may be no more than a hundred or so , Or open to
the public;

1 displays for celebrations such as weddings and birthdays;

1 Events of National and International importance

1 http://www.eig2.org.uk/new  -guides -for-firework -displays/
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Glossary of terms

This is not exhaustive, but aims to provide a common glossary of
terms used within the professional fir ework display industry to assist
organisers of events . Because different companies operate in
different ways there may be situations where their terminology differs
from that given below.

Table 1- Glossary of common terms

Term Meaning

Display site The entire area of the display incorporating the Firing area, the Fallout area and
the Specta tor area.

Firing area The area or areas where the fireworks are physically located prior to firing. This
could include barges or structures

Fallout area The area where debris and fallout land. It is extremely dependent on wind

direction and strength an  d cannot be definitively determined prior to the display

Spectator area

The area or areas where spectators are located

Safety area

The area between the firing area and the spectator area

Safety The minimum distance between the firing area and t he spectator area

distance

Display Usually the person within a company who

Manager out risk assessments and plans the displays.

Senior Firer The BPA qualification & the BPA aspires to have a Senior Firer on every displa v site.
The Senior Firer is responsible for managing the display site and determining if a
display should be curtailed or even cancelled.

Firer The BPA qualification & the BPA aspires that all personnel on a display site should
be qualified to this level  or working towards this level of training.

Display The professional firework company that is procuring and setting up and firing the

company display. In most cases they will also be responsible for transporting the fireworks
to the display site.

Event Usually the person who arranges the display, selects the venue and sources

organiser funding as well as overseeing the running of the entire event.

BPA The British Pyrotechnists Association 8 for further details see the Further Information
section. The B PA organises training for professional display operators.

EIG The Explosives Industry Group of the Confederation of British Industry (CBI) o for
further details see the Further Information section

Debris For the purposes of t hi mmatgial landiag on Bartls ifer 0
instance a Oblinddé shell

Fallout For the purposes of this guide this io®r t

instance a rocket stick, shell fragments or long burning stars
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In addition there is a list of common firework types given later in this
guide.

Part 2 d Planning the display

This part of the guide is primarily intended for organisers of eve nts but
should be part of the discussions with the companies tendering for

the event , or firing the fireworks. We strongly believe that all parti es
having a common understanding of terminology and of potential

pitfalls will lead to a safer, more enjoyable, display.

Organisation
Useful guidance on the organising ofa  n outdoor event including
those incorporating a fireworks  display can be obtained fr om

The Event Safety G uide: A guide to health, safety and welf  are
at music and similar events

which is available online, and is known colloquially as the oOPurple
Guide 0.2

General legal considerations

Most displays covered by this publication will involve a work activity
(ie at least one person will be involved on a professional basis) and
therefore be subject to the requirements of the Health an d Safety at

Work etc Act 1974 (HSWA) and subsidiary health and safety
legislation. This legislation imposes duties in respect of the health and
safety of everyone involved in arranging and giving the display, the
display spectators, and other people in the ne ighbourhood of the
display site including the persons responsible for the display.

2 https://lwww.thepurpleguide.co.uk/
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You can only discharge thes e duties effectively if
there is one person having overall responsibility for
health and safety at the display. That person will
usually be one of the organisers, and will be
responsible for implementing a system for the
management of health and safety to ensure the
organisers, display operator and any other people
working at the display, for example a catering firm,
comply with their duties under health and safety
legislation. In most cases, however, none of the
organisers will be experts in setting up and  firing
fireworks and you are therefore advised to appoint a
display operator to assist you with firework safety
matters. Have a formal contract which defines the
extent of responsibility of yourselves and the operator.

Procedures

Start organising the fire work display as early as
possible to ensure everything gets done. It is
recommended that you form an organising team to
share the workload, with one member in a co -
ordinating role. For example, one person could be
responsible for liaising with the display  operator, local
authority, fire service etc, another person for site facilities and crowd
safety, and so on.

Selecting a display operator to fire the display
Careful selection of a display operator is important for the safety of
people at the display.

The following points will assist you in selecting a display operator:
1 Can the operator provide evidence of competence?

1 What training and experience does the operator have? Is
there any evidence of formal training?

1 Does the operator have insurance cover?

1 Does the operator agree to observe the safety
recommendations in this publication?

1 Can the operator provide a list of displays he/she has fired in
the past, together with the name of each display organiser?

1 Can the organisers of these earlier displays confirm there were
no safety problems involving fireworks?

9 Is the source of supply or fireworks for the display a reputable
company?

1 Has the operator asked to see the proposed site, or asked for
details of it, before giving a quotation?
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1 Has the operator taken the initiative in discussing
responsibilities?

The answer to ALL of these questions sh

A list of addresses where you can obtain advice on the selection of a
display operator is given at the end of this guide

Once you have selected a display ope rator, you and the operator
are strongly advised to agree your respective areas of responsibility
for health and safety.  In some cases (usually small displays) the
display company may take on overall responsibility for the entire
event, whereas for the la rgest events there will be an established
and possibly complex hierarchical structure involving: -

The event organiser
A production company
A creative director or designer

Landowners

= =4 =4 -4 -4

Companies involved in other aspects of the overall event (eg
lighting, sou nd and communications companies)

1 The emergency services
1 Stewards

The majority of displays will fall somewhere between these two
extremes o however demarcation of responsibilities is critical to the
safe organisation and running of the event.

Types of firew orks and effects

The variety of types of fireworks available to the professional display

operator has extended somewhat in recent years. The table at the

end of this document illustrates the most common types of fireworks

used currently, togetherwithab r i ef description of the
effect and functioning, and any particular hazards that may be

associated with the type. Please note that this list is not exhaustive.

The following are typical types of fireworks used in a display. The
descriptions her e are necessarily brief but are presented to highlight
the potential hazards associated with each type.
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Table 2- List of common firework types

(0cakes|(

Type Function Effect Potential Hazards
Shells Fired from mortars by a Varied - shells may Fallout from debris
olifting char gdg contain stars, noise Projectile effect
delay the shell bursts to or other effects, Unfired shells falling to ground
produce stars or effects parachu tes or (very infrequent)
high in the sky. daylight smokes
Rockets Usually fitted with a stick, Varied as above Fallout from debris or from the
the rocket motor propels stick falling to earth
the firework into the air with Projectile effect if launched at
a distinct oOtai low angle
of its flight the rocket
performs in a similar manner
to a shell
Mines Fired from integral or Varied - may Relatively low debris
separate mortars, mines contain stars, Projectile effect if launched at
produce a column of stars effects (eg noise low angle
or effects units) or bombettes
Roman Typically a long tube Varied - may Internal components as debris
Candles containing sevd containstars Projectile effect if launched at
which are fired sequentially (comets) , mini- low angle
mines, effects (eg
noise units) or
bombettes
Single shot These can be considered as Varied - see above Generally designed to
devices single shot Roman candles produc e very low debris.
or mines
Multishot A collection of single shot Varied - see above Debris
batteries devices fired sequentially Projectile effect if item is

tipped over or launched at

low angle or if cake disrupted
due to one malfunctioning
item affec ting integrity of the
remaining tubes

fountains to produce a

pattern

rotating (a wheel)

Fountains Shower of sparks from single Metallic or other Local effect from sparks
and gerbs tube - often used on wheels sparks projected in
as well as formal designs the direction of
(Set Pieces) firing
Waterfalls Usually a vertical curtain of Metallic sparks Local effects below the
sparks fired from many (usually bright silver) waterfall from sparks which
tubes fired simultaneously falling vertically usually are d esigned to reach
downwards from the ground
tubes fired
horizontally or
vertically
Lancework Sculptures depicting May comprise Very low hazard from
devices messages, logos or many colours, and lancework itself
animated scenes (eg may incorporate
battles or novelty effects) other ef fects
comprised from many small
fountain like tubes arranged
on a frame
Set Pieces Usually an arrangement of Stationary or Local effects from sparks

which often are designed to
reach the ground
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Communications

‘ - . . .
‘.:.",‘. "% It is advisable to have atwo -way radio link
L]

between the display operator and those
with key responsibilities for emergency
action. At large -scale events it is
preferable to have several channels
operating, eg control to stewards; control
to firework crew; firework crew to
musicians/producer etc. Have an agreed
procedure on radi o for dealing with
emergencies .
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Types of displ ays

Defining the main features of the display
One of the first things to be done is to decide on some basic details,
for example:

1 What is the expected size of the audience?

1 Is there to be a bonfire? (It is preferable not to light the bonfire
before the fir eworks are fired as stray sparks may accidentally
set off the fireworks.)

1 Which display operator is to be contracted to fire the display?

We believe that it is possible to fire some sort of display at almost any
site provided that a suitable site and produ ct assessment of risks has
been carried out paying particular attention to -

1 The location and dimensions of the display site including firing
area(s), safety area(s) and fallout area(s)

1 The effect of wind strength and direction on the fireworks
chosen

9 Curtailment and cancellation criteria

1 The types of fireworks suitable, their performance and failure
characteristics and rigging and firing methods

Selecting the display site
The selection of a suitable display site is critical to the management
of a safe and spectacular display

The display site is the whole site used for the display, and is made up
of:

91 the spectator area & from which the spectators watch the
display;

9 the safety area & a clear area between the spectators and
the firing area to ensure that spe  ctators are at a safe distance
from the fireworks during the display;

9 the firing area @ from which the fireworks are set off;

9 the fallout area (or dropping zone) 0 an area kept clear of
people, where the debris from spent aerial fireworks lands;
and

1 the b onfire area 0 the area provided for the bonfire (if there is
to be one).
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The figure below shows how these areas should be located in

relation to each other and the prevailing wind direction. However it is
critical to appreciate that at the time of the di splay the weather
conditions may vary considerably  from these and it may be

necessary to modify, curtail or even cancel the display as a result.

Figure 1- General display site layout

Prevailing Wind Direction

Spectator Area

Firing Area Fallout Area

Spectator Area

Spectator Area

The display site needs to be large enough to ensure all the above
areas can cope with:

1 the types of fireworks to be used (this affects the size of the
safety area and the fall -out area);

1 achange in the direction or strength of the wind;

9 the expected number of spectators.

The table below gives guidance on minimum dimensions of the
display site. The distances give n will be adequate in many cases, but
the display operator may require greater distances for certain sizes or
types of fireworks, for example crown wheels or flying saucers, or the
larger sizes of shells. Allowance should be made for the burst
diameter of shells when assessing safety distances. A 125 mm shell,
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for example, can
project effects
further than 50
metres and could
therefore endanger
spectators if it
malfunctioned at
ground level without
sufficiently extended
safety distances.

In special

circums tances the
suggested safety
distances given in
the table may not
always be
appropriate, for
example where
displays are to be
fired from unusual sites such as a barge on a river, the roof of a
building, a bridge, or perhaps where only lancework or certaino  ther
non -aerial fireworks are to be used. In these cases it will be necessary
for the operator to carefully assess the risks and decide on suitable
spectator areas.

However, in some circumstances it may be possible to significantly
reduce these distances i flow hazard fireworks are used. We beli eve
that it is possible to fire a display on almost any site by suitable

choice of fireworks and by putting in place suitable precautions and

risk reduction procedures to reduce the risks to acceptable levels.
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If the display company are using  metallic mortar tubes you should
take account of hard surfaces such as car parks, buildings and

bridges near the firing site which could cause the ricochet of steel
fragments if mortar tubes fail. Ricochets can increase the dis tance
travelled by fragments by as much as 30%.

Table 3 - Suggested display site dimensions

Area Dimensions

Firing area 30m x 10m is the ideal minimum & but larger sites offer more scope for
creativity and firing from multiple locations simultaneou sly

Safety area This is entirely dependent on the types of fireworks being used, but as a

starting point we suggest a minimum of 25m for low hazard displays, and

a minimum of 50 -100m for displays containing aeria | fireworks. Very
large displays will gene rally require even more. However it is possible, by
putting in place suitable risk -control measures to actually reduce these
figures @ it will all depend on the scope and nature of the desired

display and the site.

Fallout area As large as practical d but note that fallout and debris travel downwind
from the firing area and it is not possible to pre -determine the fallout
area with certainty! The best sites allow flexibility to move the firing area
S0 as to maximise the fallout area.

Display area It will be seen from above that it is difficult to specify a total display area
0 but for medium sized displays a suggested area of 200m x 100m will
allow all three of the above to be accommodated.

Ensure the site is free of dry, cut grass and other readily combustible
materials.

Only make the final selection of a site after you (and preferably the
display operator) have inspected it in daylight to che ck for
obstructions, eg trees, adjoining buildings and overhead power lines.
Apart from obstructing the flight of aerial fireworks, overhead power
lines pose other potential dangers, for example:

9 scaffolding poles, metal ladders and similar items used in t he
construction of temporary staging, or long wires such as those
sometimes used in firing circuits for electrically fired fireworks,
can cause a dangerous discharge of electricity from
overhead power lines if they touch, or even come near to
them. Thisisk nown as a o6fl ashover 0;

9 smoke or debris coming from fireworks or a bonfire burning
under or near overhead power lines could also cause a
flashover;
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1 overhead electric power lines near to firing wires for
electrically fired fireworks can induce an electric current in the
wires, causing the premature firing of the fireworks.

If you are in any doubt about overhead electric power lines, contact
the local regional electricity company for advice. If it is impossible to
arrange the site so the firing and bonfire areas are well away from
obstructions, you may need to look for another site. In some cases
the display operator may advise that certain types of fireworks you
have requested cannot be fired safely at your chosen display site.

Opportunities and constraints  of different display sites
The table below illustrates some of the opportunities and constraints
that a number of common display sites offer as compared to an
open field site.

Table 4- Opportunities and constraints  of display sites

Display site Opportunities Constraints
Open field site Flexible positioning of
effects to maximise fallout
area in case of wind
direction
Restricted ground level site Limited flexibility for moving
effects to maximise fallout
area
Rooftop display (eg a multi - | Use of close proximity Usually inflexible positioning
storey car park) effects of effects
Potential for reduced
0safetyd distar
Increased fallout area
because of elevated
launch position
Displays fired from structures Enhancing the structure by Limited choice of fireworks
use of 0Ochases(available
geometric elements Fallout and debris issues
Barge displays Potential for moving barges If moored or anchored the n
(if held rather than moored no potential for moving
or anchored) to maximise
fallout area
Multiple firing points Add variety by using
owi dthdé as well
effects

WORKING TOGETHER ONFIREWORK DISPLAYSP AG E | 17



Complexity vs Scale
The extent of work that has to be done in planning and
display to minimise risks and to maximise the impact (which are not
mutually exclusive) depends on many factors. However regardless
of the complexity and scale the same basic principles apply.

The display should be designed and executed so as

risks to

1 The display operators
1 Other people in and around the firing area (eg lighting
technicians)

= =4

The public
Others not involved in the display
9 Buildings and other structures

executing a

to minimise the

Small scale Medium scale | Large scale
Simple site Plenty of space Multiple firing
and extensive sites but each
osaf et yo | withextensive
distances osafetyo
distances
Medium Simple Simple Simple
complexity contingency contingency contingency
planning planning planning
Complex site Tight sites Significant
potentially using contingency
a very limited planning
range of
fireworks
Various modelling tools have been developed in the UK a nd
elsewhere to assist in carrying out determination of both fallout and
debris distances. These range from
based on calibres, firing angles and wind effects, to quite
complicated modelling programs such as ShellCalc © Pro.

Whatever tools are used they should be available in some form to

the Senior Firer for use on the display site

0 so that they may make

educated decisions that can be quantified and ultimately justified in
case of an incident. The alternative of the mantra

go ono

S

no |
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Flexibility and design

In addition to the factors above |, sites which allow some flexibility in
maximising fallout areas (for instance when fired from a barge held

by a tug as opposed to being moored) allow t he display to be
designed to increase the likelihood that the planned display can be
fired without modification.

However on restricted sites where there is no such flexibility it may be
necessary to plan to extensively modify the display, even at the point
of firing, so as to minimise the risks of, for instance, normal fallout
reaching the spectators.

Good display planning and design will maximise the display impact
whilst maintaining enough flexibility to be able to fire the display
under a variety of cond itions.

For instance it may be desirable to fir
Ohighdé display so that the area subject
restricted. Similarly it may be sensible to fire shells vertically from a

number of positions than to fire s hells at extreme angles from a

centra | point. Inthe case ofa 0 b | i, shdlléfired at angles can

travel very significant distances horizontally, especially downwind.

An appreciation of this high hazard/low frequency event may
ultimately over -ride the d istances calculated for normal fallout o}
which can be considered a low hazard/high frequency event!

Fallout and debris from fireworks
There are three main types of fallout that must be considered: -

Fallout is material arising from the normal functioning of the fireworks,
for instance pieces of display shells that are affected by the wind
and travel downwind of the firing point.

Debris is materi al arising from the oOno
and pyrotechnics but where the item is firing in an unintenti onal and

undesirable direction (eg when a device has fallen over). Debris is

also material arising where, for instance, a display shell is fired

normally, but the internal delay fuse fails to burst the shell at its design

height and where the shell falls  to the ground unfired, or bursts at a

very low height.

Fallout and debris from fireworks must always be considered in any
display, and the display design or any late modifications (to reflect
weather on the display date for instance) should reflect the
distances available where any potential fallout from the fireworks will
land.

Where a display site is restricted, or where an adverse wind may

mean that debris and fallout could potentiall y fall on the audience
on in another area, the display company may be f orced to chose
the types of fireworks very conservatively -al |l owi ng f or such
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caseod6 s cen a trastpwhere therisptaysite is unrestricted and
the available fallout distances extensive - irrespective of weather
conditions - then the displa y designer may be able to use a wider
range of fireworks.

However, it is important to understand that all displays present a

potential risk from any fallout, and that, given the nature of fireworks
themselves, that a risk free (or totally safe) display doe s not exist! The
following section on risk assessments will consider this in more detail.

oSafety Distances?o

There are no set oOsafetyd distances for
fireworks in the UK, and the BPA have consistently argue d strongly

against their i ntroduction. The UK prefers to assess the risks from the

specific fireworks to be used on the specific site. In some case the

demands of a particular site or a particular display design may mean

that such fixed distances do not provide an adequately low | evel of

risk, and conversely, there are many occasions where by careful

choice of fireworks and specialist rigging techniques extremely shor t
distancesmaybeap propri ate and may deviate frc
di st anc e &hatisistiowraon the firework lab el. Professional

firework display designers and operators have the knowledge,

experience and have developed rigging and firing techniques

which provide an acceptable level of risk, f or example when firing

off structures the distance to the structure itsel  fis effectively zero!

Hence, the distances

given in HSEds ol ¢

guidance should be

considered as indicative

only. Professional

operators may deviate

from these distances,

either upwards or

downwards, dependent

on their own site and

product specific risk

assessments for the

event. The changes

noted above to the

types of fireworks

available, and to

modern rigging and
firing technigues mean that the HSE®ds g
relevant.

Other countries, notably the USA, have adopted a complex system
of abetyd di stances for each firework ty
means of rigging and firing. The major problem with these tables is
that they are not Osiafacdtheydrée distamcesc es at a
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