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Controlling Explosive and Flammable Gases and Dusts

1. PURPOSE

Dangerous substances can be found in nearly all workplaces and include
such things as solvents, paints, flammable gases, dusts from machining and
sanding operations.

The Dangerous Substances and Explosive Atmospheres Regulations (2002
as amended) (DSEAR) require employers to assess the risks of fires and
explosions that may be caused by dangerous substances in the workplace
and then eliminate or reduce these risks as far as is reasonably practicable.
The Regulations clarify the existing requirements to manage fire and
explosion risks which are set out in the Management of Health and Safety at
Work Regulations 1999.

Gases that are under pressure (e.g. gas in a cylinder) may present a risk of
explosion if not correctly handled in the workplace. Substances that can
corrode metals could cause structural damage reducing integrity of structures
if not suitably contained. From June 2015, DSEAR places a formal
requirement to assess the risks for substances if classified for these
properties and put in place suitable control and mitigation measures. The
need to carry out a risk assessment and have in place procedures for the safe
use of chemicals previously not covered by DSEAR are already required by
the general requirements of the Health and Safety at Work etc. Act 1974 and
the Management of Health and Safety at Work Regulations 1999. STFC are
already managing these duties within the STFC Safety Code framework and
so are not considered further within this code.

2, SCOPE

The application of DSEAR in the technically complex and unique
environments that exist within the STFC is beyond the capability of this code
to address in full. This code does not endeavour to describe how the risks
from all dangerous substances and explosive atmospheres hazards should be
controlled, rather it establishes a framework upon which to carry out simple
assessments. For technically complex environments the advice of competent
experts is required and must be engaged in a timely manner.

The requirements of this code apply to all STFC staff, tenants, facility users
and visitors and apply in any instance where dangerous substances are
present, used or produced. The requirements of this code apply to facility
user / visitor equipment and experiments.

The responsibility to undertake a risk assessment for contractor activities lies
with the contractor's management, but it is the STFC responsibility to ensure
that risk assessments are in place and the potential hazards are fully
understood before work commences. All relevant information to enable the
risk assessment to be undertaken by the contractor's management must be
provided.

Although DSEAR applies to pressurised systems (>2barg) this Code does not
apply to pyrophoric materials or pressure systems which have the potential to
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result in fire and / or explosion, see related SHE codes for COSHH and
Pressurised Systems.

This code does not address other hazardous properties associated with
flammable substances. For example toxic hazards are addressed under
COSHH, radiation hazards (e.g. tritium), are addressed in relevant radiation
management SHE codes and by advice from SHE Group. These additional
hazards should be assessed separately. Specific guidance in the handling
and use of hydrogen and deuterium can be obtained by contacting the SHE
Group.

Also, the use of dangerous substances in confined spaces may create further
hazards. This code does not address the hazards arising from confined
spaces, see STFC SHE Code 11 Work in Confined Spaces.

3. DEFINITIONS
3.1 DSEAR

Dangerous Substances and Explosive Atmospheres Regulations 2002. These
regulations apply in any workplace where dangerous substances are present,
used or produced, with some minor exceptions (refer to Appendix 1).

3.2 ATEX

ATEX is the name commonly given to the framework for controlling explosive
atmospheres and the standards of equipment and protective systems used in
them. It is derived from the French ATmosphére EXplosif. It is based on the
requirements of two European Directives from which DSEAR is derived, and
which are described in more detail in Appendix 1.

3.3 EPS Regulations

Equipment and Protective Systems for Use in Potentially Explosive
Atmospheres Regulations 1996 (as amended) (EPA). DSEAR requires that
new equipment and protective systems for use in hazardous areas must be
selected on the basis of the requirements in these regulations.

3.4 Dangerous Substances

Any substances that could, if not properly controlled, cause harm to people as
a result of a fire, explosion or similar energetic event. A more detailed
definition is available in Appendix 1.

3.5 Risk Assessment

A process whereby the explosion (or flammable) hazards in a particular area
or of a particular activity, arising from the presence, use or production of
dangerous substances, are identified and the level of fire / explosion risk
estimated taking account of the effectiveness of current control measures in
place.
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3.6 Hazardous Area Classification (HAC)

“Hazardous Areas” in DSEAR are “any place in which an explosive
atmosphere may occur in quantities such as to require special precautions to
protect the safety of workers”. Consequently Hazardous Area Classification is
the process of assessing:

o the likelihood that an explosive atmosphere will exist;

e how voluminous it will be; and

¢ how long the atmosphere could exist for (time) given variables such
as ventilation, rate of material production/leakage etc.

For gases and vapours the assessment process will classify the area into one
of three zones:

e Zone 0: An area in which an explosive gas atmosphere is present
continuously or for long periods;

e Zone 1: An area in which an explosive gas atmosphere is likely to
occur in normal operation;

e Zone 2: An area in which an explosive gas atmosphere is not likely to
occur in normal operation and, if it occurs, will only exist for a short
time.

For dusts, powders and flyings the assessment process will classify the area
into one of three zones:

e Zone 20: A place in which an explosive atmosphere in the form of a
cloud of combustible dust in air is present continuously or for long
periods or frequently;

e Zone 21: A place in which an explosive atmosphere in the form of a
cloud of combustible dust in air is likely to occur in normal operation
occasionally;

e Zone 22 — a place in which an explosive atmosphere in the form of a
cloud of combustible dust in air is not likely to occur in normal
operation but, if it does occur, will persist for a short period only.

Additionally, thin layers (i.e. 1mm) of combustible dust can be roused to
flammable concentration. Therefore, dust layers in the workplace are likely to
be classified as Zone 22.

3.7 Explosive Atmosphere

In DSEAR, an explosive atmosphere is defined as a mixture of dangerous
substances with air, under atmospheric conditions, in the form of gases,
vapours, mist or dust in which, after ignition has occurred, combustion
spreads to the entire unburned mixture.

Atmospheric conditions are commonly referred to as ambient temperatures
and pressures. That is to say temperatures of —20°C to 40°C and pressures
of 0.8 to 1.1 bar.

Note this definition is used synonymously with “Flammable Atmosphere” (i.e.
in these regulations they mean the same thing).
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Summary Flowchart

Does your area use, store or produce any
dangerous substances which could present a fire or explosion
risk to personnel, including:

« Substances classed as flammable, highly flammable and extremely
flammable (or combustible materials processed above their flashpoint)?

« Combustible dusts / powders?

No further DSEAR assessment
required

< Oxidising agents or agents which could give rise to a
significant exothermic reaction?
«_Chemical reactions giving rise to flammable atmospheres

Does usage volume involve:
« flammable gas cylinder,
« small (<1 litre) quantities of flammable liquids or aerosols,

( Likely for the majority of applications )

Seek advice from specialist
consultants recommended by SHE
Group.

General guidance in appendices 1,2 &
3 may be useful.

Yes

.

Read through Appendix 1, complete the STFC risk assessment pro
forma using guidance in Appendix 2 and 3.
(See typical examples in Appendices 4 and 5)

|

Do hazardous zones in equipment or the workplace

need to be defined ? ( See Appendix A2.10) No——»  No further assessment required
Yes
Follow guidance for area classification and equipment selection in
sections A2.10 and A2.11
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4.1.5
4.2,

4.2.1

RESPONSIBILITIES

The maijority of operations for which fire and explosion hazards exist within
the STFC sites are relatively simple, mainly incorporating the use of
flammable gas cylinders, laboratory style solvents and covering ancillary
areas. Detailed guidance for these types of areas is provided in Appendix 1.
For more complex operations that may entail extensive hazardous areas
inside and outside of equipment or where unusual chemical reactions take
place, this code does not give specific guidance. In these instances external /
professional advice and assistance will be required in undertaking the risk
assessment. The format and information in Appendices 1 and 2 will act as a
guide.

Group Leaders shall:

Ensure all dangerous substances which are to be introduced or are present or
are liable to be present in the workplace; the work activities involving them;
how they may fail and cause fire, explosion and similar events are risk
assessed see STFC SHE Code 6, Risk Management.

Determine whether any activities within their responsibility involve cylinders of
flammable gases, or small (<2.7 litre) quantities of flammable liquids or
aerosols. Activities outside of these criteria should be referred to SHE Group
and advice should be sought from a competent external consultant to
undertake the Risk Assessment. This can be arranged through the SHE
Group.

Decide whether their staff are competent to carry out a risk assessment in
areas where fire and explosion hazards exist and if not get them trained see
Training Appendix 7, or seek external advice via SHE Group,

Ensure that where risk assessments relating to the use of dangerous
substances identify specific actions to control hazards they are undertaken
promptly and to plan prior to carrying out the activity.

Monitor the risk assessments in order to ensure that the controls measures
detailed in Risk Assessments are implemented effectively.

Inform SHE Group so that respective Fire Risk Assessments can be updated
Supervisors/Line Managers shall:

Carry out risk assessments for all activities (including maintenance activities)
and equipment, existing and planned, involving dangerous substances, see
SHE Code 6, Risk Management, as appropriate seeking competent external
consultation, see 4.1.2. Detailed guidance on carrying out risk assessments
for activities in which fire and explosion hazards exist can be found in
Appendices 2 and 3. Example Risk Assessments for the hazards arising from
explosive atmospheres in a typical research environment can be found in
Appendices 4 and 5. However, the assessment should take account of the
following:

e The hazardous properties of the substances;

Author Chris Dickinson | Issue No: 1.7 Issue Date: 25/10/2018 Page 8 of 45




422

423

424

4.2.5

4.3

4.3.1

4.4

4.41

442

e The way in which they are used or stored;
e The possibility of hazardous explosive atmospheres occurring;
¢ All potential sources of ignition;

e The -current controls, both preventive and mitigating, and their
effectiveness; and

¢ Who might be harmed and the potential consequences (i.e. address
contact burns, intoxication, asphyxiation and overpressure injuries).

As part of the risk assessment process an HAC exercise should be carried
out for the area where the activity is to take place. The HAC should be
documented and appropriate plan and elevation drawings produced to show
the extent of the hazardous area. Drawings are not required for
NON_HAZARDOUS areas with respect to DSEAR. Such areas should also
be demarcated in the workplace in an appropriate way e.g. Signage at the
edge of the area, the use of yellow cross hatching painted onto internal floors
etc..

Ensure that equipment located within a hazardous area is fit for that area, see
Appendix 2, section A2.11.

Ensure that emergency arrangements, consistent with the risk assessment
and appropriate to the nature of the activity or operation are put in place

Report any incidents or near misses relating to dangerous substances to the
SHE Group in accordance with SHE Code 5 Incident Reporting and
Investigation.

Contract supervising officers shall ensure that all relevant information to
enable the assessment to be undertaken by the contractor’'s management is
provided, see STFC SHE Code 15 Management of Contractors.
Staff/users/tenants/contractors/visitors shall:

Assist as appropriate in the undertaking of DSEAR assessments by their line
manager/supervisor and follow the instructions and control measures
determined by these assessments.

SHE Group shall:

Maintain a list of competent experts in DSEAR/ATEX risk assessments.

Ensure the implications of the hazards arising from flammable atmospheres
are considered in Fire Risk Assessments.
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APPENDIX 1 — Background Information: Requirements of DSEAR

This appendix gives background information on DSEAR, explaining what is needed
from the employer / user to comply with the regulations. More detailed guidance on
specific areas, including hazardous area classification and selection of equipment is
available in Appendix 2, and should be suitable to ensure DSEAR compliance in 80%
of cases on the STFC sites. Note that any risk assessment under the DSEAR
legislation should complement other risk assessments for example asset protection,
COSHH etc.

DSEAR require employers to:

o find out what dangerous substances are in their workplace and what
the fire and explosion risks are;

e put control measures in place to either remove those risks or, where
this is not possible, control them;

e put controls in place to reduce the effects of any incidents involving
dangerous substances;

e prepare plans and procedures to deal with accidents, incidents and
emergencies involving dangerous substances;

e make sure employees are properly informed about and trained to
control or deal with the risks from the dangerous substances;

e identify and classify areas of the workplace where explosive
atmospheres may occur and avoid ignition sources (from unprotected
equipment, for example) in those areas.

A1.1 What is the Relationship between ATEX, DSEAR and EPS?

ATEX is the name commonly given to the framework for controlling explosive
atmospheres and the standards of equipment and protective systems used in
them. It is based on the requirements of two European Directives.

e Directive 99/92/EC (also known as ‘ATEX 137’ or the 'ATEX Workplace
Directive’) is a social directive and defines the minimum requirements for
improving the health and safety protection of workers potentially at risk
from explosive atmospheres.

e Directive 94/9/EC (also known as ‘ATEX 95’ or ‘the ATEX Equipment
Directive’) on the approximation of the laws of Members States
concerning equipment and protective systems intended for use in
potentially explosive atmospheres. The aim of this Directive is to allow the
free trade of ‘ATEX’ equipment and protective systems within the EU by
removing the need for separate testing and documentation for each
Member State.

In Great Britain the requirements of Directive 99/92/EC were put into effect
through regulations 7 and 11 of the Dangerous Substances and Explosive
Atmospheres Regulations 2002 (as amended) (DSEAR). DSEAR also
incorporates parts of the old Chemical Agents Directive, in particular to
assess risks associated with substances that could give rise to dangerous
chemical reactions as well as those substances that may form flammable
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A1.2

atmospheres as defined in ATEX. Expansion of DSEAR in 2015 also requires
consideration of gases under pressure and corrosive chemicals.

The requirements of Directive 94/9/EC were put into effect through the DTI's
Equipment and Protective Systems for Use in Potentially Explosive
Atmospheres Regulations 1999 (as amended) (EPS Regulations). The
Regulations apply to all equipment intended for use in explosive
atmospheres, whether electrical or mechanical, and also to protective
systems.

Manufacturers/suppliers (or importers, if the manufacturers are outside the
EU) must ensure that their products meet essential health and safety
requirements and undergo appropriate conformity procedures. This usually
involves testing and certification by a ‘third-party’ certification body (known as
a Notified Body) but manufacturers/suppliers can ‘self-certify’ equipment
intended to be used in less hazardous explosive atmospheres. Once certified,
the equipment is marked by the ‘EX’ symbol to identify it as such.

Certification ensures that the equipment or protective system is fit for its
intended purpose and that adequate information is supplied with it to ensure
that it can be used safely.

When and Where Does DSEAR Apply?

Apart from certain activities involving ships, DSEAR applies whenever:

o there is work being carried out by an employer (or self-employed
person);

e adangerous substance is present (or is liable to be present) at the
workplace;

o the dangerous substance could be a risk to the safety of people as a
result of fires, explosions or similar energetic events.

Fires and explosions create harmful physical effects - thermal radiation,
overpressure effects and oxygen depletion. These effects can also be caused
by other energetic events such as runaway exothermic reactions involving
chemicals or decomposition of unstable substances such as peroxides.
These events are also covered by DSEAR.

The following examples illustrate the type of activities covered by DSEAR:

o use of flammable gases, such as acetylene for welding;

e handling and storage of waste dusts in a range of manufacturing
industries;

e handling and storage of flammables and flammable wastes such as
fuel oils;

e welding or other ‘hot work’ on tanks and drums that have contained
flammable material;

e work that could release naturally occurring flammable substances
such as methane in coalmines or at landfill sites;

« use of flammable solvents in laboratories;

Author Chris Dickinson | Issue No: 1.7 Issue Date: 25/10/2018 Page 11 of 45




A1.3

A1.4

« filling, storing and handling aerosols with flammable propellants such
as LPG;

e transporting flammable substances in containers around a workplace;

o deliveries from road tankers, such as petrol and bulk powders;

e chemical manufacturing, processing and warehousing;

o the petrochemical industry, both onshore and offshore;

e loss of containment resulting in undesirable reaction e.g. sodium
hydroxide reacting with aluminium to liberate hydrogen.

DSEAR applies to workplaces where dangerous substances are present,
used, or produced. Workplaces are any premises or parts of premises used
for work. This includes places such as industrial and commercial premises,
land-based and offshore installations, mines and quarries, construction sites,
vehicles and vessels, etc. Places such as the common parts of shared
buildings, private roads and paths on industrial estates and road works on
public roads are also premises — as are houses and other domestic premises,
if people are at work there.

What are Dangerous Substances?

Dangerous substances are substances or mixtures of substances (called
‘preparations’ in DSEAR) that could create risks to people’s safety from fires
and explosions or similar events, such as ‘thermal runaway’ from chemical
reactions. Liquids, gases, vapours and dusts that may be found in a
workplace can all be dangerous substances.

Dangerous substances include:

e substances or mixtures of substances classified as explosive,
oxidising, extremely flammable, highly flammable, or flammable under
the current (CLP) Regulations.

e any kind of dust that when spread in air to form a cloud (i.e. form an
explosive atmosphere), can explode.

e any other substances, or mixtures of substances, which because of
their physical properties and the way in which they are present in the
workplace create a risk to safety from fires and explosions, but which
may not be covered by CLP. For example high flashpoint liquids
present in the workplace at elevated temperatures.

Many of these substances can also create health risks, for example, they may
be toxic or an irritant. These kinds of risks are covered under separate
legislation such as the Control of Substances Hazardous to Health
Regulations (COSHH). It is important to consider both safety and health
issues when looking at risks from substances in the workplace.

How do | Comply with DSEAR?

DSEAR places duties on employers to assess and eliminate or reduce risks
from dangerous substances. Complying with DSEAR involves:
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Assessing risks

Before work is carried out, the fire and explosion risks that may be caused by
dangerous substances must be assessed. This should be an identification
and careful examination of:

e the dangerous substances in the workplace;

e the work activities involving those substances; and

e the ways in which those substances and work activities could harm
people.

The purpose is to help employers to decide what they need to do to eliminate
or reduce the risks from dangerous substances.

If there is no risk to safety from fires and explosions, or the risk is trivial, no
further action is needed. If there are risks then employers must consider what
else needs to be done to comply fully with the requirements of DSEAR. If an
employer has five or more employees, the employer must record the
significant findings of the risk assessment.

Preventing or controlling risks

Control measures must be put in place to eliminate risks from dangerous
substances, or reduce them as far as is reasonably practicable. Where it is
not possible to eliminate the risk completely measures must be taken to
control risks and reduce the severity (mitigate) the effects of any fire or
explosion

The best solution is to eliminate the risk completely by replacing the
dangerous substance with another substance, or using a different work
process. For example, replacing a low flashpoint liquid with a high flashpoint
one.

Control measures

Where the risk cannot be eliminated, DSEAR requires control measures to be
applied in the following priority order:

o reduce the quantity of dangerous substances to a minimum;

e avoid or minimise releases of dangerous substances e.g. via the use
of fully contained systems such as welded pipework;

o control releases of dangerous substances at source;

o prevent the formation of a dangerous atmosphere e.g. operating
below flashpoint of a dangerous substance;

o collect, contain and remove any releases to a safe place (for example,
through ventilation);

e avoid ignition sources;

e avoid adverse conditions (for example, exceeding the limits of
temperature or control settings) that could lead to danger;

e keep incompatible substances apart.
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These control measures should be consistent with the risk assessment and
appropriate to the nature of the activity or operation.

Mitigation

In addition to control measures DSEAR requires mitigation measures to be
put in place. These measures should be consistent with the risk assessment
and appropriate to the nature of the activity or operation and include:

e reducing the number of employees exposed to the risk;

e providing plant that is explosion resistant;

e providing explosion suppression or explosion relief equipment;

o taking measures to control or minimise the spread of fires or
explosions;

e providing suitable personal protective equipment.

Preparing emergency plans and procedures

Arrangements must be made to deal with emergencies. These plans and
procedures should cover safety drills and suitable communication and
warning systems and should be in proportion to the risks. If an emergency
occurs, workers tasked with carrying out repairs or other necessary work
must be provided with the appropriate equipment to allow them to carry out
this work safely.

The information in the emergency plans and procedures must be made
available to the emergency services to allow them to develop their own plans
if necessary.

Providing information, instruction and training for employees

Employees must be provided with relevant information, instructions and
training. This includes:

o the dangerous substances present in the workplace and the risks they
present including access to any relevant safety data sheets and
information on any other legislation that applies to the dangerous
substance;

o the findings of the risk assessment and the control measures put in
place as a result (including their purpose and how to follow and use
them);

e emergency procedures.

Information, instruction and training need only be provided to other people
(non-employees) where it is required to ensure their safety. It should be in
proportion to the level and type of risk.

The contents of pipes, containers, etc must be identifiable to alert employees
and others to the presence of dangerous substances. If the contents have
already been identified in order to meet the requirements of other law, this
does not need to be done again under DSEAR. For example natural gas
systems for domestic purposes such as the provision of heating and hot water
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in offices or canteens need not be considered under DSEAR since these are
covered under the relevant (and more prescriptive) gas installation codes.

Places where explosive atmospheres may occur (‘ATEX’ requirements)

DSEAR places additional duties on employers where potentially explosive
atmospheres may occur in the workplace. These duties include:

o identifying and classifying (zoning) areas where potentially explosive
atmospheres may occur (refer to Hazardous Area Classification
Section in Appendix 2);

e controlling ignition sources in zoned areas, in particular those from
electrical and mechanical equipment (refer to Selection of Equipment
Section in Appendix 2);

e where necessary, identifying the entrances to zoned areas;

e providing appropriate anti-static clothing for employees (refer to
Control of Ignition Sources section in Appendix 2);

o before they come into operation, verifying the overall explosion
protection safety of areas where explosive atmospheres may occur
i.e. ensure that someone competent has reviewed the DSEAR
assessment.
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APPENDIX 2 — Detailed Specific Guidance

This appendix gives specific guidance on how to control the risks from flammable
atmospheres, both on a general basis (Control of Ignition Sources, Hazardous Area
Classification and Safety Management Systems) and for specific examples (e.g. use
of flammable gas cylinders, use of aerosols etc.) which are likely to cover 80% of
situations where dangerous substances are used across the STFC sites. For the
other 20% the guidance in Appendix 1 provides the framework that can be followed.
Management should decide whether specialist advice is required in these cases and
to call in “experts” as required.
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Explosion Risk Assessment Approach and Methodology

A structured assessment approach should be followed to identify the risk of
an explosion occurring within either each major equipment item or process
stage and to define a “Basis of Safety” for that item or stage. Remember that
explosion and fire require fuel, oxygen / oxidant AND an effective ignition
source. Remove one of these and the explosion is not possible. The existing
control measures through which the Basis of Safety is implemented can be
established and an assessment made of the residual risk to people. Where
the Basis of Safety cannot be demonstrated to be sufficiently robust, and
residual risks are intolerably high, additional control measures need to be
recommended to secure the Basis of Safety. The assessment therefore will
address the following questions:

e Can a flammable (explosive) atmosphere arise in normal or reasonably
foreseeable abnormal operation and if so how extensive is it likely to be
and how likely is it to occur? For example, identify materials (or groups of
materials: gases / vapours, liquids and combustible dusts), which have
potential to form explosive atmospheres; what makes them hazardous?
(explosion hazard rather than just fire hazard); if possible for some low
risk materials - rule out foreseeable risk at this stage (i.e. high flash points
operating at low temperatures).

e Can ignition sources arise within the possible flammable atmosphere?
How likely are they to arise in normal or reasonably foreseeable abnormal
circumstances and are they likely to be sufficiently energetic to ignite the
flammable atmosphere? (Refer to Section A2.2 below)

o What are the consequences in the event of ignition of the flammable
atmosphere? In relation to DSEAR the concern is for the safety of people
so you must consider the nature and extent of the hazard, how many
people may be in the affected area and how likely they are to be present.
It is also best practice to consider the likelihood of contact burns,
intoxication, asphyxiation or blast effects.

o What is the most appropriate Basis of Safety? (e.g. should be defined as
either Explosion Prevention, or Explosion Protection — see table below)
Are the existing control measures sufficient to reduce risks to tolerable
levels? The residual risks should be classed as Broadly Acceptable if they
are sufficiently low that no further controls need to be pursued.

It is suggested that the following Basis of Safety definitions be used, and
these should cover the majority of cases on the STFC sites:

Basis of Safety Means by Which it is Typical Example
achieved

Avoidance of flammable | Nitrogen padded reactor —

atmospheres flammable atmosphere is avoided
by the elimination of oxygen /

Explosion Prevention oxidant.

Ignition sources need to be
controlled or reduced.
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Elimination of ignition
sources

Simple process vessel with no
internal electrical or mechanical
moving parts. Other ignition
sources eliminated at source (refer
to Section A2.2 below)

Avoidance of flammable
atmospheres and
control of ignition
sources

System normally operates below
LFL (lower flammable limit), but in
addition, as far as possible ignition
sources are controlled at source or

by appropriate equipment selection
(refer to Sections A2.2 and A2.11
below)

Explosion Protection

By explosion relief Dust filter unit or a typical powder
storage silo — an explosion in the
vessel will be relieved to a safe

location by the bursting of a relief
panel, thus preventing the vessel

from rupture in the workplace

By explosion
suppression

Small powder handling vessel —
explosion is quenched, and
dangerous explosion over-
pressures avoided, preventing
rupture of the vessel by high speed
injection of an inert substance
(typically sodium carbonate) upon
detection of pressure build-up at
the start of an explosion (i.e.
pressure sensor activates injection
system within milli-seconds of
ignition of fuel)

By containment Reaction vessels or gas transfer
pipelines — containment systems
rated for a higher pressure than the
maximum explosion over-pressure

of the fuel (typically >10 barg)

o If existing control measures are not considered sufficient then what
additional controls are required to further reduce the residual risk? i.e. are

the risks:

o

Tolerable if shown to be as low as reasonably practicable
(TIFALARP) — further controls to reduce risk should be
implemented unless they are shown to be grossly
disproportionate (in terms of practicability and / or cost) to the
resulting risk reduction.

Intolerable — risks are unacceptable and cannot be justified.
Additional control measures must be implemented to bring the
risks down to broadly acceptable or as a minimum to TIFALARP.

Control of Ignition Sources

In some cases it is expected that safety can be based on the elimination of
ignition sources, usually in cases where a flammable atmosphere is unlikely
to arise and the consequences if an explosion were to occur are of limited

impact.

However even where safety is based on other strategies it is

necessary to control ignition sources as far as is practicable and hence
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ignition source controls are relevant in all cases. In particular it is
recommended that the following ignition source controls are applied:

Control of general external ignition sources

¢ Hot work should be controlled by site rules and use of a permit system
for staff and contractors;

e Smoker's materials should be controlled by the STFC site policies,
rules and designated smoking stations in safe areas;

o Portable equipment usage in hazardous areas should be controlled by
site rules, procedures and permit to work systems for staff and
contractors;

e Fixed equipment in hazardous areas is subject to selection
procedures in relation to explosion protection requirements (refer to
Section A2.11);

e Other non-routine activities are controlled by permit systems for staff
and contractors.

Control of electrostatic ignition sources

Electrostatic charge is generated in all processing operations. Accumulation
of dangerous levels of charge on metal or conductive plant can be avoided by the
earthing of all such components. In principle, a resistance to earth of less than 1
meg Ohm will prevent the accumulation of static electricity. In practice, a lower
resistance target is recommended to ensure a low resistance is maintained over a
period of time.

It is recommended that the resistance to earth of all metal or conductive items
should be less than 10 Ohms. In general, major plant items will be earthed
through their construction. Care must be taken however, to ensure that
individual metal components are not insulated from earth by plastic
components e.g. metal pipe connecting two sections of plastic pipe. Special
earthing straps may be required for metal items insulated from earth by plastic
components.

It is recommended that procedures be established at all sites to monitor the
earthing of all components at periodic intervals during the life of the plant to
ensure that the resistance to earth is maintained at an acceptably low (safe) level
(i.e. less than 10 Ohms). Such checks should typically be performed at yearly
intervals and after any maintenance operation where sections of plant forming the
conducting path to earth may have been disconnected.

The majority of flammable materials on the STFC sites are flammable
vapours (from liquids) and gases. Vapours and gases have low Minimum
Ignition Energies (MIEs) (usually <1mJ) and additional safeguards / control
measures are required to eliminate low energy electrostatic discharges
capable of igniting vapours and gases. Particular care must be taken to
control electrostatic risks associated with:

e Metallic and conductive plant components

o Personnel; should be controlled by the combined use of antistatic
footwear with static dissipative flooring,

e Processing and handling of low conductivity liquids, e.g. toluene,
particularly where two phase mixtures may be present,
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¢ The use of non-conductive (e.g. plastic) components.
e Powder handling, weighing, sieving, blending etc.
¢ Avoiding addition of powders to flammable vapour atmospheres,

Powders generally have MIEs that are relatively high (i.e. >10mJ) compared
with those of flammable gases and vapours. Low energy discharges are
generally not capable of igniting dust clouds of these materials. However,
some dusts have MIEs which are <10mJ, and dust clouds of these materials
can be ignited by low energy electrostatic discharges.

Generally where powders are added to flammable solvents, the MIE of the
powder will be irrelevant. Electrostatic controls, which prevent ignition of
flammable vapours, will also prevent ignition of flammable dust clouds. If
combustible powders are to be used and are not added to flammable
solvents, e.g. via a sack tip unit, the MIE should be known (or tested) to
determine what control measures are likely to be required.

In order to control the electrostatic hazards identified above a range of
precautions are required. The precautions listed below should be in place
where applicable.

a) Metallic and Conductive Components

The following controls are required:

¢ All metal or conductive components are reliably earthed, ideally with a
resistance to earth of <10Q.

e Earthing of all mobile equipment by earthing leads,

e Any Flexible IBCs (big bags) used are Type C and are earthed at the
point of use,

o All earthing systems to be tested on a regular schedule, e.g. annually.

b) Personnel

The following controls are required where substances are used with an

MIE <30mJ (therefore all flammable vapours / gases and some powders):

e Use of antistatic (or conductive) footwear and antistatic/static
dissipative flooring providing a resistance to earth of <108Q (SEE
References 5, 6 and 7).

¢ Antistatic footwear to be tested regularly — this can be achieved either
by replacing the footwear at regular intervals or via installation of test
stations local to areas where personnel are working near significant
quantities of solvent vapours / gases. Due to the increased risk of
electric shock 240V electric tools should not be used in any area
whilst wearing conductive footwear.

e Bare concrete or antistatic floors.

Where MIE is <1mJ (most gases and vapours) the following additional

controls are required:

e Wear cotton, linen or viscose rayon clothing in hazardous areas e.g.
cotton lab coat or one-piece boiler suit.

¢ Clothing should be close fitting.

o Do not remove or put on clothing in hazardous areas.

¢) Non-Conductive Components
Non-conducting (e.g. plastic) equipment cannot be earthed. This leads to
the retention of electrostatic charge on the equipment and product
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contained in it. However, the energy of discharges is also limited and only
poses a hazard if the material MIE <10mJ.

Given that the majority of substances used on the STFC sites do have an
MIE <<10mJ then all plastic components used in the various areas, e.g.
hoses etc. should be made of a suitable anti-static material. Materials
should comply with BS2050 (Reference 4).

d) Liquids

The following controls are required:

e Pipeline velocities limited to 1 m/s maximum for highly resistive
solvents, i.e. with conductivity <560 pS/m e.g. toluene and products
based on these materials, including two-phase solutions,

¢ Pipeline velocities limited to 7 m/s maximum for all other solvents, i.e.
with conductivity >50 pS/m, e.g. IPA, etc.

e Liquids pumped into tanks and vessels via dip-pipes or below liquid
surface or directed towards wall of vessel to avoid splash filling.

e) Powders

Electrostatically charged powder or flake can be the source of an
incendive discharge. The phenomenon is not fully understood, however it
is considered that a hazard could only exist with powdered products of
MIE <10mJ provided the powder is in contact with earth. However, for
earthed pneumatic transfer pipe of diameter <0.1m there is no hazard of
ignition from electrostatic discharges originating from the dust cloud within
the pipe for materials with MIE >0.2mJ.

f) Charging Powders to Flammable Solvents
The manual addition of powders into flammable solvents has caused fires
and explosions and a significant number of these have been caused by
electrostatic discharges. Consideration has to be given to the potential for
generating dangerous levels of electrostatic charge on the container being
emptied, the charging chute and receiving vessel, the powder being
charged and the operator. The following controls are required:

Container being emptied

e Containers should be metal, paper or other dissipative material
and should be earthed before and during charging,

e High resistivity containers, e.g. plastic sacks, wax coated paper
etc, should not be used near flammable atmospheres,

e High resistivity liners, e.g. polythene sack / bag inside other
container, should not be used near flammable atmospheres,

e Conductive or dissipative liners may be used in conjunction with
earthed metallic or conductive non-metallic containers. The liner
should not be removed from the container in a flammable
atmosphere unless the liner is always in contact with earth,

e Conductive or dissipative containers coated with a non-conductive
coating, e.g. lacquer-lined container, may be used providing:

- The coating is not thicker than 2mm and
- The coating does not become detached and
- The container is earthed
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Receiving vessel and loading chute

e Metal or conductive non-metallic vessels and chutes should be
earthed,

¢ Non-conductive receiving vessels and chutes should not be used.

Material being handled

e Charging chutes should not exceed 3m in length,

o High resistivity powders, e.g. polymers, synthetic resins, waxes
etc. with resistivity above 10'°Q/m, must be added at a controlled
rate of 1 kg/s maximum,

e There is no restriction on addition rate of other powders.

The Operator
The operator should be properly earthed as detailed in b) above.

g) Vapour and Nuisance Dust Extraction Systems
It is common practice to use plastic components for vapour and dust
extraction systems. The materials are light, versatile and easy to use and
handle. Such materials are often non-conductive (i.e. resistance >10°Q).

The use of highly resistive materials of construction in areas where
flammable atmospheres could potentially arise is undesirable. As it is not
possible to earth such material dangerous levels of electrostatic charge
could be produced on them. Even low energy brush discharges from
such materials would be capable of igniting flammable vapours.

When considering the electrostatic ignition risk from such equipment, both
the charge generation and charge dissipation mechanisms need to be
taken into account.

The flow of clean vapour / air through the ducting will generate little or no
electrostatic charge on the ducting. However, if condensation occurs in
the ducting there is the potential to create isolated conductors (if the liquid
is conductive) and these must be avoided.

Where condensation is possible, either the ducting should be of all
metallic construction or, a water-cooled vent pipe should be installed on
the vessel. This will restrict the condensation process to the vessel and
minimise condensation in the ducting.

The flow of powder through the ducting could generate electrostatic
charge. However, when on nuisance dust duty only, the passage of
powder over the ducting is trivial and produces very little electrostatic
charge when compared with pneumatic transfer of powders. Pneumatic
transfer of powders produces dangerously high levels of electrostatic
charge.

Preventative maintenance as an ignition source control measure.

Most mechanical equipment used in processes has internal moving parts and
associated drive systems such as pumps, sieves, mills, transfer system
blower fans, stirrers, blenders, mixers etc. In normal operation these present
little in the way of ignition risks. However in the event of a fault ignition
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sources can arise in the form of sparks or frictional heating from contact of
internal moving parts or overheating bearings on drive systems.

A suitable preventative maintenance programme, including regular inspection
and lubrication where appropriate, can be a significant ignition control
measure. Similarly for electrical equipment where a fault may give rise to a
spark or overheating there is a requirement for an appropriate preventative
maintenance programme. Where explosion protected (categorised)
equipment is used in hazardous areas it is essential that it be properly
maintained for the degree of protection to remain in place (refer to Section
A2.11).

It is impractical to identify the detailed maintenance requirements for each
equipment item in use on the STFC sites. These can only be defined based
on manufacturers advice and the duty and environment of the unit.

A2.3 Use of Flammable Gas Cylinders

Cylinders of compressed gases, including hydrogen, oxygen, acetylene,
methane, propane etc, form the majority of usage of dangerous substances
throughout the STFC sites. These should be stored either outside where
possible or inside local to the experiments. It should be noted that liquid or
two-phase leaks of flammable substances from cylinders would rapidly
vaporise to form extensive flammable atmospheres.

The following controls should apply to cylinder use and storage:

¢ Minimise inventory wherever possible. If practical use smaller cylinders
rather than the large full-sized cylinders.

e Store in a well ventilated area, preferably outside. Where this is not
achievable it is good practice to use local ventilation hoods where there is
a danger of flammable atmosphere or depletion of breathable oxygen in a
confined space. See example below of a gas store.

o LPG cylinders should be separated by at least 3m from all other cylinders
and other flammable cylinders should be separated from all other
cylinders by at least 1m.

e Flammable gases and oxygen cylinders should be physically separated
by at least 3m.

¢ Cylinders should be secured, i.e. using chains, to prevent falling over.

e Cylinders should be stored in a locked cage / area.

e Cylinder storage areas should be well protected against vehicle / impact
damage.

e Storage areas should be kept clear of combustible material, e.g.
packaging, vegetation, etc.

e Ensure cylinder valves are shut off when not in use (e.g. to prevent
leakage from gas hoses or cutting gear.

e Careful control of gas cutting operations (e.g. removal of combustible
materials from the area - only use in designated areas of the workshop).

Note that the user should still complete a risk assessment (Section A2.1),
apply ignition source controls (Section A2.2), and apply hazardous area
classification and appropriate equipment selection (Sections A2.10 and
A2.11) as required. The above controls are best practice to avoid formation of
an uncontrolled flammable atmosphere.
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A2.4 Small-scale Use of Laboratory Chemicals

Handling of small quantities of combustible powders / materials in the
laboratories or experimental areas has no credible means of forming a
significant flammable dust cloud.

Small quantities of flammable (flash point 21-60°C) and possibly highly
flammable (flash point 0-21°C) solvents are capable of forming a significantly
sized flammable atmosphere. If the quantity of flammable liquid is less than
50ml then specialised equipment is unlikely to be required. The liquids should
be handled in small containers (typically <2.7 litre) and it is only those classed
as highly flammable that present a significant risk. Provided they are stored
in purpose built fire resistant steel cupboards explosion risks are easily
controlled by good laboratory practices. Flammable gases are also piped to a
number of laboratories, mostly from flammable gas cylinders stored outside
the building. The laboratories at STFC should be operated to good laboratory
practice and the following points should be noted for both laboratory and
experimental areas.

e Minimise inventory insofar as possible. Remember several bottles
containing small amounts will sum to a much larger volume and the
hazard should be considered collectively.

e Fume cupboards should be used for handling flammable liquids and
gases whenever possible.

Solvent storage containers should be suited to the small quantities used.
The solvents should be stored in lockable purpose built fire resistant steel
cupboards.
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e Flammable gas pipework routes to laboratories may run through
miscellaneous areas. Such runs must be clearly identified; the integrity of
the pipes checked to ensure pipes couldn’t be physically damaged (e.g.
consider guarding), and preferably use fully welded small-bore pipe (e.g.
Swagelok).

Note that the user should still complete a risk assessment (Section A2.1),
apply ignition source controls (Section A2.2), and apply hazardous area
classification and appropriate equipment selection (Sections A2.10 and
A2.11) as required. The above controls are best practice to avoid formation of
an uncontrolled flammable atmosphere.

Use of Aerosols

Small quantities of flammable aerosol or liquid degreasers may be used or
stored in workshop and experimental areas. They should be stored in
purpose built steel cupboards and personnel should be made aware of the
hazard and control measures, which include:

o Correct storage and use in small quantities
Avoid use near naked flames or operations involving high energy such as
welding, cutting, grinding

o General controls on ignition sources (refer to Section A2.2).

Paint and flammable liquid storage

Paints and flammable liquids are stored at various locations across the STFC
sites. Such areas should comply with guidance on HSG 51: Storage of
flammable liquids in containers. The key points of HSG 51 are summarised
below.

e Where practicable store in a shaded open-air area.

e If not practicable to store in open air, store in separate specifically
designed storerooms with good ventilation >5 air changes per hour.

e For small buildings provide airbricks or louvers at high and low level on
opposite walls, ventilation area 1-3% of the total area of the walls and
roof.

e Provide containment to deal with spillages and ensure containers are
safely stacked.

o Locate stores well away from other processes, general storage areas or
boundary fences. For storage of up to 1000 litres, a separation distance
of > 2m is required or a fire wall with >30 minutes fire resistance.

¢ Additional requirements if storage is close to site boundary.

e Small quantities (<50 litres) can be stored in V2 hour fire resistant storage
cupboards or bins at points of use (e.g. experimental areas).

Battery Charging Areas

Numerous individual small chargers may be located at strategic positions
throughout the STFC sites e.g. for charging forklift trucks, delivery floats etc.

Hydrogen will be released from batteries during charging. However release
rates are extremely low and hydrogen is such a light gas that it will rapidly rise
away from charging stations and accumulation at low levels will not occur
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provided a reasonable level of general workplace ventilation is present.
Accumulation at high-level roof peaks etc. may be of concern if adequate
high-level ventilation is not provided. STFC should ensure adequate
ventilation is provided as described in INDG 139 ‘Using electric storage
batteries safely’.

Natural Gas Supply Stations and Pipework

The pressure control / relief arrangements in the supply stations should are
maintained and serviced by the gas provider on a regular basis. They should
be suitably protected within a locked building, within the site security fences
and protected from vehicle / impact damage. They should be fitted with
sufficient ventilation to prevent gas accumulation. The areas around gas let-
down stations and pipework should be kept clear of combustible material, e.g.
vegetation.

Gas supply lines should be clearly identifiable across the sites, and their
integrity should be monitored on a regular basis.

Diesel Storage

The flash point of diesel / gas oil is greater than 55°C. The likelihood of
forming a flammable vapour atmosphere is extremely low. Pumping
pressures within storage systems is usually insufficient to form a significantly
sized flammable mist or spray within the storage tanks. The risk of forming
flammable mists or sprays is therefore extremely low. There is therefore
generally no requirement to define a hazardous area zone within diesel
storage tanks as long as pumping pressures are < 5 barg.

It should however be noted that the diesel supplies represent a significant fire
hazard and systems should be put in place for controlling potential releases,
controlling general ignition sources and provision of fire fighting. Bund
integrity should be checked on a regular basis.

A2.10 Hazardous Area Classification

The objective of area classification is to identify areas in a plant where
flammable atmospheres may exist and to determine their likely extent and
likelihood of occurrence. Additional controls concerning ignitions risks from
equipment within these zones can then be applied.

Hazardous areas inside equipment should be identified and classified during
the course of the risk assessment such that any equipment within vessels can
be selected appropriately. It may also be necessary to classify hazardous
areas outside equipment in the various workplace areas.

Hazardous areas can be defined and classified following specific guidance
e.g. BSEN 60079-10-1 for gases, liquids and vapours (reference 8), BS EN
60079-10-2 for dusts (reference 9). Significant differences exist between BS
EN 60079-10-1:2015 and previous editions; models for estimating zones and
extents have been overhauled. DSEAR requires that the extents and types of
zones selected in various areas should be illustrated on suitable site drawings
to aid interpretation and use on an ongoing basis. Drawings do not need to be
to scale but should be plan and elevation having zone types (0, 1, 2 etc.)
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clearly marked with an indication of the extent (e.g. 1 metre in all directions
from vent). It is best if the material and temperature class are also included.

The starting point for the assessment is to systematically, and critically,
review the operations to identify credible ways in which the flammable
material could be released, either inherently in normal operation or as a result
of accidental circumstances. The identified sources of release can then be
classified in terms of likelihood, referred to in area classification as ‘Grades of
Release’. Grades of release in decreasing likelihood of forming an explosive
atmosphere are defined as:

Continuous grade of A release that is continuous or expected to appear for
release: long periods. E.g. vapour space above a volatile liquid
in a storage vessel.

Primary grade of release A release which can be expected to occur periodically
or occasionally during normal operation. E.g. area
around a tank vent — releases occur from period tank

breathing.
Secondary grade of A release which is not expected to occur in normal
release: operation and if it does occur, is likely to do so
infrequently and for short periods. E.g. pipework
flange leak.

European Standards and the ATEX Directive define the following zones for
gases / vapours:

Zone 0: A place in which an explosive atmosphere consisting of a mixture
with air of flammable substances in the form of gas, vapour or mist
is present continuously or for long periods or frequently.

Zone 1: A place in which an explosive atmosphere consisting of a mixture
with air of flammable substances in the form of gas, vapour or mist
is likely to occur in normal operation occasionally.

Zone 2: A place in which an explosive atmosphere consisting of a mixture
with air of flammable substances in the form of gas, vapour or mist
is not likely to occur in normal operation but, if it does occur, will
persist for a short period only.

For gases and vapours it is possible to calculate or predict the rates of release
and the extents of hazardous zones. The size of the zone is to some extent
dependent on the intrinsic properties of the material whilst other factors
depend on the nature of the operation.

An explosive atmosphere can only exist where the flammable material is
handled as a gas, or as a liquid at a temperature above its flash point, or if a
mist of a combustible liquid can arise. For given ambient conditions a liquid of
a lower flash point may give rise to a zone of larger extent. The extent of a
zone will also depend on the release rate of the flammable material. As
indicated above the extent of a zone will also depend on the ventilation in the
area concerned, as ventilation will help dilute a release and thereby limit the
zone extent.
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Guidance in reference 8 should be used for determining zone extents for
gases, liquids and vapours as it is far too lengthy to replicate within this code.
The guidance provides common examples for a variety of typical situations,
which can be used as necessary.

For Combustible Dusts the zones are as defined in EN60079-10-2:

Zone 20: A place in which an explosive atmosphere in the form of a cloud of
combustible dust in air is present continuously, or for long periods
or frequently.

Zone 21: A place in which an explosive atmosphere in the form of a cloud of
combustible dust in air is likely to occur in normal operation
occasionally.

Zone 22: A place in which an explosive atmosphere in the form of a cloud of

combustible dust in air is not likely to occur in normal operation, but
if it does occur, will persist for a short period only.

Whilst for gases and vapours it is possible to calculate or predict the rates of
release and the extents of hazardous zone, this is not practicable for dusts.
Historically EN standards suggested:

Zone 20: | Within process equipment enclosures.

Zone 21: | Normally of only small extent, typically up to 1 metre from
nearest point of the source of release extending vertically
downwards to the ground or level of a solid floor.

Zone 22: | In most circumstances extending up to 1 metre around the
source of release and vertically downwards to the ground or
level of a solid floor.

It is worth noting that a combustible dust cloud will be clearly visible as a
dense cloud. The extents of Zone 22 will sometimes be more than the
guidance above and is impacted by the standard of housekeeping.
Practically it is best to define the extent of Zone 22 by comparison with
powder spread in similar area. Physical inspection by a person experienced
in the technique and familiar with dust / powder handling operations is an
essential part of area classification for combustible dusts.

The properties of the dust, e.g. particle size, moisture content etc and the
workplace environment, e.g. dry, still, inside workplace or wet, windy, outside
workplace will all affect the Zone extents. Therefore the guidance in reference
9 should be followed should area classification for dust handling be required.

A2.11 Selection of equipment for use in hazardous areas

The guidance presented below should be used for selecting both electrical
and non-electrical equipment for use in the hazardous area zones and
summarises the key requirements of the ATEX100 Equipment Directive
(94/9EC).
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It should be noted that simple items of non-electrical equipment with no “own
sources” of ignition i.e. manual valves, chutes, pipework do not fall within the
scope of the ATEX 100 Directive and therefore do not require categorisation.
It should also be noted that where the only source of ignition is electrostatic,
due to the movement of powder etc. through an items of equipment, it is not
deemed as an “own source”.

Equipment Groups & Cateqories
Equipment for use in hazardous areas should carry the CE and specific
explosion marks.

Equipment is grouped based on the location of its intended use and then
categorised according to the level of “ignition protection” provided. This is
illustrated below.

Group Level of Ignition Protection
(Location) Very High High N/A
I (Mines) Category M1 Category M2 N/A
Il (Other) Category 1 Category 2 Category 3

The level of protection required for each of the Group Il categories is
summarized below:

LEVEL OF CATEGORY PERFORMANCE OF
PROTECTION GROUP II PROTECTION

Very High 1 Two independent means of protection or safe
even when two faults occur independently of
each other.

High 2 Suitable for normal operation and frequently
occurring disturbances or equipment where
faults are normally taken into account

Normal 3 Suitable for normal operation

There is a clear link between Group Il categories and hazardous areas
(zones) as defined by ATEX. This relationship is shown in the following
tables. Each category requires sub-division depending on its intended duty.

e ‘G’; gas, vapour or mist duty

e ‘D’ dust duty

For gases and vapours
ZONE GROUP & CATEGORY Equipment Protection Level
0 Group I,1G EPL Ga
1 Group I,1G or 2G EPL Ga, Gb
2 Group I1,1G, 2G, or 3G EPL Ga, Gb, Gc
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For dusts
ZONE GROUP & CATEGORY Equipment Protection Level
20 Group I1,1D EPL Da
21 Group II,1D or 2D EPL Da, Db
22 Group I1,1D, 2D, or 3D EPL Da, Db, Dc

Temperature Classification

Hot surfaces represent potential ignition sources and the maximum surface
temperature of equipment should be considered. A common approach is to
use the T class system discussed below.

When selecting apparatus according to temperature classification, the
maximum surface temperature or the T class of the apparatus (or, where the
apparatus is marked with a particular temperature, that temperature) should
be specified to avoid ignition of the potential flammable atmospheres.

The T class is normally assigned to apparatus on the basis of temperature
rise tests assuming a local ambient temperature not exceeding 40°C. In
special cases, apparatus may be designed on request to operate in a local
ambient temperature of more than 40°C. In this case the maximum permitted
local ambient temperature will be clearly marked on the apparatus. The T
class will have been assigned on the basis of temperature rise tests and the
assumption that the apparatus may operate at temperatures up to the
maximum permitted local ambient temperature.

When apparatus which has a T class assigned assuming a 40°C maximum
ambient temperature is to be used at a higher local temperature, for example
because it is mounted on a hot surface, it is important to check with the
manufacturer on the suitability of the apparatus to operate at these higher
temperatures. For example, when apparatus is to be mounted under
pipe-lagging, it is virtually unaffected by the air temperature, but may fail due
to heat from the pipe.

The permitted maximum surface temperatures classified according to T Class
are given below.

Temperature Classes

T Class Maximum Surface Temperature (°C)
T1 450
T2 300
T3 200
T4 135
T5 100
T6 85

Vapour & Gases: The maximum surface temperature should not exceed the
auto-ignition temperature of the flammable mixture concerned.

Dusts: The maximum surface temperature shall not exceed two thirds of the
minimum (dust cloud) ignition temperature in °C of the dust air mixture
concerned.

In addition, where dust layers may be present, up to 5mm in thickness the
maximum surface temperature of the apparatus shall not exceed a value of
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75°C below the minimum ignition temperature for a 5mm layer of the dust
concerned. Where dust layers may exceed 5mm in thickness the maximum
surface temperature should be reduced accordingly.

For equipment where layer thicknesses are not controlled or limited (e.g.
within process containment), or where apparatus can be submerged in dust,
special precautions are necessary. The use of electrical apparatus (such as
motors, luminaries, plugs and sockets) should be avoided in these areas.
Apparatus for measurement or control techniques (e.g. instrumentation,
sensors, controls) should be provided with a system of power limitation or be
“non-heat dissipating”. In “non-heat dissipating” apparatus the hottest part of
the enclosure does not exceed 5°C above ambient when measured in free air
(e.g. pocket or thermowell apparatus).

Electrical Equipment; Gases & Vapours

The current standards for equipment protection are listed in the following
table.

BS EN 60079-1:2014. | Electrical apparatus for explosive gas atmospheres.
Flameproof enclosures 'd'

BS EN 60079-2:2014. | Explosive atmospheres. Equipment protection by

pressurized enclosure "p

BS EN 60079-5:2015. Explosive atmospheres. Equipment protection by
powder filling "q"

BS EN 60079-6:2015. | Explosive atmospheres. Equipment protection by

liquid immersion “o

BS EN 60079-7:2015. | Electrical apparatus for explosive gas atmospheres.
Increased safety "e"

BS EN 60079-11:2012. | Explosive atmospheres. Equipment protection by
intrinsic safety "i"

BS EN 60079-13:2017. | Explosive atmospheres. Equipment protection by
pressurized room "p" and artificially ventilated room

\'

BS EN 60079-15:2010. | Explosive atmospheres. Equipment protection by
type of protection "n"

BS EN 60079-18:2015 | Explosive atmospheres. Equipment protection by
+ A1:2017. encapsulation “m”

BS EN 60079-26:2007. | Explosive atmospheres. Equipment with equipment
protection level (EPL) Ga

BS EN 60079-27:2008. | Explosive atmospheres. Fieldbus intrinsically safe
concept (FISCO)
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Electrical Equipment; Dusts
The protection of electrical apparatus for use in the presence of combustible
dusts is based on a number of safeguarding methods:

(a) Enclosing the apparatus so as to limit the amount of dust, which may
enter the enclosure and come into contact with sources of ignition.

and

(b) Restricting the maximum surface temperature of the apparatus to
prevent it acting as a source of ignition for dust clouds and dust layers.

Construction and testing requirements and requirements for selection and
installation are given in BS EN 60079-0:2012 + A11:2013 (Reference 11).

Standards for specific protection methods for dust atmospheres are being
developed. The current standards are tabulated below.

BS EN 60079-31:2014. | Explosive atmospheres. Equipment dust ignition
protection by enclosure "t"

15/30277841 DC. BS | Particular requirements for vacuum cleaners and
EN 62784. dust extractors providing equipment protection level
Dc for the collection of combustible dusts.

Note: Additional figures, such as submersible depth, may be used to clarify
the basic categories.

Guidance on selection is given below with the terminology in alignment with
the ATEX Directives. Special considerations are required for apparatus in
Zone 20 and for surface temperature requirements.

Type of Dust Zone 20 Zone 21 Zone 22
Conductive Category 1D, EPL Da Category 1D Category 1D
(Electrical Temperature limitations because of | or Category 2D | or Category 2D
resistivity <102 | the presence of uncontrollable and
Q/m) excessive thickness.

Non- Category 1D, EPL Da Category 1D Category 1D

conductive Temperature limitations because of | or Category 2D | or Category 2D
the presence of uncontrollable and or Category 3D
excessive thickness.

N.B. For Zones 21 and 22 a maximum surface temperature (T Class) must be
defined.

Inspection and Maintenance
Correct installation, inspection and maintenance are critical for electrical
equipment and systems should be in place to manage the use of electrical
equipment in hazardous areas. Guidance presented in the following
standards should be followed:

e gas/vapour hazardous areas; BS EN 60079-14 (Reference 10)

e dust hazardous areas; BS EN 60079-0 (Reference 11).
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Existing Electrical Equipment

Existing equipment in hazardous areas must be inspected to determine
whether it is suitable for use in the zone.

For unsuitable electrical equipment located in hazardous zones then two
options are available.

a) Replace with correctly categorised equipment appropriate for the zone
or

b) Replace with existing spares meeting “pre ATEX” standards e.g. Ex
i(a) or IP5x. As it is over a decade since DSEAR come into force this
option will also need to demonstrate the aged spare is fit for purpose.

T Class and apparatus group should be as recommended for new equipment.

For retrospective assessment of equipment, enclosures are rated according
to the protection that they provide against the ingress of solid objects and
water. Sources of protection are indicated by the characteristic letters IP
followed by two numerals (e.g. IP 54). The first number indicates protection
against solid ingress, the second against water ingress. Relevant parts of the
IP code are summarised below.

IP6X enclosures are dust tight enclosures.

IP5X are dust-protected enclosures. Such enclosures prevent dust entering
in sufficient quantity to interfere with satisfactory operation or exceed 10 g/m?3
in concentration within the enclosure.

First Degree of protection Second Degree of protection against
Digit against particulate matter Digit liquids
Number Number
4 Protection against ingress of 4 Protection against splashing.
solid particles or objects Liquid splashed from any
greater than 1.0mm. direction shall have no harmful
effects.
5 Protection against the ingress 5 Protection against water
of dust in an amount projected by nozzle from any
sufficient to interfere with the direction. (Hose proof).
satisfactory operation of the
equipment enclosed. (This is
Dust Protected).
6 Complete protection against 6 Protection against conditions on
the ingress of dust. (This is ships deck in heavy seas.
Dust Tight).

Existing Non-Electrical Equipment
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Ignition sources presented by mechanical process equipment should have
been assessed as a fundamental part of the explosion risk assessment. Most
equipment if well designed, correctly installed and well maintained and does
not present ignition sources in normal operation e.g. equivalent to Category 3,
suitable for use in Zone 2 or 22 areas. In addition management systems
relating to installation, inspection and maintenance of such equipment should
be audited against the original equipment manufacturer’s instructions.

Safety Management Systems

The following elements of a good safety management system are
recommended in order to fully support DSEAR compliance. These should
already be in place across the STFC sites. It is worth reviewing these
systems when conducting DSEAR assessments in order to ensure that these
are in place within the local area.

General Safety Management Elements

Key elements include:

¢ The definition and publication of health and safety policies

A clearly defined organisational structure with responsibilities assigned
Accident / near miss investigation

Consultation arrangements

Identification of potential training requirements

Identification of potential hazard types and processes for risk
assessments

o Emergency procedures

Training

Training covering the following topics should be considered:

¢ OQutline of explosion hazards (e.g. what is an explosion? and how does an
explosion occur?)

e Potential consequences of explosions

e Potential ignition sources

e Control measures (engineered and/or procedural)

Some of the above training requirements may be "generic" across most of the

site and others may form part of specific training for certain areas.

Operating Instructions

General operating instructions should be in place to ensure all procedural
safety requirements are reliably implemented. Such instructions should also
be used as the basis for local operation training. Consider updating start-up
and shutdown check sheets etc. to include signed checks for completion of
key stages.

Permit to Work Systems

Appropriate Permit to Work and Hot Work Permit systems should ideally be in
place for all areas, particularly those in which there are potential explosion
hazards (i.e. in hazardous zoned areas). The system should apply to staff and
contractors alike. Systems should also be in place to identify any non-routine
operations or any operations, which may have become "custom and practice".
Such operations should be subjected to formal, documented risk
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assessments if they are not covered by the permit to work system or by
operating instructions.

Management of Change

Formal systems or procedures should be in place to assess risks introduced
as a result of changes to operations, equipment or personnel. Such systems
should be developed and implemented to ensure the Explosion Risk
Assessment and Hazardous Area Classification Documents are reviewed
before changes are implemented.

Identification of Hazardous Areas
DSEAR requires that operators of facilities install warning signs at strategic
locations. For example:

a) 'ExX' warning triangles, as defined by the DSEAR Regulations, at
strategic points where they give benefit, e.g. at the entrance to rooms,
or work areas which contain large hazardous areas.

b) Identification of localised hazardous areas outside or within a room
which is largely "safe", is more difficult and may be better implemented
by installation of local signs on equipment or floor warning markings, or
by provision of site plans showing the extent of zones at entrances or
other suitable locations.

Note that the use of signage is best limited to locations such as major
entrances or where there are particular risks. Over use of signage results in it
losing its prominence at locations where it does offer benefit.

No smoking signs at entrance points to the site and at the exits from
designated smoking areas within the site are recommended.
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APPENDIX 3 — Guidance for Completing a DSEAR Risk Assessments

The STFC standard Risk Assessment Form located within STFC SHE Code No 6
should be used to record the finding of the explosion risk assessments and
hazardous area classification. The table below provides guidance on what might be
included in each section for an assessment where DSEAR is a consideration.

Step |Title
1 What are the
hazards?

2 Who Might be
Harmed and How?

3 What are you
already doing?

Notes for Completing This Step

Note the specific explosion hazards by identifying the
dangerous substances in use and whether the manner in which
they are used could give rise to a flammable atmosphere either
inside equipment items or within the workplace area.

Note whether hazardous area zones need to be applied again
either in equipment items or in the surrounding workplace. And
define what these will be and how far they will extend.

If the formation of a flammable atmosphere is very unlikely then
positively state this and define the area or equipment item as
non-hazardous.

Note the credible ignition sources that may come into contact
with the flammable atmosphere and if they are sufficiently
energetic to cause ignition (i.e. low energy static discharges
may not ignite most dusts). Limit the ignition sources to those
that could credibly be present in that instance rather than listing
every possible single ignition source imaginable.

Identify groups of people. Remember:

some workers have particular needs;

people who may not be in the workplace all the time;
members of the public;

if you share your workplace think about how your work
affects others present.

Say how the hazard could cause harm e.g. explosion in small
vessel in fume cupboard may cause vessel to rupture but
unlikely to cause serious injury to personnel in the laboratory.

Record how you think harm can be caused to affected people.
Will they suffer contact burns; consider if clothing will be ignited
or provide protection. Will there be poor or oxygen limited
combustion that will produce harmful levels of carbon monoxide
causing intoxication. Will oxygen levels be depleted so as to
cause asphyxiation? If an explosion is predicted will the person
suffer primary harm (blown over, damage to lungs or ears etc.)
or secondary effects (falling from height etc.) Will affected
people retain sufficient faculties to make a safe exit; for
example ammonia releases quickly attacks eyes and lungs
affecting judgement and functioning.

List what is already in place to prevent or mitigate the effects of
an explosion; record if the control is preventative or mitigating.
Include hazardous area classification and correct equipment for
the zones if applicable.

Are you complying with the good practice examples where
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applicable?

4 What further action |You should decide if the residual risks of an explosion at this
is necessary? point are TIFALARP, and positively state the Basis of Safety as
defined in Appendix 2.1.
If there is a difference between your control measures and best
practice, list what needs to be done to achieve a viable Basis of

Safety.
5 How will you put the |Remember to prioritize. Deal with those explosion hazards that
assessment into are ‘high risk’ and have serious consequences first.
action?
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Appendix 4 Example Risk Assessment for Small Scale Laboratory Use of Solvents

Step 1 Step 2 What are you already doing? Step 3: Step 4:
What are the hazards? Who might be harmed What  further  action is How will you put the Assessment into
and how? necessary? action?
Action by
Hazard/Task or Situation whom By when Done
Fire and explosion Staff and other No highly flammable solvents | None

hazard from small
scale laboratory use
of solvents (typically
less than 1 litre)

persons accessing
the laboratory may
suffer burns
However, formation
of a flammable
atmosphere in the
laboratory is very
unlikely (only those
solvents classed as
highly flammable
present a significant
risk).

Given the limited
quantity of fuel it is
not credible to cause
intoxication (CO) or
asphyxiation. No
over pressure event

in use substituted by lower
flammability alternatives.
Minimise inventory of solvents
in laboratory.

Liquids handled in small
containers typically < 1 litre.
Following information is
provided:

Working Safely with Solvents
http://www.hse.gov.uk/pubns/i
ndg273.pdf
http://www.hse.gov.uk/fireande
xplosion/storageflammliquids.h
tm

Safe Working with Flammable
Substances
http://www.hse.gov.uk/pubns/i
ndg227.pdf

Control measures are
sufficient to reduce risks to
tolerable levels

The Basis for Safety is
Explosion Prevention
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is likely

Use solvents in registered and
maintained fume cupboards
wherever possible otherwise
ensure that there is good
general ventilation.

Good laboratory practice -
Replace lid of solvent
container when not in use.
Clean up spills immediately.

Store solvents in lockable
metal solvents cupboard.
MSDS available.

No smoking allowed

Other portable ignition sources
controlled by good laboratory
practice.

Any hot work carried out under
a Hot Work Permit

Fire alarm system available
Fire procedures displayed
indicating location of nearest
suitable fire extinguisher
Staff given fire training

Step 5 Review Date:

= Review your assessment to make sure you are still improving, or at least not sliding back.

= Ifthere is a significant change in your workplace, remember to check your risk assessment and where necessary, amend it.
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Appendix 5 Example Risk Assessment for Small Scale Use of Hydrogen Supplied by a Gas Cylinder for an Experiment

Step 1 Step 2 What are you already doing? Step 3: Step 4:
What are the hazards? Who might be harmed What  further  action is How will you put the Assessment into
and how? necessary? action?
Action by
Hazard/Task or Situation whom By when Done

H2 cylinder store
and supply pipes.
Creation of a
flammable
atmosphere in the
vicinity of the H2
cylinder store due to
external ignition
sources or
electrostatic ignition
risks leading to
localised flash fire
outside or localised
flame / pressure
effects inside in the
vicinity of H2
pipework

Building regularly
occupied by one
member of staff
Infrequent occupancy
outside

Operator

Persons in vicinity

Well ventilated outdoor
location.

Fixed, secure Swagelok
pipework

Storage facility designed to
BCGA CP4

Pipework designed to BGCA
CP33

Warning signs displayed
Leak testing of pipework
following intrusive

maintenance.

Preventative maintenance and

Fit guarding to protect
against impact damage
from vehicles

Install H2 gas detection in
the building and automatic

shut off outside laboratory.

Set detection to as low as
practical e.g. 5% of LFL

Author Chris Dickinson

Issue No: 1.7

Issue Date: 25/10/2018

Page 40 of 45




inspection on pipework
particularly cylinder
connections and hoses

No smoking rules

Creation of a
flammable
atmosphere within
air extraction around
H2 equipment
including exhaust
duct. Possible
external ignition
sources from
electrical equipment,
electrostatic ignition
sources and
mechanical ignition
from air exhaust fan

Low occupancy but
no formal controls.
Operators

Persons in vicinity

High integrity pipework
designed to BGCA CP33

Leak testing of pipework
following intrusive
maintenance.

Remainder of pipework and
experimental equipment
operate at very low pressure
which limits leakage

Flow control limits the H2
exhaust

H2 shut off on loss of extract
flow (operator emergency
procedure)

Check the sensitivity and
accuracy of the low air
extract flow switch —
confirm detectors are set
as close to design air flows
as possible.

Carry out routine testing
ion switch

Consider automated shut
off of H2 on low extract
airflow

Consider installing H2 gas
detection in exhaust duct
and automatic H2 shut off.
Set detection as low as
practicable e.g. 10% of
LFL

Step 5 Review Date:

= Review your assessment to make sure you are still improving, or at least not sliding back.
= Ifthere is a significant change in your workplace, remember to check your risk assessment and where necessary, amend it.
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APPENDIX 6 — Audit Checklist

Ref

ltem

Rating

Comments

1
(Section 4.1.1)

Have Group leaders ensured that all
explosive atmosphere hazards within
their area of responsibility been
subjected to risk assessments?

2
(Section 4.2.1)

Have DSEAR risk assessments and
Hazardous area classification been
conducted for all activities in the area
involving the use of dangerous
substances that have the potential to
harm people, or are such
assessments incorporated into the
generic risk assessments for the
areas?

3 Are the DSEAR risk assessments
documented in the SHE Assure?
4 Have actions arising from DSEAR risk

(Section 4.1.4)

assessments been implemented to
plan?

5 Have all supervisors/managers/Group
(Appendix 7) leaders been trained in this DSEAR
code, risk assessment and the STFC
Risk Assessment database? Has
refresher training been undertaken?
6 Have all DSEAR risk assessments

been reviewed at least on a 2 yearly
basis?
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APPENDIX 7: Training

Role

Initial Training

Refresher

Frequency

Group Leader

Obijectives for
DSEAR training
include:

- Provide an
awareness of
DSEAR

- Carry out an
example DSEAR
Assessment

Duration 1 day,

To address the
same objectives

Every 5 years or
when there is a
significant change
to the legislation

BASEEFA
Supervisors / Line | As above As above As above
Managers
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Appendix 8 References

1.

10.

11.

12.

13.

14.

15.

The Dangerous Substances and Explosive Atmospheres Regulations 2002.
More information can be found on the HSE’s website:
http://www.hse.gov.uk/fireandexplosion/dsear.htm

The Equipment and Protective Systems intended for use in potentially
explosive atmospheres Regulations 1996 (as amended). More information
can be found via the following link: http://www.dti.gov.uk/files/file11278.pdf

PD CLC/TR 60079-32-1:2015 Explosive atmospheres. Electrostatic hazards,
guidance

BS 2050 (1978) Electrical resistance of conductive and anti-static products
made from flexible polymeric materials.

BS EN ISO 20345:2011 Personal Protective Equipment — Safety Footwear

BS EN 1081:1998 Resilient floor coverings — Determination of the electrical
resistance.

BS ISO 2878:2005 Antistatic and conductive products. Determination of
electrical resistance.

BS EN 60079-10-1:2015 Electrical apparatus for explosive gas atmospheres
Part 10. Classification of hazardous areas.

BS EN 60079-10-2:2015 Electrical apparatus for use in the presence of
combustible dusts. Classification of areas where combustible dusts are or
may be present.

BS EN 60079-14: 2014 Explosive atmospheres. Electrical installations
design, selection and erection

BS EN 60079-0:2012 + A11:2013 Explosive Atmospheres. General
Requirements

BCGA Code of Practice CP33 The Bulk Storage of Gaseous Hydrogen at
Users’ Premises 2012

HSG 51: Storage of Flammable Liquids in Containers
The following link provides access to information about fire and explosion on

the HSE website:
http://www.hse.gov.uk/fireandexplosion/information.htm

STFC Guidance in the handling of hydrogen and deuterium, see STFC SHE
Group
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Appendix 9 Document Retention Policy

Records Minimum Responsible Location of Comments
established retention record keeper records and

period Justification
DSEAR Current + 5 Years | Line Management SHE Assure SHE Group
Assessments Maintain SHE

Assure Facility
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