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SECTION 1

GRA 5.5 Radiation

Scope

This generic risk assessment examines the hazards, risks and control measures relating
to Fire and Rescue Service personnel, the personnel of other agencies and members of
the public when dealing with incidents involving radioactive materials.

Depending on the nature and scale of the operational incident a va
hazards may be present. Fire and Rescue Services may need g ents of
other specific generic risk assessments in this series. You er this

generic risk assessment in conjunction with all other rele

Fire and Rescue Services must conduct t
own Safe Systems of Work (which include

ts and produce their
Procedures, training
.) within the context
knowledge and existing

the general term given to the process by which energy is transmitted away
from an @Rergy source. The term can equally be applied to heat, light, sound, microwave,
radio or atomic sources of energy. This guidance is only concerned with the radiation
arising from atomic sources as these uniquely have the property of causing ionisation
when they interact with other substances and are often referred to as ‘ionising radiations’.

lonising radiation generally arises by one of two processes:

e radioactivity

e X-ray emission.

Generic Risk Assessment 5.5 - Incidents involving radiation 5
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RADIOACTIVITY
This is the phenomenon by which unstable isotopes' of some atoms break down to form
a more stable isotope of a different atom by expelling a small amount of matter from the
nucleus (centre) of the unstable atom. Although there are several ways in which this can
occur, by far the most dominant are by alpha emissions or by beta emissions. Shortly
after an alpha or beta emission has occurred it is usually, but not always, followed by a
gamma emission. Radioactive materials continue to undergo this process, often many
millions of times per second until all the original unstable atoms have changed into the
new stable atoms whereupon the radioactive material ceases to exist. Radioactivity
cannot be destroyed other than by allowing it to decay away. The time taken for a
radioactive source to reduce to half its original quantity is known as the half life. If a
radioactive material is burned in a fire, the equivalent amount of radioactivity will still exist
in the smoke and the ash.

X-RAY EMISSION
This occurs when electrons are accelerated by high voltages insid

stimulates the emission of an X-Ray from the target metal. Si
created through the application of a very high voltage, as soo
switched off, all X-ray emission ceases.

Radiological emergency incidents differ to other h incidents in the

following ways:

e firefighters generally have n
very rare

on emergencies as they are

e even very low levels
rapidly with simple,

e radioactive

' Isotopes are different forms of the same atom which are distinguished by having different
numbers of neutrons in the nucleus but the same number of protons.

6 Generic Risk Assessment 5.5 — Incidents involving radiation
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Characteristics and classification

When describing radioactive processes extremely large numbers and very small numbers
are frequently discussed therefore it is necessary to be able to use multiples and sub
multiples of the units used.

Commonly used multiple and sub multiples

Fraction or multiple Number Prefix Symbol
10° 0.000,000,001 nano- n
10° 0.000,001 micro- u
10 0.001 milli- m

10° 1

108 1000 kilo-

108 1,000,000 mega-
10° 1,000,000,000

G

ty
Types of radiation arising frogaradiS@gtivity

gig
10" 1,000,000,000,000
10" 1,000,000,000,000,000 P P
As described above, there are in effect thr o dic&n arising from radioactivity.
\

Alpha radiation
Has the greatest ionising pot t types. However, partly because of this,
it has very poor penetraj pically, ¥ha radiation can only travel about 3

cm in air and is com very thin layers of other materials e.g. paper,
layers of dead skin,

®Phe penetrating range of beta radiation in air is
absorbed by relatively small thicknesses of metals and

it will be attenuated as it does so. The more matter it passes through, the
more its intensity is reduced. For this reason, dense metals such as lead or steel are
the most efficient at absorbing gamma radiation.

(There are other nuclear processes which give rise to radioactive emissions
but these are much less common and are therefore beyond the scope of this
guidance)

Generic Risk Assessment 5.5 — Incidents involving radiation 7
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When measuring radiation (alpha beta, gamma or X-ray) there are two properties which
need to be classified, the activity (or strength) of the source and the dose (or amount) of
ionising energy which is being absorbed by the body.

The modern unit of activity which has been adopted throughout Europe is the Becquerel
(abbreviated as Bq). All radioactive sources found in the UK legally have to be measured
in Becquerels. The Becquerel is however, an extremely small quantity (it is defined as 1
nuclear disintegration per second) and most sources will have activities of thousands,
millions, billions or even trillions of Becquerels. This means that the usual SI multiples
kilo, mega, giga, tera etc. are often encountered when recording the activity of a source.
It should however be noted that an older unit, the Curie, is sometimes encountered
particularly if the source originally came from the USA. Becquerels and Curies measure
the same dimension in much the same way as centimetres and miles measugg
dimension but on a different scale and magnitude of measurement.

the Sievert is a very large unit, and the common Sl sub mul
commonly encountered.

Most hand held monitoring equipment measures th
which dose is being accumulated, although it is
relevant as the cause of health problems.

be compared to ho
(miles)

e jrradiation — which presents an external risk (i.e. from outside the body)

e contamination — which presents both an internal (i.e. inside the body) and
possibly an external risk.

Irradiation

Irradiation is mainly a problem with materials which emit gamma radiation or from X-ray
machines. lonising energy is radiated out from the source and passes through a person’s
body. As it does so, some of the energy is absorbed by the body tissues and the ionising

8 Generic Risk Assessment 5.5 — Incidents involving radiation
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properties can cause chemical changes in human cells. This can lead to damage and
possibly disease. The source material however, never enters the body but a “hazardous
materials exposure” has occurred and a radiation dose will be received.

Radioactive contamination

Contamination is a potential problem with any radioactive material except electrically
generated X-radiation. If a material which contains radioactive isotopes are in a form which
is easily dispersed (i.e. dusts, powders, liquids, gases) the radioactive substance can
become attached to the exterior of the body by direct contact or airborne dispersion (e.g.
dust, spray, mist etc.). It may also enter the body through inhalation, ingestion or through
an open cut or wound. In this sense, internal radioactive contamination poses much the
same threat as any other chemical toxin or “hazardous materials exposurgZ Once inside
the body, alpha and beta emissions, which were not considered hig
external contamination, may produce damaging ionising radiation & gells of
the lymph system, blood and internal organs.

Sealed and unsealed sources
It is important for emergency responders to make a di
sources of radioactivity and unsealed (open) sources o

e Sealed sources — A sealed sour ource that is encapsulated
into a solid material, usually metal. iOh) is intended to prevent

the escape of radioactive maf@ki llowing the radioactive energy to pass
through. Sealed sources are ithstand rough handling and elevated
temperatures without i [ material. Because the radioactive

s — Unsegled sources consist of powders, liquids or
i tain radioactive elements and which could easily be

—Both sealed and unsealed sources are generally stored or

d in such a way that they are ‘shielded’ by solid materials, usually their
ontainers. These prevent or limit irradiation hazards. If a source’s shielding is
oved or damaged the radioactive hazards are increased.

Damage caused by radiation

The damage caused by radiation may be divided into two different categories

e deterministic

e stochastic (or probabilistic).

Generic Risk Assessment 5.5 - Incidents involving radiation 9
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Deterministic effects are those which occur at a relatively high dose and the severity of
the effect is proportional to the dose. In all cases it is necessary to exceed a threshold
dose before the effect is experienced at all. The most common effects in this category
are skin reddening, hair loss, impaired fertility, lowered blood count, nausea, vomiting and
diarrhoea. The threshold for detectable deterministic effects is about 100mSv. At this level
no symptoms would be exhibited but tests on blood may start to show signs of damage.
As dose levels increase the severity of effects and the rapidity of their onset increases.
Doses above 5,000 millisieverts in a short period of time are life threatening.

Stochastic effects are those where the probability of experiencing the effect is
proportional to the dose but the severity of the effect is independent of the dose. The
most common effect in this category is cancer, The likelihood of contracting cancer
increases with the dose but the severity of the disease is the same irrespecti

any immediate effects such as skin reddening, hair loss, re
However, the maximum annual dose to all radiation workers
There is an additional limit on females of reproductiv

much a restriction designed for the protecti
foetus.

female firefighters would not
pregnancy was declared (Se

10 Generic Risk Assessment 5.5 — Incidents involving radiation
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Dose Effect Comments

5 Sieverts Probable lethal dose Very dependent on rate

(5,000 mSv, or 5,000,000 of delivery and health of
individual

uSv)

3 Sieverts Erythema (skin reddening) May not appear for several

(3,000 mSv or 3,000,000 LSV) days

3 Sieverts Depilation (Hair loss) Temporary between 3 and 7

(3,000 mSv or 3,000,000 pSv) Sv; permanent above 7 Sv

1 Sievert Threshold for radiation

(1,000 mSv, or 1,000,000 sickness

HSV)

700 mSv Threshold for temporary

(700,000 pSV) sterility

100 mSv Chromosomal changes i at which any

blood cells detectable. S ges can be

(100,000 pSv) increase in existigg cancer Y No noticeable
risk effects by the person
eceiving the dose
5 mSv in overall o0 immediate observable
(5000 |SV) effects
NOTE:

This table is designed to gi
effects to be observed a
there are likely to be m
dose.

the order of magnitude required for various
egarded as a very approximate guide. In practice
would influence the response to various levels of

dure’stating how they will manage a radiation incident and stating how they
ischarge their duties under the ionising radiations regulations. In particular the
ust address the following points:

Dose Limits

The maximum annual dose to all radiation workers (male and female) is 20 mSv.
Firefighters attending a radiation incident fall under the definition of a radiation worker.
There is an additional limit on females of reproductive capacity of 13 mSv in any three
month period. The reason for this additional restriction is to protect a recently conceived

Generic Risk Assessment 5.5 - Incidents involving radiation 11
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foetus within a woman who may be unaware of her pregnancy. In this sense it is not so
much a restriction designed for the protection of females but is a restriction designed to
protect a foetus.

Further restrictions apply to females who have announced they are pregnant or breast
feeding but it is assumed that female firefighters would not be used in an emergency
operational capacity once the pregnancy was declared.

Dose Constraints

The regulations stipulate that, where appropriate to do so at the planning stage, dose
constraints are used to restrict exposure to radiation as far as is reasonably practicable.
This dose constraint will usually be significantly lower than the legal dose limits. Fire

limit (i.e. 1/3 of 20 m
circumstag i
dose as c and by using 5 mSv as the dose constraint level
) this reporting threshold.

‘As Lo y Practicable’ (ALARP)
At all times sufficient to avoid exceeding dose constraints or dose limits,
the Fire and ue Service must take active measures to ensure that all doses received

are ‘As Low ASIReasonably Practicable’ (ALARP). Dose limits are not aspirational, they
are the last line ® defence. In practical terms this means that if a task can be carried
out in more than one way and one method is likely to result in lower radiation doses, this
method must be used if reasonably practicable.

Emergency exposure

Although the preceding paragraphs are based upon the legal requirements under lonising
Radiation Regulations 99, there is an exception to these dose limits. Under the Radiation
(Emergency Preparedness and Public Information) Regulations 2001 (REPPIR) it is

12 Generic Risk Assessment 5.5 — Incidents involving radiation
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permissible to disapply the lonising Radiation Regulations 99 dose limits at a licensed
nuclear site or at an incident involving transport by rail if in doing so it might be possible to
save life or maintain critical infrastructure.

In these instances it may be permissible for an informed volunteer to be exposed to

a dose of up to 100 mSv?. The authorisation for the disapplication of dose limits (i.e.

allowing emergency exposure to take place) must be given by an officer or manager
within the Fire and Rescue Service who has received appropriate training.

The REPPIR state that employees of the emergency services who may receive
emergency exposures should be pre-identified as part of the planning process. Fire and
Rescue Services should liaise radiation risk operators or carriers, as appropriate, to obtain
the expert advice needed to plan for emergency exposures.

involving a radiation
source at other premises. In this case ther, S| adiation Regulations cannot

However, this anomaly in law has been i d after consultation with the Nuclear
Installations Inspectorate the f ing h

e “Terrorist incide idered by the Health and Safety Executive to
be applicable i Radiation Regulations 1999 (IRR99) or The
Radiation (Em

e appropriate training in the field of radiation protection

e suitable and sufficient information and instruction for them to know the risks
to health created by exposure to ionising radiation and the precautions which
should be taken

2 The figure of 100 mSv is not stipulated in the REPPIR, it has been arrived at through multi-
agency collaboration. Where FRSs have licensed sites within their turn-out areas they should
develop risk assessed emergency exposure procedures with site operators.

Generic Risk Assessment 5.5 - Incidents involving radiation 13
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* a briefing on the risks and control measures associated with the specific
emergency tasks in question.

NOTE
Informed volunteers should be asked to confirm their agreement to potentially receive
an emergency exposure at this briefing.

The REPPIR also require that employers of informed volunteers:

e provide equipment that is necessary to restrict the exposure of informed
volunteers to radiation

e identify, and appropriately train, managers/officers who are authqg

emergency exposure

e make arrangements for medical surveillance by an ap
employment medical adviser to be carried out with
radiation emergency

of doses during emergency exposures, e recording of
such doses in dose records. Further inf i mes of approved
dosimetry service approved under be found on the Health and
Safety Executive’s website

e ensure that no employee un e, No trainee under 18 years of
age and no female e pregnantor breast-feeding is subject to an
emergency exposur;

ancing the safety of firefighters and others likely to be affected
by FRS operd@i@ns. Each Fire and Rescue Service’s Integrated Risk Management Plan
(IRMP) will set §andards and identify the resources required to ensure safe systems of
work are maintained.

Because of the nature of radioactive materials, careful pre-planning is essential to ensure
that any incident will be dealt with in accordance with standard operational procedures
and that personnel are aware of the risks. They also need to be aware of the protective
measures that are provided by personal protective equipment and safe systems of work,
and of any specialist advice that is available.

14 Generic Risk Assessment 5.5 — Incidents involving radiation



Archived 31 March 2020

It is assumed that no radiation dose is entirely free from risk, therefore planning for any
incident that may involve radiation should have the objective of restricting dose levels to
‘as low as reasonably practicable’ (ALARP).

Each Fire and Rescue Service should assess the hazards and risks in their area relating
to this generic risk assessment and site-specific plans should be considered for locations
where there are significant known radiation risks. This assessment should include

other Fire and Rescue Service’s areas where ‘cross-border’ arrangements make this
appropriate.

Such contingency plans should include:

* levels of response

e relevant standard operating procedures (SOPS)
e tactical considerations including rendezvous points (RVPs)
e appliance marshalling areas and access points

e on-site Emergency Plans and information pagks.

Pre-planning is underpinned by information gathering, i e gained
through inspections or visits by Fire and Resc i : ple, those covered

is sent to Fire and Rescue Services fro ment Agency via the Radioactive
Substances Act 1993 (since Apa ' tal Permitting Regulations 2010
in England and Wales). All Fire '

within and outside the Fire and Rescue Service, including:

c safety audits

® incident de-briefs

¢ health and safety events
e |ocal authorities

® |ocal resilience forum.

Involving others in pre-planning is an effective way to build good working relations with
partner agencies and other interested parties, such as site owners.

Generic Risk Assessment 5.5 - Incidents involving radiation 15
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Fire and Rescue Services will need to consider the levels of multi-agency liaison and
advice that are required to resolve all foreseeable incidents involving radioactive materials
within their areas.

Organisations that can provide positive benefits in this regard will include:

e nuclear energy providers

® emergency planning departments
e environmental health departments
¢ the Environment Agency

e the police

e the ambulance service

e the Health and Safety Executive

¢ highways agencies (if incident is mobile)

e specialist advice through National Arrangements f volvin
Radioactivity (NAIR) and RADSAFE
e the Health Protection Agency Radiation Pr
e the UK Government Decontamination ng a list of
commercial companies who will g erations)
e Fire Service scientific advisers.
Fire and Rescue Services should ens in place to record and regularly

review risk information and to identified and recorded as soon

as practicable.

Fire and Rescue Services m he information gathered is treated as
confidential, unless '

reasons.
Fire and Rescue Ser onsider the benefits of using consistent systems and
formats t [ from all sources. Consideration should also be given to how

timely acc id€d to information to support operational decision-making.

Information and the capacity of Fire and Rescue Service staff to assimilate
information wil@ary, in proportion to the nature and size of the incident and what stage
the operational ®esponse has reached. Arrangements need to be flexible and may be

based on more than one system.

16 Generic Risk Assessment 5.5 — Incidents involving radiation
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Training

When formulating a training strategy Fire and Rescue Services should consider the
following points:

e Fire and Rescue Services must ensure their personnel are adequately trained to
deal with the hazards and risks associated with incidents involving radioactive
materials

e the level and nature of training undertaken should be shaped by informed
assessment of operational and individual needs in accordance with the Fire
and Rescue Service guidance on the integrated personal development system,
national occupational standards and any internal training plan

e training and development should follow the principles set outd
guidance documents

e training and development programmes should gener,
they move from simple to more complex tasks an
risk

e training and development will typically cover
well as ensuring knowledge and understandin i nd the associated
skills that will be required to use it

Training outcomes shoul that the training provided is effective,
current and it meets d eeds as determined by the Fire and Rescue
Service Integrated Ris

is defined, as appropriate, a calendar year or the period of five
ar years (lonising Radiation Regulations 1999).

considerd® “As Low As is Reasonably Practicable” (ALARP). This will be achieved by:

Generic Risk Assessment 5.5 - Incidents involving radiation 17
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Operational key principle

Radiation Dose Control Measures — Where it is known that the only radiation at
an incident is from a sealed source (i.e. there is no contamination risk) protection will
depend upon a combination of TIME, DISTANCE and SHIELDING

TIME - the shorter the duration of exposure the smaller the accumulated dose

DISTANCE - the greater the distance from the source of radiation the lower the
dose rate

NOTE:
Inverse square relationship (e.g. doubling the distance from a radiation source
quarters the dose received)

SHIELDING - in general the higher the density and greater the thickneSga
shielding, the better the protection.

e Response vehicles should approach the incident f
wherever possible as a precaution. This is essential
been a significant release of contamination

given by the International Atomic En
Responders to a Radiologi his mahual provides practical

emergency. It does ) esponse to emergencies involving facilities
or operations for w

Rz ‘ationwo o cnis’= Generic Initial Cordons

45 metres around

Angerous source 100 metres around

olving a potentially 300 metres radius

Suspected bor® (exploded or unexploded) 400 metres radius or more to protect
against an explosion

Inside buildings

Damage, loss of shielding or spill of a potentially Affected and adjacent areas (including
dangerous source the floor above and below)

Fire or other event that can spread a potentially Entire building and outside distances
dangerous source materials throughout the building detailed above

(e.g. through the ventilation system)

18 Generic Risk Assessment 5.5 — Incidents involving radiation
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NOTE:
ALARP

At all times, it is not sufficient to avoid exceeding dose constraints or dose limits, the
Fire and Rescue Service must take active measures to ensure that all doses received
are ‘As Low As Reasonably Practicable’ (ALARP).

PERSONAL HYGIENE
Smoking, drinking or eating must not be allowed in the risk area. Arrangements should be
put in place for rehydration requirements for personnel involved in operational activities.

Command and control

The Incident Commander (IC) should follow the principles of thg currg

decisions in what are recognised as sometimes dang
charged environments.

A thorough safety brief prior to deployment of
carried out.

The Incident Commander will be gui

e the nature of incident

e risk ingpection information
e protection against radiation

e decontamination requirements.

Safety Officer(s)

The early appointment of one or more Safety Officer(s) will help ensure that risks are
either eliminated or reduced to an acceptable level.

Generic Risk Assessment 5.5 - Incidents involving radiation 19
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A safety decision-making model should be used to brief Safety Officers regarding the
nature of the incident, the allocated task and prevailing hazards and risks. The Incident
Commander should confirm that the Safety Officer understands:

e their role and area of responsibility
e allocated tasks
¢ lines of communication.

Those undertaking the Safety Officer role should:

e be guided by the Fire and Rescue Service Hazardous Materials Officer

* be competent to perform the role

e ensure personnel are wearing appropriate personal protective eg
e wear a personal dosimeter

e monitor the physical condition of personnel and any ac
general or specific safety conditions at the incident, in i brief

e take any urgent corrective action required to ensure

e update the Incident Commmander or senior
circumstances

* not be engaged in any other aspeciof opek@hions, unle

with a risk critical situation.

is is required to deal

A Safety Officer can be of any opera
incident and scope of responsibilj

e complexity of the task, size of the
d by the Incident Commmander

Safety Officers should wear r{@li ised identification to indicate they are
undertaking the ‘Safe

Fire and ResQUE Services must ensure that any personal protective equipment provided is
fit for purpose @A meets all required safety standards. When choosing suitable protective
garments, the standard of clothing worn beneath the specialist personal protective
equipment should also be taken into account. Consideration should also be given to

the selection of suitable sizes and gender specific requirements of personal protective
equipment.

Personal protective equipment should also take account of the need for rescuers to be
visible against the operational background including night working and for the Incident
Commander and other managerial and functional roles (defined in the national incident
command system) to be distinguishable.

20 Generic Risk Assessment 5.5 — Incidents involving radiation
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All personnel must use appropriate levels of service provided personal protective
equipment and respiratory protective equipment as determined by the safe system of
work.

It is important to remember that personal protective equipment is low on the hierarchy of
control measures, and although it is provided for protection against contamination and
internal exposure to radiation and for ease of decontamination, it does not protect against
external gamma radiation.

Additional equipment

Where there is a radiological hazard specialist personnel such as an on-site Health
Physicist or Radiation Protection Supervisors/Advisors can be responsible for the

radiological protection, provision of instruments, protective clothing ang
of Fire and Rescue Service personnel. Site personnel can be used
duties.

Equipment has now been provided through the New Dim
to each Fire and Rescue Service Detection, Identificatign
equipment includes:

e Rados RDS 200 universal survey meiges (RDS
e Exploranium

e Thermo Fisher electronic pe

into this area must be strictly ¢ ersonnel entering must be wearing
appropriate personal protggii rry a personnel dosimeter.

Each team entering th i Id also have a survey meter with them for
monitoring gamma rad

Recording should be done either on-site, on return to the station or as soon as reasonably
practicable. This should include a full safety briefing for personnel. There should
subsequently be a process for the secure retention of dose records for up to 50 years.

Personnel should also be provided with follow-up monitoring by the Occupational Health
Unit as necessary. This will enable more sensitive whole body monitoring or analysis of
biological samples, such as urine etc. to be carried out.

Generic Risk Assessment 5.5 - Incidents involving radiation 21
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Decontamination

Suitable decontamination may be required if exposed to unsealed sources. However,

the use of safe undressing procedures is often more effective. The identification of a
restricted area around the source and limitation of the number of personnel entering the
restricted area must be actioned in line with national guidance published in 2003, National
Guidance Document for Fire Service Mass Decontamination.

Post-incident

The following measures, as appropriate to the nature and scale of the incident, should be
considered to help eliminate or remove risks after an incident:

22

Any safety events: personal injuries, exposure to hazardous substance

requirements such as the Reporting of Injuries, Diseases and D
Occurrences Regulations 1995, etc

Arrangements should be in place to either remove all
and to check that it maintains the agreed levels of i
wearer throughout its lifecycle.

Occupational health support and survei

&affects and to check whether they would benefit from
ing and support services

2cord of their actions. This information may be used to assist in any
or external investigations or enquiries that follow any incident e.g.
corong@s court, public enquiry, etc.

Generic Risk Assessment 5.5 — Incidents involving radiation
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1 lonising Radiation Regulations 1999 (IRR99)

Apply to a large range of workplaces where radioactive substances and electrical
equipment emitting ionising radiation are used. They also apply to work with natural
radiation, including work in which people are exposed to naturally occurring radon gas
and its decay products. Any employer who undertakes work with ionising radiation
must comply with IRR99. It requires employers to keep exposure to ionising radiations
as low as reasonably practicable. Exposures must not exceed specified dose limits.
Restriction of exposure should be achieved first by means of engineering control and
design features. Where this is not reasonably practicable employers should introduce
safe systems of work and only rely on the provision of personal protective equipment
as a last resort. Further information can be found at:

http://www.hse.gov.uk/radiation/ionising/legalbase.htm

2 Radiation (Emergency Preparedness and Public Informatio
(REPPIR)

REPPIR establishes a framework of emergency prepare

REPPIR do not replace existing nuclear
licensed sites who comply with tho

Generic Risk Assessment 5.5 - Incidents involving radiation 23
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