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For what purpose do | want to use the Inhabited Areas Handbook?
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Planning

Go to Section 5
“Planning in advance”

Consider customising
handbook for local
conditions (e.g. land
use) using a
stakeholder
engagement process

Response

Go to Section 6 “Constructing a

management strategy”

Consult decision tree for
accident characterisation,
monitoring requirements and
assessment of doses

Then follow the 8-step process:

Identify surfaces that are
likely to be/have been
contaminated

\/

Consult selection tables of
management options for
identified surfaces

\/

Check applicability of
management options for

identified radionuclides

ELIMINATE OPTIONS

Check key constraints of
management options

\/

ELIMINATE OPTIONS

Check effectiveness of
management options

ELIMINATE OPTIONS

Check for type and amount
of waste produced

\/

Go to Section 3 “Datasheets”
for other constraints on the
remaining options

ELIMINATE OPTIONS

Select and combine options
and build management
strategy

Training — new user
Go to all Sections
Section 1 "Introduction”

Section 2 “Management
options”

Section 3 “Datasheets”

Section 4 “Factors
influencing
implementation of
management options”

Section 5 “Planning in
advance”

Section 6 “Constructing a
management strategy”

Section 7 “Worked
examples”

Consult Appendices for
supporting information if
required

Training — refresher

Go to Section 7
“Worked examples”

This goes through the 8-
step process for two
examples. A major
incident at a nuclear
power plant involving
¥'Cs and a small scale
incident involving #°Pu.
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INTRODUCTION TO THE HANDBOOK FOR INHABITED AREAS

INTRODUCTION TO THE HANDBOOK FOR INHABITED
AREAS

The Handbook for Inhabited Areas or Inhabited Areas Handbook in short, is a tool to
support decision-makers in developing a recovery strategy following a radiation
incident. The Handbook is a compilation of information to help users identify the
important issues and evaluate management options. It has been produced with financial
support from the European Commission as part of an integrated project ‘EURANOS’.
The overall aim of the project is to increase the coherence of emergency preparedness
and management in Europe, following accidental or deliberate releases of radionuclides
to the environment. This handbook focuses on inhabited areas. Two other
complementary handbooks consider contamination of food production systems and
drinking water supplies (http://www.euranos.fzk.de). The Inhabited Areas Handbook
should be regarded as a living document which requires updating from time to time to
remain state-of-the-art.

Contaminated inhabited areas — what’s the problem?

Following a radiation incident, contamination may occur in an inhabited area. As a
consequence, many types of surfaces and areas could be affected which require
specific types of management options to reduce external doses and doses from
inhalation of resuspended material. Clean-up may result in large volumes of
contaminated material requiring disposal.

How can the Inhabited Areas Handbook help?

The Inhabited Areas Handbook provides decision makers and other stakeholders with
guidance on how to manage the many facets of a radiation incident. It contains scientific
and technical information on what to do during the emergency, as well as tools to assist
in the selection of a recovery strategy taking into account the wide range of influencing
factors. The Inhabited Areas Handbook is also helpful for contingency planning.

Version 2

1.1 Objectives of the Inhabited Areas Handbook

The Inhabited Areas Handbook has been developed to meet several inter-related
objectives:

. to provide up-to-date information on management options for reducing the
consequences of contamination in an inhabited area

. to outline the many factors that influence the implementation of these options

. to provide guidance on planning for recovery in advance of an incident
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. to illustrate how to select and combine management options and hence build a
recovery strategy.

The Inhabited Areas Handbook also has a series of secondary aims:

) to generate awareness in emergency preparedness and recovery management
options for inhabited areas

. to promote constructive dialogue between all stakeholders

. to identify under non-crisis conditions specific problems that could arise, including

the setting up of working groups to find practical solutions

. to elaborate plans and/or frameworks for the management of contaminated
inhabited areas at the local, national or regional level.

1.2 Audience

The Inhabited Areas Handbook is specifically targeted at:

. central government departments and agencies

. experts in radiation protection

. local councils and representatives

) water and health authorities

. emergency response personnel (police force, ambulance and fire and rescue
services)

. other stakeholders who may be affected/concerned, depending on the situation.

1.3 Application

The Inhabited Areas Handbook can be considered solely as a reference document
containing information on scientific, technical and societal aspects relevant to the
management of contaminated inhabited areas. However, it is intended that it be used as
part of a participatory process in order to realise its full potential. Examples of the most
likely applications of the Handbook are:

° in the preparation phase, under non-crisis conditions to engage stakeholders and
to develop local, regional and national plans/framework/tools

. in the post-accident phases by local and national stakeholders as part of the
decision-aiding process

° for training purposes

. in the preparation for and during emergency exercises.

1.4 Context

The primary focus of the Inhabited Areas Handbook is radiological protection, or, in
other words, reducing exposure of humans to radiation. However, experience from past
contamination events, particularly the accident at the Chernobyl nuclear power plant,
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has shown that the consequences of widespread and long-lasting contamination are
complex and multi-dimensional. Radiological protection should be considered as only
one aspect of the situation. It has been recognised that, to be efficient and sustainable,
the management of consequences of radioactive contamination must take into account
other dimensions of living conditions, such as economic, social, cultural and ethical
issues. Therefore this Handbook also addresses aspects that go beyond those of
radiological protection (see Section 4). The handbook is based on the premise that
those living and working in the contaminated areas still wish to do so following a nuclear
accident or radiological incident. This depends in part on the support provided by the
authorities.

1.5 Scope

The sources of contamination considered in the Inhabited Areas Handbook are from a
nuclear site or weapons’ transport accident. However many of the management options
described will also be relevant to other radiation incidents (e.g. an improvised terrorist
device) even though the pattern of contamination would be different.

This Handbook only covers the recovery part of the post-accident phase, with a focus
on reducing doses from external exposure to radioactive contamination and from
inhalation of resuspended material in air. Following a radiological emergency there will
be an initial acute emergency phase where urgent measures such as sheltering or
evacuation are required to protect individuals from short-term, relatively high risks. The
recovery phase should be seen as starting after the incident has been contained;
although there are no exact boundaries between the two phases. It continues until
agreed recovery criteria have been met. Whilst the Handbook relates only to the
recovery phase, it may also be used in the acute phase to provide useful information
and advice on the longer-term management of the incident and to look at the
implications of early urgent actions on any subsequent recovery strategy.

1.5.1 Topics not covered by the Inhabited Areas Handbook
Topics that are not covered by the Inhabited Areas Handbook include:

o guidance for setting up a detailed monitoring scheme

o lists and details of contacts and contractors and the responsibilities of
organisations in the event of a radiological emergency

. links between responses at different levels e.g. local, regional

. detailed planning for radiological emergencies including pre-drafted press
releases and standard answers

o communication strategy

. wider socio-economic issues of damage, compensation, recovery of business,

personal and private losses.
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1.6 Structure of the Inhabited Areas Handbook

The overall structure of the Inhabited Areas Handbook is illustrated in Figure 1.1.
Section 1 sets the context, scope and audience of the Handbook, its application and
describes the importance of various surfaces and hazards in inhabited areas. Section 2
provides an overview of management options for different types of inhabited area; the
datasheets for each management option are presented in Section 3. Factors influencing
the implementation of management options in contaminated areas are described in
Section 4. Information on planning for recovery in advance of an incident is given in
Section 5. The main decision aiding framework, including a worked example is included
in Section 6 and Section 7, respectively. A detailed glossary can be found in Section 8
and supporting and background information can be found in the Appendices. As noted
in Section 1.3, the Inhabited Areas Handbook should be used as part of a participatory
process involving local and national stakeholders in the development of a recovery
strategy (i.e. lower segment of Figure 1.1).

Figure 1.1 Structure and audience for the Inhabited Areas Handbook

ac\«;fouﬂd information (gg, tion
AP

Recovery Strategy

Stakeholder®
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1.7 Types of contaminants, hazards and exposure pathways

Following a radiological incident, health hazards to humans depend on the
characteristics of the radionuclides involved and the period of exposure, as well as the
distance of the location where people live from the contamination and the presence of
any shielding material. Further information on radiological hazards can be found in

Appendix A.

Figure 1.2 shows the most important processes of radionuclide transfer in an inhabited
area, the different hazards posed and the exposure pathways for humans. The
exposure pathways which contribute most significantly to the exposure of humans in an
inhabited area are external exposure from contamination on surfaces and inhalation of
resuspended contaminated material. In certain cases, other exposure pathways, for
example inadvertent ingestion of contaminated material, may warrant investigation. This
pathway has been considered for people working with contaminated waste, but it is not
considered in detail in the Handbook. The ingestion of contaminated food, although not
discussed in this Handbook is also an important exposure pathway. The Handbook for
Food Production Systems should be consulted for further information on this pathway
and how radionuclide transfer may be reduced.

The radionuclides considered in the Handbook have been grouped according to both
their radioactive half-lives and whether their hazard arises mainly from emission of
gamma, beta or alpha radiation. Half-lives and types of radiation emitted by
radionuclides included in the Handbook are given in Table 1.1.

Figure 1.2 Primary exposure pathways of relevance to the recovery phase of a radiological incident

Inhalation of resuspended__
material

Air

T

Resuspension Deposition

\ 4

External exposure from
contact with surfaces ——p»|
(beta)

Removal by weathering /

& cleanin External exposure from contamination
9 on surfaces (beta & gamma)

Exposure of
people

Contamination on surfaces in an
inhabited area

In general it is expected that a mix of radionuclides would be released into the
environment following a radiological incident. As shown in Table 1.1 often a
radionuclide emits predominantly a single type of radiation and, as a result, one
exposure pathway normally dominates for a single radionuclide. However, for some
radionuclides and depending on the circumstances of the incident, people’s habits and
whether they are members of the public or recovery workers, there may be cases where
other exposure pathways should be considered.
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Table 1.1 Predominant emissions and half-life for each radionuclide considered in the Inhabited Areas

Handbook
Radionuclide Dominant
Alpha Gamma radiation Radioactive
Symbol Name (MeV) Beta (MeV) (KeV) type half-life
®co Cobalt-60 - 1.48 (0.1%) 1173 (100%) Gamma 527y
0.31(99%+) 1332 (100%)
Sse Selenium-75 - - 265 (60%) Gamma 119.8 d
136 (57%)
gy + Strontium-90 +  — 0.546 - Beta 2912y
Oy Yttrium-90 2.27
%7y Zirconium-95 - 0.89 (2%) 724 (49%) Gamma 63.98 d
0.396 756 (49%)
Mo + Molybdenum-99  — 1.23 740 (12%) Gamma 66 h
99m + 81 (7%)
Technetium-99m
19%Ry Ruthenium-103 - 0.70 (3%) 497 (88%) Gamma 39.28d
0.21 610 (6%)
1%6Ry + Ruthenium-106 + — 3.54 512 (21 %) Gamma 368.2 d
196Rp Rhodium-106 622 (11%)
¥27¢ Tellurium-132 - 0.22 53 (17%) Gamma 78.2d
230 (90%)
13 lodine-131 - 0.606 364 (82%) Gamma 8.04d
637 (6.8%)
¥4cs Caesium-134 - 0.662 796 (99%) Gamma 2.062y
605 (98%)
%6cs Caesium-136 - 0.341 819 (100 %) Gamma 13.1d
0.657 1048 (80%)
¥7cs + Caesium-137 + 1.176 (7%) 662 (85%) Gamma 30y
1374 Barium-137m 0.514
4984 Barium-140 - 1.02 438 (5%) Gamma 12.74 d
537 (34%)
“ce Cerium-144 - 0.318 133.5(100%)  Gamma 284.3d
0.238
®vp Yiterbium-169 - - 63(45%) Gamma 32.01d
198 (35%)
02 Iridium-192 - 0.67 317 (81%) Gamma 74.02d
468 (49%)
2%Ra Radium-226 478 (95%) 3.3 186 (4%) Alpha 1610y
4.60 (6%) 260 (0.007%)
5y Uranium-235 440 (57%) 0.3 185 (54%) Alpha/ 7.04 108y
4.37 (18%) 143 (11%) Gamma*
238py Plutonium-238 550 (72%) - 99 (0.008%) Alpha 87.74y
5.46 (28%) 150 (0.001%)
29%py Plutonium-239 5.16 (88%)  — 52 (0.02%) Alpha 2.410%y
5.11 (11%) 129 (0.005%)
2 Am Americium-241 549 (85%)  — 60 (36%) Alpha/ 4322y
5.44 (13%) 101 (0.04%) Gamma*
Notes:

*: For these radionuclides inhalation doses from resuspended material are mainly due to the alpha radiation emitted, but if the
contamination is fixed to surfaces and not available for resuspension, only external exposure to gamma radiation contributes to the

dose

14
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1.8 Inhabited areas

Inhabited areas are places where people spend their time. They can be divided into a
number of sub-areas such as residential, industrial and recreational. These sub-areas
contain a variety of surfaces such as buildings, roads, woodlands and parks.

What is an “inhabited area”?

Version 2

The sub-areas and surfaces found in inhabited areas are described in Table 1.2 and
Table 1.3 respectively.

Figure 1.3 shows the types of surface which can be found in each sub-area.

Table 1.2 Types of sub-areas in inhabited areas

Sub-area

Description

Residential

Non-residential

Industrial

Recreational

Areas used for residential purposes (e.g. houses, small settlements, housing estates, block
of flats).

Areas accessed by the public for services and employment (e.g. commercial districts,
shopping centres, supermarkets, town and city centres).

Non-residential areas where production and/or commercial activities are undertaken (e.g.
industrial estates, factories).

Outdoor areas accessed by the public for recreation.

The sub-areas may comprise:

Buildings

Outdoor areas

Parks and open
spaces

Woods and forests

Countryside

Buildings used for residential, public, commercial and industrial purposes. Also includes
buildings key to the provision of infrastructure in an area, such as railway stations and water
treatment plants.

Areas with private access from residential dwellings (e.g. playing areas, driveways, patios,
gardens) and areas with public access (e.g. roads, pavements, car parks, gardens, playing
fields, playgrounds).

All gardens, parks, children's play areas and sports fields with public access. Size of these
areas is typically greater than 300 m?.

Managed and unmanaged deciduous and coniferous woods and forests used for recreation
purposes by the public.

Managed and unmanaged areas used for recreational purposes by the public (e.g.
footpaths, national parks, moorland).
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Table 1.3 Surfaces in inhabited area

Surface

Description of surface

Buildings - external

surfaces

Buildings - indoor surfaces
and objects

Buildings - precious

objects

Buildings - specialised

surfaces

Roads and paved areas

Soil, grass and plants

Trees and shrubs

External hard surfaces (e.g. walls, roofs, windows and doors of all buildings)
Indoor building surfaces (e.g. walls, floors, ceilings, soft furnishings and furniture)

Objects for which disposal is unacceptable and for which normal decontamination
methods may cause unacceptable damage (e.g. museum pieces, artwork, original
documents and personal items)

Metal, plastic and coated surfaces found in industrial and commercial buildings. Also
includes ventilation systems.

All roads, pavements, large paved or asphalt areas (e.g. playgrounds, yards and car
parks)

Includes lawns, flowerbeds and vegetable plots associated with the gardens of
residential dwellings, landscaping around commercial and public buildings, allotments,
parks, playing fields and other managed green areas.

Includes all woody plants (e.g. trees, shrubs and bushes) associated with the gardens
of residential dwellings, landscaping around commercial/public buildings, orchards,
allotments, parks, playing fields and other managed green areas.

Figure 1.3 Link between types of inhabited area and surfaces

Inhabited Areas

Residential Recreational
n Non-residential
o
?
= Industrial
(7}
Buildings Outdoor areas Parks and open Countryside Woods and
spaces forests
External surfaces Soil, grass and plants
o Indoor surfaces Trees and shrubs
& and objects
©
‘£
03, Precious objects || Roads and paved
areas
Specialist
surfaces
1.8.1 Importance of different surfaces in influencing radiation exposure

The relative importance of the various surfaces in contributing to doses from external
exposure depends on a number of specific factors, such as the radionuclides released
and their physical/chemical forms, the type of area, the amount of precipitation at the
time of deposition, weathering and redistribution of the radionuclides onto other
surfaces. If the source of contamination is outdoors, contamination on outdoor surfaces
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always plays a major role. If the deposition occurs during rainfall (wet deposition) doses
from deposition on indoor surfaces are likely to be much lower than doses from
deposition on outdoor surfaces. If deposition occurred at a time when there is no rain
(dry deposition) doses from indoor surfaces assume higher importance. Furthermore,
deposition of radioactive material under dry or wet weather conditions results in different
distributions of the contamination on different surfaces (see Appendix A for further
information). For example, wet deposition onto house walls is minimal, owing to their
vertical orientation. In addition, surfaces with the highest radioactive contamination may
not provide the highest contribution to the exposure of the inhabitants of a contaminated
area, as these people may spend more time close to less contaminated surfaces. In
estimating doses to the public, it is therefore necessary to carefully evaluate exposure
contributions from contamination on each surface. Figure 1.4 gives an indication of the
likely importance of surfaces found in inhabited areas in contributing to external gamma
doses following deposition of a long-lived radionuclide, e.g. **Cs, in a typical inhabited
area following a release outside the inhabited area, such as a reactor accident (Brown
et al, 1996). The relative importance of time spent outdoors and indoors on doses is
taken into account by assuming that people spend 90% of their time indoors.

Figure 1.4 Likely importance of surfaces in contributing to external dose

General guidance on
importance of surfaces
£ for clean-up l

Building surfaces Outdoor ground surfaces

Roofs are more important following dry
deposition (contribute about 10-15% of
lifetime dose after 1% week) than after wet
deposition. Importance of roofs decreases
with time due to weathering

Road and paved surfaces contribute more to
lifetime dose following wet deposition (about 10-20
% after 1°' week) than following dry deposition

Soil/grass surfaces contribute more than paved
Clean-up of outdoor walls will often not surfaces over a lifetime. Importance of paved
lead to significant reductions in dose surfaces decreases with time due to weathering

Indoor cleaning only likely to be
effective in reducing overall doses
after dry deposition — needs
considering in the short term ie first
1-2 months

Radioactivity on trees only contributes
significantly to dose following dry deposition and if
leaves are on the trees at the time of deposition.
Optimum time for decontamination of trees is in the
first month. Once leaves have fallen to the ground,
they will continue to contribute to doses.
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The information in Figure 1.4 is also likely to be applicable to long-lived beta emitting
radionuclides such as *Sr. This information is not necessarily appropriate for releases
occurring within an inhabited area (e.g. a dirty bomb), as the distribution of
contamination between surfaces may be very different.

1.9 Determining the nature and extent of the incident and
characterising the contamination

It is unlikely that, at the start of the recovery phase, decision makers have a detailed
picture of the full distribution of the contamination deposited on the ground. Since it is
important to base recovery decisions on as clear a picture as possible of the
contamination pattern and the likely doses to people, an appropriate strategy for
detailed monitoring for both people and the environment needs to be implemented
(Morrey et al, 2004). This strategy needs to identify priorities for monitoring as well as
the types and scale of monitoring required and should also consider the needs for
monitoring in different situations. Key requirements for monitoring are:

) to demonstrate that no contamination has arisen from the incident

) to demonstrate that no action is needed

. to determine if emergency countermeasures can be lifted

. to determine people’s exposures (personal monitoring)

. to support a recovery strategy, i.e. to determine where clean-up is needed and

demonstrate that options implemented have achieved an agreed level of success
. to provide long-term reassurance.

Figure 1.5 provides an overview of the role of environmental monitoring in the recovery
phase. The development of a detailed monitoring strategy is not discussed further.
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Figure 1.5 General roles of environmental monitoring for inhabited areas
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* Personal monitoring is not considered further in this Handbook.

1.10 General radiological protection principles and criteria

The International Commission on Radiological Protection (ICRP) is the primary
international body for recommending radiological protection standards. After a
consultation process lasting several years, in 2007 the ICRP published new
recommendations for a system of radiological protection in Publication 103 (ICRP 2007)
replacing the 1990 Recommendations (ICRP 1991a). However, it will take several years
before Publication 103 becomes incorporated into national legislation so this section
primarily relates to the 1990 Recommendations.

1.10.1 Practices and Intervention
The 1990 Recommendations distinguishes two situations for which the system of
radiological protection applies, ‘practices’ and ‘interventions’.
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1.10.1.1 Practices

Practices are situations that are under control and that lead to increases in the
exposure of individuals such as during the operation of nuclear power stations.
Emphasis is on the control of the source of exposure and this can generally be planned
for before commencing the practice. ICRP's principles of protection for practices
(endorsed by HPA for use in the UK) are:

. no practice involving exposures to radiation should be adopted unless it produces
sufficient benefit to the exposed individuals or to society to offset the radiation
detriment it causes. This is known as the justification of a practice

. in relation to any particular source within a practice, the magnitude of individual
doses, the number of people exposed, and the likelihood of incurring exposures
where these are not certain to be received should all be kept as low as
reasonably achievable, economic and social factors being taken into account.
This procedure should be constrained by restrictions on the doses to individuals
(dose constraints), or the risks to individuals in the case of potential exposures
(risk constraints), so as to limit the inequity likely to result from the inherent
economic and social judgements. This is known as the optimisation of protection

. the exposure of individuals resulting from the combination of all the relevant
practices should be subject to dose limits, or to some control of risk in the case of
potential exposures. These are aimed at ensuring that no individual is exposed to
radiation risks that are judged to be unacceptable from these practices in any
normal circumstances.

In simpler terms, these principles may be phrased as follows: radiation can cause harm
and therefore any intended use should be worthwhile (justification) and, this being the
case, all reasonable steps should be taken to reduce exposures from a single source
below predefined constraints (optimisation). Doses and risks to an individual from all
relevant sources of radiation should be kept within pre-defined limits (dose and risk
limitation).

1.10.1.2  Intervention

Interventions are situations where the sources, pathways and exposed individuals are
already in place when a decision on control has to be taken such as during actions
taken to reduce existing radon exposures. In such situations, protection can only be
achieved by removing or modifying existing sources or pathways, or reducing the
numbers of people exposed. ICRP (ICRP, 1991b) have recommended the following
general principles governing the system of radiological protection for intervention:

. countermeasures should be introduced if they are expected to achieve more good
than harm. This is known as the justification of intervention

° the quantitative criteria used for the introduction and withdrawal of
countermeasures should be such that the protection of the public is optimised.
This is known as the optimisation of intervention

. serious deterministic health effects should be avoided by introducing
countermeasures to keep doses to individuals to levels below the thresholds for
these effects.
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In most cases, intervention cannot be applied to the source of the exposure and has to
be applied in the environment and, particularly in the case of accidents, to an
individual's freedom of action. Thus a programme of intervention will always have some
disadvantages but should always be justified in the sense that it does more good than
harm. It follows that the use of dose limits, or constraints, specified for practices as the
basis for deciding on a level at which intervention is invoked might involve measures
that would be out of proportion to the benefit obtained and, therefore, would conflict with
the principle of justification. Thus, dose limits for practices (and, by inference, dose
constraints) do not determine whether or not intervention should be undertaken. There
will, of course, be some level of dose approaching that which would cause serious
deterministic effects, where some form of intervention will almost always be required.

Clearly, intervention aims to avoid or avert exposure to radiation. Hence one important
quantity in taking decisions on intervention is the level of dose averted by taking the
remedial action (avertable dose). However, for actions undertaken during the recovery
phase, it should be recognised that an equally important aim is to promote an early
return to ‘normal living’. Thus decision makers should consider, not only the expected
consequences of implementing the strategy (e.g. the avertable dose, the costs,
resources required, likely duration, level of disruption etc), but also how implementing
this strategy will contribute to the re-establishment of ‘normality’, including, specifically,
the criteria on which protective measures will be considered successful (and so can be
terminated).

For situations requiring intervention, the concept of a level of dose, or directly
measurable quantity, above which action should be taken, can be useful. Such criteria
are termed action levels (ALs). Generic ALs may be developed before an accident (e.g.
those adopted for food) or in the event of an accident, taking account of the specific
circumstances.

1.10.1.3  Which system of protection for the recovery phase?

The systems of protection for both practices and intervention are relevant for the
recovery phase. The system of protection for intervention would be used in the process
of deciding on the form and scale of the actions taken to recover from contamination of
the environment from accidental releases of radioactivity. However, the workers
undertaking such actions would be potentially exposed to an additional source of
radiation so their exposure would be controlled under the system of protection for
practices. Similarly, the handling and disposal of any wastes produced during the
recovery actions away from the contaminated area would be controlled under the
system of protection for practices.

1.10.2 Key features of the new 2007 Recommendations relating to the recovery
phase

The fundamental principles of radiological protection — justification, optimisation and

application of dose limits, remain the same and the dose limits are unchanged from the

1990 Recommendations. ICRP has, however, made some changes to the structure of

the system of protection in order to improve clarity.

In the 2007 Recommendations ICRP has divided exposure situations into three types,
which encompass the entire range of plausible exposure situations: planned exposure
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situations which involve the deliberate legitimate introduction and operation of sources;
existing exposure situations which are situations where exposures already exist when a
decision on protection has to be taken; and emergency exposure situations which
require urgent action to avoid or reduce undesirable exposures. Within the framework
described in the 2007 Recommendations, emergency response and its aftermath will
evolve through two types of exposure situations: emergency exposure situations and
existing exposure situations. ICRP uses the categorisation of exposure situations to
highlight differences in the way the situations are managed: there may not be clear cut
boundaries between the physical attributes of the exposures themselves. The
management of the emergency exposure situations is characterised by recognition that
the situation is ‘abnormal’ and that actions are required to protect people and to help
restore the situation to ‘normal’. Emergency response management is therefore
concerned with initiating and managing change on a short timescale. Existing exposure
situations resulting from emergencies, on the other hand, are situations where the on-
going radiation risks are tolerable, even with only limited, or no, further protective
actions, although the environmental contamination and potential exposures are
recognised as being higher than would be accepted for planned situations. In short it is
recognised that the impact of significant further environmental remediation on the
people affected and on society more generally would outweigh any expected benefits.
Thus a new normality can be established, which requires sustaining. The management
of existing exposure situations is therefore characterised by enabling and promoting
normal living in an area recognised as having higher potential exposures than other
areas. This may involve continuing less disruptive protective actions, such as regular
environmental monitoring, but the focus of management would be on the maintenance
of normal living, not a change to normal living. The Inhabited Areas Handbook is likely
to be applicable to both emergency exposure situations and existing exposure
situations, although the focus is more on the latter.

1.1 Radiological protection criteria for inhabited areas

Any protection criterion aimed at reducing the risks of stochastic health effects, i.e.
cancer, must take into account all the wider consequences of the proposed protective
measure, such as cost and disruption, and balance these aspects against the expected
benefits provided by the measures implemented, including public reassurance. This
balance needs to take account of the specific circumstances of the event is likely to vary
between different types of incidents and contamination. There are currently no
international or national regulations outlining clean-up criteria that could be used directly
following an incident involving radiation. Some clean-up techniques are considerably
more resource-intensive and disruptive than others. Following an incident therefore,
assessments should be undertaken of all the likely consequences of a range of clean-
up strategies. These consequences should include cost, timescales, public acceptability
and the availability of the necessary resources, as well as the expected reduction in
risks of health effects. Clearly, collection in advance of information relevant to these
assessments, such as the likely effectiveness and resource requirements of different
clean-up options, and prior identification and preparation of appropriate equipment and
contractors, would facilitate the timely completion of such assessments in the event of
an incident. Potential strategies that involve high levels of cost and disruption should
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only be undertaken if the expected reduction in risk of stochastic health effects is also
high, thereby maintaining a balance between the expected harms and benefits of the
strategy. Current international guidance (ICRP, 2007) recommends that every effort be
made to avoid individuals receiving lifetime doses greater than 1 Sv and therefore all
types of protective measures should be considered for this eventuality.

1.12 Estimating doses in inhabited areas

As mentioned in Section 1.8.1, the dose to an individual from exposure to a given
amount of radioactive material deposited following a radiological incident can vary
widely, depending on the radionuclides involved, the spread of the contamination
between different surfaces and the time spent by the individual at locations with
different levels of contamination. The dose an individual living in a contaminated
environment receives is the sum of the doses arising from the differing levels of
contamination on different surfaces at a variety of locations. The total dose received by
an individual is therefore determined by the time spent in each location and the dose
rate at that location, which varies with time as the activity of the radionuclides decay.

In general members of the public should be equally protected in all areas where they
spend time or, in other words, the dose rates in areas where they work and spend their
spare time should be no higher than those where they live. This means that the doses
at which the various categories of options should be considered should be calculated
assuming that people spend all their time at that location, taking account of the time
spent indoors at the location if appropriate.

If there are very good reasons why people may need to be exposed to higher dose
rates, e.g. those maintaining critical facilities and infrastructure, the doses to these
people must be controlled and all other people must be excluded from the area. In this
case, it would be reasonable to take into account the amount of time spent in the
specific environment being considered.

Ideally, the estimation of doses in an area should take account of the characteristics of
the area (e.g. the types of building in the area, the level of urbanisation, the surface
area of gardens, parks and other amenities) and the temporal variation of the
contamination as a function of time. Appendix B provides some guidance on basic
methods to estimate doses in inhabited areas from given levels of contamination.
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MANAGEMENT OPTIONS

The term management option is defined as an action intended to reduce or avert the
exposure of people to radioactive contamination. Management options were previously
referred to as countermeasures. This Handbook has identified 59 potential management
options for use in contaminated inhabited areas; 11 cover the pre-release and
emergency phase of an incident; 48 are for the recovery phase. The Handbook focuses
mainly on the 48 options for the recovery phase. These can be divided into two main
groups: options that shield people from the contamination (shielding options) and those
that remove contamination (removal options also called decontamination or clean-up
options). The implementation of management options is generally the responsibility of
the authorities, however self-help options, which may be implemented by the affected
population can also be useful (see Section 2.3). It is also important to note that the
option not to carry out any recovery can be a valid alternative; more information on this
topic is provided in Section 2.5.

Figures 2.1 - 2.4 give the options considered in the Handbook for each of the surface
types described in Figure 1.2. In these figures, shielding options are shaded green and
removal options are shaded in yellow. The number in brackets refers to the relevant
datasheet (Section 3). Only options for the recovery phase are considered in these
figures.
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Figure 2.1 Management options for buildings
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Figure 2.2 Management options for roads and paved areas
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Figure 2.3 Management options for soil, grass and plants
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