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Deliverable <D9.65>

Abstract
This report documents the work undertaken in CONCERT sub-subtask 9.3.3.1 (Work Package 3, task
3.1 of the TERRITORIES project) that dealt with decision making processes related to the control of
radiation safety in existing exposure situations; those that already exist when such decisions have to
be made. Such situations can arise from a variety of circumstances and of particular concern are the
aftermath of nuclear accidents and past practices that involved the processing of minerals with
elevated levels of natural radionuclides that were not well controlled. Criteria need to be in place as
a basis for decision making and assessment needs to be undertaken of what the level of exposure
will occur over time and how effective control measures will be to reduce exposures. The
establishment of criteria and the assessment of exposures and the effectiveness of control measures
is complex, involve many assumptions and analytical processes. There are also has many associated
uncertainties of scientific, economic, political and societal dimensions and these factors have led to
considerable difficulty in managing existing exposure situations in the past. In order to be able to
make good decisions in the face of these uncertainties, they need to be quantified and considered
in the decision-making processes. This work is a first step to identify the main uncertainties of
concern and to explore the difficulties that have arisen with their management in existing exposures
that have arisen to date, with a view to developing improved mechanism for use in the future.
The work undertaken involved a review of European legislation relevant to existing exposure
situations and the international recommendations and standards underpinning the legislation. It
involved gathering information and developing insights into existing exposure situations that have
arisen from major nuclear accidents and from the legacies arising from previous mining and minerals
processing activities involving minerals with elevated levels of natural radioactivity, that were not
effectively controlled. These two types of circumstances have some considerable difference in cause,
scale and magnitude, but they also have many common dimensions related to the inherent
uncertainties and the working group explored the transversal nature of these issues. The work has
enabled a preliminary understanding to be developed of how uncertainty management comes into
play in decision making processes for existing exposure situations and provides a framework for the
future development of approaches and tools to be used in the future.
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INTRODUCTION

1. Preamble
Existing exposure situations are not planned, but already exist when decisions have to be taken about
their control. In order for decisions to be made, criteria need to be in place or be established and
assessment needs to be undertaken of what the level of exposure will be over time and how effective
control measures will be to reduce exposures. The establishment of criteria and the assessment of
exposures and the effectiveness of control measures is complex, involving many assumptions and
analytical processes and has many associated uncertainties of scientific, economic, political and
societal dimensions. In order to be able to make good decisions these uncertainties need to be
understood, i.e. they must be identified, characterised and analysed. The development of such an
understanding will enable them to be managed within the decision making process; by determining
their significance, reducing their magnitude if determined to be necessary and possible or by making
prudent choices with an appropriate degree of conservatism or realism. This document is a first step
to identify the main factors and criteria used in decision making for existing post-accident and NORM
management frameworks that could impact the life of affected people and/or the state/quality of the
environment. It makes use of experience feedback from accidents that have happened in the past and
from contaminated environments that have arisen from the processing of minerals with elevated levels
of natural radionuclides. This first screening needs deeper analysis to identify in which decision areas,
and for which potential decision factors and criteria, uncertainties are the highest and the most
questioned by the public, as well as how important the impact of these uncertainties could be. This
will be done at a later stage (CONCERT sub-subtask 9.3.3.2) through discussions and exercises taking
place in interactive experts/stakeholders panels and reflection groups (CONCERT sub-subtask 9.3.3.2).
This further work will also help in developing process to enable stakeholders to experiment with
decision-making process involving uncertainty.

2. Objective of the task
In the current system of radiological protection, radiological exposure situations in the long term after
a nuclear accident, or a contamination by Naturally Occurring Radioactive Materials (NORMs) are
generally identified as ‘existing exposure situations’ and should be treated accordingly. The overall
objective of TERRITORIES WP3 is to analyse how uncertainty impacts decision-making for such
situations. Particularly, it aims to identify which uncertainties concern the different stakeholders and
most influence their decisions and choices, and in which way stakeholder engagement or other
governance mechanisms could facilitate good decision making in the face of such uncertainty.
The current way of managing radiological exposure associated with post-accident and NORM exposure
situations, is based on the same conceptual framework and follows the same principles, the most
important of them being that any undue exposure has to be reduced as low as reasonably achievable
below a tolerable level of individual dose (or reference level), economic and societal factors being
taken into account (optimisation principle) (Lochard 2014). Such situations are characterised by a longlasting remaining radiological contamination inducing exposures to humans and the environment with
potential impacts on the daily life of the population living in the affected areas. In this context, due to
the disturbances induced by the long lasting radiological contamination of the territories, the living
conditions that existed before the radiological contamination (situation ante) will generally not be fully
restored. Therefore, for areas where it is considered feasible to live as far as the radiological conditions
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are concerned, the challenge for the authorities and the inhabitants will be to re-establish and set up
healthy and worthy (respectful) living conditions, allowing people to regain control on their own
situation and take their own decision about their future with the support of the authorities. Decisions
made to avoid or mitigate exposures are most of the time made under incomplete information about
the actual situation and its potential time and space evolutions, and they directly or indirectly impact
health, social, economic, cultural and environmental conditions of the affected territory whose
inhabitants are lastingly confronted to a large scope of uncertainties.
The present deliverable (D9.65) is a synthesis document of CONCERT sub-subtask 9.3.3.1 (i.e.
TERRITORIES Task 3.1), which aims at:


Identifying the decision factors and criteria (including dose criteria), used in existing postaccident management frameworks and processes as well as for managing contamination by
NORMs that could particularly impact - or have impacted - the life of affected people and/or
the state/quality of the environment suitable for its current and future use. A specific attention
will be given to the decision factors and criteria which have been recommended by the
International Commission on Radiological Protection (ICRP), the European Commission (EC)
and the International Atomic Energy Agency (IAEA) in their respective Basic Safety Standards
(BSS), and how they have been (or, are being) incorporated into national doctrines.



Collecting and updating information on remediation strategies that have been applied in
specific circumstances (post-accident situations, sites contaminated by NORM) to reduce the
consequences in long-lasting radiological exposure situations. This specifically aims at
determining the key parameters, objectives and decision pathways of remediation processes.
This involves mitigation of environmental contamination and dose to humans and wildlife,
waste management and land use options, socio-economic criteria, public expectations, legal,
ethical and social factors, etc.



Identifying in which decision areas, and for which potential decision factors and criteria,
uncertainties are the highest and the most questionable by the different stakeholders as well
as how important the impact of these uncertainties could be in the decision-making processes.

In Part 1, the regulatory context for managing existing exposure situations, which is based on
international recommendations and standards, is summarized. Past experiences from the
management of the post Chernobyl and the post Fukushima accidents are then examined. The
strategies and associated decision criteria used for mitigating exposures have been particularly
investigated (e.g. prolonged evacuation and food and other activity restrictions, specific agricultural
countermeasures and strategies of remediation and their evolution as well as waste generation and
management issues). A short description of the French emergency and recovery preparedness plan is
also given as an illustration of national guidelines and plans regarding the management of a potential
future nuclear accident. Additionally, a case study on the Semipalatinsk nuclear weapon test site in
Kazakhstan has been reviewed. With regard to NORM, a review has been made of the documentation
related to uncertainties in long-term radiological exposure situations, as well as the remediation
strategies that have been implemented in Belgium, Norway and Spain for reducing the consequences
to human and wildlife.
Part 2 (Post-accident contamination context) and Part 3 (NORM contamination context) aim at
identifying to which uncertainties the different stakeholders are confronted with, as well as to which
extent these uncertainties influence their decisions. Particularly, the analysis of several feedback
experiences after past accidents or contamination events by NORM (case studies) will focus on: the
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long-term contaminated area zoning and its time-space evolution, the food management criteria,
factors that govern the implementation and lifting of agricultural and environmental countermeasures,
the cleanup and remediation actions, the waste management, the financial mechanisms and other
factors that influence the decision of populations to stay or to leave the affected areas and the return
or non-return home of evacuated/displaced populations.
Based on these two approaches, the last chapter of this deliverable will propose an overall review of
transversal dimension about the uncertainty management in the context of existing exposure
situations.

3. The types of uncertainty and their application to long lasting exposure
situation
It is important to first define what is intended by uncertainty in the context of the TERRITORY project,
and to elaborate a methodological framework to be used for cross reviewing existing exposure
situations and, for identifying groups of uncertainties.
Uncertainty is usually differentiated from risk (Knight 1921), which is characterised by knowledge
about both the different possible states of the world and about the probabilities of occurrence of these
states. In practice, when probability laws are assigned, they are estimates resulting from calculations
based on models, data and hypotheses that embody some degree of uncertainty. As a result, there is
no real case in which such probability law is known for certain. In undertaking radiological impact
assessment the hypotheses of concern are often referred to as exposure scenarios.
For this deliverable, we will use the word uncertainty to refer to any situation for which a fact, data or
phenomenon and their causes or consequences are not known with certainty by a specific actor in
her/his decision context. This context, that corresponds to the state of the world that has been
changed by the situation (NORM or post-accident contamination), is embracing many aspects: social,
economic, environmental, health, etc.
Uncertainties can be categorised according to two main dimensions: the nature of the uncertainty
referred to as “sources of uncertainty” by (Lipshitz and Strauss 1997) which is related to the essence
of the uncertainties i.e. why it is uncertain? (e.g. imprecision in measurements are of different nature
from absence or incompleteness of scientific knowledge about a phenomenon) on the one hand, and
the object of the uncertainty (referred to as “issues of uncertainty” by Lipshitz and Strauss), i.e. what
uncertainty is about, on the other hand (e.g. contamination of the environment, health effects,
economic consequences of contamination, cost of countermeasures, choices of the population as
regards staying/returning on a contaminated territory or rebuilding a new life in another place…).
Uncertainties can be of different natures: data-related uncertainty, ambiguity, epistemic uncertainty
and decisional uncertainty:


Data-related uncertainties refers to missing data or uncertainty on the reliability of existing
data;



Ambiguity refers to multiple meanings of an information or situation, which can be interpreted
in multiple ways by one or several actors (e.g. multiple possible interpretations of a law or
regulation, of goals defined by an organisation…);
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Epistemic uncertainties relates to the imperfection of the knowledge about the phenomena at
stake (e.g. mechanisms inducing health effects following exposure notably to low doses or
impacts of environmental exposures to these mechanisms); and,



Decisional uncertainty refers to indeterminacies in the decision-making process. Such
indeterminacies can be linked to the actor or organisation taking the decision (e.g. difficulty
for a local actor to integrate many new unfamiliar dimensions linked to radioactivity in the
decision-making, unclear role of the actor or organisation), to the context (e.g. existence of
multiple conflicting discourses making difficult to judge the reliability of an information), or to
the decision itself (e.g. difficulties to determine objectives of the decision or difficulties in
balancing outcomes of different nature - like impacts on economy vs. impact on health – in a
way that is relevant for the various types of concerned actors).

On the other hand, the object of uncertainties i.e. what uncertainty is about can be distinguished as
follows:


Uncertainties about the situation (state of the world in which people are living), which can be
refined in uncertainties related to the situation of the damaged installation, levels and spatial
distribution of the contamination, evolution of the local economic and professional contexts,
as well as social and ethical aspects induced by the new situation (stay or leave, return or not,
raise children here, eat local food, etc.);



Uncertainties about the possible courses of action to manage the situation (capability to
mobilize measurements tools to make a radiological mapping, capacity of disposal sites to
accept contaminated wastes, existing of a legal framework adapted to the situation, availability
of funding to finance countermeasures, etc.);



Uncertainties about the outcomes of action, i.e. the difficulty to anticipate the consequences
of the actions engaged to manage the situation (e.g. efficiency of the remediation actions on
radiological exposures), which can be differentiated according to various types of outcomes
(health, economy, society, the environment…).

Such characterisation by nature and object is helpful to clarify the meaning of uncertainty in such
complex situations such as NORM and post-accident and to define group of uncertainties that will be
taken into account and analysed more in depth in a next stage of the project, through panels and
exercises with stakeholders. They will specifically address uncertainties related to exposure scenarios,
radiological impact assessment models, data and calculations processes.
It is foreseen that the panels and exercises will specifically address uncertainties related to exposure
scenarios, e.g. movement of people from affected areas, restrictions on lifestyle, consumption of
foodstuff, establishment or change to reference levels. Related uncertainties could be addressed by
systematic scenario analysis within the panels.

4. Management of existing exposure situations
The management of existing exposure situations has to undertaken within the framework of national
legal and regulatory frameworks and these are in place in all member states of the European Union.
General rules are harmonised by way of EU directives on nuclear, radiation and radioactive waste
safety, which are largely based on international safety standards developed by member states of the
International Atomic Energy Agency. Such standards generally follow the recommendations of the
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International Commission on Radiological Protection, themselves using the scientific finding of the UN
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR).
In its last general recommendations, Publication 103 (ICRP 2007), ICRP has defined three types of
exposure situations to be considered for the implementation of the radiological protection system:


Planned exposure situations: Exposure situations arising from the planned operation of a
source or from a planned activity which introduce deliberately a radiological source that may
result in anticipated (normal) or not (potential) exposures;



Emergency exposure situations: Exposure situations resulting from an accident, a malicious act
or any other unexpected event that requires urgent actions in order to avoid or reduce adverse
consequences; and



Existing exposure situations: Exposure situations resulting from sources that already exist
when a decision to control needs to be made. These kinds of exposure situations include the
natural background radiation, contaminated sites resulting from past activities, radon in
dwellings or even exposure from residual radioactive material deriving from nuclear or
radiological emergency.

The implementation of the system is based on the three fundamental principles of justification (of
practices), limitation of risks, and optimization (ALARA)1.
The scope of the TERRITORIES project covers existing exposure situations related to certain exposures
due to naturally occurring radioactive materials, and post-accident situations.
ICRP Publication 103 emphasises that residual doses after the implementation of protection strategies
should not be ignored. The optimization process should bring the residual dose below the reference
level fixed by the regulatory authorities, which represents the level above which it is judged to be
inappropriate to plan to allow exposures to occur after a protection strategy has been implemented.
An end point for the optimisation process must not be fixed a priori ; the optimised level of protection
will depend on the situation.

1

The three principles are: (1) the justification of practices that gives rise to radiation risks but provide an overall benefit. This can be
summarized by the fact that any decision that changes the radiation exposure situation must do more good than harm; (2) the limitation of
risks to individuals implying that nobody has to bear an unacceptable radiation exposure; (3) the optimization of radiation protection such that
the probability of exposure, the number of exposed people and the individual doses must respect the ALARA principles and so still remain as
low as possible, taking into account the societal and economic factors;
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Dose reference levels are intended to be “soft boundaries” within the optimisation process in order to
progressively ensure that there is no more individual exposure above the reference levels. Reference
levels are different from limits, which have to be strictly respected and controlled by the regulators.
Furthermore, reference levels should not be interpreted as safe limits (i.e. border values between
“safe” and “dangerous”) (Shaw and Crouail 2013).
For existing exposure situations, ICRP recommends setting reference levels typically within the 1 to 20
mSv per year band. However, the selection of the reference level for a particular exposure situation
should be made based upon the prevailing circumstances, considering the individual dose distribution
with the objective to identify those exposures that warrant specific attention and meaningfully
contribute to the optimisation process.
In practice, optimisation of protection in existing exposure situations is implemented through an
iterative process that involves (a) the assessment of the exposure situation; (b) the identification of
the possible protective options to maintain or reduce the exposure to as low as reasonably achievable
taking into account economic and societal factors; (c) the selection and implementation of the most
appropriate protective options under the prevailing circumstances; and (d) the regular review of the
exposure situation to evaluate if there is a need for corrective actions, or if new opportunities for
improving protection have emerged. In this iterative process, ICRP considers that the search for equity
in the distribution of individual exposures, and the improvement of radiological protection culture are
important aspects (ICRP 2007).
As mentioned in its Publication 111 (ICRP 2009), post-accident rehabilitation situations are considered
by ICRP as ‘existing exposure’ situations. ICRP states that “the transition from an emergency exposure
situation to an existing exposure situation is characterised by a change in management, from strategies
mainly driven by urgency, with potentially high levels of exposure and predominantly central decisions,
to more decentralised [i.e. at a more local level] strategies aiming to improve living conditions and
reduce exposure as low as reasonably achievable given the prevailing circumstances. The decision to
allow people who wish to live in contaminated areas is made by the authorities, and this indicates the
beginning of the post-accident rehabilitation phase”. ICRP adds that “implicit with this decision is the
ability to provide people with protection against the potential health consequences of the radiation,
and sustainable living conditions, including respectable lifestyles and livelihoods.” Therefore, the lifting
of population evacuation/distancing orders, the evolution and the lifting of restriction orders (e.g. on
food production and consumption) are important milestones of the management of a post-accident
existing exposure situation. Although the post-accident rehabilitation strategies mainly focus on
radiological protection considerations, it is recognised that the complexity of post-accident situations
cannot be managed without addressing all the affected domains of daily life (i.e. health, economic,
social, environmental psychological, cultural, ethical, and other aspects), which bring a high degree of
uncertainty in decision-making process and decision-taking.
Likewise, ICRP has presented for the first time exposures from natural sources, as ‘existing exposure
situations’ in its Publication 103 (§284), in 2007. Thus, it is considered that situations involving NORM,
are existing exposure situations except when NORMs are used for their radioactive, fissile or fertile
properties. Nevertheless, ICRP acknowledges that “some existing exposure situations” should, for the
purposes of control, be treated the same as planned exposure situations. The protection of both
people and the environment against NORM radiations should be based on the principles of justification
and optimisation of the protection below a dose reference (restriction) level. However, to date, no
specific guidance on NORM management has been published by ICRP: a publication on radiological
protection of workers, the public and environment to exposures resulting from industrial processes
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with NORM is expected in 2018. Subsequently, similar proposals have been made for NORM industries,
based either on occupational dose or activity concentration in the international Basic Safety Standards
(e.g. IAEA, Euratom BSS).
Another feature of existing exposure situations is the wide range of stakeholders involved. This
includes a range of actors and decision-makers, many of them are outside the traditional radiological
protection community. For example, there is often a need for a wider governmental involvement, as
well as important roles for the media and other communicators. There is also an emphasis on
individuals being able or even having to be involved to reduce their own radiation exposures, for
example through remediation measures at home, or through modifying living habits in contaminated
areas (‘self help’ actions) (Nisbet and Chen 2013). As a consequence, developing radiological
protection culture and risk awareness among the different stakeholders contribute to informed
decision making.
The international recommendations and standards have undergone considerable evolution over the
past decade and further guidance is under development on their application. Of significance is the
recommendation that, for existing exposure situations, all sources of radiation exposure regardless of
being from natural or artificial origin should be given equal consideration. It is important that guidance
in this regard is coherent and anomalies such as suggestions to have different levels of safety
depending if material is used for its radioactive properties or not are highlighted and eliminated. It is
also of considerable importance that the manner in which reference levels are to be applied in differing
circumstances is clear. The immediate response to a nuclear accident needs unambiguous criteria to
be in place with the necessary flexibility to be adapted to the prevailing circumstances. The long term
recovery phase presents a different set of circumstances with more time for considered decisions to
be made, but can also have profound long term social, economic, political and health related
dimensions. The transition period between these two phases requires consideration.
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PART 1: REVIEW OF LITERATURE FROM INTERNATIONAL,
EUROPEAN AND NATIONAL BODIES
There are several international standards and legally binding European Directives contributing to the
protection of individuals from the ionizing radiations in all exposure situations. In many cases, these
standards and laws provide guidance in terms of decision factors and criteria (individual radiation dose,
activity concentrations of specific radionuclides, or both), which are intended to be implemented and
so used by the different national radiation protection bodies.
The following paragraphs present an overview of the existing literature in order to collect the different
decision factors and radiation protection criteria developed by the major international bodies (ICRP,
IAEA, FAO, WHO, etc.) and those written into European law for assessing and managing the existing
exposure situations in both Post-Accident (cf. PART 1 - 1.1) and NORM situations (cf. PART 1 - 1.2).

1. Post-Accident Situations
1.1. International recommendation and standards and European legislation for the
management of post-accident situations
The following paragraphs detail the current international recommendations and standards and
European legislation for the management of post-accident situations. Then, the management of
contaminated goods is presented more in details as well as the French doctrine on post-accident
management.

1.1.1. ICRP Recommendations – Publication 111
General Consideration
The Publication 111 of ICRP provides advice on the application of the Commission’s 2007
Recommendations concerning people living in long-term contaminated areas after a nuclear accident
or a radiation emergency. This document continues the recommendations already established by the
ICRP in Publication 109 (ICRP 2009), dealing with the emergency exposure situation.
According to the Commission, the post-accident recovery phase begins when authorities decide to
allow people to live in contaminated areas. Thus, the transition from the emergency phase to postaccident situation causes changes as for example: a decision-making process more adapted to different
local variations and needs, or its decentralization together with the increasing stakeholders’
involvement in the decision-making processes to improve their living conditions and so, reduce their
exposure.
Application of the radiological protection principles
The authorities’ decision to allow people to live permanently in long term contaminated territories
implies the setting of radiological protection criteria and the implementation of a set of protective
actions judged to do more good than harm. In this way, all protection strategies have to be justified.
To optimise the protection strategies, the process proposed by ICRP implies the selection of reference
level as guide for the establishment of protective actions and for maintaining exposures as low as
reasonably achievable, taking into account economic and societal factors. According to ICRP, the use
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of this reference level should take into account the prevailing circumstances and should contribute to
prevent and reduce inequities in the individual dose distribution.
Reference levels in existing exposure situations
For post-accident situations, ICRP Publication 103 recommends that the reference level set in terms of
individual annual effective residual dose (mSv/year) ‘should be selected in the lower part of the 1-20
mSv/year category of exposure situations’2. The Commission also recommends the implementation of
derived reference levels in case of some specific protective actions will be needed such as, for instance,
trade of foodstuff.
Publication 111 insists on the fact that this reference level is not a dose limit but represents the level
of dose below which exposures should be maintained and reduced as low as reasonably achievable
thanks to the implementation of protection strategies. Thus, with time, the adapted protection
strategies will allow that the number of people in the contaminated areas exceeding the reference
level will decrease progressively. This process is illustrated in Figure 1, also presented in the ICRP
Publication 111.


‘Reference levels are used both prospectively, for planning of protection strategies (as well as,
if necessary, defining derived reference levels for the implementation of some specific
protective actions such as for instance trade of foodstuffs), and retrospectively as a benchmark
for judging the effectiveness of implemented protection strategies. A key focus of protective
actions should be on exposures above the reference level, whose existence may indicate that
the distribution of exposures is not equitable, and will generally suggest that greater weight
should be put on the protection of individuals rather than of the general population’. (ICRP
Publication 111, §51)



‘The fact that exposures have been reduced below the reference level is not a sufficient
condition to discontinue protective actions as long as there is room for further reducing
exposures in conformity with the optimisation process. The continuation of such actions would
probably be a prime mechanism to maintain exposures close or similar to those in normal
situations as recommended by the Commission’. (ICRP Publication 111, §53)

As a result, this step-by-step optimization process enables to achieve progressively the long-term
objective of existing exposure situations, namely: return to exposures close to the situation that
existed before the accident. In this perspective, ICRP (in its Publication 111) reminds that pastexperience has demonstrated that ‘a typical value used for constraining the optimization process in
long-term post accident situations is 1 mSv/year’.

2

In Publication 103, ICRP introduced three bands of constraints or reference levels according to the characteristics of the exposure situation,
taking into account the controllability of the exposure and the benefit from the situation to individuals or society. The interval 20-100 mSv
applies to unusual and extreme situations (emergency exposure situations). The interval 1-20 mSv applies in circumstances where individuals
receive a direct benefit from the exposure situation. Examples are the constraints established for occupational exposure in planned exposure
situations or even in the case of the post-accident recovery phase. The interval below 1 mSv applies to exposure situations (usually planned)
where individuals receive exposures that may not represent a direct benefit to them but to society.
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Figure 1: Use of a reference level in an existing exposure situation and evolution of the distribution of
individual doses with time as a result of step-by-step implementation of the optimisation process.

Protection Strategies
Publication 111 also details the general protection strategies that can be implemented in the case of
an existing exposure situation: radiological characterization, dose assessment, environmental and
health monitoring program, establishment of monitoring records and health registries, information of
the public, etc. The Commission reminds that the authorities are primarily responsible for the
implementation of these types of protective actions and must be prepared and devote adequate
resources for it. It is also important to note that, in the case of existing exposure situations, ICRP
considers that the optimisation process is not only focussed on dose reduction but also on improving
the wellbeing of affected populations. Thus, these protective actions must be discussed and adapted
according to the affected population’s needs.
ICRP notices that for existing exposure situations, the level of individual exposure generally depends
directly on the behaviour of each individual. In this way, in addition to protection strategies, ICRP
strongly encourages the setting up of self-help protective actions (e.g. own measurements of ambient
dose rates in living areas, contamination of foodstuff, etc.), which allow the affected population to
regain control of their daily life. The implementation of a ‘practical radiological protection culture’ is
also highly encouraged. Indeed, past experiences have shown that the dissemination of this practical
culture within all segments of the population, notably professionals in charge of the public health and
education (nurse, medical doctors, teachers, local elected, etc.) is key to the success of protection
strategies in the long term (Lochard 2012).
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Waste Management
ICRP considers in its current reflection3 on post-accidental issues that the issue of waste management
and disposal, which has to be taken into account in the definition and implementation of the response
strategy after an accident, has to be flexible. Several options of waste management should be
envisaged and proposed to stakeholders, and their expectations should be taken into account in the
justification and optimisation processes, with a preference to those that produce the less of waste.
But, as far as waste generated by remediation actions implemented to reduce dose or address social
expectations, ICRP highlights that it is difficult to define in advance an appropriate way of management
because it depends on the type and severity of the accident, the extent of the contamination, and
the (national and local) capacity to treat, dispose, and store the volumes generated. Reuse and
recycling can be envisaged if traceability is ensured. Currently, no specific reference level for waste is
proposed. If such criteria are set, they have to be in compliance with the reference levels set for
public exposure and for foodstuff management.
Towards a new ICRP publication on post-accident situation
Following the Fukushima accident, the concrete implementation of ICRP Publications 109 and 111
highlighted some points requiring clarifications. Since 2013, Task Group 93 of ICRP (TG93) has worked
on the updates of these publications, preparing a joint publication gathering updated
recommendations on emergency and existing exposure situations, expected to be publish in 2018.
Although the final document is not yet available, it is interesting to note that ICRP already presented
an explanation of both emergency and existing exposure situations and what is at stake within these
two cases. A timeline of the accident resuming the major phases of a nuclear accident will therefore
be proposed, probably as the Figure 2. Also, a section dedicated to the various possible effects of a
nuclear accident will be proposed. The added value is that this section will not only focus on the direct
radiation-induced health effects but also on the other human dimensions (personal and interpersonal
impacts) as well as the psychological or even economic effects, etc. as consequences of the accident
and the long-lasting contamination of the environment.

Figure 2: Timeline of a nuclear accident proposed by TG93 (Nisbet 2017)

In terms of the application of the fundamental radiological protection principles, the approach
proposed by publication 111 (establishment of a reference level associated with optimization process)
remains unchanged. However, the interval for establishing the reference level will probably be slightly
modified. Indeed, as shown in the Figure 3, the TG93 currently proposes (for existing exposure
situations) that reference levels for protection of the public should be set below 10 mSv/year. This

3

ICRP has set up task group to update ICRP Publication 109 and 111 on the basis of the lessons learned from the management of the Fukushima
accident. The publication is expected by the end of 2018.
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proposal is in fact a way of clarifying the former recommendation by encouraging the authorities to
choose a reference level in the “lower part” of the band 1-20 mSv/year.

Figure 3: Reference levels proposed by TG93 for optimising protection for members of the public in
case of nuclear accidents (Nisbet 2017)

Concerning the protection strategies, the proposals of TG93 are likely to remain similar. Particular
attention will be paid to the question of waste management, taking into account the Fukushima’s
experience. The new publication will also emphasize the involvement of stakeholders in the decisionmaking processes and the need for experts to conduct co-expertise processes. The importance of the
radiological protection culture as well as the implementation of self-help protective actions will be
further encouraged by TG93, insofar as these actions contribute to respect of the affected population’s
autonomy and their right to regain control of their daily life.
It should be noted that, unlike Publication 111, the question of the lifting of protective actions is raised.
According to TG93, this is a decision to be made by the authorities on a case-by-case basis with
consultation of local stakeholders. However, TG 93 highlights the fact that local people have the right
to decide themselves about the lifting of their protective actions.

1.1.2. IAEA Safety Standards
IAEA Safety Standards - General Safety Requirements Part 3
The chapter V of the IAEA General Safety Requirements Part 3 (GSR Part 3) (IAEA 2014) is dedicated to
existing exposure situations and so, recommends some protection strategies to be commensurate with
the associated radiation risks. In this way, the first paragraphs present some generic requirements
dealing with the responsibilities of the government in the case of existing exposure situation. Then,
the GSR Part 3 develops some recommendations dedicated to the public exposure matter.
After reminding the fundamental radiological protection principles by arguing that each protective
action must be justified, the GSR Part 3 recommends that existing exposure situations should be
managed through the establishment of reference level combined with an optimisation process. In this
way, requirement 5.8 explains that in the case of an existing exposure: ‘reference level shall typically
be expressed as an annual effective dose to the representative person in the range 1-20 mSv/year or
other equivalent quantity’. As in ICRP Publication 111, this reference level applies to all exposure
pathways (internal and external exposures) and the chosen value will depend on the prevailing
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circumstances. Then, IAEA recommends that the optimisation process shall be implemented firstly to
‘those groups for whom the dose exceeds the reference level’ (Requirement 5.8).
Afterwards, IAEA requirements are related to the issue of protection strategies, which consist
essentially in the rehabilitation of the affected area, the information of the public, the implementation
of environmental and health monitoring programs, etc. Requirement 5.17 concerns more particularly
the case of contaminated territories following a nuclear accident, and clearly emphasises the need to
involve affected populations in the decision-making process and to develop self-help protective
measures for them.
Coherence between ICRP recommendation and IAEA safety standards
Insofar as the IAEA adopts the broad general recommendations proposed by ICRP, both ICRP
recommendations and IAEA standards are similar in all respects. However, it should be pointed out
that the application of the optimization principle is slightly different. ICRP recommends to set up a
reference level as a guiding value from which all protective actions must be taken to reduce the
individual dose, whether it is above or below the reference level. This approach over time infers the
reference level can decrease gradually. And the long-term objective is ‘to reduce exposures to levels
that are close or similar to situations considered as normal’ (ICRP, 2007) (in the range of 1 mSv/year).
The IAEA standards, presents the reference level as an ‘action level’ inducing that protective actions
has to be implemented if the reference level is exceeded. The perspective of reducing the reference
level over time is not featured.

1.1.3. The 2013/59/EURATOM Council Directive
The 2013/59/EURATOM Council Directive laying down basic safety standards for protection takes into
account the fundamental concepts of radiological protection proposed by ICRP Publication 103. The
EURATOM Directive defines the three types of exposure situations and requires, for the management
of existing exposure situations, an approach compatible with that proposed by ICRP and IAEA. The
EURATOM Directive firstly requires (Article 73-1) the responsibilities of the Member States which have
to, in case of an accident, ensure that appropriate protection strategies are established within the
contaminated territories. The article 73-1 also requires that zoning of the affected areas may be
necessary in order to limit access to the most affected zones. The Article 73-1 also requires dose
assessments for the different population groups.
Once again, European Commission relays the approach proposed by ICRP Publication 111 for existing
exposure situations, by requiring (Article 73-2):


The establishment of appropriate reference levels;



The introduction of self-protection measures such as the provision of information, advice and
monitoring in the affected area;



The introduction of protective actions and remedial measures.

Annex 1 indicates reference level values for the different types of exposure situation, reminding once
again that, the chosen value must take into account the prevailing characteristics of the situations as
well as the economic and societal aspects. With regard to existing exposure situations, EURATOM
Directive proposes a range of values between 1 - 20 mSv/year for setting up the reference level. In
addition, Annex 1 leaves Member States free to set up derivative reference levels which can be set less
than 1 mSv/year to manage particular exposure pathways.
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1.1.4. Conclusion
Following the revision of the radiological protection system by ICRP in 2007, introducing the need to
adapt the three principles of radiological protection (justification, optimization and limitation) to the
three main types of exposure situation (planned exposure situation, emergency and existing exposure
situations), all international and European bodies have modified their recommendation, standards and
legislation according to this new approach.
ICRP Publication 111, detailing the Publication 103 principles for the case of existing exposure
situations following a nuclear accident or a radiation emergency, clearly reveals the general approach
to be adapted, namely: (i) justify the protective actions which must do more good than harm; (ii) set
up a reference level between 1 and 20 mSv / year as a guide value to conduct the optimization actions
and so, (iii) reduce as low as reasonably achievable exposures. As shown in the previous sections, this
approach has been taken up by IAEA and the European Commission, which propose the same interval
for establishing the dose criterion (1-20 mSv/year). Now, ICRP is updating its publication 111, which is
likely to clarify the range of value for the selection of the reference level (from the lower part of the
band 1-20 mSv/year in the current Pub. 111, to below 10 mSv/year in its update).
The management of the Fukushima accident has shown that implementing these international
standards require the definition of strategies which are not necessarily straightforward, and that
uncertainties about the real situation can induce difficulties in the decision-making process. These
elements will be further discussed on part 2.

1.2. Overview of criteria proposed for the management of contaminated goods in postaccident situations
As mentioned in the previous paragraphs, international standards propose management criteria in
terms of individual dose, but leave national authorities free to implement derived criteria to limit
contamination through certain exposure pathways (for instance, ICRP points that, if necessary, derived
reference levels can be defined for the implementation of some specific protective actions such as
trade of foodstuffs). The management of contaminated goods corresponds to this latter case and
therefore some international standards propose derived criteria in terms of activity concentrations of
specific radionuclides.
After a brief focus on the general ICRP and IAEA recommendations on contaminated goods, the
following paragraphs present the standards provided by international organizations (FAO, WHO, etc.).

1.2.1. ICRP Recommendations on management of contaminated foodstuffs and other
commodities
The last chapter of ICRP Publication 111 deals with the management of contaminated products
following a nuclear accident or a radiation emergency. The Commission states at the outset that this
type of management has considered carefully ‘reconciling the interests of local farmers, producers,
and the local population with those of consumers and the food distribution sector from outside the
contaminated territory’. The Commission reminds that, as regards with the quality of foodstuffs, a
contamination reduction is achievable by the implementation of certain countermeasures throughout
the food chain (soil chemical treatments, industrial processes, etc.). Therefore, it is important for the
Commission to involve in the decision-making process all concerned stakeholders (farmers, industrials,
consumers, retailers, etc.). The Commission proposes to distinguish the management of food for those
living in the affected territory and for those living outside.
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Management inside the contaminated areas
Insofar as a portion of the diet of the populations living in contaminated territories risks to be
contaminated, ICRP recommends raising awareness among the population and giving them the
appropriate tools to measure their foodstuffs and adapt their behaviour. Thus, to help these
populations, it is may be necessary to set criteria expressed in activity concentration (Bq/kg or Bq/L)
that should not be exceeded, or otherwise assist the population in reducing their intake of
contaminated foods. To this end, the Commission proposes to rely on the guideline levels developed
by the Codex Alimentarius Commission (FAO/WHO 2006) in the context of international trade.
However, the Commission notes that these guideline levels are based on a dose level of 1 mSv/year
assuming that a maximum of 10% of the diet consists of contaminated food. Thus, according to ICRP,
certain guidelines will have to be adapted to the specific situation. Since diets in some communities
may have more than 10% of contaminated foods, guidelines may need to be lowered. On the other
hand, in some cases and when requested by local stakeholders, higher guidelines can be selected so
as to maintain the local trade and local productions.
Management of exports outside the contaminated areas
The protection of the population living outside the contaminated area is generally driven by the rules
of international trade. However, the Commission draws attention to the fact that the impact on local
populations must be considered, as it may be important to maintain some local activities. In any case,
ICRP suggests that guideline levels provided by the Codex should apply.

1.2.2. IAEA Recommendations on the management of foodstuffs
Requirement no.51 of GSR Part 3 relates to exposure due to radionuclides in commodities. More
specifically, it recommends that regulatory body or relevant authority establishes reference levels ‘for
exposure due to radionuclides in commodities such as construction materials, food and feed, and in
drinking water, each of which shall typically be expressed as, or be based on, an annual effective dose
to the representative person that generally does not exceed a value of about 1 mSv’. The requirement
51 also specifies that regulatory body or relevant authority can also based their criteria on the already
existing guidelines such as guidelines from the Codex Alimentarius Commission (for food traded
internationally) or the World Health Organisation (for drinking water).

1.2.3. WHO guidelines for drinking water quality
Chapter 9 of the WHO guidelines for drinking water quality (WHO 2011) provides some guidance to
assess the quality of drinking water about its radionuclide content as well as to manage the reduction
of radionuclide concentrations in cases where this is considered necessary.
It should be noted that WHO guidelines only apply in situations involving prolonged exposure. The
assumption that 2 litres of drinking water is consumed every day is also made.
The WHO guidelines are based on the use of ‘individual dose criterion’ (IDC) of 0.1 mSv, for a year of
drinking water consumption, containing radionuclides of natural or artificial origins. To assess the
compliance with this dose criterion, WHO guidelines suggest firstly implementing screening
measurements of gross alpha and gross beta activities in drinking water samples. If the measured
activity concentrations are below (i) 0.5 Bq/L for gross alpha activity and (ii) 1 Bq/L for gross beta
activity, the drinking water can be considered as safe and no further action is required. However, if
one of the screening levels is exceeded, further analysis will be needed and will be compared, this time,
to activity concentration of individual radionuclides.
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Based on the IDC of 1 mSv/y, WHO has developed guidance levels in terms of activity concentrations
for some radionuclides of natural origin and artificial origin. Figure 4 presents the guidance levels for
radionuclides in drinking water proposed by WHO.

Figure 4: WHO Guidance levels for radionuclides in drinking water (IAEA, FAO et al. 2016)
WHO notes that ‘guidance levels are conservative and should not be interpreted as limits. Exceeding
guidance level should be taken as a trigger for further investigation but not necessarily as an indication
that the drinking water is unsafe’. Thus, WHO guidelines announce that in some cases, guideline levels
are may be consistently exceeded for one or several radionuclides. National authorities and regulatory
bodies will surely need to implement some protection strategies as for instance: restriction of the
water supply. However WHO notes that it is important to keep in mind that GSR Part 3 establishes for
drinking water (and other commodities) a reference level of 1 mSv/year. Even if all doses should be
maintained as low as achievable, every situation must be analysed and assessed differently and
guidance should be applied according to the prevailing circumstances.

1.2.4. Codex Alimentarius guidelines for radionuclides in food
At the time of the Chernobyl accident, no guidance on international trade in food and feed containing
radionuclides existed. Thus, experts and international communities decided to implement some
standards dedicated to that subject and it was integrated in the Codex General Standards for
Contaminants and Toxins in Food and Feed as a part dedicated to the guideline levels for radionuclides
in ‘foods destined for human consumption and traded internationally’.
Insofar as at that time, the main important aspect was radionuclides potentially released by a nuclear
accident or a radiation emergency and able to be included in the food chain, the Codex Guidelines only
takes into account artificial radionuclides. Figure 5 presents the Codex Guideline levels for
radionuclides in foodstuff.
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Figure 5: Codex Guideline levels for radionuclides in foods with contamination following a nuclear or a
radiological emergency for use in international trade (IAEA, FAO et al. 2016)

Codex guideline levels are based on a dose criterion of 1 mSv/year, with the assumption that only 10 %
of the diet of imported food is contaminated. Four groups of radionuclides (according to their
radiotoxicity) and two categories of public are considered: infant and “adults” (including children older
than 1 year old).
Codex Alimentarius Commission advises that, when radionuclide levels in food do not exceed the
corresponding guideline levels, the food can be considered radiologically safe for human consumption.
These guidelines can be considered as dose limits. Nevertheless, national governments have the
responsibility to decide whether and under what circumstances the food should be distributed within
their territory.

1.2.5. European regulations on foodstuffs
At the time of the Chernobyl accident, no European regulations clearly indicated the levels of
radioactive contamination below which foodstuffs could be sold and consumed and above which
countermeasures need to be taken. Therefore, the European Commission took, and has taken
numerous legislative initiatives to limit the effects of the Chernobyl disaster and to ensure the safety
of the population in the event of a new radiological emergency. These initiatives cover notably the
following aspects:


The Post-Chernobyl regulations: imports of agricultural products from third countries;



The regulations to be implemented in case of a future accidents with:



The establishment of Maximum Permitted Levels (MPLs) for the trade of foodstuff and
feedstuff;
The establishment of a system for the urgent exchange of information between Member
States and the Commission.
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Post-Chernobyl Regulations for the Importation of Agricultural Products
On 12 May 1986 the European Commission adopted a Regulation suspending temporarily the
importation of some agricultural products coming from third countries (EEC 1388/86). As this
regulation was limited in time, the Commission replaced it with a new regulation authorizing imports
under certain conditions. This new regulation (EEC 737/90) asked for maximum permitted levels for
caesium in imported products. The compliance with these levels had to be verified by the importing
Member States. Thus, at that time, the accumulated maximum radioactive levels in terms of caesium
134 and caesium 137 was set to:


370 Bq/kg for milk and milk products and for foodstuffs intended for the special feeding of
infants during the first four to six months of life, which meet, in themselves, the nutritional
requirements of this category of persons and are put up for retail sale in packages which are
clearly identified and labelled “food preparation for infants”



600 Bq/kg for all other products concerned.’

From then on, several regulations were adopted by the Commission to clarify the scope and the
application of the foodstuff and feedstuff control system. In particular, the list of agricultural products
coming from third countries, which were subject to radiological control, has evolved. Now, the current
list includes meat, milk products, uncultivated mushrooms and wild berries (according to CE
733/2008).
Regulations for future nuclear accidents
In 1987, the European Commission initiated study on the criteria to be applied by Member States to
assess the quality of foodstuff in the event of a future accident. The Council adopted Regulation
3954/87, which proposed Maximum Permitted Levels (MPLs) of radioactive contamination of
foodstuffs and feedstuffs.
These pre-established levels may be applicable immediately after an accident, following the adoption
of the appropriate regulation by the Commission. The validity of this Regulation must be short and less
than 3 months. Meantime, a new regulation proposing values adapted to the real situation must be
proposed to the Commission.
The MPLs defined by the European Commission in Council Regulation 3954/87/ Euratom amended by
2218/89/Euratom, 770/90/Euratom and 2016/52/Euratom regulations are presented in Figure 6
(foodstuffs) and Figure 7 (feedstuffs).
The MPLs proposed for foodstuff are based on a dose criterion of 1 mSv/year. Four categories of foods
(infant foods, dairy products, minor foods and liquid food) are considered.
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Figure 6: Maximum Permitted Levels for foodstuffs proposed by the European Commission

Figure 7: Maximum Permitted levels for feedstuffs proposed by the European Commission

Regulations for quality of drinking water
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The European drinking Water directive 2013/51/Euratom provides a framework for controlling
radioactivity in drinking water and the radiation dose received. This regulation applies for tap water
and water in bottles intended to human consumption. However, it does not apply for natural mineral
waters. The directive deals with radionuclides of natural origin and artificial origin. Based on the WHO
Guidelines, this directive proposes the use of ‘indicative dose’ (ID) of 0.1 mSv, for a year of drinking
water consumption. It also lays down general principle for monitoring proposing once again the
screening strategy (alpha gross activity and beta gross activity) before going to further analysis of
activity concentration of each radionuclide. Figure 8 presents the derived criteria proposed by the
directive for some radionuclides. These values have been calculated with the assumption that an adult
drinks around 2 L water/day As in WHO Guidelines, these values have an indicative function and should
not be considered as concentration limits.
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Figure 8: Derived concentration for some radionuclides in drinking water
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1.2.6. Conclusion
As regards to the management of contaminated goods, international standards agree to say that
derived dose criteria can be based on existing guidelines proposed by WHO or the Codex, with
obviously, adaptation to the circumstances of the real situation. The guideline levels proposed by the
Codex or the WHO guidelines have not been established in the same context and so, present different
approaches, either concerning the value of the indicative dose (0.1 mSv/year for WHO Guidelines and
1 mSv/year for the Codex) or concerning the function of these derived criteria (guideline/guide value
Vs restrictive value/limit value).
The European Commission, in the framework of the Euratom treaty, has also developed its own control
system of foodstuff and feedstuff, based on researches implemented immediately after the Chernobyl
accident. It should be noted that European MPLs are not harmonized with the values proposed by
Codex, despite the revision of the Euratom Directive on MPLs in 2016. In case of a future accident, this
leaves room for uncertainties on how implementing these standards and taking into account these
different derived criteria and how these will be understood and accepted by affected population.

1.3. Overview of criteria proposed by the French post-accident management doctrine
Since 2005, the French Post-Accident Management Doctrine (CODIRPA) has been elaborated by a
group of stakeholders, from several national and local authorities and representatives of the civil
society. The doctrine was published in 2012 by the French Nuclear Safety Authority (ASN) (“Policy
Elements for Post-Accident Management in the Event of Nuclear Accident”) and is currently under
revision in order to take into account feedback experience from the Fukushima accident. It is
structured around five priorities:


The immediate delineation of a post-accident zoning of the contaminated area which is used
in particular to prohibit the consumption and placing locally-produced foods on the market;



The efficient organisation of medical and psychological care, human radiation monitoring,
financial support and compensation for those affected by the consequences of the accident;



The permanent radiological characterisation of the environment, foodstuffs and drinking
water;



The emergence of new forms of governance based on the vigilance and active participation of
the population concerned, a key point for social and economic recovery within affected areas;



A sustainable waste management in response of the rapid increase of diverse kinds of
contaminated waste.

1.3.1. Zoning of the affected areas
At the end of the emergency phase, a predictive dose assessment (through modelling) should be
provided by the French Institute of Radiological Protection and Nuclear Safety (IRSN) to the authorities.
Based on these calculations, a first post-accident zoning is rapidly designed to provide an action
framework for protecting the population and managing contamination across the territories affected
by the accident.
This post-accident zoning is planned to be established on the basis of a predictive model of future
population exposure to the ambient radioactivity in the inhabited zones and contamination in the food
chain, as a result of estimated or measured deposited radioactivity, and expected human behaviours
(diet, time spent outdoor, occupation, etc.).
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An area for the protection of the population (ZPP), based on dose criteria in which preliminary
actions are planned to be undertaken:






Prohibition of trade and consumption of foodstuffs for at least one month,
Starting cleaning actions (prioritizing urban areas),
If needed, including a relocation perimeter (i.e. a temporary exclusion area within the ZPP,
depending of the level of expected external doses).

An area for the control and surveillance of foodstuffs (ZST), based on the MPLs established by
the EU (EURATOM regulations) 4



Immediate prohibition of trade and consumption gradually lifted,
Implementation of “clearance control” strategy aiming at reducing progressively the size
of the area.

The Figure 9 shows a rough depiction of a ZPP (including a possible relocation perimeter) and a ZST.

Figure 9: Example of rough depiction of a ZPP (including a possible relocation perimeter) and a ZST
The initial definition of the ZPP would be made on the basis of assessment of projected doses likely to
be received during the first month following the end of releases (regardless of the potential
effectiveness of the contamination reduction actions that could be implemented in the area). The ZPP
is the largest area, which results from the use of the two following exposure indicators:


The projected effective dose received during the first month after the end of releases,
regardless of pathways of exposure, including ingestion of contaminated local foodstuffs, the
guidance value used being approximately 10 mSv;



The projected thyroid equivalent dose received during the first month after the end of
releases, regardless of pathways of exposure, in particular ingestion of contaminated local
foodstuffs, the selected guidance value being approximately 50 mSv over the first month.

4

Council Regulation (EURATOM) No. 3954/87 adopted on 28 December 1987 as modified by Regulation (EURATOM) n° 2218/89 adopted on
18 July 1989, which sets MPLs of contamination in foodstuffs after a nuclear accident.
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These dose guidance values should not be interpreted as thresholds or limits. The uncertainties on
dose estimates are such that other factors than dose should be considered. These other factors are
connected with the conditions under which the actions envisioned are carried out in reality, and are
best assessed at the local level (the ‘prevailing circumstances’). Contextual factors may also make it
appropriate to use more restrictive or higher values, or even to refrain from implementing any
protective actions at all.
In principle, population movement is to remain free in the ZPP, except in forests or other places where
radioactive substances may have concentrated, and for which case access restrictions may be declared.
Under the accident scenarios considered, the main source of potential exposure for the populations
residing in the area is the ingestion of contaminated foodstuffs of local origin. Consequently, all
foodstuffs produced in the ZPP or derived from fishing, hunting or gathering are to be banned from
consumption and placing on the market, regardless of their degree of contamination, for a period of
at least one month. These foodstuffs are thus considered waste as long as the ZPP is in effect.
Where non-food products are concerned, the possibilities for placing on the market should be
reviewed on a case-by-case basis, combined where necessary with prior verifications.
It may be that, across part of the ZPP, despite the ban on consumption of foodstuffs of local origin,
exposure across the population may continue to be deemed too high, due to radioactivity deposited
in the living environments. In this case, inhabitants must be displaced from the relevant part of the
ZPP, probably for a longer duration, and a relocation perimeter (PE) must be established.
Where appropriate, a relocation perimeter shall be delineated based on the results of an assessment
of the projected effective doses over the first month following release, not taking into account the
contaminated foodstuffs of local origin ingested, above a guidance value on the order of 10 mSv.
The ‘heightened territorial surveillance zone’ (ZST) is defined as the zone encompassing all of the
perimeters within which, in a given category of agricultural production likely to be grown and
harvested within the month to follow, the MPL may be exceeded. Considering that the ZST is initially
determined on the basis of predictive assessments carried out via modelling, a ban shall be placed on
the placing on the market of all locally-produced foodstuffs, along with recommendations designed to
limit the consumption of self-produced foodstuffs or derived from hunting, fishing or gathering.
As early as possible, radiological monitoring devices suited to each agricultural production sector have
to be instituted in order to allow the placing on the market of compliant products. Contrary to the ZPP
where the ban shall be issued for a pre-set and renewable period, the implementation of controls is to
be a priority in ZST. Moreover, unlike the ZPP, aimed at protecting the populations, the ZST is designed
primarily to preserve trade activities, by guaranteeing that only compliant products may enter
distribution channels.
“During the exit period from the emergency phase, an approach based on predictive modelling is the
only way to provide the public authorities with dose assessments for the population and on agricultural
foodstuff contamination, making it possible to define the ZPP and ZST. In order to secure the most
accurate assessment possible, the modelling-based approach requires a large amount of data and
information on the characteristics of the affected facility and its environment (in particular on the
agricultural production), as well as assumptions about the lifestyles and diet of the populations
affected. It is important to emphasise that this method, even when applied using realistic data, yields
results worked with significant uncertainties. These are due to the great variability of the phenomena
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in play, the partial or imprecise understanding of the data used for the assessments, as well as the
imprecisions intrinsic to the models used.”
As mentioned above, IRSN is in charge of this first predictive assessment, which is necessary to define
the zoning, by using the data and ‘reasonably conservative assumptions’ to compute the consequences
of the accident. The expression “reasonably conservative assumptions” here refers to assumptions
leading to dose and foodstuff contamination estimates on the basis of which sufficiently-protective
actions could be adopted, taking into account that an oversizing of ZPP and ZST would impose
unwarranted constraints on the local economy and the population.

1.3.2. ‘Maximum Permitted Levels’ to be used
In order to determine the ZST, the French post-accident management doctrine plans to use in a reflex
mode, the MPLs established by the European Commission in its Council Regulation 3954/87 amended
by the regulation 2218/89 (see section 1.2.5), laying down maximum permitted levels of radioactive
contamination of foodstuff and of feedstuff following a nuclear accident or any other case of
radiological emergency.
These pre-established MPL figures will stay applicable for a duration not to exceed 3 months: new
regulations have be proposed by the Commission within one month following the implementation of
the initial ones, confirming or adapting the levels in accordance with the development of the event.

1.3.3. Use of Derived Reference Levels
For operational purposes, the indicators used to define the ZPP and the relocation perimeter will
generally be stated in magnitudes that are measurable onsite, for instance, in dose equivalent (mSv/h
or μSv/h) or in surface activity (Bq/m2) looking at the radionuclides that form the deposits.
The heightened territorial surveillance zone (ZST) extends beyond the borders of the public protection
zone. As the emergency phase comes to an end, the ZST is also delineated, using forecast assessments
derived from models of the transfers of radioactivity deposited in farming areas. It is characterised by
lower environmental contamination that does not require the automatic implementation of
population protective actions. This contamination is nonetheless significant and can affect in particular
foodstuffs and agricultural products, substantiating the institution of specific systems to monitor the
radiological quality of the relevant products. In some agricultural products and foodstuffs,
contamination may exceed, albeit temporarily, the maximum permitted levels (NMA), considered of
regulatory value and set at the European level to regulate the placing on the market of the said
foodstuffs.

1.3.4. Zoning evolution
The evolution of the zoning during the transition period will take into account the results of the
radiological monitoring of the environment.
The first assessments will be regularly updated, taking into account the new data gained on site, in
particular the results of measurement campaigns on the actual environmental contamination gained
using the existing resources (radiation monitors, measurement stations) and resources deployed to an
exceptional extent (mobile laboratories, helicopter transported monitors, etc.) as well as the local
environment (agricultural production, for example).
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1.3.5. Long-term management
The French Post-Accident Management Doctrine states that the long-term phase begins ‘when the
radiological consequences of the release have been characterised to a sufficient degree of precision
that those active in the territories impacted (elected officials, business community, populations) can
set out to address the future of the said territories, alongside the public authorities.
This process requires:


A sufficiently precise understanding of the radiological situation in the environment,
foodstuffs and persons so that the various parties active can protect themselves adequately
(this knowledge may still improve with time);



Public authorities that have reorganised into an appropriate configuration;



Stakeholders involved in the decision-making processes and actions taken to rehabilitate
living conditions, which will be all the more effective in that they will have been prepared;
the conditions needed to redeploy social’.

The recovery of the affected territory and the rehabilitation of the living conditions begin if three
conditions are completed: - the first condition is that uncertainties about the actual radiological
situation must have been drastically reduced before to allow the population to return home; - the
second one is the rehabilitation of the living context thanks to the restoration and revitalization of the
necessary infrastructures (electricity, water and gas supply, medical care, schools, transport,
administrative and commercial facilities, etc.), and; - the third one is a clear transfer of the decisionmaking from the national to the local level, from authorities to inhabitants and local stakeholders.
The French Doctrine does not specify any numerical value for the lifting of the evacuation and
displacement orders, nor for the restriction of foodstuff consumption, or the endpoint of the postaccident countermeasures (e.g. decontamination), and even less for the compensation rules. The
decision to allow people to stay, leave or come back in the affected area is the responsibility of the
public authorities, but the decision to do it remains in the people’s hands. Sustainable health
surveillance and radiation monitoring programs must also be put in place by medical and radiation
safety authorities. Nevertheless, this has to be done with the consultation, consent and involvement
(e.g. by implementing self-help protective measures) of the local population taking into account all
dimensions of the situation that have been disrupted by the accident: this implies not to consider the
radiological situation only, but also the economic, social, and patrimonial contexts as well as the
expectations of the population with regard to their living conditions and well-being.

1.4. Main lessons learned from past experiences with stakeholders (e.g. PREPARE project)
The previous part has presented the different international and European recommendations and
requirements for the management of post-accidental situations. Even though such approaches provide
sufficient protection for the population, it is important to underline that experiences from nuclear
accidents like Chernobyl or Fukushima show that the implementation of these regulations seem to be
not easy at the local level and bring various uncertainties. In the case of foodstuffs and feedstuffs
management, it can lead to stigmatisation of products and communities, rejection attitudes from
consumers, etc. In that case, dialogues with stakeholders in order to identify their concerns and
expectations and so adapt the management strategies to their views might be useful.
To investigate this issue, a dedicated Work Package (WP3) was studied as part of the European 20132016 PREPARE European research project. The overall objective was to contribute to the development
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of strategies and guidance for the management of contaminated products, based on the views of the
stakeholder (producers, retailers, consumers, experts, associations, etc.) from 11 countries. After
focusing on the management of foodstuffs or other goods (or both), panellists issued a number of key
messages (Charron, Lafage et al. 2016). Some amongst them illustrate how criteria used in existing
post-accident management frameworks would particularly impact the life of local populations and so,
are questionable.

1.4.1. Key messages from European Stakeholders
One of the most important points raised by European stakeholders is the matter of the Maximum
Permitted Levels (MPLs), considered as a useful policy-support management but highly questionable:
their rationale being difficult to understand and not always adapted to the real situation. In this way,
stakeholders mentioned that the different sets of MPLs (EURATOM, Codex Alimentarius, etc.) and their
methods of calculation are not easy-to-understand and so consider that the harmonisation of the MPLs
at international level would be pertinent. Also, stakeholders highlighted the fact that these MPLs
mainly concern population living outside the affected area and not the people living in the
contaminated territories. Thus, the need to have MPLs adapted to the local and actual existing
situation had been pointed out. Stakeholders also noted that MPLs sound like a ‘black or white’
concept, which does not reflect the reality. Dose or contamination levels remaining below MPLs is not
a guarantee to avoid individual exposures and if MPLs are slightly exceeded, this does not mean that
there is a danger, nor a major public health concern. So, the panelists encouraged authorities to
establish a dialogue with local consumers in order to explain the rationale and the role of the MPLs
and to promote a responsible attitude based on products’ monitoring and quality improvement
strategies. In this regard, stakeholder stressed that regarding the food put on the market, consumers
are always the final decision-makers for buying goods on the market and their criteria will mainly based
on the overall quality of the product, its taste and its price.
About the criteria used for ‘zoning’, stakeholders highlighted that the limits of the designated
“affected” areas could be considered by inhabitants as artificial, ineffective and counterproductive
borders. Thus, the delineation of the affected areas should be based, as soon as possible, on real
measurements and, should also take into account the geographical, environmental, cultural and social
background of the territory.
The non-food products contamination has also been addressed, and it has been considered that this
should be in most of the cases, a minor public health issue; however, it may induce significant
occupational exposures in specific domains (e.g. marine and air transport, container handling), and
would probably have an impact on the international trade. The panelists consider that many actors in
this field (commercial, transport) have unclear roles and responsibilities in case of a contamination of
the products. Therefore, some guidelines and reflections have to be implemented. The stakeholders
also noted that there are no MPLs established in national and international regulations for these
products. The option to refer to existing guidelines was considered (e.g. exemption and clearance
levels set by IAEA, surface contamination limits and standards established for the transport regulation),
but panelists believe that this would increase the complexity and make the post-accident management
framework even more incomprehensible for the population. Good advices and awareness are,
however, desired by stakeholders, reminding that the question of the traceability of products (food or
non-food) is surely one of the key factors to be considered.
In general, stakeholders pointed out the complexity of post-accident situations and the fact that all
dimensions (societal, economic, environmental, etc.) are affected. There is a loss of references where
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many uncertainties are raised which can make people powerless and unable to find references on what
is at stake in their own environment. Territories, inhabitants and local products undergo important
debates and suspicions and, according to panelists, the measurement of radioactivity presents one of
the levers to make the radioactivity ‘visible’. Therefore, implementation of adapted tools and
equipment to enable populations to make their own measurements of their environment and
foodstuffs seems essential to allow them to regain control of their daily life.
The other strengths put forward by panellists concern mainly the decision-making process and
information strategies, which must involve all stakeholders. Panelists also stressed the need for clear
and coherent communication and information coming not necessarily from official channels, as a loss
of confidence in public authorities will be inevitably observed. They insisted on the fact that the
information provided should be adapted to the target audience, with pedagogical speeches and
presentations. Intermediate actors (e.g. medical doctor, nurse, local representatives, etc.) will also be
questioned by the population and should be prepared to answer to their concerns. Similarly, radiation
protection experts will be required to work in affected territories and so, should prepare themselves
to respond to the needs and concerns of stakeholders.
These last elements also point out a fundamental element revealed by the panellists: the preparedness
phase. As recommended by the various international institutions, panelists recommend working
together with different stakeholders (NGO consumers, producers, etc.). Even if the preparation is not
obvious to the extent that the accident is still hypothetical, it is necessary to be able to react quickly
by identifying in advance the key stakeholders and their roles and responsibilities. The setting up of
guidance and tools as well as the development of communication strategies should also be prepared
in advance.

1.4.2. Conclusion and perspectives of the PREPARE project
Beyond the different elements put forward by the European stakeholders, it is important to note that
one of the main lessons learnt from this PREPARE project’s work package was the added value of the
stakeholder involvement. Indeed, the organisations of several stakeholder panels was an opportunity
for the participants to acquire knowledge, and skills on post-accident management and offer to experts
and scientists a new look at the feasibility and efficiency of their proposals. Moreover, the panellists
did not hesitate to point out that the criteria proposed in international standards and European
legislation are often unclear and leave the room to uncertainties and misunderstandings, however the
legislation is binding
The European stakeholders have proposed to organise consultation for discussing the opportunity to
open a dialogue with the stakeholders on the calculation assumptions and the consistency,
understanding and usefulness of the radiological criteria proposed by experts and authorities for
managing a post-accident situation in order to derive more robust and manageable options.

2. Contamination with natural radionuclides
The methodological approach adopted for reviewing the feedback experience on NORM
contamination is largely based on document analysis, essentially identifying the published papers
addressing communication issues in this context. Therefore, a broader consultation to collect feedback
from different categories of stakeholders directly involved in the decision-making processes related to
the management of NORM contamination will be performed in the following steps of the TERRITORIES
project, allowing to complete this review.
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2.1. General description of the case of contamination with natural radionuclides.
Naturally radionuclides such as radium, uranium, thorium, potassium, and their radioactive decay
products are ubiquitous and contribute to the background radiation doses received by everyone.
Circumstances can occur in nature were the concentration of such radionuclides becomes elevated
due to geological and other natural process. Human activities such as mining and minerals extraction
can also concentrate them and can place them or disperse them in the biosphere accessible to humans.
Use of materials containing natural radionuclides or industry generating such material may be of
radiological concern for the stakeholders (e.g. workers, local community, authorities…). The following
industrial activities produce or involve material with elevated levels of natural radionuclides may cause
long-lasting radiological exposure situations to different stakeholders: oil and gas extraction,
phosphate fertilizer production, ceramic production, coal combustion in power plants or mining and
ore processing for the production of metals, and geothermal energy production (Vandenhove, Al
Mahaini et al. 2016), as well as extraction of rare earths from monazite.
Exposures due to residues from past practices are generally regarded as existing exposure situations.
Such residues do not result from post-accidental contamination, but rather from the fact that in the
past these industries were poorly regulated as far as radiation protection issues are concerned.
Moreover, an existing exposure situation is one resulting from specifics of the location for instance soil
rich on phosphates, as well as the type of human activity according to ICRP or the recent BSS directive
(Euratom 2013), for instance, exposures from indoor Radon. Exposures differ depending in the use of
the contaminated site, i.e. human activities, and the exposure pathways. For example indoor radon is
a particular case for which the type of dwellings and building construction may influence the exposure
of people living inside. The distinction between indoor radon exposure and contamination with natural
radionuclides is however sometimes difficult to make.
For situations involving legacy sites, the objective is to implement optimized remediation strategies
aimed at reducing doses below the reference level for as many people as feasible. However, levels
below the reference level should not automatically be ignored. It is important to ascertain whether
remediation is optimized or if further remediation measures are appropriate (IAEA 2015). An endpoint
for the optimization process must not be fixed a priori, and the optimal level will depend on the
situation e.g. socio-economic and political decisions. Thus, it is the responsibility of the regulatory body
to decide on the legal status of reference levels.
Small and extensive environmental remediation programmes as well as decommissioning of NORM
installations have been implemented in many European countries in order to reduce long-lasting
radiological exposure situations due to NORM. Although some countries have achieved substantial
progress, many are facing significant difficulties in implementing their programmes. Implementation
of environmental remediation projects is not solely driven by technical, economic and scientific factors.
Some non-technical driving forces include social, political, and public-perception aspects. This may be
explained by a variety of issues: the absence or weakness of a national policy and framework, the lack
of financial resources, the unavailability of adequate technology and infrastructure and the neglect of
stakeholder and political challenges (IAEA 2016). Continued failure to address the above-mentioned
liabilities may result in unacceptable health, safety and security risks to the general public and to
workers, and increased risks to the environment (IAEA 2016).
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Example: Disposals of contaminated residues in Belgium
The population density in Belgium is one of the highest in Europe. 363 people live per km2 (2015),
although the north of the country is much more densely populated than the south.
(https://www.belgium.be/en/about_belgium/country/Population) In the year 2016, there were 9
sites in Belgium registered for the disposal of NORM residues. Five of these are mono-landfills (e.g.
phosphogypsum stack), in which only the waste from one single company may be disposed: 4
landfills belong to the phosphate sector, one is the landfill for a titanium dioxide producer. The four
remaining installations belong to the sector of (non-radioactive) waste disposal and may accept
waste from any Belgian producer: 2 landfills for hazardous waste, one landfill for non-hazardous
waste and one incinerator for hazardous waste. In 2015, these 4 installations accepted 274 tons of
NORM waste (Pepin, Biermans et al. 2016).

2.2. Legal background
The European legislation dealing with exposure to radiation from natural radionuclides is contained in
the directives on radiation safety, radioactive waste management and on the extractive industries. The
legislation is generally based on the recommendations of ICRP, and the safety standards of the IAEA.
The legislation has been developed in recent years and its application is still evolving.
The National Policy related to long-lasting radiological exposure situations due to NORM needs to
include a specification of national roles and responsibilities, and is mainly established by the national
government (IAEA 2015). A national policy could set up a Legal or Regulatory Framework related to
NORM and the necessary regulatory authorities. The legal and regulatory framework comprises a set
of legal arrangements or requirements that establishes and underpins the regulatory process. It
mandates one or more regulatory authorities to develop regulations concerned with remediation
activities and to regulate the defined activities in accordance with such regulations. Where several
authorities are involved, the legal framework defines the respective responsibilities of each authority,
ensuring that all regulated areas will be addressed sufficiently, without duplication of responsibilities.
The legal and regulatory framework for remediation needs to be aligned with other elements of the
national legal system.
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Example: Nordic Countries (Norway, Denmark, Sweden and Finland) and their legal approach
to NORM
For decades, the Nordic Countries have cooperated intensively and successfully in finding common
approaches to deal with natural radiation. The "Nordic Flag Book" published in 2000 includes data
on levels of natural radioactivity, recommendations on indoor radon, exposure to gamma radiation
outdoor and indoor, radioactivity in building material and drinking water. However, the current
Flag Book hasn’t been updated with regard to new recommendations (ICRP 103, 2007; Council
directive 2013/59/Euratom) and addresses neither NORM contamination nor regulatory control of
NORM (graded approach).
In Norway, as of 1 January 2011, a new regulation was enforced whereby radioactive waste and
radioactive pollution were integrated in the main Pollution Control Act (1981). This means that
radioactive waste and radioactive pollution are now regulated under the same legal framework as
all other pollutants and hazardous wastes. The main regulatory body for control of NORM
contamination and waste is the Norwegian Radiation Protection Authority (NRPA). Further
advances of NORM management in Norway and the application of ICRP 2007 recommendations
are provided in Liland et al. (2012). For the assignment of responsibility for cleaning of
contaminated sites the general responsibility rule of ‘polluter pays’ is adopted (Pollution
regulations, 2004). Although this is fully applicable in the cases of pre-existing pollution, decision
making can be problematic in cases of legacy sites.
The Swedish Radiation Safety Authority (SSM) is the main regulatory body in Sweden concerning
the decision-making regarding NORM contamination, discharge and waste production. Since 2013,
there has been an ongoing process in order to review and develop new regulation in Sweden, valid
among others for NORM. In a final proposed regulatory framework, NORM is to be regulated under
the Radiation Protection Act and Radiation Protection Ordinance that will further provide
notification requirements, basic regulations and general guidelines. This revision is expected to
last until end 2018 (Koufakis, 2015).
As a part of the European Union, Denmark has adopted EU Directives on ionizing radiation and
radioactive substances into Danish legislation. The National Institute of Radiation Protection (NIRP)
is responsible for regulatory control of NORM that is included in the Law on use of radioactive
substances (Law No.94, 1953) and Exemptions from law on the use of radioactive substances
(order No. 192, 2002). Still, there are certain unsolved issues about NORM waste disposal in
Denmark (Nielsen, 2015).
Milestones for regulation of NORM in Finland were set in the 1990’s when the Radiation Act (No.
592, 1991) was enforced; the Act covered practices causing exposures to natural ionization. In
addition, the Radiation Decree (No. 1512, 1991), Decrees of the Ministry and guides from Radiation
and Nuclear Safety Authority (STUK) (e.g. Guide ST 12.1) have been in use. If the aim is to produce
uranium or thorium, the Nuclear Energy Act and the Nuclear Energy Decree are applied. In 2000
Finland got a stable regulatory control systems in place after implementation of BSS 1996 EU
Directive and, more recently, work on implementation of EU BSS Directive 2013 has been ongoing
(Markkanen, 2015; Solatie et al., 2015).
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During the development of the legal framework for remediation the following issues should be
addressed (IAEA 2013, IAEA 2016):


Justifying the content of the framework in terms of risk and cost–benefit analysis;



Verifying the fulfilment of international obligations as established in relevant treaties or
conventions;



Demonstrating that the framework reflects good practices, requiring public consultation and
stakeholder engagement in environmental decision making, and that requirements are
implementable and provide for adequate control;



Obtaining prior approvals from the regulatory authorities in the case of activities that may
represent a safety risk to individuals or to the environment, such as radiation and nuclear
energy based technology.

Example: The Belgian law proposal related to remediation of NORM legacies
In order to cope with NORM legacies, the Federal Agency of Nuclear Control (FANC) drafted a law
proposal which is very similar in its principles and structure to the soil remediation legislation of
regional authorities. The law proposal defines the liabilities, sets reference levels, provides the
procedural framework for characterizing the contamination and its radiological impact on the
population, and for implementing remedial and monitoring measures. Besides the law proposal,
FANC defined ‘intervention levels’ in order to guide the decision-making process (Mannaerts,
Blommaert et al. 2011). The proposal addresses the requirement of art. 73 of the EU BSS on
developing ‘optimised protection strategies for managing contaminated areas’. Although FANC
submitted this law proposal to its responsible minister some years ago, it has not been adopted yet.
Even without this law, Authorities published a list of radium-contaminated sites as anthropogenic
radon-prone areas (FANC 2015). Even if there is also a risk for radium contamination (through
inhalation or ingestion), for most of these sites, the major risk would occur if buildings are
constructed on the site with radon being the major exposure pathway. Controlling the radon
pathway is then the most important measure to limit the radiological impact of the Belgian NORM
legacy sites (FANC, 2017; BS, 2011). Moreover, the Federal Agency of Nuclear Control (FANC)
presents on its website the industrial sectors concerned with NORM (www.fanc.fgov.be).

National regulatory authorities have an important role in ensuring that remediation programmes are
implemented in such a way that the protection of the public and of the environment is optimized; with
priority being given to dealing with situations where the greatest risks occur. Authorities with the
responsibility of overseeing funding arrangements are charged with ensuring that sufficient funds are
being set aside to cover the costs of implementation of programmes. The policy must define ownership
- government or private ownership - and clearly identify what the financial parameters are. National
frameworks also need to make provision for the participation of a wide range of stakeholders, including
the general public and especially local communities and its associations, with the aim of implementing
decision-making procedures that are open, inclusive and accepted as legitimate by all parties (IAEA
2016).
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Example: The Spanish legal framework for NORM industries
NORM industries are regulated in Spain under Title VII of Royal Decree 783/2001 (BOE, 2001,
Environmental Radiological Surveillance in Spain (CSN) Safety Instruction IS-33 and Safety Guide: GS11.02 (CSN, 2012a, CSN 2012b)). Following IS-33, all industries included on a positive list have to
register with the regional industry authority and conduct a study on their radiological impact to
workers and public. If the results of the study show that the dose criteria (1 mSv/y for workers and
0.3 mSv/y for public) are exceeded, the facility has to notify the authority, and it will remain subject
to regulatory control. The level of control imposed varies in terms of risk and plausibility of protection
measures, with additional requirements applying if doses to workers are liable to exceed 6 mSv/y.
Complementary to this legislation, Ministerial Order IET/1946/2013 (BOE, 2013) regulates the control
of NORM residues. This order regulates the management of this waste and those residues for which
the owner of the activity in which they are generated does not use and to which it must provide
adequate management, excluded from NORM liquid and gaseous waste, which may be evacuated to
the environment by express authorization. Where waste is to be managed as radioactive waste, the
owner of the installation or activity must transfer this waste to Enresa, and agreements setting out
the obligations of each stage of the management at the same time.
Clearance levels in Radiation Protection 122 Part 2 are used as a screening tool in order to determine
which residues need further consideration from the radiation protection standpoint. For residues
exceeding those levels, a case-by-case analysis needs to be performed. Conventional disposal routes
are approved provided that requirements in IS-33 (including the application of the optimisation
principle) are observed and that specified dose limits are met. These are 6 mSv/y for workers, and 1
mSv/y for public. NORM residues above these limits need to be managed as radioactive waste.
In addition, Order IET/1946/2013 requires that NORM waste management is carried out with
methods and procedures for the characterization, classification and management of this waste,
within the framework of a control system for quality and with a system of registration and archiving
that ensures the traceability of the process of management. All documentation and associated
records shall be made available to the inspection of the CSN
While the existing regulatory framework provides an adequate basis for managing most situations in
practice, a large amount of work is needed to achieve a system that works efficiently for both
regulator and industries. In particular, Environmental Radiological Surveillance in Spain (CSN) is
making efforts in the following areas: − Fostering cooperation among regulators in order to identify
synergies and simplify administrative procedures − Engaging all affected industries − Developing
industry-specific regulations, including mechanisms for exemption in terms of activity concentration
and/or volume of material processed − Consulting and engaging with stakeholders relevant to NORM
residues management − Promoting continuing education and training of the entities authorised by
CSN to conduct the radiological studies.
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Example: BSS 2013/59/EURATOM and NORM legacies in Belgium
Before 1995, Flanders in Belgium did not have sufficient instruments for the government to impose
soil remediation. In 1995 Flanders as one of the first in the world, established a soil Decree. According
to this Decree soil certificates for every transfer of land should be issued; including investigations of
all soils with industrial activities subject to a risk of soil pollution, also in the past is obligatory,
periodical investigations of high risk sites should be conducted, polluter-pays principle, and clear
responsibilities and remediation obligation has been established. The Decree gives a possibility for
the government to take actions.
‘Historical pollution has been before 1995 really problematic. Specially related to the remediation of
historical pollution, which often only shows after soil investigation and it is often not clear who
caused it and, thus, who has to pay for the remediation. To resolve this, first an official inventory
was made of all possibly polluted soils, for example all the (former) industrial sites. For all these soils
there is, from the moment they are mentioned in the inventory of high risked soils, an obligation to
investigate and, if necessary, to remediate the pollution before they can be sold. The thus obtained
information is according to the Soil Decree included in a ‘soil-certificate’. This is an obligatory
document without which no soil can be sold anymore in Belgium.’ 400 soil remediation projects
started from 1995 until 2009, approximately 780/day certificates are issued in Belgium. These
certificates contain information about the state of (non) pollution of the property for sale and, thus,
protect the buyer from unpleasant surprises. (De Beule, 2009)
The following table contains a list of NORM sectors that are listed in Belgian regulations within the
Belgian regulatory framework and the number of national declarations submitted per sector (Pepin,
Biermans et al. 2016).
Sector

No. of Belgian declarations

Storage, handling and processing of phosphate ores

10

Storage, handling and processing of zircon and zirconia

16

Titanium dioxide production

1

Primary production of rare earth

1

Groundwater treatment facilities

1

Geothermal energy including exploration phase

1

Coal-fired power plant

1

Production of non-ferrous metals

8

Production, storage, use and handling of thorium-based materials 6
Oil refineries

1

Extraction and transport of natural gas and shale-gas

2

NORM containing consumer products

1

NORM residues processing or disposal

7
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2.3. International Commission on Radiological Protection (ICRP) related to NORM
exposure situations and remediation
Historically, ICRP did not include exposure from natural sources in the system of radiological protection
since it was not amenable to control. Although some recognition of enhanced natural radiation could
be seen sporadically in 1970s, it was not until 1984 (Publication 39, ICRP 1984) and 1991 (Publication
60, ICRP, 1991) that practical guidance for limiting the exposure of workers and the public to natural
sources of radiation was provided. The term NORM for ‘Naturally Occurring Radioactive Materials’ was
first acknowledged in Publication 82 (1999). ICRP Publication 103 (2007) introduced the three
categories of exposure situation (i.e. planned, emergency and existing) and considered for the first
time exposures from natural sources as ‘existing exposure situations’. Recommendations of ICRP
(2007) did not particularly address the remediation issues of NORM sites, but they generally stated
that while the primary objective of remediation is usually dose reduction, for an action to be justified,
the benefits of dose reduction should outweigh the costs of implementing the countermeasure in all
situations of interest. This principle refers to the optimisation principle taking into account economic
and societal factors as mentioned by ICRP, through optimisation principle.
However, many examples of how different legacy and NORM existing exposure situations are
managed, in different countries, applying different approaches and standards, have been noticed. In
2007, the ICRP for the first time officially recognized variability in regulations on NORM among
different countries and a significant need for consensus on radiological protection and NORM exposure
management (NORM industry issues, waste, remediation etc.) (ICRP, Publication 104, 2007b). Thus, in
the same year, ICRP approved the formation of a Task Group 76 (TG 76) to develop guidance on NORM.
A report on the application of the 2007 Commission’s recommendations (ICRP, 2007) on radiological
protection of workers, the public and environment to exposures resulting from industrial processes
with NORM is expected to be published in 2018. Additionally, ICRP Committee 4 Task Group 98 (TG 98)
was created in 2015 to describe and clarify the application of ICRP recommendations (ICRP, 2007) to
exposures resulting from sites contaminated by past industrial, military and nuclear activities; this work
includes NORM existing exposure sites remediation issues.

2.4. Basic Safety Standards Directive (BSS 2013/59/EURATOM) related to NORM exposure
situations and remediation
Basic safety standards to protect the health of workers and the general public against dangers arising
from ionising radiation are defined in the Euratom Basic Safety Standards Directive, first adopted in
1959 and regularly updated since then. The latest revision in December 2013 takes account of the
scientific and technological progress since the 1990s, incorporating in particular the recommendations
of the ICRP in its publication 103, such as introducing definitions of exposure situations. With the latest
BSS the protection against natural radiation sources is managed in a coherent way within the overall
radiation protection system, commensurate with the magnitude of the exposures and with the
controllability of these exposures. The need for a ‘graded approach’ now transpires in all requirements
of the BSS including the management of NORM. BSS consolidates five earlier legal acts, including
Euratom Directive 97/43 on medical exposures and Directive 89/618/Euratom “Public Information”,
into a single piece of legislation.
The Articles and Annexes of the Directive related to the requirements on NORM are the following:



General Regulatory Requirements: Arts. 23, 24, 25, 26 and 27, and Annexes VI, VII;
Waste management strategy: Art. 30.1, 30.2, 30.4;
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NORM Legacy contamination: Art. 73, Art.100;
Building Materials: Art. 75.2-.3, and Annexes VIII, XIII.

The new Basic Safety Standards Directive must be transposed into Member States’ national legislation
and administrative measures by February 2018.
Furthermore, in the BSS Directive in planned exposure situations there is no distinction between
practices involving natural or artificial radiation sources. For instance NORM industries are regarded
as practices and managed in the same way as any other practice. Still the criteria for exemption and
clearance are at 1 mSv/y instead of 10 μSv/y, allowing for the prevailing background radiation and
levels of concentration of naturally occurring radionuclides in the earth’s crust (Janssens. A 2016). The
Directive also addresses NORM in building materials both for natural stones and for the recycling of
materials from industry. Liquid effluent may cause the contamination of ground or surface waters used
as drinking water supplies, and the requirements on the quality of drinking water are very strict. The
proper management of NORM is crucial but their recycling for construction purposes may be the cause
of new exposure pathways (Janssens. A 2016).
The Basic Safety Standards Directive covers radon in dwellings (previously addressed in a Commission
recommendation (EURATOM 1990)) but leaves to Member States to define proper national objectives
and strategies as part of a Radon Action Plan (Art. 103). The Action Plan should address all relevant
sources of radon ingress, including building materials and water.
Many novelties introduced in the Directive will need to be allowed for, and the larger scope of the
Directive may require new legislation on a national level to be drafted. The transposition of the
Euratom Directive may be a challenge both from a legislative and operational point of view (Janssens.
A 2016). For instance, the regulatory authorities will be faced with new responsibilities in terms of the
graded approach to regulatory control and greater transparency of regulatory decisions related to
legacy sites (Article 77).
Example: BSS 2013/59/EURATOM and NORM legacies in Belgium
NORM legacies have been addressed by Belgian Federal Authorities for Nuclear Control and various
initiatives have been taken regarding the identification, the environmental monitoring and, in some
cases, the remediation of NORM contaminated sites. A law proposal has been drafted which should
implement the requirements of art. 73 of 2013/59/ Euratom regarding contaminated areas.

2.5. IAEA documents related to NORM exposure situations and remediation
The IAEA Fundamental Safety Principles (IAEA 2006) and IAEA safety standards set safety principles
and criteria for use as a basis for deciding whether remediation is needed in order to protect people
from long-lasting radiation exposures. Requirements and guidance on the implementation of
remediation are also available in other documents (e.g. IAEA 2007, IAEA 2014). It is important to note
that remediation does not involve the complete removal of the contamination and that the more
informal term ‘cleanup’ (i.e. to make a site clean, free from impurities) is not to be taken as being
synonymous with remediation. This can often cause misunderstanding between experts and affected
population. Similarly, the terms ‘rehabilitation’ and ‘restoration’ may imply that the conditions that
prevailed prior to contamination can be restored, which is often not the case in practice.
Specifically, concerning exposure to radiation from natural resources, the list of publications on
exposure to radiation from Natural Sources is included in Annex 2. The list indicates that there is an

page 42 of 139

Deliverable <D9.65>

increase in the importance placed on stakeholder involvement throughout the last decades. A
communication evolution can be noted from an education perspective over a marketing perspective
(persuasive communication in order to accept risk) to a governance practice where the citizens are
placed in the core of decision making.
This is reflected by the publications on exposure to radiation from natural sources from IAEA and OECD
Nuclear Energy Agency related to stakeholder engagement for a better management of uncertainties
in risk assessment and decision-making processes including remediation strategies. From these
documents, a list of key issues has been extracted from which uncertainties might occur:


how to proceed with communication and stakeholder engagement in environmental
remediation programmes;



provide source of information for people involved in operation and management and
identifies and addresses questions that members of the public may have;



necessity of an adequate national infrastructure, including an independent regulatory
authority with sufficient power and resources to meet its responsibilities;



concerns and expectations from a wide field of individuals and organizations (e.g. all
stakeholders in the nuclear community, including national regulatory authorities, nuclear
power plant designers and operators, public interest organizations, the media, and local and
national populations).

The table below present a description of the content of the main publications from IAEA and NEA that
include sections on NORM, site remediation and stakeholder involvement including the deduced
uncertainties. These uncertainties are grouped and extracted and presented in the following chapters.
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DOCUMENT

BRIEF DESCRIPTION OF THE CONTENT

Nuclear Communications: A
Handbook for Guiding Good
Communications Practices at Nuclear
Fuel Cycle Facilities (IAEA 1994)

The purpose of this handbook is to provide information on applying
good communication practices concerning nuclear fuel cycle facilities
including legacy sites. It is a compact source of information for people
involved in operation and management and identifies and addresses
questions that members of the public may have about different aspects
of the nuclear fuel cycle.

IAEA-TECDOC-1076,
Communications on Nuclear,
Radiation, Transport and Waste
Safety: A Practical Handbook (IAEA
1999)

This publication is intended for national regulatory authorities to
provide them with information on the principles and methods that can
be applied in communicating nuclear safety to different audiences
under different circumstances. This publication presupposes the
existence of an adequate national infrastructure, including an
independent regulatory authority with sufficient power and resources
to meet its responsibilities.

INSAG-20, Stakeholder Involvement
in Nuclear Issues (IAEA 2006)

This is a publication by the International Nuclear Safety Group (INSAG)
which establishes that substantive stakeholder communication and
involvement contributes to the safe operation of nuclear facilities and
discusses ways and means for the efficient and rational involvement of
stakeholders in the consideration of nuclear issues. INSAG concludes
that decisions concerning matters such as the siting and construction of
a nuclear power plant are no longer only the domain of a closed
community of technical experts and utility executives. The concerns
and expectations from a wide field of individuals and organizations also
need to be considered. The publication is intended for use by all
stakeholders in the nuclear community, including national regulatory
authorities, nuclear power plant designers and operators, public
interest organizations, the media, and local and national populations.

No. NW-T-3.4, Overcoming Barriers
in the Implementation of
Environmental Remediation Projects
(IAEA 2013)

The IAEA acknowledges that public concerns may be a driver but also a
constraint in remediation programmes due to public demands for
revised end point or potential legal actions against the project. These
societal constraints can result in significant impacts in the cost and
schedule of the project. These constraints are discussed in this
publication.

NW-T-3.5, Communication and
Stakeholder Involvement in
Environmental Remediation Projects
(IAEA 2014)

This publication has been developed with the aim of translating the
complex technical terminology and approaches embodied in the
planning and implementation of environmental remediation
programmes into a more accessible language. The objective is to help
environmental remediation implementers and regulators engage and
sustain dialogue with different stakeholders while developing a
decision making process regarding the implementation of
environmental remediation programmes. The publication deals with
the technical and non-technical dimensions of environmental
remediation and provides experiences on how to proceed with
communication and stakeholder engagement in environmental
remediation programmes.
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IAEA Nuclear Energy Series No. NWT-3.6, Lessons Learned from
Environmental Remediation
Programmes (IAEA 2014)

This publication focuses on the remediation of sites affected by
operations related to the nuclear fuel cycle, with an emphasis on the
remediation of uranium mining and milling sites. However, the
information made available is also useful to the so called NORM
(naturally occurring radioactive material) sites. The publication begins
by discussing non-technical aspects emphasizing the need for available
policies and strategies that will be relevant to frame the overall
remediation works at the national level. It then focuses on
socioeconomic aspects of environmental remediation works, and
subsequently it discusses general planning and managerial aspects of
remediation programmes. Technical aspects of remediation works are
then reviewed. Finally, a general overview on the remediation of
uranium mining and milling sites is presented.

Nuclear Energy Series No. NW-T1.10, Advancing Implementation of
Decommissioning and Environmental
Remediation Programmes (IAEA
2016)

An analysis of the factors that hinder progress in implementing D&ER
programmes has been undertaken,
and actual experiences and potential solutions for overcoming these
constraints have been documented within this publication. Additionally
this document provides several pertinent examples and case studies
illustrating the application of the suggested solutions. The publication
emphasizes that it is the responsibility of governments to put in place a
clear framework for the decommissioning of disused nuclear facilities
and for management of contaminated land. Political commitment is
generally a major driving force for implementation of D&ER and,
without this, significant progress is unlikely to occur.

Further insights are provided by the IAEA ENVIRONET network5 which has been created to build
capacity in the different Member States and to facilitate the full implementation of remediation
projects and ENVIRONET, promoting the adoption of good practices in environmental management.

5

https://nucleus.iaea.org/sites/connect/ENVIRONETpublic/Pages/default.aspx
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Example: An illustration of the development of national NORM waste regulation from international
sources in United Kingdom (Scottish and Government 2014)

2.6. Conclusion
Based in this document review, in terms of national policy of legal and regulatory framework related
to long-term exposure situations due to natural radionuclides, a preliminary list of challenges is
identified. This list contains those challenges that currently exist in the various legal frameworks, as
aforementioned. The identified challenges in the national policies and regulatory frameworks for the
management of natural radionuclides causes uncertainties. These uncertainties will be tested in the
subsequent parts of the TERRITORIES project and a deeper understanding of European legislation and
the following challenges were identified:


A lack of, or incomplete or ineffective, national policy or legal and regulatory framework;



Specifically a lack or incompleteness of environmental remediation regulations and
standards or guidelines (IAEA 2016).



Non-independence or ineffectiveness of the regulatory authority;



Lack of synergies among regulators and complicated administrative procedures at the
national level;



Lack of uniform standards for managing NORM waste, prevalent across many EU Member
States;



Lack of specific regulations such as for industry.
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PART 2: INSIGHTS ON PAST EXPERIENCES OF POST-NUCLEAR
ACCIDENT
SITUATIONS
AND
ANALYSIS
OF
RELATED
UNCERTAINTIES

1. Feedbacks from past experiences
As already mentioned at the beginning of this document, the TERRITORIES project in general (and so
this deliverable in particular) is focusing on existing exposure situations. And when it comes to postaccident situations, the existing exposure situation mainly concerns the recovery phase, which follows
the emergency and transition phases. Thus, the following parts detailing feedbacks from post
Chernobyl and post-Fukushima situations will focus on the main lessons learnt that could be drawn
from the so called ‘recovery phase’. However, it is also important to consider the emergency phase,
insofar as the strategies taken during this phase often determine the decisions to make later on. Thus,
in the following, some paragraphs will explain the main decisions taken during the emergency phases
after the Chernobyl and Fukushima accidents, and this aims only to better understand the decisions
that have been made afterward.

1.1. Illustration with experience feedbacks from the post-Chernobyl accident
management in the former USSR, Belarus Republic and Norway
1.1.1. Back on the emergency phase (April – May 1986)
The explosion of the reactor of the 4th energy-block at the Chernobyl NPP occurred on 26th of April
1986. During the first following hours and days after, a specific Governmental Commission was created
to propose and supervise emergency rescue works. The most important goals during the initial
emergency period were: to stop the chain reaction, to provide the cooling of the fuel, to reduce
emissions of radioactive substances in the environment and to avoid a future development of the
catastrophe.
With regard to countermeasures for the population, one of the first questions that the Governmental
Commission of USSR faced to was about the destiny of people living in Pripyat (Ukraine), a town located
at a distance of 8 km from the Chernobyl NPP. In the morning of April 26 th the population of the city,
without any precise information on what happened, was recommended to stay indoors, windows and
doors closed. At noon, a permanent control of radiation levels in the city was established. In the
evening, the ambient dose rates were measured between 0.14 and 1.40 mSv/hour in the Pripyat
streets (Encyclopedia 1996). During the night, the radiation situation worsened and ambient dose rates
were measured in the range of 1.8-6.0 mSv/hour. However, in order to avoid a panic before the coming
celebrations of the 1st and 9th of May, authorities only promulgated preventive recommendations
without any control of their actual realization. And, because the weather was warm these days,
children and adults spent time outdoors. On the 27th of April ambient dose rates were measured in the
range of 3.6-5.4 mSv/hour, reaching the range of 7.2-10.0 mSv/hour on the roads near the NPP. Hence,
the Governmental Commission decided to evacuate the inhabitants of Pripyat: 1,200 buses and 3
special railway trains were routed to Pripyat from Kiev and other nearby cities. The evacuation began
at 2 pm on 27 April and took approximately three hours. During this single day, 44,600 people were
brought out of the city. The days after, the whole population living in the vicinity of the NPP (< 10 km)
was also evacuated.
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On 28 and 29 April, the Institute of Nuclear Energy (INE) of the Academy of Sciences of the Belarusian
SSR submitted proposals for implementing iodine prophylaxis for the entire population and for
resettling all people living within a radius of 100 km area around the Chernobyl NPP. But, this proposal
was not accepted by the Governmental Commission6. Once the evolution of the damaged reactor was
considered as being stopped, efforts of the Governmental Commission were redirected to emergency
works such as, decontamination, water protection by filtering measures, isolation and burying of the
damaged reactor building and blasted elements of concrete.
According to the previously developed and stated ‘Plans for eliminating emergency situations’ (PEEs),
the following measures were taken by Ministries and Departments of the Civil Defence as well as by
the chemical Subdivisions of the Soviet Army:
1. Fire control of the reactor aiming at reducing radioactive emissions;
2. Radiation monitoring and mapping of the soil contamination and radioactive background
(mainly Cs, Sr and Pu);
3. Medical inspection of the population as well as people who intervene to mitigate the accident
consequences;
4. Installation of barriers and warning signs into the perimeter where the contamination was in
the order of or higher than 100 Ci/km2 (3,700 kBq/m2);
5. Evacuation of citizens from contaminated zone around 30 km from reactor to safe places. The
criterion for evacuation was the 35 BER (Biological Equivalent of Roentgen) dose limit for a life
(350 mSv);
6. Control over the herding of cattle and the conduct of agricultural works in the first days in a
100 km radius around the plant;
7. Decontamination of towns and villages by retired soldiers and personnel of the Civil Defence;
8. Radioactive contamination monitoring and washing of the cars and agricultural machines
which was used in the vicinity of the plant ("10 km -" and "30 km -" areas) in case of their move
to less contaminated areas.
The Communist Party and Executive Authorities of the former USSR controlled results of these works:
PEEs were constantly corrected depending on how the situation was evolving.
It was not until the 2nd of May that the Ministry of Public Health decided to implement iodine
prophylaxis and to resettle people living at a distance of less than 30 km from the Chernobyl NPP.
In Belarus, only about 170,000 people received iodine prophylaxis instead of the whole inhabitants of
the Mogilev, Gomel, Brest and Minsk districts. During the same month, hundreds of children were
brought to cleaner regions of the former USSR (principally to Russia). The effective internal and
external doses received by the evacuated population due to Cs-137 are presented in Table 1.

6

"Rodnik" newspaper, issues no 5, 6 and 7, 1990.
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Table 1: Average doses of Belarusian evacuated people (Shevchuk and Gurachevsky 2003)
Evacuation
stage

Number of towns and Number of people
villages evacuated
evacuated

Effective dose (mSv)

Absorbed 131I Dose
to the thyroid
137

(Gy)

Cs Internal
Dose

137

Cs External
Dose

May 2-7, 1986

50

11,035

1,33

2,1

31,2

June 3-10,
1986

28

6,017

1.04

1.6

15.9

AugustSeptember,
1986

29

7,327

0.66

0.9

20.3

1.1.2. Goals of recovery, radiological criteria and associated zoning
Initial recovery goal (June-December 1986)
After the Chernobyl accident, the overall goal of recovery was to reduce dose by fixing temporary
effective annual dose. In 1986, the emergency dose limit was set at 100 mSv/year. Then, radiological
characterization was performed by notably defining the most contaminated areas and so defining the
appropriate zoning.
As for example, a first map of Cs-137 deposition in Belarus was made by the INE (cf. Figure 10) by the
end of May 1986. As a consequence the population of Southern regions of Belarus living at a distance
of 50 to 70 km from the NPP was additionally resettled from June 5 to June 10, 1986, based on the
criteria of dose rates > 30 – 50 µSv/h.

Vitebsk

Grodno

Brest

Minsk

Mogilev

Gomel

Figure 10: Distribution of caesium-137 (Ci/km2) in soil on the territory of the Republic of Belarus on
May 1986
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In July 1986, a first zoning was defined on the basis of soil contamination, in the three states concerned
(Belarus, Russia, Ukraine). As the deposited activity in caesium was an important contributor to
exposure quite easy to measure, this criterion was taken into account for the zoning delimitation.
Considering that the rural way of life of the local people was predominant, a relationship between the
deposited activity per unit area and the ambient gamma dose rate was established (Izrael 1990). From
these rough estimates, the zoning established right after the accident was changed and the
contaminated areas were subdivided into seven different categories of remediation according to
ground deposition bands (IAEA 2006) (cf. Table 2).

Table 2: Initial zoning implemented in July 1986
Level of Cs-137
contamination7
kBq/m2 [Ci/km2]

Legal status

1

<1

No limitations

2

37-185 [1-5]

Zone of selective radiation control

3

185-555 [5-15]

Zone of periodical radiation control

4

555-925 [15-25]

Zone of strict radiation control and subsequent resettlement

5

925-1480 [25-40]

Zone of initial resettlement

6

1480-3700 [40-100]

Zone of timely migration (evacuation)

7

More than 3700 [>100]

Zone of evacuation

The whole territory situated at a distance of 30 km from the Chernobyl nuclear plant (approximately
2,800 km2) and the urban areas evacuated beyond this perimeter (approximately 1,500 km 2), where
the deposits are theoretically higher than 37,000 kBq.m-2 in 137Cs, was called " exclusion zone". The
total surface area of this exclusion zone representing about 4,360 km2: 2,100 km2 in Belarus, 2,040 km2
in Ukraine and 170 km2 in Russia. By the end of 1986, about 116,000 people from 188 towns (including
Pripyat) and villages were evacuated from the 30-km zone (of whom about 25,000 from the Belarus
republic).
Evolution of the recovery goals from 1987 to 1991
Following the first months after the accident, the Government of the USSR and more particularly the
Ministry of Public Health worked to establish new radiological criteria allowing the health protection
of population, the continuation of remediation works and also the sustainability of economic activities
in affected territories. So, on 1st of July 1987, the Government of the USSR declared that it was possible
to set a lifetime dose limit of about 500 mSv (250 mSv during the first 25 years after the accident) with

7

At that time, the unit used by scientists in USSR was Ci/km2 [1 Ci/km2 = 37 kBq/m2]
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the following annual dose distribution (in mSv): 30; 30; 25; 20; 20; 15; 15; 10; 10; 10 and then 5
mSv/year until the 70th year after the accident.
During all these years, actions would have to be implemented to respect the different limits and so
reduce effective dose by performing decontamination works, agricultural countermeasures or even
setting-up permissible levels of radionuclides in foodstuff and drinking water. It seems that before
1989, decontamination works were not enough efficient. Indeed, these works had been done by civil
defence troops with limited involvement of radiation protection experts and so, with limited
implementation of precise radiological criteria. Paragraphs 1.1.4 to 1.1.6 will present more into details
the different types of remediation actions and countermeasures.
Radiological characterisation implemented since 1991 (focus on the Belarus case)
1991 was marked by the collapse of USSR. Then, Ukraine and Belarus declared their independence on
August 1991 and implemented their own recovery programs for the recovery of their territories
affected by the Chernobyl accident. In parallel, the international context in radiation protection was
also changing as the International Commission on Radiological Protection issued new basic
recommendations (ICRP Publication 60 (ICRP 1991)) on which the annual dose limit, excluding natural
background, for public exposure decreased from 5 mSv/year to 1 mSv/year.
In this context, the management of contaminated territories evolved within the three republics; the
following paragraphs illustrate specifically the case of the Republic of Belarus.
New zoning of the affected territories – case of Belarus
Although Belarus declared independence on 25 August 1991, the first 1990-1992 program was
financed under the former USSR conditions. In 1991, three laws of the Republic of Belarus were
adopted:


‘About the Social Defence of Citizens Affected by the Accident at the Chernobyl NPP’,
proposed on February 22, 1991 and approved on December 11, 1991 (the so-called 1991
Law);



‘About the Legal Regime of Territories Contaminated by Radiation as a Result of the
Catastrophe at the Chernobyl NPP’, 1991;



‘Radiation Safety of the Population of Belarus’, 1998.

The laws cited above were established taking into account ICRP Publication 60, and so fixed the
maximum permissible average annual effective radiation public exposure, excluding natural
background, at 1 mSv per year. They suggested that this level should be reached by using a graded
approach: 5 mSv/y in 1991; 3 mSv/y in 1993; 2 mSv/y in 1995; and finally 1 mSv/y in 1998. So, in
addition to the change of the recovery goal, a new zoning (cf. Table 3) was proposed according to the
potential doses received by the people and the corresponding contamination density (criteria have
been given for caesium, strontium and plutonium, the worst indicator being considered to delineate
the zones).
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Table 3: Zoning of territories determined by the law of 1991
Density of contamination
(Ci/km2)
Zones

Prohibited zone

Mandatory
resettlement
areas

Resettlement

Annual dose
Cs-137

Sr-90

Pu-238,
239, 240

From 40

From 3

From 0.1

‘The annual dose
can exceed
5 mSv’

From

From

15 to 40

2 to 3

‘The annual dose
can exceed
1 mSv’

From

From

5 to 15

0.5 to 2

0.02 to
0.05

From

From

0.15 to
0.5

0.01 to
0.02

Mandatory and immediate
resettlement
Zone of subsequent resettlement8
Housing and industrial and
agricultural production is prohibited

From
0.05 to
0.1

Zone with the right to migrate
Voluntary
resettlement
areas

Populations may request a
relocation in non-contaminated
areas, but are not obliged to
Industrial and agricultural
enterprises cannot be extended and
new companies can not be created

From

Zone with periodical radiation
control
Areas of
radiological
survey

Restrictions are the same that in the ‘The annual dose
‘zones of voluntary relocation’, but
should not exceed
only apply to enterprises whose
1 mSv’
activities can affect the health of
populations or the quality of the
environment

From
1 to 5

Late phase post-accident management
From 1993 to 1995 and from 1996 to 2000 the Republican State programmes were implemented. Since
2001, State programmes for overcoming the Chernobyl catastrophe are renewed every 5 years.
Then, in 2000, the following basic national regulatory documents in the field of radiation safety and
protection of the population were implemented in Belarus:


“Norms of radiation safety and protection of the population” (that give the information on
permissible levels of radioactivity contents in environment and human body).



“Basic sanitary rules for radiation prevention” (that give the health norms for people who
worked in contaminated territories).

8

15 years after the accident, in Belarus, more than 28,000 persons – including 7,000 children – were living in this zone (2001). In Ukraine, all
people were resettled from zones with a contamination density > 15 Ci/km2.
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As a consequence of these new rules and according to the evolution of the radiological situation, from
1991 to 2005, about 110,000 people were resettled in cleaner areas.
The 17th of May 2001, the Law of the Republic of Belarus “About the Social Defence of Citizens Affected
by the Accident at the Chernobyl NPP” No 31-1 was updated: “as an index of the assessment of the
territory where the living conditions and working conditions of the population do not require any
restrictions, the average annual effective radiation exposure must not exceed 1 mSv above the natural
and man-caused radiation background9".
The Law of 2001 stated that:


If the average effective radiation exposure of the population exceeds 1 mSv/year above the
natural and anthropogenic radiation background, radiation protection activities must be
undertaken.



If the average effective radiation exposure of the population is comprised between 0.1 and
1 mSv/year, mitigating activities are not cancelled but they must be adapted to the situation
by the Council of Ministers of the Republic of Belarus.



If the average effective radiation exposure of the population is less than 0.1 mSv/year,
specific protective actions are not considered as necessary from the health and
environmental viewpoints.”

Since 2001, the soil improvement protective measures are implemented only in residential areas
where annual effective dose to a representative person (or a critical group) exceeds 1 mSv, or where
local produced foodstuff are above the national permissive levels for caesium-137 or strontium-90 (see
hereafter). Numerous countermeasures have been tested and implemented. For instance, the
selection of crop types with minimal caesium-137 or strontium-90 uptake ability is now preferred to
the systematic application of fertilizers. Crops processing (eg. rape and sunflower into oil, grain into
alcohol), milk processing (butter, cheese, cream, etc.) is still considered as an effective way to reduce
the impact of the residual contamination.
The objective is now to reduce as low as reasonably achievable individual doses below < 1 mSv/y by
implementing cost-effective countermeasures, especially in food processing industry where the
regulatory controls made on the final products, have been completed by the implementation of a
permanent monitoring system along the entire chain of production.
In complement, public information has been considerably reinforced especially to prevent the
consumption of wild products (berries, mushrooms, river fish and game) and mitigate the
consequences of the accident in non-decontaminated areas (limitation of free grazing, restriction or
prohibition of gathering or harvesting in forest, rehabilitation of roads, etc.). Moreover, several
radiological protection centres have been opened in the affected areas, although they are not covering
the whole affected territory, in order to improve the radiological protection culture of local people
(Averin and Bondarenko 2012) (Hériard-Dubreuil, Lochard et al. 1999). When available, they give them
the opportunity – as there is a free access to measurement devices - to measure radioactivity in
foodstuff (or soil samples) by themselves, and trained dosimetrists advise the population – especially
children – and deliver practical recommendations about the behaviours and lifestyles that could
reduce individual exposures at the family level.

9

Formally, it means that Chernobyl accident contribution must be less than 1 mSv a year.
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1.1.3. Focus on the evacuation of the population
From, 1986 to 1989, massive number of people were evacuated or voluntarily moved away from the
most contaminated areas (e.g. 333,000 people from the republic of Belarus) (Averin 2017). To interrupt
the departure of the population, authorities initiated, from 1986-1991, a certain number of actions as
for example:


The possibility for the population to live in regions with a territorial contamination higher
than 40 Ci/km2 if they used imported foodstuffs (especially, milk) and if appropriate
decontamination actions were implemented (see 1.1.2).



The establishment of financial incentives for people living in areas with a high contamination
level > 1,480 kBq/m2 (i.e. > 40 Ci/km2) or,



Proposition to resettle people living in highly contaminated area in the same district. For
example, in Belarus, the Mogilev Regional Committee of the Communist Party and the
Regional Executive Committee built the “Maysky” settlement in the Cherikov district to
resettle here inhabitants of “Chudyany” and “Malinovka”. However, as Maysky was located
at a very short distance - 3 to 5 km - from “Chudyany” and “Malinovka” villages, the people
continued their agricultural activities on the same plots they had before the resettlement, on
soils contaminated at levels from 1,480 to 2,960 kBq/m2 (40 to 80 Ci/km2).

It is also important to note that, since June 1986, the Council of Ministers of USSR took the resolution
to give compensation of the damages incurred by evacuees from the Chernobyl NPP exclusion zone.

1.1.4. Decontamination actions and countermeasures
As already mentioned above, Government of the USSR implemented clean-up and rehabilitation
actions right after the Chernobyl accident. These remediation actions mainly concerned:


Interventions on the exclusion zone, mainly conducted during the emergency phase, which
aim to work close to the reactor in order to make workplaces accessible for workers on the
damaged reactor,



Decontamination operations outside the exclusion zone, to reduce the sources of exposure
in areas where the population had not been evacuated, and especially those where Caesium
deposited activity was in the range of 555 kBq.m-2 to 1,480 kBq.m-2.

Decontamination of the exclusion zone.
A large part of the remediation activities conducted in the exclusion zone, were carried out during the
emergency phase (in 1986 and 1987). First, they focused on the site itself and in the vicinity of the
damaged reactor, as well as on highly populated areas up to 4 to 5 km around. These operations aimed
at protecting workers and inhabitants from radiological hazards, notably in areas where the ambient
dose rates were comprised between several tens of µSv.h-1 and 1 mSv.h-1 or more (hot spots). The risk
of resuspension of radioactive particles was another reason for implementing decontamination. For
example, at some places, the deposited activity reached 105 to 107 kBq.m-2
Materials resulting from the clean-up operations were metal equipment, and more particularly
concrete, bitumen (road covers) and soil (5 to 10 first cm) with the associated vegetation. These
decontamination operations were effective enough to improve radiological conditions at workplaces
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in the No. 1 and No. 2 reactors. These operations have resulted in reducing the ambient gamma dose
rate by a factor of 10 to 15, and up to a factor of 100 in some places.
After 1987, rehabilitation of buildings and their environments were carried out in the city of Chernobyl
(10 km south of the plant) and a few buildings in the city of Pripyat (2 km NW of the plant). Remediation
works were also implemented in villages located in the south and east of the exclusion zone, where
groups of elderly people had resettled in the years following the accident.
Regarding the livestock present in the villages evacuated during the emergency phase, it was
abandoned in most cases, and then shot. The carcasses were buried (with lime) in trenches. There is
no reliable information on the magnitude of these operations. The other animals (poultry, dogs, ... )
were in most of the cases simply abandoned.
The most contaminated vehicles, used for clean-up operations, have been stored close to the NPP (at
about 10 km), awaiting treatment. In addition, trees from the so-called “red forest” were buried in
shallow unlined trenches.
All of these operations have generated approximately 800 waste disposal sites, located in particular in
an area of 10 km around the nuclear power plant.
Decontamination of territories outside the exclusion zone
General considerations
As already mentioned above, USSR Government initiated right after the accident decontamination
actions and agricultural countermeasures in the territory affected by the Chernobyl accident in order
to allow people to live in districts with contamination higher than 40 Ci/km2. So, complex activities
were implemented and were focused on buildings and agricultural surface. These actions consisted to:


Removal of contamination: stripping soil, replacement roofs, sometimes dismantling of
dwellings, filters of air filtration systems, collection of agricultural products, ashes,
defoliation and simultaneously, ploughing and sowing of perennial grass and crops from the
cleaner fields surrounded these settlements.



Reduction of contamination by washing building facades, asphalting roads, play grounds or
sport areas, digging wells (for drinking water supply), deep tilling, etc.



The effectiveness of decontamination of large areas was, achieving a 2 to 4-fold reduction in
ambient dose rates. It was much lower in terms of public dose reduction, e.g. 1.2–1.5 (1.3).
The activity per weight of radioactive waste generated in this context was about 1 Bq.g-1 to
several Bq.g-1. It can reach a few tens of Bq.g-1 for certain type of wastes, such as ashes of
wood combustion, sludge from scouring areas (basins or pits).

Agricultural countermeasures
In agricultural areas, a lot of countermeasures were implemented and mainly concerned remediation
measures for animal products as well as the remediation of agricultural land.


Remediation measures for animal products

From 1987 to 1991, Government of the USSR in its “Recommendations to the Belarusian SSR, Ukraine
SSR and Russia SFR” insisted in the use of foodstuffs contaminated above the standards by mixing them
with clean products. Consequently, about 1 million tons of contaminated grains were processed and
fed at poultry farms and hog-breeding farms. In Belarus, the grain contamination was controlled in 17
districts of the Gomel and Mogilev regions and Cs-137 concentration levels in grain were estimated
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between 370 and 3,700 Bq/kg. However, it should be noticed that chickens were fattened with clean
or slightly contaminated fodder 1-1.5 months before slaughter, reducing significantly their caesium
137 concentration level; in the same spirit, cattle- and pig breeding and fattening were permitted
without any constraint on the quality of food if they would be kept indoors and fattened with clean
fodder the last 1.5-2 months before their slaughter. And as part of this measure, live monitoring
procedures were developed both in the USSR and in Western Europe. The use of caesium binders,
especially Prussian Blue (hexacyanoferrates), given via different delivery systems to domestic and free
ranging animals was also developed to facilitate the biological elimination after absorption of caesium
in the gut of ruminants.


Remediation of agricultural land

In March 1988, the Chairman of the State Agroindustrial Committee (Gosagroprom) put into force the
“Guide for Conducting Agriculture in Conditions of Radioactive Contamination of the Part of the
Territory of the RSFSR, the Ukrainian SSR and Belarusian SSR for 1988 to 1990”, submitted by the Interdepartmental Commission10 of scientific experts in radiology in the agricultural complex, which
provided specific guidance for cultivating in radio-contaminated territories from 1 to 80 Ci/km2.
This Guide suggested to annually apply 1.5 time increased doses of phosphoric and potassium
fertilizers on hayfields and pastures; it recommended to apply 2-3 kg of "double super-phosphate" and
3-4 kg of potassium chloride and sulphate per 100 m2, as well as lime materials and zeolite (200 kg per
100 m2) in order to reduce the contamination of fruits, vegetables and potatoes in kitchen gardens.
These countermeasures were effective and reduce caesium 137 uptake by agricultural products. Figure
11 presents some reduction factors that have been observed in Belarus.
From 1986 to 1991, deep ploughing, liming (682,000 ha in Belarus), and additional potassium and
phosphate fertilization (in Belarus: 1.2 million tons of K2O and 0.6 million of P2O5, plus 58 millions of
manure) were intensively developed as agricultural countermeasures and this was very effective in
improving the fertility of the land and reducing caesium uptake onto fodder and other crops.

10

It consists of experts from Gosagroprom, the institute of Agricultural radiology (Obninsk) and representatives of the Ministries of Agriculture
of Belarus SSR and Ukraine SSR. Their goal was to establish transfer coefficients from soil to plants, and recommendations on reconversion of
agricultural enterprises.
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Figure 11: Effectiveness of agro-technical and agro-chemical techniques in reducing caesium 137
uptake by agricultural products (Averin 2017)
Nevertheless, it is important to note that these countermeasures were so expensive, that the
Belarusian budget was not important enough for a generalization of the agricultural countermeasures,
or even a full implementation of one of them: for example, fertilizers were only used in a little number
of localities and between 1986 and 1990, about 260,000 hectares of highly contaminated agricultural
holdings have been totally excluded from the agricultural production market.
Rehabilitation of the forests
In forests, countermeasures have first consisted in access restrictions, and activity prohibitions such as
hunting or harvesting wood and edible wild products (berries, mushrooms, etc.). In some places, local
monitoring devices were provided to people for measuring the caesium content in wild products. An
optimisation approach was adopted whereby sites specific settlement information was provided on
the spatial and temporal variation in caesium contamination of forest products and people sometimes
also control the radiation levels by themselves in the forest. Even now, this remains true and experts
are committed to advise local population. As for example, since 2000s in Belarus, specific guidance is
provided to inform the population on which mushroom species to avoid (according to their capacity to
concentrate radioactivity), where and when to collect wood and wild products, hunt game and on the
modification of tree felling schedules (Mostovenko 2017).

1.1.5. The evolution of permissible levels of radionuclides in foodstuffs and drinking water
Based on emergency dose limits of 100 mSv during the first year, 50 mSv in 1987, 30 mSv in 1988,
30 mSv in 1989, 5 mSv in 1990 (assuming 50% of external dose, and 50% of internal dose), the Ministry
of Public Health of the USSR approved temporary permissible levels (TPL) for Cs-137 radionuclide
concentrations in foodstuffs and drinking water. These levels evolved over time and were adjusted,
first with regards to the real contamination level of foodstuffs and drinking water as a result of
agricultural countermeasures. Changes in reference levels of doses and adjustments to the diet of the
local populations also impact the revision of permissible levels.
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For example, TPLs established in 1988 were corresponding to an internal dose of 8.0 mSv/year. In 1990,
TPLs was recalculated in such a way that the internal dose will be less than 1.7 mSv/year by intake of
contaminated foodstuffs. Then, in 1991, new Permissible Levels (Republic Permissible Levels – RPLs)
were proposed by the Republic of Belarus in such a way that individual internal doses should be around
1 mSv (in fact, below 1.4 mSv/year).
Table 4 and Figure 12 (see hereafter) show these temporary permissible levels for Cs-137
concentration in foodstuffs and drinking water.

Table 4: Belarusian standards for Cs-137 concentration in food

Foodstuff

TPL1986

TPL1988

TPL1990

RPL1991

RPL1992

RPL1996

RPL1999

(Bq/kg (Bq/kg (Bq/kg (Bq/kg (Bq/kg (Bq/kg (Bq/kg
or Bq/L) or Bq/L) or Bq/L) or Bq/L) or Bq/L) or Bq/L) or Bq/L)

Drinking water

370

18.5

18.5

18.5

18.5

18.5

10

Milk (and whole milk products)

370

370

185

370

111

111

100

Butter

7400

1100

370

370

185

185

100

Meat and meat products:


beef

3700

2960

592

740

600

600

500



mutton

3700

1850

592

740

600

600

500



pork, poultry, fish and their
products

3700

1850

592

740

600

370

180

Potatoes, verdure

3700

740

592

600

370

100

80

Bread and bakery

-

370

370

370

185

74

40

Flour, cereals, sugar

-

370

370

370

370

100

60

Vegetables and edible roots

3700

740

185

600

185

100

100

Fruits

3700

740

185

600

185

100

40

Wild berries (fresh, preserves and jams)

-

-

185

1480

185

185

185

Fresh mushrooms

-

-

-

1480

370

370

370

Other foodstuffs and food additives

-

-

592

-

370

370

370
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Figure 12: Evolution of the Belarusian standards for Cs-137 concentration in food (Averin 2017)
This graded approach reducing step-by-step the permissible levels allowed to force the optimisation
process of dose reduction and at the same time, to maintain and sustain economic and agricultural
activities in contaminated territories. However, it should be noted that each time “permissible” - the
wording is important - levels have changed, it raised producers’ and consumers’ concerns, doubts and
worries about their former level of protection (Tsalko 2002).
Also, as permissible levels are implemented according to the regional context, different values have
been set up by national authorities in Ukraine, Russia and Belarus (cf. Figure 13).

Figure 13: Current reference levels of 137Cs and 90Sr concentrations in foods adopted in Belarus,
Russia, and the Ukraine (Averin 2017)
The differences observed between permissible levels in food and drinking water raised anxiety of local
producers and consumers who did not understand the reasons why they could be lower in the
neighbouring country. Chernobyl experience clearly showed the necessity to better involve local
stakeholders in decision process and to discuss with them and provide them a route to better
understand what is at stake as well as the rationale behind decision and management criteria (OECD
1997).
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1.1.6. Waste management strategy, inventory of the repositories in Belarus, Russia and Ukraine
In the course of remediation activities, both at the Chernobyl NPP site and in its vicinity, large volumes
of radioactive waste were generated and placed in temporary near-surface storage facilities located in
the Exclusion Zone at distances of 0.5 to 15 km from the NPP site. Sites for temporary waste storage
(trenches and landfill) were created from 1986 to 1987 for radioactive waste generated as a result of
the cleanup of contaminated areas. The overall aim of these disposals was mainly to avoid dust spread,
reduce the radiation levels, and enable better working conditions at Unit 4 and its surroundings.
However, all these storages were established without a proper design documentation, engineered
barriers, or hydrogeological investigations according to contemporary safety requirements and
standards.
This is the case in Belarus, where the massive decontamination of the affected territories, set up from
1986 to 1989, led to more than 80 burial sites, established without any account of geological and
hydrogeological conditions when selecting areas to install them (Committee on the Problems of the
Consequences of the Accident at the Chernobyl NPP 2001). The Figure 14 shows the burial sites
identified in Belarus in 2001 which are located throughout the affected territory, some of them well
beyond the exclusion zone.

Figure 14: Location of burial sites of decontamination wastes in Belarusian affected territories
A survey conducted in the framework of the French-German Initiative (IFA) (Biesold and DevilleCavellin 2006), with the participation of Belarus, Ukraine and Russia identified about 800 sites and
evaluated waste volumes, as follows:


More than 2 million m3 divided in almost a dozen of areas in Ukraine;



More than 400 thousands m3 spread over a dozen areas in Belarus;



More than 100 thousands m3 spread over 5 zones in Russia.

The survey also led to identify numerous burial trenches that were not inventoried before (only half of
them were well documented). It results in large uncertainties in terms of waste volume, activity, type
and location (IAEA 2006). It has been estimated that the total volume could exceeds 3 million m3,
corresponding to more than 1016 Bq in total.
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However, economic and human resources were expanded to provide a systematic analysis and an
improved strategy for management of existing radioactive waste. In this way, in order to be able to
assess the potential risks posed by the different disposal sites, these were initially categorised into four
groups (I-IV) on the basis of two criteria: the ‘specific caesium 137 activity’ and the ‘specific α activity’.
The categorisation was based on the national normative documents for evaluating radioactive waste,
general IAEA principles, and the specific features of Chernobyl waste. Then, these waste groups were
divided into five local categories (A-E), depending on the location of the waste disposal facility, the
presence (or absence) of engineered barriers, the presence (or absence) of isolation, the radioactive
waste emplacement mode and the availability of packaging (for radioactive waste packages).
Furthermore, the waste was analysed in terms of applied treatment techniques (compaction,
decontamination, recycling, excavation and stabilisation) to enable the finding of strategic decisions
and taking of specific waste disposal measures (Biesold and Deville-Cavellin 2006).
For waste contaminated with unspecified mixtures of radionuclides emitting gamma radiation, the use
of classification ‘low-‘, ‘intermediate-‘, ‘high-‘ activity is allowed with the criteria of the air-dose rate
at a distance 0.1 m (Basic Sanitary Rules 2000).
Following the information available, the types of waste disposal facilities achieved on all three states
can be grouped into three categories.


Medium and high-level waste (MA and HA) kept under control:






Podlesny. This disposal facility, which has been operated between end 1986 and late 1988,
contains more than 11 000 m3 of intermediate level radioactive waste and sometimes of
high-level waste (depending on the materials the specific activity is between 104 Bq.g-1 and
more than 106 Bq.g-1); the various waste (metal structures, concrete, sands, debris of fuels,
bitumen, vegetation) are stored in concrete vaults;
Kompleksny. This disposal facility carried out between late 1986 and 1988, received
approximately 30,000m3 of intermediate level radioactive waste (between 104 Bq.g-1 and
some 105 Bq.g-1). Waste (metal structures, concrete, steels) are packed in metal drums,
stored in concrete vaults.
Buriakovka. This disposal facility which operated from 1987, has received more than
650,000 m3 of low- and medium-level waste (e.g. concrete, sands, bitumen road and
vegetation). Waste are stored in 30 trenches, type mounds, formed from a substantive
coverage watertight and clay.



Non-controlled low level waste disposal facilities (LLW). Waste, whose activity is between
several 102 Bq.g-1 and 104 Bq.g-1, represent a volume of between 1 and 1.5 million m3. They
are buried in trenches at a depth of 2 to 4 m and at a 10 km distance of the damaged reactor;
the trenches that may reach a length of one hundred meters, are covered with a single layer
of sand. One of the most typical areas of this type of burial site is the "Red Forest” located at a
2 km distance off the damaged reactor.



Uncontrolled very low-level waste disposal facilities (VLLW). These waste, whose radioactivity
is comprised between a fraction of Bq.g-1 and a few tens of Bq.g-1, represent a volume of
600,000 to 1 million m3. They are stored in the trenches, sometimes covered by a clay layer,
within the exclusion zone as well as in residential areas of Belarus, Russia and Ukraine.

This review reveals that the majority of waste has not been governed and the concepts associated with
these repositories are often extremely sparse. For most of them and especially those managed
between 1986 and 1988, the practice was to bury waste in trenches at a depth of a few meters covered
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with a little material sealed and often just a little sandy soil contaminated. As a consequence, these
activities led to a gradual contamination of the environment around these sites due to rainwater
leaching.

1.1.7. Experiences in Norway after the Chernobyl accident – an example from Western Europe
The Chernobyl fallout caused long-term consequences and ‘existing exposure situations’ also in some
remote countries in western Europe. This section will describe some aspects of the situation in Norway,
and similar stories could be told from Sweden and the UK. In the UK the main challenge was
contamination of sheep, which movement and slaughter was restricted and controlled until 2012 (FSA,
201211 ). In Sweden, control of reindeer is still in place – similarly to the situation in Norway described
below (Åhman and Skuterud 2006).
The initial phase
In 1986 there was no monitoring system in Norway that could give the national authorities an overview
of the geographical extent and magnitude of the Chernobyl fallout. After an initial collection of snow
and rainwater at military camps and by local police etc., local agricultural offices were involved in
sampling of soil and vegetation. Within about a week, the authorities knew roughly which areas
received the highest fallout, and by mid-June more details about the regional extent of the fallout
emerged. Mountainous areas in southern and central Norway received most fallout, with radiocaesium
levels exceeding 100 kBq/m2 (Backe, Bjerke et al. 1986).
Since the accident took place early in spring, while the cattle in Norway were still indoors, no milk had
to be discarded due to 131I contamination. Radiocaesium contamination of milk was continuously
monitored, but concentrations in cow’s milk from dairies never exceeded the intervention level
(370 Bq/L). At some individual farms concentrations exceeded the intervention level in 1986, and the
milk was used as animal feed (Tveten, Brynildsen et al. 1998).
Based on the experience with nuclear weapons tests fallout from the 1960s onwards, which had
demonstrated the vulnerability of the lichens – reindeer – humans food chain to radiocaesium
contamination (Westerlund, Berthelsen et al. 1987), the authorities early realized that reindeer
herding could be seriously affected by the fallout. In mid-June, reindeer herders were therefore
engaged in sampling of vegetation and reindeer tissues for monitoring purposes. By end July largescale and significant contamination of pastures and reindeer was revealed, with up to 90,000 Bq/kg
observed in reindeer meat, and it was realized that reindeer herding could be affected for decades. On
31 July 1986 the Government of Norway passed the principal resolution that every food producer
should be economically compensated for all losses due to measures introduced by the authorities
because of the Chernobyl deposition (Tveten, Brynildsen et al. 1998) (Skuterud 2006).
Traditional use of forest and mountain pastures for grazing of sheep, goats and cattle in the affected
areas also resulted in elevated contamination levels. In autumn 1986 roughly 3% of all sheep in Norway
contained above 2,000 Bq/kg and was banned, while 27% of the sheep had to be clean-fed before
being slaughtered.
During autumn 1986 the situation was still evolving, since autumn is the time of regular reindeer
slaughtering – at the same time as the reindeer’s diet changed to contaminated lichens. It became
evident that no reindeer meat from central and southern Norway could comply with the intervention
level set, then 600 Bq/kg, and all reindeer meat from these areas was condemned. Maintaining the
11

https://www.food.gov.uk/science/research/radiologicalresearch/radiosurv/chernobyl/
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600 Bq/kg level would result in condemnation of 85% of the total reindeer meat production during the
first year, and would have serious long-term consequences for the reindeer herders’ culture and
lifestyle – independent of monetary compensation. Considering also the low average consumption of
reindeer meat by the average Norwegian citizen (about 0.4 kg/year), the Government in November
eventually decided to raise the level to 6,000 Bq/kg (see more below).
Long-term management and countermeasures
The extent of condemnation of meat in 1986 made the authorities prioritize development of efficient
measures to reduce the societal costs. Evaluation of cost-effectiveness of various measures helped
prioritize the various measures available. Especially live monitoring of meat producing animals before
slaughtering, avoiding condemnation of animals that could instead be clean fed before slaughtering,
was found efficient and acceptable for the producers – and is still in use in sheep production and
reindeer husbandry. Administration of caesium binders to livestock was another efficient measure, but
required development of various methods to different animals (in concentrates, rumen boli and saltlicks) (Brynildsen, Selnæs et al. 1996).
Zoning of the different areas in Norway based on deposition levels was never done in Norway. Instead,
measures have been implemented – and compensation paid – where contamination levels in products
have exceeded the permissible levels. Since contamination levels in products differ substantially even
when produced at locations with similar ground deposition levels, deposition level was a useless
indicator of challenges for the producers. Therefore, the basis for the regional divisions of Norway into
various countermeasure zones (for animal husbandry only) has been based on information on
contamination levels in the relevant products. Thus, zones for instance for sheep and reindeer have
not been the same. These purpose of the zones have been to outline routines and schemes for practical
countermeasure implementation, and compensation rates. Involvement of various stakeholders in the
development of practical countermeasures has been crucial for the success of their implementation,
although it has not always resulted in a common understanding of all decisions (Liland, Skuterud et al.
2013).
The elevated intervention level for radiocaesium in traded reindeer meat of 6,000 Bq/kg (reduced to
3,000 Bq/kg in 1994 following a cost-effectiveness evaluation) never applied to the reindeer meat
consumed by the herder families or others with reindeer meat as a dietary staple, because this could
result in ingestion doses exceeding 1 mSv/year. These groups were provided dietary advice with for
instance recommendations on how often they could consume foods of different contamination levels.
In addition, the reindeer herders have since spring 1987 regularly been offered monitoring of the
content of radiocaesium in their bodies. In addition to working as an individual dose control, the
monitoring has served as a tool to validate that their own countermeasure efforts results in lower body
levels and radiation doses. Thus, dietary advice combined with monitoring of foods and people have
given the affected population options on how they can manage their own situation (Mehli, Skuterud
et al. 2000) (Skuterud and Thørring 2012). The possibility for individual citizens to influence and control
their own situation and independence is important, therefore countermeasure strategies should
provide options for the population.
Controls of sheep and reindeer are still in place in Norway. Since 1994, two evaluations have
considered lowering the permissible level for radiocaesium in reindeer meat (3,000 Bq/kg), both
concluding that it would not be cost-efficient on a radiation protection basis. Recently the Norwegian
Scientific Committee for Food Safety published a risk assessment of radioactivity in food (VKM 2017),
and this will be used by the authorities in their evaluation of the future control of sheep and reindeer
in Norway.
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1.2. Illustration with experience feedbacks from Japan after the Fukushima accident
Even if the TERRITORIES project will focus on existing exposure situations, it is worthwhile to remind
the dynamics of evacuation during the emergency phase after the Fukushima accident in order to
better apprehend the context of the implementation of subsequent remediation actions.

1.2.1. Evolution of the affected area emergency and post-accident zoning
In March 2011, the emergency and post-accident management system implemented by Japanese
authorities essentially aimed at mitigating short and longer term exposures of the population from the
both atmospheric releases and radioactive deposits.


Emergency evacuation was ordered within 3, 5 and finally 20-km radius from the FukushimaDaiichi NPP: about 80,000 km have been evacuated before the 15th of March 2011 (Tomioka,
Okuma, Futaba, and parts of Namie, Naraha, Kawauchi, Katsurao, Tamura and south of
Minamisoma) [Note that on 16 March 2011, the American government, as a precaution, asked
American citizens who live within 80 km of the Fukushima site to evacuate the area or to take
shelter indoors if safe evacuation was not practical].



In areas situated 20 to 30 km from the NPP, sheltering was ordered by Japanese authorities,
and from 22 April 2011 population were asked to be prepared to evacuate (Hirono, Kawauchi,
Katsurao, Namie, Tamura, Minamisoma). At that time, numerous people – sometimes under
decision made by the municipality – have also deliberately decided to evacuate.



It is only from 22 April (and until August), that the most affected area started to be evacuated
(Iitate, Katsurao, Kawamata, Namie).



During summer 2011, about 250 households living on ‘hot spots’ (Date, Minamisoma) were
additionally evacuated.

In total more than 146,000 people have been evacuated under official orders. However, the number
of people living more than 20 km (sometimes much further) of the plant who decided to temporarily
depart from home is probably of the same order of magnitude (cf. Figure 15)12.

12

The National Diet of Japan – The Fukushima Nuclear Accident Independent Investigation Commission, chaired by Kiyoshi KUROKAWA,
Former President of the Science Council of Japan, 2012
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Figure 15: Restricted Area, Deliberate Evacuation Area and regions including specific spots
recommended for Evacuation (As of September 30,2011)13
The criteria used to design the ‘deliberate evacuation area’ is the whole body effective dose potentially
received by its inhabitants. This reference level was put at 20 mSv to be received in one year, ‘in
accordance with ICRP recommendation for emergency exposure situations’14, but the modalities to

13

MINISTRY OF ECONOMY, TRADE AND INDUSTRY - Restricted Area, Deliberate Evacuation Area, Evacuation-Prepared Area in Case of
Emergency and Regions Including Specific Spots Recommended for Evacuation (2011)
14

This is debatable as ICRP does recommend to take into account all exposure pathways; in fact, the reference level used by Japanese
authorities does not take into account exposures to plume (during the release), exposures from deposits the first month after the accident,
nor internal exposures (by consumption of contaminated products). However, hypotheses made to project external doses consider a
(conservative) indoor occupancy factor of 0.66 with a protection factor of 0.4.

page 65 of 139

Deliverable <D9.65>

calculate it (from reference external dose rates measured in-situ and exposure scenarios) were left to
the judgement and decision of local authorities (e.g. municipalities).
In April 2012, the affected area zoning was redesigned in the perspective of the preparation of the
evacuated population return. Three new types of areas with a specific status were created (cf. Table
5).
Table 5: Description of the 3 evacuated areas
Definition of the Area

Details on practical operations
People concerned can pass through the areas along the
main roads, return home temporarily (staying
overnights is prohibited), and enter the areas for the
purpose of public benefit

Area 1 (green)
Areas to which Areas where it is
evacuation orders confirmed that the
are ready to be annual (external) dose
lifted
will be 20 mSv or less.

People concerned can [a] resume business such as
manufacturing, but regarding hospitals, welfare
facilities, shops, work in the area is limited for the
preparation of resuming the business [b] resuming
farming if radiological conditions are met [c] start other
work involving [a] and [b] such as maintenance, repair
or transport-related activities
[~ 32,000 persons]
(identical for the “deliberate evacuation areas”)

Areas where the annual
(external)
dose
is
Areas in which
expected to be 20 mSv
residents are not
or more and where
permitted to live
residents are ordered to
remain evacuated
Area 2 (orange)

People concerned can pass through the areas along the
main roads, return home temporarily (staying
overnights is prohibited), and enter the areas for the
purpose of public benefit such as for repairing
infrastructures or conducting disaster preventive
related work
[~ 23,000 persons]

Area 3 (red)
Areas where it is
expected
that
residents will face
difficulties
in
returning for a long
time

Areas where the annual
(external)
dose
is
expected to be 20 mSv
or more within 5 years
and the current dose per
year is 50 mSv or more

People are required to evacuate these areas for which
physical barriers are placed at their boundaries
People may temporarily return home to meet domestic
needs and requirements, while those who are in charge
thoroughly screen people for radiation, control
individual doses, and require the people entering the
zone to wear protective gear
[~ 24,000 persons]

From April 2012 the « restricted » and « deliberate evacuation » areas have been progressively
redesigned. In August 2013 all areas to which evacuation orders have been issued were reclassified
according to the above 3-zone system of delineation of affected territories: about 80,000 persons lived
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in this perimeter (12 municipalities, 1150 km2) before the accident. It has to be noted that most of the
12 affected municipalities have been divided in 3 to 4 distinct zones. It has created a sense of unfairness
among the population dividing the local communities because affected people felt being treated
differently (especially with respect to their rights to compensation), even though they were confronted
to the same situation. At more micro-levels (neighbourhood, farm plot, house, etc.), dose rates and
soil contamination measurements revealed, indeed, that the radiological situation varies considerably
on a small geographical scale and this confused people and reinforced the feeling of injustice,
especially if the actual radiological characterisation did not fit well with the official post-accident
zoning of the former living place (see as an illustration of this situation the 500mx500m mesh
measurements made in Namie municipality in 2014 and 2016 - Figure 16 and Figure 17).

Figure 16: Soil contamination levels in Namie municipality (2014)15

Figure 17: Soil contamination levels in Namie municipality (2016) 16

15

Extract from the newsletter of the Japanese NPO ‘Sokutei Minamisoma’ September 2015

16

Extract from the newsletter of the Japanese NPO ‘Sokutei Minamisoma’ September 2015
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On 20 November 2013, the Nuclear Regulation Authority (NRA) submitted « Practical Measures for
Evacuees to Return their Homes ». The « 4th Supplement to the Interim Guidelines for the damage
associated with prolongation of evacuation orders » was issued on December 26 by the Dispute
Reconciliation Committee for Nuclear Damage Compensation, including additional compensation
upon building new housing for returning home, additional compensation upon acquiring housing at
new locations, and a lump-sum compensation for the mental prejudice of people from the areas
remaining off-limits.
A few days before, on 20 December 2013, the Cabinet Office had issued the main principles « for
Accelerating the Reconstruction of Fukushima From the Nuclear Disaster »: in Areas 3, these include
the enhancement of support for evacuees includes additional compensation necessary and sufficient
for evacuees to start new lives [elsewhere] and the development of reconstruction bases within and
[mostly] outside of the areas; in Areas 1 & 2, in order to accelerate the lifting of evacuation orders in
consultation with local communities, and to enhance initiatives for evacuees’ returning home, the
principles include « (i) measures to ensure safety and security (reduction of radiation exposures and
health consultation), (ii) additional compensation necessary and sufficient for evacuees to return
home, and the (iii) development of an environment for evacuees’ returning home to accelerate the
revitalization of Fukushima (including specific information, counselling for and dialogue structures with
returning evacuees), and finally (iv) the decontamination works ». At that time, the conditions to be
met before lifting the evacuation orders were exactly the same than those enacted in 2011 by the
Nuclear Emergency Response Headquarters to « rearrange the restricted areas »:
1. A whole body (external) effective dose below 20 mSv/year (in fact, the respect of a dose rate
of 3.8 µSv/hour in the area17 is the derived criteria used), and
2. The confirmation - through extensive talks with prefectural and municipal governments and
residents - of the sufficient advancement of the general restoration of essential infrastructure,
such as electricity, gas, tap and sewage water systems, main roads, and communication
facilities; public services for daily life, such as medical and nursing care, and postal services;
and decontamination of the areas, mainly children’s living environments
However, even if the above official principles mentioned that « efforts should be made to limit
individual doses below 1 mSv per year or less as a long-term goal » (as recommended in ICRP
Publication 111), the criterion of 20 mSv, which was used as reference level to allow return home and
particularly reopen schools, was judged as a reckless objective by several associations of residents and
then, many people and media expressed doubts about the extent to which the Japanese Authorities
(esp. MEXT) was considering the health and safety of children… In response to these criticisms, MEXT
finally declared that it would be necessary to keep exposure received by children and students at
school, below 1 mSv/y; operationally, this meant that it would be necessary to keep dose rates in
schoolyards, playgrounds, public parks, etc. below 0.23 µSv/h after decontamination works.
Progressively, for many displaced people and evacuees, 0.23 µSv/h became a level of acceptance of
radiological conditions to be reached everywhere (i.e. all places potentially visited by children,
including private houses, all public areas, and for the most demanding people, even in farm fields,
countryside and forests, which is by the way impossible to achieve) before to consider returning home

17

It includes the natural radioactive background estimated at 0.04 µSv/y
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(Shogo 2017). However, it has to be noticed that a general distribution of personal dosimeters and
scientific studies showed that the dose rate was generally a too conservative indicator to extrapolate
individual doses (Nomura 2014).
In this context, evacuation orders have been gradually lifted from August 2013 to 2017, as shown in
the Figure 18.

Figure 18: Lifting evacuation orders and efforts towards returning people home (Cabinet Office 2017)
In 2015, a poll (Reconstruction Agency 2016) asking 8775 evacuees from Kawamata, Tomioka, Okuma,
Futaba, Namie, and Iitate why they would not return if the evacuation orders were lifted right now
showed that the lack of infrastructures was their main concern, and particularly with regard to the
absence or lack of educational, medical, commercial and transportation facilities (see Figure 19).
However, this poll also showed that nuclear safety, water safety and the current radiological conditions
were still important and worrying issues. In addition, the degradation of the daily life, the fact that
traditional and religious events and other festivals disappeared since the accident, and the degradation
of the environment (access restriction to forest and mountains, presence of waste repositories,
recommendations and prohibitions related to fishing, hunting, picking mushrooms and wild plants)
and social conditions (lack of job opportunities, difficulties to restart occupational activities, absence
of relatives and neighbours) made the future too uncertain and too little pleasant for them for
envisaging to return (Crouail 2016).
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Figure 19: Main concerns raised by evacuees from Kawamata, Tomioka, Okuma, Futaba, Namie, and
Iitate about the return to the affected municipalities

More than 6 years after the accident, it is observed a small and slow return of evacuated population
(cf. Table 6) (Cabinet Office 2017). Moreover, if some elderly people are willingly returning home, the
fact is that youngest generations (especially parents) have for a large number already found new living
conditions and job opportunities outside the evacuation area.
At the time of the lifting of order of evacuation, a large number of evacuees have been able to find a
new home, notably using compensation fees, and their children are now registered in new schools.
Evacuees frequently mention that the former community of inhabitants has been disrupted as a
consequence of the tsunami and nuclear accident, and in this context, despite the huge efforts made
to revitalize the local economy of evacuated municipalities, the return of evacuees is not
straightforward (ICRP 2016).
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Table 6: Number of returnees since the lifting evacuation order (Cabinet Office 2017)
Municipalities in order of date for
lifting the evacuation order (LEO) –
date of LEO

no. of returnees (% of evacuees)
since the LEO – date of count

Tamura (01 April 2014)

243 (79%) – 31 May 2017

Naraha (05 September 2015)

1,740 (24%) – 30 June 2017

Katsurao (12 June 2016)

159 (12%) – 1 July 2017

Kawauchi (14 June 2016)

2,183 (81%) –1 July 2017

Minamisoma (12 July 2016)

2,359 (24%) –30 June 2017

Iitate (31 March 2017)

437 (~7%) – 1 July 2017

Kawamata (31 March 2017)

196 (~17%) – 1 July 2017

Namie (31 March 2017)

234 (~1%) – 31 May 2017

Tomioka (01 April 2017)

172 (~1%) – 1 June 2017

Futaba (EO not yet lifted)

0

Okuma (EO not yet lifted)

0

TOTAL

(24,000 persons
are still evacuated)

~ 7,700 (< 10%) / ~ 81,000

1.2.2. Principle of the cleanup strategy in Japan.
The rehabilitation of contaminated areas is the guiding objective of the Japanese remediation postFukushima accident strategy. It consists in cleaning up the damages due to the earthquake and
tsunami, associated with a massive decontamination of the territories affected by radioactive deposits.
These actions have been initially undertaken on municipality initiatives and then on the basis of
recommendations made by the public authorities. The Japanese state has defined, prior or in parallel
to these actions, a strategy for the management of the huge amount of generated wastes.
The Japanese state issued in August 2011 the "Act on Special measures for the handling of
environmental pollution from the Fukushima Dai-ichi accident" (Environment Ministry 2011) defining
the rules to facilitate the management of contaminated waste, with the exception of the site of the
Fukushima Dai-ichi nuclear power plant. The Law provides a framework for the cleanup strategy and
associated waste management.
The Act defines a general objective to reduce the ambient dose to values lower than 1 mSv/year as a
long-term objective and distinguish on the basis of the external exposure of the population to gamma
radiation, several areas in which the reworking of these objectives and responsibilities are different:
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The ‘intensive contamination Survey Area’ (ICSA), where ambient gamma dose rates are less
than 3.8 µSv/h (which corresponds to added exposures of less than 20 mSv/year) and where
people were not evacuated. The decontamination plan and waste management streams are
developed by the municipalities and they are implemented with the financial and technical
support of the Japanese Government;



The ‘Special Decontamination Area’ (SDA), where people have been evacuated after the fallout
from the accident, for which two sub-areas have been distinguished: the first one in which the
return of the population can be envisaged within a few months to a few years after the accident
in the light of the progress of step-by-step decontamination operations; the second one in
which a return of the population will be difficult because the actual decontamination
technologies cannot be effective enough to reduce the level of radioactivity. These
decontamination actions are directly managed by the Ministry of the Environment (MoE); the
prioritization of the places to decontaminate is negotiated with the municipalities.

The "Act on Special measures" is the cornerstone of a set of laws and decrees, created or modified
after the accident, for guiding the decontamination and waste management actions. On this basis, the
Government of Japan has published technical guides to assist municipalities in decontamination
operations, waste management and protection of the population against ionizing radiation. In
particular, the MoE provided a guide to the municipalities (Minister of Environment 2013), published
in 2011 that describes the decontamination technologies available depending on the type of soil and
surface, on the basis of the studies of JAEA (Japan Atomic Energy Agency) carried out during the year
2011. In December 2013, the MoE has completed this guide by a chapter on techniques for
decontamination of forest areas. In addition, the MHLW (Minister of Health, Labor and Welfare) has
published guides for the management of risks from ionizing radiation during decontamination
operations (Japan Bare 2014). These guides describe the technical and organizational
recommendations on prevention (physical protection, training, etc.) and risk mitigation that must be
implemented to protect decontamination workers, as well as the monitoring of their health.

1.2.3. Implementation of the actions of decontamination
In areas where the evacuation orders are planned to be lifted, the decontamination management plans
have been defined in order to make possible a return of the population after the end of the
decontamination operations. Consequently, the priority has been given to the decontamination of all
public infrastructures and services (public institutions, schools and kindergartens) as well as residential
and agricultural areas, household waste repositories, drinking water supply and treatment facilities,
etc.
An initial assessment showed that the effectiveness of the different decontamination options - topsoil
removal, ploughing, water cleaning of the wall and road surfaces, etc - is very different depending on
the treated surfaces. These remediation measures rarely achieve a reduction of more than 70% of the
initial caesium activity. Ambient gamma dose rate monitoring set up by the MoE shows that
the external exposure is broadly divided by a factor of 2 at the end of the decontamination operations
in the SDA. Subsequently and additionally, the radioactive decay of 134Cs (whose physical half life is
about 2 years) allows to reduce ambient dose rates by a factor of 2 to 4 in three years.
The reduction of the external exposure is more important in residential areas (40 to 45 %) than in
forest in the vicinity of residential areas (20 to 25 %) (Ministry of the Environment 2014) (Ministry of
the Environment 2015). In the case of plains and agricultural land, the decontamination techniques
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(removal of the first 5 centimetres of soil and ploughing) tested are relatively effective in reducing the
ambient dose to a minimum of 65% dose reduction.
However, depending on the remediation measures used, it has been shown that the higher the initial
exposure levels are the better the clean-up is effective. As an example, JAEA feedback experience
reports (Japan Atomic Energy Agency 2015) concerning the effectiveness of decontamination
technologies, present the reduction of dose rates obtained after decontamination for different areas
in municipality of Tamura: a 54 % dose reduction has been reached in areas with ambient dose rate
higher than 1 μSv/h, whereas only 23 % where dose rates were lower than 0,5 μSv/h.

1.2.4. Waste management strategy
The "Act on Special measures" also defines the strategy for the management of wastes generated by
these actions.
Thresholds and criteria of management used
In 2005, a system defining ‘clearance levels’ was adopted in Japan for the management of waste from
the dismantling of nuclear facilities in order to facilitate their recycling. After the Fukushima accident
the Japanese Government has defined thresholds (established in terms of caesium activity) and criteria
in order to facilitate the implementation of the decontamination actions, and the management
(sorting, reductions in volumes by incineration, etc.) of the different types of generated wastes.
This system aims at channeling wastes into appropriate process lines adapted to their dangerousness
and, promoting the practice of recycling of certain categories of wastes that existed before the
accident (e.g. metals, rubbles, incineration ashes, etc.).
These thresholds have been defined on the basis of dosimetric evaluations (using typical scenarios of
exposure) in order to ensure that public and occupational exposure will not exceed 1 mSv/year.
The waste has been categorized as follows:


‘Soil/waste from decontamination’, waste decontamination from operations carried out in the
ICSA (soil contaminated sludge, etc. )



‘Specified waste’ which are distinguished into two sub categories:



‘Waste within the countermeasure area’: tsunami and earthquake related debris (rubble,
houses, content of houses, etc. );
‘Designated waste’: waste from ongoing activities (household waste, maintenance of the
gardens, green spaces, sludge (sewers), agricultural and forest waste).

The thresholds values (in caesium activity per weight unit) were defined as follows:


Below 8,000 Bq.kg-1 wastes should be directed to a conventional waste processing line;



Between 8,000 and 100,000 Bq.kg-1, wastes are directed to a dedicated waste stream and
stored in a specific disposal designed according to their dangerousness;



Above 100,000 Bq.kg-1 wastes are transferred to the storage facility and disposal of more
robust design, generally in vaults in concrete.

Storage and storage of waste and recycling
According to the "Act on Special measures", each of the 8 prefectures affected by the fallout from the
accident must offer disposal capacities to store contaminated wastes generated from its own territory.
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To date, only the Fukushima Prefecture has such a facility for radioactive wastes with activity between
8,000 and 100,000 Bq/kg. The other prefectures are facing the opposition of the population for the
selection of disposal sites. For higher radioactive wastes (> 100,000 Bq/kg) produced in the Fukushima
prefecture, the MoE started to operate an interim storage (« Interim storage facility », ISF). The MoE
considers, on the basis of forecast of decontamination actions plan, that this facility should receive
approximately 20 million m3 of waste. At the beginning of 2017, because of strong local oppositions,
only 20 % of the superficies needed were acquired by the Ministry of the environment from private
owners. The goal of the Ministry of the environment is to buy or rent the entire surface by 2021 in
order to store the estimated volume of waste. Pending, 10 million m3 of waste that have been
produced by decontamination are stored on small sites dispersed in the decontamination zones, which
were initially planned for a 3-year period of existence.
Reducing the volume of waste
To face the difficulties in managing such quantities of waste, the MoE aims at reducing the volumes of
the most contaminated waste. In this goal, methods for concentrating the contamination levels in a
smaller volume are currently being implemented at the ISF. The first estimates of reduction of waste
volume reduction report a reduction factor of about 100; the majority of the contamination would
then be concentrated in a waste volume of about a few tens of thousands of m3. This principle requires,
however, to be able to recycle low levels contamination waste (< 8,000 Bq/kg) for the construction of
artwork (road, dams, etc.) and thus limit the volume of the contaminated waste which will be transfer
to the final storage facility.
Waste recycling
The practices of recycling certain types of wastes, put in place before the accident were maintained
under certain conditions. This is the case for some household waste (e.g. metals, rubble, incineration
ashes for the production of bricks) recycled in the civil engineering industries and sludge treatment
plants in recycled materials of construction (concretes), or for the production of fertilizers in the food
industry. Threshold values are defined according to the future uses of recycled waste after negotiations
between the various stakeholders (industrial, municipalities, populations). Therefore, rubbles were
reused in the ‘difficult to return’ area for reinforcing the anti-tsunami dams; contaminated soil should
be recycled in road construction (with a threshold value of 6,000 Bq/kg) or parks areas (with a
threshold value of 4,000 Bq/kg). However, because of the local population’s reluctance, this practice
is only at the experimental stage.

1.2.5. Conclusion
The strategy put in place by the Japanese government for the current decontamination operations and
waste management (zoning, financing, implementation of the decontamination actions, training of
cleaners, information etc.), including the role of the various stakeholders (state departments,
municipalities, population etc.) helped to reduce the contamination levels.
The specific organization that has been put in place, associated technical guidance and training of a
large number of decontamination workers, enabled to facilitate the first decontamination actions.
However, it has to be noted that each municipality negotiates directly and independently with the
government and that techniques and infrastructure resources are little or not shared between
neighbouring municipalities.
The post-Fukushima accident feedback illustrates the need to anticipate the waste management by
defining in advance specific criteria according to different waste streams, uses and endpoints. In
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addition, the socio-economic issues posed by the choice of this ambitious remediation strategy must
be taken into account, to feed the reflection on emergency and recovery preparedness.

1.3. Kazakhstan case study of nuclear situation management: Preliminary Review of
Semipalatinsk Test Site
1.3.1. Introduction.
Semipalatinsk Test Site (STS) during the Soviet period.
On 21 August 1947, the Soviet government established an atomic bomb test site in the north-eastern
part of the Kazakh Soviet Socialist Republic (KSSR). One reason for the initial choice of Semipalatinsk
as nuclear test site was the vastness and relative remoteness of the Kazakh steppes. The Semipalatinsk
Nuclear Test Site (STS) occupied a territory of 18,300 km2, to the west of Semipalatinsk City, 800 km
north of the capital Almaty and was actively used by Soviet Union between 1949 and 1989. The Soviet
Union carried out 456 nuclear and thermonuclear detonations at this nuclear test site. It is estimated
that 25 were carried out on the surface of the earth and 86 in the air between 1949 and 1962, until
the Partial Test Ban Treaty of 1963 banned such tests. The other test explosions (340) were conducted
underground. Five of the surface tests were not successful and resulted in the dispersion of plutonium
in the environment ((CTBT) 2012). On 29 August 1949 STS underwent its first test of an atomic bomb
based on plutonium, and on 18 October 1951 STS underwent its first test of an atomic bomb dropped
from an airplane. Thereafter, STS also underwent its first thermonuclear test on 12 August 1953 and
its first hydrogen bomb test on 22 November 1955. Hydro-nuclear tests were also performed. By
experts’ estimations approximately 27.5 terabecquerel of plutonium activity were dispersed (~12 kg).
During 1953 – 1957, the STS territory was the area for testing combatant radioactive substances (CRS).
CRS included liquid or powder-like radioactive mixtures manufactured either from the wastes of the
radiochemical industry, or by neutron irradiation of specially selected substances in nuclear reactor.
Their specific activity ranged from several gigabecquerel to tens of gigabecquerel per liter (NNC 2009).
Of the tests carried out deep underground, 13 resulted in the release of radioactive gases to the
atmosphere (Dubasov, Krivohatskij et al. 1994). Five of the surface tests were not successful and
resulted in the dispersion of plutonium in the environment. Because of these tests, not only the site
territory was contaminated, but also territories outside the perimeter. The radioactive fallout covered
significant territories in eastern Kazakhstan, south of Altai territory, and parts of Novosibirsk and
Kemerovo oblasts. Additionally, some trace contamination reached Baikal Lake in the Tuva Republic
(NNC 2009).
During the test period, there was no permanent evacuation of the residents from the test site, except
for one occasion in August 1953 before most powerful hydrogen bomb test (480 kT) (Vakulchuk, Gjerde
et al. 2014). The research town Kurchatov and two small villages are located within the territory of
STS, whereas the main local settlements border the STS. Approximately 1 000 000 people lived in the
nearby regions during the years of testing (Carlsen, Peterson et al. 2001). Initially, there was limited
concern and limited studies were undertaken related to the health effects of the local population
associated with radiological exposure. On 16 March 1956, a radioactive cloud from a surface nuclear
test reached the city of Ust-Kamenogorsk, located 400 km away from the explosion epicenter
(Vakulchuk, Gjerde et al. 2014); the doses from the nuclear fallout of this test were high enough to
cause acute radiation poisoning. The hospitalization of 638 persons from radiation poisoning was a
turning point, at which time the Soviet leadership established a research institution to investigate the
effects from STS on the health of local population. Thereafter, a permanent research institute was
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established to carry out research on the impact of tests at STS on the health of the local population
(Vakulchuk, Gjerde et al. 2014).
Semipalatinsk Test Site (STS) after the collapse of the Soviet Union.
After the collapse of the Soviet Union, STS was closed on 29 August 1991 and remained in a dormant
state until 1997, when the program of medical rehabilitation of the affected population due to nuclear
tests in the former STS test site was adopted. Below is the list of actions that took place and the
accompanying timeframe (Governmental Ordinance of the Republic of Kazakhstan from 17.03.97,
№336, 1997)18:
1. Activities to assess medical demographics and social consequences.
1.1. Restoring lists of people who have lived in the area affected by the nuclear tests, with the
subsequent registration of them into the State Medical Registry of the Republic Kazakhstan,
including information of residency year and zone of risk, (1997-1998).
1.2. Performing analytical work to form group classifications for radiation risk among the exposed
population, (1998-1999).
2. Measures for the development of the medical and technical basis.
2.1. Creation of an interregional medical rehabilitation center in the town of Semipalatinsk, (19972000).
2.2. Creation of the State Medical Registry of the Republic Kazakhstan as a part of the medical
rehabilitation center, (by 2000).
2.3. Establishment of branches of the medical rehabilitation center in regional hospitals, (19882000).
2.4. Establishment and equipping of mobile diagnostic laboratories, (1988-2000).
3. Activities, treatment and rehabilitation measures.
3.1. Examination of the local population to reveal deterministic effects associated with ionizing
radiation. Organization of the issuance of medical certificates, confirming the presence of
such diseases among population for each of the 5 risk zones, (1999-2000).
3.2. Review of the regulations regarding deterministic effects, establishing their causal relation to
exposure to ionizing radiation, (1997).
3.3. Conducting medical treatment and rehabilitation of citizens having medical certification for
deterministic effects, (1999-ongoing).
3.4. Improvement of research efforts to develop effective methods for prevention, treatment,
rehabilitation, and predictive assessment of the effects of ionizing radiation on future
generations, (permanently).
During Soviet times, information regarding radiological contamination and public exposure was
classified. After the Republic of Kazakhstan gained independence, significant efforts were needed to
quantify the amount of the exposed population, to assess their doses and to develop local centers for
medical rehabilitation. After conducting these activities and reconstructing doses to the public in the
regions bordering the STS, the government has recognized 1 323 000 people as victims of the nuclear
18

Governmental Ordinance of the Republic of Kazakhstan from 17.03.97, №336. Kazakhstan, 1997.
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tests in the region (not only from radiological exposure, but also from psycho-emotional stresses due
to living in the vicinity of STS) (Vakulchuk, Gjerde et al. 2014). Today, population of 30 000 – 40 000 is
estimated (IAEA 1998) to reside in the areas near the perimeter of STS, while all the settlements within
the STS territory itself have been officially abandoned.
During the 1990s, nuclear experts conducted a study under the auspices of the International Atomic
Energy Agency (IAEA) to outline the radiological conditions of the STS and bordering areas. This study
indicated that current doses from artificial radionuclides to the public living at the perimeter of the STS
were a maximum of 0.14 mSv per year, which is well below dose limit to public of 1 mSv per year19, set
in the legislation of Republic of Kazakhstan (IAEA 1998). The IAEA expert team concluded that there
was no need to intervene in order to reduce the exposure to people external to the STS perimeter.

1.3.2. General legislative provisions.
In Kazakhstan, legislatively the main limiting radiological factor is the annual effective dose limit. For
the public, it is set to 1 mSv on average per year during a continuous 5-year period, but no more than
5 mSv in a given year, which is not in accordance with IAEA BSS setting a reference level (IAEA, 2014).
For radiation workers, it is set to 20 mSv on average per year during a continuous 5-year period, but
no more than 50 mSv in a given year20. An additional requirement is set for lifelong exposure; effective
dose to the public should not cumulatively exceed 70 mSv during a person’s lifetime, and for radiation
workers should not cumulatively exceed 1000 mSv over the entire duration of employment (up to 50
years).
For food products, two sets of criteria exist (see Annex 3), where decision regarding products with
contamination exceeding level A is taken based on ALARA principle considering specific situation and
local conditions. If level B is exceeded, appropriate measures of protection are taken, even if they
disturb normal life of population and economic functioning of land.
According to personal communication with Dr. Sergey Lukashenko, Director of the Institute for
Radiation Safety & Ecology (IRSE) and Deputy Director General of the National Nuclear Center of
Kazakhstan, there is ongoing research to propose a new set of radiological safety requirements for
general public in Kazakhstan. Therefore, it should be noted that the dose limits presented in the
preceding paragraph may change in the future.

1.3.3. Definitions of contaminated territory near STS
Nuclear tests performed at STS for 40 years have exposed human population to elevated levels of
ionizing radiation and damaged the environment. The area of the STS and the adjacent areas of the
Pavlodar, East Kazakhstan and Karaganda regions are recognized as a territories characterized by
ecological disaster19. The affected areas can be classified into five zones21 of radiation risk (see Annex
4):

19

Law of Republic of Kazakhstan 18.12.1992 No. 1787-XII.” pp. 1–7, 1992.

20

“Hygienic Regulations of the Republic of Kazakhstan from 27.02.2015 № 155,” vol. 31, no. 3. p. 191, 2015.

21

It is important to note, that current legislative zone classification is specific for STS and differs from the general territorial classification for
radiologically contaminated environmental sites in Kazakhstan. STS zoning is based on the predicted doses over the entire atomic testing
period, while general zoning for other nuclear events applies only to the annual effective dose (“Hygienic Regulations of the Republic of
Kazakhstan from 27.02.2015 № 155,” 2015).
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1. The zone of extreme radiation risk is a part of the territory exposed to radiological
contamination, with a dose impact on the population of more than 1 Sv for the entire nuclear
testing period. Generally, this zone is located in the area of maximum seismic impact area.
2. The zone of high radiation risk is a part of the territory exposed to radiological contamination,
with a dose impact on the population from 0.35 Sv to 1 Sv for the entire nuclear testing period.
3. The zone of increased radiation risk is part of the territory exposed to radiological
contamination, with a dose impact on the population from 0.07 Sv to 0.35 Sv for the entire
nuclear testing period.
4. The zone of minimal radiation risk is a part of the territory exposed to radiological
contamination, with a dose impact on the population from 1 mSv to 70 mSv for the entire
nuclear testing period.
5. The zone with preferential social and economic status is the territory (within the borders of
administrative districts) adjacent to the zone of minimal radiation risk. In this zone, the
effective equivalent dose was less than 1 mSv for the entire nuclear testing period, but there
was a significant negative impact on population of psycho-emotional stress associated with
living near radiological contamination and seismic regions.
This zoning covers only the period of nuclear tests (1949-1989) in order to classify victims and
legislative basis for a system of compensation and social benefits. Residents received passports
indicating how long a person has resided in any of these areas (Werner and Purvis-Roberts 2006).

1.3.4. Considerations regarding the exposed population
Since 1997, research activities by IRME (Institute of Radiation Medicine and Ecology in Semey, former
city Semipalatinsk) have been performed to quantify the exposed population of the STS and predict
the doses of this population (Katayama, Apsalikov et al. 2006). The effects on population are
summarized into three groups: (1) acute and early effects (1–10 years from the start of radiation
exposure); (2) early long-term effects (10–20 years from the start of radiation exposure); (3) late longterm effects (20 years and more after radiation exposure) (Vakulchuk, Gjerde et al. 2014). The data
published should be treated with caution, as no complete epidemiological study has been held so far
and the numbers presented might be affected by third-party factors, such as poor nutrition, unsanitary
living conditions, etc. The described classification is proposed by the authors of the references
mentioned.
Acute and early effects of irradiation (1950–1960) – this period is characterized by high infant mortality
(Vakulchuk, Gjerde et al. 2014). The statistics were 3.4–4 times higher than compared to mean values
in the Kazakh Soviet Socialist Republic as a whole. The highest rate of infant mortality (100–110 cases
per 1000 infants) was discovered from the settlements known to have been most exposed. It was
found that “Congenital malformations among children in the exposed groups were significantly more
frequent than in the control group. Prevalent types included congenital malformations of the nervous
system and facial malformations. As a major cause of death among children, the frequency of
leukaemia (cancer of the blood or bone marrow) doubled compared to the years 1945 to 1948”
(Vakulchuk, Gjerde et al. 2014).
Early long-term effects (1960–1985) - the infant mortality decreased during this time interval to the
levels found prior to the nuclear testing. But by the early 1970s, a dramatic increase in mortality from
cancer was observed. Additionally, cardiovascular diseases were detected more frequently compared
to Kazakhstan as a whole. Finally, among mothers of reproductive age “who were exposed to radiation
in their childhood, malformations among their children were reported more often (10–12 cases per
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1000 infants) than in the control groups (3–5 cases per 1000 infants)” (Vakulchuk, Gjerde et al. 2014).
After the mid-1980s, the number of deformities among toddlers has fallen significantly. The reason of
this could be that the new generation of mothers was not exposed to radiation in their childhood.
Late long-term effects (1985–2010) - The descriptive studies of IRME show: “that in the late 1980s,
there was a second sharp increase in the incidence of cancer among the exposed population, up to
three times higher than the level in the control group and in Kazakhstan as a whole” (Vakulchuk, Gjerde
et al. 2014). A study of premature aging during 2000–2005 showed that “the average age for diagnosis
of oesophageal cancer, stomach cancer, breast cancer, and lung and bronchial cancer was between 6
and 9 years lower among people who had been exposed to radiation and residing in areas close to the
polygon than among control groups” (Vakulchuk, Gjerde et al. 2014).
In 1997, rehabilitation and medical control of population health in the risk zones 1-5 was started and
a system of socio-economic benefits was provided to the victims of STS19:


Citizens who have lived or continue living in risk zones 1-5 are guaranteed a one-time monetary
compensation for damage caused by nuclear tests, by zone.



Citizens residing in the risk zones 1-2 and who retired before 1 January 1998 have the right for
a supplement to the retirement pension based on the zone.



Citizens residing in the risk zones 1-5 have the right for (1) increased salary based on the zone;
(2) increased study scholarship based on the zone; and (3) extended paid vacation based on
the zone.

1.3.5. Social uncertainties
Social factors in exposure estimation
Due to an absence of clear physical barriers and non-optimal positioning of warning signs until recent
years, the local population has been freely entering the area, although it is not allowed. A significant
uncertainty remains in assessing the exposure to people who perform these activities at STS. For
instance, in the 1990s, persons entered the area to salvage scrap metal, which was later sold on the
black market and could end up in different regions of the country. Another example, which still takes
place, is farming activities and resettling in the STS although it is still forbidden (Vakulchuk, Gjerde et
al. 2014). For instance, there are over 30,000 heads of sheep, 4,000 cattle and 3,000 horses at the STS
and around 80 winterings where people might reside. Estimations that are more exact are
complicated, as these activities are not controlled. However, studies on the radionuclide uptake by
farm animals indicate that level A limit (see Annex 3) is not exceeded in the food products (meat and
milk) produced at the STS (NNC 2009).
Such activities might be attributed to the non-optimal control and labelling around STS, as the local
population is informed that the STS is a contaminated area. At the same time, the economic situation
in the region should be taken into account when considering personal attitudes towards radiation; if
some of the population has immediate or basic need to survive, these may dominate compared to
longer-term fears related to radiation, and could drive persons to perform illegal activities on the
restricted area for financial advantage.
Social factors in decision-making
The information regarding radiological exposure and its effects has been held secret from local
residents until 80s, which has led to mistrust between population surrounding STS and the
government. This is complicated by the fact, that ionizing exposure cannot be seen and is hard to
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comprehend. People consider that radiation affects their all their lives and tend to connect many
illnesses with radiological exposure (Vakulchuk, Gjerde et al. 2014). It is common to shift the blame
from unhealthy lifestyle (alcohol and tobacco consumption) to radiation (Stawkowski 2017).
Such feelings lead to psychological stresses with a negative impact on people’s lives (Vakulchuk, Gjerde
et al. 2014). Existence of this negative perception has already resulted in public protests against
economic reuse of the STS site land. Such protests were supported not only by residents, but also by
environmental organizations and some scientists (Stawkowski 2017). To tackle this issue IRSE has
promoted education and awareness programs in the region, which include reports on radiation safety
and public forums with local communities.

1.3.6. Remediation and land reuse plans
There is an understanding by the radiation protection experts that current site borders are too large,
as much of the site has limited residual radiation, apart from selected hotspots (IAEA 1998). A
comprehensive study is currently ongoing to map the radiological situation in the STS; the study is
planned to be finished by 2021, after which it is expected that up to 80% of the STS could be returned
to regular economic use (Vakulchuk, Gjerde et al. 2014).
Additional measures under consideration to return portions of STS to economic use include the
ongoing monitoring of environmental objects and food products of local production, and the state and
public environmental examination of economic and other activities. There is interest to return the site
to economic use, yet the governmental strategy of how to implement this process is still being
developed. Uncertainties remain on the possible socio-economic development of such areas in the
future.
An additional motivation from national government, supported by radiation protection experts for
possible reclassification of STS land comes from existing deposits of mineral and metal resources at
STS. Deposits of fluorite, iron, beryllium and tungsten have been reported at STS since the 1930s;
however, all geological prospecting activities were stopped when the nuclear tests started. President
of Republic of Kazakhstan Nursultan Nazarbayev has stated that the lands of Semipalatinsk test site
have to be returned to Kazakhstan economy, as based on the scientist from Russian and Kazakhstan,
these lands can be normally used (“Nazarbayev calls to use lands of Semipalatinsk nuclear test site,”
2013). Recent prospecting activities indicate that the area may be promising for mining gold, copper,
and rare earth elements; coal mining is already underway (NNC 2009).

2. Manifestation of uncertainty in a post-nuclear accident context
The present analysis focus on uncertainties in decision-making after accidents with off-site long term
radiological consequences (that lead to existing exposure situations); to give some idea about the
seriousness of the situations under review, these correspond to events of level 4 or higher in IAEA INES
scale accidents that cause ‘minor release of radioactive material unlikely to result in implementation
of planned countermeasures other than food controls’.
It must be pointed out that, the feedback experience and the manifestation of uncertainty that have
been collected hereafter mainly come from ‘worst cases’ (Chernobyl and Fukushima major accidents
were ranked level 7 on INES). For these severe accidents, numerous projects have already allowed to
gather a series of local stakeholders concerns, priorities and trade-offs as well as decision dilemmas.
The uncertainties identified hereunder have been collected through interviews with, and testimonies
of affected and concerned people - i.e. those who suffered from the aftermath and have to manage
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the consequences of the Chernobyl and Fukushima catastrophes - and a review of several European
projects such as ETHOS (Hériard-Dubreuil, Lochard et al. 1999), FARMING22, SAGE23, EURANOS24,
PREPARE25, SHAMISEN26, as well as the 2003-2009 CORE Programme in Belarus27 and the 2011-2015
ICRP Dialogue initiative28 in Fukushima.
In the following paragraphs, a preliminary analysis structured in six manifestations of uncertainties is
proposed derived from previous research projects:


Radiological characterization and impact assessment



Zoning of affected areas



Feasibility and effectiveness of the remediation options



Health consequences



Socio-economic and financial aspects



Quality of future life in the territory



Social distrust

2.1. Uncertainties related to the radiological characterization and impact assessment
In post-accident situation, radiological characterization and impact assessment are key steps to
determine remediation strategies for maintaining radiation exposures as low as reasonably achievable.
However, feedbacks from Chernobyl and Fukushima accidents clearly illustrate the fact that
radiological characterization and impact assessment can include many uncertainties that can affect the
efficiency of remediation strategies.

2.1.1. Prediction of consequences
Evaluation of the source-term, modelling the releases and deposits
In case of a nuclear accident, the management of the post-accident is closely linked to the
management of the previous phases. The decisions taken during the threat, early release and transition
phase present uncertainties that may impact the management of the post-accident phase. These
uncertainties include the source term, atmospheric dispersion and deposition, exposure assessment
and health impact modelling.

22

FARMING - Food and Agriculture Restoration Management Involving Networked Groups – Project funded under the 5th 1998-2002 EC
(Euratom) FP5 Research and Training Programme ID: FIKR-CT-2000-00064
23

SAGE - Strategies and guidance for establishing a practical radiation protection culture in Europe in case of long term radioactive
contamination after a nuclear accident – Project funded under the 5th 1998-2002 EC (Euratom) FP5 Research and Training Programme ID: FIKRCT-2002-00205
24

EURANOS - European approach to nuclear and radiological emergency management and rehabilitation strategies – Project funded under
the 6th 2002-2006 EC (Euratom) FP6 multi-annual framework programme (Radiation Protection) ID: 508843
25

PREPARE - Innovative integrative tools and platforms to be prepared for radiological emergencies and post-accident response in Europe –
Project funded under the 7th 2007-2011 EC (Euratom) FP7 research programme (nuclear fission and radiation protection) ID: 323287
26

SHAMISEN - Nuclear Emergency Situation: Improvement of Medical And Health Surveillance – Project funded under the 7th EC (OPERRA)
FP7 ID: 141523
27

ASN (French Nuclear Safety Authority) web dossier - La gestion des conséquences de l'accident de Tchernobyl. Perspective historique https://www.asn.fr/Prevenir-et-comprendre-l-accident/Accident-de-Tchernobyl/Perspective-historique/De-2001-a-2005/Programme-CORE
28

ICRP, 2016, Proceedings of the International Workshop on the Fukushima Dialogue Initiative. Ann. ICRP 45(2S) and ICRP (International
Commission on Radiological Protection) web dossier – ICRP Dialogue Initiative (2011-2015) http://www.icrp.org/page.asp?id=189
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A good estimation of the source term is crucial to estimate as precisely as possible the atmospheric
dispersion and deposition and therefore to take appropriate decisions. During the threat and release
phase, the composition, duration, intensity (of the release) of the source term is hugely uncertain. A
good knowledge of the source term often takes a long time, depending on the severity of the accident,
the damage on the nuclear power plant and the technical capacities (economic, technological) of the
responsible (government, owner) to make this evaluation. The recent technological progress for in situ
monitoring (airborne radioactive measurements, continuous measurements of gamma radiation, fixed
or mobile e.g. drones etc.), provide a precious support in this goal as demonstrate during Fukushima
accident; but the very high dose rates close to the nuclear plant make measurements very difficult
even for drones and having an accurate knowledge of the situation is still a difficult challenge to
address.
Even if meteorological modelling made important progress thanks to the higher power of recent
computer, the prediction of wind fields and precipitations (rain, snow) are subject to uncertainties.
Heavy precipitations can lead to increase the deposit on the ground and consequently to high level of
contaminations even far from the site. It was the case during the release phase of the Fukushima
accident with snowfalls and Chernobyl accident with rainfalls in different European countries.
The knowledge of the landscape characteristics (habited or inhabited settlements, type of
environment), demographic data are also sources of uncertainty in the deposition and exposure
evaluation. The emergency decision support tools rely on referenced data such as population density,
type of buildings, activities (schools, hospital, etc.) topography, land use, that can be subject to
uncertainties. The temporal variability (daily movement of population, or during tourism period), scale
of the mapping, data not updated (change of landscape use) may constitute sensitive issues. In
addition, the season can affect strongly the consequences of the deposition. As an example, the
Chernobyl accident occurred in spring, when the vegetation was already highly developed. The plants
occupied a large area and therefore strongly captured the radioactivity, leading to a significant
contamination of the foodstuffs. In addition, the cattle were grazing outside and therefore ingested
the radioactivity. This largely explains the high contamination of leafy vegetables and milk. On the
other hand, the Fukushima accident occurred during the winter (March), with undeveloped vegetation
(little leaf area and therefore little uptake), and the presence of snow had a protective role in relation
to plants. Breeding practices (cows indoors fed with fodder harvested before the accident) appear to
have limited the high contamination of the foodstuffs29.
All these evaluations made during the emergency and transition phases are largely based on
calculations, referenced data or sometimes assumptions (self-evacuation of population or not) and
subjects to uncertainty in the prediction of the exposures of the population and the contamination of
the environment.
Complementary data based on monitoring (from the transition phase and later) are necessary to have
an accurate knowledge of the situation (contamination of the environment, description of the
landscape, population) and to support or adapt the first countermeasures decisions (zoning, restriction
of consumption) already taken or initially planned during the previous phase. TERRITORIES WP1 and
WP2 aim at addressing this kind of uncertainty.

29

IRSN web dossier (in French) - Comparaison Tchernobyl – Fukushima - Les accidents de Fukushima Daiichi et de Tchernobyl: points communs
et différences (http://www.irsn.fr/FR/connaissances/Environnement/expertises-incidents-accidents/comparaison-tchernobyl-fukushima/)
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Exposure scenarios
The identification of the possible exposure scenarios is an essential step in the remediation process.
Indeed, the evaluation of the relative contribution of external or internal exposure pathways will
contribute to the determination of the remediation plan. For instance, in the case of Chernobyl, the
internal exposure pathway was slightly higher than the external exposure one, while in the case of
Fukushima the external dose dominates (Howard, Fesenko et al. 2017). Thus, the definition of
exposure scenarios must take into account and as far as possible anticipate all the characteristics of
the real situation, which requires, for example, a deep understanding of land and natural resource local
uses, or the identification of local diets and behaviours, and in more general terms, a thorough
knowledge of the local (social, economic, cultural, etc.) context. Of course, these kinds of data
encompass a lot of uncertainties and it is essential to try to limit them and so develop scenarios
adapted as much as possible to the reality and the specific context.
As an illustration, the experience from Japan with the implementation of individual dosimeters shows
that some elements of the configuration of exposure scenarios could be far from the reality (Hayano,
Tsubokura et al. 2015). For example, M. Miyazaki and R. Hayano have shown that, for inhabitants of
Date city the conversion factor from the ambient dose rate to the personal dose (0.6, adopted by the
Ministry of the Environment) was about four times larger than the coefficient (0.15) obtained by
measurements individual dose from individual data. In the case of Iitate village, the average time spent
outdoor for farmers in this village has been overestimated (8h instead of around 2h), and so conduces
to an external dose estimation 25 % higher than the real individual dose (Ishikawa, Yasumura et al.
2016). This kind of conservative assumption on exposure scenarios made at the early phase of the
accident, is taken to protect population in compliance with the application of the precautionary
principle. However, it might lead to an oversizing of the response (European Commission 2001) and
thus does provide accurate information to the local population on their actual exposures in the
recovery phase, inducing social and economic consequences.
Feedback analyses of population exposure in Fukushima and Chernobyl also show that there are
always differences between the predicted dose calculations (based on released and deposit model,
local dose rate measurements and average exposure scenarios for critical groups of population) (Naito,
Uesaka et al. 2017) and actual doses received by individuals through dosimetry and whole body
monitoring implemented by radiological protection and health authorities (Naito, Uesaka et al. 2016)
(Miyazaki, Ohtsuru et al. 2014) because prediction tools for precautionary reasons include
conservative values.

2.1.2. Measurement of consequences
Individual dose assessment
The experience clearly shows that populations rely more on individual data, as they are the best
indicator of their own exposure and reflect their actual situation. Indeed, there is a wide variability in
individual dose measurements: this can be observed within a same village, a same community or even
through members of a single family. As an illustration, Figure 20 shows an example of the variability of
individual internal contamination within contaminated villages and territory in Belarus after the
Chernobyl accident.
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Figure 20: Contamination of children (SAGE Project)
This kind of variability is clearly linked to the influence of individual behaviours (diet, outdoor activities,
etc.) as well as the spatial variability of the contamination levels of the environment. However, if the
dose assessment does not take into account all these individual situations, it can lead to inequities in
planning and delivering the dose reduction measures. The dose assessment through individual
measurements remains a major lever to allow people living in contaminated territories to regain
control of their daily life ‘by making the invisible visible’. This highlights the importance to deliver
measurement devices to the inhabitants of the affected territory, who can measure by themselves
dose and dose rates in their living places (Naito, Uesaka et al. 2017).
Representativeness of the in-situ measurements
The representativeness of measurements is a key element to establish realistic predictions of
environmental contamination levels and/or exposure, especially when it comes to remediation plans,
drawing up various zones sketching boundaries of the areas to be evacuated, authorizing the return of
evacuees or even restarting or maintaining human activities on the affected territory. Experiences also
emphasize the fact that in-situ measurements help the local populations to understand what is at stake
in their own environment.
For example, in Namie (see PART 2 - 1.2), the local populations made measurements of ambient dose
rates by themselves, according to a precise mesh splitting of living and agricultural spaces. Such
mapping allows identifying presumed highly contaminated areas where it is possible to resume
agricultural activities (and also presumed ‘clean’ areas that should have been considered as
contaminated).
Thus, in context of uncertainties related to radiological characterization and impact assessment, insitu measurements seem to be a lever for accompanying populations living in contaminated territories.

2.2. Zoning the affected areas
The post-accident radiological characterization of the situations in terms of contamination of urban
and agricultural areas and projected medium-term exposures is the basis for zoning the affected
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territory; this post-accident ‘zoning’30 is generally helpful to implement and prioritize the radiological
protection and recovery actions, and, as a consequence it also defines the functions and
responsibilities of the different categories of stakeholders for managing the rehabilitation of the
affected territory. The post-accident ‘zoning’ is a tool which is supposed to help decision-makers to
delineate and design the allocation of resources including social and economic revitalization and
compensation issues, clean-up countermeasures, health surveillance, information and communication
efforts, etc.
In Norway and other western European countries (e.g. UK), another type of ‘zoning’ was implemented
after the Chernobyl accident. The purpose of the zones was to outline routines and schemes for
practical countermeasure implementation on the basis of information on the contamination levels in
the relevant products (e.g. reindeer, sheep). Involvement of various stakeholders in the development
of practical countermeasures has been crucial for the success of their implementation (Wynne 1992)
(see PART 2 - 1.1.7).
The (often) high degree of uncertainty, which is attached to the zone boundaries and their evolution
(related to the measurement mesh, measurement methods and techniques used, the high spatial
variability and fluctuations of contamination and exposure levels and their variance over time and as
long as various countermeasures are undertaken, sensitivity to criteria used for delimiting areas, etc.)
create a risk of confusion, misunderstanding and mistrust toward the recovery policy as a whole and
its implementers and actors. By delimiting safe vs. unsafe areas, clean vs. contaminated products,
spared vs. affected people, manageable vs. abandoned spaces, ‘zoning’ is a source of uncertainty, that:


Creates black and white stereotypes, discrimination and stigmatization effects in the affected
communities (Ando 2015) and among individuals.



Often engenders a sense of unfairness and generates serious doubts about the justification
and the relevance of injunctions and recommendations made by authorities: “you
can/should(not) stay or return”, “you can/should(not) drink water and eat food from domestic
supply”, “your children can/should(not) stay in schools”, it is (un)safe to live here”, “it is
(im)possible to resume agricultural production “, etc.



And in some cases, leads to inappropriate countermeasures in too small or too large areas and
to an inadequate sizing of the response (misallocation or waste of economic resources), which
can contribute to a societal disruption (Hasegawa, Devès et al. 2017).

2.3. Feasibility and effectiveness of the remediation options
As illustrated through the Fukushima and Chernobyl feedback, the definition and application of a
remediation and waste management strategy requires a clear and operational organisation in order to
be as effective as possible. This requires a clear legal management system (defining the roles and
responsibilities of all actors), procedures, guidelines, and criteria in order to facilitate the remediation
actions and the waste management in respect to the radiological protection rules. The technical
feasibility, the effectiveness of the remediation actions and the human resources to implement these
actions are key aspects of the remediation strategy.

30

The post-accident ‘zoning’ is often drawn up on the basis of in-situ measurements to confirm (or infirm) days or weeks after a first and
preliminary emergency ‘zoning’ based on dispersion-deposit models completed by air-carried measurements.
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As mentioned previously, the feedback from Fukushima shows that the effectiveness of the
decontamination actions, evaluated on the basis of gamma dose rate reduction, may differ depending
on the technology used, the type of surface to decontaminate and the level of the deposit activity. The
efficiency of the decontamination is usually not as effective and lead to higher volumes of waste
generated than initially expected;
Even for countries having advanced nuclear technology, the existing disposal sites dedicated to
radioactive wastes are not designed to accept the huge volume of wastes generated by such large
accident like Chernobyl or Fukushima. In both cases, the radioactive waste management activities have
exceeded their capabilities (Oskolkov, Bondarkov et al. 2011): huge volumes of contaminated waste
were stored in temporary disposal sites (dispersed in hundreds of locations) initially planned for a short
time (several years) in the expectation of building permanent storages sustainably adapted to their
dangerousness. However, the experience shows that these temporary disposal sites stay in place
longer than initially planned for different reasons (e.g. lack of funds, strong local opposition, etc.).
To face the problematic of such large amount of wastes generated, part of the Japanese strategy relies
on the reduction of the volumes of the combustible wastes and the possible reuse or recycle
contaminated wastes in non-contaminated waste management streams. In this perspective,
thresholds and criteria (according to their nature and origin) have been defined to steer them in the
streams adapted to their dangerousness. For instance, a value of 8,000 Bq/kg (of caesium 137),
significantly above international standards defined for clearance (see Annex 5), has been defined for
low-level contaminated wastes that should be directed towards a conventional waste stream (see
PART 2 - 1.2). Establishing such criteria, requires to involve and inform the population on the proposed
uses (roads, dams…). It has been also necessary to check that conventional treatment facilities
(incinerators, waste water treatment plants, etc.) and storage plants can manage very lowcontaminated wastes in compliance with the radiation protection rules. In addition, specific facilities
(e.g. the so called Interim storage facility - ISF - and incineration centres) have been built to treat the
most contaminated wastes to reduce their volumes and facilitate their management.
Regarding the waste management strategy the identification of appropriate streams, the availability
of storage or disposal endpoints and the definition of threshold values guiding these alternatives are
source of uncertainties.

2.4. Uncertainty on short and long-term health consequences
2.4.1. Controversies of experts on the health effects and dose-effect relationships
One of the crucial problem in radiation protection is the controversy concerning the (in)existence of a
"safe" level of dose, below which there would be no health effect. When a disease occurs, it is today
impossible to determine at the individual level, if it is linked with radiation exposure. Prudently, the
system of radiological protection (ICRP 2007) has been built considering a “linear-no threshold” (LNT)
model establishing that doses and effects are proportional regardless the level of dose (OECD Nuclear
Energy Agency 2000) on the basis of epidemiological studies. However, because of the long induction
period for most radiation-induced cancers and the insufficient statistical power of epidemiological
studies, it is generally difficult to assess the full radiological health impact of radiological accidents (and
this remains true 30 years after the Chernobyl accident (WHO 2006)). This had led to a controversy
(Weber and Zanzonico 2017) and never-ending debate (Little, Wakeford et al. 2009) between pros and
cons about radiation-induced health effects at low-doses (i.e. below 100mSv). This debate re-emerges
inevitably after nuclear incident or accident. This situation contributes to create a fertile ground for
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the propagation of mix-ups, rumours, untruths and fake facts, and it increases uncertainty and affected
people’s worries about the future health consequences of radiation exposure as well as their mistrust
toward scientific experts and, by snowball effect, toward authorities in charge of the recovery and
health surveillance.

2.4.2. Uncertainty on possible future developments in the health situation
One of the major concerns of the people chronically exposed to low levels of radioactivity, especially
in situations where radioactivity is an undue exposure, is about their individual risk to develop a disease
(e.g. cancer) over the long term. Another is the concern about children’s health (see PART 2 -2.4.3).
After the atomic bombings in Hiroshima and Nagasaki, studies on survivors showed that leukaemia
was the first type of cancer to occur few years after bombardments, followed by thyroid cancer few
years later. But after the Chernobyl accident, thyroid cancer was the first type of cancer to occur
following the disaster. If the link has been clearly established between the development of thyroid
cancers and exposure to radioisotopes of iodine during the releases by the Chernobyl accident, there
are still uncertainties on the relationship between the occurrence of other diseases (haematological
malignancies, cardio-vascular, cerebrovascular diseases, etc.), and chronic exposure to ‘low levels’
(<100 mSv) of radioactivity from other radionuclides.
Although increases in rates of some types of cancer have been reported in affected countries (Ukraine,
Belarus, Russia), these may be due to a large number of confounding factors, including improvements
in registration, reporting and diagnosis, but also other factors linked to the lifestyle and the stress
induced by accidental situations. Only long-term follow-up of life-span cohort studies could provide
additional information for the quantification of radiation risks and the protection of persons exposed
to low doses of radiation. Soon after the disaster, Fukushima Prefecture launched the Fukushima
Health Management Survey to investigate long-term low-dose radiation exposure caused by the
accident. It includes a « Basic Survey » (behaviour – the following months after the accident - analysis
questionnaire), a Thyroid Ultrasound Examination Survey of resident children aged 18 years or younger
at the time of the accident, Comprehensive Health Check of the former residents of evacuation areas
(treatment of diseases as well as prevention of lifestyle-related diseases), a Mental Health and Lifestyle
Survey and a Pregnancy and Birth Survey.
Further efforts, including improved dosimetry, collection of information on other health risk factors,
and continued follow-up of established cohorts, could contribute importantly to further understand
effects of low doses and low dose-rates of radiation, particularly for young people, and ensure that
appropriate public health and radiation protection systems are in place. To complement and to address
the concerns of the public, it is essential to develop health surveillance for preserving the vigilance
with regard to all health effects (SHAMISEN Project 2017). This situation calls for further investigation
on the occurrence of health effects following a nuclear accident to reduce uncertainties on the possible
health effects associated with exposure at low doses.

2.4.3. Special concerns about children’s health
After Chernobyl and Fukushima accidents, the greatest concern of the population is probably children’s
health (including health consequences on pregnant women, newborns and future generations).
Reason for this is that epidemiological studies have demonstrated that exposure to ionizing radiations
during childhood may result in an increased excess risk of some cancers compared to adults (UNSCEAR
2013).
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Several studies analysed the risk of leukaemia after the Chernobyl accident. One study found an
increased incidence of leukaemia in children exposed to more than 10 mSv at the age of 0-5 years at
the time of the accident (Noshchenko, Bondar et al. 2010). But to date, this increase in leukaemia
incidence has not been confirmed in other studies.
Furthermore, it is well documented that radiation exposure was associated with increased risk of
thyroid cancer after the Chernobyl accident especially for children and adolescents. This is why a
specific health surveillance programme was put in place for the youngest exposed people after the
Fukushima accident. On the one hand, this could help for reassuring parents (this was the case after
the implementation of whole body internal dose monitoring of babies (Hayano, Yamanaka et al. 2014)
and children (Hayano, Tsubokura et al. 2015) in the Fukushima Prefecture), but on the other hand, it
could sometimes lead to over-diagnosis (e.g. after systematic thyroid screening) and possible
unjustified treatments (Normile 2016). Balance has to be found between a reinforced vigilance and a
systematic health surveillance: it stresses the importance to elaborate adapted dialogue initiatives for
involving parents in the decision-making processes and delivering appropriate information to parents,
otherwise uncertainty regarding children’s health consequences significantly increases in the exposed
population.

2.5. Uncertainties related to socio-economic and financial aspects.
Maintaining or restoring a sustainable socio-economic activity is a quite challenging issue for the
management of areas affected by a nuclear accident due to the large disturbances on the day-to-day
activity of the local population affected by the accident. It is obvious that managing the radiological
consequences of the accident is the primary aim of the post-accident strategy, however the future of
affected areas and the willingness of individuals to live there is largely linked to the capacity to maintain
or restore a socio-economic activity taking into account the radiological situation. In this context, the
individual and collective decision-making processes are confronted to large uncertainties notably on:
the financial mechanisms put in place to accompany individuals and the local community in these
areas; the evolution of the financial support; or the efficiency of the economic development to cope
with the situation. Based on the feedback experience from Chernobyl and Fukushima post-accident
management (Liland, Skuterud et al. 2013) (The International Chernobyl Project 1991) (Lochard 2013),
the following uncertainties related to the financial mechanisms and the socio-economic development
have been identified as a preliminary list.


Compensation mechanisms for individuals have to be established following a nuclear accident.
Nevertheless, the lack of clear, equitable and sustainable financial mechanisms contributes to
disturb the ability of individuals to make informed decisions. The first uncertainty concerns the
delineation of the contaminated area to be covered and the criteria adopted to include or not
the inhabitants in the compensation system, generally depending on the contamination level
of the areas. The second uncertainty relies on the calculation mode to define the amount of
compensation notably the types of losses considered and the value considered for houses and
properties for determining the compensation. The third one is related to the duration of the
compensation provided for loss of income or for prejudice and notably the duration before
lifting the compensation.



At the individual level, although the compensation system will influence the decision process,
there is a need to consider the individual situation regarding the capacity to find a new job in
other locations, the presence of relatives and the capacity to take care of her/his family and
notably elderly people, the ability to find a new house… These uncertainties will have an impact
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on the decision to self-evacuate or stay (even in areas where there was no mandatory
evacuation order).

31



As mentioned above, the key challenge is to create the conditions for a sustainable socioeconomic activity in affected areas taking into account the remaining radiological situation
(Maître, Crouail et al. 2017). This challenge concerns both the communities living in affected
areas where no mandatory evacuation has been established, as well as communities where
the order of evacuation has been lifted following the evolution of the radiological
contamination. In both cases, the communities are confronted to significant uncertainties
related to the capacity of the socio-economic development to be sustainable and to respond
to the expectation of the communities. The dynamic will largely depend on the willingness of
the people to live in these areas, on the willingness of firms to install their activities in these
areas, on the existence and efficiency of the socio-economic strategy for the local area, and on
the consumers to find the products coming from these areas attractive. These different
components of this dynamic are characterised by uncertainties affecting the decision-making
processes.



For the production of food in areas affected by contamination, the first concern is of course to
ensure the production of goods below the threshold values for the concentration of
radionuclide. As soon as the conditions for producing “clean food” are secured, the key
concern for the producers is the capacity to sell their products. This is also the concern for non
food products. Since the Fukushima accident, the producers are facing large uncertainties with
regards to the resumption of marketing their products even if they are under the threshold
values. Depending on the scale of the accident, the region affected by the contamination and
the type of agricultural products concerned, the evolution of the market as well as the
evolution of the national/international production could be significantly different. There is no
unique response and the producers are therefore confronted to large uncertainties on their
possible future (Charron, Lafage et al. 2016).



The definition of the long-term countermeasures programme to respond to post-accident
situation induces significant costs. In Japan, from 2011 to 2013, 10.2 billions euros were spent
for the remediation (including the waste management costs). In 2016, the government projects
the total cost to deal with the Fukushima nuclear disaster will reach ¥21.5 trillion (€161 billion)
including decommissioning costs, compensation and decontamination work (e.g. €42 billion)
for the treatment and storage of contaminated soil31. Depending on the available resources,
the ambition of the programme could vary significantly. The cost of the remediation activities
is also a source of uncertainty and depends on the severity of the accident and the size of the
affected area.



Therefore, the socio-economic development is largely dependent on the capacity of the
community to establish a meaningful project for the long-term taking into account the
remaining radiological contamination and the expectation of the local community. In this
perspective, to avoid/reduce additional uncertainties, it is essential to better assess the
capacity for the national authorities to provide guarantees to ensure the sustainability of
accompany measures and to clearly address their evolution with time as well as to investigate
the role of the different stakeholders in the definition of the socio-economic development.

REUTERS – “Japan nearly doubles Fukushima disaster-related cost to $188 billion”. 9 December 2016
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2.6. Uncertainty regarding the quality of future life in the territory
Even if the radiological situation has been improved in some areas due to the implementation of
countermeasures, leading the authorities to allow to resume economic and social activities in the
affected territory, its inhabitants are facing a set of social and ethical uncertainties that go well beyond
the radiological situation itself. Remediation actions also lead to modify the environment and the use
of the land (e.g. removal of rice paddies, solar panels fields, accumulation of small waste disposals,
etc.).
‘Could I, and my family, return to my former life and when?’ is a leitmotiv in the voices of directly
affected people. However, the occurrence of the accident is at the origin of irreversible disturbances
(Hériard-Dubreuil 1994) affecting the many dimensions of life. Beyond this expectation is the issue of
the restoration of sustainable, decent and dignified living conditions (Lochard 2013). Uncertainty
regarding the quality of future life in the territory is not quantifiable and even finding criteria to qualify
it is difficult. In Japan, after the Fukushima accident, a set of criteria was defined for lifting the
evacuation orders: -the respect of a dose criterion, -the restoration of social and economic
infrastructures, and -the establishment of a dialogue between authorities and the population to
discuss and determine the conditions for returning. Despite this effort, the return of evacuees is very
slow and only very few people, often elderly, have rapidly returned. The non-returnees consider that
living conditions would not be decent enough and the future too uncertain in the former evacuated
areas. This ‘uncertainty’ about the future has been notably expressed by evacuees in different surveys
and is related to a large number of factors including the future of health but also economic (cf. PART 2
- 2.4 and 2.5), social and ethical factors. For social factors, it can be mentioned loss of social cohesion:
dispersal of village communities, family dislocation, lack of neighbours and friends, lack of
administrative, social welfare, medical and educational infrastructures, etc. For ethical aspects, it is
worth to mention the possibility or not to retrieve cultural, religious and traditional practices (Skuterud
2016), events and festivals (Hirono town 2015) and; the capability to reconnect the humanity with the
Nature by, for instance, walking, riding, picking mushrooms and wild plants in forests, gardening,
hunting and fishing, burning woods making charcoals, watersport and other recreational sea-, riverand lake- activities, etc. i.e. enjoy life in peace.

2.7. Uncertainty related to social distrust
The spreading of social distrust is a common feature of the return of experience of both Chernobyl and
Fukushima accidents (Eikelmann, Hériard-Dubreuil et al. 2016). This situation is a consequence at first
of the occurrence of a large scale nuclear accident itself (that is impeding the credibility of the public
authorities and their experts on nuclear safety). There are many other potential factors of social
distrust in the course of the accident and post-accident management. For instance, social distrust can
result from discrepancies between national standards leading to uncoordinated transboundary
responses to large scale accidents.
Whereas social trust is central mechanism that allows a society to manage complex and uncertain
situations (Luhmann 2006), the spreading of social distrust is at the origin of many uncertainties for
the different categories of stakeholders. As a result of social trust, an actor can entrust one actor or a
system of actors to manage some aspects of the exposure situation (and associated uncertainties) in
order to avoid managing all aspects of the situation by himself.
Various sources of information are available in post-accident situations, of which domestic institutions
are only a few among others (e.g. foreign institutions, independent scientists, NGOs, bloggers, social
media users, etc.). Depending on the way this diversity interacts in a post-accident context (ranging
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from very conflictual interactions to informed debates and dialogues), the consequence can be very
different, from reliable and shared assessment of the situation to informational chaos (Baudé and
Schneider 2016) generating large uncertainties to the different stakeholders.


The population is facing multiple uncertainties as a result of social distrust. A first level of
uncertainty is regarding the level of contamination and related exposure whereas there are
doubts and controversies vis-à-vis the trustworthiness (and quality, or completeness) of the
measurements produced. In addition, measurement performed by local actors may question
the public assessment of the situation. Being deprived of social trust leaves individuals isolated,
facing complexity and uncertainty and deprived of social recourse (Hériard-Dubreuil 1994)



Should inhabitants consider returning or continuing residence in affected territories, another
category of emerging uncertainty is regarding the possibility to rebuild a community in order
to support social life quality and the necessary development of infrastructures. Rebuilding life
quality is not an individual question but entails the support of social cohesion and therefore
the rebuilding of social trust.



Professionals, such as farmers, for instance, are confronted with the uncertainties of the
market behaviours vis-à-vis their production as soon as the food standards are themselves
questioned by the consumers that do not trust the capacity of the system to produce safe food.



The public authorities are facing major uncertainties vis-à-vis the capacity of their recovery
plans to match the expectations of the population. The consistency of recovery plans is also
questioned by a climate of social distrust that impedes their implementation (as a result of lack
societal response). Public policies often rely more or less explicitly on the actions of a
diversified group of actors, including local actors and local inhabitants. Actions of some actors
that were not foreseen and taken into account by policy makers (e.g. voluntary evacuation,
refusal to apply recommendations of authorities) can jeopardize remediation strategies and
lead to a lower efficiency than planned by the policy-makers.
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PART 3: INSIGHTS ON NORM CONTAMINATION SITUATIONS AND
ANALYSIS OF RELATED UNCERTAINTIES
The methodological approach adopted for reviewing the feedback experience on contamination by
natural radionuclides is largely based on document analysis (PART 1. 2 Contamination with natural
radionuclides), essentially identifying the published papers partially addressing communication issues
in this context. Some examples and feedback experience from such contamination in different
countries are also developed in order to identify the different sources of uncertainties. Therefore, a
broader consultation to collect feedback from different categories of stakeholders directly involved in
the decision-making processes related to the management of NORM contamination will be performed
in the following steps of the TERRITORIES project, allowing to complete this review.

1. Technological and technical decisions and uncertainties
1.1. Sites contaminated by NORM
During operations, NORM-relating industries (EURATOM, 2013) discharge NORM in environment
either by gaseous effluents or liquid effluents. These effluents contaminate terrestrial compartments
(especially soils by deposit of the gaseous effluents) and/or hydrological compartments (including
sediments by the release of liquid effluents). But the releases of effluents are generally properly
managed and controlled in order to avoid the environmental and human health risks, except for former
industries. So the surfaces of these contaminated areas are generally localised and low in scale.
Furthermore, the NORM-relating industries commonly produce large volumes of low radioactive
residues in solid or liquid form, but also residues with high radionuclides concentrations for some of
these industries.
The large volumes of residues are generally stored in the generating site itself or in neighbouring sites.
They are often stored in the form of residues heap. Releases of radioactivity from NORM disposal sites
occur via dissolution of the radionuclides present in the leachate and discharge to ground and surface
water, release of radon and decay products from the waste heap, and the emission of dust.
It should be pointed out that NORM residues and effluents may present contaminants other than
radiological than can induce higher risks. That is the case for chemical or metallic contaminants
(associated with the product itself or to the process).

1.2. Remediation activities and uncertainties
Remediation of land is to be understood as any measure that may be carried out to reduce the
radiation exposure from existing contamination of land areas through actions applied to the
contamination itself (the source) or to the exposure pathways to human receptors (IAEA 2007). There
are a number of remediation options and technologies, and it is important to provide adequate
information to the involved stakeholders allowing them to understand what these techniques can
achieve, and also their limitations, side effects and costs that are associated with them (IAEA 2014).
Providing information to stakeholder is developed further later in the subsequent section of the
document, (4. Communication and stakeholder engagement). Depending on the way these issues are
addressed, it can cause additional uncertainties. For remediation of the site and its surrounding
environment, experts may need to address, among others, site characterization and monitoring,
modelling of the spread of contaminants, water treatment and engineered barrier and capping design.
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Accessibility to the appropriate technology for specific remediation activities can be a source of
uncertainties for many European countries, either due to the non-availability of the technology in the
country or the absence of personnel with relevant experience in its use. This is dependent on the
context specifics, e.g. matter on remediation choices.
Regarding the risks during remediation activities, the risk inventory should be as exhaustive as possible,
for instance radiological risk, chemical risks (including asbestos), physical risk can also be important
(risk of deadly fall ….) and have to be included in the management process (but are poorly or not
addressed in the previous technical documents focused on radiological issues: IAEA, ICRP …) and in the
communication on the risks.
Several of these technical aspects are developed in different examples in foreign countries (Germany,
Norway and Belgium) and helps in identifying the causes of uncertainties. The document review helps
in precising these uncertainties and completes them.

Example: Technical decisions related to decommissioning projects in Belgium
Decommissioning projects in Belgium, two major phosphate facilities, the former Rhodia Chemie in
Ghent and the phosphate section of Tessenderlo Chemie in Ham, generated significant quantities of
contaminated material. The material requires to have a set of options available for processing and
disposal. Various techniques have been applied or specifically developed to cope with
contaminated material: high-pressure water jetting, dissolution of scalings in acid bath with
subsequent neutralisation of the acid, and transfer to a specialised foundry. The appraisal and choice
of the different options has been done based on a cost-benefit analysis and the preferred option
submitted to approval by the Belgian Nuclear Safety Agency, FANC (Pepin, Biermans et al. 2016).
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Example: Uncertainties identified from the remediation of the uranium mining waste rock dumps
at the Schlema site in Germany. Special focus on radon release (P.Schmidt, ENVIRONET case study
database)
The case study refers to remediation after uranium milling and mining, but it provides useful insights
for uncertainties linked to environmental remediation (ER). Legal base of remediation of the waste
rock dumps is primarily the German Mining Act which requires the preparation of former mining
sites for land use. However, drivers of the remediation were also:
a)
the radiological situation, mainly the release of radon from the dumps and the elevated radon
concentrations resulting from that at sites where people live (radiological first order problem) even
though it is difficult to estimate,
b)
the seepage of radionuclides (radiological second order problem) and other contaminants
(arsenic) into groundwater and surface waters,
c)

technical instabilities of slopes,

d)
expectations of the local public to resolve a situation of landscape devastation and
heavily limited land use.
Based on dose estimations, it was concluded that the main remediation goal from a radiological
perspective should be to mitigate the radon release from the dumps.
A reference value for the effective dose of 1 mSv per year in addition to the natural radiation
background serves as a criteria for justification of remedial activities. This value has also been used as
a remediation goal, taking thereby into account that the 1 mSv/a value is a reference value but not a
legally bounding limit. The ER strategy chosen was a cover of 1 m thickness of clean soil material
applied, exhibiting low permeability to gas; design is the result of a comprehensive optimization
procedure taking account of technical, economic and social factors.
In-situ remediation of waste dumps of the Schlema type (large dumps, piled up at slopes, in
close vicinity to dwellings) included:
a)

regrading (shaping) of the dumps profile to manage geotechnical instabilities,

b)

coverage of the dumps to minimize radon exhalation,

c)

re-vegetation of the surface,

d)

construction of surface water drainage systems, and

e)
construction of access roads along the surface to enable future maintenance works and trails
for leisure activities (use as park areas as the preferred option of re-use of the remediated piles).
The main uncertainties, based on the document analysis, were: Achieving / maintenance of
remediation goals. These were addressed by regular measurements and long –term surveillance (e.g.
maintenance of cover system, vegetation, monitoring; monitoring water balance inside the coverdump system)
This experience showed that remedial solutions must meet local conditions: in practice they are far
from standard strategies; understanding of processes is essential.
Long term effectiveness is a challenge (e.g. cover tends to degrade due to deep rooting plants and
burrowing animals, dose slightly raised again).
Lastly, ER has to be integrated into local and regional development plans. Schlema recovered its
status of a health spa in 2006, while a golf course was built at the site in 2008.
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The example of remediation in Germany and Norway and the review of technical decisions made on
NORM contamination, remediation and decisions about remediation technology as well as enabling
infrastructure helps in identifying the following causes of uncertainties:


Site characterizations: extent of contamination, waste (contaminated soils or sediments)
volume, types of present contaminants – NORM pathways




E.g. removed soil volumes are always greater than those estimated during the design
phase

Environmental impact assessment – modelling, use of generic parameters while site specific
are needed, lack of cumulative contaminants models for impact assessment, use of different
models for radiological vs. other risk than radiological:


Complexity and heterogeneity of natural systems combined with sparseness of site
characterisation data;



Exposure dose estimation to population – defining the criteria for use (reference levels, action
level, dose constraint – operators confused many times), doses for remediation workers;



Choice of remediation strategy based on the site characterisation, environmental and dose
impact assessment;



The feedback from expert also underlines the difficulty to characterize the background level
for natural radionuclides, particularly in areas where it can be higher (around mining sites for
example) and for some radionuclides (radon for example) that could generate uncertainty to
calculate the added dose;



Meeting / maintenance of remediation goals, long-term effectiveness of remediation
strategies;

Example: Technical decisions related to decommissioning projects in Belgium
Decommissioning projects in Belgium, two major phosphate facilities, the former Rhodia Chemie in
Ghent and the phosphate section of Tessenderlo Chemie in Ham, generated significant quantities of
contaminated material. The material requires to have a set of options available for processing and
disposal. Various techniques have been applied or specifically developed to cope with
contaminated material: high-pressure water jetting, dissolution of scalings in acid bath with
subsequent neutralisation of the acid, and transfer to a specialised foundry. The appraisal and choice
of the different options has been done based on a cost-benefit analysis and the preferred option
submitted to approval by the Belgian Nuclear Safety Agency, FANC (Pepin, Biermans et al. 2016).

Other examples in Belgium illustrate additional uncertainties related to decontamination technologies
that may impact the choice of the remediation options:


Choice of the remediation option based on a cost benefice analysis



Time necessary for remediation steps;



Accessibility to appropriate technology;



Infrastructure to implement technology;



Constraints due to workplace environment;
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1.3. Historical knowledge and remediation of cultural heritage sites
Example: Uncertainties related to remediation projects in Norway
Prioritization of remediation sites or parts of the contaminated sites can cause additional
uncertainties by different stakeholders. Without risk based prioritization, it is unclear which sites and
part of the sites warrant urgent action, leading to potential competition between different views,
opinions, values and expectations of stakeholders. Additional challenge relates to cultural heritage
that is located at the contaminated sites (e.g. city park, church). In such cases, the decision whether
to remediate or not can cause specific uncertainties as well as uncertainties related to cultural
heritage can vice versa influence the decision making process.
In accordance with the revised Pollution Control Act (2011), EC (2009) and EU BSS Directive (2013),
mapping of NORM sites (existing and legacy) has been ongoing and is further planned in Norway
(Holmstrand, 2015; Nilsen, 2017). Only a few cases of NORM legacy have been identified (NRPA,
2016). A tiered, prescriptive approach for regulation of radioactive waste is used in decision making
processes. A set of radionuclides activity levels is defined in the regulation for when material is
considered radioactive waste and requires a permit (e.g., 1 Bq/g of Ra-226 in case of NORM waste),
and for when radioactive waste is subject to obligatory final disposal (e.g., 10 Bq/g of Ra-226 in case
of NORM waste) (Liland et al., 2012). The action level of 1 mSv/y for public exposure is in use also
as criterion in decision making on actions and remediation issues.
Review of existing technical documentation for support in decision making in cases of NORM
contamination and waste disposal (NRPA database 360°; NGI-UMB, 2010), showed the most
important issue to be ‘to which extent is discharge/disposal of NORM into the environment allowed’.
With respect to that, the first important and for operators the most difficult step is environmental
and human risk assessment. For this purpose, the majority of uncertainties are linked to exposure
dose modelling and assumed valid exposure scenarios. Both NORM discharge and waste are
commonly present in form of mixed waste with heavy metals (NGI-UMB, 2010; NGI, 2015) and/or
organic compounds. Although Norway has integrated a legislative approach that regulates
environment holistically, cumulative risk assessment models are not in common use. Need for these
models has been also recognized internationally (NRPA, 2015; BIOPROTA, 2017). Parameters,
describing the temporal and spatial distribution, as well pathways and mobility of NORM in the
environment, are also a source of uncertainty since those are based on equilibrium assumption, but
in real case situations change over time is most probable and therefore site-specific data are needed.
Furthermore, establishing the criteria to demonstrate compliance that should be used in a particular
case (e.g. dose limits, reference levels, activity levels) is found to be a source of uncertainties in
technical decisions (NGI-UMB, 2010; Mrdakovic Popic et al., 2013).
Uncertainties evaluated in technical processes for NORM legacy remediation (NGI-UMB, 2010;
Bioforsk, 2012) included choice of remediation strategies - influenced by uncertainties related to site
characterization (unknown present contaminants and waste volumes), dose modellings, timeline for
remediation steps, radiological exposure to remediation workers and public – dose estimations and
final disposal of excavated material containing different contaminants in addition to radiation.

The review of document also demonstrates that the lack of historical knowledge and characterization
data can present additional uncertainties in remediation process. Lack of historical knowledge, is a
common uncertainty for legacy sites that have been in a state of long term shutdown or have been
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abandoned and for which there no (or few) records are existing at the beginning of the remediation
process (see example in Belgium with radium contaminated sites). Concerning historical knowledge,
the document review identified several uncertainties related to:






Location of unknown or poorly defined sources of contamination and radiation or mixed
contamination;
Unknown physical condition of structures and systems including waste amount;
Unknown exposure to dangerous amounts of radioactivity or mixed contaminations;
Remediation of cultural heritage sites that have a cultural or religious significance which would
be affected by remediation;
Lack of documentation records leads to lack of historical knowledge.

1.4. Residues and waste management and uncertainties
One of the major issues of remediation is the management of NORM residues (when remediation
concerns site with residues heap) or NORM waste (when remediation concerns contaminated soils or
sediments).
The development of a strategy for NORM waste management should be guided by the need for
keeping the radiation risks as low as reasonably achievable. For each option identified, the risks and
benefits need to be evaluated using a multi-parameter analysis technique. When evaluating the
various options in terms of risks to health, safety and the environmental the options should be ranked
separately for the operational and post-closure period. The process is completed by the
implementation of the optimum NORM residues/waste management option. For each NORM
residues/waste stream, a NORM residues/waste management plan, based on the selected
management option should be developed. It has to be noted that the remediation of legacy sites
contaminated with NORM can be a significant source of NORM waste (IAEA 2013).

1.4.1. NORM waste management
Processes of identifying the NORM industries and defying the proper management of generated waste
by these industries have been developed in many countries (HERCA, 2016). Effective management of
NORM radioactive waste considers the basic steps from generation through disposal. Decisions made
in various steps can be interdependent and it is important to consider all the steps in the process of
management planning and waste production/effluents discharge licensing. In order to define proper
disposal methods and disposal facility it is of importance to do the waste characterization.
Determination of chemical, physical and radiological characteristics of waste allows further important
steps in waste management’s such as waste classification, waste pre-treatment and treatment, waste
storage, keeping the records, proper transportation between different management places and finally
disposal.
A graded approach for waste consideration as radioactive has been shown as useful in practice (Liland
et al., 2012). Based on pre-defined limits for radionuclide activity concentrations waste can be
characterized:





non radioactive
only radioactive, needed to be sent to disposal facility with proper license
radioactive and hazardous, could be sent to disposal with license valid for hazardous waste
with higher concentrations of radionuclides, needed to be sent to repository with proper
license
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Final disposal solutions of NORM waste should take into the considerations level of radioactivity and
volume of waste. The relevant dose reference level for NORM waste management should be in the
0-1 mSv/y band in accordance to ICRP (2007).
The feedback from experts highlights the following uncertainties:


Uncertainties due to categorization of waste determined by its origin ;



Identification of the appropriate waste stream management (including the choice of disposal
facility) adapted to nature and concentration of pollutants (Chemical and physical)



Capacity for disposal/repository facilities to receive the large volumes generating by
remediation activities

1.4.2. NORM residues management, reuse and recycle of NORM residue
Residues may be recovered in the industrial process or recycled into secondary products (as building
materials). In this case, NORM residues are regarded as a resource and not waste. The reuse of NORM
residue (recovery or recycle), is encouraged by EC, ICRP and IAEA. When it is not feasible, residues
have to be managed according to overall national approach as for NORM waste, (or radioactive waste).
The process should ensure safe, technically optimal and cost effective management of NORM residue.
The proper management of secondary products from NORM processes is crucial, not only for longterm health protection but also for the protection of the environment. There is a growing societal and
economic pressure to recycle the secondary products from NORM in building material (e.g. gypsum).
These secondary products may be the cause of new exposure pathways and a way to increase public
exposures to ionizing radiation. Building materials are treated in the section related to existing
exposure situation but are not considered as existing exposure situation (except if it was done without
controlling than the dose limit is lower than 1 mSv/year ; some examples are known in the past because
of lack of regulation and control).
From previous studies, attitudes towards recycling material have been reported as follows (Saxon
2014):






Recycled material is in general accepted, but has to be of a high quality (perceived quality of a
recycle material vs. virgin material);
For a lot of consumers recycling isn’t a factor when choosing a product, but when they know it
is recycled it is of importance;
An average consumer cannot see if a material is recycled, it must be told;
Relatively younger, energetic, passionate and socially aimed people, looking for certainty,
accept recycled material the quickest;
Consumers don’t like recycled products to be in direct contact with their body e.g. skin.

Even though uncertainties related to reuse of NORM wastes for building material has not been fully
explored, however this document review including a limit number of presentations and documents
indicate the following uncertainties:




Uncertainties due to a lack of harmonization of national approaches to the management of
NORM residues;
Uncertainties due to different classification of material: some material, classified as a product
in one country, may be considered as residue in another country;
Uncertainties due to double standards in some European countries allowing higher dose rates
from non-nuclear recycled materials than from those out of the nuclear industry.
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2. Financial decisions and uncertainties
In a large number of cases, remediation projects have long time frames and high costs. The ultimate
responsibility for nuclear legacies rests with the State where the relevant site is located, as reaffirmed
by the Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive
Waste Management (IAEA 1997). For privately owned facilities, financial responsibility rests with the
facility owner, unless the owner cannot be identified or is no longer known. Thus, the primary source
of finance for remediation projects is the facility owner, being either the State or a private owner. In
certain, limited cases, this might be complemented by international resources (IAEA 2016).
For the management of the remediation programmes, the following issues have been identified as
potential sources of uncertainties and have to be addressed properly: The implementation of the
‘polluter pays’ principle (which emphasizes the responsibility of the operator and aims to ensure that
costs are not recovered from general taxation), the sufficiency of the funds (the funds have to be
enough to complete the remediation tasks), their availability (the funds have to be available at the
appropriate times) and the transparency of the process (the funds have to be used only for
remediation, and their management has to be clear, auditable and transparent).
High costs and lack of identified and available funding may cause additional uncertainties related to an
environmental remediation programme and, while this financial constraint can generally be mitigated
through the definition and establishment of financial arrangements as part of the enabling national
policy and framework, liabilities may exist for which financial provisions are not fully identified.
In financial decisions, as shown in the following examples, the uncertainties related to remediation
programs are linked to:


Costs of the remediation;


Difference between estimated and real cost, due to e.g. unexpected contamination found,
large waste volumes, etc.



Who will pay costs of remediation;



Shared ownership of pollution (e.g. chemical or radiological) or multiple responsible parties;



Assignment of responsibility for remediation;



Availability of funds;


Polluter doesn’t exist anymore;



Costs related to extent to which remediation should be done;



Costs related to type and volume of waste to be deposited on site or removed and deposited
externally.



Long-term stewardship



The radiological risk analyses in line with short and long-term costs within a cost-benefit
analysis.



Remediation impact on the socio-economic development of region (non-radiological criteria
may become the driving factors of decision-making).
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Example: Uncertainties related to funding in Norway
Funding is one of the fundamental pre-requisite for remediation. As mentioned, there are few cases
of legacy NORM in Norway and only two are seen as vital in terms of remediation need (NRPA, 2016).
In one case, significant funding uncertainty was linked to assignment of responsibility. It was a long,
time-consuming process to find the responsible institution for a decommissioned mine, which, in its
active period in the 1960s, was state-owned, but in the meantime changed owners several times and
is now owned by the municipality. In another case, the current owner bought the property with
known radioactive waste improperly disposed and accepted the commitment. The owner is now
however not financially capable of conducting the remediation that showed to be much more
expensive than the owner thought it would be.
Furthermore, decisions concerning the necessity and the required extent of remediation measures,
including financial decisions, are commonly based on a combination of criteria giving the limitation
of the exposure doses to humans and biota as well as the optimization of the net benefit from the
remediation (NGI – UMB, 2010; Mrdakovic Popic and Holmstrand, 2017). Operators usually do the
optimization analysis in order to find out the best remediation option (e.g. in-situ physical-chemical
remediation, deposition of waste locally on-site, transport of waste out of site and deposition in
existing repository, complete clean-up of the terrain). It includes the radiological risk analyses in line
with short and long-term costs within a cost-benefit analysis. In different remediation options
financial uncertainties are commonly linked either to type and volume of waste to be deposited in
repository, or to money and time cost of building on-site repository (IFE/KRF/F, 2012). Generally
finding the balance between the goal of protecting people and environment and the goal of
optimized use of money and resources is not an easy task and is also influenced by aforementioned
uncertainties in impact and risk assessment from mixed waste, but also to risk perception and
expectation of the local community, politicians, and mass media (NRPA 2016; Mrdakovic Popic and
Holmstrand 2017).

Example: Financial uncertainty related to decommissioning of a NORM facility in Belgium
In Belgium, the issue of liability is unambiguous when the decommissioning is planned by the same
operator which was responsible for the production. The operator is then responsible for submitting
a declaration to Nuclear Safety Authorities and is liable for the costs of decommissioning or
remediation. The situation becomes much trickier in case of bankruptcy, as was demonstrated by
the case of the former Rhodia Chemie, Belgium. The operator went bankrupt in 2009 and the
activities were stopped abruptly. In the aftermath of the bankruptcy, the former production site was
split into different lots, each of them with a different owner. Moreover the ownership of the real
estate (ground and building) and of the production equipment was also different. Assignment of
liabilities in such a situation is far from being obvious and it took a long time before an agreement
between the different parties could be found (Pepin, Biermans et al. 2016).
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3. Socio-ethical decisions, risk perception and uncertainties
Societal and ethical uncertainties related to remediation programmes arise mostly due to the different
opinions, perceptions, attitudes, expectations and concerns towards the risk and benefit of
remediation programmes shown by stakeholders, and also poor communication (Perko, MonkenFernandes et al. 2017). The main communication challenge is that the experts and the public frequently
disagree when it comes to risk assessment. Several studies related to these differences demonstrated
that experts have in general a lower perception of risks than the general public (Slovic, Fischoff et al.
1980, Slovic 1996). Perko (2014) proved that the general population has a higher risk perception than
the experts only for some radiological risks. The risks from the medical use of ionising radiation is
perceived much higher by the employees of the nuclear research centre than by the general
population. Opposite to this, the general population had a higher risk perception for nuclear waste, an
accident in a nuclear installation and natural radiation. For example, greater concern about Belgian
nuclear installations arose after the Fukushima accident. These results can be explained by the
psychometric approach (Fischhoff, Slovic et al. 1978) suggesting that familiarity with hazard,
knowledge, personal control and voluntariness decrease risk perception (Slovic 2000, Renn 2008).
In addition, the general public perception of radioactive contamination being much more hazardous
than chemical contamination has been seen (NRPA, 2016). The diverse meaning of the expression
‘contamination’ has been reported as a cause of confusion and misunderstanding in a dialogue
between professionals and laypeople, as well among professionals themselves (Gonzales 2013, König,
Drögemüller et al. 2014). Gonzales (2013)) states ‘while the term contamination is commonly used by
experts to quantify the presence and distribution of radioactive material in a given environment, it
became widely misinterpreted as a measure of radiation-related dangerousness’. Similar
considerations apply to the expression ‘remediation’. ‘The ultimate purpose of “remediation” is
protecting human health and the environment against potential detrimental effects from radiation
exposure, rather than eliminating contamination per se.’ (Gonzales 2013).
It should be recognized that exposure situations requiring remediation usually give rise to discussions
about the ethical principles on which the radiation protection approach should be based. The IAEA
document summarizes the ethical concepts as follows (IAEA 2014): “A deontological ethical view
requires that adequate radiological protection of identified individuals be ensured; for instance, the
principle of individual dose limitation ensures that deterministic effects are prevented and that
individual risks of stochastic effects are restricted. On the other hand, a utilitarian view sees the overall
guiding principles of optimization and justification to ensure the achievement of a positive benefit for
the greatest number of people in society under the prevailing social and economic circumstances of the
exposure situation. Consideration, careful understanding and establishment of appropriate lines of
communication regarding both these types of ethical principles are critical elements for societal
acceptability of the radiation protection approach in situations of contaminated land remediation.”
For socio-ethical decisions and risk perception, the document review leads to the preliminary list of
the following uncertainties:


Uncertainties related to different risk perceptions on contaminated or remediated sites;



Ethical uncertainties related to the balance between the principle of individual dose limitation
and the principle related to positive benefits for the greatest number of people in society;



Ethical uncertainties related to cost/benefit analysis;



The meaning of end state, clean-up, remediation;
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Remediation impact on the socio-economic development of region (non-radiological criteria
may become the driving factors of decision-making);



The socio-ethical justification of using specific models for radiological assessments;



Health impact of remediation works;



Protection of vulnerable societal groups;



Lack of consensus on the choice of a remediation;



Lack of radiation safety culture and industrial hygiene;



Risk and remediation prioritizations;



Transparent use of financial resources.

Example: Socio-ethical and economic uncertainties related to remediation in Nordic countries
The economic and social importance of existing and planned NORM industry in Nordic countries is
significant. For instance, the international mining companies are focusing their attention on the
unexploited mineral resources of northern areas. These industries are often important employers in
areas where other employment possibilities are limited. However, in addition to their economic
impacts, it is well known now that NORM can affect large areas and produce long-lasting
environmental effects which should be taken into the ethical consideration.
According to ICRP (2000, 2007), the primary objective of remediation is usually dose reduction and
for an action to be justified, the total benefits in an affected society should outweigh the costs of
implementing the remediation measures. In Nordic countries, exposure dose reduction and
economic analysis have in last decades been the important points for evaluation in terms and
conditions given for instance for NORM industrial discharge licenses or waste disposal licenses, or
when considering remediation strategies of NORM legacy (Solatie et al., 2015). However, a lot of
attention has been paid also to social and ethical aspects as well as to political implications in
decision-making processes including NORM (NRPA data base 360, technical documentations). It has
been seen that only holistic remediation approach which includes transparency and local community
involvement alongside ecological and health protection measures can give meaningful results for the
different stakeholders. The most important uncertainties related to social aspects of NORM issues,
identified in documentation review, were a sceptical public and difficulties for decision makers to
explain to the public the facts that formed the basis for decision making and avoid misunderstanding.

4. Communication and stakeholder engagement
4.1. Communication
Communication about ionizing radiation in general and remediation programmes in particular is
extremely challenging for many reasons. Since the late 1970s, when risk communication research
began (Fischhoff 1995), a number of recommendations have been made concerning communication
of risks related to radiological exposures. The transparent communication about radioactivity,
especially by nuclear safety authorities and operators, is recognized in international documents as
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essential, advised and even obligatory (ICRP 1991, IAEA 1994, UNEC 1998, IAEA 2006, IAEA 2007).
Increasing knowledge about ionizing radiation by the general public is often set as a primary
objective of risk communication efforts. Many risk communicators mistakenly measure the success
of risk communication by what the population knows about the risk, and whether it believes it knows
enough to make a decision. However, knowledge may not always play a role in determining people's
behavior; for instance knowledge about radon is uncorrelated with actually doing a home radon test
(Sandman and Eblen 1994). People who take risks are not necessarily less knowledgeable than those
who do not take risks (Sjöberg and Drottz-Sjöberg 1991).


However, in practice transparent communication about remediation programs is a
challenging task due to at least three reasons. Firstly, the practice of "restricted information",
due to fear of misinterpretation (Visschers 2009) or abuse of the information by the general
public and/or groups of pressure can hinder transparent communication (Perko, MonkenFernandes et al. 2017). Secondly, the transparency of communication about remediation may
be limited due to economic reasons (e.g. polluter-pays principle can jeopardize marketing
value of the company). Finally, a transparent and sound communication from experts,
scientists, the nuclear safety authorities, or industry towards the public is often hindered by
different perceptions of radiation risks (Slovic, Finucane et al. 2004), past experiences with low
transparency of nuclear activities by operators and authorities (Whitfield, Rosa et al. 2009),
and scientific uncertainties (e.g. health effects of low doses). Lack of transparency is so a key
point of the uncertainties and can lead to misunderstanding and lack of confidence.



Communication about low radiation doses faces specific challenges: complexity in assessing
causal relationships, uncertainty and ambiguity in interpreting results (Klinke and Renn 2002).
Scientific advice related to radiological risks for policy makers or potentially affected audiences
has traditionally been framed as providing objective knowledge to support rational decision
making. However, over the last decades the understanding of what science related to ionizing
radiation can and should deliver has dramatically changed (Perko, Raskob et al. 2016). In
addition, there is not one single truth anymore and even the best scientific estimate may be
distorted by unknown contextual factors, ignorance about complex causal relationships and
inadequate models to capture this complexity (Renn 2008). This has major repercussions for
policy advice, for instance about what to remediate and what not and consequently to
communication objectives. Scientific uncertainties related to low doses and lack of
communication about limitation of knowledge can be at the origin of uncertainties that may
have consequences on risk perception in specific and the remediation process through the
whole period in general.



In addition, the scientific communication about doses and measurements may be challenging
to members of a lay population. In general, the level of knowledge by the general public
related to nuclear and radiological concepts is rather low. According to Tomkiv et al. (2016)
and Perko et al (2016) one should be very careful in the use of quantitative information and
radiation units when communicating with the public about radiological risks (IAEA 2012).
Numerical information is often hard for the public to comprehend and when this is combined
with unfamiliar radiation units, it can lead to confusion. It has been suggested that the relation
between different units (e.g. how activity concentrations relate to doses) should be presented
and explained (Shore 2013), if quantitative information is to be disseminated. In general,
comparisons are considered to be a more effective and meaningful way of communicating
radiation risks, although that should also be done with caution (Covello 2011). Style of
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communication and semantics (e.g. numerical communication instead of risk comparisons, use
of ambiguous semantics in communication e.g. remediation and clean-up) are sources of
uncertainty that can lead to incomprehension of the population of the issues and process of
the remediation to be taken into account; Use of ambiguous semantics in communication e.g.
remediation and clean-up (extrapolate to remediation process on NORM).
Some countries (e.g. US EPA) have developed fact sheets for the general public in order to explain
scenarios, models. They emphasize that NORM does not only imply a radiological legacy but also a
cultural one.
Based on the document analysis, the following origins of uncertainties related to communication about
remediation programs could be identified from the document review:


Unsuitable objectives of communication plans about remediation program e.g. to educate
instead of engage;



Understanding of constraints such as control/restrictions on use



None or poor communication about the product.

Example: Communication with consumers about NORM in a building material (Bosmans 2017)
The example of Gyproc relates to the use of NORM in building materials. Gyproc is a brand of drywall
developed by Saint-Gobain group. Label IBR (Gyproc 2015)
This certificate of approval is awarded by the Institut für Baubiologie Rosenheim. It indicates that
the product is tested. The institute checks gypsum on the following properties: radioactivity, radon,
biocidal effect, heavy metals, fine dusts, electrostatic behaviour, and environmental pollution. The
limit for radioactivity is the same as used in the Basic Safety Standards. The document describes the
guidelines for the seal of approval that links the natural radioactivity with nuclear power, Chernobyl
and atomic bombs. “In the discussion about the risks of nuclear energy, the public’s interest focuses
almost exclusively on the population's radiation exposure caused by nuclear plants.”(IBR 2014)
“Artificial radioactivity from Chernobyl or from the above-ground atomic bomb tests carried out in
the 1960s could not be identified in the examined samples.”(IBR 2014). Additionally, the colour of the
Institut für Baubiologie Rosenheim itself is green which gives a peaceful, healthy impression.
Infinito e-brochure (Gyproc 2017)
“Radioactivity” is not mentioned in the brochure as well as use of NORM is not communicated to the
consumer. The imagery in the brochure is mostly modern infrastructure. It gives an impression of
professionalism, environmental engagement and safety. The colour blue is most used throughout
the folder. Blue represents trust, dependability and strength.
Product information Expresspleister (gyproc)
This sheet gives guidelines regarding the use of Gyproc plaster. The radioactivity level is not given in
the brochure. NORM is not mentioned on the data sheet. There is an image of the product included
on the data sheet. The impression given is a professional, clear communication of important
characteristics. The colour grey is most used throughout the folder. Grey is commonly used to
indicate balance and calmness.
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4.2. Stakeholder engagement
The relevance of stakeholder engagement and communication in complex decision making e.g.
remediation programmes is recognized by various international organisations (IAEA 2014, OECD/NEA
2015, IAEA 2016, OECD/NEA 2017). Stakeholder involvement in remediation programmes is also set
out in different academic and legal texts, like the amended Environmental Assessment Directive
97/11/EC (European Union. 1997) and Directive 2003/35/EC (European Parliament and the Council of
the European Union 2003). In addition, the Aarhus Convention on access to information, public
participation in decision-making and access to justice in environmental matters (UNEC 1998) states
that the public should be involved at the earlier stages of the Environmental Impact Assessment (EIA)
process, thus also in remediation programmes. Bond et al. (2004) conclude that the EIA is a useful tool
to involve all stakeholders from the very early stage, in the decision-making process regarding
decommissioning. Invernizzi et al. (2017) highlight two of the major social challenges of this kind of
projects, i.e. personnel transition and public acceptance. In order to address these two challenges,
Perko et. al (2017) propose the following key factors: early engagement of stakeholders, early start of
planning a decommissioning project and using an already licensed disposal facility if possible .
In the area of environmental remediation, several studies (Feldman and Hanahan 1996, Barry. S 2012,
Oughton 2013, IAEA 2014) have also shown the importance of engaging the affected population in the
remediation process. In addition, different academic studies (e.g.: Vaughan 1995, Renn 2004, Tateno
and Yokoyama 2013, Shirabe, Fassert et al. 2015) and international documents (e. g. IAEA 2011), show
that involvement of stakeholders in technological, complex and value loaded issues is rather
challenging. Societal and stakeholder involvement constraints regardless of their origin, may constitute
barriers to project implementation and as a result have the potential to cause significant impact on
costs and implementation schedules of a project. Vice versa, societal and stakeholder involvement
could prove to be beneficial for the quality of the project. For this reasons, Whitton et al. (2015)
propose a community-led of the wider stakeholder community which is able to inform decision making
at the community and strategic level.

4.3. Conclusions
In general, it can be deduced that the aforementioned legal, technical, financial, socio-ethical
challenges constitute as a source of uncertainty for stakeholders. However, several uncertainties are
identified that specifically relate to the engagement of stakeholders and their interactions. Based on
the document analysis, the following societal uncertainties related to remediation programmes were
identified in different papers (Perko, Monken-Fernandes et al. 2017) and documents (IAEA 2014, IAEA
2016, Joint Research Centre 2016):


Uncertainties caused by limited technical knowledge of general population and other
stakeholders and low understanding of the remediation issues and processes;



Uncertainties due to groups and individuals opposed to the programme;



Uncertainties related to different demands and concerns between stakeholders;



Uncertainties related to a limited budget to cover stakeholders’ demands;



Uncertainties triggered by a negative experience with remediation programmes;



Uncertainties related to a lack of trust between stakeholders in the remediation process;



Uncertainties resulting from little recognition of the links between environmental, economic,
and social concerns of the stakeholders;
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Uncertainties triggered by poor stakeholder involvement, including:


Complex procedures for involvement;



Changing positions within one group;



Limited communication capacity to express opinions in public;



Limited access to information and communication;



Information overload;



A negative (personal) experience with stakeholder involvement;



Too little use of independent facilitation;



A lack of motivation to participate in the process as cause and the consequence;



Unrealistic expectations;



An absence of continual stakeholder involvement and communication



A lack of balance between transparency and security (Perko, Monken-Fernandes et al.
2017).

Example: Uncertainties related to communication and stakeholder engagement in Norway
With respect to NORM, both positive and negative examples of how risk communication and
involvement of stakeholders can influence final solutions have been seen (NRPA data base 360).
After revision of Pollution Control Act in 2011, NRPA started ‘a practice’ of organizing, together
with local government, public meetings dedicated to particular cases, about most relevant topics
included licensing, environment and people protection from radioactive contamination,
radioactive waste handling and disposal. These meetings were organized early in decision-making
processes. Stakeholders of interest are always included and it has been seen on several cases of
NORM industry that transparency gives rise to people’s trust as they could solve some doubts and
misunderstandings, and decision making in a whole was easier (Holmstrand, 2014a, b).
An opposite example has been seen recently on the case of legacy mine. In this case, assignment
of responsibility was unclear for a long period, many opposite messages were given to local people
from different institutions (university research, geological surveys, local investigations, NRPA)
while stakeholders were not properly included early in the decision-making process, and finally
negative media coverage was intensively making unnecessary confusion. Then, regulatory
decisions on total clean-up of the terrain of the former mining site, removal of radioactive waste
and disposal to existing repository was made only partially due to pressure by the affected
community, their distrust in local solutions and demand for conservative cleanup criteria. It led to
remediation process beyond what would be advisable from risk assessments. Even further steps
of radioactive waste removal and disposal couldn’t be properly done, although all necessary
permits were given, due to resistance and distrust of politicians and the local community of the
repository (NRPA, 2016).

5. Conclusions or what we can learn concerning NORM contamination
for the Territory project
The decisions related to environmental remediation due to Naturally Occurring Radioactive Material
(NORM) cannot be isolated from the socio-political and cultural environment. Experiences of the
affected population, decision-makers as well as opinion makers in radiation exposure situations due
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to NORM in different EU countries and Norway point out the importance of giving due attention to the
socio-political and ethical aspects in project planning and implementation.
The purpose of this chapter is fourfold: i) to systematically review documentation directly or indirectly
linked to uncertainties in long-term radiological exposure situations due to the (NORM), ii) to identify
possible uncertainties emerging in NORM exposure situations iii) to identify possible causes of these
uncertainties and iv) to collect selected examples of uncertainties from existing practices in EU
countries and Norway.
In terms of national policy and the legal and regulatory framework related to long-term exposure
situations due to NORM, based on this document review, the following causes of uncertainties were
identified:


A lack of, or incomplete, or ineffective, national policy or legal and regulatory framework;


Specifically a lack or incompleteness of environmental remediation regulations and
standards or guidelines (IAEA 2016).



Lack of specific regulations such as for industry;



Non-independence or ineffectiveness of the regulatory authority;



Lack of synergies among regulators and complicated administrative procedures at the national
level;



Lack of uniform standards for managing NORM waste, prevalent across many EU Member
States.

Review of technological and technical decisions made on NORM contamination, remediation and
decisions about remediation technology as well as enabling infrastructure showed the following causes
of uncertainties:


Site characterizations: extent of contamination, waste (contaminated soils or sediments)
volume, types of present contaminants – NORM pathways




E.g. removed soil volumes are always greater than those estimated during the design
phase

Environmental impact assessment – modelling, use of generic parameters while site specific
are needed, lack of cumulative contaminants models for impact assessment, use of different
models for radiological vs. other risk than radiological:


Complexity and heterogeneity of natural systems combined with sparseness of site
characterisation data;



Exposure dose estimation to population – defining the criteria for use (reference levels, action
level, dose constraint – operators confused many times), doses for remediation workers;



Choice of remediation strategy based on the site characterisation, environmental and dose
impact assessment;



The feedback from expert also underlines the difficulty to characterize the background level
for natural radionuclides, particularly in areas where it can be higher (around mining sites for
example) and for some radionuclides (radon for example) that could generate uncertainty to
calculate the added dose,;
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Meeting / maintenance of remediation goals, long-term effectiveness of remediation
strategies;



Choice of the remediation option based on a cost benefice analysis



Time necessary for remediation steps;



Accessibility to appropriate technology;



Infrastructure to implement technology;



Constraints due to workplace environment;

Concerning historical knowledge and remediation of cultural heritage sites, the document review
identified several uncertainties related to:


Location of unknown or poorly defined sources of contamination and radiation or mixed
contamination;



Unknown physical condition of structures and systems including waste amount;



Unknown exposure to dangerous amounts of radioactivity or mixed contaminations;



Remediation of cultural heritage sites that have a cultural or religious significance which would
be affected by remediation;



Lack of documentation records leads to lack of historical knowledge.

Uncertainties related to Residues and waste management are the following:


Uncertainties due to categorization of waste determined by its origin ;



Identification of the appropriate waste stream management (including the choice of disposal
facility) adapted to nature and concentration of pollutants (Chemical and physical)



Capacity for disposal/repository facilities to receive the large volumes generating by
remediation activities



Uncertainties due to a lack of harmonization of national approaches to the management of
NORM residues;



Uncertainties due to different classification of material: some material, classified as a product
in one country, may be considered as residue in another country;



Uncertainties due to double standards in some European countries allowing higher dose rates
from non-nuclear recycled materials than from those out of the nuclear industry.

In financial decisions the uncertainties related to remediation programs are linked to:


Costs of the remediation;


Difference between estimated and real cost, due to e.g. unexpected contamination found,
large waste volumes, etc



Who will pay costs of remediation;



Shared ownership of pollution (e.g. chemical or radiological) or multiple responsible parties;



Assignment of responsibility for remediation;



Availability of funds;
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Polluter doesn’t exist anymore;



Costs related to extent to which remediation should be done;



Costs related to type and volume of waste to be deposited on site or removed and deposited
externally.



Long-term stewardship



The radiological risk analyses in line with short and long-term costs within a cost-benefit
analysis.



Remediation impact on the socio-economic development of region (non-radiological criteria
may become the driving factors of decision-making)

The document review revealed concerning socio-ethical decisions and risk perception the following
uncertainties:


Uncertainties related to different risk perceptions of contaminated or remediated sites;



Ethical uncertainties related to the balance between the principle of individual dose limitation
and the principle related to positive benefits for the greatest number of people in society;



Ethical uncertainties related to cost/benefit analysis;



The meaning of end state, clean-up, remediation;



Remediation impact on the socio-economic development of region (non-radiological criteria
may become the driving factors of decision-making);



The socio-ethical justification of using specific models for radiological assessments;



Health impact of remediation works;



Protection of vulnerable societal groups;



Lack of consensus on the choice of a remediation;



Lack of radiation safety culture and industrial hygiene;



Risk and remediation prioritizations;



Transparent use of financial resources.

The following uncertainties related to communication about remediation programs could be identified
from the document review:


Unsuitable objectives of communication plans about remediation program e.g. to educate
instead of engage;



Understanding of constraints such as control/restrictions on use;



None or poor communication about the product.



lack of transparency;



Scientific uncertainties related to low doses and lack of communication about limitation of
knowledge;



Use of ambiguous semantics in communication e.g. remediation and clean-up;



style of communication e.g. numerical communication instead of risk comparisons.
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The following societal uncertainties related to remediation programmes were identified:


Uncertainties caused by limited technical knowledge of general population and other
stakeholders and low understanding of the remediation issues and processes;



Uncertainties due to groups and individuals opposed to the programme;



Uncertainties related to different demands and concerns between stakeholders;



Uncertainties related to a limited budget to cover stakeholders’ demands;



Uncertainties triggered by a negative experience with remediation programmes;



Uncertainties related to a lack of trust between stakeholders in the remediation process;



Uncertainties resulting from little recognition of the links between environmental, economic,
and social concerns of the stakeholders;



Uncertainties triggered by poor stakeholder involvement, including:


Complex procedures for involvement;



Changing positions within one group;



Limited communication capacity to express opinions in public;



Limited access to information and communication;



Information overload;



A negative (personal) experience with stakeholder involvement;



Too little use of independent facilitation;



A lack of motivation to participate in the process as cause and the consequence;



Unrealistic expectations;



An absence of continual stakeholder involvement and communication;



A lack of balance between transparency and security.

Additional qualitative and quantitative research is needed to clarify and classify uncertainties and
concerns related to NORM exposure situation. After this review of the existing documentation, the
TERRITORY research group will upgrade its desk work with a field work, working closely with different
stakeholders and applying different social science methods to investigate the identified uncertainties
in-depth and to propose solutions for better remediation programs taking uncertainties into account.
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PART 4: TRANSVERSAL ISSUES: UNCERTAINTY MANAGEMENT IN
THE CONTEXT OF EXISTING EXPOSURE SITUATIONS
In the context of decision-making in long-lasting radiological exposure situations, a specific focus of
TERRITORIES WP3 is to determine what are the uncertainties that concern the different stakeholders;
those which most significantly influence their choices and decisions, and in which way stakeholder
engagement or other governance mechanisms could foster the decision-making under uncertainty.
The insights on past experiences of Post-Accident and NORM contamination situations (part 2 and 3 of
this document) have allowed the identification of various categories of uncertainties of different
nature that come into play with the management of those situations. In addition, the cross-review of
the management of PA situations on the one hand, and NORM situations, on the other hand, makes
possible to catch some preliminary understanding of the way the management of uncertainty comes
into play within the overall management of those situations while taking into account the perspective
of the various stakeholders: public authorities, experts, elected people, or the public (affected or not
by the contamination).
It has to be pointed out that uncertainties identified in this report may be of different importance
depending on the considered stakeholder(s), and may evolve over time (at after the beginning of the
situation), and on the modalities of governance. The following paragraphs describe these transversal
dimensions, which encompass inherent variability (in space, time, and according concerned actors),
and generate additional uncertainty in the decision-making processes.

1. Uncertainty resulting from the variety of stakeholders, their different
roles and values
The management of long lasting exposure situations involves a wide variety of actors that contribute
in different manners to the management; for these reasons, it requires taking into account the various
and specific decision-making processes of all these actors and the way uncertainty could impact these
processes. These actors are the following:


Experts, public authorities, nuclear or industrial operators, elected representatives;



Population of the affected territory (or evacuees), workers, local professionals in the fields of
health or education, producers of goods and services (farmers etc.), fishermen, citizen groups
and civil society organisations, local, national and foreign consumers.

Considering the decision making process as a whole, the interaction between the different actors must
be analysed considering the influence of the decision taken by one actor on the choice made by the
other(s).
Regarding the variety of the stakeholders involved in the decision process, it cannot be assumed that
all these actors, or groups of actors, will all operate individually or collectively according to common
sets of criteria and values that are consistent, stable and compatible over time. The personal position
regarding the situation (if the person is involved in the management of the accident or not, affected
by the accident and contamination or not, originating from the affected territory or not, etc.) plays
also a decisive role in the stakeholder’s choices.
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Taking into account the interdependency of the decision-making processes, decisions taken by one
actor can be a source of uncertainty for another one or can influence positively or negatively the
capacity of other actors to manage already existing uncertainties and take their decisions.
Each stakeholder (decision maker) is dependent on the choice(s) and value(s) of the others. As a
consequence, each person is placed in a position of uncertainty about the outcomes of the possible
alternative actions (options) available. It is important to recognize that in long lasting exposure
situations, there is a set of interrelated decisions of various actors that cannot be easily modelled,
anticipated or predicted.

2. Uncertainty about the evolution of the situation over time
Existing exposure situations such as NORM and post-accident contaminations persist and have to be
managed for a long period of time. During this period, many events can occur and it can influence the
management of the situation and so increase uncertainties about the evolution of this situation. As for
example:


The possible evolution of the related radiological protection standards such as dose limits or
reference levels and, the exact moment when these changes should occur is difficult to
anticipate, creating uncertainties for the visibility on the evolution of the management of the
situation (see PART I - 1.1).



The social and economic situation may drastically evolve locally the following months/years
after the beginning of the management of the situation; it may affect local area, entire region
or even the whole country, and this evolution of the social and economic contexts lead to reevaluations and questioning of the initially chosen options. For example, lack of funds can
lead to question the remediation strategy such as the availability of disposal for contaminated
waste in Chernobyl or NORM remediation program that could fail because of bankruptcy.



Considering the post-accident situation, among biggest issues:




in the most contaminated areas (exclusion zone of Chernobyl and the so called ‘difficultto-return area’ of Fukushima), there is a difficulty to predict the future over several
decades and centuries;
and in less contaminated (or decontaminated) areas, the conditions in which the return of
evacuated population will take place are viewed by local populations as an important
uncertainty factor.

Both NORM and post-accident situations entail the question of the sustainability of societal memory
(e.g. localisation of contaminated areas and waste disposals - see PART 2 - 1.1.6) and vigilance (e.g.
measurement of products, etc.) in the medium, long and very long terms.
For the management of post-accident situations, important decisions have to be taken from the prerelease threat phase, and then all along early and intermediate (i.e. response), and late (or recovery)
phases after the accident. Any decision made under uncertainty, at each phase, will have
consequences on what would happen afterwards, by decreasing or increasing the level of uncertainty
underlying the forthcoming decisions. For instance, the difficulty to anticipate the evolution of the
zoning (depending on the criteria used to design it) and associated measures (e.g. evacuation orders,
rights to compensation and indemnification, authorization to restart economic and especially
agricultural activities, lifting of evacuation orders, lifting of restriction orders established on consumer
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goods and especially foodstuff, prioritization of remediation, recovery and revitalization actions, etc.)
is a high source of uncertainty for people who live(d) in the affected territory and for decision-makers.

3. The modalities of organisation and governance arrangements
The feedback experience from Chernobyl and Fukushima accidents as well as from NORM
contamination events, clearly emphasizes the influence and power of the governance arrangements
on the management of the existing exposure situations and, more specifically, the capacity for the
different categories of stakeholders to cope with uncertainties in the decision making processes.
In its broadest sense, the term of governance can be defined as "the art or the way of governing, the
tools of government, administration, even management". Governance is not a substitute for traditional
‘nation-state” government; rather it is an alternative regime applicable to a wide range of activities
and organisations. As Rosenau (Rosenau 1992) says, “Governance is a more encompassing
phenomenon than government. It embraces governmental institutions, but it also subsumes informal,
non-governmental mechanisms whereby those persons and organisations within its purview move
ahead, satisfy their needs, and fulfill their wants”. As for Gerry Stoker (Stoker 1998), he identifies five
aspects of governance: (1) Governance concerns a range of organisations and actors, not all of which
belong to the government sphere (2) It modifies the respective roles and responsibilities of public and
private actors as established in traditional paradigms of policy making (3) It involves interdependence
between organisations and actors engaged into collective action in contexts in which none of them has
the necessary resources and knowledge to tackle the issue alone (4) It involves autonomous networks
of actors (5) A key principle is that actions can be pursued without necessarily having the power or the
authority of the State.
In this document, the term governance refers to public governance by taking into account the
participatory interaction between the State and the Citizens, with an objective of efficiency in relation
to the remediation process, taking into account Citizens’ quality of life.
The situations of long-term exposure situations are complex because on one hand of the involvement
of a large number of actors and the multiplicity and importance of the issues (sanitary, socio-economic,
etc.) which the State must deal with and on the other hand the destabilization of the country that it
might cause, in the particular case of large-scale accidental situations.
In the case of a major nuclear accident, this change of situation (transition from an emergency phase
to a post accidental phase) raises the question of the effectiveness of the governance arrangements.
The experience of the Fukushima and Chernobyl accidents illustrates both the difficulty of the
governmental decision-making system to meet the needs and expectations of the people and the
challenges and issues posed by such situations. The management strategy of the contamination differs
significantly in the respective situations. An important aspect of this difference is situated in the
significant differences of the political systems and cultural contexts of the USSR (and in the following
independent democratic states after the fall of USSR) on the one hand and the Japanese context, on
the other hand.
In Japan, the zoning also defined the role and responsibilities in the management of the territories to
decontaminate (financing, implementation of the decontamination actions, training of cleaners,
information etc.. ), including the role of the various stakeholders (state departments, municipalities,
population etc..). Each municipality negotiated directly and independently with the government for
the recovery of the territory in order to facilitate the return of the population.
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The consequences of this difference of governance regarding remediations activities is that After
Chernobyl weighting of averted dose versus remediation costs was an important part of the
remediation strategy.
In Japan, remediation of affected districts was justified and implemented based on radiological and/or
social and cultural considerations (Howard, Fesenko et al. 2017).
In NORM situation; in most developed countries, modalities of governance are fixed by the regulation
contrary to post accident management situation for which only standards doctrine and guidelines are
existing (see PART 1.1 and 1.2).
Nevertheless; in both NORM and PA situations, the “top down” modalities of governance were also
unable to respond in adequate manners to the complexity of the situation and to satisfactorily meet
the diverse expectations expressed by the population.
Local initiatives relying on stakeholder engagement processes, in different contexts of contamination
are to be considered as a part of the governance process for they contributed to modify “the respective
roles and responsibilities of public and private actors as established in traditional paradigms of policy
making“. ICRP Publications 109 and 111 (ICRP 2009) stress that stakeholders should be involved in
planning for an emergency response, and also as soon as possible in the management of the postaccident phases. In post-accident management frameworks developed by several countries in the
recent years, the decision making process evolves from a top-down management (governed by
national authorities) during the emergency phase, toward more concerted and participative (bottomup) governance in the transition and recovery phases. In this perspective, these frameworks claim for
reinforcing the involvement of concerned (local) populations, economic actors, NGOs, elected people
and professionals and aim at developing a more sustainable programme by taking into account a
greater set of uncertainties.
Similarly, for managing long-lasting contamination associated with NORM, as proposed by ICRP
(Publication 104 (ICRP 2007)), a so-called “graded approach” (ICRP 2015) is generally preferred for the
management of exposure, taking into account the prevailing circumstances and the risk to people and
the environment. Such an approach is notably commensurate to the level of the risk and allows to
better address other considerations such as economic and societal. NORM contamination is generally
multi-hazard situation and the radiological risk may not be the dominant one.
Therefore, depending on the governance arrangements adopted, the capability to deal with
uncertainties in the management of post-accident situation and contamination by NORMs, may
significantly differ. Among the factors influencing the efficiency of the modalities of governance to
cope with uncertainties, it could be mentioned:







The type of governance approach adopted (centralised or bottom-up) for the different
decision-making processes and the combination of approaches, depending on the type and
scope of decision to be made;
The flexibility of the governance structures to cope with the specificity of the
local/regional/national/international situations as well as with their evolution in time;
The capacity of and means dedicated to empowerment of the different stakeholders in the
decision-making processes,
The time schedule in the decision-making processes, including the preparedness phase and the
development of regulatory framework,
The capability of the decision-processes to allow the different stakeholders to delineate and
frame the issues at stake and to address them, without limitation to radiological issues.

page 114 of 139

Deliverable <D9.65>

Even if a strict comparison between situations involving environmental contamination due to natural
sources and post-accidental identifies some significant differences; it is of interest to analyse them to
determine in which way they could influence management of the situations and the impact of the
related uncertainties in decision making processes. Whatever the situation and the associated
radionuclides concerned, the technical aspects of characterising and assessing the radiological
situation and exposure of populations are quite similar (measurements, scenarios, models, etc.). One
of the biggest difference arises from the “violent” nature of large nuclear accidents that their sudden
occurrence. This aspect strongly influences the perception of populations (fear of the industry, doubt
regarding the capacity of the state and the operator to control the situation). This loss of confidence
and defiance from the population regarding the decision taker makes the decision-making process
more difficult to manage in the long term. In the case of contamination due to natural sources, because
of the absence of the accidental origin; even if fear is present in the population, the psychological
impact on the population is probably less important and less proportionate to the actual radiological
impact (that could be higher). There is also an apparent kind of resilience and acceptance to the
situation with time, as is also the case in contaminated territories after an accident (like in Chernobyl).
In all cases the scale of the contamination is of major importance influencing largely the social and
economic impact. These two dimensions have significant inherent uncertainty at several steps of the
decision-making process and will impact deeply the management of the situation. The question is to
know how to apply the radiation protection principles, in particular application of the optimisation
principle. There is little documented experience and in the guidance available for remediation there is
no established methodology to rigorously analyse the advantages and consequences of different
remediation options taking into account all the complexities associated with existing exposure
situations. It appears to be crucial to work on this subject in involving all kind of stakeholders in order
to develop decision-making process that could better take into account publics concerns. This is
particularly true for nuclear accidents where the consequences can be of such a magnitude that could
destabilize a state.
In order to evaluate the impact of uncertainty management on the quality of the management of
exposure situations, it is therefore necessary to determine what are the goals of the management of
exposure situations and consequently to ensure that there is a consensus and a mutual understanding
of all these actors or organization on the goal of the remediation. If the focus of uncertainty
management is too strongly made on the objective of reducing uncertainties rather than on the global
objectives of the management of the exposure situation, there is a risk that some strategies of
uncertainty management could lead to miss the initial objectives (management of the situations NORM or PA) defined by the different actors/organisation.
Experimenting uncertainty and acting in uncertainty conditions is considered as a genuine dimension
of the human beings condition (Arendt 1958). This sentence appears to be the best response to the
current challenges of helping to discern the truth from falsehood (Kant and Constant 2003), in a world
in which, because of the increasing influence of the media and the rise in the power of social networks;
the circumstances in which objective facts have less influence to shape public opinion than calls for
emotion and personal opinion (Robitaille 2017).
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ANNEX 1 - The current system of radiological protection
THE MAIN RADIATION PROTECTION CONCEPTS
The International Commission on Radiological Protection (ICRP) provides general guidance and
recommendations on all aspects of protection against ionizing radiation, which constitute the main
international reference documents in radiation protection. Publication 10332, published at the end of
2007 is the latest main general recommendations proposed by the Commission. These new
recommendations have constituted an evolution in comparison with former publications (e.g.
Publication 60, 1991) insofar as a new radiation protection approach based on the different types of
situation exposures has been introduced. Thus, almost all international standards and national
regulations on radiation protection have based their own requirements on the last Commission’s
recommendations and principles, which establish by now a core of common fundamental concepts in
radiation protection.
The three fundamental principles
As mentioned in the introduction, the entire system of radiological protection draws up its
requirements on the basis of three fundamental principles, which are:


The justification of decision, stating that any decision to introduce a new radiation source in
planned exposure situations or to reduce exposures in existing or emergency exposure
situations that gives rise to radiation risks should provide an overall benefit. This can be
summarized by the fact that any decision that changes the radiation exposure situation must
do more good than harm;



The optimization of radiation protection such that the probability of exposure, the number of
exposed people and the individual doses must respect the ALARA principles and so still remain
as low as reasonably achievable, taking into account the societal and economic factors;



The limitation of risks to individuals implying that nobody has to bear an unacceptable
radiation exposure.

Then, these major principles need to be implemented in different exposure situations, align with the
particular circumstances. In order to facilitate the implementation of these principles and to propose
requirements adapted to the different circumstances, three different types of exposure situation have
been distinguished and are now taken into account in all international and European standards:
planned exposure situations, emergency exposure situations and existing exposure situations.
The three different exposure situations
As proposed in the ICRP Publication 103, the three exposure situations are defined as below.


Planned exposure situations: Exposure situations arising from the planned operation of a
source or from a planned activity which introduce deliberately a radiological source that may
result in anticipated (normal) or not (potential) exposures;



Emergency exposure situations: Exposure situations resulting from an accident, a malicious act
or any other unexpected event that requires urgent actions in order to avoid or reduce adverse
consequences;

32

ICRP, the 2007 Recommendations of the International Commission on Radiological Protection, Publication 103, Elsevier Science,
Oxford and New York (2006)
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Existing exposure situations: Exposure situations that already exist when a decision on the need
for control needs to be taken. These kinds of exposure situations include the natural
background radiation, contaminated sites resulting from past activities, radon in dwellings or
even exposure from residual radioactive material deriving from nuclear or radiological
emergency.

Application of the radiological protection principles in the three different exposure situations
As mentioned above, the degree of control of the radiological source and the way in which that control
can be managed are very distinct between the exposure situations. For instance, in planned exposure
situations, a direct control over the radiation source can be generally easily exercised. However, in the
case of emergency and existing exposure situations, the radiation source itself cannot be managed at
all or not easily and the only way to reduce or avoid radiation exposure is to implement actions to
reduce exposure pathways and to adapt the behaviour of exposed individuals. In this way, the
implementation of the three principles (justification, optimisation and limitation) will operate
differently in the three types of exposure situations.
For the justification principle for example, in a planned exposure situation (e.g. construction of a
nuclear power plant), the consideration of costs and benefits will go far beyond the radiological
detriment that may be caused and so, the operation of the radiological source will be justified.
Concerning the emergency and existing exposure situations, the reduction of radiation exposure will
be the main priority and so all actions taken to this end will be automatically justified.
In all cases, the application of the optimisation principle will be more straightforward insofar as the
aim will be to do the best that can be done to reduce as low as reasonably achievable the radiation
exposure. Of course, constraints will be tighter in planned exposure situation as the source of exposure
can be easily controlled.
Jointly with the optimisation principle, the limitation of individual exposures also applies. In this way,
the intention is to fix some limits that must not be exceeded and so, minimize exposure to ionizing
radiations. As the planned exposure situations are the only kind of situations where the radiation
source is easily controlled, effective and equivalent dose limits have been defined for that cases and
for both general public and workers. Of course, other principles apply to the other exposure situations.
Thus the concepts of dose constraint and reference level are used. Dose constraint applies in the
context of planned exposure situations and constitutes an additional level of protection, which will
always be below the corresponding dose limit. In fact, the idea is to minimize potential exposure.
Concerning Reference levels, they are used for both emergency and existing situations. They represent
the dose levels above which, prolonged exposures will be considered inappropriate and for which
protective measures will be required. It is important to note that both dose constraint and reference
levels are not demarcation between safe and dangerous situations. They are just indicators that serve
as a basis for the optimization principle.
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ANNEX 2 - Publications on Exposure to Radiation from Natural
Sources
SAFETY STANDARDS SERIES






Radiation Protection and Safety of Radiation Sources: International Basic Safety Standards GSR Part 3
Application of the Concepts of Exclusion, Exemption and Clearance Safety Guide, Safety
Standards Series No. RS-G-1.7, 2004
Occupational Radiation Protection in the Mining and Processing of Raw Materials Safety Guide,
Safety Standards Series No. RS-G-1.6, 2004
Management of Radioactive Waste from the Mining and Milling of Ores Safety Guide, Safety
Standards Series No. WS-G-1.2, 2002
Occupational Radiation Protection Safety Guide, Safety Standards Series number RS-G-1.1,
1999

SAFETY REPORTS SERIES









Radiation protection and management of NORM residues in the Phosphate industry, Safety
Report No. 78, 2013
Radiation Protection and NORM Residue Management in the Titanium Dioxide and Related
Industries, Safety Report Series No. 76, 2012
Radiation Protection and NORM Residue Management in the Production of Rare Earths from
Thorium containing Minerals, Safety Report Series No. 68, 2011
Radiation Protection and NORM Residue Management i the Zircon and Zirconia Industries,
Safety Reports Series No. 51, 2007
Assessing the Need for Radiation Protection Measures in Work Involving Minerals and Raw
Materials, Safety Reports Series No. 49, 2006
Radiation Protection and the Management of Radioactive Waste in the Oil and Gas Industry,
Safety Reports Series No. 34 , 2003
Radiation Protection against Radon in Workplaces other than Mines, Safety Reports Series No.
33, 2003
Monitoring and Surveillance of Residues from the Mining and Milling of Uranium and Thorium,
Safety Reports Series No. 27, 2002

TECHNICAL REPORTS SERIES







Measurement and Calculation of Radon Releases from NORM Residues, Technical Report
Series No. 474, 2013
Extent of Environmental Contamination by Naturally Occurring Radioactive Material (NORM)
and Technological Options for Mitigation, Technical Reports Series No. 419, 2003
Current Practices for the Management and Confinement of Uranium Mill Tailings, Technical
Reports Series No. 335, 1992
Measurement and Calculation of Radon Releases from Uranium Mill Tailings, Technical Reports
Series No. 333, 1992
The Environmental Behaviour of Radium Vol. 1, Technical Reports Series No. 310, 1990
The Environmental Behaviour of Radium Vol. 2, Technical Reports Series No. 310, 1990

TECDOC SERIES




Regulatory Control for the Safe Transport of Naturally Occurring Radioactive Material (NORM),
IAEA-TECDOC 1728, 2014
Management of NORM Residues, IAEA-TECDOC 1712, 2013
Exposure of the Public from Large Deposits of Mineral Residues, IAEA TECDOC 1660, 2011
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Exposure of the Public from Large Deposits of Mineral Residues IAEA TECDOC 1660, 2011
Regulatory and Management Approaches for the Control of Environmental Residues
Containing Naturally
Occurring Radioactive Material (NORM) – Proceedings of a Technical Meeting held in Vienna,
6-10 December 2004, IAEA-TECDOC-1484, 2006
Naturally occurring radioactive materials (NORM IV): Proceedings of an international
conference held in Szczyrk, Poland, 17-21 May 2004, IAEA-TECDOC-1472, 2005
Technologies for the Treatment of Effluents from Uranium Mines, Mills and Tailings, IAEA
TECDOC Series No. 1296, 2002
Technologically Enhanced Natural Radiation (TENR II): Proceedings of an International
Symposium held in Rio de Janeiro, Brazil, 12-17 September 1999, IAEA TECDOC Series No. 1271,
2002
Impact of New Environmental and Safety Regulations on Uranium Exploration, Mining, Milling
and Management of its Waste, IAEA TECDOC Series No. 1244, 2001
Guidebook on Good Practice in the Management of Uranium Mining and Mill Operations and
the Preparation for their Closure, IAEA TECDOC Series No. 1059, 1998
Planning for Environmental Restoration of Uranium Mining and Milling Sites in Central and
Eastern Europe, IAEA TECDOC Series No. 982, 1998
Environmental Impact Assessment for Uranium Mine, Mill and In Situ Leach Projects, IAEA
TECDOC Series No. 979, 1997
Closeout of Uranium Mines and Mills: A Review of Current Practices, IAEA TECDOC Series No.
939, 1997
Guidebook on the Development of Regulations for Uranium Deposit Development and
Production, IAEA TECDOC Series No. 862, 1996
Planning and Management of Uranium Mine and Mill Closures, IAEA TECDOC Series No. 824,
1995
The Behaviour of Radium in Waterways and Aquifers (Results of a Co-ordinated Research
Programme), IAEA TECDOC Series No. 301, 1984

TRAINING COURSE SERIES


Radiation Protection and the Management of Radioactive Waste in the Oil and Gas Industry,
Training Course Series 40, 2010

PROCEEDINGS SERIES






Naturally Occurring Radioactive Material (NORM VII): Proceedings of an International
Symposium held in Beijing, China, 22–26 April 2013
Naturally Occurring Radioactive Material (NORM VI): Proceedings of an International
Symposium held in Marrakech, Morocco, 22-26 March, 2010
Naturally Occurring Radioactive Material (NORM V): Proceedings of an International
Symposium held in Seville, 19-22 March 2007
Naturally Occurring Radioactive Material (NORM IV): Proceedings of an international
conference held in Szczyrk, Poland, 17–21 May 2004
The Uranium Production Cycle and the Environment - Proceedings - International Symposium
held in Vienna, 2–6 October 2000, C&S Papers Series No. 10, (46MB), 2002

page 120 of 139

Deliverable <D9.65>

PART 2: INSIGHTS ON PAST EXPERIENCES OF POST-NUCLEAR
ACCIDENT
SITUATIONS
AND
ANALYSIS
OF
RELATED
UNCERTAINTIES
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ANNEX 3 DECISION MAKING CRITERIA TO LIMIT CONSUMPTION
OF CONTAMINATED FOOD PRODUCTS.
Isotope
I, 134Cs, 137Cs

Level A (kBq/kg)

Level B (kBq/kg)

131

1

10

90

0.1

1

0.01

0.1

Sr

238

Pu, 239Pu, 241Am

page 122 of 139

Deliverable <D9.65>

ANNEX 4: STS CURRENT BOUNDARIES (PICTURE REPRODUCED
WITH THE PERMISSION OF IRSE).
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ANNEX 5 – REGULATORY BACKGROUND REGARDING Exemption
and Clearance values
EXEMPTION AND CLEARANCE VALUES
The general criteria for exemption of a practice or a source within a practice, as well as for clearance
are defined in several documents such as the European and the IAEA BSS. The IAEA document entitled
‘Radiation Protection and Safety of Radiation Sources: International Basic Safety Standards’ is more
recent (IAEA Safety Standards, 2014).

EXEMPTION VALUES
As indicated in IAEA Safety Standards, 2014, the general criteria for exemption of a practice or a source
within a practice from some or all of the requirements of these Standards are that:
a) Radiation risks arising from the practice or from a source within the practice are sufficiently low as
not to warrant regulatory control, with no appreciable likelihood of situations arising that could lead
to a failure to meet the general criterion for exemption;
b) Regulatory control of the practice or the source would yield no net benefit, in that no reasonable
measures for regulatory control would achieve a worthwhile return in terms of reduction of individual
doses or of health risks.
Some exemption values recommended by IAEA are indicated on the Table 1. The exemption values
(activity concentrations) presented in this table have been calculated on the basis of scenarios
involving a moderate amount of material (quantities involved are at the most of the order of a tonne).
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Activity
concentration
Radionuclide

(Bq/g)

Activity (Bq)
(<1 tonne)

(<1 tonne)
3

H

106

109

55

Fe

104

106

90

Sr

102

104

99

Tc

104

107

I

102

106

137

Cs

10

104

60

Co

10

105

10

104

10

104

1

104

102

103

131

233

U

234

U, 235U, 236U,
238

U

239

Pu, 241Am
241

Pu

Exemption levels (from IAEA Safety Standards, 2014)
The IAEA Safety Standards report (2014) specified that the regulatory body will need to establish the
amounts for which the concentration values in this table may be applied.

CLEARANCE VALUES
The IAEA safety standards report indicated general criteria for clearance:
(a) Radiation risks arising from the cleared material are sufficiently low as not to warrant regulatory
control, and there is no appreciable likelihood of occurrence for scenarios that could lead to a failure
to meet the general criterion for clearance; or
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(b) Continued regulatory control of the material would yield no net benefit, in that no reasonable
control measures would achieve a worthwhile return in terms of reduction of individual doses or
reduction of health risks.
A distinction is made between unconditional and conditional clearance values.
Unconditional clearances refer to a full and complete clearance of a material, irrespective of how that
material is used and to where it may be directed, and without traceability requirement. As indicated
by IAEA in the TECDOC 855 report of 1996, the values derived for use in unconditional clearances will
tend to be conservative, i.e. in most cases the actual doses received are below the individual dose
criterion.
Conditional clearances are constrained: only a limited number of reasonably possible exposure routes
have to be considered in deriving the clearance levels. In addition, the reuse has to be defined and
traceability is required.
The IAEA safety standards report gave the State the freedom to approve some material clearance
without defined clearance values, and to define such values. However, these clearance values have to
take into consideration the exemption values. Clearance may be granted by the regulatory body for
specific situations, with account taken of the physical or chemical form of the radioactive material, and
its use or the means of its disposal. Such clearance levels may be specified in terms of activity
concentration per unit mass or activity concentration per unit surface area, limiting the annual
collective dose from large amounts of materials. As indicated in IAEA report, specific clearance levels
may be developed for metals, for rubble from buildings and waste for disposal in landfill sites.
In the safety standards report of 2014, IAEA gave only unconditional clearance values and indicated
that differentiation and procedures have to be established at each national level. In fact, most States
use the exemption values indicated in the BBS report of 1996 and the clearance values indicated in the
RS-G-1.7 report of 2004. The Table 3 shows some clearance values.

Radionuclides

Clearance values (Bq/g)

3

H

100

55

Fe

1000

60

Co

0,1

90

Sr

1

99

Tc

1

I

10

137

Cs

0,1

241

Pu

10

U, 238U, 234U

1

131

235

233

U

236U

1
10
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239

Pu, 241Am

0,1

Table: Unconditional clearance values from RS-G-1.7 report of 2004.
For clearance of radioactive material containing more than one radionuclide of artificial origin, the
condition for clearance is the sum of the activity concentrations for individual radionuclides
determined as follows:

where Ci is the activity concentration of radionuclide I, and Cli is the unconditional level value for
radionuclide i.
These values (exemption and clearance values) were calculated from different scenarios, including an
examination of the reasonably possible routes by which humans may be exposed to radiation from the
proposed exempt or cleared radioactive materials (landfill disposal, incineration, recycling, reuse…).
The most penalizing scenario is used to calculate the value for each radionuclide. In any event, the
annual individual doses will not exceed 10 µSv as the risk associated to such exposure is considered
negligible.

NATIONAL MANAGEMENT POLICIES
Many countries, such as Japan, USA, and European countries (Germany and Sweden..), have
implemented recommendations on the practical modalities of clearance and traceability, based
generally on the same dosimetric criteria (maximum individual dose of 10 µSv.year-1, maximum
collective dose of 1 man.Sv.year-1), but with specific clearance values based on their own exposure
scenarios. The clearance thresholds thus fixed depend on the radionuclide, the type of material
concerned but also the fate of the material at the end of the clearance (reuse, recycling, storage in
conventional landfill, etc.).
A synthesis of the clearance values of radioactive materials and buildings from regulatory control was
made in 2009.
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Table: General overview of thresholds values (in Bq/g) for all types of clearance or clearance of metals.
This table shows that differences are minor, clearance thresholds values for radionuclides such as 60Co,
137
Cs, 90Sr, 241Am, are of the same order of magnitude.
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