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Deliverable D9.72

Abstract
The TERRITORIES project, funded under the H2020 CONCERT, aims To Enhance unceRtainties
Reduction and stakeholders Involvement TOwards integrated and graded Risk management of
humans and wildlife In long-lasting radiological Exposure Situations.
Details of the research performed in TERRITORIES can be found on https://territories.eu, and is
summarised in the appendices of this document.
Two documents present recommendations targeted to stakeholders concerned by management of
existing exposure situations. Both were discussed at the TERRITORIES final workshop, 12-14
November 2019, and the present versions take account of the feedback from invited stakeholders.
The present document applies to NORM situations whereas the companion document, D9.71,
applies to post accidental situations.
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Preamble: NORM and post-accident as existing exposure situations
Radiation protection of human populations and the environment has recently evolved with the
publication of International and European Basic Safety Standards (IAEA, 2011 ; EC, 2014), and the
lessons learned from recent international experience, mainly after the Fukushima-Daiichi nuclear
accident in 2011.
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 current
way of managing radiological exposure associated with post-accident (Publication 111 (ICRP 2009))
and NORM exposure situations (Para. 284 of Publication 103 (ICRP, 2007a); Publication 142 (ICRP,
2019)) 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).
The scope of the TERRITORIES project covers existing exposure situations related to certain
exposures due to naturally occurring radioactive materials, and post-accident situations. The work
undertaken in this project 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 of mining and minerals processing activities.
Based on this first analysis, uncertainties associated with the management of such situations have been
identified and discussed with stakeholders in order to collect their views and see how to improve the
consideration of such uncertainties in the management and recovery of impacted territories.
Recommendations have been compiled in two separate documents for each of these situations. One
reason for this separation is that, even if these situations are considered as similar in the radiological
protection system, they nevertheless present some differences. It is of interest to analyse them in
order to determine in which way these differences could influence the impact of the related
uncertainties in decision-making processes.
Among these differences, the largest one is probably the exceptional nature and the sudden
occurrence of a large nuclear accident. Indeed, such a “violent” event deeply and durably affects the
daily life of the population and impacts the socio-economic activities (Lochard et al., 2019).
Because of natural origin of the contamination of legacy sites, the impacts on the population and the
society as well as on the environment are probably perceived lower, although radiological
consequences could be similar or higher for specific groups of populations.
In both situations, even if recovery strategies mainly focus on radiological protection considerations,
other dimensions (e.g. economic, social, governance, etc.) are at stake and bring uncertainties at all
steps of the decision-making processes.
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I.

Introduction

A key aim of TERRITORIES is to propose recommendations for assessing and managing long-term
exposure situations, with a specific focus in this document on cases of enhanced natural radioactivity
(NORM). Historically, the International Commission on Radiological Protection (ICRP) did not include
exposure from natural sources of radioactivity in the system of radiological protection because such
exposures were not amenable to control. However, many examples of how different legacy and NORM
existing exposure situations are managed, in different countries, applying different approaches and
standards, have been noted. ICRP Publication 104 (ICRP, 2007b) for the first time officially recognized
variability in regulations of NORM amongst different countries and identified a significant need for
consensus on radiological protection and NORM exposure management (NORM-related industry
issues, waste, remediation etc.). Another source of complexity is that situations with enhanced natural
radioactivity are typically associated with other hazardous contaminants. Finally, the management of
any long-lasting contamination situation is complex as all aspects of life are impacted (human
populations and wildlife biota, social organizations, technical issues).
To account for all this complexity, the work carried out at an earlier step of the TERRITORIES project
(D9.651) introduced 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. More specifically, different types of uncertainties were defined:
Technical uncertainties, that can be reduced (with more data, better precision, or increased
knowledge), including: Data-related uncertainties, referring to missing or unreliable data; Ambiguity,
referring to multiple meanings of an information or situation; Epistemic uncertainties, relating to the
imperfection of the knowledge about the phenomena at stake;
Decisional uncertainty, referring to indeterminacies in the decision-making process, including:
Organisational uncertainties, referring to modalities of organisation and governance arrangements,
the variety of stakeholders and their different roles and responsibilities;
Human concerns, taking
into account the quality of future life in the territory, the social trust dimension, the uncertainties
related to short and long-term health consequences, the evolution of the situation over time, risk
perception, communication and stakeholder engagement; Economic uncertainties associated with
socio-economic and financial aspects of the recovery process but also with the future economy of the
affected territory.
The present work focuses on the implications and consequences that accounting of uncertainties has
on the management of NORM sites, on everyday life of the local population living in the affected
territories, as well as on the protection of wildlife. The identification of key points and associated
technical and decisional uncertainties is central to the work, together with the proposition of the main
corrective actions to deal with the necessities and concerns of people’s lives.

1

References denoted Dx.yy refer to CONCERT deliverables, available on http://concert-h2020.eu/en/Publications. Among
them, TERRITORIES deliverables (D9.59 to D9.79) are also shown on: https://territories.eu/publications. Extended
abstracts of cited deliverables are presented in section VII.
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Based on the work of the project, available on https://territories.eu and summarised in section VII, the
present document proposes recommendations for three areas. These are defined according to the
resources for dealing with the assessment and management of long-term exposure situations:

 Technical resources in assessment of the situation
 Organisational resources for management
 Socio-economic and financial resources for remediation
Each recommendation is organized in three sub-items:


Why?

o Reason: Rationale behind the recommendation,
o Impact: Way in which the different actors involved in the
assessment or management process may be impacted by the
recommendation,
o Connections: Link between this recommendation and other
recommendations,
o Consequences: Possible consequences if the recommendation is
not considered.



How? Implementation of the recommendation, with reference to TERRITORIES deliverables
By whom? Actors expected to apply the recommendation
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II.

Technical resources in assessment of the situation

This section of the present report has been written in parallel with an equivalent section entitled
“Technical Tools serving post-accident governance” of the companion report D9.71.
Recommendations 1, 2 and 3 introduced in this section are therefore similar to recommendations 11,
12 and 13 of D9.71, except for some specific applications to NORM versus post-accidental situations.
This section groups together the scientific and regulatory "tools and resources" that can be
implemented in the steps of the assessment of the situation, including characterising the
environmental radioactivity and assessing doses to human populations and to wildlife biota. It may be
surprising for some readers to read about these assessment issues in a report entitled “Guidance for
management”. However, this can be explained by the fact that TERRITORIES has promoted an
integrated approach to long-lasting exposure situations, by bridging between experts, decision makers,
and the public, while fostering a decision-making process involving all stakeholders.
This section also relies on the principles of a graded approach: i.e. starting with simple and conservative
assessment and then increasing the complexity of the assessment if required or appropriate.

page 8 of 41

Deliverable D9.72

TERRITORIES recommends to

1. Use measurement and modelling appropriately to characterise contamination
Why?
As stated in D9.65, there is a need to establish and apply a procedural framework for characterising
the contamination and assessing its radiological impact (i.e. doses to human populations and to
ecosystems) in the case of NORM sites.
To characterise the contamination, using real site data should always be the preferred option. The
choice of the measurement approach has to depend on the requirements of the assessment (i.e on
the purpose). In the case of NORM sites, disequilibrium in decay series has to be of specific concern.
However, environmental measurement data only give a snapshot of the environmental situation at a
given time. Prospective assessments have to rely on results from a radioecological model (i.e. providing
output quantities such as activity concentrations and dose rates in units of Bq.kg-1, Bq.L-1 and Gy.h-1),
validated by site-specific data.
In all cases, cooperation of actors (i.e. those measuring environmental radioactivity, those modelling
if any, and those assessing radiological impact), at all stages of the assessment (i.e. as early as the
sampling campaign is designed), is the recommended way to ensure the selection of the most suitable
characterisation of the environment.

How?
Radiological monitoring is addressed in D9.60. To make decisions, non-measurable quantities such as
effective dose for humans are used. Those quantities are calculated by using real measured values of
physical quantities, which should be properly quantified. Activity concentrations in soils or vegetables,
or ambient dose rates are examples of those measurable quantities. How to properly determine values
representative of reality for those measurable quantities, including uncertainties, is one of the main
concerns for assessors.
Radioecological modelling is addressed in D9.61, D9.62 and D9.64. For NORM sites, the radioactive
contamination is generally in the ground and key processes to consider in models include the soil
hydrology, the water balance (evapotranspiration), or the transport of radionuclides through the soil
above the groundwater table. As the vegetation usually plays a key role in the transfer of radionuclides
from soil to the surface biosphere, it is also important to consider the transfer of radionuclides to
vegetation, movement through the vegetation and the cycling of radionuclides to the surface
biosphere through the litterfall. The process of model parameterisation, calibration and validation
using independent sets of data for such models must be followed, based on the best available data.
Depending on whether the project is (a) to understand and predict the fate and transport of
radionuclides in the environment, or (b) to perform a dose assessment, a suitable, fit for purpose
model can then be used. Such models include either process-based modelling, which is recommended
for fate and transport purposes, or dose assessment tools. The cooperation of modellers and
experimentalists at all stages of the study (from conceptual model and sampling campaign design to
assessment) is the recommended approach to ensure minimisation of uncertainties and the selection
of the most suitable experimental and modelling approaches and the measurements necessary for
them.

By whom?
This recommendation addresses institutional actors: academics, authorities and their TSOs (Technical
Support Organizations), and more specifically those who measure environmental radioactivity, those
who model transfers, and those who assess doses.
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TERRITORIES recommends to

2. Establish a dialogue about uncertainties and their impact on assessment
Why?
At any step of the procedural framework described in recommendation 1, (technical) uncertainties
must be identified. TERRITORIES has specifically addressed measurement and sampling uncertainties
and uncertainties of radioecological models. In most cases these will be quantified by actors involved
in modelling activities carried out for prognostic evaluations of planned NORM activities and/or legacy
sites. Indeed, uncertainties are inherent to scientific outputs and how they will be identified or
quantified needs to be discussed at an early stage of assessment with the authorities or actors involved
in the decision-making process since this will have an impact on the decision and/or remediation
actions. The aim is to support more realistic evaluation of the predicted exposures to humans and nonhuman biota to support decision-making. Such technical uncertainties may also influence the way the
public view the outcomes of risk assessment and the decisions taken, as the trust in the decisions and
methodologies used can increase or decrease as a function of communication of uncertainties as
discussed in D9.67.

How?
Before any model is run, the methods with which the uncertainties on the output will be tackled (i.e.
either identified, in a list or in a text, or quantified, e.g. with a probability distribution) by modellers
and assessors need to be discussed with decision-makers. Different types of uncertainties to be tackled
include parameter/input uncertainty, uncertainty of the model structure, scenario uncertainty and
monitoring uncertainty. They need to be considered and prioritised by the extent to which they impact
the overall uncertainty of a model output (e.g. dose rate, or dose). The choice of the methods to
identify or quantify uncertainties will depend strongly upon the purpose of the assessment, the
feasibility of the model for this purpose and the data availability. An uncertainty analysis with
quantification of different types of uncertainties, e.g. with a probabilistic output i.e. a probability
distribution of outputs (concentrations, dose or dose rates) instead of a single point estimate, is
encouraged as the test cases in D9.62 demonstrate. Such probabilistic approaches can take good
account of expert judgment and information from available data and will use the most up-to-date
approaches within the scientific community. However, a drawback is that results are obtained in form
of probability distributions (a set of different possible values), instead of a deterministic answer, and
then the outputs will need to be clarified to the end-user (decision-maker or public) and might lead to
more difficult decision-making.
After a model has been run, and whatever the format of the output (distribution or single value), it is
important to explain the modelling results to support the decision or to inform the population. The
results are informed by expert judgement, which can be based on uncertainty analysis (are the highest
predicted value beyond the reference value?) and by sensitivity analysis (which uncertainty
contribution most impacts the output’s uncertainty and might impact the decision-making?).

By whom?
This recommendation addresses institutional actors: academics, authorities and their TSOs (Technical
Support Organizations), and more specifically those who measure and/or model environmental
radioactivity, those who assess doses, and those who take decisions on the basis of these outputs.
Cooperation between them is important to ensure a consistent approach, particularly when it comes
to communication to the public.
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TERRITORIES recommends to

3. Consider the complexity in assessing radiological exposures to biota
Why?
Recent efforts have been made by international organisations (such as IAEA, ICRP and UNSCEAR) to
include protection of non-human biota from ionising radiation in their guidance. This has resulted in
an increased international practice of including protection of biota to environmental impact
assessments. Although protection of biota is of growing interest to the international radiation
protection community and is increasingly recognised as a necessity, the level of its implementation is
so far not harmonised across different countries. Therefore one should take into consideration the
local legislative context as well as the practical requirements set out by regulators in this regard. The
system for the assessment of dose to non-human biota is simplified compared to the assessment
system for humans. Organisms are represented by simple ellipsoidal geometries, the dose rates and
effects are assessed for the whole body (no individual organs are considered), the dose conversion
coefficients are for simplified exposure scenes, radiation weighting factors are not established. The
transfer from environment to biota is determined by transfer factors rather than using biokinetic
models. The protection target is at the level of the population (no individuals are considered per se),
and dose rate benchmarks are determined on the basis of individual species sensitivity information, so
that an ecosystem protection approach can be deduced. These simplifications are necessary given the
large variability of species, habitats and occupancies, and radiation sensitivity. D9.63 discusses the
complexity of estimating the dose rate to wildlife due to the wide biodiversity and variability between
modes of life. Controversies about the level at which significant effects may be observed, result partly
from uncertainties in field dosimetry. An example is the use of inadequate proxies, such as the ambient
dose rate as a proxy for absorbed dose rate, leading to potentially misleading associations between
dose and effects, especially in mobile species who move over a site with a large variability in
contamination levels.

How?
D9.63 identifies the important parameters in assessing doses to wildlife and highlights some of the
difficulties in quantifying them. Therefore it is recommended:
 To quantify both external and internal doses. Even when dose is estimated with animal-borne
detectors a significant contribution to the measured dose may come from internal contamination.
 To take special precautions when estimating the dose received by the biota by measurement, i.e.
to understand the uncertainties and pitfalls of field dosimetry. Ambient dose should not be used
as a surrogate for dose to biota.
 To use a consistent dispersion and transfer modelling approach, for both the human and nonhuman biota, as first step in the dose assessment.
 To include the combined impact of NORM radionuclides including decay products and chemical
contamination.
 To take into account protection of biota species within and outside the NORM site, i.e. to consider
that a NORM site is not in isolation with the surrounding environment (vicinity of the site), and
then to take into account migratory animals, wind transport of leaves, seeds...

By whom?
This recommendation addresses institutional actors, including academics, authorities and their TSOs.
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III.

Organisational aspects of the management process

This section addresses the organisational means to implement the management process and the
ability of this process to adapt to a contaminated situation and to respond to the challenges that
arise in the society. This concerns the question of the roles and responsibilities of decision-makers,
subsidiarity in decision-making, coordination between groups of actors.
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TERRITORIES recommends to

4. Identify, discuss and address the practical issues that emerge from the
regulatory framework
Why?
Some stakeholders perceive that a lack of clear regulation makes the management of the NORM sites
very difficult, as for example identified in D9.67. Requirements of EU Directive 2013/59 (which are
supposed to be adopted in national legislations) stipulate that NORM activities are now managed
within the same regulatory framework as other practices causing exposure to ionising radiation, but
given more flexibility on the implementation based on a graded approach. Challenges are still ongoing
about this implementation and a dialogue is needed with stakeholders, including the industry, for
clarifications of aspects related to the full implementation of the legislation. A clear and well
understood regulatory framework is all the more important given that remediation is typically a
complex process that depends on prevailing conditions at sites and can be a challenge for regulators,
operators and other stakeholders.

How?
The regulator should communicate the existing regulatory framework to stakeholders, and open
discussion about regulatory guidance, building upon expertise and know-how of industrials, even those
applicable to non-radioactive pollutants.
It also appears important to differentiate situations according to the history of the site and the
changing legislation. For example, a recent site will be regulated under current regulations, whereas a
more older site may not have been.
There is also a need in some countries to clarify its implementation (see examples in D9.67): e.g. need
to clarify the roles and responsibilities of the different actors; need for development of graded
approaches; need to solve ambiguity issues: for instance if phosphogypsum deposits are not
considered as soils, then the soil protection regulations cannot be applied to them.
Additionally, it is beneficial to have further development of the interfaces between regulatory
authorities concerned with radioactive waste disposal, hazardous waste disposal and NORM
management.
Technical forums could help to establish clearer links between regulatory criteria and to better plan
dialogue with the stakeholders. As an example, one possible subject area for a further technical forum
would be to consider how the EU Groundwater Directive is implemented in different countries and its
implications for radioactive and hazardous waste disposal assessment.

By whom?
This recommendation addresses institutional actors: the regulator should establish two-way
communication paths with stakeholders, including the industry.
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TERRITORIES recommends to

5. Put the radiological hazards in context of the overall hazards
Why?
As underlined in D9.65, the co-existence of hazardous chemical contamination together with
radioactive contamination is common in NORM contaminated sites. It is important to understand the
impact of even low doses of radiation on ecosystems which are already significantly compromised by
the presence of chemical contaminants (see D9.63 about the importance of identifying all
environmental stressors when assessing exposure to biota). Ultimately, chemical contamination tends
to be a more important problem than radiological contamination at NORM sites.
In the view of some stakeholders, as established in D9.67, these facts significantly complicate the
management and remediation, as there are differences in the approaches taken towards hazardous
and solid radioactive waste safety assessments. For radioactive wastes, containment is a key priority
to allow for natural decay and, hence, risk reduction over time while the contaminants are isolated
from the environment. For hazardous wastes, in some circumstances, controlled dilution is adopted
since dilution mitigates risks to individuals. In addition, the legal limits and benchmarks for radioactive
substances (e.g. doses and dose rates) and hazardous chemicals (concentrations) are expressed in
different units.
This creates a regulatory challenge, in particular in countries where there are different regulatory
agencies for chemical and radioactive substances, making it more difficult to have consistent approach.

How?
In such co-contaminated sites, implementation of regulations applicable to (stable) chemical
substances and to radioactive substances must go hand in hand. More specifically, this could be
achieved by the following actions.
 To bring the different assessment communities together could help to analyse the differences and
to find the common point in protection objectives and assessment endpoints between radioactive
and chemical assessments. Understanding the rationale for differences could support a
proportionate approach to do assessments and hence to optimize waste management in general.
Thus, addressing a situation in a holistic way allows the focussing of effort and economic resources
where there is greater risk.
 To investigate complex exposure situation, in particular for ecosystems (cf. recommendation 3)
and account for cocktail effects (i.e. where a mixture of contaminants can alter and increase their
effect)
 To analyse the differences in protection objectives and criteria for waste management in the case
of radioactive and other conventional pollutants.

By whom?
This recommendation addresses institutional actors, in particular the regulator, and stakeholders,
including the industry.
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IV.

Socio-economic and financial aspects of remediation

This section IV covers remediation, and it may even extend beyond that, to cover the rehabilitation of
living conditions in the territory. Indeed, decisions about remediation not only target radiation
protection objectives but also the need to provide opportunities for improving living conditions
embracing all their dimensions (e.g. economy, employment, social and cultural aspects, etc.) and for
empowering locals to make informed decisions about their future in the territory.
In this section, special attention is given to stakeholders and stakeholder engagement processes. The
understanding and definition of stakeholders is taken from another CONCERT project: ENGAGE
(D9.94). ENGAGE adopted a broad understanding of stakeholders as: actors (individuals or groups,
institutional and non-institutional) with a tangible or intangible (yet to be shaped or discerned) interest
in the radiation exposure situation and the related radiological protection issues. Stakeholders may
affect decisions, or be affected by the formulation and resolution of a problem or challenge, or
represent an affected party (humans or the environment). According to ENGAGE, participation is a
reality that occurs in different forms (e.g. active participation, passive participation, non-participation)
depending on the participatory process and the restrictions, assumptions, and expectations involved.
ENGAGE recommends that stakeholder participation should also not be considered as a mere tool for
decision-making processes, but as an intrinsic aspect of these processes and that, stakeholder
participation does not know a “one-size-fits-all” solution (D9.94).
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TERRITORIES recommends to

6. Identify and respect the different stakeholders’ risk perceptions,
motivations, attitudes and views
Why?
Stakeholders have different risk perceptions, views, attitudes and motivations (see D 9.65 and D9.67).
It is important to identify them and ways to address them. It is important to systematically identify
relevant stakeholders, acknowledge different views and concerns and respect them. Early
involvement, mutual understanding and learning are pre-conditions before remediation can take
place.
Existence of different risk perceptions, views and motivations among stakeholders should be viewed
as an opportunity rather than a challenge. Taking these differences into account is not only ethical, it
also improves the efficiency and even the actual viability of the project and is beneficial for the
acceptance of both the process and its final outcome.
A media communication strategy, done by professionals should also be put in place. Media are an
important bridge between authorities, experts and the general public. They have a power to influence
public discourse, drive attention to and control the process. It is important to know that media
attention changes through time. National media are more driven by significant events milestones,
while local media are interested in covering the process.

How?
D9.67 and D9.65 state that in a specific NORM site, different risk perceptions might coexist and
generate very opposing views regarding the remediation strategy. It is necessary to identify these
different perceptions by means of psychosocial studies (stakeholder mapping, investigation of views,
opinions, attitudes and motivation). Socio-economic studies may be required at the beginning of the
process. Moreover, other methods can be applied in order to identify and respect the different
stakeholders’ risk perceptions, motivations, attitudes and views, including public opinion surveys,
focus groups, semi-structured interviews, media content analysis, discourse analysis, observation
studies, facilitated discussions, etc. It is important to let social research experts apply and conduct the
appropriate method(s) since they have to follow a strict scientific protocol for collection of data,
analysis and interpretation of results. The validity and reliability of the data related to perceptions,
views and expectations should be assured. A transdisciplinary approach (social, natural science actors
and civil society) is beneficial, as illustrated in another context by D9.64.
Time is necessary to build the mutual understanding and respect, and resources should be allocated
for it. Building mutual respect should be a constant working process.
The next recommendation extends this one to the choice of remediation plans.

By whom?
This recommendation primarily addresses operators, regulators, decision-makers, experts, scientific
community and the public.
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TERRITORIES recommends to

7. Establish an inclusive process with stakeholders to evaluate the
implications of different remediation options
Why?
There are many recorded instances in which there has been a lack of consensus among the interested
parties on the choice of remediation plans, with very opposing views co-existing regarding the best
and most feasible remediation strategy. Earlier deliverables of TERRTORIES have addressed such
decisional uncertainties related to the meaning of end state, clean-up, remediation of NORM exposure
situations (D9.65), and related to the choice of remediation (D9.67).
An early engagement of stakeholders in a remediation project is essential. Indeed, engagement and
cooperation between operators, regulators and other stakeholders can be mutually beneficial (cf.
recommendation 6). Gaining the trust of stakeholders is important so that stakeholders will have
confidence in technical judgements. Nonetheless, stakeholders often want to hear about all issues,
including technical ones, and effective communication of these issues is therefore very important.
Effective communication is not only useful in itself, but it brings credibility. Transparency of the value
judgement aspects of an assessment is vital and stakeholder input to such decisions may be helpful.

How?
D9.67 states the need for more dialogue and public participation to achieve a social acceptance of the
environmental remediation. A stakeholder engagement strategy and/or communication strategy
should be put in place by implementer or other responsible authorities, trying to give response to
stakeholders’ concerns and queries. It is a crucial aspect to adequately explain the proposed approach
of the remediation, its risks, benefits, and impacts in a transparent manner. In that sense, the ALARA
(As Low As Reasonably Achievable) principle for minimizing radiation exposure should be considered.
Effective communication and engagement tools should be put in place as well. It is equally important
to test and measure the effects of the communication efforts (evaluation) and improve the strategy if
necessary.
By means of a participatory process, a dialogue or other participatory practices with representatives
of different stakeholders groups (implementer, environmental NGOs, public authorities,
researchers,...) should be initiated by a leading stakeholder (e.g. authority in charge of the control,
problem holder, implementer, NGO, etc.) if not decided differently by national legal requirements.
As proposed by D9.67, participatory MCDA (multi-criteria decision aiding, cf. recommendation 9A)
could be a good tool for this. Different feasibility criteria could be discussed and the different
remediation options could be assessed with stakeholders.

By whom?
This recommendation primarily addresses the implementer of the remediation, and more widely
concerns operators, regulators, scientific community and local populations.
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TERRITORIES recommends to

8. Identify and manage responsibilities for financial resources for
remediation projects in early, open and transparent way
Why?
As stated in D9.65 for the management of the remediation programmes, the following issues have
been identified as potential sources of uncertainties, that needs 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).
As stated in D9.67, economic responsibility for the remediation process seems to be a big issue
affecting the decision. Some stakeholders perceive that it is the industry (operator) who has to assume
all the costs, while others think that the industry has contributed to the economic growth of the region
so that the costs have to be shared also with public administration. Even in those cases that the
industry explicitly states their willingness to assume all the costs of the remediation, stakeholders
might perceive that it is not true (distrust).

How?
When it comes to decision-making on responsibilities for financial resources for remediation project,
the history of the site has to be taken into account. ’It needs to be considered that NORM in EU
legislation was only officially introduced in 1996 and then more thoroughly addressed in 2013.
Consequently unclear situations can be expected.
When the polluter is known, and if the principle ‘polluter pays’ can be used, then the polluter will
manage sources and is very likely to rely on its administrative procedures and processes. Even in this
case, it is encouraged that actions should be approved by both decision makers and stakeholders.
When the situation is more complex, responsibility for remediation and for financing the actions
should be shared to establish the financial aspects, involving as early as possible all relevant
stakeholders groups (regulators, operators, NGO, local community, politicians). Having (local) media
part of the process is encouraged for transparency.

By whom?
This recommendation primarily addresses the implementer of the remediation, and more widely
concerns operators, regulators, scientific community and the public.
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TERRITORIES recommends to

9. Further develop socio-economic analysis tools with stakeholder
engagement to support environmental remediation
Why?
Socio-economic analysis tools such as CBA (Cost-Benefit Analysis) and MCDA (multi-criteria decision
aid) can support decision-making for environmental remediation and ensure transparency, traceability
and consistency of decisions. They allow comparing and ranking different environmental remediation
options, and provide a constructive way to address the ALARA principle, i.e. that exposures should be
as low as reasonably achievable, social and economic factors taken into account (D9.70). CBA is used
to identify and highlight possible impacts from implementing public measures that involve large public
spending and that might affect several stakeholders. It considers all the costs and benefits for all
affected interest groups / stakeholders. It therefore addresses not only the economic factors, but also
the social and ecosystem effects of implementing mitigating options or not. MCDA provides a good
framework to identify and include the different factors (e.g. financial, technical, radiological, and
social) into decision making (D9.67 and D9.70). A number of exemplary cases for MCDA can be found
in NORM regulations and in connected, non-nuclear fields (e.g. soil remediation from chemical
contaminants). Participatory MCDA may support a rational debate among stakeholders even in cases
of controversy and very different points of views.

How?
In CBA, valuing impacts with market prices uses standard economic analysis. Valuing impacts without
market prices requires other methods, e.g. revealed preference methods or stated preference
methods. The latter can capture both ‘use values’ (e.g. recreational use of an area, enjoyment of a
scenic view) and ‘non-use values’ (associated with the existence value, e.g. the value of biodiversity or
that of protecting endangered species). A good understanding of who the stakeholders are, and their
concerns, is important for successful CBA. If time and money is available, the Contingent Valuation
method or Choice Experiments should be performed among people impacted by remediation to get
site-specific values of non-market goods. In case of constraints, previous non-market valuation studies
at other sites can be used if they are comparable in terms of the environmental good (and change in
quality/quantity) valued (examples in D9.70). For MCDA, the main steps (D9.70) are generally
applicable, but customisation is necessary for different national contexts and/or types of sites. In
MCDA, evaluation criteria are not transformed to a common, monetary scale. Sustainability of
environmental remediation can provide overarching criteria, but their operationalisation into
indicators - particularly for evaluating social impacts - is context dependent. Moreover, MCDA requires
a participatory process to establish the environmental remediation options, evaluation criteria,
weights of different criteria and other elements. Inclusion of stakeholder engagement considerations
(see also recommendations 6 and 7) in the application of MCDA for NORM sites requires further work.
In both tools it is important to consider uncertainties, by applying sensitivity analysis (varying model
elements within given limits) or robustness analysis (e.g. determining remediation options with good
performance for (almost) all admissible values of data and parameters). Future developments include
analyses addressing the entire cycle of environmental management of NORM sites, guidance for
assessing social impacts, elaboration of case studies and training materials.

By whom?
Researchers (in MCDA, CBA, economy, social sciences, radiation protection, environmental
remediation), in close collaboration with environmental remediation regulators and implementers.
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V.

Conclusion

Research conducted as part of the TERRITORIES project had already led to the proposal of practical
recommendations, mostly targeted to researchers and dose assessors, about how to reduce sampling
uncertainties in radiological monitoring of territories (D9.60), how to model the fate of radionuclides
in the environment in a fit-for-purpose approach, including uncertainty and sensitivity analyses (D9.61
and D9.62), how to account for variability in exposure scenarios for dose assessment (D9.63), how
social and ethical considerations can be integrated into radiological protection research (D9.64), or
how to perform socio-economic analysis (D9.70).
The work also included a review (D9.65) followed by structured dialogues (D9.67 and D9.68) with
stakeholders (by means of panels) to investigate how uncertainty management comes into play in
decision making processes for existing exposure situations. The TERRITORIES team would like to thank
all the stakeholder panels that took part. Four open workshops (D9.73 to D9.76) were held and
throughout the project there has been a program of communication through a blog and a website.
Based on the output of all this work, recommendations targeted to a wider audience of stakeholders
have been proposed to manage NORM exposure situations and this is the scope of the present
document. A draft version was discussed during the TERRITORIES Final Event of Aix en Provence
(France) on 12-14 November 2019, to which stakeholders involved at local, national, European or
international levels in NORM management were invited. Discussions were held first in a dedicated
session with approximately 40 participants during one full day on 13th of November and then in plenary
session on 14th of November morning with approximately 80 participants (including those who took
part to the discussions concerning the companion report, D9.71, about post-accident). Feedback from
this event has been accounted for to finalise the present version.
Next steps are now to apply these recommendations as a support through dialogues in the territories,
and with national and international authorities, and to further develop and improve technical tools.
Applications will be an opportunity to test the ability and efficiency of the recommendations proposed
in this document to enhance decision making process in considering the life of affected people and/or
the state/quality of the environment and wildlife.
Finally, we acknowledge that the final versions of our recommendations are not static. Indeed, as
encouraged by the Strategic Research Agendas of the Radiation Research platforms (D2.13), research
is on-going and future results might lead to revisit these recommendations.
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VII.

Extended abstracts of CONCERT-TERRITORIES deliverables quoted in this report

D9.60: GUIDANCE TO REDUCE SAMPLING UNCERTAINTY - APPLICATION TO
RADIOLOGICAL MONITORING IN NORM

Deliverable 9.60 addressed one of the aspects of the radiological characterisation of long-term
contaminated territories. Such characterisation can be based on multiple monitoring resources and
therefore will depend on the methods used, the spatial and temporal integration scales applied, the
actors performing the measurements and the objectives of the monitoring campaign.
Levels of radioactivity concentration in the environment compartments (air, soils , food, water, etc)
are not only variable with time, due to several processes, including radioactive disintegration,
migration and dilution of radionuclides, but also in space, mainly because the initial radioactivity is not
homogeneous in the contaminated areas, but also due to other aspects as the characteristics of the
area. Moreover, the processes used can change with the time. Once the NORM residues are managed,
for instance in conventional landfills, differences in the weather conditions, in the choice of soils used
for the covers, and even in possible future uses of the contaminated site would affect the transfer in
different parts of the territory. These differences would be particularly important since the half-life of
radionuclides in NORM can be very high (even millions of years).
To make decisions, non-measurable quantities such as effective dose for humans are used, in present
and future generations. Those quantities are calculated by using measured values of physical
quantities, which should be properly quantified. Activity concentrations in soils or vegetables, or
ambient dose equivalent are examples of measurable quantities. How to properly determine correct
values to those measurable quantities is one of the main concerns for assessors and for decision
makers. Moreover, for many applications the values are not measured, but estimated using available
models. Obviously this determination possesses a degree of uncertainty, and the possible uncertainties
and variabilities which can affect the final result should be also properly determined. One of the
sources of uncertainty, well-known and treated in other fields, as in chemical laboratories but also in
radioactivity measurements and often not quantified as a part of the measurement process in
radioecology is the so called sampling uncertainty.
Many authors state that sampling uncertainty is often the most important contributor to the total
uncertainty of the measurement process, especially in environmental sciences. Nevertheless, little
attention has been paid to properly characterise it, neither when designing in-situ measurement
campaigns nor when defining sampling criteria to reduce the associated uncertainty as much as
possible, i.e. to properly characterise variability at different spatial scales. There are methods to
quantify this uncertainty, like the empirical or top-down approach, repeating the sampling as often as
needed, using different sampling instruments, protocols; or the modelling or bottom-up approach,
using a predefined model from sampling theory.
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To calculate sampling uncertainty many aspects should be considered: the temporal and spatial
variations, but also the size of the sample, or the collection/acquisition time. The intention of this
document was not to create new methods to address this specific problem, but to compile all available
information to provide guidance to other scientists.
One of the problems is how to define optimum locations for monitoring and sampling, but also how to
optimise the number of samples necessary to adequately characterise the variability of the
contaminations in a given time and area. Some methods are based on expert judgements, which define
a priori what should be measured, where the samples should be taken and what the size of the samples
should be. Some other methods statistically define the optimum locations and the number of samples
to be taken, based, among other parameters, on the level of contamination in a given location. None
of those methods are perfect for every situation, and combinations of methods are often necessary.
For instance, a purely random sampling can detect by chance every hot spot in a contaminated place,
but it can also skip them. A systematic stratified method would provide a general idea of where the
locations of the more contaminated zones are. But still there are specific problems, as for example
those related only with hot-particles that require a further refinement.
The problem can be approached in a multi-stage process:
1.
Broadly identify where the contamination is expected by using expert judgement. This is often
based on previous experience or information, or on the outcome of dispersion models. This first stage
can clarify whether hot particles are expected to be correlated with zones of high activity levels or not.
This first stage can cause problems if the initial information is not sufficient.
2.
Secondly use any of the methods mentioned in D9.60 (e.g. random, stratified or adaptive cluster
sampling) to define the location of all the samples required, within the area previously defined. Also
specify the number of samples and their size (e.g. in terms of mass, volume or time).
3.
Refine the initial characterisation of the zone by using the quantities previously monitored. The
use of quick ambient dose equivalent measurements (by foot, car or plane) to provide a general view
is an example. In this stage as many refinements as necessary should be performed. For example, if
higher activities are found in given locations, more exhaustive monitoring should be performed in
those more contaminated zones, while less effort is required in the less contaminated zones.
4.
Interpolate all the measurements performed in the previous stages and in laboratories, to
provide quantitative results in the entire affected zone. Kriging methods, for instance, are used for a
multi-dimension interpolation.
This process will provide an acceptable characterisation of the contamination in a zone. Several aspects
should be considered in the characterisation of the sampling uncertainties:
Repeatability of monitoring process: A sample or in-situ measurement cannot be repeated under
exactly the same conditions. For instance, if a sample of soil is taken to make laboratory
measurements, a second sample of soil at the same location will be only approximately the same, but
it cannot be identical. The same will happen with airborne measurements. In this case, a second survey
after some years will be very difficult to be done at exactly the same points and the measurements will
be different because of several processes (e.g. radioactive decay or migration due to rainfall). Some
effects can be taken into account by mathematical corrections, as for example corrections for
radioactive decay.
Fractal character of the contamination: When using higher and higher resolutions to characterise the
radioactivity in a zone, a similar contamination pattern can be observed due to unavoidable variability.
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The contamination pattern is in principle smaller when the resolution is higher, but with a very similar
shape of the contamination pattern. This problem continues even in the scale of a laboratory analysing
samples. For example, the measurement of several 1 kg soil samples, taken at the same location, will
provide a distribution of the measured quantity, which will be characterised by the expected values of
that quantity (usually average and variance). However, if one of those samples is used to take for
instance 10 aliquots of 1 mg to perform alpha spectrometry, the same pattern will be expected.
Moreover, the possibility of finding hot particles increases in those small samples.
This problem continues if additional dimensions are included. For instance, creating 2D maps of
contamination in a given space doesn't imply that the contamination in depth (3D maps) will be known.
Movement of the radionuclides in the environment: A survey campaign by means of in-situ
measurements (in-situ gamma spectrometry, or ambient dose equivalent), or by sampling material
from the contaminated area, and interpolating the measurement results, will provide a view of the
observed quantity at that given point in time. However, many processes will affect the concentrations
of environmental media with time, more importantly when the interesting periods can be thousands
of years as in the case of NORM. Time dependence is usually modelled and sometimes the validity of
the models is checked by repeating the measurement campaign at different points in time. Some of
the time-dependent effects are well known and can be easily corrected, as the radioactive decay. The
uncertainties arising from sampling and monitoring should be included in the uncertainties
propagation of the models.
In summary, this deliverable D9.60 describes and explains some of the methods proposed in the
bibliography to address and discuss sampling uncertainty. Effort should be taken to explain and train
laboratory staff in charge of performing sampling and monitoring campaigns in order to implement a
method to quantify the sampling uncertainty.
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D9.61: Guidance to select level of complexity on radioecological models
Models in radioecology, as in other fields, have several purposes, the most important being the
prediction of the behaviour of radionuclides in different ecosystems and the understanding of the
processes driving that behaviour. These models are often finally used for regulatory purposes by
transforming the values to a limiting quantity, such as effective dose or absorbed dose to demonstrate
the protection of humans or biota respectively. To account for the consideration that several processes
are not perfectly known, a considerable overestimation of the predictions is normally included in the
models. Moreover, the final estimations of doses are directly proportional to the estimations of activity
concentrations in the environment. Obviously, for many applications, only models can be used for
prognosis such as predicting future activity concentrations. For that reason, and to avoid undue
restrictions caused by poor results of the models, improvement of models is desirable and a continuous
effort in this direction is needed. In D9.61, a methodology which can be used to systematically improve
the models is presented by providing a conceptual overview of the system through the use of
Interaction Matrices and Features, Events and Processes.
For the developers and the end users of the models, objective indicators to show whether models are
improved or not, are desirable. A methodology combining quantitative and qualitative indicators was
elaborated.
In the report a comparison of widely used models (usually simpler) with more advanced models
(usually more complex) has been carried out in those sites included in the Territories Library Database
where a compilation of measured data was included. Specifically several models have been applied in
the Norwegian Fen site (NORM), in the Belgian NORM site, in the Fukushima forests contaminated by
the FDNPP 2011 accident and in the West Cumbrian beaches, contaminated by releases from the
Sellafield reprocessing facility.
This deliverable can be regarded as a methodology to improve and show objectively the improvement
of models applied to real case studies of long-term situations where contamination exists (often
referred to as legacy sites). Applications in different situations can be seen as examples of
implementing this process. Several recommendations were provided:
Developing a model
•
Develop a model that is as simple as possible but able to predict over a wide range of possible
conditions. Ideally, one might use the model to be applicable over a broad number of different
compartments in the environment, yielding outputs/results that are adequately (or closely) correlated
with empirical measurements. This should be achieved with the highest realism (or accuracy) that is
practicable, without losing the possibility of including a degree of conservatism in the case regulators
need their use.
•
Typical steps for model development: (1) Model Study Plan, (2) Data and conceptualisation, (3)
Model set-up, (4) Calibration and validation and (5) Simulation and evaluation.
•
Formulate the problem and define the assessment context, considering the model might either
be specific for one given assessment, or generic for a range of assessments.
•
Efforts should be made to map and characterise uncertainties at all stages of the model
development where practicable.
•
Attempt to document whether all processes are captured. This might involve the development
of a conceptual model or the consideration of existing models. One way to achieve this may be through
the application of an Interaction Matrix (IM) together with Features-Event Processes (FEPs) analysis.
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•
Keep the number of independent model parameters as low as practicable. Adequately
representing mathematically the processes to an adequate level of complexity is a very important
challenge. In cases where various models are available for a given radioecological problem the model
with the optimum structure should be selected.
•
Transform the conceptual model into a mathematical representation and computer coding in a
rigorous manner. That means not only determination of the different mathematical equations for
every process, but also appropriate characterisation of every parameter included in every equation, in
most cases site-dependent to obtain enhanced accuracy.
•
Ensure adequate quality assurance. Obviously, an adequate quality assurance is needed in all
the steps to establish whether a model is fit for purpose and that the correct level of complexity has
been selected.
•
Provide appropriate model calibration and validation. This might involve obtaining locally
determined parameters and input data for the calibration, a comparison with measurements which is
part of the validation of the model within the bounds of the applicability and uncertainties.
•
Use appropriate model performance indicators. In order to test the goodness-of-fit of a given
model in a given situation, several metrics exist, as the Root Mean Squared Logarithmic Error (RMSLE),
BIAS and MG (RMSLE and MG are defined as unitless statistics for quantitative performance
measurements of a given model. In addition to these metrics, qualitative indicators are necessary for
the purpose of judging the quality of a model.
•
Involve stakeholders. The development of a fit-for purpose model is a procedure that should
involve all the stakeholders, from the beginning and at all stages of the process, such as those involving
(i) the establishment of the desired level of accuracy or conservatism, (ii) the validation of the model
to show how accurate the model behaves under different situations and (iii) the demonstration
(including quality assurance) that a robust system has been developed.
Selection of a model (prior to performing assessment)
•
Select criteria that can be used to establish model adequacy. These criteria ideally should be
specified in terms associated with measurable quantities, such as radionuclide activity concentrations
or external exposure (equivalent or absorbed dose), although often non-measurable quantities are
used for selecting the criteria (e.g. effective dose). Selecting a model that is adequate or fit-for-purpose
for a given objective is an important step that needs to be performed in advance of any assessment.
This process would be, among other considerations, dependent on the context of the assessment and
that this should be informed by stakeholders. A central role in this process should be played by the
end user, who will use the outputs of the model and who have all the information related with the
application context and purpose of the modelling.
•
Uncertainty which the end user is ready to accept in the assessment. If the final result does not
have a satisfactory uncertainty outcome, the selection of a more refined model and/or another model
may have to be considered.
•
The ability of a model to reproduce measurable data in the range of application. A suitable
methodology for comparing correspondence between modelled and empirical datasets has been
developed in the present deliverable.
•
Aim towards the simplest practicable model. In many applications in dose assessments for
humans and biota, requiring prediction of radionuclide behaviour and fate, accuracy is often achieved
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by including additional complexity within the models. Conversely, conservatism, in many situations, is
sometimes achieved by simplifying the models.
•
Be aware that models have different ranges of application. Many new models are developed for
very specific situations, for instance, to model the dispersion and migration of radionuclides in a
specific type of soil with given characteristics (pH, CEC, granulometry, humidity, porosity, chemical
composition, microbiota, etc), and transfer to a specific type of vegetation (there are, for example,
known important differences in the uptake and translocation of radionuclides in different plant
species, e.g. pine, wheat, tomato). This specificity might (although with no guarantee) ensure high
accuracy for the given situation, but a slight change in the conditions will give completely different
results and may lead to a loss of accuracy. An example of such a case is the coupled tree and soil
‘compartments’, as used by forest models. The application of the same model, using the parameters
determined from Chernobyl-contaminated environments, to a different nuclear accident, e.g.
Fukushima accident, provides less than convincing predictions. For this reason, there is a requirement
for local parameters to be determined and site-specific models to be developed. Moreover, there are
important limitations in the use of more complex models with many chemical parameters, in a new
situation, where this information is often not available.
Use of a model in an assessment
•
Employment of tiered or graded approach. This is especially relevant, with regard to modelling
applications within assessments associated with regulation, where the endpoint is to determine
whether the risk associated with an exposure is acceptable. As widely used models tend to
overestimate the consequences in every situation, the tendency is to develop new models that are
able to obtain accurate predictions in particular situations, thereby avoiding an unneeded expense of
resources to overprotect populations of humans or biota.
•
Provide rigorous evaluation of the model. This evaluation is obtained by the use of the selected,
calibrated and validated model and should address whether the model application meets the
objectives of the assessment.
•
Involve stakeholders. The implementation of a fit-for purpose model is a procedure that should
involve all the stakeholders, from the beginning and at all stages of the process, such as those involving
the demonstration (including quality assurance) to show that good results have been achieved.
•
Decide whether the analysis needs to be deterministic or probabilistic and, if the latter is
required, the model should be developed by using relevant mathematical techniques.
There is a general requirement in the field of radiological protection to ensure that the application of
the system of protection is commensurate with the radiation risks associated with the exposure
situation.
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D9.62: Guidance on uncertainty analysis for RADIOECOLOGICAL MODELS
Radioecology is the discipline that deals with quantifying the transport of radionuclides in the
environment and their transfer from one environmental compartment into another. The endpoints of
radioecological models, i.e. activity concentrations and ambient doses rates, provide the basis for
calculating the doses to humans and non-human biota, which in turn are the input for carrying out an
environmental risk assessment and support decision-making for management activities at
contaminated sites.
The activity levels of radionuclides in the environment can either be quantified via measurements or
via radioecological models, if measurements are not possible or not feasible with reasonable effort.
Radioecological models need to account for many physico-chemical and biological processes that occur
in nature and their large variability.
Depending on the purpose of a risk assessment (e.g. realistic or conservative) and the extent to which
environmental processes are understood in detail, radioecological models range from extremely
simplified representations of reality (e.g. transfer factor model) to rather sophisticated and complex
ones (e.g. process-based models for quantifying wet interception). Radioecological models are often
implemented using simulation software that facilitates the development of compartment models by
automatically generating the corresponding system of ordinary differential equations or written from
scratch using programming tools and languages such as Python, C++ or R. In any case, radioecological
models are a simplified representation of reality associated with an uncertainty budget, which in turn
will affect the uncertainty of the risk assessment.
D9.62 report summarises the efforts of the CONCERT sub-subtask 9.3.1.3 (= TERRITORIES Task 1.3)
participants towards quantitative analyses of uncertainties of radioecological models and structures
them in form of a guidance document. In fact, a careful analysis of the uncertainty budget is the
prerequisite to assess the quality and robustness of model predictions and/or forecasts. It also helps
to critically evaluate the underlying scientific basis and increases confidence and acceptance when
communicating scientific results to stakeholders and the public.
Uncertainty in the output of a radioecological model arises from many different contributions:
uncertainty due to the choice and range of model parameters, uncertainty due to the inevitable
simplification in model structure and conceptualisation (conceptual model uncertainty), uncertainty
due to sampling and monitoring of input variables, uncertainty in the knowledge of the scenario to be
modelled, uncertainty in the subjective interpretation of the assessment problem (modeller’s
uncertainty) and uncertainty in the mathematical/numerical implementation of the model.
The prioritisation of the various types of uncertainty that contribute to the total uncertainty budget of
a radioecological model depends on the model under consideration, the data available and the specific
assessment situation. In this guidance document, propagated parameter/input uncertainty,
conceptual model uncertainty, scenario uncertainty and monitoring uncertainty are treated in more
detail and are prioritised with respect to other contributions to uncertainty. This is done on the one
hand because these types of uncertainty certainly contribute largely to the total uncertainty budget of
radioecological models applied to long-lasting exposure situations, which are the main focus of the
TERRITORIES project. On the other hand, the analysis of these types of uncertainties requires a
structured effort that would definitely benefit from a compilation of potential approaches and a
guidance document, which has been so far missing in radioecology. Nevertheless, the authors
acknowledge that mathematical/numerical uncertainty and modeller’s uncertainty are important.
Readers of this guidance document and users of radioecological models should not neglect these two
types of uncertainty.
The type of approach to carry out a quantitative uncertainty analysis, either probabilistic or Bayesian
(seldom an analytical approach), needs to be chosen depending on the information and data available.
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Some approaches require a minimum quality of data and will not work properly otherwise. Effort
should also be spent on retrieving information about potential correlations of the model parameters.
Sensitivity analyses provide insight into the impact of varying parameter values on the model output
(parameter sensitivity analysis) as well as into the importance of a specific process for the model
output (process sensitivity analysis). Sensitivity analyses are often the first step before proceeding with
the detailed uncertainty analysis.
Detail is provided about the state of the art for coping with propagated parameter uncertainty and
conceptual model uncertainty in the field of radioecology. In particular, available methodologies are
explained and literature references from the field of radioecology are provided to the reader.
Test cases give examples of how the methodologies for dealing with the quantification of different
types of uncertainty, including probabilistic and Bayesian approaches, can be applied to real situations
and models in the field of radioecology. The test cases consider to a large extent NORM situations and
post-accidental situations, for which data are available from the TERRITORIES Library Database (TLD).
In particular, the test case related to NORM situation (Belgian NORM site) demonstrates how
parameter and input uncertainties can be dealt with by using a Monte Carlo approach. A normal
distribution was fitted to input (monitoring) data for each measured radionuclide and a log-normal
distribution was chosen to describe parametric uncertainty of concentration ratio (CRwo-soil) for trees
for each element, on the basis of IAEA reports. Dose rates to pine trees were then calculated, using
the software CROM, propagating these both uncertainties. The obtained probabilistic distribution of
dose rates to pines covers nearly three orders of magnitude (95% of predicted values being between
0.2 µGy/h and 1.4 µGy/h). If a decision had to be taken in relation to a reference value of 10µGy/h
(hypothetical assumption, beyond the scope of the work done in the deliverable), decision-making
based on such a probability distribution would not be as difficult as pointed out by recommendation
2, as all predicted values are far below 10µGy/h. This specific case-study included spatial variability in
the small area covered by the radioecology observatory. Since often at NORM sites, heterogeneous
contamination is present, large variability of input data is expected and it could be an asset to treat
separately parametric uncertainty and spatial variability (e.g. 2D Monte Carlo methods) in the
modelling.
A list of good practices is provided to support the reader in understanding and carrying out uncertainty
analysis of radioecological models. For example, these good practices include to:
 “distinguish and discuss the various contributions to the overall uncertainty budget and
prioritise them for your specific model/available data”;
 “identify and discuss if key processes or input variables are excluded from the model due to
gaps in knowledge or ignored for simplicity”;
 “be aware of potential correlations between model parameters/factors/input variables and
take them into account, at least by discussing them and trying to quantify them even in a
simplified way”;
 “identify available data sets or produce new relevant data to validate your new model.”
 etc.
The guidance is written in a simple way, in order to bring along not only modellers and risk assessors
but also decision makers and interested members of the public.
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D9.63. Guidance about exposure scenario
When assessing radiological doses to humans and wildlife, the selection of exposure scenarios and
consideration of the inherent variability in humans and wildlife behaviour plays a critical role. This
report discusses the potential impact of the variability in those behaviours and focusses on those likely
to have the largest impact on doses.
Radiological assessments for humans have been undertaken for decades and there are many useful
data sources describing the most relevant variability in human behaviour. This report focuses on the
two pathways that are the most important to dose in contaminated areas: external exposure and
consumption of local food. For external exposure, the variability in dose is mainly influenced by
differences in occupancy in contaminated areas, times spent indoors and outdoors and housing type.
For internal exposure, the greatest variability in dose is likely to be related to food consumption rates
and the amount of the food consumed that is locally produced.
Estimating the dose to wildlife exposed to ionising radiation can be even more complex than for human
populations, due to the wide biodiversity and variability between modes of life. This report investigates
the different approaches to estimating the total dose that an organism will receive from different
exposure routes, accounting for the variability of the relevant parameters. It has been concluded that
for wildlife, large variabilities or uncertainties in behaviour do not necessarily translate into a large
range in the overall dose received, because the impact of behavioural variabilities or uncertainties
most significantly depends on the dominant exposure pathway, which in turn is dependent on the
nature of the ionising radiation to which organisms are exposed. For wildlife, it is particularly important
to be able to identify the different (animal and plant) species present in an area of interest and to
identify potential confounding variables such as exposure to other stressors e.g. chemicals, physical
stressors.
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D9.64. Social and ethical aspects linked to monitoring and modelling
A dedicated subtask in TERRITORIES WP2 illustrated, as a proof of concept, the potential of sociotechnical integration research (STIR) to enhance reflexive awareness among technical and social
scientists of the uncertainties that accompany radiation protection research, specifically in the
processes of modelling and dose and risk assessment. These uncertainties are of a technical nature
and bound up with various ‘non-technical’ considerations, e.g. economic, social, ethical and
psychological.
STIR is achieved by having an “embedded” social scientist or humanist interact with laboratory
practitioners by closely following and documenting their research, attending laboratory meetings,
holding regular interviews and collaboratively articulating decisions as they occur. He/she deploys a
protocol that maps the evolution of research and helps feedback observation and analysis into the
laboratory context itself .The protocol conceptually distinguishes four decision components: (a)
opportunities, (b) considerations, (c) alternatives and (d) outcomes, as a means of identifying
otherwise latent values, goals, and other considerations and creates opportunities to reflect upon the
decisions at hand .
The STIR protocol was employed in three distinctly different contexts, which provided an opportunity
for comparative learning. The use of the STIR protocol varied across the three cases in terms of social
science input, interdisciplinary interaction, and content of the communication.
Feedback obtained from fieldwork participants and TERRITORIES project members suggest a positive
reception of this research across the three cases developed. Various research participants emphasized
the value of ‘broadening’ the considerations that go into their research activities. Participants also
appreciated the collaborative character of STIR, enabling technical and social experts to learn from one
another. For instance, one project member stated that a broad-based social knowledge was valuable
to him because it is distinct from the more narrowly specialised, technical knowledge of scientific
experts. Social scientists, in turn, noted that many of the researchers they interacted with are well
aware of the constraints within which they are working, such as “limited budgets” and “policy
dictates”. In two cases, participants stressed that the presence of a social scientist in the lab offers
them an opportunity to discuss their work with an outsider, which may (indirectly) improve not only
the quality of their work but also their work satisfaction.
The main conclusion from this TERRITORIES task is that the STIR collaborations made research
participants think more thoroughly, come up with new ideas, and improve their scientific practices.
The STIR sessions also helped participants identify and think through different forms of uncertainty,
including measurement uncertainty, conceptual uncertainty, and communication uncertainty.
Future work could entail collaborative, interdisciplinary research with follow-up STIR studies and other
initiatives encouraging interdisciplinary collaboration in general. Whereas interdisciplinary research is
now acknowledged to be an increasingly important aspect of the scientific profession, many technical
researchers and social scientists do not have the time and resources to commit to interdisciplinary
work. As regards STIR, it is proposed that its impact may be maximised: a) inside the lab by lengthening
the duration of STIR studies and by facilitating access of social scientists to labs and lab researchers;
(b) across scientific management levels by increasing communications at early stages, as STIR
modulations occur (for instance communications to the project management board); (c) outside the
lab research process by combining the STIR approach with other social science interventions, such as
focus groups and stakeholder panels.
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D9.65: Synthesis report about decision-making processes
D9.65 reports results from an extensive research related to uncertainties in Naturally Occurring
Radioactive Material (NORM) exposure situations. The purpose of this research 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.
The following methods are used: The document analysis of international and European legislation,
directives and standards, as well as regional and national legal and technical documents, guidelines,
scientific papers and publications; Case studies in Belgium (Historical pollution by phosphate industry,
remediation in progress), Norway (Historical pollution from former niobium mining, remediation is
pending) and Spain (Historical pollution by phosphate industry, remediation is pending) and Semistructured interviews, conducted with the local population living in or around a historically NORMcontaminated areas in Belgium (N=7) and Spain (N=11).
Results show that uncertainties concerning living in a long-term exposure environment due to NORM
result mainly from socio-political and economic factors rather than technical factors. While documents
focus mainly on technical uncertainties, local population is the most uncertain related to the impact
on health and environment. It is clear that the decisions related to environmental remediation due to
Naturally Occurring Radioactive Material (NORM) cannot be isolated from the socio-political and
cultural environment.
The following uncertainties have been identified:
In terms of national policy and the legal and regulatory framework: 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; 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.
In terms of technical decisions made on NORM contamination, remediation and decisions about
remediation technology as well as enabling infrastructure showed the following causes of
uncertainties: Site characterisations: extent of contamination, waste volume, types of present
contaminants – NORM pathways (e.g. removed soil volumes are always greater than those estimated
during the design phase); Lack of waste management system for wastes arising from remediation
projects (including non-radiological waste); 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; Difficulty to characterise
the background level for natural radionuclides, and to calculate the added dose, particularly in areas
where it can be higher (around mining sites for example) and for some radionuclides (radon for
example); Meeting / maintenance of remediation goals, long-term effectiveness of remediation
strategies; Choice of remediation strategy based on previous facts; Time necessary for remediation
steps; Accessibility to appropriate technology; Infrastructure to implement technology; Constraints
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due to workplace environment; Absence of temporary waste disposal facility; The justification of using
specific models for radiological assessments.
Concerning historical knowledge: Location of unknown or poorly defined sources of contamination
and radiation; Unknown physical condition of structures and systems including waste amount;
Unknown exposure to dangerous amounts of radioactivity; Exposure to mixed contaminations;
Remediation of cultural heritage sites that have a cultural or religious significance which would be
affected by remediation; Different problem framing/vocabulary and understanding of radiological
risks; Lack of documentation records.
Uncertainties related to Residues and waste management are the following: uncertainties due to
categorisation 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 harmonisation 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; 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; and remediation impact on the socioeconomic development of region (non-radiological criteria may become the driving factors of decisionmaking).
Concerning socio-ethical decisions and risk perception the following uncertainties were identified:
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 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.
The following societal uncertainties related to remediation programmes were identified:
Uncertainties caused by limited technical knowledge of general population and other stakeholders and
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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; and A
lack of balance between transparency and security.
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D9.67: Stakeholders panels results/Spain
Deliverable D9.67 reports about a stakeholder involvement process applied in a specific long-lasting
NORM contamination site in Spain: the phosphogypsum ponds in Huelva, the most important site with
NORM residues in Spain. The objective was to involve relevant stakeholders in a research-driven
exercise to assess their views about the most relevant criteria to be taken into account when deciding
about remediation.
Previously, a case study on the site was carried out by means of a document analysis, media analysis,
and interviews with stakeholders and affected population. This first analysis allowed the identification
of some important socio-technical uncertainties around the management and remediation of the site.
It also allowed the identification of relevant stakeholders’ groups and possible remediation
alternatives.
A participatory MCDA approach was applied in a one-day workshop that took place in Huelva on the
6th of March of 2019. A sample of 14 representatives of four different stakeholders’ groups attended
the event: industry (1), environmentalists (4), public authorities of the local and regional level (2), and
researchers (7).
From the point of view of the attendees, we obtained that the most relevant aspects when evaluating
a remediation strategy for NORM sites are:
1.
2.
3.
4.

Health and safety: effects on health and human safety due to remediation tasks.
Radiological risk: level in which remediation strategy reduce the radiological risk of the site.
Air quality: pollutant emissions to air due to the remediation strategy.
Soil: impacts on soil functions due to remediation strategy.

Nevertheless, other aspects were considered also important: chemical risk, administrative difficulties,
technical viability, underground water, flora and fauna, direct costs, externalities, and acceptance of
the community. This clearly pointed out the need to consider different criteria when taking the
decision about remediation: environmental and radiological issues, but also social and economic
aspects.
Three prototypical remediation alternatives were proposed to the workshop participants: in-situ
remediation, ex-situ (deposit in landfills or waste storage), and a combined one (combination of in-situ
and ex-situ options, together with the possible reuse of phosphogypsum as commercial material, to
amend saline soils, for CO2 capture, etc.). The ex-situ option was evaluated better in terms of social
sustainability, while the combined option was valuated better in terms of economic and environmental
sustainability. The combined option was rated as the best with an average of 6.7 points (in a 10 points
scale) by all stakeholders’ groups except for the industry, that preferred the in-situ option. The in-situ
option obtained on average 5.8 points, while the ex-situ option obtained 5.4.
During the debate, some controversial issues were raised as critical aspects or important challenges
that have been affecting the decision-making on remediation in the Huelva case, such as:
-

Perception of unclear legal framework, which in the view of some stakeholders, seems to
make the management of the NORM sites very difficult. For example, phosphogypsum
deposits are not considered soils and, therefore, the soil protection regulations cannot be
applied to them. In addition, industrial activities that generate NORM are not well
contemplated in the current legislation, because this type of industry does not directly carry
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-

-

-

-

-

out ionising or radioactive practices and, therefore, the current regulation on radiation
protection does not apply to them.
Existence of other hazardous waste along with radioactive waste. In the view of some of the
workshop participants, this fact significantly complicates its management and remediation.
Thus, it would be interesting to analyse the differences in protection objectives and potential
assessment criteria for radioactive and other conventional pollutants.
Some social issues have not been adequately taken into account in the management and in
the environmental remediation plan of the phosphogypsum ponds in Huelva. Aspects such risk
perception, social trust, or communication and dialogue with the local population and
interested parties seem to be poorly considered during the last decades. Probably this has
affected the social controversy around the proposed environmental remediation plans. Thus,
poor communication with the public and stakeholders about uncertainties, as well as the lack
of stakeholder participation, appears to contribute to a greater perception of risk and a
decrease in public confidence in the decisions taken.
Politicisation of the conflict. Some of the involved stakeholders pointed out that during the
last decades the decision-making around the remediation has been conditioned to the political
party that led the government. Even opposite decisions have been taken depending on who
governed. It is attributed to a lack of long-term vision to solve environmental problems.
Problems of coordination between local, regional and national administrations, due to the
complexity of the competencies of each administration and the complexity of the procedures
in relation to this. In addition, some stakeholders even perceive a lack of genuine interest
among public authorities in solving the problem of the phosphogypsum in Huelva.
Economic responsibility for the remediation seems to be a big issue affecting the decision.
Some stakeholders perceived that it is the industry who has to assume all the costs, while
others think that the industry has contributed to the economic growth of the region so that
the costs have to be shared also with public administration. However, the industry argue that
they are willing to assume all the costs of the remediation but some stakeholders perceive that
it is not true.

All these issues can be considered as lessons learned and can be taken into account in future similar
cases.
The results of the participatory MCDA pointed out that differences among stakeholders’ groups were
not as big as it was expected before the event, especially taking into account that people with really
opposite views met together.
The participatory workshop serve as a communication forum and allowed to collect stakeholders’
views and concerns, encouraging cooperation and understanding between different interested parties.
It was useful to explain different remediation options and involve stakeholders in the assessment of
each remediation alternative in a rationally manner. In the view of the authors, participatory MCDA
could be a useful tool to involve stakeholders in the management of other NORM sites.
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D9.68: Stakeholders panels results/BELGIUM
A stakeholder panel was organised in Belgium to discuss site remediation aspects connected to the
NORM industry. Prior to the meeting, a questionnaire was distributed in order to
identify stakeholders’ visions, concerns and preferences regarding stakeholder participation in
decision-processes on environmental remediation of NORM sites. The panel meeting took place on
the 18th of March 2019 and was attended by representatives of the national and regional authorities,
the industry, the Belgian Nuclear Research Centre and soil remediation experts. It consisted of two
parts, focusing on: i) societal uncertainties in the remediation of NORM contaminations and ii) the
experience with the use of multi-criteria decision analysis for Belgian NORM sites.
Deliverable 9.68 summarises the findings from the first part of the panel meeting. Drawing on results
from media analysis and interviews with local residents, the questions discussed in the first part were:
Is it possible to reduce social uncertainties and if so, in which way? Can stakeholder participation be
an added value for reducing uncertainties?
The insights on the practical application of MCDA obtained in the second part of the panel are
described in D9.70, concerning socio-economic analysis for environmental remediation.
The Belgian stakeholder panel encompassed as a case study a site directly related to the NORMindustry (i.e. industry that uses raw materials that contain naturally occurring radionuclides and
wherein elevated levels of these naturally occurring radionuclides can be present in the residues of the
industrial process of these materials). The stakeholder panel entailed a discussion on stakeholder
participation in the decision-making processes related to this case, specifically concerning the
remediation of NORM-contamination and the envisioned end-state of the site. The aim was to answer
the following questions: Is it possible to reduce societal uncertainties? In what manner can societal
uncertainties be reduced? Can stakeholder participation be an added value in the reduction of
uncertainties? Currently, stakeholders are mainly experts; can this be opened up to others?
The discussion highlighted trust as a key factor for communication and participation. It is noted by
the stakeholder panel that the public needs to have trust in what you do [as an expert] and this trust
is something you earn by being trustworthy and adhering to important values such as transparency. In
the case-study site, the historical pollution was a result of the previous legal framework allowing these
discharges; this situation did however needed to be remediated. As the responsible industry is
remediating the site, this is considered a positive situation. Such a situation is deemed to more likely
to ensure trust with the local population. Panel participants indicate that cooperation with the local
population might however be more difficult in cases where something new is planned, compared to
when something needs to be rectified from the past. An example of an underground nuclear waste
disposal is presented as a possible complex situation wherein local population might be reluctant and
cooperation might be more challenging.
Another specific element to the Belgian case-study site, is the employment of many people in the
vicinity by the involved industry. This resulted in people having more knowledge of the situation and
therefore more expertise and trust. An example given is the organisation of open-days by Tessenderlo
Group to give the opportunity to employees to invite their friends and family to visit the company.
Furthermore, it is indicated that by giving employees the right information on environmental aspects,
they can share this in leisure time in a correct manner with their family and friends.
In general, it can be concluded that in the Belgian case study, the inclusion of local populations in
decision-making processes is done via the means of communication rather than direct participation in
the decision-making processes. Actual participation of the local population to the decision-making
process remains limited. The main reasons provided for this by panel participants are that input for
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decisions on the remediation strategy are best made by experts, since local residents might have
unrealistic expectations that could vary significantly on an individual basis. Input for decision-making
is however requested in public meetings, and project strategies might be adapted when this is
considered beneficial and feasible. Furthermore, governments (mayors, environment officers) as
representatives are included in the decision-making process.
Communication is considered as a vital aspect concerning the local population. The provision of
actionable information and personalised advice are considered as excellent examples of
communication with the public. For instance, an “info-market” was organized by the neighbourhood
in relation to the ‘Winterbeek-project’. During this event, everyone could ask experts for personal
advice on remediation, making the information discussed understandable (“very low threshold”) and
actionable. These examples can greatly benefit the relation with the local population, answer
questions and provide solutions for these residents. An important aspect for effective communication
is trust. Trust is considered as something that needs to be earned by being for example transparent.
Panel participants also indicated that local municipalities (Mayors and Environmental officials) are
important stakeholders in the cooperation with the local population.
Communication is needed on a regular basis, adapted to the current remediation phase, and thereby
the information that is available. The example is given that communication in the starting-phase of the
remediation project, when not everything is known, is different from communication in a later phase
when a lot more information is available. The aforementioned aspects of communication are
considered valuable good-practices that can be recommended to future remediation projects.
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D9.70: Framework for socio-economic analysis
The severity and long persistence of radioactive contamination (from NORM) challenges the affected
communities in many ways. It is not just a question of radiation dose – it affects environment,
economy, production, living conditions and health. It is thus a societal problem and the management
strategy needs to take account of social, ethical and economic consequences along with the radiation
impact.
The D9.70 report documents work undertaken on Socio-economic analysis. It presents two different
ways of evaluating remediation options for radioactively contaminated sites. Part 1 presents a CostBenefit Analysis (CBA) framework which is illustrated by application to a Spanish NORM site. Part 2
presents a Multi-Criteria Decision Analysis (MCDA) framework which is illustrated by application to a
Belgian NORM site. Both CBA and MCDA are ways of providing aid to decision-makers on choosing
appropriate remediation strategies following nuclear accidents or in NORM contamination situations.
The first approach is based on valuation of the human and environmental impacts, in terms of both
market and non-market losses, all expressed in monetary terms as far as possible. The second
approach is a multi-attribute analysis, in which the evaluation criteria are expressed in their natural
units, instead of being subject to translation to a unique, monetary scale.
Part 1 - CBA
Cost-benefit analyses are used to identify and highlight possible impacts from implementing public
measures that involve large public spending and that might affect a range of stakeholders. CBA is
aiming to consider all of the costs and benefits to the society as a whole. CBA can determine if a
mitigating option has net benefit for the society and can be used to rank various possible options to
assist in choosing the best option (or combination of options) to address the problem. It can also be
used to decide if any option should be implemented at all, unlike other approaches which can only
choose between different alternatives. When applied to radioactively contaminated sites/areas, the
CBA can be seen as a constructive way of addressing the ALARA principle which states that exposures
should be as low as reasonably achievable, social and economic factors taken into account. Since CBA
treats all costs and benefits for all affected interest groups / stakeholders, it will address not only the
economic factors, but also the social and, indeed, ecosystem effects of implementing mitigating
options or not.
D9.70 Part 1 is a short and applied guide on how to use CBA as a decision support tool for evaluating
mitigating options for sites/areas contaminated by NORM or from a nuclear accident. The eight basic
steps in a CBA are described:









Project definition
Describe and quantify the impacts
Monetize all impacts
Describe non-monetized impacts
Calculate net present value for each mitigating action
Perform uncertainty analysis
Describe distributional effects
Make a recommendation

Whenever possible, we have used examples from radioactively contaminated areas / sites to illustrate
the process. The approach was applied to the Huelva NORM site in Spain, to illustrate the process. In
D9.67 the same site was used for a participatory stakeholder process involving an MCDA approach.
When applying the CBA framework in D9.70 to a Spanish NORM site, the report D9.67 on the Spanish
stakeholder panel was of great value to understand who the stakeholders were, and their varying
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concerns related to remediation of the site It is proposed that non-monetised impacts are evaluated
qualitatively. Uncertainties are taken into account through three scenarios characterised by varying
discount rates. The final recommendation is formulated based on the monetised impacts (net present
value) and the non-monetised impacts in the three scenarios, as well as the distributional effects.
Part 2 - MCDA
The decision process concerning remediation strategies faces multiple challenges: the complexity of
dealing with (radiological) risk; various sources of uncertainty; multiple stakeholders, values, interests,
perceptions, concerns; and the potential limitations in the resources that need to be allocated,
amongst others. Multi-criteria decision analysis has found increasing application as a decision-aid tool
that provides a structured approach to decision-making, from problem definition, over identifying
decision alternatives and evaluation criteria, through to evaluating and comparing decision options.
MCDA allows for both qualitative and quantitative evaluations of the impact of remediation strategies.
MCDA is deemed a particularly suitable decision aiding tool for environmental problems, which are
characterised by complex policy contexts, with multiple, potentially competing objectives and value
systems, that cannot be easily quantified. It can serve for the systematic comparison and ranking of
policy options or laying out the basis for future policies. MCDA is particularly well suited for integration
within participatory processes for decision-making on environmental issues, since it can structure the
decision-making process, increase transparency about the plurality of factors and values included in
decision-making and support the search for a good compromise solution.
MCDA shares some features with CBA (e.g. most elements of the problem structuring process), but the
evaluation criteria are expressed in their natural units, without translating them to a common,
monetary scale.
D9.70 Part 2 illustrates the use of MCDA for environmental decision-making through the following
steps:








Define the decision context
Select evaluation criteria
Identify decision alternatives
Analyse decision alternatives
Compare performances on each evaluation criterion
Perform the overall aggregation of preferences
Elaborate a recommendation

The main steps in MCDA are described and illustrated with examples, including ways to consider ethical
aspects and uncertainties (e.g. through sensitivity and robustness analysis). The use of MCDA in
practice is examined based on its application to a Belgian NORM site. Moreover, feedback from
practitioners (soil experts, implementers of NORM remediation, regulators) collected through a
stakeholder panel is presented. Based on theory and practice, it is concluded that MCDA provides a
good framework for identifying and including the different factors (e.g. financial, technical,
radiological, acceptability) into decision-making. MCDA helps highlight that some options may not be
socially responsible, and is compatible with the inclusion of various sustainability indicators. At the
same time, the process of weighting criteria is revealed as a main difficulty. Further work on the
application of MCDA for environmental remediation should provide practical approaches for the
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inclusion of stakeholder engagement considerations in and with MCDA, broaden the scope of social
criteria, include sustainable remediation considerations and uncertainty modelling in practical MCDA
tools, elaborate NORM case studies and develop training materials for environmental remediation
researchers and practitioners.
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