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Joint Nordic nuclear research to strengthen nuclear emergency
preparedness after the Fukushima accident

Abstract

Contrary to most areas of Europe, the Nordic countries (Denmark, Finland, Iceland, Norway, Sweden, and
the Faroe Islands) have for many years shared a regional research and development program on nuclear
reactor safety and emergency preparedness - NKS. In spite of its project results having received great
recognition and having been integrated in state-of-the-art emergency preparedness tools over the world, NKS
as an organization does not seem well known outside the Nordic countries. Although the Fukushima
accident had no health impact at all in Nordic areas, it taught a number of lessons of generic nature with
respect to new R&D tasks that could further strengthen and secure future maintenance of the Nordic region’s
capability to effectively respond to such events. For broader inspiration, this paper briefly introduces the
Nordic nuclear emergency preparedness cooperation channels and outlines the related NKS R&D project
initiatives launched after the Fukushima accident, many of which should be of general interest also far
outside the region. The paper is intended as an introduction to NKS with an invitation to explore its results.
All project results are available cost-free on the NKS website.

1. Introduction

Specifically in relation to NPP emergency preparedness and recovery of contaminated areas, many lessons
were learned from the way that the Fukushima accident was managed off-site. As pointed out by the IAEA
comprehensive Fukushima report (IAEA, 2015), ‘the arrangements prior to the accident included criteria for
sheltering, evacuation and thyroid blocking in terms of projected dose, but not in terms of measurable
quantities’. Criteria for relocation had not been determined, and some evacuated persons ended up being
relocated a number of times over less than 24 hours. Also missing were guidelines for the transition from the
emergency phase to the recovery phase, where the authorities in Japan eventually decided to build on the
current recommendations of the ICRP (IAEA, 2015).

Measurement strategies to support justification and optimization of practical recovery options were lacking,
and the first measured quantities were not in-line with needs with respect to optimizing recovery. Since
countermeasures could not be selected and implemented quickly, some potentially important recovery
options that need early implementation to be effective (Nisbet et al., 2011) were inapplicable. This
highlighted the general need for expertise and operational guidelines to provide timely help in selecting
suitable countermeasures, and readily available equipment and sufficiently skilled personnel to rapidly carry
them out. Particularly, topsoil removal operations resulted in extremely large amounts of often not very
highly contaminated soil waste, which pose a great disposal problem (IAEA, 2015). This also highlighted
the need for optimizing countermeasure implementation in practice through site-specific assessments.
Among other lessons learned with respect to off-site consequences should be mentioned the need to deal
with multi-unit and multi-site accidents, primary contaminant releases over potentially as long periods as
weeks complicating operation using ‘traditional” accident phase planning, and source term characteristics
that reflected new types of accident processes, and could perhaps in the future to an increasing extent be
predicted through probabilistic safety assessments. On top of everything the accident has led to considerable
stigmatization and socio-economic repercussions in the contaminated areas (Hasegawa et al., 2015), the
nature and extent of which should hardly surprise in the light of, e.g., the Chernobyl and Goiania cases



(Steinhdusler, 2005). Many of these consequences would have been likely to occur at least to some extent
also if the accident had happened in any other country, and reflect shortcomings of a generic nature that are
important to deal with in building a better and more readily operational preparedness for future accidents.

When addressing lessons learned, they need to be considered in the context of existing management systems
and cultures. The Nordic countries have a common cultural and historical heritage that stretches many
centuries back, and thus a long tradition of working together to solve societal problems. Specifically with
respect to nuclear safety (including emergency preparedness), Nordic cooperation goes back to the 1950’s,
when the nuclear power concept was first foreseen to promise inexpensive energy based on virtually
inexhaustible fuel resources. The long-lasting cooperation has resulted in a common Nordic understanding
of things like rules, practices and measures, although national differences exist. Through cooperative
initiatives, these comparatively small nations have built, and over decades further developed and refined, a
nuclear safety network through which they can together tackle existing and emerging problems more
efficiently, more consistently and at a lower cost. In this network, the non-profit organization NKS
(acronym for ‘Nordisk KerneSikkerhedsforskning” — or in English: ‘Nordic Nuclear Safety Research’), holds
a central position. It emerged from a Nordic wish to together closely follow the planning and development
of nuclear energy systems in the region. NKS is funded by the Nordic countries and has since 1977 run
joint Nordic research and development activities (with annual open calls for new project proposals) in the
fields of nuclear safety and nuclear/radiological emergency preparedness, addressing the region’s specific
needs, and ensuring that relevant competence and networking is maintained. For more than 40 years NKS
has supported and managed collaborative Nordic research and development projects (Marcus, 1997;
Bennerstedt, 2011), and alone since the turn of the century this has produced almost 400 final project reports
addressing and describing solutions to various problems identified in Nordic areas or internationally (all
freely available on the NKS website www.nks.org), as well as countless peer reviewed journal papers.
Another important outcome of this collaboration is building and maintenance of vital networks between the
region’s key people in the field. To secure future continuity, NKS promotes participation of young scientists
in the activities, and also has a dedicated budget for travel support for young scientist competence building.

Since 2011, many NKS projects have specifically targeted on learning points from the Fukushima accident.
Currently, the projects are run under two separate programs: the NKS-R (reactor safety) and NKS-B
(emergency preparedness — B for ‘beredskab’ in Nordic language), each with its own program manager. In
recent years, NKS has annually co-financed projects with a sum of about 1 MEuro. The participating
organisations have at least matched the NKS funding with an own contribution, which has often been given
as ‘in-kind’ payment. Although NKS project budgets are obviously smaller than those often offered by, e.g.,
the European Commission for their EURATOM research projects, the ‘lean’ annual project application
procedures, uncomplicated project administration and end-user integration as well as efficient size of work
groups under NKS shorten the time from conceptual idea to use of a valuable result. This has over the years
in many cases enabled NKS projects to reach the first important results and conclusions in relation to
emerging international nuclear safety problems. All NKS-B activities have participation from at least 3
different Nordic countries. Non-Nordic participation in NKS activities is possible, but NKS funding of Non-
Nordic organisations is not possible. The project leader must come from a Nordic country (i.e. work for a
Nordic organisation). The projects run over one year, but may be prolonged subject to approval of a new
application in connection with the next annual call for proposals for new projects.

Also other types of nuclear safety activities are run by NKS. Specifically relating to the Fukushima accident
and its implications for nuclear safety, NKS has held two seminars in Stockholm respectively in 2013 and
2016 (each with 100-200 attendants). The first of these sought to describe the immediate new perspectives
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from the Fukushima learning points for Nordic reactor safety and emergency preparedness. The seminar was
opened with a session of key note presentations from Tero Varjoranta (general director of STUK), providing
an overview of the Fukushima accident and its early lessons, Abel Gonzélez (then vice chair of ICRP),
relating Fukushima lessons to the ICRP system of radiological protection, Wolfgang Weiss (then chair of
UNSCEAR), giving related discussions and conclusions from the UNSCEAR project, and André-Claude
Lacoste (then president of ASN), who spoke of lessons in relation to needs for further international
harmonization from a regulatory perspective. This was followed by sessions discussing learning points for
Nordic emergency response, learning points for reactor safety, the way forward with respect to assessments
and communication, and the future for Nordic nuclear reactor safety and emergency preparedness. Many
participants were inspired by the discussions, resulting in an all-time record breaking number of applications
for the next NKS call for project proposals.

The second seminar, in 2016, followed up on this, and among other things reported on the results of some of
the many NKS projects run since then to strengthen the capabilities in the Nordic region. Here key note
lectures were given by Lyn Bevington (IAEA), who spoke about the then brand new IAEA Fukushima report
and its implications for nuclear safety and emergency preparedness. Other key note speakers were this time
Chris Clement (Scientific Secretary of ICRP), addressing ICRP experiences from dialogues with Japanese
public, nuclear power industry and government, Ted Lazo (Scientific Secretary of OECD-NEA’s Committee
on Radiation Protection and Public Health - CRPPH), speaking of consequence management lessons from
Fukushima, and Tomi Routamo (Deputy Director, STUK), addressing new reactor safety related progress.
The other seminar sessions this time covered a mixture of high profile Nordic speakers selected to highlight
various important topics to initiate discussion, and reporting and discussions of selected recently conducted
NKS project work related to problems highlighted in connection with the Fukushima accident.

All presentations at the two seminars were video filmed, and the video recordings as well as the presentation
slides can be seen on the NKS website (respectively
www.nks.org/en/seminars/presentations/nks_fukushima_seminar_videos.htm and
www.nks.org/en/seminars/presentations/nks-2016-seminar-videos/). Some particularly important concluding
views presented were:

e Communication with the public needs to be improved with more use of efficient social media. There is
an urgent need for better access to timely, correct and easily understandable information.

e The ICRP system of radiological protection is robust but several issues needing attention have been
identified. This includes recognising the importance of psychological consequences and fostering the
sharing of information.

o Justification and optimisation are very important when applying countermeasures and remediation. The
noble aim of overprotecting the population can backfire and have undesired consequences.

e It could be very difficult for the Nordic countries to cope with a major nuclear accident in Europe.

A third NKS seminar in Stockholm is planned for 2019. This time the scope will be wider, although nuclear
emergency preparedness remains a focus topic.

This paper is aimed at providing a contextualised overview of important research and development carried
out in the inter-Nordic collaborative program on nuclear emergency management (NKS-B) since the
Fukushima accident. For enhanced understanding, the paper also outlines the framework of other pathways
of inter-Nordic cooperation in nuclear preparedness.
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2 Nordic cooperation channels on emergency preparedness

NKS is as mentioned a key forum for cooperation on emergency preparedness within the Nordic region,
focusing on research and development (R&D) and networking. Over the last 5 years, a total of 48 topical
NKS-B projects have been carried out, comprising organization of 23 exercises, workshops or seminars.
NKS is jointly owned by five organizations in the Nordic countries, one in each country (Danish Emergency
Management Agency (DEMA), Finnish Radiation and Nuclear Safety Authority (STUK), Icelandic
Radiation Safety Authority (IRSA), Norwegian Radiation Protection Authority (NRPA), and Swedish
Radiation Safety Authority (SSM)).

Also a number of other Nordic organisations, work groups and common work tools play an important role in
Nordic emergency preparedness, together with responsible national and local authorities, and these are
outlined in the following text to provide a balanced picture of the environment in which the research and
development projects are conducted. One of them is the Nordic Emergency Preparedness (NEP) work
group, which was established in 1993 by the Nordic nuclear safety and radiation protection authorities for
coordination, assistance and exchange of information between Nordic authorities in emergency preparedness
and response. The NEP group consists of representatives from all the relevant Nordic authorities, and
physically meets twice a year. Some of its specific tasks are to follow and cooperate in the implementation
of Nordic and international policies and guidelines in Nordic countries, review and regularly test use of
communication tools for emergency situations, carry out tasks approved by the chiefs of the relevant Nordic
authorities, and follow up on initialized and finalized Nordic projects. An example of the latter involving
NKS was in 2014, when the NKS NordEx 12 and EmSem projects (Palsson et al., 2014) had been run to
extract and describe important findings from a series of recent large scale emergency preparedness exercises
held in different Nordic countries (these often have participation from several Nordic countries), and share
the experiences in a Nordic project group. Here the NEP group took over the responsibility for organization
of sharing and securing integration of lessons learned in Nordic national preparedness, as well as developing
follow-up exercise work plans to be considered in the individual authority organisations. Parts of planning
and lessons learned from exercises (e.g., when simulating a terror attack or a scenario involving hidden
sources) sometimes need to be confidential, and some further integration of project products may not be
suitable for inclusion in projects under NKS that has a long tradition for openness in all phases of the work.
Here the NEP group can be an important instrument.

The Nordic Public Communication (NPC) group is also a special task group established jointly by the Nordic
authorities. The group acts as a forum for exchange of information for Nordic public communication (e.g.,
information of media interest). Also this group meets twice a year (one of the two meetings is held together
with the NEP group). The NPC group regularly discusses cooperation and best practices in
nuclear/radiological emergency preparedness. The group has a special email system for rapid
communication, which can be used during crises and to coordinate joint aspects of Nordic public
communication. A recent discussion issue, also with relation to Fukushima experiences, has been the impact
of social media in nuclear/radiological risk communication.

The Nordic cooperation through the NEP and NPC groups is described in brief in the so-called NORMAN
manual (2015), which is updated regularly by the NEP group and outlines the framework for operational
cooperation between Nordic authorities in response to and preparedness for nuclear and radiological
emergencies and incidents. There exist a number of bilateral and multinational agreements on, e.g., mutual
assistance and data exchange between Nordic states (also harmonizing Nordic policies with IAEA
guidelines). Further, these have all ratified the IAEA conventions on early notification and assistance, and



Denmark, Finland and Sweden, being EU member states, participate in cooperation on the European
Community Urgent Radiological Information Exchange (ECURIE, 2018) system, to which also Norway is
party. Denmark, Finland, Iceland, Norway and Sweden all participate in the European Radiological Data
Exchange Platform (EURDEP, 2018). To facilitate inter-Nordic cooperation on operational issues, common
Nordic guidelines and recommendations for protective actions during early and intermediate phases of
nuclear or radiological emergencies have been laid out in a guidebook: the Nordic ‘Flag Book’ formulated
jointly by the Nordic Nuclear Emergency Management and Radiological Protection Authorities (2014).

All the Nordic countries are members of HERCA (Heads of the European Radiological Protection
Competent Authorities), which is a voluntary international association established in 2007 to enhance
exchange of knowledge and experiences to facilitate practical and harmonized solutions to important
regulatory issues in radiation protection. A top priority of HERCA (2018) is to seek harmonization
approaches on emergency preparedness and response issues in Europe. HERCA was in the period 2012-
2018 chaired by the head of the Icelandic Radiation Safety Authority, who is also the current chair of NKS
since 2006.

A requirement of considerable importance in nuclear/radiological emergency preparedness is adequate
predictability of areas affected by high levels of radiocontaminants dispersed through the atmosphere. Since
2001, the Nordic national meteorological services have cooperated under the NORDMET umbrella in areas
including observation, information management, product development, training and education. To further
facilitate cooperation between members of NORDMET, the MetNet (2017) work group has been established.
MetNet actually started as a 3-year NKS-B project (2002-2005), for discussing meteorology issues between
Nordic experts and authorities and developing a back-up system enabling all Nordic countries to view model
results from all Nordic meteorological services. Today it is established as a specialized permanent Nordic
forum for exchange of information and ideas on scientific and operational issues involving emergency
preparedness and atmospheric contaminant dispersion. Among other things the group performs real-time
exercises on atmospheric dispersion of radioactive matter. It maintains liaison with relevant international
activities, including the EU ENSEMBLE platform (Galmarini et al., 2012) that can collect dispersion
forecasts provided by more than 20 operational models.

On the research and development level, Nordic organisations naturally also participate in wider international
networks in European collaborative research and development projects, particularly under the EURATOM
framework. Much focus has here been on the continuous parallel development of the NPP accident
management decision support systems, ARGOS (2018) and RODOS (2018). The Danish ARGOS system is
operational in Denmark, Norway and Sweden, whereas Finland uses the European RODOS system. Some
funding resources in the individual Nordic countries have also supported joint Nordic activities on
emergency preparedness. Nordic organisations have further participated in nuclear emergency preparedness
competence building networks under the IAEA (e.g., EMRAS, MODARIA).

Finally, the Nordic Society for Radiation Protection (NSFS, 2018) was formed in 1964 as a forum for
exchange of knowledge and experience in radiation protection. NSFS is an IRPA Associated Society for the
Nordic region and maintains contact with other regional and international societies with similar goals
keeping members informed of relevant activities. Notably, NSFS arranges a conference with open call for
presentations every 3-4 year. The latest was in Roskilde, Denmark, in 2015, and had more than 100
participants.
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3. Nordic collaboration on emergency preparedness R&D activities since the Fukushima accident

The most important NKS-B projects of this nature can generally be separated into three different categories:
early consequence prediction, data assessments, and optimized recovery. It should be noted that in addition
to nuclear emergency preparedness, the NKS-B program also runs projects dealing with topics as diverse as
potential malicious uses of radioactive substances, disposal of radioactive sources, waste and discharges
from decommissioning activities, and management of NORM waste from uranium mining and milling.

3.1. Early prediction of likely radiological consequences

Early prediction of dispersion trajectories and deposition of a release of contaminants to the environment can
be of high importance in rapidly identifying and categorizing areas with different importance/need of
introducing emergency phase countermeasures. In the event of an airborne release, the ‘Flag Book’ (2014)
mentioned above sets commonly agreed Nordic operational intervention levels for implementation of early
protective measures for the public including sheltering indoors, iodine prophylaxis, evacuation, and access
control, on the basis of assessments or predictions of external dose rates, and/or air concentrations of
radionuclides. In the earliest phases of an accidental nuclear release, applicable measurements will often be
exceedingly sparse. If possible it may be advantageous to make important decisions already prior to arrival
of the plume, and good prediction models are thus crucial. This is also the case for the purpose of
emergency preparedness learning, dimensioning, training and drilling, where a representatively wide range
of diverse realistic scenarios should be run to provide adequate insight into the associated expectable
consequences, so that covering contingency plans may be made operational in time before an actual
contaminating event.

The importance of this was highlighted on the basis of the Fukushima case by Gering (2014), who
demonstrated some possible adverse implications of operating according to rigid early action frameworks
only, when occurrences take a so far unforeseen direction. For instance, if the unusually long lasting
contaminant release source term from Fukushima were transposed to a release from a German reactor, the
standard dose integration period of 7 days, as defined for comparison with reference levels in Germany,
would be much too short, and the sizes of areas in which reference levels for measures like sheltering,
evacuation and iodine prophylaxis would be exceeded were shown to be much greater than those relating to
standard emergency management planning recommendations. Gering presented his study at the 2" of the
NKS Fukushima seminars, and his presentation can be viewed at
http://www.nks.org/en/seminars/presentations/nks-2016-seminar-videos/florian-gering.htm.

The perspective of long lasting releases also introduces a significant likelihood that more than a single intake
of stable iodine could be required in preventing high thyroid doses, which is not normally considered in
recommendations. In connection with the Fukushima accident Nordic citizens in Japan were in fact provided
with contradictory advice regarding use of iodine prophylaxis, which is debated to potentially be associated
with a small health risk (WHO, 2017). In-line with the official Japanese recommendation at the time, most
Nordic countries early on recommended their citizens in Japan not to implement the measure. However,
Swedish citizens residing within 250 km of the power plant were rapidly recommended to take the stable
iodine tablets provided to them. The reason for this was that the picture painted by the Japanese authorities
of the implications of the accident was highly uncertain and incomplete, while the Swedish authorities’
(SSM) worst case early predictions indicated that iodine prophylaxis would be justified to a distance of 250
km from the Fukushima NPP. Presentations from the first NKS Fukushima seminar arguing for respectively
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the Swedish
(http://www.nks.org/en/seminars/presentations/nks_fukushima_seminar_videos/lynn_hubbard.htm) and the
Finnish view on the matter
(http://www.nks.org/download/FUKUSHIMA_SEMINAR/presentations/aaltonen.pdf) can be viewed from
the NKS website.

Concerns regarding the sensitivity of the foundation for early phase decision making to differences in
modelling tool concepts and their underlying parameters and assumptions, as well as model operator
interpretation, prompted the idea of a Nordic consequence assessment intercomparison exercise, in which the
primary participants were emergency prognostic expert modellers from the different national authorities in
all Nordic countries. This exercise was conducted as the NKS-B project NORCON in 2014-2015 (Dowdall
et al., 2015a). The general idea was to use common starting points for the participants, and compare output
parameters commonly used to make decisions regarding consequence management. From this it would be
possible to identify areas of potential divergence or disparity. The exercise thus essentially involved a
comparison of the impact assessment of prognostic tools for estimation of dispersion and deposition, but also
analyses of differences in treatment of environmental contaminant transfer and impact parameters were
included. Using the systems which each Nordic country would employ in an actual accident situation,
calculations were made for actual weather conditions on two specific days in 2014/2015. For each of two
source terms defined and each of eight numerical weather prediction models and four atmospheric dispersion
models results were generated for each of a number of simulated release dates. It should be mentioned that
both longscale Lagrangian and Gaussian (Bartnicki et al., 2014; Havskov Sgrensen et al., 2016) and
mesoscale puff (Brandt et al. 1996) dispersion models were employed. These models were made and
continuously developed in the Nordic countries, but are also incorporated in the European decision support
systems. Although some divergence in endpoints was clearly observed particularly for the later phases, as
would be expected with independent complex models and methods, the exercise found that there is little
reason to conclude that the different approaches to dispersion/transport/impact modelling could result in
radically different appreciations of potential consequences.

A problem is of course that the complex European decision support systems generally employ deterministic
modelling methods, although parametric uncertainties can be large. With respect to long-range atmospheric
contaminant dispersion, this problem was addressed for the first time in the NKS-B project MUD (Havskov
Sgrensen et al., 2014). Using a new computer-intensive methodology inherent meteorological uncertainty
can now be quantified. Ensemble statistical methods have been developed and applied to numerical weather
prediction models to describe these uncertainties. Within the project the Danish dispersion model DERMA
and the Norwegian dispersion model EEMEP have for illustration been run for a specific hypothetical release
scenario from four different nuclear power plants and with four meteorological scenarios, each involving 25
ensemble members of the DMI ensemble prediction system. As might be expected, the dispersion model
results in some cases vary considerably across the ensemble. The methodology from the MUD project was
applied to the Fukushima Daiichi accident case in the follow-up project FAUNA (Havskov Sgrensen et al.,
2016). The latter project also comprised a workshop to assess with end-users how the uncertainties could
best be presented with the prediction data. The workshop was held in conjunction with an annual meeting of
the ARGOS decision support system user group, and concluded that plots showing probabilities of exceeding
a threshold contamination level are easier to understand than plots showing percentiles of contamination or
minimum-average-maximum. It was however found that training of emergency response staff would be
required to ascertain full understanding of the plots. In a second follow-up project, MESO (Havskov
Sgrensen et al., 2017), the influence of meteorological conditions on atmospheric dispersion modelling
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results was investigated for shorter (meso) range dispersion out to a distance of around 100 km. The results
of this suite of projects have attracted much attention internationally, and recently, the quantification of
uncertainties in atmospheric dispersion, as well as in other processes of importance for decision making, has
been given top priority in European emergency preparedness research (NERIS SRA, 2018).

Noting that an other major factor of importance for early prediction of airborne contamination is the source
term, the ongoing NKS-B AVESOME project
(http://www.nks.org/en/nksb/current_activities/emergency_preparedness/avesome.htm) is developing
operational methods for quantitative estimation of uncertainties in atmospheric dispersion modelling
resulting from uncertainties in assessments of the release of radionuclides from the given accident as well as
their atmospheric dispersion. At the first NKS Fukushima seminar a lack of detail in source term estimation
for current European decision support systems was pointed out
(http://www.nks.org/en/seminars/presentations/nks_fukushima_seminar_videos/wiktor_frid.htm). It would
be advantageous if the radionuclide releases could be directly linked to events at the power plant, which
would ensure better correspondence with reality, and also by looking at release processes enable better
estimation of physicochemical forms (notably with respect to particle sizes and environmental solubility) of
the released contaminants. The latter could play a major role for the radiological consequences of the release
(Andersson, 2016). It would thus be valuable to enable definition of a range of potential source terms, each
with an associated probability, on the basis of assessments of occurrences and reactions made at the power
plant. This type of methodology is consistent with the principles of Level 2 PSA (probabilistic safety
assessment), which addresses the reactor containment system and phenomenological responses with the
objective of determining containment release frequencies for different core damage accident scenarios
(Nusbaumer, 2018). Indeed, one of the two release scenario source terms applied in the modelling studies of
the NKS-B project NORCON described above was based on a Level 2 PSA study made in 2011 for the
Ringhals nuclear power plant in Sweden. NKS also runs projects dealing with the identification of the off-
site consequences of nuclear power plant releases on the background of probabilistic safety assessments
(Level 3 PSA based on Level 2 analysis). An ongoing NKS project, simply with the title L3PSA, is aimed at
increasing the understanding in the Nordic countries of the potential for Level 3 PSA in estimating off-site
consequences (including the effects of emergency response options) in a nuclear power plant accident
scenario (Olsson et al., 2017). The overall objective of this project is to produce a generic Nordic Level 3
PSA guidance document. The project runs under the NKS-R heading, as many of the key people are reactor
experts, and PSA is required in the nuclear industry for risk analysis. Nevertheless, it is a good example
demonstrating that power plant experts and emergency management experts can both benefit from
collaboration.

3.2. Data requirements and measurements

Even in periods with no contaminating incidents it is important to acknowledge that there is a constant need
for new data to improve on our understanding of the behaviour of radionuclides released to the environment
and their consequences. Only by refining the background for making the crucial assessments can we reduce
uncertainties associated with predictions (and at the same time maintain a critical expertise level). Keeping
in mind that many of the European state-of-the-art modelling tools are currently still of a deterministic
nature, there is a need to assess as well as possible the potential importance of scenario-specific parameters,
e.g., in radioecological studies. The NKS-B project PARDNOR (Nielsen and Andersson, 2011), aimed at
improving parameters used in the ECOSYS foodchain model (Miller & Prohl, 1993), which is an integral
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part of the ARGOS and RODOS decision support systems. A review revealed that a number of parameters
(defining anything from deposition to weathering and uptake) in ECOSY'S did not reflect the current stage of
knowledge, whereas others did not adequately reflect Nordic conditions (e.g., wrt. plant growth, animal
feeding regimes, agricultural production and consumer habits). The PARDNOR project, which ran over four
consecutive years, collected new data to enable reliable use of ECOSYS for scenarios involving Nordic food
production areas. The data has been made freely available to the international decision support system user
communities.

In the early phase following a release event, important data would become available, e.g., through networks
of permanent monitoring stations, but much may also be learned by measuring contamination levels close to
the point of release. Such measurements could however place personnel at unpredictable health risks, and
the IAEA thus promoted the use of drones to measure and scan radiation levels around the Fukushima
reactors. The potential usefulness of drone measurement techniques (also for, e.g., rapid search for lost
sources and in connection with radiological terrorist attacks) has been acknowledged also in the Nordic
countries, where the NKS-B project SEMUNARS (Gardestig et al., 2015) arranged a seminar to reveal the
status of unmanned mobile measurement capacities and expectances in the Nordic countries and suggest a
common way forward. In the subsequent NKS-B NORDUM exercise (Tazmini et al., 2016) emergency
organisations and associated experts from the different Nordic countries demonstrated their different (mostly
multicopter platform based) drone approaches in situ to locate and quantify various sources hidden in a
forested landscape. The exercise was informative in showing the performances of different carrier platforms
and detectors and software. An further follow-up project, NKS-B NEXUS, among other things expanded the
challenges to urban environments

(http://www.nks.org/en/nksb/current_activities/emergency preparedness/nexus.htm).

Also carborne measurements can — as evidenced in connection with the events at Fukushima — be a useful
and comparatively rapid means for radiological mapping of a contaminated area. The NKS-B project
MOBELRAD (Dowdall et al., 2014) provided a unique in situ testing ground in highly contaminated areas of
the Belarussian Chernobyl exclusion zone. A wide range of different types of instrumentation were
employed by the participating teams, measuring both contamination and dose rate levels. The exercise gave
important practical field work experience, and demonstrated how Nordic measurement teams might help
each other in a national or regional crisis situation. It also gave very useful ‘take home’ lessons on the need
for maintaining and further developing operational measurement capacities. An important learning point
was that the contamination may be highly inhomogeneous, and the measurement signal may thus change
rapidly when going by car. It was also found that the role of the instrument operator in interpreting
instrument response to variations in environment is complex, and needs to be exercised well to be in place.

The following year, the NKS-B project GAMFAC (Dowdall et al., 2015b) was launched to test Nordic
capabilities to conduct in situ gamma spectrometric measurements (not vehicle borne), again as a field
exercise in the Belarussian Chernobyl exclusion zone. Applied technologies ranged from small CdZnTe
detectors to larger more conventional material detectors including HPGe and Nal/LaBr and a wide diversity
of software and calibration procedures. It was found that allowing for factors like soil density and carefully
selecting optimized models to describe the downward radionuclide migration were important in improving
contamination level estimates. As outlined above simple location specific contamination measurements
should also be included in the preparations for recovery of any contaminated area. Only by assessing the
local distribution of the contamination at some detail is it possible to optimize countermeasure
implementation in practice, and secure that agreed ‘paper-optimised’ strategies do not fail when applied in
the field. An other Nordic in situ gamma measurement intercomparison exercise was conducted in Norway
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in the NKS-B NISI project (Gafvert et al., 2016), to add further to the skills and familiarization with the use
of tools for radiological site characterization. The teams reported results that all agreed well both between
teams and with the results of a soil sampling carried out in the area 5 years earlier. Such Nordic
measurement exercises have been carried out quite regularly for many years to ascertain operational
capabilities. On the basic features of gamma spectrometry NKS-B has in recent years almost annually run
user workshops/courses, which are always well sought as gamma spectrometry is an important technique for
many purposes. The latest of these took place in the autumn of 2017 (Nielsen et al., 2017) and comprised
both an intercomparison exercise and a seminar part. Specifically to test Nordic competences for emergency
phase identification of radionuclide concentrations using gamma analysis data, a virtual NKS-B exercise was
held where participants worked from a series of illustrative spectra (Dowdall et al., 2017).

In assessing the contamination of an area after a major nuclear power plant accident, it should be kept in
mind that not all potentially important radionuclides can be measured with gamma spectrometric or dose rate
equipment. After the Chernobyl accident, for example, radiocaesium levels were frequently reported, but
local levels of pure beta emitters like ©°Sr/*®Y were often ignored, simply as they were exceedingly more
difficult to measure. Also in the context of radiological dispersal scenarios involving ‘dirty bombs’ or other
aerosolisation devices, some of the radionuclides of primary concern are pure alpha or beta emitters. NKS-B
has run projects to look into and expand the Nordic capabilities to measure such radionuclides quantitatively.
With automated radiochemistry techniques the response time can be reduced considerably as assessed in the
NKS-B project RAPID-TECH (Qiao et al., 2016). Inductively Coupled Plasma (ICP) techniques may also
be advantageous in some cases for measuring radiocontaminant levels. A seminar was held in 2017 (NKS-B
NORDIC ICP) to discuss further Nordic development and exploration of such methods, which are used by a
range of Nordic organisations (http://www.nks.org/en/seminars/upcoming_seminars/nks-b-nordic-icp.htm).
On the basis of an intercomparison exercise within the project of ICP-MS measurements it was concluded
that while there is a great need for ICP-MS techniques for determination of radionuclides within the Nordic
area, there seems to be a knowledge gap between workers in the two most important fields in this context:
the radiochemistry and mass spectrometry experts.

A separate early measurement need pertains to radioiodine doses to the human thyroid. Earlier NKS-B
intercomparison exercises addressing this need have shown a large variation in dose estimates. Therefore a
seminar course about internal dosimetry estimation, focusing on the Public Health England dose model
program IMBA was held in the NKS-B project IDEA for interested personnel both from emergency
preparedness organisations, hospitals and other (Arnason et al., 2016). The Nordic countries also
collaborate through NKS on assessment of whole body doses to humans (Norrlid, 2011), and has its own
library of physical phantoms that can be borrowed by different Nordic organisations through the NKS
website (http://www.nks.org/en/phantom_library/) .

3.3. Optimised recovery and communication

Good prognostic modelling tools are also needed in optimization of intervention in the longer term
(recovery) period after an accidental contamination of land areas. According to the latest ICRP publications
(ICRP, 2007; ICRP, 2009), for instance the term residual dose after intervention (projected over the years to
come) is an important optimization parameter. With modern decision support systems like ARGOS and
RODQS, it is possible to keep track of different population dose rates and estimate accumulated doses and
model the effect of countermeasure implementation on different surfaces/objects at different times, which is
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a helpful instrument in finding ideal solutions to contamination problems on different scales. Emergency
management research and development of decision support systems should thus go hand in hand, as has also
been the case in a number of NKS-B R&D projects, where for instance the ARGOS modellers/coders have
participated directly (see, e.g.,
http://www.nks.org/en/nksb/current_activities/emergency_preparedness/avesome.htm).

In the recovery phase optimization process, also other factors like worker doses, direct intervention costs
including waste management, wider socio-economic issues, compensation issues, recovery of business,
psychological impacts, and ethics are part of the decision matrix. Such factors are treated in a generic sense
in the European handbooks for assisting in the management of contaminated areas, which also contain a
decision guidance framework of diagrams and tables to visualise implications of countermeasure introduction
under different conditions, mainly to assist in exclusion of unsuited methods for specific scenario cases (Nisbet
etal., 2011). These handbooks, which deal with different types of areas (including food production, natural and
inhabited areas) have to varying extent been implemented in emergency preparedness plans in many European
countries, including Nordic areas. They would certainly have been valuable early on after the Fukushima
accident, as many of the first countermeasures in Japan were implemented on a ‘hit and miss’ basis rather than
on the basis of existing experience. The core of each European handbook is a series of descriptions of
potentially applicable countermeasures for different contaminated surfaces/objects in each type of environment
in a standard template facilitating overview and comparison of different method features. This has a few years
back been supplied to the Japanese authorities, who have also on the basis of their own experience made similar
compendia of countermeasure descriptions (Nakayama et al., 2014). Particularly the European
countermeasure template compendium for recovery of inhabited areas is essentially a much further elaboration
and expansion of earlier NKS work. The first ever compendium of countermeasure descriptions distinguishing
between countermeasure use in different types of contaminated urban areas was published under the NKS
project EKO-5 together with short generic text sections on things like dose estimation and formation of
strategies based on the template information (Andersson, 1996). Much of the practical background work
including knowledge of countermeasure specific features and parameters came from a series of field
investigations made by Nordic workers in areas of the former Soviet Union and Sweden contaminated by the
Chernobyl accident (Roed et al., 1995). NKS also published a Nordic decision support handbook for recovery
of contaminated inhabited areas 3 years before the corresponding, more comprehensive European handbook
came out (Andersson et al., 2008). When they were published in 2011, the European recovery handbooks
could be considered state-of-the-art, but a number of findings, particularly from the Fukushima accident
management, should now be integrated, both with respect to new promising countermeasure methods and to
better secure that selected strategies can actually be implemented in practice with the expected effect (e.g.,
outlining dedicated measurement strategies to optimise practical implementation).

One aspect that is important in maintaining an operational recovery preparedness is field exercising of
different aspects from measurement strategies to countermeasure implementation. A fairly new NKS-B
report gives an overview of the Nordic exercises held over the first few years after the Fukushima accident
(Palsson et al., 2014). Some of the exercises were originated and arranged by authorities in single Nordic
countries, where other Nordic countries were invited to participate. The DEMOEX exercise (Palsson et al.,
2014) comprised a full scale decontamination of a house and the surrounding garden area, which had for the
purpose of the experiment been contaminated with *™Tc in a watery haze. This exercise was carried out in
full protective suits with masks, and track was kept of use of consumables and operation time.

However, recovery countermeasure strategies not only need to be operational, but also acceptable to those
affected by them. In 2000, NKS published a guide to countermeasures for implementation in the event of a
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nuclear accident that affected Nordic food-producing areas (Andersson et al., 2000). Also here the key
content was a series of countermeasure descriptions in standardised templates. In connection with a
subsequent NKS exercise (Lauritzen, 2001) a survey was made of which of these countermeasures would be
deemed relevant, practicable and acceptable in each Nordic country. Out of a total of 37 methods, general
Nordic consensus on these 3 criteria was only found for 4 of the methods, indicating that there could be a
need for substantial stakeholder consultation in identifying compromise solutions in terms of suitable
recovery countermeasure strategies in the event of an actual contamination situation. In the NKS-B project
FOOD, Nordic authorities, experts and stakeholders formed a network and collaborated to identify means for
selecting recovery strategies for contaminated food producing systems (Eikelmann, 2011). Also a number of
other recent NKS projects have contained elements of stakeholder interaction and public communication.
For example the NKS-B PUBPLUME project (Dyve and Hoe, 2014) aimed at making guidelines for
presenting the predicted effects of an airborne contamination event in a format that would be quick and easy
for the public to understand.

The Fukushima accident demonstrated that also the oceans may become contaminated following a large
nuclear power plant accident. The overall goal of the NKS-B project EFMARE (losjpe et al., 2016) was to
analyse the consequences of radioactive releases to the marine environment. Bioaccumulation processes
were modelled and many parametric influences on the consequences, including the season of release, have
been studied. Modelling results have been compared with measurements in Nordic water bodies. The
results show the need for operational hydrodynamic ocean models in forecasting contaminant dispersal in
marine environments. They may for example be important in considering implementation of restrictions
related to consumption of seafood.

Conclusions

A description is given of the various Nordic organisations, working groups and other channels that facilitate
Nordic cooperation in the nuclear emergency preparedness area. The Nordic region has a dedicated
cooperative research programme and the Fukushima accident has inspired many of the developments in the
NKS programme lately. A large number of R&D projects and other collaborative activities carried out with
financial support from the NKS support global needs for development in the field. It is demonstrated that
the Nordic R&D has in a number of cases been at the very forefront of international developments, showing
the way forward for further international work. One example is the uncertainty handling in prognostic
models, which was highlighted in connection with the Fukushima accident. Here NKS work has resulted in
operationally applicable findings specifically in relation to the influences on radiation doses of source term
definition and weather predictions. An other example is a comprehensive Nordic study of overall differences
in the region’s methods for prognostic radiological consequence estimation. Exercising and training is
particularly important in maintaining an operational preparedness. Through a coordinated effort, the Nordic
countries have sought to obtain maximized experience in this field. Also in, e.g., radioecology and
countermeasure optimization, Nordic research groups have contributed greatly to the current state of
knowledge that is for instance applied in European nuclear accident management decision support tools. An
example of a remaining problem that was seen in both the Fukushima and the Chernobyl case is that current
decision tools only go as far as to recommend a countermeasure strategy that is in principle (on paper)
optimized. Guidance is needed on strategies, including local in situ sampling/measurements, to secure that
practical countermeasure implementation leads to the expected result. Moreover, a great planning effort is
needed to ensure that relevant recovery countermeasures can be implemented in time, and the requirements



in this regard need to be written down in systematic guidelines facilitating the formation of a much more
readily operational preparedness. Finally, plans for communication with the public during and after a crisis
remain challenging. The many links in this paper to the NKS report base constitute a direct and easily
accessible path to further information for all professionals in this field.
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