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Dear colleagues

It was a great pleasure to welcome more than 12cipants from around the world to the
XVII conference of the Nordic Society for Radiatiéirotection — held in Roskilde 24-27
August 2015.

The theme for the conference was “Radiation Pratect Personnel, Patient and Public”
which reflected the very broad spectrum of our gsefonal field. You will find that this
theme was very well represented in the conferemogram. We received many high quality
papers, making it easy for the organizing commitbegut together a very interesting program
with 40 oral presentations and 20 posters.

The 2015 receiver of the Bo Lindell award was SdgurM. Magnusson, who gave a
presentation on 'Nordic co-operation in an inteioval context’.

In addition, three invited speakers introduced Meoy radiation protection issues: the latest
international developments and cooperation in tleéd fof emergency preparedness and
response, the European Spallation Source in Lundweden, and developments and
justification of applications using ionizing radat in the medical field.

The organizing committee would like to thank albloand poster presenters, and other
participants for taking active part in the discossi

We hope that you in addition to all the professioactivities found to time to relax and
mingle among colleagues and to enjoy Roskilde,naofes Danish town founded more than
1000 years ago at the bay of Roskilde Fjord.

Mette Bhlenschlaeger
President of NSFS 2011-2015

The opinions and conclusions presented in the lagiof the proceedings are those of the
authors and do not necessarily represent the affiposition of the Nordic Society for
Radiation Protection.
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Sigurdur M. Magnusson

Icelandic Radiation Safety Authority

The Nordic countries have a long history of co-agfien in nuclear and radiation issues.
What began with sporadic contacts in the time afferld War 2 evolved over the next 10 —
15 years into an extensive and formalized co-operahat is still important in spite of radical

societal and technological changes taking placeedimen.

The Nordic co-operation has adapted well, to bottereal events and changing political
climate in the Nordic countries. It has stood thst f time and severe nuclear accidents, is
robust and fit for purpose. Through the wide raggin-operation leading to important Nordic
documents, such as the Flag books, a common Nurelic on nuclear and radiation safety
issues has been established.

The Nordic nuclear and radiation co-operation ialdn its nature. On one hand there is the
traditional co-operation between the authoritied an the other hand there is the research co-
operation within the framework of NKS.

The lecture will give an overview of the Nordic operation in an international context,
where we are and what the future may hold.
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Jack Valentin

Former ICRP secretary

Almost all NSFS members and most other IRPA membax®& heard of the admirable Bo
Lindell (former ICRP Chair, former UNSCEAR Chaigriner head of SSI, the Radiation
Protection Authority in Sweden, etc etc). Many IRR®mbers around the world have met
him over the years, and many are aware of his fagignt book series, 'Stralningens,
radioaktivitetens och stralskyddets historia' (THhistory of radiation, radioactivity, and
radiological protection), comprising 2637 pages adfcurate, important, and exciting
information with a Nordic perspective on developtseworld-wide. Unfortunately, fewer
have been able to read the complete set of foukdymince they are written in Swedish. Bo
Lindell has met most of the significant contrib@do the development of radiation science
and radiological protection in the 20th century, duntributed personally to many of the
crucial events, and he is well known world-wide tbdbr his razor-sharp intellect and
encyclopaedic knowledge and for his ever-lastinggreess, kindness, and patience. Because
of this, and given that there are not that mangwottocuments summarising the history of
radiation and protection, there is a consideraki@ahd for a translation into English, both
within the Nordic countries and internationally. wkver, in spite of that demand, commercial
translation and publishing of the books was notable proposition. Therefore, NSFS has
launched a Translation Project, organising protessitranslation through a proper agency,
Quality Assurance through an editorial committeseariior Nordic and Anglo-Saxon experts,
and engaging additional sponsors to co-fund théscas addition to NSFS, the co-sponsors
are NKS, IRPA, and the five Nordic licensing autties. The project is now well under way,
with the first volume (Pandora’s Box) completed.eThecond volume (The Sword of
Damocles) is in the final stages of preparation,ttiird volume (The Labours of Hercules) is
under Quality Assurance editing, and the translastdalf-way through the raw translation of
the final volume (The Pains of Sisyphus).The résglEnglish versions will be published in
two ways: by making PDF files available for freensidoading from the NKS and/or NSFS
web sites, and by providing print-on-demand hamgie®available at cost price.
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Patrick Majerus
Ministry of Health, Department of Radiation Protieat, Luxembourg

Emergency preparedness and response (EP&R) hab/mesh developed and implemented
at national level without giving great importanoectoss-border issues. In case of the nuclear
accident in Fukushima Daiichi, this resulted irfetént advises given to the own citizens by
European and other states. In the event of a nu@ae®ergency in Europe, immediate
protective actions may have to be taken in mora three country. Exercises, such as the one
of the Greater Region in 2012, involving Francegr@any, Belgium and Luxembourg, clearly
demonstrate the difficulties to coordinate the oese between several countries.

Internationally, many efforts have been taken inerg@ years to improve the situation.
HERCA has worked on recommendations for a betterdination during the response on
accidents taking place in Europe or elsewhere. thegewith WENRA, recommendations
concerning fast kinetic severe accidents were pigoforward. The European Commission
has significantly improved its ECURIE informatiorxxchange platform and performed a
review on EP&R in Europe. The IAEA, based on itsicac plan on nuclear safety, gave
additional competences to its Incident and Emergé&entre (IEC), particularly with regard
to assessment and prognosis. Other internatiomtatives, such as NERIS, MELODI and
PREPARE, develop enhanced scientific and techtocds to support EP&R.

In the legal area, Directive 2013/71/EURATOM congaseveral new approaches. Member
States may implement these provisions based orypuméonal considerations, with the risk
that differences between the States will againeiase. The following years will therefore be
decisive in terms of promoting a coherent impleragoh of the various provisions and
recommendations at all levels. In addition, a tgstand verification mechanism will be
needed to ensure the effectiveness of the new Eit€dRgements.

17



6/

%0/ 0 $$ 4 % %( % -
%  %( (% %% $ % -
$0+( % 4 5

Peter Jacobsson
European Spallation Source ESS AB, Environmengtyb&fHealth (ESH) Division

The European Spallation Source (ESS) is a multhdlimary research center based on the
world’s most powerful neutron source. This new lfgcwill be around30 times brighter than
today's leading neutron-scattering facilities, émgbonew opportunities for researchers in the
fields of life sciences, energy, environmental testbgy, cultural heritage and fundamental
physics. ESS will be designed to the highest ledfekafety in order to meet both the
expectations of the users, the personnel and thdatery requirements. This applies to all
aspects of safety but in particular radiation saéetd radiation protection.

The presentation will describe the fundamentaltgafignctions for the neutron source, the
confinement barriers and the aspects of radiatioelding. It will discuss different aspects of
possible radiation doses to the staff, users aedhind person during normal operation and
accidents. The presentation will also point outlehging areas, e.g. material behavior of the
tungsten (the ESS target material) during spaltatidhere research is presently being done.

18
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Karin Andgrer, Kasper G. Anderssérrinn Physarit Sigurdur M. Magnussdn

INKS, karin.andgren@vattenfall.com
2NKS, DTU
3NKS

Building on the foundation of a common cultural dmnstorical heritage and a long tradition
of collaboration, NKS aims to facilitate a commomwrblic view onnuclear and radiation
safety. A common understanding of rules, praciioeé measures, and national differences in
this context, is an essential requirement. Throogheaborative efforts problems may be
tackled quicker, more efficiently, more consistgndnd at a lower cost. NKS activities are
divided into two programme areas, NKS-B and NKSRRcent results and on-going activities
of the NKS-R (reactor safety) programme will be ggreted at the seminar. On-going
activities include projects within the areas ofexevaccidents, risk analysis and organisational
issues. For example, the research on core meltisdebolability and steam explosion
represents the front edge research worldwide fordidoboiling water reactors. Other
activities financed by NKS in 2015 include guidelnon level 3 probabilistic safety analysis
(consequences off-site) and a project aiming toaeoé organisational learning from
successful actions and decisions. A seminar is ain¢he best ways of disseminating
information about the work NKS does and the resiltschieves. We therefore invite all
interested persons and organisations to particippate seminar 12-13th of January 2016 in
Stockholm. Focus will be on lessons learned frorkuShima and the way to proceed in both
Nordic emergency management and nuclear risk assesswhich are strongly interrelated
disciplines.

19



8/

0 % 5  %(( 0(%9 % ( %(
5 . $%% # $% 0 7 1&
$ %55

Kasper AnderssdnKarin Andgref, Finn Physari; Sigurdur Magnussdn

'NKS / DTU, kgan@dtu.dk

°NKS / FRIT

*NKS / Vattenfall

*NKS / Icelandic Radiation Safety Authority

The Nordic countries share a sociocultural heritagdaich has historically facilitated
cooperation on a wide range of societal themeseciSpally on nuclear and radiological
preparedness topics, cooperation over many decadesat has evolved into the core of the
NKS-B programme has provided a common understanagihgmportant issues while
maintaining close links between organisations &ithinterest in the field. Following up on a
number of preparedness related learning points tfte Fukushima accident in 2011 a suite
of new dedicated NKS-B activities were launcheeadry in January 2012. The scope and
requirements in cooperative Nordic preparednese Westrated and discussed at the NKS
seminar in Stockholm in January 2013 on the FukoahAccident and Perspectives for
Nordic Reactor Safety and Emergency Preparednesghwhad 140 participants. For
instance the needs for well exercised monitorimgtagies and the important role of detailed
and operational information pathways and stratege® highlighted. The results of tens of
activities have now been published on the NKS webpsivhich are directly aimed at
extending and upgrading Nordic capabilities to oegpto an emergency in the light of the
Fukushima experience. On this background NKS asvigll interested persons and
organisations to participate in a follow-up workphan 12-13th of January 2016 on lessons
learned and the way to proceed in both Nordic eererg management and nuclear risk
assessment, which are strongly interrelated diseipl Over the years, the NKS-B
programme has also produced numerous valuablesasudreas as diverse as improvement
of routine measurement technologies for the nudledustry and waste management relating
to decommissioning and NORM generating processes.
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Inger Margrethe Eikelmann

Norwegian Radiation Protection Authority, inger@ikann@nrpa.no

Emergency and post-accident situations are of aptmnature insofar as they involve a
large number of actors and a large number of isitally interlinked dimensions and issues
(heath, environmental, economic, social, culturathical dimensions). People and
organisations have to face this complexity in atewnin which the usual social and
institutional routines are particularly challengethd destabilised. Existing return of
experience from post-Chernobyl situation in Norveand from post-Fukushima situation in
Japan show that the societal dimension plays ikegfimportance in the recovery process
following a nuclear accident. In effect, the capaoif local actors to build their response to
the crisis, at a personal and community levels digmends on the capacity of local actors to
build new forms of cooperation among themselvesaitial other actors (e.g. experts, actors
providing resource). The societal dimension in faastident recovery and the understanding
of the interactions between the different recoveayhs includes a reflection on how some
central values (truth, justice, solidarity, dignidemocratic culture), are taken into account in
the different paths. In effect this has an infliemn the resilience capacities of the actors).
The objectives for the study is an analysis of gsheietal dimension of local post-accident
recovery processes, on the basis of the post-Chgreaperience in Norway and on the post-
Fukushima experience in Japan. The work is camgdy case studies in the Norwegian and
Japanese context. The case studies cover the fofdirelds: Food and farming, healthcare
and local community management. The analysis ot#ses identifies the different recovery
paths (individuals and families, local authoritie=gional and national authorities, experts and
TSOs and their interactions. It also shows the aflgalues in the interaction between the
different recovery paths and in the sustainabdityecovery.
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J. H. SgrensénB. Amstrug, J. Bartnicki, H. Feddersen S. C. Hod C. Israelsof
H. Klein?, U. S. Korsholrh, B. Lauritzef}, J. Lindgren

! Danish Meteorological Institute (DMI), jhs@dmi.dk
2Norwegian Meteorological Institute (MET Norway)
®Danish Emergency Management Agency (DEMA)
“*Technical University of Denmark (DTU)

®>Swedish Radiation Safety Authority (SSM)

Abstract

Atmospheric dispersion model calculations of radmide releases from a nuclear accident
provide information on possible contamination levednd radiation hazards, thereby
facilitating decisions on protective actions. Tlismplemented in emergency management
through Decision Support Systems. Recent develommennumerical weather prediction
models include probabilistic forecasting techniqtesaddress the inherent uncertainties in
numerical forecasting. This approach may readiltdden over by atmospheric dispersion
modelling, and hence the meteorological uncersntif atmospheric dispersion predictions
can be estimated quantitatively.

Introduction

Most current Decision Support Systems (DSSs) inraifmmal use for nuclear emergency
preparedness and management do not accommodatetaimtass, but merely allow for
presentation of the 'most likely' plume dispersmmdeposition pattern. However, recent
research and development has enabled incorporattisunch new facilities.

In the recently completed NKS-B project ‘Meteoraltad Uncertainty of atmospheric
Dispersion model results’ (MUD), the uncertaintie§ atmospheric dispersion model
calculations are investigated, as well as meansifigorporating these into DSSs, allowing
for the presentation of uncertainties to decisi@kens in a comprehensible manner (Sgrensen
et al., 2013 and 2014). The MUD methodology has been imeiged operationally in the
Danish setup providing long-range atmospheric dgpe model results for ARGOS by using
the DERMA model (Sgrenset al.,2007; Sgrensen, 1998).

In the ongoing NKS-B project ‘Fukushima AccidentNtertainty of Atmospheric dispersion
modelling’ (FAUNA), the MUD methodology is appliem the Fukushima Daiichi NPP
accident, where the influence of meteorological entainties on real-time assessments of
atmospheric dispersion and deposition is beingstigated, imitating real-time emergency
management (Sgrensest al., 2015). The objective of the project is to examimaw
uncertainty estimates can be presented to expemethas decisions makers in a manner that
meets both the requirements of the experts runtmaedSS and the decision makers relying
on practical decision support.

In this paper, the methodology developed in MUD td described, and results of MUD and
FAUNA presented.
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The DMI meteorological Ensemble Prediction System

The DMI meteorological Ensemble Prediction Syst&R$), which is currently based on the
HIRLAM numerical weather prediction (NWP) model §Saet al., 2002), involves 25
ensemble members. The horizontal resolution is°0Q.€&rresponding to approximately 5.5
km, and vertically the model has 40 layers fromgbhdace and up to 10 hPa (approximately
30 km above the sea surface). The ensemble HIRLAMemis nested into ECMWF's global
model. The geographic domain is displayed in Fig. 1

=

-

,:’"'K»-, [ (f{\/ﬁ

Figure 1. Geographic domain covered by the DMI apenal meteorological EPS.

Meteorological forecast uncertainties arise froncartainties in the initial and lateral
boundary conditions and from model short-comingsitipularly short-comings associated
with parameterization of physical processes thie falace on spatial scales that cannot be
represented explicitly in the model.

For short-range forecasts, i.e. up to two daysdwaace, the main uncertainties are those
associated with clouds and convection, and so #ie application of the DMI EPS has been

to provide forecasters at DMI with a tool to predie risk of severe precipitation events (rain
or snow) 12 to 36 hours in advance. Occasionallgre is also substantial uncertainty

associated with the wind field, typically in retatiwith passing weather fronts.

In the MUD project, the DMI meteorological EPS was for four typical meteorological
situations for 54 hour forecast periods. Theseasitas involve windy cyclonic and low-wind
anti-cyclonic conditions, as well as convective suen precipitation. For each of four nuclear
power plants (NPPs) in vicinity of the Nordic coue$s, atmospheric dispersion model
calculations were carried out for the meteoroldgieasembles using the same six-hour
release scenario.

In the FAUNA project, the MUD methodology is appligo a realistic setting of the
Fukushima accident. Thereby, the implications efudhcertainty estimates for the emergency
management are investigated. A meteorological ebleefarecasting system has been set up
and run for the period of concern and for a gedygcgb domain covering Japan and
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surroundings, cf. Fig. 2. For the full period, t@ay meteorological forecasts have been
generated four times a day, as would be the casnfoperational system in real time.

For selected dates and times in the release pahed)anish and the Norwegian long-range
atmospheric dispersion models, DERMA (Sgreredeal.,2007; Sgrensen, 1998) and EEMEP
(Bartnicki et al., 2011), respectively, are run based on data ohtb&orological ensemble
assuming that a realistic source term is availablenear real time. Here, the source
description by Katataet al. (2014) is employed. Corresponding ensemble-stalst
parameters are be calculated, e.g. percentileqefconcentration and deposition fields.
Further, the predictions are available to the ARGI@8ision-support system for display and
dose modelling. Thereby, the project imitates teaé emergency management taking into
account estimates of the uncertainty of the dispensiodel results.

Atmospheric dispersion model runs using EPS NWP mod el data

In Fig. 3 results are shown for DERMA applied tscanario with a release from the Ringhals
NPP beginning on 2011-05-20 at 18 UTC. The resul®wn are time-integrated
concentration of 1-131 at 54 hours after the stdrthe release. In the upper row, a low
percentile, the median and a large percentile sq@ayed. In the lower row, probabilities for
exceeding values of 1010° and 16 Bq h/n, respectively, are presented. As can be seen, the
variability is considerable.
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Figure 3 Scenario: 2011-05-23. NPP: Ringhals. &ielime-integrated concentration 54 hours after
start of release. Nuclide: 1-131.

In Fig. 4, percentiles of the thyroid dose are @nésd using two isocurves. The large
percentile indicates the maximum area which carsiplysbe influenced by the plume. The

real dose pattern will most likely be confined desithis domain. The median indicates the
domain which will most likely become influenced. d\rihe low percentile indicates the

domain which will be influenced with large certginThese quantities may are considered
useful for the emergency management.

10" percentile 56 percentile 9t percentile

Figure 4 Scenario: 2011-05-23. Field: Thyroid dds& hours after start of release. Isocurves at 1
and 100 mGy.
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Conclusions

In brief, the conclusions are the following:

Depending on the meteorological situation, the ttaggties can be large, up to a factor of

ten, especially when convective precipitation woined.

There is a risk of information overflow when coresidg presentation to decision makers,

and therefore statistical parameters must be selearefully:

- The use of percentiles is encouraged, involvingrgd percentage, the median and a
low percentage.

- Probabilities for exceeding given threshold valaesalso relevant. However, they
rely on radionuclide dependent threshold valueschvare not available in all cases.

The methodology developed in course of MUD is impdated operationally at DMI to

be used in ARGOS by the Danish Emergency ManageAgaticy (DEMA).
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Abstract

It is essential to develop long-term prediction ®isdallowing follow-up of the radiological
situation and the sustainability of the rehabilitatprogramme after the Fukushima Daiichi
nuclear power plant accident. At the Japan AtormerBy Agency, long-term prediction
models have been developed to assess how ambsaedaivalent rates might change in the
future and to analyze radiological situations witthe 80 km radius of the Fukushima Daiichi
nuclear power plant. The long-term prediction med#dscribed using a double exponential
form with ecological half-lives for land use, enallffected population to receive information
on the level of ambient dose equivalent rates #dpace and time distribution for the next
30 years after the accident. In the present studgertain predictions of future ambient dose
equivalent rates arising from variability in moderameters were assessed using Monte
Carlo simulations. The model parameters were th@ogical half-life for the fast/slow
elimination components and the fractional distiidmutof fast elimination component. It was
found that ambient dose equivalent rates for the &30 years after the accident would be
predicted within a factor of approximately 2. Thand-term prediction models would be
useful for a better understanding of the radiolabgituation since they provide information
on the time variation of the ambient dose equivialates in inhabited areas.

Introduction

The Fukushima Daiichi nuclear power plant accidbat occurred in March of 2011 resulted
in widespread radioactive caesium contaminatiotha eastern region of Japan. People in
inhabited areas could be exposed to radiation fteenradioactive caesium deposited on
grounds. Models are needed to predict how ambiese¢ e@quivalent rates might change in the
future and to understand the local radiologicalatibns in the long-term contamination [1, 2,
3, 4]. The Japan Atomic Energy Agency has develofmw-term prediction models
described using a double exponential form with egichl half-lives -the time for half the
ambient dose equivalent rate due to natural remgvahomena and human activites- for land
use. To describe the time variations of ambienedeguivalent rates from the radioactive
caesium deposited on grounds, the model paranmielsas the ecological half-lives for the
fast elimination components and the fractional rdistions of fast elimination component
were derived from observations within the 80 kmiwadf the Fukushima Daiichi nuclear
power plant [5, 6, 7, 8]. In the present study,artanties concerning future ambient dose
equivalent rates were assessed using Monte Canlgaions of model parameter variability
in conjunction with the long-term prediction models
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Materials and methods

Long-term prediction models and model parameters

Based on the previous studies on the long-termigred models [1, 2, 3, 4], the following
expression can be deduced for the change with imihe ambient dose equivalent rate
contribution from radioactive caesium on grounds:

n $%&‘() *+, T -&I( ) *+) "
- ! # 50 / 12 (1)

whereY(t) is the ambient dose equivalent rate at timé(0) is the ambient dose equivalent
rate at time zero; g iS the fractional distribution of fast eliminati@momponent; £ is the
ecological half-life for the fast elimination conmmpnt; T iS the ecological half-life for the
slow elimination component;sss and 137 are the physical decay constants*€s and*'Cs,
respectivelyk is the ambient dose equivalent rate ratid*&€s to**’Cs at time zero, 2.7 (as
of March 15, 2011) Yge is the background radiation, approximately 0. 9&h

The model parameters such as the ecological aé-fior the fast elimination component and
the fractional distributions of the fast eliminatioomponent are summarized in Tables 1 and
2, respectively [8]. They were evaluated using thenges with time in ambient dose
equivalent rates through vehicle-borne surveys iwithe 80 km radius of the Fukushima
Daiichi nuclear power plant. They were obtainedrfrthe best curve fit when plotting the
ambient dose equivalent rates over time. The mpaelmeters were mainly categorized into
the evacuation order area and other than the drea. parameters for other than the
evacuation order area were categorized accorditigetprecise land-use and land-cover map
by the advanced land observing satellite “DaichKLQS) [9]. Eight categories were
classified: water, urban, paddy, crop, grass, dexid forest, evergreen forest and bare
surface in ALOS. The parameters for the evacuaiea were categorized based on whether
or not the land use area falls under deciduouseaedgreen forest areas. In accordance with
the previous studies [1, 3], the ecological hd#-lfor the slow elimination component is
given: 45 y for the 8 percentile, 90 y for the median and 135 y for @8 percentile. The
distribution is assumed to be uniform.

Uncertainty in ambient dose equivalent rate préulist

Uncertainties in model predictions arise from mopatameters. In the present study, the
uncertainties in predictions of ambient dose edenarates for the next 30 years after the
accident were assessed using Monte Carlo simutatdbrmodel parameter variability. The
Monte Carlo simulations with Latin hypercube samgl{(LHS) [10] were performed. Use of
LHS method ensured that sampling occurred fromctiraplete distribution of each model
parameter. Each model parameter distribution wadeli into equal probability sections, and
random sampling from each equal probability sectias carried out to produce a probability
distribution function. Three model parameters wiaten into consideration: the ecological
half-life for the fast/slow elimination componenémd the fractional distribution of fast
elimination component shown in Tables 1 and 2.
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Table 1 Ecological half-lives for the fast elimiiat component [8]

Evacuation Land-use Ecological half-lives for the fast elimination coonent [y]
order area in ALOS " _ _ _ o
5" percentile Median d5percentile Distribution
water 0.25 0.56 1.2
urban 0.35 0.60 1.7
paddy 0.32 0.55 15
outside  °'oP 0.32 0.63 1.9 log normal
grass 0.29 0.58 2.2
deciduous forest 0.29 0.66 2.7
evergreen forest 0.28 0.94 5.7
bare surface 0.31 0.62 1.6
inside forest 0.29 0.68 3.1 log normal
other than forest 0.32 0.60 1.7

In addition, to validate the long-term predictioaels, the prediction values of ambient dose
equivalent rates based on the seventh vehicle-beuneey data (from November 5 to
December 12, 2013) were compared with the eighliicieeborne survey data (from June 23
to August 8, 2014).

Table 2 Fractional distributions of the fast eliation component [8]

Evacuation Land-use Fractional distributions of the fast eliminatiomgoonent [-]
d in ALO . . . L
orderarea in S 5™ percentile Median d5percentile Distribution

water 0.53 0.76 0.89
urban 0.52 0.77 0.93
paddy 0.53 0.75 0.93
outside  CTOP 0.48 0.71 0.89 normal
grass 0.47 0.72 0.92
deciduous forest 0.41 0.68 0.88
evergreen forest 0.26 0.62 0.86
bare surface 0.51 0.73 0.90
dn‘flcglt to return, 0.32 0.45 0.55
forest
difficult to return,
other than forest 0.33 0.47 0.57
restng:ted residence, 0.37 0.48 061
L forest
inside restricted residence normal
’ 0.39 0.49 0.65
other than forest
cancgl preparation, 0.37 051 0.67
forest
cancel preparation, 0.29 051 0.69

other than forest

" deciduous and evergreen forest areas
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(a) urban area outside the evacuation order areas
Figs. 1 Relative ambient dose equivalent ratesdarftaside the evacuation order areas
(1/3).

evergreen forest
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Difficult to return area, other than forest

e
—

— 50%
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b Physical decay of Cs
| +—&— 5th percentile, median, 95th percentile of measured data |

Normalized ambient equivalent dose rate [-]

0.005 '
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Elasped time from March 15, 2011 [y]

(c) difficult to return area, other than forest areside the evacuation order areas
Figs. 1 Relative ambient dose equivalent ratesdarftaside the evacuation order areas (2/3).

Results and discussion

Four examples of the time variations of the reltimmbient dose equivalent rates
outside/inside the evacuation order areas are showigs. 1. They are predictions for land-
use. In all figures, the"Sto 95" percentile range —the 90% confidence intervalretdtive
ambient dose equivalent rates through the vehiotaé surveys and the uncertainties in
predictions of relative ambient dose equivalentsdbr the next 30 years after the accident
are indicated. From the figures, it can be stated the medians (the 8(percentiles) of
predictions of relative ambient dose equivalergsatre in good agreement with data through
the vehicle-borne surveys. In addition, it is coned that almost all of data through the
vehicle-borne surveys are within the predictiomimals.

31



Restricted residence area, other than forest
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(d) restricted residence area, other than forest as@e the evacuation order area
Figs. 1 Relative ambient dose equivalent ratesdarfiaside the evacuation order areas (3/3).

Correlation coefficient : 0.931

Measurements Sv/H|

Prediction values $v/h]

Fig. 2 Comparisons of ambient dose equivalent ta@éseen predictions
and the measurements through the eighth vehicleetsurvey.

Figure 2 shows comparisons of ambient dose equivastes between those predicted using
the long-term prediction models with the seventhicle-borne survey data and those through
the eighth vehicle-borne survey. They are the antlilese equivalent rates over 08/h for
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the outside the evacuation order areas. It wasdfdbat the predictions agree within a factor
of approximately 2 with the actual data. Hence, lthreg-term prediction models would be
useful for a better understanding of the radiolabsituation.

Conclusions

The uncertainties in predictions of ambient dosevedent rates for the next 30 years after
the accident were assessed using Monte Carlo LiM8laiions. It was found that the ambient
dose equivalent rates for the next 30 years afteraccident would be predicted within a
factor of approximately ZThe long-term prediction models would be usefulftdlow-up of
the radiological situation. We plan in the nearufatto update the long-term prediction
models using the latest survey data.
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Abstract

In Finland there is a dose rate monitoring statioetwork with over 250 stations.
Measurements are available for authority use i te@e in the Internet. For exercise
purposes STUK has a dedicated exercise Web pagee veiraulated dose rate results are
shown. The simulated dose rates are based on sopted dispersion models. During
exercises the simulated results are shown in tleecese Web page together with measured
results. This creates very real feeling for thereise participants. The exercise system is
nowadays in regular use in national exercisesniahid.

Introduction

The external dose rate monitoring network ULJAS etevover 250 monitoring stations
geographically evenly distributed over Finland. Tdese rate results are collected and
presented by the USVA system. It is used to prodbeereal-time overview of radiological
situation in the country. The USVA system alsotal&TUK’s expert on duty when dose rate
exceeds station specific alarm limit.

The Radiation and Nuclear Safety Authority STUK daseloped tools to simulate dose rate
measurements for these ULJAS stations. The USVAesydhas a separate Web site for
exercise usage. The system is called “Exercise USUAe Web interface has a similar
layout compared to normal dose rate monitoring ngtwiew except for the large "exercise"
text appearing on the site. In this site dose na@surements are simulated and values are
based on atmospheric dispersion models.

Dose rate measurement simulation process

Usage

The simulation is created and carried out using WWefed emergency management system
TIUKU (formerly known as KETALE). TIUKU is also udefor running and displaying
dispersion model results, dose calculations, amalysd reporting etc. [1] System is very
easy to use and even non-experts can be traingdntsimulations. By integrating the
simulation to TIUKU system it is verified that athe development made for normal
dispersion model usage is also available for sitrargurposes.

Before starting the simulation, the simulator uagks from the meteorologist of the FMI to

make an assumption of the best NWP model for cturvesather conditions. Then the

simulator starts the dispersion calculation usimgdpfined source term and the newest
numerical weather prediction (NWP). The model outdases and dose rates which are
interpolated to the coordinate points of the d@ge-monitoring stations.

Dispersion Models

Currently the simulator supports long-range disparsmodel SILAM developed and
provided by Finnish Meteorological Institute (FM&nd short/medium range dispersion
models included in JRODOS Decision Support Systéfhe simulations are not
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geographically limited to Finland and can be perfed world-wide. Because of the modular
structure of the system additional dispersion n®dah be easily expanded into the system.

SILAM is a long-range model but even 2.5 km spategdolution can be achieved when
HARMONIE model data is used. SILAM runs on FMI'spgucomputers and there is a
dedicated Web Service for STUK to run calculatiofer SILAM multiple NWP models
(ECMWF, HIRLAM, and HARMONIE) are constantly avdile. For special use cases also
historical NWP data can be used. The simulationtivasseparate SILAM calculations. The
first calculation is done for longer distance (appr200-500 km) with sparse grid (~10 km)
and the second calculation is for shorter distameebe vicinity of nuclear power plant for
instance. This is done because the density of theitoring stations is typically higher near
the nuclear power plants. STUK calculates dosesrftam SILAM results and produces
NetCDF files which can be further used to produgeitated measurements.

JRODOS Decision Support System contains four differshort/medium range dispersion
models: ATSTEP, RIMPUFF, DIPCOT, and LASAT. Usencselect if the dispersion is
based on NWP data or weather input by hand. In JB®Ihere is a nested calculation grid
and thus multiple calculations are not necess®@LIOS can export the calculation results
to GIS database from where the simulator readsdhees.

Simulator software

The simulator software can simulate dose rate tegal all known monitoring stations in
Europe. However any location can be used for siiulan addition to existing dose rate
monitoring

Before the simulation begins, the exercise databsseleared and three weeks of real
measurement data is copied into exercise datalfdke.simulation time is in the past the real
measurement results are overwritten by simulatedlte

The dose rate results calculated by the dispenmsiodels do not take background radiation

into account. The simulator software uses real oreasents as background and the reported
value is calculated by adding the value read fraspeatsion model output to background. If

the measured result does not exist for given palose rate value 0.1 uSv/h is used as
background.

As the exercise progresses the simulated measutenmememented by background values
are inserted into database with 10 minutes intefa simulator user can follow the status of
simulation in the Web page. The web page constatibyvs the list of simulated stations in
every time cycle and the remaining time of the wr®mulation process.

Exercise USVA

The end users can follow the simulation via Exer¢s$SVA Web Page. Like the operational
USVA Web page it is available on the Internet liusipassword protected. The results are
accessible for all the players in the exerciseudiclg the rescue officers. In national exercises
the URL of the page is written in exercise instits and participants are encouraged to
follow this site during the exercise.

Figure 1. A snapshot of USVA web view with simulated resulthe current situation can be
represented on the map. Also time dependence @ttsdl stations can be shown. Green is
normal dose rate and yellow all the rest valuesam/e mutable alert limit (“halytysraja” in
Finnish).

The results can be viewed in map. Several backgrooaps are available including Google
maps. The map view provides a good overview ofsihetion. In addition number of other
methods to view results is available. These incligeble plotting tools for example.
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The USVA Web page is not only for viewing dose mait@nitoring network results. It also has
a capability to display trajectories and weathdorimation. With trajectory information the
user can check if the dispersion direction matchéth “measured results”. Weather
information cover radar and weather station netwobservation overlays. Also each
monitoring station have rain detector and time dédpeace of rain information together with
dose rate result can be viewed (see Figure 1).

USVA Sateiflytilanne - Annosnopeus - Spektrometrit Saatiedot ~
Aikaleima {(UTC): Viimeisin tulos *
/ Annosﬁohéudﬂe‘tm )
Loviisa (10652) Pernaja (10653) B 05.08.2015 20:00 #
2015-08-05 19:50:00 UTC 2015-08-05 19:50:00 UTC uSv/h e 1
Annosnopeus: 86.3 psv/h Annosnopeus: 325 pSv/h m—
Hélytysraja: 0.318 pSwh Halytysraja: 0.225 pSwih o L @ - 1000
Waltentikoitu: 0 Autentikoitu: O T LSy @ 10.0 - 100.0
Sade 1 Sade 1 Y °
B 0Q.000. g 1.0-10.0
.!-_.—.Tf—m”a' 16 °C Efimlla 14°C 73_5%5}
| 100.000 T T {203 BSVIER.0 hélytysraja - 1.0
i M Annosnopeus® | e usay 376 [N 3 pSv
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ﬂ 17:00 13:00 19:00 20:00 !?:;«:— 18:00 19:00 20:00
¥ Tarkempi kuvaaja Tarkempi kuvaaja
{ _"'n.

\

The results are also available in the TIUKU syst&ms makes is possible to display model
results together with simulated results on the niathe model parameters match with the
simulation dispersion model the results should lbeksame. Also WMS/WFS service for the
results is available and can be used with vario&applications.

Conclusions

Compared to traditional simulation methods for edggs STUK'’s system has many advanced
features. It can use the most sophisticated digpersodels available and it is not limited to

one dispersion model or one weather prediction mdd&/P based real weather conditions

including historical data are supported but wittOIFOS the weather input by hand can also
be used. The real-time availability of results pelifor large number of players is unique

feature and following of results via Web makesasgible to have more realistic feeling of an
exercise.
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Unmanned radiological measurement can be usefuh ferde range of scenarios including
mapping of plume passage and ground contaminatimimgl and after an accident with a
nuclear power plant.

The Nuclear Division at DEMA has completed testthveéin unmanned X8 helicopter from
Danish Aviation Systems ApS carrying an off-thetsi@anberra Colibri dose rate monitor
with a Csl detector. The X8 has a pay load of %kd can fly programmed patterns with a
fly time of approximately 20 minutes. The Colibosg rate monitor has a build-in GPS and a
logging function that can store dose rates anddioates every 1 s.

Preliminary tests show that the system readilytesxaadioactive sources on the ground and
the obtained data combined with GIS software candeel to create maps with dose rates and
terrain.

In the future, DEMA will among other things work oeducing the weight of the dose rate
monitor and possible installing it in a fix wingmanned aerial vehicle. This will increase the
range and the operational functionality of unmanragtiological measurements considerably.
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Numerous European and Nordic guidance handbooks heen produced over the years for
optimisation of recovery countermeasure stratedmfowing a widespread terrestrial
radioactive contamination. Here the experiencenfparticularly clean-up efforts made in
areas contaminated by the Chernobyl accident haa Bammarised to provide decision
makers in future contamination scenarios with aeraew of how to construct optimised
strategies for intervention in contamination scasawith different characteristics. However,
all along the way, the focus has been on enablialgcBon of the most suitable
countermeasure options, and not on how to besterisat they are implemented in the best
possible way in practice. Operational optimisatibrcountermeasure implementation requires
dedicated measurement strategies to assess theclm@@mminant distribution as well as
parameters that will enable proper estimation cfidwal dose. It has previously been
demonstrated experimentally in Chernobyl-contaneitiadreas that where military standard
operations failed in reducing contamination leveignificantly, essentially the same
countermeasure strategy, when carried out in aeoccel with simple but specific
contamination measurements in the area, could eediase greatly and highly cost-
effectively. Yet there is still a profound gap the literature on how to carry out
measurement-based countermeasure implementation.example ICRU and IAEA guides
for sampling and measurement entirely fail to take account the purpose of sampling. In
connection with the Fukushima accident huge numb&soil samples were taken with the
stated purpose of ‘evaluating Fukushima derivedoragtlides’, but the lack in specificity is
reflected in generally rather low dose reductiveedt in the contaminated areas. The
presentation pinpoints the current problems in tdustext and proposes a way to improve
operational effectiveness through measurement rewndations.
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In a company manufacturing radiopharmaceuticalabaratory technician was contaminated
with 1-131 while preparing 1-131 capsules for traenht of thyroid carcinoma. She was
wearing two pairs of protective gloves and, wheanging gloves, noticed a rupture in the
right inner glove but did not notice any rupturetie outer glove. Only 3-4 h later, routine
monitoring revealed heavy contamination of the bafcker right hand. Immediate actions to
decontaminate the hand were taken on-site. On #x¢ day, besides persisting heavy
contamination of the hand, I-131 was also deteictéke thyroid gland.

Based on the measurements on-site and later faljpwat STUK, including surface
contamination measurements and whole body courttiegoriginal 1-131 activity on the hand
was estimated at 12 MBg and the superficial skisedat 33 Gy, affecting a skin area of about
10 cnf. The thyroid dose was estimated at 430 mGy. Stialliae would have reduced the
thyroid dose substantially but was not administered

Eleven days after the incident the skin was dry slightly desquamated but no severe skin
damage developed. Four days later the skin wastintidh no desquamation left. No further
signs of skin damage had occurred when the persmnseen after three months, and none
have come to our knowledge later on. Cytogerastalysis of circulating lymphocytes was
performed and a slight elevation of chromosomalrratbens was observed, pointing to a
small, partial exposure, which is in line with theident. Health Phys. 107(4):351-355; 2014
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Severe nuclear or radiological events may haveifgignt consequences, with a large and
immediate need for information, considerable cimglés related to implementation of
protective measures, advice to the general publicaifected stakeholders, and decisions on
other mitigating actions. A number of authoritiedl e involved, and the management of the
event will most likely involve many Professionaldagovernmental environments and fields.
Recovery and long-term rehabilitation in the aftatimof the event may be demanding.
Management of severe events will also require matiéonal coordination. In emergency
planning, the aim is to form a preparedness thaviges the best protection based on the
resources available. In May 2010, the Norwegianegawent established six scenarios in
order to priority needs and to plan an as goodoasible nuclear and radiological emergency
preparedness in Norway. The scenarios are baseXmeriences from previous events and
evaluations of existing and future activities. THesm a comprehensive list and qualitatively
describe possible events with different consequenaad each represents distinct aspects
towards crisis management. The six scenarios are:

Large airborne release from a facility in anothaurdtry
Airborne release from a facility in Norway

Local event from a mobile source

Local event evolving over time

Marine release, and/or fear of marine or terrdstnatamination

I

Severe event abroad without direct consequencdsdiwegian territory.

The primary users of the scenarios are all auibsrivith responsibilities in nuclear and
radiological emergency preparedness and resportse.s€enarios id in reviewing crisis
management plans, developing specific scenariodbesemmunication plans, raise general
consciousness on different needs in emergency mespand provide a comprehensive
approach towards emergency preparedness planning.
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The new master programme in radiation safety atthigersity of Gothenburg has attracted
the interest of many students. To give student@d gstart, we prepare online courses
including recorded lectures, quizzes, calculatizareises, and recommendations to further
reading. The aim of the courses is to effectivadgch the basics of radiation physics,
detectors of ionizing radiation and gamma specttome

Massive Open Online Courses (MOOC) is offered lwessd Universities. The courses often
consists of short recorded lessons (3-15 min) thirdollowed by a quiz or a calculation

exercise. For many students, short bursts of indtion followed by a quiz are an effective
method for learning. With support from the Swadigadiation Safety Authorities (SSM),

some of the courses given at the master programenalso available to medical physicists,
PhD-students and professionals working in the rauclpower industry as continuous
professional development courses (CPD). The ontivaterial will be available to CPD

participants as well. In the future, online coursesy be an interesting alternative to the
intense CPD courses given today. The first onlooeirse: Radiation detectors and
measurement in radiation protection and preparedaed will be launched in the fall of

2015. The first versions will be given in Swedidmpwever, material is continuously
translated into English.
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Recently, the demand for personal protective eqgaigrfor radiation protection is increasing.
The laboratory of Nuclear Protection DepartmeniNational Institute for NBC Protection
(SUJCHBO v.v.i.), Czech Republic deals with a stunfy selected personal protection
equipment properties. This Research is supportedthey project called “Prevention,
Preparedness and Mitigation of Severe AccidentsCaéch Nuclear Power Plants in
Connection with New Findings of Stress Tests atter Fukushima Accident” (project No.
VG 20132015105, founded by the Ministry of the tideof the Czech Republic). As a part
of this research a collection of commercially aabié personal radiation shielding protective
clothing (RSPC) was gathered at National Institice NBC Protection. This protective
clothing is a kind of protective garments used ardy against radioactive contamination, but
due to a special shielding layer RSPC protect atjgganetrating ionizing radiation as well.
RSPC are possible to be used by special emergasspomse technical workers during
accidents in nuclear facilities or by first respersland firemen in emergency situations such
as accidents during radioactive material transgorta terrorist incidents involving
radioactive dispersal devices or nuclear weaporss.aAirst part of the study there was
determined X and gamma radiation attenuation inntlagerials of individual RSPC. During
further research, it is intended to determine tfiecéve dose to man using this protective
garments and staying in a radiation field. Thisedeination will be realized by Monte Carlo
simulations using MCNPX code. For this purposesitnecessary to know the elemental
composition of RSPC, especially the compositiontled shielding layer. The elemental
composition was determined by X-ray fluorescencalyamms. The results were then refined
using chemical analysis. In addition the matetialdure of RSPC was studied using electron
microscopy. During the structure study, the elemlenbmposition of shielding layers of
selected shielding materials was determined usimgydy-dispersive X-ray spectroscopy as
well. In the contribution, the collection of comromlly available RSPC will be presented
with regard to their shielding material. There valso be presented methods for determining
the elemental composition of RSPC and their reshitslly, the shielding materials of RSPC
will be compared with respect to their structure.
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Probabilistic Off-site Consequences Analysis, cominoeferred to as Level 3 Probabilistic
Safety Assessment (Level 3 PSA), is infrequentifguened and generally regarded as a less
developed analysis when compared to Level 1 ancelL@vPSA. Due to new nuclear
construction plans there is a renewed interestbjeabive and risk-based siting analysis in
order to better understand off-site consequencgsecally in the wake of the multi-unit
disaster at the Fukushima Daiichi site. Based omaniry from the Nordic PSA Group and
the Nordic Nuclear Safety Research group (NKS)oasortium of Swedish nuclear risk
consultancies (Lloyd's Register Consulting, AF idy and Risk Pilot) and the Finnish
research institute VTT has begun a multi-year stofdi?robabilistic Off-site Consequences
Analysis (Level 3 PSA). This last year of the pobjevattenfall joined the consortium to
provide radiation protection expertise in the pgttdies performed and in the development of
a Nordic guiding document on Level 3 PSA. The dibjecof the project is to further develop
understanding within the Nordic countries in theldi of Level 3 PSA; the scope of its
application, its limitations, the appropriate risletrics, and the overall need and requirements
for performing a Level 3 PSA. The project actistiaclude:

Performing an industrial survey about expectationsa Level 3 PSA, which included
several workshops and meetings with Nordic utditiegulators, and safety experts

Investigate the use and benefit of L3 PSA risk rogtr

Health Effects: Individual and Collective Dose, [gArate Effects
Environmental Effects: Ground contamination, “los$land
Economic: Food bans, relocation, land decontanonabusiness impacts, etc.

Investigate the use and benefit of countermeagewauation, sheltering etc.)

Investigate the interfacing to L2 PSA: Additionabuirements to existing L2 PSA Two
pilot studies with the aim to

illuminate possibilities and identify key uncerté@s and limitations in Level 3 PSA
analysis
Establish resource requirements for production lod\ael 3 PSA

The final activity will be the development of a dung document for Level 3 PSA. This
presentation will focus on radiation protection extp in performing a Level 3 PSA,
especially in the development of this guide.
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Computed Tomography (CT) high-resolution imagingehbeen used to investigate if there is
a significant change in the crystal-to-window dit@, i.e. the air gap thickness, in a small n-
type detector cooled to 77 K, and in a medium sizdgpe HPGe detector when cooled to
100 K. The findings were compared to detector dsman data made available by the

manufacturer. The air gap thickness increased 3840.07) mm for the n-type detector and
by (0.40+0.15) mm for the p-type detector whendhatectors were cooled to 77 resp. 100 K
compared to at room temperature. Monte Carlo cafiars indicate that these differences
have a significant impact on the efficiency in dagometries (< 5 cm). In the energy range
of 40-700 keV with a source placed directly on expjdhe change in detector efficiency with

temperature is 1.9-2.9% for the n-type detector @/3d2.1% for the p-type detector. The

measured air gap thickness when cooling the detaas 1.1 mm thicker than manufacturer

data for the n-type detector and 0.2 mm thickeitHierp-type detector. In the energy range of
40-700 keV and with a source on endcap, this réswtchange in detector efficiency of 5.2-

7.1 % for the n-type detector and 0.2-1.0 % forgHgpe detector, i.e. the detector efficiency
is overestimated using data available by the matuifer.
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Ruthenium is a semi-volatile element originatingaaéssion product in nuclear reactors that
can be released in case of a severe nuclear atcides release is promoted by air ingress,
high humidity, high temperature and oxidative cdinds in the reactor containment when the
consistency of primary circuit is lost. In this Wwoimpact of atmosphere composition on
transport of ruthenium through the primary circuidas examined. In experiments silver
nanoparticles were used as a representative aenod@ primary circuit. Additionally impact
of NO2 gas as product of air radiolysis was exaohinQuantification of ruthenium
transported both as a gas (RuO4) and aerosol wdsriped, to determine amounts of
transported ruthenium. Chemical composition of eatbm species was evaluated by XPS,
XRD and Raman spectroscopy techniques. Signifigaimtreased transport of gaseous
ruthenium through the facility was detected whil©2 gas was in the atmosphere. In
experiments conducted with both silver aerosols &2 in atmosphere transport of
ruthenium in both gaseous and aerosol form was @@ Conclusion was made that
modification of the atmosphere composition in thignary circuit will have unneglectable
effect on the amount of ruthenium transported godbntainment during a severe accident.
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In the Nordic countries, there are 5 nuclear poglants in operation: Forsmark, OKG and
Ringhals NPPs in Sweden and Loviisa and Olkilustdrinland. In addition, there are 3
research reactors JEEP Il and HBWR in Norway afdFin Finland. Environmental safety
of the nuclear installations is a sensitive antoaliissue for the public and authorities. In the
past years, an increased and more restrict enventah assessment program has been
required by the authorities and initiated in thelaar power plants and host institutions. For
this purpose, some radionuclides difficult to meassuch as 14C, 63Ni, and 55Fe, have been
added to the list of routine monitoring programmaedischarges and circulation water. In the
past years, some radiochemical analytical methadse been developed and applied in
Nordic industry and research institutions for waatalysis, environmental monitoring and
decommissioning.

However, because no suitable reference materaagable, it is not easy to validate these
methods. There is a high demand for a good apprimaiajuality control and a great need for
standard analytical methods for routine analysisahe important radionuclides. A joint
NKS project on standardization of radio analytioathods for important radionuclides in
Nordic nuclear industry (STANDMETHOD) has been lelied by collaboration of 8 Nordic
labs, the activities and achievement of this calfabion project are presented.
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Abstract

On behalf of the Swedish Radiation Safety Authoatynultivariate analysis of release and
environmental data from some of the Swedish nudisalities has been performed. For the
facilities in Oskarshamn (three BWR:s and an intestorage for nuclear fuel), Forsmark
(three BWR:s) and Studsvik (a waste treatmentifg@hd a closed down research reactor) an
analysis for both water and air variables was perénl. Earlier a similar study for the
facilities in Ringhals (one BWR and three PWR:s) ¥eater variables was performed on
behalf of the Swedish University of Agriculturali&aces. For the nuclear power plants in
Oskarshamn, Forsmark and Ringhals the radionucies8, Co-60, Cs-137, Zn-65, Mn-54
and Fe-59 were investigated and for the wastenteatt facility in Studsvik Co-60, Cs-134,
Cs-137, Eu-152, Eu-154 and Mn-54 were considered.

The aim of this project was to investigate if thame correlations between the measured
released activity and the measured concentratibrelmnuclides in the environment.

Multivariate analysis is a statistical tool whicincanalyse many variables at a time. It is here
used to find correlations between samples in their@mment and the releases of
radionuclides to air and water.

Quantifiable correlations between measured releases measured radioactivity in the
environment were identified. Several of the invgestied environmental samples showed
significant correlations with the releases and miat#tical models describing the relationship
between releases and concentrations in the enveonhwere identified.

The results from the multivariate analysis enalites identification of the most reliable

sample types in the monitoring programs in orderrgflect releases from the nuclear
facilities. A proper selection of sample types akathe estimation of expected environmental
concentrations from the release, in addition tamesdton of historic releases based on
environmental concentrations.

Introduction

On behalf of the Swedish Radiation Safety Authoatynultivariate analysis of release and
environmental data from some of the Swedish nudkealities has been performed. For the
facilities in Oskarshamn [1], Forsmark [2] and $ti# [3] an analysis, for both water and air
variables, was performed. Earlier a similar study the facilities in Ringhals for water
variables was performed on behalf of the Swedisivéssity of Agricultural Sciences [4]. In
this report the analysis for Ringhals is not furtdescribed, but the analyses for Oskarshamn
[1], Forsmark [2] and Studsvik [3] are summarised.

The nuclear facilities in Sweden measure theirasds to air and water in accordance with the
regulations. They are also measuring environmeatatentrations of radionuclides according
to a program for environmental control that the &afe Radiation Safety Authority has
decided.

a7



Aim
The aim of this project was to investigate if thare significant correlations between the
measured released activity and the measured coatiens of radionuclides in the

environment. A goal was also to see how differeahgle types (species) can work as
indicators for measured releases.

Method

Multivariate analysis is a statistical tool whicancanalyse many variables at a time. It was
here used to find correlations between concentratiof radionuclides in samples in the
environment and the measures releases of radioesdio air and water.

Data

For the Oskarshamn facilities (three BWR:s andrderim storage for nuclear fuel) and the
Forsmark facilities (three BWR:s) the nuclides -60-60, Cs-137, Zn-65, Mn-54 and Fe-
59 were considered. For the Studsvik facilitiesvéste treatment facility and a closed down
research reactor) the radionuclides Co-60, Cs-C34137, Eu-152, Eu-154 and Mn-54 were
considered.

The data consists of annual averages of measutedses to air and water and annual
averages of measured concentrations in the envenhm

In the data matrix each year is an observation @ach variable is defined as nuclide,
sampling station and sample type (species). Foreseariables there are only a few
observations and these are excluded. When the ngiskata is more than 80-85 % the
variables are excluded.

Data analysis

As a first step Principal Component Analysis (P@AYsed to discover if a certain amount of
data contains correlations. The PCA method cantifgesimilarities or differences in the
observations and also see different clusters areed values, so called outliers. The first
principal component (PC1) shows the direction m diata which shows the largest variation.
The next principal component (PC2) shows the setamgst variation and so on. Thus PC1
shows a projection of the most important variabteghe original data matrix. A score plot
shows how similar the different observations ardo&ding plot shows a map over how the
different variables are correlated to each other.

Partial Least Square or Projection to Latent Stmest (PLS) is used to quantify correlations
between the multivariate matrix with release data §nd the matrix with environmental
concentrations (Y). The software starts by doinB@A of Y and then of X and then an
optimal alignment of X and Y, but not necessarilthe line of lowest common denominator.
Score plots and loading plots for PLS also showin dise case of PCA, a map of observations
and variables respectively.

R2 shows how well the calculation models fit actdiala. Q2 shows the predictability of the
model for new X and Y values. Q2 is calculated tyss validation which means that one or
more observations are excluded and a sub-modebl@ilated by using the rest of the
observations. The sub-model is then used as a Wasigprediction of the excluded
observation. When all observations has been exdludee, all the uncertainties in the
predictions are added and a mean uncertainty caalbelated which leads to Q2.

A Gaussian plot shows if the residuals (the difieeebetween observed and predicted values)
are normally distributed. The graph shows the pooiyaas a function of standard deviation
(stdv) for every observation. Observations with enttran 4 stdv are probably outliers.
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Analysis of variance testing of Cross-Validated dicgve residuals (CV-ANOVA) is a
diagnostic tool for assessing the reliability of§?models. CV-ANOVA is a crucial test to
assess if the calculated model is significant st giochastic.

More details on the multivariate tool used in thedg can be found at www.umetrics.com.

Example of the method applied on Forsmark data

Figure 1 shows a score plot of the releases t@radr water from Forsmark for the period
1980-2012 for one model. If the observations ameetated the data points are close to each
other in the plot. For example if the releasest@amd water were correlated in some way this
would show in the plot. In this case the correlatietween releases to air and water is in
general weak but the releases to water, Fe-59 teaepf the different nuclides seem to be
correlated between the different nuclides. In tasecof Fe-59 there are a lot of missing data
for both air and water and this can be the readontte nuclide deviates from the others.

In Figure 2 the loading plot of all the variableBpth releases and environmental
concentrations for the period 1980-2012 for one ehoare seen. The pattern for the releases
is similar to the one in Figure 1. To identify calations between the different environmental
variables one must really scrutinise the plot. Toenputational algorithms seek the best
possible fit for X (releases) to Y (environmentahcentrations) and when this is done some
variables will end up with negative correlationdthdugh it is not reasonable that increased
releases lead to reduced environmental concenigatio

Figure 3 shows how well the particular model repnés the actual data (R2) and how well
the model can predict new values for releases amdommental concentrations (Q2). Q2
cannot be negative and therefor this model is seful for Fe-59 in air and water and Zn-65
in air.

The Gaussian plot in Figure 4 shows that the redsdcan be regarded as normally distributed
except for the 1986 observation (marked with red} teviates by almost three stdv.

The model M36 with 3 variables is significant ahe tegression coefficients are showed in
Figure 5. M36 can be used to predict releases eb&to water from measurements of
environmental concentrations with a prediction igbibf 96,7 %. A model with many
coefficients will be resource intense. To get measily handled models the coefficients can
be reduced but often also the prediction abilityresluced. If for example the largest
coefficient is used, station S111 and bladder w(&dKL1_BIasT) a model with the prediction
ability 78,6 % is obtained. But if the next coeifiot, station S101 and ongrowth
(5101_Pavax), a model with the prediction abili®y78% is obtained. Observed and predicted
value with this model, M176, can be seen in Fidgure
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Results

Quantifiable correlations between measured releasesl measured environment
concentrations were identified. Several of the stigated environmental samples showed
significant correlations with the releases and miat#itical models describing the relationship
between releases and concentrations in the enveonwere identified. The correlations are
valid for activity values within the interval thags been used to design these models. The
models should also be able to point out deviatams indicate when a non-monitored release
has occurred.

The summarised result is that it is possible tawudate the releases from the studied facilities
from the results of the measurements of a few miffe species at one or a few of the

sampling stations in the surroundings. The resiis show that it is possible to calculate the
environmental concentration of the studied raditidas for a number of different species

and sampling stations from the releases from thdiestl facilities.
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Results for Oskarshamn

Significant models were identified for five of thex studied nuclides to water, Fe-59
excepted, and for Zn-65 to air. The analysis afsws that for five nuclides to water and Zn-
65 to air it is sufficient to measure only one spe@t one sampling station to get a good idea
of the controlled release. That no certain relatps could be established for Fe-59 is
probably due to the small number of measurementearenvironment for this nuclide. See
Table 1.

8 " ™"
Nuclide Number of | Prediction ability | One variable | Prediction ability
variables (n) (%) for model with | (station_species) (%) for model with
n variables one variable
Co-58 water 3 91,7 S12 bladder wrackl 76,7
Co-60 water 4 90,0 S12 bladder wrack 89,5
Cs-137 water 18 79,4 S17 bladder wragk 72,0
Mn-54 water 3 70,0 S12 bladder wrack 64,2
Zn-65 water 10 75,8 S1 yellow eel2 59,6
Zn-65 air 4 76,3 SB_dryopteris filix- 71,4
mas

Results for Forsmark

Significant models were identified for five of thex studied nuclides to water, Fe-59
excepted, and for Co-60 to air. The analysis alsaws that for four nuclides to water it is
sufficient to measure only one species at one saqtation to get a good idea of the
controlled release. See Table 2.

8

Nuclide Number of | Prediction ability | One variable | Prediction ability
variables (n) (%) for model with | (station_species) (%) for model with

n variables one variable

Co-58 water 3 96,7 S101_ongrowth 89,7

Co-60 water 11 85,9 S101_ongrowth 93,6

Cs-137 water 11 37,9 S101_ongrowth 72,9

Mn-54 water 2 64,9 - -

Zn-65 water 4 90,3 S104 bladder wrack 93,7

Co-60 air 2 86,2 - -

Results for Studsvik

Significant models were identified for all of thix studied nuclides to water, and for Cs-134
and Cs-137 to air. The analysis also shows thafivfernuclides to water and Cs-137 to air it
is sufficient to measure only one species at omepBag station to get a good idea of the
controlled release. See Table 3.

8 +

Nuclide Number of | Prediction ability | One variable | Prediction ability
variables (n) (%) for model with | (station_species) (%) for model with

n variables one variable

Co-60 water 3 50,9 S33 bladder wrack 61,7

Cs-134 water 3 33,6 - -

Cs-137 water 3 85,2 S3B_bladder wragck 84,5

Eu-152 water 3 77,8 S3B_bladder wragck 70,8

Eu-154 water 4 71,8 S7 sediment 73,6

Mn-54 water 4 46,8 S34 bladder wrack 40,2

Cs-134 air 3 64,4 - -

Cs-137 air 2 48,4 SC_hair mdss 90,4

! Fucus

2 Anguilla

% Polytrichum commune
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Conclusions

The results from the multivariate analysis enalites identification of the most reliable

sample types in the monitoring programs in orderrgfiect releases from the nuclear
facilities. A proper selection of sample types abathe estimation of expected environmental
concentrations from the release, in addition tanmedion of historic releases based on
environmental concentrations.

In general, the more variables used in the modebttter the prediction ability. This is the
case for all the variables in Oskarshamn, but asbeaseen in the Forsmark and Studsvik
case, this is not true especially for Cs-137. Tesiation can possibly be explained by the
fallout from Chernobyl when Forsmark, specificaiynd the Swedish east coast, in general,
were highly subjected.

The studies also show that specific variables aamiribute to the prediction of releases
significantly. For the facilities described heresgems that bladder wrack is an important
species to include in the environmental controlgpam to be able to predict environmental
concentrations form measured releases or vice ver$eorsmark also the ongrowth samples
are good indicators for releases. For Ringhalslaimnesults were obtained; coefficients for
samples of bladder wrack showed the least uncéytgdh
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Rapid sample processing techniques are desirableadionuclide determination for
emergency preparedness, environmental monitoringlear decommissioning and waste
management to achieve fast analysis, and high sattmmughput with low labor intensity and
cost. Within the Nordic countries, a few laboratgriworking with radiochemistry have
initiated R&D in developing rapid radiochemical imetls using different rapid and effective
sample treatment techniques. However, the exptorati rapid techniques is still a fresh area,
and very little has been done to share experieandsknowledge on this topic among the
Nordic countries. In 2014, within NKS-B Rapid-Tegtoject [AFT/B(14)7], Nordic scientists
gathered together and screened the current aralytiethods for common radionuclides
(e.g., Sr, actinides). Problems and needs in dpirgorapid radiochemical methods were
identified and applications of distinct rapid saegrocessing techniques to improve the
simplicity and analytical efficiency in radio assafpr determination of the most common
radioisotopes were assessed. Based on the screesengral consensuses through the
screening have been reached:

1) Current application of novel automated techniguedNordic countries is very limited,
many of them have only been exploited for researgipose while most routine analysis
are still operated in batch-wised manual fashion.

2) Analytical techniques used for Sr determinationyvargnificantly from lab to lab.
Especially for low-level environmental samples, esal Nordic labs are still using very
traditional methods developed in 1960-70s. Thesthods are not only problematically
slow and labor intensive but also based on theofidearmful chemicals (e.g., fuming
nitric acid) wherein laboratory safety issues acgtivof concern.

3) There is a need for end users to become more awfatlee advantages of improved
techniques for radiochemical assays, so that theybecome more active in driving the
long-term development. Identification of concretealgtical benefits and experience
sharing are necessary for selecting purpose-fieht@chniques.

To better improve the application of rapid and endted techniques in radiochemical
analysis thus to prompt the development of effectadio-analytical methods, insights and
perspectives obtained from the NKS-B Rapid-Tech2@bject are discussed in this paper in
combination of specific analytical protocols (efgr,90Sr and Pu isotopes).
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Radioactive patrticles, such as Cs-134 and Cs-1Béreweleased to the atmosphere from the
nuclear power plant (NPP) accident in Fukushima-iBfai in March 2011. These released
radioactive particles were deposited both as ddyvaet deposition onto forest trees. Some of
the intercepted and post-deposited retained ranveaparticles were be taken up directly by
the forest vegetation through e.g. leaves and/dk. @de aim of this study was to investigate
the canopy interception of radiocaesium and thecedf of species characteristics on the
canopy interception. Moreover, to analyse the acdation within different plant parts of
forest trees. The investigation was based on réifit monitoring surveys obtained by the
efforts of Fukushima Prefecture. The surveys hanbmarried out from year 2011 in the
radioactivity contaminated forest areas of FukushPnefecture in Japan, after the release of
radiocaesium (Cs-134 and Cs-137) from the FukusHdamichi NPP accident in March
2011. Totally approximately 250 measurement pamt different forest stands was studied.
The different tree species were divided into 2 gsjuevergreen species (coniferous) and
deciduous species (broad leaves).The average epteon of radiocaesium (both Cs-134 and
Cs-137) was largest for Oak tree mixtures (282 % B§ m?) and lowest for Japanese cedar
tree (58 + 104 Bq if). The average f-values of radiocaesium (both Gsdr8l Cs-137) were
highest for Beech trees (0.58+0.17). The bark pad in generally the highest activity
concentration of radiocaesium whereas the lowdstitgcconcentration was in the wood part
(both softwood and heartwood). Moreover, there ¥easd that pre-leaves had a higher
activity concentration of radiocaesium then in deatwves. The deciduous trees had in general
higher activity concentration in the bark part andhe litter layer then for coniferous trees.
This can be explained by that the deposition ofo@aksium occurred before the deciduous
trees had started leafing.
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The Swedish Radiation Safety Authority (SSM) cdBecjointly with other Swedish
authorities (e.g. Swedish Environmental Protectibgency and Geological Survey of
Sweden), samples from the marine environment sndiog Sweden. This activity is a part of
the Swedish Marine Environmental Monitoring Progrdma subprogram focusing on metals
and organic pollutants in sediment, SSM takestparionitor radioactivity. Sampling stations
in this subproject have been monitored since th®49but monitoring in its present form,
comprising 16 stations in open sea which are rexdsevery 5-6 years, started in 2003. The
idea is to study trends in pollutions (including é@ments and 66 organic compounds) at
these stations which are carefully selected to rbeleep bottom areas with undisturbed
sediments that form excellent archives that candaed. SSMs role has been to study
radioactivity in the sediments and to produce sedimdating results for the other
collaborators monitoring metals and organic pohitga We will present the Cs-137 results
from 16 sediment cores collected during the 2008pdiag campaign and compare the results
with the 2003 data that are already published m HELCOM database. The sediments
collected during the 2014 sampling campaign hage gurived to the SSM, and hopefully
some preliminary results on selected cores wiljiven at the conference.
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Within the scope of the EFMARE project, the conssmes of severe radioactive releases to
the Nordic marine environment were analysed witkcg attention to the effects of dynamic
behaviour, namely kinetic bioaccumulation process®s their modelling and the temporal
variability of pollutant dispersal. The hypothetiddPP and a submarine reactor accident in
the coastal Nordic marine environment (The Balga $egions; Icelandic and Faroese coastal
areas) were under consideration. Our results fiimatng the concentration of radionuclides
in marine organisms and for dose assessment regatide implementation of the kinetic
bioaccumulation model into the NRPA box model and DETRA computer code clearly
demonstrate that there is a significant quantigatifference between the kinetic modelling
approach and the approach based on the assumptammstant concentration ratios. Model
results were compared with experimental data onb#ms of an improved version of the
NRPA box model for the Baltic Sea. This clearly destrates that dynamic modelling of
bioaccumulation processes can provide a more gratgscription of the concentration of
radionuclides in biota and can be very useful fadio ecological assessment. With a
numerical case study the temporal variability oflygant dispersal in Icelandic waters is
demonstrated. The simulations, which contain &upoh source in Denmark Strait northwest
of Iceland, are based on flow and turbulence figids/ided by the CODE operational ocean
model. The results show a spreading directed maasgwards over the north Icelandic shelf
with the North Icelandic Irminger Current. Anotheath leads into the southward directed
East Greenland Current. The dispersal into botmdhas shows a high inter-seasonal
variability whereas the role of the seasonal sigeaht least in certain areas, only of minor
importance. These results emphasize that operatlyytrodynamic ocean modelling can
provide important additional information for radioological assessment.
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A major challenge for the assessment of nucleatema&positories is to make estimates for
the long time scales of 1000 to 100 000 of yeale Bwedish Nuclear Fuel and Waste
Management Co. (SKB) has recently handed in twdiagns for repositories. One high
level repository for spent fuel and one low levedste repository for operational nuclear
waste. In both assessments the knowledge of thehpsry of the sites, the last glaciation
period to now, and the deduction from the ongoingcesses are combined to produce an
illustration of future landscapes. This includesiatons in the natural ecosystem as well as
potential land use of the surface ecosystems amgahbential exposure to humans and the
environment. The results from these applicationge ghat humans can be exposed to a
variation of several orders of magnitude dependihgvhen and how long releases might
occur to the surface. A brief overview of the methapplied will presented, and some
examples of results. Finally the balance for a mlem “realistic” biosphere assessment
versus a “simplistic” assessment will be discussed.
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Fertilizers are produced from organic materialsnimerals deposits. Varying concentrations
of radionuclides are found in these raw materilsiing industrial processes, radionuclides
may concentrate in the product, side product orntevaBherefore, fertilizers in the Finnish
market were investigated as a part of the environaheradioactivity surveillance.
Radioactivity in fertilizers may transfer from sad agricultural produce either directly to
edible crops or via feed cultivation to livestockdahence cause exposure internally to
consumers. Fertilizers may also cause exposurernaiie to those who handle them
professionally. The previous survey into radioattivn fertilizers had been carried out in
1982-1983. The sample consisted of 45 fertilize8®: inorganic, 7 organic, 4 soil
amendments and 2 substrates. The samples werartigetsat Finnish Food Safety Authority
— Evira selected for their fertilizer's control dyses. The fertilizers originated from Finland,
Russia, Germany, Estonia, Israel, Sweden and Brlgand were collected in 2012. In all
investigated fertilizers, radioactivity content was small that they do not significantly
increase the natural radioactivity content of agtizal soils. The radioactivity content of soil
amendments and substrates were in the same rangesasaller than agricultural soils in
general. Among those who handle these fertilizérsvark, excess effective dose from
external exposure does not exceed 1 mSv/year.
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This presentation is based on the research préigrenium Aerosol Characteristics at a
Nuclear Fuel Manufacturing Site - Particle Size,rpwlogy and Chemical Composition”.
This study has been conducted by Linkdping Univgriir the Swedish Radiation Safety
Authority, SSM. The conclusions and viewpoints preed in the report (2015:18) are those
of the author/authors and do not necessarily coeeiith those of the SSM. From SSM'’s
point of view it is interesting to present how thesearch project will support regulatory
supervision at nuclear facilities with airborneicadttive particles present. The authority has a
challenge at nuclear facilities to understand aolibw up how the uncertainties in the
different parameters are handled concerning dallaction for calculating the committed
effective dose. In operating of nuclear faciliti@s,the process of controlling the radiation
working places, many parameters in the collectiatadire crucial for following calculations
of committed effective dose. Three such parameterserning uranium aerosols are the
particle size, the morphology and the chemical fdtns in our regulations (SSMFS 2008:51)
pointed out basic provisions for the protectiomofkers and the general public. The operator
has to control the amount of intake of radioagfiwiia respiration, ingestion or through the
skin (including wound). For this control the airdasurface contamination are monitored in
“controlled areas”. Results of calculated commigdféctive dose are related to the regulating
dose limits including equivalent dose to the foatos getting more than 1 mSv. Results of
monitoring people shall also be recorded.

Radiation protection of individuals exposed to mng radiation at nuclear facilities is based
on regulations (SSMFS 2008:26) where the operatopdinted out to have continuous
calibrations and checks of instruments and equipnm&rsonal contamination checks before
leaving controlled area has to be installed. Wialdy counting including urine analysis and
lung measurements if needed is required. If coneahiéiffective dose of 0.25 mSv or more is
found, the whole working team shall be measureagi8ievent of intake which is calculated
to give a committed effective dose of 5 mSv or mshall be reported in writing to the
Swedish Radiation Safety Authority. Such a repaas o declare type of intake and
circumstances, committed effective dose and this liasthese calculations.
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Characteristics are crucial in order to carry ootuaate internal dosimetry calculations
following the International Commission on Radiolkmai Protection methodology. Examples
of such parameters are Activity Median AerodynaBi@meter and solubility. Understanding
of such parameters requires knowledge of aerosalacteristics such as size distribution,
morphology and chemical form. In this pre-studysi parameters have been studied at two
process steps (fluidizing bed furnace and burnablsorber grinder) at the Westinghouse
Electric Sweden AB nuclear fuel factory in Vaster@weden. Aerosols were collected using
a cascade impactor and 62nalysed with Scanningrate®licroscopy coupled with Energy
Dispersive X-ray analysis. The results show a §icant variation in uranium aerosol shape
(spherical, near-cylindrical, irregular with shagges, conglomerates of small particles, etc.),
with particle size distributions to some extent idéag from the expected lognormal
distribution, possibly indicating two ‘families’ oparticles. The vast majority of the
radioactive aerosols, unsurprisingly, consistedrahium and oxygen, but at the bed furnace,
1-6% of the uranium aerosols contained fluorineheDuranium aerosols were shown to be
attached to elements such as nitrogen, aluminiaaolghium and silicon. This is believed to
affect the aerosols’ physicochemical properties.
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In July 2012 the Danish Health and Medicines Autlgdational Institute of Radiation
Protection introduced a new dosimetry system basedthermoluminescent dosimeters
(TLD). The system consist of a HarshawTM TL-cardhwiLiF:Mg,Cu,P material and
automated ‘8800’ TL-readers from Thermo Fisher Sidie. The TL-card is worn in a
designated plastic holder to measure the operateguramtities for individual monitoring. The
performance of the dosimeters is being tested dogprto the international standard IEC
62387-1 and irradiations with photon and beta-plartiields are performed according to the
standards 1ISO 4037 and ISO 6980. Results fromtélsiswill be presented and uncertainties
and detection limit will be presented and discusseatcordance with internal standards.
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Abstract

The decommissioning of the former DR 3 researchtogat the Risg site has now reached a
state, where the first inner parts have been rethoMeese parts are the top shield plug (TSP)
and the top shield ring (TSR), which constituted tibp shielding of the reactor tank with the
fuel elements. Both the TSP and the TSR were heawyponents with very active bottom
parts. Therefore careful planning and monitoringrfrthe moment the parts were taken out
until they were placed in shielding casks was néede characterization of the activity
contents in the reactor parts was used to estithatelistribution of activity in these parts.
®Co is the dominant gamma-emitting radionuclide.nfrthe estimated activity contents
radiation levels were calculated around the paoth linshielded and when placed in their
shielding casks. The parts were handled remotefingithe removal until they had been
partly shielded. Also the dose rate was monitoesdately. Good agreement was obtained
between measured and calculated dose rates. Dos¢rasots were set for the individual
effective dose for the workers participating in tgerations. Effective doses to the workers
were all well below the dose constraints. Both BAnDecommissioning personal and
external workers did participate in the work.

Introduction

The DR3 research reactor was an English Pluto tgpetor which was in operation almost
continuously from 1960 until 2000 where it was pan@ntly shut down. The reactor had a
thermal effect of 10 MW. It was cooled by heavy evaand had a graphite reflector. The
reactor was primarily used for research in physfnsutron scattering), radionuclide
production and silicon doping. 18 experimental tilgave access to positions close to the
core position and neutron beams (thermal and caldrans) from two horizontal tubes.

In 2003 it was decided that the reactor was todm®hmissioned after a cooling period of 10
years to allow for decay of radioactivity°Co). The 10 year period has been used to
characterize the reactor for the content of radioid&y, different decommissioning options
have been evaluated and peripheral equipment has themantled. Three years ago the
primary cooling system (except for the reactor tas&lf and the tubing in the reactor block)
was dismantled and in 2014 the decommissionin@®@iriner parts of the reactor started. For
a more general discussion on the health physicesseelated to the decommissioning of the
DR3 reactor see ref. 1.

Decommissioning approach

After the peripheral systems and the primary capsigstem had been dismantled the reactor
block (biological concrete shield and the reactmtgpon the inner side of the concrete shield),
the concrete walls of the room below the reactocklnd the reactor containment remained.

Figure 1 shows a schematic cross section of thetaedlock. The reactor block can be
delineated into the inner parts (within the ree@$pand the outer parts (mainly concrete). The
concrete room with the primary cooling pumps is stadwn on the figure 1.
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Figure 1. Schematic cross section of the DR 3 reactor coostm. Parts within the red
lines are defined as inner parts and the parts idetss outer parts. The reactor aluminium
tank contained the fuel and the heavy water moder&uel and moderator were removed
just after final shot down. Outside the reactorkamn graphite reflector is placed in a steel
tank (inner tank). Outside this steel tank a lead &oral shielding are situated in an outer
steel tank. Outermost is the concrete biologicaklging. The reactor aluminium tank is
closed at the top by a top shield plug (TSP) akdwise the steel tank with the graphite
reflector is closed by a top shield ring (TSR).

The decommissioning is planned to be done accortdirtge following sequence (from top
down and from inside out):

Top shield plug (TSP), top part of reactor tanlg shield ring (TSR), lower part of reactor
tank including horizontal tubes, graphite moderaitumer steel tank, lead and boral shielding,
outer steel tank and the concrete shielding. Therasteel tank containing lead and boral
shielding might be removed together with the cotecre

TSP and TSR units and the method of their removal

TSP and TSR can be considered as slabs of differatdrials (cadmium, iron, lead, shot iron
ball concrete) put on top of each other and encasestieel. A priori the parts of the steel
casing closest to the reactor core were consideredntain most of the activity.

Table 1 gives some of the characteristics of the @a8d TSR.
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Table 1:Some characteristics of the TSP and TSR.

TSP TSR
Geometric shape Approx. cylinder Approx. cylindrishell
Inner diameter 206 cm
Outer diameter 197 cm 270 cm
Height 132 cm 118 cm
Mass ~ 22 tons ~ 17 tons
'Cl'cc)):]?(l_:‘n?stimated activi ~ 4.5 TBq (primo 2012) ~ 0.4 TBq (primo 2012)

The two units were removed in almost the same wayas follows:

A: vertical wire-lift by hydraulics (strain jack)X @approx. 220 cm

B: horizontal displacement of approx. 500 cm om skacks by hydraulic pistons
C: vertical lowering onto a bottom shielding

D: assembly of the shielding that had been buécgjally for the unit

The vertical and horizontal movements of the unigse done remotely and were performed
by the external company Mammoet.

When the TSP was removed the now open reactorwaseovered by a moveable top shield
(MTS) which ran on tracks.

Preparations before removal

Limitation on doses and radiation levels

A maximum acceptable individual effective dose fioe removal of one unit was set to 1
mSv. This is a fairly large fraction of the 5 mSwyse constraint on individual dose, which is
used for the DR3-internal-parts-project. This 1 m&xel was chosen because considerable
shielding of the sources had been made, furthezldshg was difficult and expensive to
apply, the tasks were all considered important modfrequent. The 1 mSv level was set for
both Danish Decommissioning personnel and the eakteworkers and all workers were
informed of this requirement in a health physicéraduction. The nuclear regulatory
authorities did agree with this maximum effectivesd beforehand but requested an
iImmediate notification in case the dose level waeded.

The two shieldings for the TSP and TSR were desigogeduce the dose rate on the surface
of the shieldings to 2 mSv/h.

Determination of activity content

The activity distribution in the reactor inner gawas estimated based on the results of a
project in which the reactor was characterized. @gf As the characterization was made by
measurements on samples the estimated activityegtsntin some parts did have large

uncertainties.

It was considered necessary to make dose rate neeasots to obtain better knowledge of
the activity contents on the side of the TSP. Tioeeea preliminary lift in which the TSP was
lifted approx. 95 cm was made a month before theoxeal.

66



Expected radiation levels

Based on the estimated activity content in thermpagts and surrounding concrete shielding,
the expected radiation levels were calculated aeioto design shieldings and to calculate
radiation doses to the workers. The Monte CarloecBCNP was used to calculate the
radiation levels. To assist with the dismantlingtlé reactor inner parts, a catalogue of
radiation levels has been made (ref. 3).

Figure 2 and figure 3 show some examples the atledildose rate levels.
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Figure 2. Modelleddose rates in mSv/h below the TSP unit (TSP sduatmid-air).
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Figure 3. Modelleddose rate from the inner parts of the reactor daraction of horizontal
distance from the reactor centreline for differgnttical distances above the bottom of the
reactor tank.
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Relation between the dose rate at un-collimate€ati@ts placed at different positions relative
to the TSP and TSR and the radioactivity conterthenbottom of the units were calculated
using the point kernel method and the MCNP toocsoAthe relations between activity content
in the side of TSP and dose rates at collimatedctiats at different positions relative to the
TSP were calculated in the same way. These reflatware used in comparison of
measurements made during the removal of the units.

Shielding design

The shielding packages for TSP and TSR were degignehe basis of the activity contents
and the requested dose rate limitation. A shieldiuadj of concrete blocks surrounding the
reactor top area was designed.

Work planning

The work was divided into sub tasks. For each st the radiation protection measures
were optimized. The calculated radiation levelsengsed to do this.

Expected effective doses

Based on the predefined work procedures, on pasitielative to the radiation sources, on
work time consumption in the radiation fields andtbe radiation levels, the effective doses
were calculated.

Setting no-go criteria
A no-go criterion was set up for the removal of &P and TSR.

The estimated maximum individual effective dos¢hie sub tasks for the TSP removal was in

the range 0.20-0.25 mSyv i.e1/4 of the maximum acceptable dose. The estimattdty in

the TSP side casing was the main contributor teeffextive dose hence up to 4 times larger
activity than estimated in the side casing couldabeepted. If a similar argument was to be
used for the TSP bottom a somewhat higher actifidy the estimated activity multiplied by
4 could be accepted. However, the bottom of the W& the least shielded part during the
lift and therefore a factor of 4 was also applied this activity. The limits for acceptable
activity were translated into acceptable dose ratesletectors which could measure in
planned stops during the removal. If one or morthefmeasurements at the side were above
the no-go limit the TSP would still be lifted toethighest position before it would be lowered
into its original position in the reactor. This wiasbe made to, should the activity in the TSP
side be too large, so that an indication of thevagtof the bottom of the TSP could be
achieved.

In a similar way a criterion was made for measurgsiéhe bottom of the TSR during
removal.

Results

External effective doses

The resulting effective doses to the involved woskeere registered by digital dose meters
and TL dose meters and extremity doses (hands) negistered by TL dose meters. In this
paper only the digital readings are reported. evwy doses were received while performing
preparatory work prior to the actual lift. Tabl@@d table 3 show the effective doses received
during the removal of the TSP and TSR respectively.
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Table 2: Effective doses imsv received by Mammoet (MM) and Danish Decommisgjon
(DD) personnel when the TSP was removed.

8 May (removal) DD MM DD and MM
Mean effective dose (for those >0) 15 14 14
Maximum effective dose 31 36 36
Collective effective dose 177 111 288
9 May
Mean effective dose (for those >0) 8 9 8
Maximum effective dose 26 19 26
Collective effective dose 109 37 146
Total collective effective dose 286 148 434

Table 3: Effective doses imbv received by Mammoet (MM) and Danish Decommisgjon
(DD) personnel when the TSR was removed.

13 October DD MM DD and MM

Mean effective dose (for those >0) 6 5 5
Maximum effective dose 12 8 12
Collective effective dose 13 19 32
14 October (removal)

Mean effective dose (for those >0) 12 16 13
Maximum effective dose 54 36 54
Collective effective dose 202 98 300

Total collective effective dose 215 117 332

Dose rates in areas surrounding the DR3 containmverg measured during the removal of
the TSP and TSR. At the maximum lift height, wheve dose rates in the surrounding was

largest, the dose rates did not exceedb¥/h (TSP) and 0.86v/h (TSR).

Activity content in the TSP steel bottom plate

Measurements with two un-collimated GM-detectorsenmade when the TSP was lifted to
the highest position, i.e. 217.7 cm. The deteot@=e positioned 80.7 cm vertically under the
bottom and 94.5 cm (radial distance) from the sidethe TSP. The detector had an
approximately 45 degrees angular separation. Trexibes had full view of the TSP bottom.
The measured dose rates were 121 mSv/h and 135 m&t a relative 20% uncertainty. If
the relation between dose rate and activity whiels walculated for this geometry is assumed
to be without uncertainty the activity of the batt@f the TSP was 2.89 TBq + 0.41 TBq (8
May 2014). This is in full agreement with the estted primo 2012 activity, which corrected
for decay results in 3 TBq medio 2014.

Activity content in the TSP steel side casing

Measurements with two collimated detectors GM-detsgointing towards the lower side of
the TSR were made, when the TSR was lifted. Thectlets were placed at a radial distance
of 130 cm from lower part of the TSP casing. Tredland steel collimation limited both the
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detectors view to a part of the side casing whies W0 cm in height and 10 degrees wide,
and which was just above the reactor pit. The deteavere separated by approximately 40
degrees. Measurements were made at the liftindhteeef 110 cm and 125 cm. These heights
were chosen as a compromise between having thenbatt the TSP in the pit and measure
the side casing near the bottom of the TSP. Thiediheights correspond to parts of the TSP
sides which have their lower side 22.1 cm and mlrespectively, above the bottom of the
TSP. The activity concentrations calculated frora theasured dose rates were in all four
places a factor of 10 lower than the estimated (Bwdy corrected) activity concentrations.

Activity content in the TSR steel bottom plate amaer side steel casing

The activity content in the TSR bottom was deteadiby measuring the dose rate with two
un-collimated GM-detectors situated 54 cm below bmdtom on the main axis. In this
position the detectors had a good view of the Inotamd inner side casing of TSR (the two
parts which contributed the most). The dose ratactivity ratio used is estimated to have a
relative uncertainty of 10% due to the inheritedentainty in the activity distribution.

Prior to the lift, the dose rate, as a functiorposition below the bottom had been calculated
with the MCNP for a total activity content of 0.4Bqg which was the expected activity
content primo 2012. For the purpose of the calmratmost of the activity was considered to
be in the bottom (58%) and in the inner side cag#@fo). For the actual geometry the
relation between dose rate and activity was 78 mBef 0.41 TBqg.

In the actual lift the two detectors both measws8dnSv/h. The relative uncertainty on the
measured dose rates was 20%. The dose rates neeasurespond to an TSR bottom and
inner side casing activity of 0.28 TBq = 0.15 THgl (October 2014). Decay correction to
October 2014 from the primo 2012 estimated actif@tyil TBq) results in 0.29 TBq, thus a
full agreement was between estimated and measatietya

Contamination

During the removal air was continuously monitored tfitium and particulate activity by air
monitors. No reading above background was seeria@usmear samples were taken along
the transport route for the TSP and TSR but noatoimation was found.

Internal doses
As contamination of surfaces and air did not ocituernal doses were not received.

Effectivity of TSR and TSP shieldings

Measurement on the surface of the shielding shbaisthe maximum surface dose raté.Q
mSv/h (TSP) and 2 mSv/h (TSR)) does not exceed 2 mSv/h.
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Photos

Below are some photos (figure 4-9) from the rema¥dhe two units.

Figure 4. Ready to remove TSP. Side part of TSP shieldimpdaiced over the top of TSP in
the center of the picture .The hoist system isyeade attached. To the right are the bottom
part and the inner lower side shielding for the T®ady to be lowered down. To the left
under the support for the hoist system is the mueetop shield (MTS) ready to be moved
over the hole which was left open when the TSPremeved. A shielding wall of concrete
stones surrounds the reactor top.

Figure 5. Ready to remove TSR. Side part of TSR shieldipaced over the top of TSR. The
hoist system is attached via a shielding slab &ottip of the TSR. In front are the bottom part
and the inner lower side shielding for the TSR yetadbe lowered down. In the back the MTS
is ready to be moved over the hole which was Ipéinowhen the TSR was removed. A
shielding wall of concrete stones surrounds theteatop.
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Figure 6. Remote removal of the TSR is made from the dawiben at the entrance level of
the reactor hall.

Figure 7. TSP inside its shielding at the reactor top.
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Figure 8. TSP (left) and TSR (right) inside their shieldiraye being lowered down from the
reactor top.

Figure 9. TSP inside its shielding inside another shieldmgransported to the local waste
storage.
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Danish Decommissioning (DD) receives and manadethalradioactive waste produced in
Denmark. The waste originates from a variety ofraisad activities including the industry,
the health sector, research institutions, schoais] the decommissioning of the nuclear
facilities at the Risg area. The waste managensgesubject to a number of requirements
concerning the protection of humans and environnmEmtse requirements concern all stages
of the waste management and —treatment from praeiucf the waste over short- or long
term storage till the final disposal. During thelga&tages of waste production and —storage
humans and environment must be protected from fiogesf and exposure to direct radiation
from radionuclides. At the final stage of the wastanagement, the disposal, the effort will
concentrate on isolating the waste from humanseavitonment, and to inhibit, reduce and
delay the migration of radionuclides at any timesrf the waste to the biosphere. In order to
consider and prepare for all stages of the wafgteyicle a number of requirements have been
set up for the waste management. The requiremecitgie:

P Volume reduction of the waste;
P Sorting of the waste according to material andiorig

P Waste characterization including weight, size, mateomposition, and identification of
radionuclides involved

P Maintaining data about the waste for future gemnenat

The detailed description of the waste is importstvaste properties can be deciding factors
when selecting a final design for a long term sofuffor the waste. We present the Danish

Waste management which is based on the requirerabotge. Furthermore we present the

possibilities for a long term solution for the Dsimiradioactive waste that have been decided
politically, and we outline the considerations anddels that will be a part of a safety case

for a long term solution for the Danish Radioactiaste.
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Introduction

In the planning of any medical X-ray facility oné the main priorities is to ensure that
persons in the vicinity of the x-ray facility aretrexposed to levels of radiations that exceed
regulatory exposure limits[1]. Verification in tHerm of measurements and calculations of
the radiation shielding are mandatory when it is erdirely unlikely that the exposure limits
could be exceed, due to increased workload, newpegant or renovation [2].

The aim of this project is to evaluate current hods in use for assessment of medical
radiation shielding and to establish the most jpraktand reliable method for verification of
radiation shielding.

Materials and Methods

The methods included in this project involved; T@amssion measurements using x-ray, and
determination of lead thicknesses and equivaleickilesses using two radionuclides. All
measurements were performed on 2 lead sheets of tticknesses and on 3 areas of interest

in an x-ray lab

Transmission based assessment

Transmission measurements were performed using lenobray equipment (Siemens
Mobilett 11) and a dose meter (RTI Piranha).

Methods determining lead equivalencies

Here the area of interest was exposed to a radvegadint source and the transmitted beam
was measured on the other side with a portable HB&ema-ray spectrometer (Ortec
Detective). Measurements were performed using tifferent radionuclides, 50 Mb&™Tc
(141 keV) and 370 MBG*Am with several gamma energy peaks e.g. 59 keV }36¢4 208
keV (0.0008%).
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Results

Determination of lead thickness and equivalency
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59 kV 78 kV 131 kV
(HVL: 2,42 mm Al)  (HVL: 3,34 mm Al) (HVL: 5,43 mm Al)
1,04 mm Pb 0,014+0,001 0,126+0,005 0,674+0,008
2,00 mm Pb 0,000+0,000 0,023+0,001 0,058+0,002
Wall (3mm Pb) - - 0,000+0,000
Shielding glas - - 0,000+0,000
(3mm Pb)
Door (3mm Pb) - - 0,000+0,000
Conclusion

The lead equivalencies measured using energiedlok&V and 208 keV are in the range of
the stated 3 mm Pb. However due to the low yielthef208 keV rays the uncertainties are
high and the 59 keV rays are insufficient for sthiefjs exceeding 2 mm, making the Am-
method not entirely reliable as an assessment meffmbe able to us&'Am energies, high
potent sources and longer acquisition times areired, which is not feasible or practical.

The use of*™c provides a fast, inexpensive, precise and aitdessvaluation method. The
downfalls being; a energy higher than diagnostrayxbeam energies and a short half-life of
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6,04 h requiring decay correction. For quantitati@esessments the Tc-method is to
recommend, especially if the properties of thelslmg material is considered.

Transmission measurements using mobile x-ray eqemprare a practical solution to verify
stated lead equivalent thickness, due to the aibidysof mobile x-ray equipment. However
at shielding areas were the lead equivalency isecto or higher than 2 mm lead, the weaker
dose rates give no quantitative signal. Making thethod mostly suitable for confirmations
and not for more accurate characterization of thelding.
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In recent years, those professionals of the rahigbrotection community who work within
the field of medical exposures have embraced anth@ied the importance of appropriate
justification and optimisation. The focus howeveasstbeen on individual exposures and the
applications of these principles to classes or dypeexposure has been largely forgotten.
Such exposures can be considered as being at L@f¢he ICRP justification hierarchy.

The publication of the Basic Safety Standards Divec2013/59/Euratom is a timely
reminder that Member States need to ensure thatctesses or types of exposure must be
justified before being adopted. In addition, justifion of existing classes or types of
exposure must be reviewed in the light of new anpartant evidence regarding their use and
efficacy.

A new requirement of the Directive requires occiguetl and public exposure must be taken
into account when considering medical exposures.

The rate of development in diagnostic and therapauedicine is rapid and this applies
equally to those areas where ionising radiationsied. This presents specific challenges to
those organisations tasked with undertaking thaired justification processes.

This presentation considers different approachedewel 1l justification, including two
examples in the clinical field to illustrate theoplems faced by Member States seeking to
comply with Directive requirements.
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The Danish Center for Proton Therapy will be lodatd Aarhus University Hospital in
Skejby 5 km outside Aarhus. The facility will ha@etreatment rooms with gantries and a
research room with a fixed beam line. The prestetus is that Varian Medical Systems has
been selected as the supplier of the proton theeguipment and that the building
construction soon will begin. Patient treatment|vatart in 2018.Secondary neutrons
produced by the loss of protons is the main proragtation hazard of the facility during
operation of the proton therapy equipment, whetbéascontribution from other types of
radiation normally can be neglected owing to shiaatéenuation lengths in matter. Besides
the prompt radiation from the therapy equipmenptgr and neutron interactions also
produce radionuclides in the proton therapy equitraed in surrounding building structures.
The facility will be shielded by concrete becausmarete has good neutron attenuation
properties, is relatively cheap, and has excel&mictural properties. The method for
determination of the thickness of the concrete Idimg will be presented. Long-lived
radionuclides in the concrete shielding could be significant expense for the
decommissioning of the building at its end-of-lifeccordingly, the amount of radionuclides
in concrete has been estimated and the use of othrials with more favorable activation
properties has been investigated. The secondatyomsialso produce radionuclides in air, in
the cooling water, and in the groundwater. Theatami safety aspects of these radionuclides
will also be presented.
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Abstract

In 2014, the Center for Nuclear Technologies atTtbehnical University of Denmark (DTU
Nutech) inaugurated the “Laboratory for FundameMadtlical Dosimetry” (LFMD) at Risg
Campus near Roskilde. The laboratory has been pagible through a large donation from
the John and Birthe Meyer Foundation. The objectiz¢his presentation is to outline the
design of the new laboratory, and to highlightcsfiework related to the characterization of
radiation protection instruments for measuremeniauised beams.

Introduction

Cancer patients are increasingly treated with ligldnformal, individualized radiotherapy
delivered by megavoltage x-ray beams from medinabr accelerators. These advances have
first and foremost been made possible by improwsahing procedures and other advances in
treatment delivery technology. However, all typésauliotherapy rest on the availability of
accurate dosimetry that can establish tracealititthe gray in the International System of
units (SlI), and although radiotherapy dosimetry magy a well-established field for
conventional megavoltage radiotherapy, new treatsnemerge at a steady rate and these
techniques require evaluation and refinement ofstayg calibration and measurement
procedures or development of new ones. Promine@mples of current challenges are the
development of accurate dosimetry for therapy iralsm-ray beams, in scanned proton
beams, and in strong magnetic fields of linear lacatrs with magnetic-resonance (MR)
imaging capabilities. The overall aim of the newUTmedical dosimetry laboratory is to
contribute to this development such that hospitals make the best and newest types of
radiotherapy available to patients.

Research at the laboratory focuses on metrologthBomeasurement of the absorbed dose to
water in MV accelerator beams, however, the lalboyatlso participates in other projects
including, for example, dosimetry for proton theragmd brachytherapy. The work comprises
both (i) clinically oriented projects carried out ¢lose collaboration with Danish hospitals,
(ii) detector oriented projects based on in-houseetbpments and specific DTU technology
(mainly solid-state dosimetry based on luminesceamoglectron-spin resonance signals), and
(i) metrology projects on new standards and calibn procedures. In addition,
radiobiological research is carried out by the Hgviaboratory, which is also part of DTU
Nutech.

Currently much work at the laboratory is still dea@ to commissioning of radiation sources
and to development of instrumentation and measureprecedures that can be accredited by
DANAK, the national accreditation body in Denmaikie aim is to include the medical
dosimetry calibration and measurement capabilif€MC’s) in the existing quality
management system of DTU Nutech’s High Dose Rebterémboratory (HDRL). This could
lead to an expansion of DTU’s status as Designéistitute within the field of ionizing
radiation to also include CMC's for medical dosingghat can be declared in the BIPM key
comparison database.

The potential outcomes from the laboratory can lassdied into four groups: (i) basic
research and developments which will be publisimethé scientific literature, (ii) accredited
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measurement services that will be made availablddspitals, (iii) training and university

teaching including production of MSc and PhD gradsidhat have specialized in dosimetry
during their thesis work conducted at the labosgt@nd (iv) innovative instruments and
methods that can be commercialized by external emmep.

An outline of the laboratory is given in Fig. 1.dbntains one large irradiation room with a
cobalt-60 irradiator and a medical linear acceterat control room, and three rooms
dedicated to chemical, optical and electronic dgwelents. The irradiation and control rooms
are air-conditioned as to maintain a stable theenalronment and to minimize influence of
changes in humidity. The maximum air flow is 21 G6%h. The laboratory is equipped with

an advanced instrumentation for dosimetry, andsorement results can be recorded
remotely from the control room using in-house depel data acquisition software [1]. The
software has a scripting language that facilitates, example, automated calibration

procedures where results from several instrumemde recorded in a standardized way.
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Cobalt irradiator

Fig. 2 and 3 show details of the Terabalt-100 dob@diator system from UJP Praha, Czech
Republic. The irradiator contains a sealed GK60&@3alt-60 source with an activity of 455
GBq / 364 GBq eff. (2012). The dose rate at 100dtance is about 1.4 Gy/min. The beam
is horizontal, and the collimator can shape thé&lffeom 5 x 5 cmi to 40 x 40 crh The
irradiator is fully computer controlled, and it apts commands from DTU’s data acquisition
software.

Calibrations of ionization chambers can be perfarnmeseveral ways using different water
tanks and devices for distance measurements agahvant. In the set-up in Fig. 2 and 3, the
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Accelerator

The medical linear accelerator is a Truebeam @) #om Varian Medical Systems. Key
elements in the design are a gridded electron gutystron power source, a standing-wave
accelerating wave-guide incorporating an energich, and a 270° bending magnet. At full
power, the accelerator consumes about 50 kW, aalihgois required as not to disturb the
thermal environment of the irradiation room. Thecederator can deliver seven different
bremsstrahlung radiotherapy beams in the range #oto 18 MV, and seven different
electron beams in the range from 6 to 20 MeV. Thsimum field size is 40 x 40 ¢mand
the maximum dose rate is 6 Gy/min for most beanlitigga however, the flattening-filter
free (FFF) 10 MV beam can deliver up to 24 Gy/niihe accelerator is equipped kV and MV
imaging systems. The accelerator is dedicatedmecdtinical research, and no patients can be
treated.

Radiation protection dosimetry in pulsed beams

Electronic Personal Dosimeters (EPD’s) and surveyens can be troublesome to use in
pulsed beams [2]. The problem is that the instaatdas dose rate during the short duration of
a pulse may be a 1000 times or more higher thandtse rate averaged over a second.
Instruments that cannot handle such high dose ryteisally give a substantial under
response. We have, for example, seen a generadgrigurvey meter that displayed a v
dose in response to a dose of 2 Gy delivered hylse@ beam with a 5s pulse width. The
instrument did not give any indication that someghivas wrong.

To investigate the suitability of instruments foeasurements in pulsed beams, we therefore
designed a simple test stand where radiation grotedosimetry equipment could be tested
against reference ionization chambers in the geattediation from the linear accelerator and
the cobalt source. Fig. 4 shows the set-up usethéomeasurements discussed below.

We generated the pulsed scattered radiation bgliating a thorax phantom ( from
CIRS) with the linear accelerator gantry angle %aafd using a 10 x 10 énfield. A thimble
chamber (Model 30013 from PTW) was placed in thetereof the phantom which in turn
was at the iso-center of the linear acceleratoe thimble chamber was used for monitoring
of changes in output from beam to beam with theesanergy. The results are referred to as
phantom dose in what follows.
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To characterize the time-structure of the accederbéams, we used an in-house developed
instrument (ME4O0 [3]) for recording the number oingpulses for each beam and the average
time between pulses. The accelerator pulse widthmeasured using an oscilloscope.

The cobalt source was also used to generate @hfield of continuous radiation. A 20 x
20 cnf beam was used to irradiate the water tank shovfiginl and 2.

Two spherical ionization chambers of 1 L and 10olumes (PTW model 32002 and 32003,
respectively) were used to establish the doseatatee reference position indicated in Fig.1
(about 7.7 m from the accelerator iso-center). diembers were calibrated for air-kerma rate
(free in air), K, in cobalt-60 beams, and the measured air-kerrtes naere converted to
ambient dose equivalent H*(10) using a coefficiehtl.2 Sv/Gy in accordance with the
computations by Frota et al. [4] for 6-24 MV beatrensmitted through 1 m to 2.5 m of
concrete. For simplicity, the H*(10)/ K conversion factor for the scattered radiationmro
cobalt-60 was also set to 1.2 Sv/Gy [5].

The standard uncertainty of the air-kerma calibregifor the spherical chambers was1.3 %,
the energy response of the chambers had a relatieertainty of about 2 % (k=1), and the
conversion factor was estimated to have an unogytaf 10% (k=1). The combined relative
standard uncertainty for the spherical chamber oreagents therefore was about 10.3%. The
influence of variations in set-up from chamber @amber or from session to session was
found to be negligible.

Table 1 shows the results for tests of a Ludlum™98ifvey meter designed for ambient dose
equivalent measurements and calibrated by therfactdis instrument contains a 230 tm
pressurized ionization chamber and it has buildtata logging capabilities. During the
measurements reported here, the instrument wat® setord the dose rate every 5 s. The
Ludlum specifications states that the 9PD*has aniacy of £10%, and we take this to mean
that the results have a relative standard unceytainl0%.
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Beam Phantom Irradiation Pulse Pulse-to- No. of H*(10) H*(10) H*(10)
dose time width pulse pulses 1L 0L 9DP*
Gy S S ms Sv/h Sv/h Sv/h
4 MV 4.0 120 3.7 25 48.1x10 260 + 30 260 + 30 240 £ 30
6 MV 8.5 120 3.7 3.3 36.0xI0 48050 500 £ 60 440 £ 40
10 MV 9.4 120 35 3.3 36.0xi0 38040 400 £ 40 330 £ 30
15 MV 9.8 120 3.2 6.7 18.0x10 910+ 100 930 + 100 770 £ 80
18 MV 10.2 120 2.9 6.7 18.0x10 1600 + 180 1700+ 180 1500 * 150
6 MV, FFF 8.0 150 4.4 49 30.940 240+30 250 + 30 220 £ 20
10 MV, FFF 9.0 150 4.1 8.3 18.0xI0 18020 190 + 20 170+ 20
Cobalt-60 - - - - 67 +7 6717 62+6

FFF = Flattening Filter Free

The measurements with the spherical chambers wsseciated with a high degree of
reproducibility (the relative standard deviatiorrepeated measurements was typically 0.2%).
The results for the 1 L chamber tended to be 5%itdan the results for the 10 L chamber,
which may reflect true differences in scatterediatoh averaged over the respective
volumes. Likewise, the Ludlum 9DP* consistentlypesded about 5% lower than the 1 L
chamber. These tests suggest that the results @mulsignificantly influenced by a non-
uniform field (which therefore should be includedtihe uncertainty budget), and it would be
of interest to consider alternative positions focts tests where the ambient dose would be
more uniform or to test the uniformity for othernggy angles of the linear accelerator. To
decrease the uncertainty in the reference dose#utd be of interest to compute specific
H*(10)/Ks-conversion coefficient using Monte-Carlo modellioigthe photon energy fluence
spectra at the measurement position.

With respect to

the tested Ludlum 9DP*, it wasnduthat the unit was generally in

reasonable agreement with the reference values fhenspherical chambers, and the unit
worked well in the tested range of pulse widths dosk rates.
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The National System for the Introduction of New Hed echnologies within the Specialist
Health Service was introduces in 2013. The maip@se with the system is to ensure that
patients get access to new methods showing a safeexadence based clinical effect and
avoid unsafe and non-effective methods. The Noraredradiation Protection Authority
(NRPA) became a full-part member in August 2014e fiotivation for this implementation
iIs the national radiation protection regulationgjuieement for a generic justification
evaluation of new methods and practices in medigpbsure before they are introduced in
general clinical practice. This national systemrdomates all steps and authorities involved in
the process of evaluating new methods before theyat into general practice. The system
covers alerts of new methods, evaluation of newhou, prioritizing, decisions and finally
implementation. Evaluation of methods follows initional principles of health technology
assessment (HTA) and is performed at three lewals-HTA, fast-HTA and complete-HTA.
Mini-HTA is performed locally at the Hospital Trusivhile fast and complete HTA are
performed at a national level. The Norwegian Metisi Agency (NMA) is responsible for
the fast-HTA of pharmaceuticals and the Norwegiamowledge Centre for the Health
Services (NKCHS) is responsible for fast-HTA of noadl equipment. A complete-HTA is
always performed by NKCHS. NRPA is assisting bothIAN and NKCHS in fast and
complete-HTA of new radiopharmaceuticals and newimygent and procedures for use in
medical exposure. NRPAs role in the national sysieno ensure that radiation protection
issues are evaluated and taken into account itotaérisk-benefit evaluation of the method
in all three levels of evaluation. As a part of #ystem, NRPA get properly involved in all
processes related to the introduction of new methardl a national overview of local mini-
HTA performed on the different hospital trusts émuipment and procedures within medical
exposure.
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Context: The increasing use of computed tomography (CTipséar the pediatric population
raises the question of the possible impact of doafsing radiation (IR) exposure on the
occurrence of radio-induced cancers. Recent epmlegical studies have suggested an
increased risk of cancer among children receiviigs€ans. In France, a nationwide study
has been launched to assess cancer risks, espémidemia and cerebral tumors, associated
with the use of CT scans in pediatrics. This stiglypart of the Epi-CT collaborative
European project.

Material and methods: The cohort includes children less than 10 yeadls suibjected to at
least one CT scan between 2000 and 2011 in 23 lrremiversity hospitals. Cumulative
organ doses were estimated according to the prstocgirieved from the radiology
departments, using specifically designed simulasofiware. Clinical information recorded
during hospitalization was used to determine whethe children had medical predisposing
factors (PFs) likely to increase their risk of candCancer incidence and mortality data were
retrieved through national registries.

Results: At all, 67 274 children were included, 30% of wharare exposed to a first CT scan
before the age of 1 year. Examinations of the hepdesent 57% of the CT scans. PFs to
cancer were observed in 2.3% of the children. RQuthe follow-up from 2000 to 2011, 27
children were diagnosed with cerebral tumors, 2t Weukemia. Hazard ratios (HRs) of 1.06
(95% CI 1.02-1.10) for cerebral tumors and of 1(98% CI 0.80-1.44) for leukemia (17
cases) were estimated for each increment of 10 mGyT X-rays organ dose. In children
without PFs, hazard ratios were similar to thoseclvhvere estimated for the whole cohort
while HRs decreased in children with PFs. This ease of risk was possibly due to a
concomitant increase in non-cancer mortality ristoag children with PFs.

Conclusion: These first results indicate that patients witts BRould have a very different
risk of radiation-induced cancer than patients authPFs. Then, in terms of public health, the
most relevant risk estimates should be analyzedratgy for each group. Confounding bias
by indication could nevertheless not be excludedi strould be investigated by extending the
follow-up of the cohort and by other ongoing stsdie
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Abstract

Increased awareness of patient doses related ex@minations has inspired the invention of
various dose reduction features, as well as stladbgeimportance of pediatric protocols.

The aim of our study was to evaluate factors rdlabescanner design and setup that might
result in considerable differences in radiationedbstween geographic areas.

We examined the preset protocols and the techrieatiures regarding dose reduction;
automatic exposure control (AEC), iterative recardton (IR), automated kV selection and
organ based dose modulation.

As expected the availability of dose reduction desiis highly, but not entirely, dependent on
the manufacturing year of the scanner. In genpratpcol optimization is more lacking than
technical features. The majority of the scannédsndt have age and/or weight categorized
pediatric protocols and the dose reduction madesiples with iterative reconstruction
methods is not yet available everywhere.

Introduction

Increasing number of computed tomography (CT) erations in the last decades has raised
concerns especially regarding the pediatric poparidtl]. There are though indications of
improvements, for example in specialized pedidtaspitals where the use of CT imaging has
begun to decrease [2] and radiation doses are I@Bjer

The increased radiation dose awareness has ingpipaitant technical improvements in the
area of dose reduction. Automatic exposure cor(@&C) with tube current modulation
(TCM) is now a well-established technique which caduce patient doses considerably [4].
Among the emerging techniques in the last decaalecn result in relevant dose reductions
are; iterative reconstruction (IR) [5,6], automak&tselection [7], and organ dose modulation
[8]. These new technologies are generally notwadlilable in all scanners, especially not in
the older ones.

It is known that for the same procedure, patierddiation dose can vary considerably and
more than 10-fold variation in estimated mediareeff’e dose for a baby has been reported
within trauma center facilities [9]. One of the shamportant things to do is to “child size”
the amount of radiation used [10], by using pettigirotocols and implement all the available
dose reduction technologies in each scanner.

There was a 20% increase in the number of CT examirs in Iceland from 2008-2013. A
substantial amount of all CT examinations is damé&CT scanners in which less than 5000
examinations are done per year and those scanngrg not be equipped with optional
technical features.
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In scanners where pediatric examinations are fevfanbetween it is difficult to establish a
reliable evaluation of patient doses for each pitaoe. One way to evaluate the situation is to
examine the preset protocols and the dose redutgicimiques available in the respective
scanners.

The aim of our study was to evaluate factors rdlabescanner design and setup that might
result in considerable differences in radiationedbstween geographic areas.

Materials and method

All scanners outside the Reykjavik-capital areaenacluded, in each of them relatively few
CT examinations are performed (less than 5000/yeadntrast to CT scanners in the more
densely populated capital area. EXxisting data abamber of examinations in 2013 was
mined to collect information about examination fregcy and proportion of pediatric

examinations.

We visited each scanner and examined the techigighires regarding dose reduction; AEC,
IR, automated kV selection and organ based dosailetozh. Note that the last two are not
available from all CT vendors. In the same visit @@mined the preset protocols in every
scanner to confirm if there were pediatric protsctlow many, how they were labelled and if
dose reduction devices were used. At last we agleedadiographers if and when pediatric
protocols were used.

Results

Outside the Reykjavik-capital area there are seeanners, and they were all included in the
study. The oldest scanner in the study was fro0d4Q1 years), the mean age was 5 years,
and two of the scanners were new (2015). There Weee General Electric scanners, two
Toshiba and two Siemens scanners.

In the year 2013 21% of all CT examinations in doel were performed with the seven
scanners included in this study, and the remaiiB% were performed in the five clinical CT
scanners in the Reykjavik-capital area.

Pediatric examinations are on average 3% of alinexations, and the highest proportion of
pediatric examinations is at the University hodpi&0). In all the scanners included in this
study (scanners were few examinations are perforogdide the capital area) the proportion
of pediatric examinations was 2-4%.

There were pediatric protocols for head CT in aWen scanners, but in the majority of
scanners there was only one pediatric protocohag/s in Figure 1.

Two of the seven scanners (29%) had no pediatioralen protocols. In four scanners
(57%) there was one pediatric abdomen protocol @r&l scanner had abdomen protocols
based on weight groups. The lowest kV was 100kV.

All of the seven scanners had three dimensional AEthone of them had organ based dose
modulation.

One scanner (14%) had the availability of autométdelection, but at the time of the study
the automated kV selection was not yet implememtéde pediatric protocols.

IR is available in the three newer scanners (20tBreewer), I generation IR in one scanner
and 29 generation in two, but not in the four older o12804-2010). In all three scanners
with IR it was implemented in the pediatric abdonpeotocols, but only in one scanner in the
head protocols.
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Three age groups
(0-2y, 3-5y, 6-12y)

Two age groups
(varying)

Figure 1. Pediatric head protocols in seven CTrswas outside the capital area, where few
examinations are performed. The label “One ageugfaneans that only one pediatric head
protocol was present.

Discussion

As expected the availability of dose reduction desi is highly dependent on the
manufacturing year of the scanner, but not entiredy interesting example is that the only
scanner with the automated kV selection is thersgotdest of all the scanners.

All scanners had some preset protocols for pediaktaminations but some only for head CT.
Radiographers confirmed that this reflects the estpifor pediatric CT, where head CT is
more often requested than abdomen CT. Radiographenospitals near Reykjavik claim

that they purposefully direct pediatric abdomindl © the University hospital and our data
supports that.

We did though assume that pediatric protocols wereessary in all scanners and that kV
should be lower for the smaller children, because method to lower the radiation dose is to
use lower kV when the subject is small (11). Withautomated kV selection, automatic
tube current selection is generally not enoughptinize dose and image quality in pediatric
patient because a lower limit on the tube curreay mestrain the dose reduction. Pediatric
protocols also ensure that an appropriate beamrghélper is used.

There might be a different need for age or weigddell pediatric protocols depending on
scanner manufacturer, based on difference in scalesggn. An example of this is that while
some types of AEC modulate the tube current diyesticording to image noise, other types
take into account that in smaller patient the iehercontrast is less and thus less noise is
needed for similar perceived image quality (12).

AEC is not recommended in head protocols in alheeatypes and thus these protocols often
have fixed mA. We found that this was often theecand unfortunately there was only one
pediatric protocol in majority of the scannersaatffrom which we can assume that many of
the larger children are scanned with adult prowcdt was confirmed at one site that adult
protocol was used for all patients aged 8 yearsoahet.
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IR was available in three scanners but interestirighas only used in head protocols in one
of them although it was always used in abdomeropads when available. This might reflect
that dose reduction is considered more importantallomen CT than head CT, but
radiographers also mentioned that radiologists atoancept the altered appearance (texture)
of the images that result from the IR.

In general, protocol optimization is more lackimgn technical features. The majority of the
scanners did not have age and/or weight categopeelatric protocols (Figure 2) and the
dose reduction made possible with IR is not yetlalvke everywhere.

0

Head protocols Abdomen prot. Automatic Iterative Automated kV
age categories weight categories exposure control reconstruction selection™

[&)]

wv

Number of scanners
w N

N

[

B With m Without

Figure 2 The number of scanners with (green) aitdout (red) age categorized pediatric
head protocols, weight categorized pediatric abdometocols, automatic exposure control,
iterative reconstruction and automated kV selectitdot available from all vendors.

Although data on examination frequency showed plediatric examinations were performed

in all scanners included in the study we found nbes one example indicating that pediatric
protocols were neglected. Two examples of thisthae, a) where automated kV selection

was recently installed the techniqgue was not implatied in the pediatric protocols although

it was in the adult protocols, and b) where rachpbers were not aware that there were
pediatric protocols in the scanner and thus didusetthem.

In conclusion, the dose reduction techniques thatbe expected according to scanner age are
available but the pediatric protocols are few irstracanners and need improvement.
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Population doses from radiodiagnostic (x-ray andlear medicine) procedures in Nordic
countries were estimated based on data collectmeh 86 European countries in Dose
Datamed 2 (DDMZ2) project. In Nordic countries thean effective dose per caput from all
diagnostic x-ray and nuclear medicine procedures W87 mSv which is lower than the
corresponding dose 1,12 mSyv in the EU and EFTA trmsn(except Lichtenstein).

For x-ray procedures in Nordic countries a meaeatiffe dose was 0,83 mSv per caput,
being lowest in Finland (0,45 mSv) and highestdaldnd (1,70 mSv). Compared to the
average of EU and EFTA (except Lichtenstein) caestmcluded in the survey in which a
mean effective dose was 1,05 mSv per caput, oelhahcl and Norway had higher per caput
doses and also their frequencies of CT proceduees higher than in other Nordic countries.

For nuclear medicine procedures in Nordic counii@sean effective dose was 0,04 mSv per
caput, being lowest in Finland (0,02 mSv) and heglie Denmark (0,07 mSv). Compared to

the EU and EFTA (except Lichtenstein) countriesvimich a mean effective dose was 0,06
mSv per caput, only Denmark had higher per capsedand the frequency of positron

emission tomography (PET) studies was higher thanthier Nordic countries.

Recent increases in medical imaging, particulaibj wespect to computed tomography (CT)
and other high dose procedures, have led to sigmifiincrease of individual patient doses
and of the collective dose to the population ashalex The overall per caput effective doses
from radiodiagnostic procedures in Nordic countrées about half the recent value of per
caput effective doses estimated in Australia (Wall2012) and about one-third of the
corresponding value in the USA (NCRP 2009). Commgarihe results with an earlier
estimation of population dose in Europe, in the DDBbuntries, there seems to be a trend
upwards, in Denmark 92 % and both in Norway an8weden 14 %. In Finland the overall
per caput effective dose has not changed.

A relatively low value of population dose can begaod sign for the successful
implementation of the justification and optimizati@rinciples in radiation protection. The
Nordic countries are considered to be very sintibaeach other; however there seems to be
variation in use of different imaging modalities.
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Abstract

According to two recent lifestyle surveys in ye&@®07 and 2012, Icelanders received a
relatively high proportion of their sunburns abroand in sunbeds. In the 2007 survey,
Icelanders reported more sunburns abroad than dimalgs and 7% reported burning in
sunbeds. In the 1980s with many more sunbeds awcti tess travel abroad, the proportion of
sunburns owing to sunbeds may have been even ldtgaeay be deduced that skin cancer
prevention programs in Iceland should place extnpleases on warnings for travellers and
sunbed users.

Introduction

Since UV-exposure is the main risk factor for skamcers, a low incidence rate of melanoma
can be expected in Iceland due to its northertutddi Between years 1990 and 2000 the
incidence rate of melanoma did however rigpidly in Iceland and among young women it
became the highest in the Nordic countries [1]. iNcedence rate started to decline after year
2000 and it is currently below the Nordic averdggure 1). It has been suggested that the
increase was due to the introduction of the motigra of sunbeds in the 1980s. Melanoma is
increasingly found in body locations normally caaerby cloth [2], which makes a
connection to intentional UV-exposure likely. Adarnumber of sunbeds in Iceland around
year 1990 may have facilitated this exposure [3].

From the on-line Nordic cancer registries [4], tb#owing observations can be made that
support the association between incidence of matarend use of sunbeds:

1) The incidence increase is most marked amongg/@omen, the typical customers of
sunbed saloons.

2) The increase was confined to the capital areuf€ 1). It seems likely that sunbed use
is part of an urban lifestyle.

3) In addition to the incidence increase of mefaadhere was an increase in the mortality
rate for women in the capital in the years 199102@s compared to 1973 — 1990
(according to Figure 1). The mortality rate for warmon the countryside did not
increase.

These observations may be due to other causesthiganse of sunbeds. The increased
incidence rate of melanoma might partly be duenonareased effort in finding cancers at
their earlier stages even if this does not suffcexplain the apparent increase in mortality.
Increase in travel to sunnier places may also baea a contributing factor.

Data for number and usage of sundbeds on the gmiorare not available until 2004 and
later. It is likely that Reykjavik had more sunbegkr capita than the countryside in the
beginning (19801990) but it must be noted that recent surveys hasereported large
differences between the countryside and the capiginbed numbers and use.
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Figure 1 Incidence and mortality rates of melanoma for wanin Iceland (capital and

countryside) and other Nordic countries. Five yearsving average. Age standardized
according to WHO- world population. The figure atgldata is from on-line Nordic cancer
registries, reference [4].

This study provides information on sunburns thaldonders receive in sunbeds and abroad.
The data used in the study originates from thethemid lifestyle survey “Heilsa og lidan
islendinga” carried out by the Public Health Ingét of Iceland in year 2007 and by the
Directorate of Health 2012 [5, 6]. The sample wastratified random sample of 10.000
individuals between 18-79 years. The responseima2®07 was 60.8% and 54.5% in 2012.
Questions were asked for present outdoor tannibgshdocation (Iceland/abroad) sunbed use
and self-reported sunburn, location (Iceland/abyead burn from sunbed use during the past
12 months.

Sunburns before and after onset of economic crisis

The economic crisis Iceland in 2008 gives a uniggortunity to study the effect of travel on

sun-exposure. With increased financial well-beioglanders travelled abroad in ever-greater
number. In 2007, at the height of an economic uypdledcelanders were subsequently more
likely to spend their summer vacation abroad thasr before. In 2007, a higher proportion of
Icelanders reported that they had sunburned abtioaad domestically. In 2012 after the

devaluation of the currency and introduction ofitaontrols, this was reversed (Table 1).
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Table 1Percentage reporting sunburn during outdoor shimzatn 2007 and 2012.

Year Age Sunburns Sunburns
Domestic Abroad

2007 18 and older 17% 19%

2012 18 and older 25% 11%

The frequency of sunburns abroad was probably hist igh in the 26 century when
Icelanders travelled far less (Figure 2).

Figure 2Business travelling as well as holiday trips vrdirees (Keflavik) [7].

Sunburns and sunbeds

Another interesting outcome of the lifestyle suirwey 2007 and 2012 is a relatively high
percentage of Icelanders reporting burns in sunpEalsle 2).

Table 2Percent burning in sunbeds

Year Age Burning in sunbeds
2007 18 and older 7.5%
2012 18 and older 4.3%

The number of sunbeds in Reykjavik decreased mandtween 2007 and 2012, which is
probably reflected in these percentages. Therehoakver already been a decrease since
1988 (Table 3). During that time, burns in sunbeds likely to have been even more

common.
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Table 3Number of sunbeds in Reykjavik (capital area)

1988 2005 2008 2011 2014
Number of 207 144 98 76 61
sunbeds
Number per 15 0.8 0.5 0.4 0.3
1000
inhabitants
Conclusions

Even with a greatly reduced number of sunbeds, gmmeent of Icelanders are still reporting
burns in sunbeds. This supports the suggestionstivdteds may have played a role in the
increased incidence rate of melanoma between 199@@00.

In the last decades, a large proportion of sunboaotsirred during sunbathing abroad. The
proportion diminished after the economic crisidaaland took hold with reduced travelling

but still remained large. Therefore, future skimaar-prevention-programs in Iceland might
want to emphasize warnings for sunbed users andages that enhance sun protection
among those who travel to sunny resorts in lowtulzes.
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The technological development in medical expossirfast and new equipment and methods
are continuously introduced and implemented inicdihuse. As a consequence, medical
exposure is now the largest man-made source oatradito the population. To ensure for
proper medical exposure it is crucial that juséfion, optimization and dose limitation is
properly implemented at health care facilitiesetnational and European organizations have
lately increased their focus on the necessity oplémenting these radiation protection
principles in the health care facilities IT-systetsrway has now initiated a national eHealth
strategy. One of the objectives is to make datalabla for quality assurance, health
surveillance, management and research. The NorweB@&diation Protection Authority
(NRPA) has now been included in the national etiestitategy. Two major projects are under
development at NRPA to strengthen the implememtaiojustification and optimization in
medical exposure. Unjustified radiological examimas are an increased challenge both from
a health economical and radiation protection petspe Evidence based referral criteria and
their implementation in clinical decision suppoystems (CDS) is identified as an important
tool to reduce unjustified examinations. NRPA istpd a national working group with the
mandate to look into the possibilities for adaptenyd adopting already available referral
criteria, to implement them in CDS systems and echit to general practitioners electronic
referral systems. Local and national overview dfgrd doses is essential for optimization of
radiological examinations and to be able to comiatei radiation risks to patients. NRPA
strongly recommend that dose parameters from mgicdl examinations automatically are
transmitted from the modality to a local databdsat tsupport statistics and reporting to
national records. NRPA have initiated cooperatiatihthe National Patient Register (NPR)
to automatically collect activity and dose datanirthe health care facilities. These data will
further give input to a national surveillance systior medical exposure. This system will
provide NRPA with important information of nationabse distributions and frequencies of
typical radiological examinations and allow for asdishing national diagnostic reference
levels (DRLs) and frequent estimates of the popriadose from medical exposure.
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Background: During 2009-2011, external peer review clinicaldiéal for breast cancer
radiotherapy were carried out at nine radiothereg@ytres in Norway. The purpose was to
assess compliance with the national radiotherajyetjnes regarding treatment planning for
post-operative left sided breast cancer. All rdtkoapy departments volunteered to take part
in the audits. The audits were a joint project leetw the Norwegian Breast Cancer Group
(NBCG) and the quality assurance group in radi@per (KVIST) at the Norwegian
Radiation Protection Authority.

Material and methods: The audit topic was post-operative left sided Hreeancer
radiotherapy, focusing on indication and radiotpgraeatment planning. The audit standard
was the national guidelines for breast cancernreat (developed by NBCG). The auditors
had a list of items for evaluating clinical praetiagainst the audit criteria. A total of 180
treatment files were audited. The findings wereuged to analyse the degree of guideline
compliance for indication, treatment techniquejration of treatment volumes and organs
at risk, and dose related parameters.

Results: The treatment was in accordance with the guidglifee indication, treatment
techniqgue and lung delineation in 98% of the casa#) minor deviations in 2%. For
delineation of the clinical target volume (CTV) ati@ heart, minor deviations were found in
44% of the cases, major deviations in 6%. The ddis&ibution to the CTV was in
accordance with the guidelines in 89% of cased) witnor deviations in 11%. A minimum
dose to CTVbreast/breast wall of at least 95% efgnibed dose (D98%05%) was attained
in 39%, whereas D98% 90% was attained in 93% of the cases. Accordinipeocauditors,
the guideline principles were attained without athwminor deviance in 87% of the cases.
Conclusion: For a large majority of audited casles radiotherapy was planned in accordance
to the guideline principles. Delineation of targeiumes and optimal dose distribution are
challenging tasks, for which improvements are dgkirable.
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Purpose: Cardiology departments are one of the largest usemnedical radiation, and
interventional cardiology procedures are incregsbah in frequency and complexity. The
procedures have great clinical benefits for pasiebut they have the potential to induce
radiation injuries. Staff involved in interventidnaardiology receives the highest
occupational doses in Norway, and skin burns ofeptt have been reported. Focus and
awareness on radiation protection (RP) in cardwlog) therefore crucial to reduce the
associated radiation risks. To identify the levieihaplementation of RP for patients and staff,
and compliance with the RP regulation, the Norwedradiation Protection Authority carried
out inspections with all cardiology departmentdliorway.

Method: The inspections were conducted (2013-14) as qusayisgem reviews, based on
document reviews, interviews, on-site inspectiomsd aobservations of interventional
procedures. Focus topics were organisation of BR, and involvement of RP officer and
medical physicists, education and training in Rifification and optimisation, protection of
staff and patients, personal dosimetry, local saeshddose, monitoring and follow-up of
patient doses and performance of quality control X6fay equipment. Cardiology
interventions are centralised in eight hospitalslanway, seven public and one private.

Results: The inspections revealed that most of the hospitats non-compliances according
to the RP regulation. Most deviations were assediatith education in RP and follow-up of
patients who had received high radiation dosesk basystematic optimisation of procedures
and estimation of the eye lens doses to evaluateisk of exceeding the new proposed dose
limit for cardiologists with high personal dosimetreadings (worn over the apron) was
common. Other common non- compliances dealt wittabishment of local diagnostic
reference levels and their systematic use in opttion of cardiology practice. Notification
of unintended incidences, especially patient dasesh higher than intended, was not
systematically reported in the hospitals qualitgtegn. The inspections revealed a need for
increased awareness of RP in cardiology practice.

Conclusion: Level of compliance with some of the requiremernit®ig in the RP regulation
was poor. Inspections turned out to increase tharewvess of RP in cardiology and are
identified as an effective tool for improving RPdasafety.
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Introduction

Interventional cardiology staff has a high expostoeradiation. In light of the recently
lowered recommended occupational eye lens dosd bmilCRP, it is now even more
justified to continuously monitor staff radiatiowse. However, measuring eye lens doses is
challenging because the dose at any measurementdiders from the dose to the eye lens,
depending on variations in staff position relatit@ the patient, x-ray tube geometry
(projection angle), radiation quality, patient siaed the presence of radiation protection
shields and/or personal lead glasses, as welhas fatctors

Aim
The main aim of this study was to investigate tklationship between the absorbed dose at
different measurement positions near the eye am@lsorbed dose to the lens during cardiac

interventional x-ray procedures. Furthermore, waeal to assess the effect of projection
angle, patient size, lead shields and protectiesvegr on this relationship.

Methods

Phantom measurements were carried out using twoaoadmorphic phantoms representing
patient and operator, respectively. The operat@nf@m was at the typical position of the
interventionist. The head phantom was modifiedhst & dosimeter could be inserted at the
anatomical eye lens position. Two direct dosimetefibrated in terms of Hp(0,07) were used
to measure the equivalent dose, one dosimeterglaceye lens position and the other at one
of three chosen measurement positions on the fadefieft temple, above the left eye and
mid forehead above the nasal bridge). Several expssvere made with automatic exposure
parameters, projection angles (lateral and crania ranging from -90 to 90 degrees, two
patient sizes (standard phantom and additional ®bHWA), and for two types of commonly
used lead glasses.

Results

The results indicated that for a wide range ofgutpn angles, the lowest deviation from the
dose to the eye lens was received for the dosinpddeed on the left temple, with an mean
(SD) deviation of 2.7 (5.1) %. The other two measwent points, above left eyebrow and
mid forehead, deviated with -15 (7.5) % and -3@.3Y % respectively. The same tendencies
were seen for a larger patient size.

The mean (SD) dose reduction ability of lead glasgas 7.1 (1.6) % and 6.8 (2.2) % for the
two models, while a properly positioned ceiling-mted lead shield completely blocked stray
radiation to the eye lens.
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Conclusion

Eye lens dosimetry is challenging in a clinical ieonment because dosimeters have to be
positioned at a remote position from the eye |€s.cardiac interventional x-ray procedures,
a dosimeter placed at the left temple providesniost accurate measurement of eye lens
dose. Protective lead eyewear has limited dosectieduability of less than 10 %, while a
ceiling-mounted lead shield provides a very effgxivay to reduce the dose to the eye lens
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Introduction: The frequency of medical X-ray examinations hasnbiewestigated with a
collection of national data every 5 years for tlastgwo decades. The most recent collection
of data was done in 2014 for the year 2013. Indyp®rt the results of this collection will be
presented.

Materials and methods: Medical X-ray and Nuclear Medicine (NM) examinato®are
performed at 38 different locations in Iceland: pitas, health care facilities, private clinics
and research facilities. These examinations areedt¢saved) in 6 different RIS/IPACS
systems. Information was collected about examindiipes according to RES codes, imaging
modalities, department or the location where thengrations were performed and patient
identification information (sex, date of birth andtional id). Along with information about
X-ray and NM examinations, information about otlmeedical imaging examinations were
collected (Ultrasound (US) and Magnetic Resonanwging (MRI)).

Results and discussionThe number of all medical diagnostic imaging exations in
Iceland in 2013 is presented. This number has dsetkby a small fraction from 2008 when
this information was collected last. Conventionalray examinations have decreased
considerably, while there is a steady increase ih, @Gterventional, MRl and US
examinations. The number of NM examinations hagicoed to decrease from 2008 as it did
in the period from 2003. A collection of patierdsg data from the major contributing X-ray
and NM-departments is ongoing and should be coeduay the end of this year or early
2016.
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Introduction: Radionuclide therapy with Ra-223 dichloride hasrbegtiated for prostate
cancer patients with symptomatic bone metastasgscdl prescribed activity is 50 kBqg/kg
bodyweight, 6 times at 4 weeks interval. Ra-228nsalpha-emitter, but it also emits gamma
radiation, that can be utilized for imaging purpose

Methods and materials: The possibility of imaging Ra-223 treated patiesutsl bone was
investigated. We acquired a SPECT scan 27 days thkelast treatment of ex-vivo bone,
which was removed during hip surgery. The hip bams stored in a plastic container in a
formaldehyde solution. A planar whole body scan afpatient (in-vivo), who was
administered 4.4 MBq Ra-223 one hour before scanmims also acquired. Half-life of Ra-
223 is 11.43 d. The decay chain of Ra-223 to s®bl207 involves 6 stages, all with shorter
half-lives (ms to min) than Ra-223. Four stageskaralpha, two by beta emission. Total
emitted energy in the decay is 28 MeV; X-ray anthge lines (1% of total energy) in the
interval 80-400 keV allow external detection. A bhaad Philips Precedence SPECT-CT
with MEGP collimators was used. A one hour planaole body scan was acquired with 40
mm/min scan speed and 2.78 mm pixel size. SPECTUisitqn was performed in step and
shoot mode with a 128x128 matrix size, 4.66 mmIpiadd 128 angles. Data was acquired
600 s per angle resulting in a total acquisitionetiof almost 11 hours. Reconstruction was
performed with a resolution recovery OSEM methodtohish) with 3 iterations and 8
subsets. Attenuation Correction was performed wit¥0 kVp low dose CT.We compared a
set-up with two 20% width energy windows. One a® 2@V corresponding to the most
intense gamma-line (14% yield) and another oneddte/ overlapping the two most intense
X-ray emissions at 84 and 81 keV (25% and 15% yield

ResultsThe lower energy window resulted in visually beitaages than the higher energy
window in both cases. The SPECT of the bone redaak spatial allocation of the counts is
best in the 84 keV window. The 269 keV SPECT showesignificant amount of counts in
areas without bone indicating a bigger influenceaztter.

Discussion and Conclusion: LEGP collimators might improve the quality for tBd keV
SPECT, as long as downscatter from higher energyops does not become a problem. We
have showed that it is possible to image patiae@ted with Ra-223 and that it is best done
with the 84 keV window.
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Aim: Radionuclide therapy with Ra-223 dichloride hasrbedtiated in many countries for
prostate cancer patients with bone metastases g&XoBBayer). Prescribed activity is 50
kBg/kg, 6 times at 4 weeks interval. To license a6®a-223, Danish authorities requested
proof of ability to document compliance with dosmits. We used our low-background
whole body counter (WBC).

Materials and Methods: Half-life of Ra-223 is 11.43 d; it decays to staPle-207 through 6
stages, with half-lives ms to minutes. Four staayesby alfa, two by beta emission. Total
emitted energy per decay is 28 MeV; X- and gammesliat 80-400 keV (1% of total energy)
allow external detection. ICRP dose coefficient R&-223 inhalation is 6.9 mSv/kBq, hence
dose limit for workers (20 mSv) may be receivedabgingle inhalation of 3 kBq, or by a
weekly uptake of ~60 Bg. The WBC is underground shiglded with 15 cm of steel lined
with Pb and Cd. The 4 detectors are 6*4” Nal-cydirad A WB phantom with human levels of
K-40 in water was configured from 1L and 2L bottlesrresponding to different person
weights. A sample of 40 kBq Ra-223 was moved ardonsimulate uniform distribution or
focal lung uptake. Various detector configuratiorese tested using 20-445 keV window and
T= 1800 s for background (BG, “cold” phantom) arebtt We compared sensitivity S
(cps/Bq) to BG to determine minimal detectableaigti(MDA) and minimal quantifiable
activity (MQA). Optimized settings have been usadl0 treatment days.

Results: With std configuration for WB measurement, S =0.8@6/Bq and BG=30 cps in the
77 kg phantom. From 55 kg to 88 kg, MDA was 20-2ftdd MQA (10%) 60-74 Bqg. In a
configuration optimized for lung uptake, S incrahge 0.14 cps/Bq with BG=37 cps.
Resultant MDA (T reduced to 1200 s) was improve8-®©Bq, and MQA (10%) to 15-18 Bq.
In consideration of Tc-99m contaminations (Bg-ameynthe window was reduced to 210-
445 keV, with an increase of MDA to 8-10 Bq and MQ¥)%) to 26-31 Bq. To date, no
internal contamination of staff with Ra-223 hasrbdetected.

Conclusion: MDA and MQA limits with WBC are sufficient to docient compliance with
dose limits. Knowledge of true BG is essential, angst be individually determined on each
treatment day for quoted figures to be obtainedoW-level “continuous” uptake can be
excluded, standard (personal) BG may still be ewdfit to detect any dose significant uptake
in case of a contamination incident.
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In the past 15 years extensive development witerfield of CT has taken place. As a result,
for some indications the first choice of examinationethod has changed from the
conventional x-ray examination to CT examinatiomeQexample is the practice changes
within kidney and colon examination over the pasiéars.

We have compared the development in the numbeegarhinations, performed in hospitals
and clinics in Denmark, for the following examiroats:

Intravenous urography (IVU) vs. CT urography

Colon fluoroscopy vs. CT colography

Patient doses for selected x-ray examinations alteated from hospitals and clinics by the
National Institute of Radiation Protection with thien of setting national diagnostic reference
levels (DRLs). DRLs have existed for many yearsI¥dd and colon fluoroscopy, while a
DRL for CT colography has been set in Denma# 2015, and a DRL for CT urography
Is still preliminary due to lack of sufficient data

For both urography and colon examinations, a CTméxation has become the first choice.
By switching from the conventional X-ray examinatito CT scanning, the dose to the
patient is increased significantly. However, the €£Bnning will provide more information,

which may result in a faster diagnosis by avoidihg supplementary examinations. It is
important that the CT examinations are justified aptimized.

We will continue to follow the CT doses for theselather examinations, as a lot of work
within dose optimization is being carried out bathlthe producer and locally at the hospitals.
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Introduction

Background

Inspections performed by the Swedish Radiation t$af@ithority (SSM) have shown that
radiographers do not follow some basic radiatiastgotion guidelines to reduce the radiation
dose to patients. In addition, hospital managenmeaifficiently monitors compliance with
these guidelines [1]. Through this review, SSM wantillustrate these shortcomings.

Reviewed requirements:

P To ensure that the right patient is examined.

P To ask women of childbearing age about possiblgnaecy.
P Use of lead shielding of gonads.

P Use of compression.

Section 20 of the Swedish Radiation Safety Auth@iregulations (SSMFS 2008:35) on
General Obligations in Medical and Dental Practigssg lonising Radiation requires that
irradiation as far as possible is to be minimisgdappropriate selection of equipment and
appropriate design of quality controls, working huoets and routines and education or
training programmes.

Section 9 of the Swedish Radiation Safety Auth&gityegulations (SSMFS 2008:31)
regarding X-ray diagnostics requires the workingthods to indicate which radiation
protection measures are to be applied for a spe@kamination. The extent of the
examination and the dose should be adjusted sohtanadiation dose is as low as reasonably
possible, while at the same time ensuring thateqaired diagnostic information is obtained.

In 2012, 199 radiology departments in Sweden wegeiested by SSM to report on existing
guidelines regarding identity checks, X-ray exarhores of women of childbearing age, when
to use lead shielding of gonads for male patients @hen to use compression. Thirteen
radiology departments lacked guidelines and wegaested to establish them.

Over the course of 2013 and 2014, the Swedish Rawli&afety Authority conducted a
follow-up to the survey of basic radiation proteatiguidelines. Heads of staff at 94 radiology
departments were requested to evaluate their cangdiwith existing guidelines for reducing
radiation doses to patients.

This report contains a summary of the use of bagl@tion protection guidelines at Swedish
radiology departments.

Objective
The purpose of this review is to improve radiatwatection of patients.
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Aim
The aim of this review is to increase the adherdéodmasic radiation protection guidelines for
X-ray examinations.

Definitions

Licence holder: The natural or legal person ompagatthe practice involving
radiation and licensed according to the Radiatimydetion Act for
such activities (SSMFS 2008:35). In this contelx¢ licence holder
can be a county council or a private healthcarepamy engaged in
a radiology practice in one or more radiologicgbaiements.

Method

SSM'’s review covered 29 licence holders in bothlipuénd private healthcare that operate
medical practices involving ionising radiation ataal of 94 radiology departments. The
review was performed on two occasions; the firsien@ was conducted during the period
January to June 2013 and the second during thedogom March to May 2014. Via a web
form on SSM’s website, the radiology departmentsewt® report on their compliance to
basic radiation protection guidelines.

They were to report on:

The number of examinations in which the guidelisiesuld be applied.

The number of examinations where guidelines had beelied.

The number of examinations for which the guidelihad not been applied, but they
had documentation that stated reasons for devi&tom guidelines.

Delimitations

Both public and private healthcare providers werduded in the review. Only radiology
departments that conducted more than 10,000 ex#omsaper year were included in the
review. The numbers of examinations were colledtech data reported to SSM in 2012 in
conjunction with the Swedish Radiation Safety Auity®s survey of guidelines for basic
radiation protection [2]. The radiology departmentsluded in the study accounted for
approximately 86 per cent of the conventional X-examinations and about 95 per cent of
the computer tomography examinations that wereethaut in Sweden in 2011.

Regulations

Operations involving ionising radiation must meéie trequirements of the Radiation
Protection Act (1988:220), the Radiation Protectiordinance (1988:293) and the Swedish
Radiation Safety Authority’s regulations (SSMFSheTpurpose of radiation protection
legislation is to protect humans, animals and tdrenment against the harmful effects of
ionising radiation now and in the future.

The basis for practically all national radiationog@ction legislation is the International
Commission on Radiological Protection’s (ICRP) maooendations. The starting points of
radiation-safe healthcare are the three basiciptescof radiation protection [3]:

Justification
Optimisation
Dose constraints

Justification is the process of determining whethgrlanned activity involving radiation is
beneficial overall, i.e. whether the benefits oughethe harm. Optimisation is the process of
determining the radiation dose to be as low asoredsly achievable while at the same time
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ensuring that the desired result of the exposumaciseved. Dose constraints are not to be
exceeded, but do not exist for patients, only focupational and public exposure. If a

radiological examination is justified and optimisé&dcan always be carried out regardless of
the radiation dose the patient has been exposedriag previous examinations. Emphasis is
to be on the eligibility assessment and optimisatbthe current examination instead of the
radiation dose the patient previously received.

Requirements for medical exposures

Section 20 of the Swedish Radiation Safety Authiregulations (SSMFS 2008:35) on

General Obligations in Medical and Dental Practigssg lonising Radiation requires that

any radiation should be taken into account. Théabdity and consequences of accidental or
incorrect exposure are as far as possible to bemmsied by appropriate selection of

equipment and appropriate design of quality costr@lorking methods and routines and
education or training programmes.

A thorough identity check to ensure that the rigdtient will undergo an X-ray
examination is of great importance to avoid acdidleexposure. On several occasions,
incorrect or accidental exposures have occurr&iaden because of mistakes in
conjunction with identity checks according to déiaia reports submitted to SSM.

To ask women of childbearing age if they are pragbafore X-ray examination of
the lower abdominal region is an effective way\oid exposing a foetus to
accidental irradiation.

The use of compression in X-ray examinations ofaih@omen and lower back is an
effective way to reduce radiation dose to the pati€hree centimetres compression
will reduce the radiation dose to the patient bly. ha

To use lead shielding of male gonads when perfagiimay examinations of the
lower pelvis or hips is an effective and simple wayninimise the radiation dose to
the gonads. Studies have shown a reduction intradidose by up to 96.2 per cent for
the gonads by using gonad protection [4] [5].

Section 9 of the Swedish Radiation Safety Authtwityegulations (SSMFS 2008:31)
regarding X-ray diagnostics requires the workingthmds to indicate which radiation
protection measures are to be applied for a speefamination, such as the use of
compression and lead shielding of gonads. The deeholder is required to have an
established quality assurance programme that ieslatlecking compliance to guidelines.

Summary of compliance review

Accounting for the periods 2013 and 2014

For the period in 2013, 12 out of the 29 licenclléis had the ability to report on the use of
basic radiation protection guidelines within thegped response time and for the requested
period. About 33 per cent of the participating @diology departments were able to follow

up and evaluate the use of guidelines during tisé ieriod in 2013.

For the period 2014, 27 out of the 29 licence halded the ability to report on the use of

basic radiation protection guidelines within thedfied response time and for the requested
period. Four out of the 94 radiological departmemése unable to follow up and evaluate

their use of guidelines. (Detailed information netjiag responses from the different licence

holders is shown in Appendix: Figure 1-4.)
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Ensuring that the right patient is examined

The results from 2013 show that of the radiologidapartments that had the ability to
evaluate the compliance to guidelines regardingtitiechecks, their compliance was at just
under 98 per cent. The results for 2014 showedtktga®7 licence holders that had the ability
to follow up and evaluate the compliance to gurtksiregarding identity checks had average
guideline compliance at just under 97 per cent.

Asking women of childbearing age if they are pretdna

The radiological departments that had the abilityevaluate the compliance to guidelines
regarding asking women of childbearing age abossibte pregnancy showed a compliance
of 45 per cent in 2013. In 2014 the 27 reporticgrice holders had an average compliance of
64 per cent in terms of guidelines regarding askivmmen of childbearing age about
pregnancy. However, there were large variationsompliance between the different licence
holders, ranging between 2 and 100 per cent congdia

Use of compression

In 2013, of the radiological departments that haé tbility to evaluate the use of

compression in accordance with guidelines, themm@ance was just under 35 per cent. In
2014 the compliance to guidelines regarding theaissompression averaged about 45 per
cent. The compliance diverges between 4 per cerib U0 per cent between the different
licence holders.

Use of lead shielding of gonads

In 2013, of the radiological departments that Hael ability to evaluate the compliance to
guidelines regarding the use of lead shieldingafagls when examining male patients, their
compliance was 52 per cent. In 2014, the averaggeMa Sweden for the compliance to
guidelines regarding the use of lead shielding elengonads was 58 per cent. Guideline
compliance ranged from 7 per cent to 100 per aarthie various licence holders.

Comparison between 2013 and 2014

When comparing the two periods 2013 and 2014, S&8Mnoted that the licence holders
have increased their ability to produce requirethdar a certain period regarding the use
of basic radiation protection guidelines. For tlezigd in 2013, only 33 per cent of the
participating radiological departments were ablprimduce required data. For the period in
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2014, 93 per cent of the licence holders were ableroduce required data. This should
indicate that the licence holders now have theatgho evaluate their compliance to basic
radiation protection guidelines.

Despite this improvement, the compliance to baadiation protection guidelines is still
low, around 50 per cent, indicating that there risag potential for improvement. The
spread is wide and several licence holders, in patilic and private healthcare, have 100
per cent compliance to guidelines.

Identity checks

For identity checks to ensure that the right patieibeing examined, the average guideline
compliance is good. This was also the outcomehferperiod in 2013.

Pregnancy question

Average guideline compliance before starting aaladical examination increased from 45

per cent to 64 per cent when it comes to asking evomn childbearing age if they are

pregnant. This gives improved compliance to gumsiby 40 per cent between 2013 and
2014.

Use of compression

The average use of compression in conjunction wattiological examinations of the
abdomen and lumbar spine has increased from 3%qudrto 45 per cent, resulting in
increased guideline compliance by 32 per cent.

Use of lead shielding of gonads

For the period in 2014, the average complianceutdadines regarding lead shielding of male
gonads was 58 per cent. This is a slightly highesc@entage than the period in 2013, when
average compliance was 52 per cent, an increasampliance with routines by 11 per cent.
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Appendix
Chart 1 Identity checks
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Chart 2 Pregnancy question
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Chart 3 Use of compression
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Note that two of the 27 licence holders that haglahility to report on their use of guidelines
in 2014 are not included in the evaluation of cammpte to guidelines regarding the use of
compression. During the evaluation period, these lwence holders had no examinations
requiring the use of compression.
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Chart 4 Use of lead shielding of gonads
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During the last 3 years NIRP has been inspectiregyesingle x-ray equipment at Danish
public hospitals. This has been done by following cesponsible medical physicist at a time.
At the inspections, we have been looking at difiesespects of radiation protection as well as
controls of the equipment. This talk will summarike general findings as well as some more
peculiar observations.
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In Norway, there are at any given time 70-80 comgmwith a license to perform industrial
radiography. Given the companies’ geographical aprand the limited staff of the
Norwegian Radiation Protection Authority (NRPA), nducting on-site inspections with
desired frequency is a formidable task. Therefthe,NRPA is currently testing “electronic
inspections” as an addition to on-site inspectidiee aim is to increase inspection frequency
greatly, with only a modest increase in workloadpéfully raising awareness of radiation
protection in the radiography community. The methelies on the radiography companies
self-reporting on a number of subjects, put to th@ma web-based questionnaire
(Easyresearch by Questback). Questions pertaingacompanies having written radiation
protection procedures, operators having accredadahtion protection certificates, radiation
sources being registered in the NRPA source dataleds. In accordance with the goal of
keeping workload low, we do not ask to see theadadocuments. For the same reason, the
questions are predominantly multiple-choice, thosting the number of possible answers.
This allows for automated analysis of the repleeswe can decide beforehand Hreswers
that are not in compliance with regulations. Se@iaghe questionnaire is just now closed for
entries, only rudimentary results are availabléhattime of writing. However, the response
rate alone qualifies the electronic inspectionsa asiccess. 67 out of 70 companies (96 %)
completed the questionnaire. The high responseceatg@robably be attributed to the fact that
we made it clear that the questionnaire had theesagulatory status as an on-site inspection,
meaning the companies were obliged to answer utigeradiation protection regulation.
Further data analysis and follow-up of companiesaie, but as a teaser we can reveal that
the initial analysis revealed 37 cases of non-campke with the Norwegian radiation
protection regulation, reported from 21 companiesm an NRPA point of view, the method
of electronic inspection is so far deemed a succéassing in a moderate amount of work, we
have received a large amount of data. Judging response rate and informal feedback, the
new inspection format also seems to be well reckimethe radiography community, many
citing it as an incitement to review their own grees and procedures.
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Siiri-Maria Aallos-Stahl
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This study analyzes inspections conducted in 2012034 by the Finnish Radiation and
Nuclear Safety Authority (STUK) in the use of rada in industry, research, education and
servicing, repair and installation in Finland. Tiogal number of inspections made was 1020.
In 800 cases STUK issued orders to correct obsameeecompliance. This means that only
22 % of the inspections were done without any @&rdssued. The total number of issued
orders was 3345. The most common reason was lackaofing signs for radiation or
insufficient additional protective devices in tlagiation source. It was also noticed that local
rules regarding the preparedness for abnormal eweate missing in many places where
radiation is used. Also quite many orders conagrtige organization itself, such as
unspecified duties of the radiation safety offioeninsufficient supplementary training of the
radiation safety officer. The data collected irl@®014 will be used in the future to target
more inspections to areas were most of the non-tange were observed. During the years
2010-2014 STUK has emphasized the preparednesabfmrmal events which can now be
observed as the number of organizations inspeeteking local rules for abnormal events
incidents decreased from 100 in 2010 to 56 in 2014.
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Jannie Kalgr Svendsen

National Institute of Radiation Protection, jaks@8k

Recycling is a hot topic today. Many consumersaavare that waste containing electrical and
electronic equipment (WEEE) should be disposeddoycling.

Hence recycling sites receive disposed ionisati@nmber smoke detectors (ICSDs). Some of
the recycling sites treat the ICSDs as WEEE. Inrélegcling industry shredding is commonly
used, hence there is a risk of the ICSDs beingdsleck together with WEEE. This could lead
to contamination of the shredded material, and he worst case internal exposure to
americium-241 for workers dealing with shredded enat. To prevent this, NIRP, in
cooperation with DPA-system (Dansk Producent An®eamish Producer Responsibility) and
the Environmental Protection Agency, is presentiyroducing new procedures for the
recycling industry in order to ensure full sepamtof ICSDs from WEEE. The focus is on
guiding the recycling sites and the recycling irtdusn correct handling, separation from
WEEE; especially optical smoke detectors, and digpof ICSDs. In continuation of the new
procedures NIRP will carry out inspections of thkevant sites at the recycling industry.
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National Institute of Radiation Protection, cni@#dis

Denmark hosts 17 Cs-137 based blood irradiationlittes with a maximum permitted
inventory ranging up to 105 TBq. In addition to dudbirradiation activities, the facilities are
used in research projects. The use of these fasildg regulated through the National Board of
Health order no. 985 of 11 July 2007 on the usseafed radioactive sources. Blood irradiator
facilities are mostly associated to hospital blbadks in close proximity to many workplaces
and patient treatment areas. The operation of biadiators thus requires a high level of
safety and security. In 2014/15, inspections atodd irradiation facilities were carried out,
resulting in several regulatory required actionsl aamarks regarding safety and security,
including:

P Closure of facilities where practice is considenedonger justified.
Removal of flammable materials from blood irrachatroom.
Reconstruction of blood irradiation room.

Update of alarm and warning systems.

Stressing of procedure for control of access todlioradiation room.

U U U U T

Enhanced registration and control of staff acced¢ddod irradiation room.
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Norwegian Radiation Protection Authority, oivindvBysen@nrpa.no

The 13 Norwegian gamma based blood irradiators hmeen phased out or replaced by
almost risk-free blood irradiators based on X- taghnology. Acquisition and use of new
gamma based blood irradiators is no longer comsilgustified by the NRPA. The
Norwegian phase—out policy was carried out for sgcueasons and concerns related to
possible consequences of a malevolent act. Theephaut process was initiated by the
NRPA and strongly supported and further enhancedhleyMinistry of Health and Care
Services, the owner of the hospitals and the blmtks. Consensus among relevant national
authorities and suitable regulations made the pbas@rocess possible and time efficient.
The Breivik 22.7.2011 attack on governmental buoigi and the following security report
have been an implicit fundamental driving forcehis security process.
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National Institute of Radiation Protection, cni@#dis

Denmark hosts three Co-60 based industrial irremhd@cilities with a maximum permitted
inventory ranging from 7.000 to 69.000 TBq. The oé¢hese facilities is regulated through
the National Board of Health order no. 985 of 1ly B007 on the use of sealed radioactive
sources. These facilities host the largest invgnbbisealed sources in Denmark, and as such,
undergo continuous efforts to maintain and imprsatety and security. Annual inspections
are conducted on each of the facilities. Since 20ddpections have been carried out in
accordance with IAEA recommendations (IAEA-TECDO&2@®), making use of the
Inspection Record template: “Irradiator”. In therlgayears, focus for the inspections was
centered on regulatory approval of contingency glegarding accidents and incidents. In
recent years, the focus of regulatory oversight $fafted to aspects of safety related to
normal operations and foreseeable operational oences such as: "shallow source pond
water levels” or "source rack does not descendaddition to the annual inspections, specific
topical sessions are organized for the industmiadiator facilities. Such sessions have
included meetings between facility staff, regulat@nd local emergency response units
regarding the special requirements for first resgomperations at industrial irradiator

facilities. A separate session on safety and stgcduring source change operations has also
been conducted.
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NORGIR is an acronym for Nordic group in industriatiiation and research. The group has
radiation experts from all of the five Nordic ratilbem protection (RP) authorities. Meetings
and workshops are held annually or biannually apbnts are given to annual meetings of
Nordic RP directors. In this poster, some of theralg items that have been discussed in the
previous meetings are listed together with somemesendation to the RP directors.
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Ritva Bly', Tuula Tarkkonefy Seija Suksi Mika Tal&, Anni Ojanperd, Maria
Kaivola®, Vilma JarvineR, Ritva Havukaineh Marja-Leena Jarvinén Tommi
Toivonert

'Radiation and Nuclear Safety Authority (STUK),aibly@stuk.fi
“University of Tampere

This study surveyed needs for changes in the Finmaidiation legislation, and evaluated the
regulatory oversight. The total renewal of the Khnradiation legislation will be done
simultaneously with the transposition of the Courmgirective (2013/59/Euratom) into
national legislation before 6th February, 2018. Bhevey was performed on behalf of the
Finnish Radiation and Nuclear Safety Authority () and it was conducted in
collaboration with the School of Management in Wnmsity of Tampere. The online survey
was open in February and March 2015. STUK informoadthe survey nationwide on web
pages and by sending e-mails and an e-news letteadiation safety officers, dosimetry
services, education and training organizationsagiation safety officers and other interest
groups. The survey included also questions conegrithe use of non-ionizing radiation
(NIR), such as ultrasound and MR, in healthcatee @latavas analyzed by both quantitative
and qualitative methods. The total number of answ@the survey was 182. The majority of
those (101) represented the use of radiation ittHeaae. The second largest group (46) was
industry including the use of radiation in industrgsearch, education and training, product
and security control, trade, import and exportaafiation equipments and sources, production
of radioactive isotopes, installation, manufactarel service of radiation equipment and
sources. Most of the answerers were satisfied thighcurrent Finnish radiation legislation.
However, many proposals were given, such as impgpthe definition of an undertaking and
regulating qualifications of both radiation proteatofficers and experts. About one third of
the answerers in the use of radiation in industrg ane fourth in health care did not find
needs for changes in radiation legislation. Mosthef answerers both in health care and in
industry were as well satisfied with the STUK’s ukgory oversight, figures being 65 % and
67 % correspondingly. However, a few proposalsrbaace came up e.g. concerning co-
operation between different authorities and needsmplify practical guidance on the safety
of radiation. In conclusion, the results providéuahle feedback from users of radiation and
other professionals for the radiation legislatienewal in Finland.
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National Institute of Radiation Protection, hwa@dis
Radiation and Nuclear Safety Authority

*|celandic Radiation Safety Authority

“Norwegian Radiation Protection Authority

% "/ Authority

The ‘Nordic Working Group on X-ray Diagnostics’ wésunded in 1978 as a cooperation
between the radiation protection authorities indlithe five Nordic countries. In the last

couple of years, the scope of the working group bbesen broadened to include also nuclear
medicine and radiotherapy. As a consequence, time wd the working was changed in 2014
to ‘Nordic Working Group on Medical Applications’.

The working group meets annually where the focusisonal reports on recent activities and
discussions on subjects of common interest. Betweeeatings the group forms a valuable
forum for discussions through email, and a fewpletane conferences has also been held.

The activities of the group during the last fouayé the form of common statements and
workshops will be presented as well as the cuffienis areas.

At the moment, the main focus areas of the groap ar

National implementation of EU-BSS

Level 2 justification (level of implementation inoktic countries)
Referral guidelines

Regulatory management of proton therapy units
Recommendations on shielding of thyroid and gonads

T U U U TV T©

Automatic dose monitoring in x-ray examinations
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Uffe T Jgrgensen, Kresten Breddam
National Institute of Radiation Protection, uftj@slk

SST/SIS is testing a new IAEA concept (IAEA IR Rdddp) in the supervision of Industrial
Radiography (IR) companies: Where there used ta thegh focus on supervision of the
operational part of practice - in the field - welks¢he implementation of an IAEA concept to
achieve a more complete picture of the conditidrth@ field - both for individual companies
and the industry in Denmark. In addition to thestass learned from field monitoring, the use
of IAEA IR Road Map provide a better picture of @fieation and training, learning from
incidents, individual monitoring, workplace monitay & warning systems, client interface,
equipment, internal controls & inspections and aaecy preparedness & response. The
results are presented in comparison with the IAE#&GIngs and an average of the Danish
companies. The Danish companies can be comparbe t@sponses from 150 companies in
31 countries. The study is currently in progress @sults will be presented at the conference.
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ZScience Institute, University of Iceland, Dunhagd®7 Reykjavik, Iceland

Abstract

We report on a nation-wide survey of indoor rad@n-@22) in Icelandic homes. The annual

mean radon concentration was measured on the gribood or basement of 250 homes

around the island with etch track detectors. Vaers were sought so the measurement
locations were not randomly assigned. Additionaligeasurements were made in 32
kindergartens and 19 public swimming pools.

The results show that the radon concentration étata is very low. The mean is 13 Bd/m
and the median 9 BgfinThe distribution of the results is heavily biagediards the lower
values with a number of the results at or belowrttieimum detectable activity, 95% of the
results below 40 Bg/fhand the highest value is 79 Bd/nNo appreciable differences were
found between the different regions of Iceland extleat in the North of the country, slightly
higher values were found. Measurements in kindeegarand swimming pools gave even
lower values.

These results, which match expectations given veghlatown about the Icelandic bedrock and
from previous spot measurements, imply a mean tioee population from radon inhalation
around 0,2 mSv/year[1]. This value is almost calyaan overestimate, since only ground
floors and basements are included in the study.

We have ongoing continuous measurements of radontoioor air in Reykjavik by a liquid
scintillation system, done in collaboration withethniversity of Iceland‘s Science Institute.
The measurement system is called Autoradon andtgefsom a few months of measuring
show that outdoor air in Reykjavik has a radon eatration of about 1-5 Bgfin
Simultaneous, continuous measurements of indoanrad a university building show little
or no variation in daily or weekly radon concerntrat

Introduction

The bedrock in Iceland is predominantly made obhagith low levels of uranium. Therefore
one should expect low concentrations of radon inNéasurements of radon in Iceland have
mostly been done in the context of geological/ggsaal research, for example in an attempt
to predict earthquakes. No large surveys have deaa previously on indoor radon levels in
Iceland but two earlier studies are noteworthy.

The Icelandic and Danish radiation protection tng#is made joint measurements in 18
basements around Iceland in 1982 [2]. The restitsved low radon levels, 11 Bgirin
Reykjavik (average from 10 measurements), the sigvedue was 26 Bg/fnand many of the
measurements where around or under the deteation li

In 2003 a study was made on a method of radon msasmts with liquid scintillator vials
[3]. 51 houses in the capital area were measureidigithe summer. The sample locations
were not standardized as the study focused on #dasunement method rather than the indoor
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radon levels. This method measures the average nagel of the previous 12 hours. The
results showed again low radon levels, with a meah7 Bg/n? and median 2,8 Bg/fin

Because of these results of earlier studies, aadctimposition of the Icelandic bedrock,
radon has not been considered a general healtnriskland.

In 2011, IRSA joined in the European CommissiorEC) European Indoor Radon Map
(EIRM) project coordinated by the EC’s Joint ReshaCentre (JRC), so in 2012 - 2013 a
nationwide survey on indoor radon concertation e@slucted [1].

Methods

Sampling period

IRSA acquired 500 etch track detectors from Radasyklungary (PADC/CR-39 detecor

chip). These detectors are usually exposed fol63nonths sampling periods with a lower
limit of detection (LLD) at about 15-30 BgfiThe LLD is approximately inversely related to
exposure time, but longer exposure time can causeased uncertainty due to the plastic
hardening.

At the request of IRSA, Radosys investigated theealer response curve for a 12 month
exposure to a low level radon concentration. Wi tesulting correction factor, IRSA was
assured that the uncertainty would be under 15%afd?2 month exposure at a reference
concentration of 150 Bg/ibut due to the increased sample period a LLDppf@ximately 7
Bg/m® was achieved.

Sampling locations

Volunteers were sought passively through a welzsig actively by phone, where needed.
Attempt were made to distribute sample points asadiy as possible while tracing the
population density, but the sampling location weo¢ random. In all, detectors were sent to
278 homes (of which 250 were retrieved) acrosscthentry. Measurements were also made
at two kind of work places: kindergartens and pulshvimming pools. The kindergartens
were selected due to being most often in a sirlgla-in building and with high occupancy.
Swimming pools where of interest because of thgelarolume of water (in some places
geothermal water) used. Detectors were sent tarRlekgartens and 30 swimming pools (31
and 19 respectively were retrieved).A map of al sampling locations is in Figure 1.

Volunteer instructions

Participants were instructed to place the deteaborshe building’s lowest floor and in an
inhabited room (preferably a bedroom). In 2012 ¢hgere around 129.000 homes in Iceland
[4], so the survey included 0,2% of all homes. @tectors were sent to volunteers over a 3
month period and collected about year later sostrapling time was around 9-13 months.
The detectors were then sent back to the manu&diur reading, in a vacuum sealed plastic
package (to prevent a radon contamination durirg tthvel from Iceland). Half of the
measurements were in the capital area (49%) but ofidke populated areas in Iceland were
covered (Figure 1).
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Continuous measurements

In collaboration with the Science Institute of Uensity of Iceland, IRSA made continuous
radon measurements in a basement in a universitgliry (Raunvisindastofnun) and on
outdoor air. The measurement system used is callisaradon. It has 15 ml liquid scintillator
fluid continuously pumped with the sampled air. Bystem is inside a 5 cm lead shield and
the measurements are done with 214-Po countingTFg. background is 6 counts/24 hour
which is equivalent to a mean concentration of Bgdm® over 24 hours. The LLD of the
system is 0,9 Bg/fhfor 24 hour measurements. Two system were runsimyltaneously,
one measuring indoor radon level in the basemeahtta other measuring the nearby outdoor
radon levels at 1 meter height. The building isrbgahe coast. The Autoradon system
automatically records a measurements once evenydwi could capture diurnal variation,
but the radon concentration results were averagedwhole days (24 hours).

Results

Etch track detectors

As suspected, radon levels in Iceland are founbeteery low by each measurement. From
the etch track detectors in homes, the mean rasl@tsl is 13 Bg/rhand the median 9 Bgfin
Only 5 % of the results are over 40 Bj/amd the highest measurement was 79 Botany

of the etch track detector results are at or aradimeddetection limit so the mean and the
median reported here are likely overestimates.ribigions of measurements is shown in
Figure 2.
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The measurements in kindergartens and swimmingspgsole even lower results, perhaps due
to better air-conditioning. For kindergarten theameadon levels is 11 Bgfrand the median

6 Bg/nT and for public swimming pools the mean radon Igvgl6 Bg/ni and the median 5
Bg/m®. Comparison between these measurements can bndéigare 3.

&!'5 % %" " e 9 "H# $-
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Comparison between different parts of the counkigure 4) shows similarly low levels.
Slightly higher radon levels are seen in the nartlpart of Iceland but the variability between

different parts of the country is much lower thamiability of the measurements within each
part.
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Autoradon measurements

The radon levels measured by the Autoradon systenvery low as expected. From early
May to mid-July 2015 the average concentration,@sBg/n? for outdoor air and 3,6 Bg/m
for indoor air. Some of the outdoor measuremerghse or below the LLD. The difference
between the indoor and outdoor measurement is §s&®l Figure 5). This probably results
from generally low levels in both indoor and outdear and from good air-conditioning of
the University building.
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The Autoradon system that measures the indoor @sr moved to a very small storage room
under the stairway in the same building. It is ugmdstoring cleaning supplies and poorly
ventilated. In this room higher radon concentrati@s measured, up to 35 Bd/riVe did not
see any noticeable variation within the day or wieethe data from May to July and the data
series is not long enough to show any seasonaltiari

Conclusion

As expected, the radon concentrations are veryinoeeland, as both the etch track detectors
and the Autoradon system showed. Indoor levelsadbm in countries worldwide can range
from 10 Bg/ni to more than 100 Bg/i6], so Iceland is among the countries that héee t
lowest radon concentrations. It should be noted tha measurements only consist of
measurement of *1floor and basement, also that many of the reswktse around the
detection limit.

Based on the results from the etch detectors, ¢ise tb the Icelandic population from radon
inhalation has been estimated to be 0,2 mSv/ydas.i$ most likely an overestimation since
many of the results from the etch track detectoes aaound or below the lower limit of

detection.

Nowhere did our measurements exceed referencesledferadon that our neighboring
countries have (from 100-300 Bgfnnot even in a small non ventilated supply roonthie
basement of the University of Iceland.

Outdoor radon levels in Iceland are low as one @eubpect for an island with a bedrock with
low radioactivity. The measuring place for the adad air is probably affected by its
closeness to the sea. One might suspect a litjleehiradon levels measured farther away
from the coast.

We can conclude that radon is not a health conodigelandic homes.
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Due to new waste and discharge regulations in Nypiffram 2011) many companies using
minerals in their production process are now botmdapply for discharge permits for
radioactive substances. The discharge permits neetpoith that discharges be quantified and
that environmental surveys be conducted. Thisnswa and unknown issue for most mineral
companies and there are little Norwegian compardata available for mainland discharges
or background specific activities in for examplerdis. This paper will present a case study
from a mineral company in western Norway, with Heges to a fjord and to air. Results
from discharge analysis and the environmental suwi# be presented and discussed. Also
other aspects of the consequences of the proagds,as doses to personnel, the public and
the environment will be looked into.
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Abstract

Sulphide scales in geothermal applications in lodlare rare and mostly confined to a
geothermal area in the Reykjanes peninsula in SAMuhcl. This paper reports the
existence of technically enhanced levels of nalyratcurring radioactive material,
TENORM, in hard sulphide scales from two wells lmstarea. This is the first time
that TENORM above the exemption limit of 1 Bg/g heen discovered in Iceland.

Introduction

An exemption/clearance limit for naturally occuginadionuclides in solid materials
in secular equilibrium with their progeny is 1 Bgagcording to Table A, part 2 of the
EU Basic Safety Standard (EU BSS) [1]. This appteshe U-238 decay chain of
radionuclides which includes Ra-226, Rn-222, Po-&1i@ Pb-210 as members.

This paper reports that hard sulphide scales inthgemal surface pipes in the
Reykjanes peninsula contain TENORM from the U-2B8ik, above this exemption
limit. This was not expected since levels of ndtueioactivity are very low in
Iceland.

Natural radioactivity in Iceland

A very low level of natural radioactivity in Iceldns confirmed by various studies,
including a recent nationwide survey of indoor nadehich reports Radon Rn-222
concentrations with a mean of 13 Bd/and a median of 9 BgAnThese values are
among the lowest in the world [2]. Ambient gamnearestrial and cosmic radiation in
Iceland is also low, around 50 nSv/h, verified ifstance by measurements from four
continuously monitoring radiation meters in the tbewestern, south-eastern, north-
western and north-eastern corners of Iceland, availat the web-site of IRSA. The
total radiation exposure in Iceland from naturalrses has been estimated to be in the
region of only 1 mSv/year [3].

Iceland has no oil and gas industry or other imissthat typically produce TENORM

as a by-product. The country has a number of gewoiddeplants that have been
observed to produce TENORM in other countries, sashUSA, associated with

geothermal applications, i.e. in scales in pipeselto wells (boreholes). In Iceland,
however, there is generally very little scalinggeothermal pipes and TENORM has
not previously been detected.

Reykjanes geothermal field

The Reykjanes geothermal system is located atighef the Reykjanes peninsula, 50
km southwest of the capital Reykjavik (Figure 1hirlly-four wells have been drilled
in the area which is mainly composed of hyalodastocks interbedded with lava
flows of tholeiitic composition and pillow basalsa greater depth [4], [5].
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Figure 1 Geology map of Reykjanes Peninsula. Iceland ishen insert with the location of the
Reykjanes Peninsula outlined. The high-temperaitea, Reykjanes, is furthest to the west [6].

The Reykjanes reservoir fluid, with seawater ssfirhias reacted with the basaltic host
rock at elevated temperatures between 270-340°€.cbhcentrations of metals and
trace elements in the reservoir fluid collected13860-1500 m depth are; Cu ~15
mg/kg, Zn 5-25 mg/kg, Fe 10-140 mg/kg, Mn ~2.5 ngg/Rb 100-300 pg/kg, Ag 30-
100 pg/kg and Au 1-6 pg/kg [7]. The chemical praojsrof the reservoir fluid have
long been studied for the purpose of producingasadtvaluable minerals. Commercial
attempts at doing that have however been unsucdessfile electrical power
production has proved to be viable. The geotheflal has been utilized since 2006
by HS Orka in a 100 MW electricity power plant, Rgyesvirkjun.
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Figure 2.Scale precipitated in a pipe from well RN-22. Hoale is formed in one year from
2006-2007. An orange has been placed for size cosopd6].

As the fluid ascends from a well it starts to kohile to pressure decrease resulting in
precipitations of mainly sphalerite ((Zn,Fe)S) e tell from about -1200 m depth.
At surface downstream of an orifice plate, a sudtdietrease in pressure from ~37 bar
to 22 bar causes rapid boiling (flashing) whichutessin abundant precipitation of
sulphides as shown in Figure 2. In order to betteterstand the build-up of scales and
the resulting decrease in fluid-flow in the surf@geeline, a detailed geochemical and
mineralogy study has been done on the scales byalt#ottir [6], and her co-workers
[8]. The scales are primarily composed of sphaenitith some chalcopyrite (CuFgS
small amounts of galena (PbS) and traces of otliphsles (mainly Cu-sulphides like
bornite (CyFeS) and digenite (G45s) [6].

TENORM in scales

The scales emit beta radiation which can be detesith hand held meters. Some
alpha radiation can also be detected. Only veryjkvgaanma radiation is present but it
does however enable identification of Pb-210 ane2 B® nuclides through gamma-
spectrometry in a laboratory as can be seen inr&igu
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Figure 3 A gamma-spectrum emitted by the scaling. A peakPb-210 is highlighted in red.
A low voltage peak at 47 keV due to Pb-210 is aisible. A background spectrum without

these peaks is shown for comparison.

Analyses of gamma-spectra as in Figure 3 show teeepce of nuclides from the
natural U-238 chain (Figure 4).

Figure 4. The U-238 decay chain. The radionuclides Pb-21@ Ro-210 originate from
radium (through radon). The half-life of each ndelis in parentheses.

Samples from scales originating in surface pipesnftwo wells (boreholes) were
obtained in June 2015 for accredited analysis atKS'Environmental Radiation
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Surveillance and Emergency Preparedness, an asttddsting laboratory. A report
was prepared, dated 31st July (see Appendix). Thedls are currently the most
productive wells of the power plant Reykjanesvirkjun terms of electricity and in
amount of scaling. The analysis showed the follgwigsults for these samples:

Table t Activity in scales from two wells when measured 4" and 18" July 2015. The
uncertainty of results (2 sigma) indicates thatrésaults are, with a 95% confidence interval,
within the given limit values.

Radio- Well RN-12 Well RN-11
nuclide Ba/g Ba/g
Ra-226 <0.002 < 0.002
Pb-210 33.7+4.1 51.5+9.3
Po-210 123.0 £ 20.0 214.0 + 30.0
Discussion

The existence of TENORM in Iceland has now beerficord for the first time. The volume
of geothermal scales produced each year througaniclg of the geothermal pipes is
estimated by the operator in 2015 to be a few mébms and less than one cubic meter. In
2007, it was estimated to be 4 tons [6]. Valuestonparison from geothermal plants in other
countries are few in number and therefore this pppesents the following information on the
more common oil and gas facilities. A report froMEA on radiation protection and
management of TENORM in the oil and gas industfysfates that a “production facility may
generate quantities of scales and sludge rangmy fess than 1 t/a to more than 10 t/a,
depending on its size” (page 69). In the IAEA reép(page 56) the following table is
presented (see Table 2):

Table 2: Concentrations of naturally occurring caditive material in oil, gas and by-
products. This table is given in reference [9] asabl& no. Il

140



The values for the Reykjanes scales seem to bethtghn those in the oil and gas industry
with regard to the activity of Po-210. These atgpmalues and the absence of Ra-226 make
the processes that made these scales very intgyéstm a scientific point of view.

NORM and TENORM is included in the Icelandic Act &adiation Protection and any
potential radiation protection issues associated WENORM in geothermal applications will
be addressed as needed by the Icelandic Radiadfety3uthority.

The author expresses his gratitude to the recedettgased Seppo Klemola at STUK who first
provided him with an estimate of a Po-210 actiabove 10 Bg/g in a scaling sample from
Reykjanes. This paper is dedicated to his memory.
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As a bi-product of the extraction process and pipasport of oil and gas in the North Sea,
NORM materials accumulate as scale deposits onngide of piping. During maintenance
operations and decommissioning of oil and gas ol facilities, piping and other
equipment with potential NORM contamination is inaty characterized, in order to ensure
allocation to the proper waste stream. Howevertimeunspections by RPOs on North Sea
platforms or radiation portal monitor alarms inaggyards show that a review and update of
the present monitoring program is warranted. Emose characterization of NORM
contaminated components represents a potentialhhleatard and a financial liability risk.
Consequently, consensus has developed betweetioadiaotection authorities and industry
to optimize existing procedures or develop new @doces for reliable characterization of
potentially NORM contaminated equipment. Swedislorwegian and Danish radiation
protection authorities have entered collaboratiaih WTU NUTECH and two major Danish
oil and gas operators to define the project CONCOEHmaracterisation of NORM
Contaminated Objects: Reliable & Efficient). NKSnomitted 400.000 DKK in 2014 and
363.000 DKK in 2015 for the realization of this @at. The characterization procedure to be
developed during this project may potentially finde in other industries such as paper
production or nuclear facilities, where non-standasethods for radiological characterization
may be required.
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The radio analytical laboratory (RAL) at the Swé&dRadiation Safety Authority (SSM)
consists of four scientists and engineers with @adrcompetence in the field of radio
analytics and radio physics. RAL'’s instrument peoksists of five HPGe detectors, two low-
background LSCs, two alpha spectrometry systents avibtal of 18 chambers, and a whole-
body counting facility with a thyroid measuring tgta. In addition to the instrument park,
there are two radiochemical laboratories for sangbkparation, radiochemical separation,
and source preparation. While none of RAL's methbds 1ISO 17025 accreditation, the
ambition is that all work is carried out accorditogthis standard. RAL provides support to
several units within SSM that work with supervisidtor example, the laboratory analyzes
samples gathered from clearance inspections oflibge and lands, from evaluations of
radioactive ashes and their need to be depositeldalao samples from general investigations
of industries with the possible enrichment of NORRKIL also analyzes samples for the
national environmental monitoring program, a prograhat was created because of
requirements set up by national and internationgds, such as the EU. Furthermore, RAL
performs intercomparison tests with the SwedisHeaungower plants’ laboratories, both on
environmental samples from their monitoring progsaand on discharged water samples
from the power plants. The average yearly througlhpuhe laboratory is 600 samples and
about 35 people are measured with the whole-bodyteo every year. RAL is part of the
national network of laboratories responding to aeacland radiological emergencies. The
laboratory has a coordinating role in many of tle&vities of this network and regularly
arranges intercomparison exercises for the othmrédories. RAL is also an active member
of the IAEA network ALMERA, which is a cooperatiegfort of IAEA to establish a network
that can provide reliable analyses of environmesaahples in the event of an accidental or
intentional release of radioactivity. RAL’s resdar@ctivities comprise the areas of
radiometric measurement development, radio analytioethods, marine radioecology,
retrospective dosimetry, internal dosimetry, and vivo measurements techniques.
Additionally, the laboratory takes an active partthe supervision of PhD and Master
Students. Our research partners are Linkdping Usitye IAEA, NRPA, EURADOS,
ANKA, and CNA.
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Twenty (20) water samples from the mining pondsenallected from Jos in which all the
samples were drawn in two litres plastic containBesv drops of nitric acid were added for
preservation and after the total dissolved solidsl lbeen estimated, the samples were
evaporated then transferred into planchet for agogniThe counting were done using MPC-
2000 Dual Phosphor detector. The gross alpha gctfiom this mining pond ranged from
(0.006£0.002 — 0.144 £ 0.003) Bg/L with a mean galft10.0382+0.007 Bg/L. The gross beta
activity concentration ranged from (0.006+0.3301-319+£0.519) Bg/L with a mean value of
1.72+0.356 Bg/L. When these values are comparel thig International Standard, all the
values obtained for gross alpha were within theeptable limit while for the gross beta, nine
of these values were above the acceptable limit.

The committed effective dose for gross alpha rarfgaa (0.002 — 0.030) mSv/yr for adults
while the values for children ranged from 0.18 553.mSv/yr. In comparison with WHO
Standard of 0.1 mSv/yr for the general public saheeponds may be highly radioactive to
children than adults. This suggests that theseceswof water are radioactive to human health
and therefore care must be taken when using therdratm these nine sources.

KEYWORDS: Gross Alpha, Gross Beta, RadioactivityffeEtive Dose and Activity
Concentration

INTRODUCTION

Nature has provided immense natural resources toahity. Water is one such natural
resource which is essential for human life andhfealth and the environment. The first health
requirement for any developing country is the alamte of clean water supply. Water the
most indispensable and precious natural resoureeexgpected to be free from pollution. It
has two parameters which are closely linked, qtyarstnd quality. In nature, all water
contains some impurities. Water quality is onelef highest priority environmental issues.
The water resources of a nation determines the fwoduction, industrial growth, public
health and hence its economy (Marbanaing, 2011).

Natural radioactivity is always present in the eamment. Water especially ground water, is
not free of radioactive isotopes from naturally agng series of>%U, 2Th and*K. It is
natural to find radionuclides in drinking water.hély get into water as it comes in contact
with radioactive materials in the solids. The &tficoncentrations of natural radionuclides
in ground water are connected to the activity catredions of?*®U, *Th and their decay
products in the ground water and bedrock (Vestéwdna2007). This is due to ground water
reacting with the ground water and bedrock andcashg) quantities of dissolved components
that depend on the mineralogical and geochemicalposition of the soil and rock, redox
conditions and the residence time of ground waténeé soil and bedrock (Fasae, 2013).

Clean and plentiful water provides the foundation grosperous communities. We rely on
clean water to survive, yet right now we are hegdawards a water crisis. Dirty water is the
world’s biggest health risk and continues to theaaboth quality of life and public health in
the developing countries like Nigeria. When wditem rain and melting snow runs off roofs
and roads into our rivers, it picks up toxic cheas¢ dirt, trash and disease-carrying
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organisms along the way which may increase itsoeadive content. Many of our water
resources also lack basic protections thereby rgakmem vulnerable to pollution from
factory farms, industrial plants to mention butewf The aforementioned can lead to
drinking contamination of water bodies which is mlidsely to come from naturally occurring
radionuclides which are potential contributors ¢fha, beta and gamma radioactivity in
underground water supply system (Onoja, 2005). idgatlvity in drinking water is
principally derived from leaching of radionuclidé®m rocks and soils. Dissolving from
underground minerals and move along with the wasewell as deposition of radionuclides
from the atmosphere. On the other hand (For&e al 2006) established that, the
geographical/geological formation of an area dei®es to some extent the radionuclides
present in water. Wells and boreholes constrigtdaedrocks within such areas could show
some levels of natural radioactivity. Enhancedelgevof Uranium, Thorium and their
daughters’ products might be present in watersdtatich in natural radioactivity. Uranium
isotopes %, 2% and *U) have a non-negligible radiotoxicity (WHO, 197@alcome-
Lawes, 1979). Furthermore, several radionuclidgbe radioactive decay chain starting from
238, 2 are highly radiotoxic.

According to Ahmed, 2004 the most radiotoxic an@ timost important among such
radionuclides is radium, which is a known carcinoged exists in several isotopic forms.
The predominant radium isotopes in groundwater&Ra, an alpha emitter with a half-life
of 1600 years and beta emitters, with a half-life® years (Lyenger, 1990; Marowit al,
1996; Sidhu and Breithart, 1998). Considering tingh radiotoxicity of alpha and beta
emitters their presence in water and their assegtiaealth risks it is glaring that they require
proper attention. It is known that even small antswf radioactive substance may produce a
damaging biological effect and that ingested amalied radiation can be a serious health risk
(Rowland, 1993). When radium is taken into theyyats metabolic behavior is similar to
that of calcium and an appreciable fraction is dépd in the bone while the remaining
fraction being distributed almost uniformly in stitsues (Wrennet al,1985). An important
aspect of radium protection is the prevention sfahtry into the human body, the critical
pathway being ingestion through the food chain nkihg water (Kahlos and Asikainen,
1980).

Materials and Method

Twenty (20) water samples were collected from tl@mg ponds in Jos metropolis of Plateau
State- Nigeria. The samples were collected intr2diplastic containers with about 1% air
space left for thermal expansion. To minimize aamnhation, the containers were first rinsed
three times with samples water before use. Therwsmples were immediately acidified
with 20ml £ 1ml of nitric acid per litre of sampleollected to minimize absorption of
radioactivity into the walls of the containers (IS@97 & 9698; 1992a). The samples were
then tightly covered and kept in the laboratorpr fhe purposes of analysis the samples were
slowly evaporated without boiling down to a volume50mI at a furnace temperature of
60°C. The residue was then transferred to a stairdess planchet, dried and allowed to
equilibrate with ambient temperature and weighdt dounting time was 3000s.

Results and Discussion

The results are as shown in Table 1. The grodsaadetivity in the mining ponds water
ranged from (0.006 + 0.002)Bg/L for TMPQO9 to TMPR®Rere the activity concentration was
(0.144 + 0.003)Bg/L with a mean value of (0.038P.8007)Bg/L. The gross beta activity
concentration ranged from (0.355 = 0.330)Bqg/L fraMP11 to (11.319 £+ 0.519)Bqg/L for
TMPQ09 with mean value (1.721 £ 0.356)Bqg/L.

The alpha activity concentrations in all the pomdger samples examined were within the
practical screening level of 0.1Bg/L except for péas collected from TMP06 and TMP09
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which are slightly above this value. The grosalativity values for eighteen (18) out of the
twenty mining ponds analyzed were above the recamdett WHO acceptable limit of 1.0
Bg/L. In other words, all of the twenty (20) migiponds analyzed only TMPO1 and TMPO03
were within the screening level. These high levdlgross beta activity may suggest the
presence of pollutants of anthropogenic origin aseening for beta activities in the
environment is screening for artificial or anthrgpaic radionuclides (Ezekiett al, 2013).
Such pollutants in the tin mining areas could be rthines tailings (which are made up of
mainly zircon and monazite) which are usually iiicfJranium and Thorium.

The committed effective dose gives a good approttaneof the effective dose rate of our
bodies and is a function of the quality of watensamed for year among other factors. It is
assumed that on the average adults consume aboulittes of water per day which is
equivalent to 73L/yr, while children consume ab200L/yr (Fernandezt al, 1992, WHO
2004, Fasae, 2013). The committed quantities lsecad small effective half-lives are
practically realized within one year after intak€gsae, 2013). In this work the committed
effective dose (CED) over one year was calculateguthe formula given by Fasae, 2013 as:

CED=1AC x 365 (1)

Where | = the daily water consumption, A = the alplctivity concentration in Bg/L and C =
is the dose conversion factor for ingestion andaoradult the value is 2.8 x 1®Sv/Bq
while for children it is 1.5 x & mSv/Bq. For a given gross alpha and beta the sdtuethe
estimated effective dose for gross alpha rangenh f§0.002 — 0.030)mSv/yr with a mean
value of 0.009mSv/yr for an adult while the valdes children ranged from (0.18 — 3.55)
mSv/yr with a mean value of 0.624mSv/yr. When ¢heslues are compared with the WHO
acceptable limit of 0.1mSv/yr for the general papbthe mining ponds may be considered to
be highly radioactive to children than the adults.

Conclusion

Gross alpha and beta activity concentrations iningirponds and water of Jos metropolis,
Plateau State were measured. The results obtéoneploss beta were generally higher than
the gross alpha activity concentrations. The estoh committed effective dose to children
and adults were also calculated in which some waluere above the WHO standard of
0.1mSv/yr for the general public. Hence long texotumulated effects should be guided
particularly in the ponds where elevated activipneentrations were obtained during the
survey.
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