Radiation
Regulator

The International Journal
Supporting Continuous
Professional Development
ISSN 2052-4846

Volume 2, Number 1

Radiation safety
management
just got easier!
Observa™ is the latest ground breaking
innovation from Tracerco. It is an installed
system, incorporating several unique features,
which measures radiation dose rates and ensures
radiation safety and source security.
Key features and benefits:
• Advanced security features, such as missing source alarm
• Simple to use software
• Large, easy to read display
• Data logging functionality
• User configurable interlocks
• Full range of monitoring capability for any application

radiation.monitors@tracerco.com
http://info.tracerco.com/observa
@TracercoMonitor

Radiation Regulator
PO Box 885
Lancaster
LA1 9JD
Lancashire UK
www.radiationregulator.net

Contents
1

Editorial
C Englefield

3

News

4

Insight: Ten Years of Inspection Interventions in Slovenia
H Janzekovic

8

Insight: The Application of the European Commission
Regulation 302/2005 ‘on the application of EURATOM
Safeguards’ in the UK and its ‘fit’ with radiation protection
P Cole, C Englefield, P Koschel, S Vleugels, A Peters and TJ Moseley

20

Technical Top Up: Radioactive Source Safety and Security
– Fixed Area Monitors
J Tomlinson

23

Review: Radiation Protection Meets Art in Geneva

24

Research: New and recently finalised activities within
the NKS Programmes for Nordic cooperation on nuclear
reactor safety and emergency preparedness
K Andgren, KG Andersson, SM Magnusson and F Physant

33

FORO – The Ibero-American Competent Authorities on
Radiological Protection, Nuclear Safety and Security
S Fernandez Moreno

38

Review: Super Fuel – Thorium, The Green Energy Source
for the future
P Koschel

40

Review: Radioactivity: A History of a Mysterious Science
K Ross

41

Review: Learning the Lessons of History – Two texts for
Regulators and other Radiation Protection Practitioners
C Englefield

43

People: Award of PhD to our Editorial Board Member

44

People: Key appointment at World Nuclear Association

Editor-in-Chief
Chris Englefield (UK)
Webmaster
Peter Koschel (Germany)
Linguistic Advisers
Harry Englefield
Anthony Wrixon
Ellen Woodhouse
Editorial Board
Kanchan Adhikari (Nepal)
Renate Czarwinski (Germany)
Marcela Ermacora (Argentina)
Daniele Giuffrida (Italy)
George Hunter (UK)
Eun-Hee Kim (Korea)
Peter Koschel (Germany)
Eulinia Valdezco (Philippines)
Jack Valentin (Sweden)
Jim Scott (Australia)
Rajaâ Cherkaoui El Moursli (Morocco)
Vacancy (North America)
Vacancy (Sub-Saharan Africa)
© Radiation Regulator 2015
(except where otherwise specified)

ISSN 2052-4846

RPD Publishing Ltd
P.O. Box 885
Lancaster
LA1 9JD
Lancashire, UK
www.rpdpublishing.net
Managing Director
Chris Englefield CRadP, FSRP, Fsyl

Supported by

Finance Director
Peter Bunting LLB FCCA
Watchdog
Anthony Disberry

Volume 2, Number 1

Radiation Regulator

Editorial
Welcome to Volume 2 Number 1 of Radiation Regulator

Radiation Regulator has returned! Having
overcome a period of difficulty, our journal is
re-launched with this issue, with some
significant changes. We have a new cover, and
we now have hard copies available for purchase
(though the downloadable version is still
available for free at www.radiationregulator.net.
See the website for details of how to order a
hard copy).
In addition, Aurora Health Physics Services
Ltd (http://www.aurorahp.co.uk) has kindly
supported this issue and their help and
encouragement is gratefully acknowledged.
We have some advertisers for the first time.
The income they provide will help to ensure
that Radiation Regulator continues and we are
grateful to them also for their support. Please
mention Radiation Regulator if you enquire as
a result of these advertisements. One final
development is that we have started to ask
new readers to profile themselves with a short
questionnaire to inform and attract potential
advertisers. This will be sent to existing
registered readers soon and we would welcome
your responses, which will be managed in
accordance with UK Data Protection law.
We have very rich content in this issue. We
have articles from Slovenia and Ibero-America
and a review of a very unusual art exhibition
about our field of physics: radioactivity and
radiation. For the first time we are looking at
the field of Safeguards at least in so far as
these arrangements apply to small holders of
nuclear materials in the UK.

To be able to sustain providing our readers with
useful professional development materials, we
need you to contribute too. So, if you have had
a good learning experience or have mastered
a subject relevant to radiation regulation, and
would be willing to share your knowledge, then
please write about it for us. We only exist to
share knowledge between this with an interest
in radiation issues and especially, but not
exclusively regulators. Our contact details are
on the website, and there is some guidance for
authors. We can provide help for non-native
English speakers, if you request it.
We shall be developing the journal and the
website in the coming months, and hope to
provide even more useful information for you.
Please keep checking the website regularly for
more news of our progress.
As this issue goes to the printers, there has
been announced the terrible earthquakes in
Nepal, with India and China also being
significantly affected. Dr Kanchan Adhikari is
our Nepalese Editorial Board member and our
thoughts are with him, his family and
compatriots. We know that he and his
immediate family are OK, but life is difficult
and very challenging at present. By
coincidence, there is a short report of him
being awarded his PhD in this issue.
Chris Englefield
Editor
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News
Last Radium Girl?
Radiation Regulator has previously
provided a Technical Top Up on
radium luminising (Volume 1
No.4 p178). At the end of 2014
Mae Keane, one of the last
surviving ‘radium girls’ died at
the age of 107. Previously
thought to be last survivor of this
sad tale, she is now known to
be one of a very few surviving.
Her story can be read at
http://goo.gl/Wc2FpC.
—o0o—

New IAEA publication
The IAEA recently announced
the publication of ‘Diagnostic
Radiology Physics: A Handbook for
Teachers and Students’. This
publication is aimed at students
and
teachers
involved
in
programmes that train medical
physicists for work in diagnostic
radiology. It provides, in the form
of a syllabus, a comprehensive
overview of the basic medical
physics knowledge required for
the practice of modern diagnostic
radiology.
This
makes
it
particularly useful for graduate
students and residents in medical
physics programmes. The material
presented in the publication has
been endorsed by the major
international organizations and is
the foundation for academic and
clinical courses in both diagnostic
radiology physics and in emerging
areas such as imaging in
radiotherapy. It has not been
reviewed by Radiation Regulator,
but seems likely to be interest to
regulators new to the field of
medical uses of radiation and
diagnostic radiology in particular.
A free electronic version can be
found at: http://goo.gl/1BKotY.
The code for the hard copy is
ISBN:978-92-0-131010-1. This
book is in English and costs 90.00
Euro.
—o0o—

New cover for
Chernobyl reactor
A fascinating time-lapse video
shows construction firms in
Ukraine under the umbrella of the
Novarka consortium making great
progress on the unprecedented
New Safe Confinement structure
for the site of the world’s
worst nuclear power accident.
The ambitious project involves
construction of an arch-shaped
shell that towers to 110 metres
(360.8 feet) high and 165 metres
(541.3 feet) long with a span
measuring 260 metres (853 feet).
It has been constructed close to
the reactor and was moved into
place in two halves to minimize
risk of radiation to workers. To
date, none of the workers has
been exposed to radiation beyond
permissible levels, said EBRD, the
European Bank for Reconstruction
and Development, which is
funding the work.
Lifting operations for the massive
arch that weighs 30,000 tons,
were completed in October 2014.
The structure is designed for 100
years of use and built to withstand
severe weather conditions at the
heavily contaminated site of the
1986 explosion at the power
plant’s Unit 4 reactor. See:
http://goo.gl/lReMW3.
—o0o—

Beyond Cancer: novel
radiotherapy targets
Radiotherapy is most often
associated with cancer and it’s
treatment, and even then is
considered a very harsh and even
debilitating process, but new
research suggests that it could be
used far more widely to cure a
range of other diseases or
conditions in a way which would
make it the easiest and least
invasive solution. Two of these
conditions under scrutiny for this
new research are atrial fibrillation

(AFib) and hypertension or high
blood pressure. AFib in particular
has always been treated in an
extremely invasive way and this
new therapy could make the
treatment much quicker and
easier
as
well
as,
most
importantly, putting less of a
strain on the body of the patient.
Some research into this has
already
been
done
and
corrections to practice, especially
regarding safety margins, are in
constant progress. However
research towards the treatment of
Hypertension is much further in it’s
development with one successful
animal trial already having been
completed and small groups of
human trials set to start during
this Autumn. For more information
see: http://goo.gl/kEzj2V
—o0o—

Nuclear weapon test
debris ‘persists’ in
atmosphere
Experts believe that residual
nuclear debris from the nuclear
arms race over 50 years ago
could now be monitored and used
to discover more about how
particles move around the
atmosphere. The plutonium and
caesium
isotopes
in
the
atmosphere from this Cold War
era which were assumed to now
be
negligible,
have
been
measured to be at a surprisingly
high concentration in the earth’s
stratosphere where the levels
were thousands of times higher
than that within the troposphere.
These levels of radioactivity
though still small enough to be
considered unharmful to human
health, could be put to use in this
development of understanding
particles, especially in looking at
the movement of particles after
natural disasters and incidents
such as the 2010 eruption of
Iceland’s Eyjafjallajökull. See the
BBC News report on this at:
http://goo.gl/WloABJ.
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Contract awarded for
molybdenum facility
Previous shortages of Molybdenum-99 (Mo-99), the isotope
used in around 45 million
diagnostic procedures worldwide
should soon have ended as
Australia’s ANSTO has announced
plans for a new facility to support
its OPAL reactor to make 20 million
doses per year. Molyb-denum-99
(Mo-99) is used in hospitals as the
source of technetium-99m. The
facility, which is due to be
completed in 2016, will establish
Australia as a major international
supplier of medical radioisotopes
predominantly due to their
advancements in the production
of Mo-99. There are concerns
about distribution of the isotope
(which has a half-life of only 66
hours) to users. This limited time
frame will mean that efficiency is
just as important for ANSTO as
the production of the isotope.
However, the previous global
need for more of this treatment
should mean that the demand for
the isotope will ensure minimum
waste of this radioactive source.
See WNN at: http://goo.gl/fSO7Lu

—o0o—

First floating nuclear
power plant?
There has been coverage in the
news recently that Russia will
deliver the first floating power
plant in 2016 (see the World
Nuclear News (WNN) article at
http://goo.gl/asggyW for example).
But is it really the first? Putting
aside the fact that nuclear
submarines, aircraft carriers and
icebreakers have existed for
more than 50 years, there seems
to be one earlier example of a
floating nuclear power plant (rather
than a propulsion system that
also generates electricity). WNN
have more recently reported the
decommissioning of the Sturgis, a
45MWth floating power supply.
—o0o—

Schools sources study
It may be ‘old news’, but
regulators may be interested in a
2009 paper published by the UK’s
School Science Review on The
long-term safe condition of
sealed radioactive sources in
schools. This collaborative work
may have been done some years
ago,
but
there
is
useful
information for teachers and
regulators. The findings will be
helpful
to
schools
when
undertaking reviews of the
sources they hold and making
judgements on keeping older
sources in continued use. It is
written for a UK readership, so
the references to legislation etc
will need careful interpretation in
other countries. See page 113 at
http://www.ase.org.uk/journals/school-science-review/2009/03/332/. The article is
by Ralph Whitcher.
—o0o—
The IAEA have recently published
a detailed account of the use of
radiopharmaceuticals for sentinel
lymph node detection. The book
(only available in English) provides
a lot of detail and will be of
interest to readers who were
interested in the article in
Radiation Regulator Volume 1 No.
2 page 76 that provided a
‘Technical Top Up’ on this subject.
This book summarizes the current
status and future trends in
the development of radiopharmaceuticals for sentinel lymph
node detection (SLND), an
essential diagnostic tool for the
effective treatment of superficial
cancers such as breast tumours
and melanoma. The publication
covers all current aspects of this
diagnostic methodology, including
the production of nanocolloidal
particles,
their
biological
mechanism of action and relevant
clinical applications. It also
illustrates
the
recent
developments in the field fuelled
by the introduction of molecular
imaging agents for SLND and of
multimodality
optical
and

radioactive agents. Included in
the results presented in this
book, are those on the novel
generation of SLND radiopharmaceuticals obtained through an
IAEA
Coordinated
Research
Project.
A free copy can be downloaded
from: http://goo.gl/rAuy6u or it
can be bought for 39 Euro. The
code is ISBN:978-92-0-109714-9).
—o0o—

Natural born physicists
An article in the UK’s newspaper
‘The Independent’ reveals that
babies are born with a grasp of
physics (but not nuclear physics)!
Babies
have
an
innate
understanding of the way the
world works and will pay more
attention to objects if they
appear to defy the basic laws of
physics, a pioneering study
has found. A summary of the
original work can be found at:
http://goo.gl/ZZIQJn
Researchers have discovered that
infants less than a year old
become more interested in
objects that do seemingly
impossible things, like pass
through a solid wall or become
suspended in mid-air with no
visible means of support.
The
findings
support
the
contention that humans are born
with
some
kind
of
core
knowledge about how things
should work which acts as a
template on which babies begin
to learn about the world around
them, the scientists said.
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Insight
Ten Years of Inspection
Interventions in Slovenia
Helena Janzekovic
Slovenian Nuclear Safety Administration
Litostrojska 54
1000 Ljubliana
Slovenia
helena.janzekovic@gov.si

Helena Janzekovic is a regulator at the
Slovenian Nuclear Safety Administration

ABSTRACT
A response to incidents and accidents with sources of ionising radiations is one of the main tasks of any regulatory
authority controlling radiation and nuclear safety. In Slovenia, the emergency system related to events with sources
has been built up over decades, and especially since it was legislated for in 2002. It is based on a 24-hour on-call duty
officer of the Slovenian Nuclear Safety Administration (SNSA). The arrangements provide well defined roles for all those
involved in relevant recovery operations.
Between 2002-2011 144 events were put in the SNSA Database of Interventions. Analysis of the events shows that
around 50% of all events are related to scrap metals and around 30% of all interventions are false alarms. Although
each intervention is unique, there are six typical scenarios that are identified and described in this article. Despite the
fact that strict rules related to conducting an intervention are put in place, the response system applied enables flexibility
in order to cope with atypical circumstances.

Introduction
Uncontrolled sources cannot only be easily
used in malicious activities, but they can also
cause exposure to people or contamination of
the environment because the people handling
them may not be aware that they are
actually handling radioactive materials. The
consequences of such handling range from
financial burden (for example, if a source is
melted into tons of materials) to a serious
detriment in health to exposed person(s).
Especially after 9/11, countries have become
aware of the fact that control over radioactive
sources requires international cooperation.
Such international initiatives includes the IAEA
documents such as[1,2] and the so-called
HASS Directive of the EU[3], which was
recently updated and included in the new EU
Basic Safety Standard Directive[4]. Events of
lost, stolen, and abandoned sources of
radioactive materials are recorded in
international databases such as[5].
According to international best practice, States
should establish programmes in order to

identify the risk related to uncontrolled sources
of ionising radiation within and at their
borders. Their programmes must take into
account, the unique characteristics of each
State, including among other factors for
example: geographical location, control of
sources in the past and extent of industrial
handling of scrap metals.

Building a Response System
Slovenia, as a member of the European Union,
has implemented the requirements of the
HASS directive and established a system to
identify uncontrolled sources and respond in
case of an emergency. The state is located in
southern Central Europe at the crossroads of
the main European trade routes. Therefore,
control of traffic is a key component of the
system built by the regulatory authorities in
Slovenia. On the other hand, Slovenia has
long-term experiences with ionising source.
Even today a list of practices using ionising
sources is long including, among others, the
operation of one Nuclear Power Plant (NPP)
Volume 2, Number 1
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and a Training, Research, Isotopes, General
Atomic ‘TRIGA’ pool-type reactor used for
research.
Figure 1 shows the oldest man-made source
used in Slovenia: 226Ra, a source of 0.15 MBq
produced in 1902 and found in 2007 during an
inspection of the Slovenian Nuclear Safety
Administration (SNSA). It had been used in
ophthalmology.

1. The identification of an event is based on
the well established procedures, e.g.
owners of scrapyards are obliged to control
scrap metal and users of sources are
obliged to report to the SNSA about all
incidents and accidents;
2. The on-duty officer and the SNSA team
analyse this information;
3. The recovery operation is conducted on
site. As a rule, the investigation is paid by
the owner of a source. The investigation
and recovery normally takes place in one
day. The ARAO and QEs are very often
involved with recovery operations.
4. Control over a source is assured. If
radioactive waste is identified, it is stored
in the Central Interim Storage Facility for
Radioactive Waste (CISF) or sent back to
the country of origin with notification given
to the relevant authorities in that country.

Figure 1: 226Ra, a source of 0.15 MBq produced in
1902 and found in 2007 at the inspection of the
SNSA.

The
State’s
emergency
preparedness
programme relating to events with ionising
sources has been in place for decades.
However, the main upgrading took place within
the last decade, i.e. after the updating of
legislation. The SNSA, as the main regulatory
authority responsible for establishing the
system, cooperates not only with other
regulatory authorities in the State, but also
with regulatory authorities abroad and with
other international organisations, including the
IAEA. The SNSA is primarily concerned with
preventative measures, including cooperation
with bankruptcy managers and police
and emergency response, including strong
cooperation with the Agency for Radioactive
Waste Management (ARAO) and qualified
experts (QE).

The system is based on lessons learnt over the
years. Moreover, the SNSA Database of
Interventions has collected 144 events
altogether from 2002 until 2011 i.e. about one
intervention has been required per month on
average, in the first ten year period of its
existence. The interventions have become part
of routine work for the regulators. The system
is based on well-defined rules and roles of all
involved. Moreover, it is in line with the National
Emergency Response Plan for Nuclear and
Radiological Accidents, so that no gap in the
response system between a SNSA intervention
and a large scale emergency can exist.
Figure 2 shows the total number of interventions
and the number of interventions related to scrap
metals during the 2002-2011 period. 50% of all
interventions are related to scrap metals.

The system employs a 24-hour on-duty officer
of the SNSA, seven days a week. Information
related to an event involving ionising sources
is provided by various institutions and
companies, as well as the general public. All
information received is recorded by the officer.

Figure 2: Total number of interventions and
number of interventions related to scrap between
2002 and 2011

In general an intervention of the SNSA
inspectors is a four-step process:

Analyses of interventions can be a challenge
because very often some data is missing.
Volume 2, Number 1
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Details related to the management of the
database are given in[6]. Analyses reveal that
radio-isotopes involved in the events range
from the most radio-toxic to those with
relatively low radiotoxicity. In addition, the
range of activities is very wide. Man-made
radio-isotopes are often identified, e.g. 60Co,
67
Ga, 85Kr, 90Sr, 137Cs, 152/154Eu and 241Am, as
well as natural radio-isotopes in natural
concentrations. Natural radioisotopes used as
radiation sources as shown in Figure 1 are also
identified. All possible physical states of
sources are present, e.g. powdered of yellow
cake. The items found span from lightning
rods to military equipment. The SNSA
Database of Interventions contains very few
events of neglecting safety measures when
using electrical radiation generators, e.g. X-ray
machines.

Types of Inspection Interventions
Analysis of SNSA interventions reveals that
each intervention is actually unique. However,
some common characteristics among some
interventions exist and altogether six types of
interventions can be identified:
1.

Rejection of a source at the
borders of the state

Around 20% of all interventions are related to
the rejection of a vehicle from entering the
state and/or unloading the goods. Information
about items found later is not always provided
to the SNSA. Figure 3 shows a source with
226
Ra produced in Germany before the Second
World War, (the so-called ‘radium apparatus’),
identified on the border with Croatia. The item
was used as a source of radon in order to
produce (allegedly) ‘healthy’ drinking water.

Figure 3: A source with
226
Ra produced in
Germany before the
Second World War, i.e.
the so-called ‘radium
apparatus’, identified on
the Croatian border.
The item was used as a
source of radon in order
to produce ‘healthy’
drinking water.

2.

Identification of a transported
source or waste within the state

When suspicious material is identified within
the state it is unloaded under the supervision
of QEs followed by a detailed analysis. When
radioactive waste is identified it is stored in the
CISF.
3.

Identification of a source or waste
transferred from the state to a
foreign country

Cases of radioactive material from Slovenia
being sent abroad unintentionally are very
rare. When such material is identified the
vehicle carrying it is sent back to Slovenia
under a close collaboration between the SNSA
and the owner of the material. Later, the
unloading is performed in Slovenia and the
waste is stored by the ARAO. There are only a
few cases of a source not being returned to
Slovenia, but instead being handled by the
neighbouring regulatory authority and placed
into an appropriate radioactive waste storage
elsewhere.
4.

Abandoned source or waste
in the state

Abandoned radioactive sources in the state
frequently originate from past activities. Users
of such sources abandon them when practices
using radioactive materials ceased, such as
finished research projects. In some cases the
SNSA inspectors identified contamination
of workplaces at interventions. Some of
them required extensive decontamination
procedures. Figure 4 shows a military item
using 3H; a source of activity of 129 GBq
abandoned in a storage facility. The details
about non-registered sources and the
inspection programme related to them can be
found elsewhere[7].

Figure 4: A military item using 3H source of activity
of 129 GBq abandoned in a storage facility.
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5.

Events during handling of a
source or waste

Cases of incidents at handling of sources or
waste are very rare. The present authorisation
procedures routinely require the assessment
of all possible risks, as well as strict
procedures when incidents or accidents occur.
As a rule fire, loss of a source, dispersion or
spilling are taken into account. In all incidents
or accidents, SNSA and QEs are strongly
involved as well as the ARAO when
appropriate. A damaged hot cell at a research
institute, where a fire occurred during drying
radioactive waste materials in 2010 is shown
in Figure 5. Various radio-isotopes were
involved, among them uranium isotopes and
137
Cs. The remediation of this incident took
months.

6.

False alarms

False alarms are an unavoidable part of the
everyday job of inspectors. According to the
data available, around 30% of all SNSA
interventions are related to false alarms.
Sometimes, such alarms are initiated by
members of the general public and sometimes
by experts performing measurements. Simple
measurements at a site cannot always confirm
or reject a hypothesis that the material is
radioactive. All alarms are carefully considered.
Taking into account the lessons learnt a
response to false alarms can be reduced.

Conclusions
The system that the SNSA built in the last
decade in order to respond to the incidents
and accident related to ionising sources
includes a network of different institutions and
companies inside as well as outside the state.
A comprehensive system is based on the
lessons learnt and careful analysis of all
interventions from the past. Each intervention
is unique. The SNSA Database of Interventions
is one of the tools for setting strict rules that
must be followed in case of an event.
Nevertheless, flexibility is required in order to
cope with unpredicted and often unique
challenges.

Figure 5: A damaged hot cell at a research
institute, where a fire occurred during drying
radioactive waste materials in 2010
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ABSTRACT
The prevention of nuclear proliferation by the application of ‘safeguards’ under international treaty is welcomed by
all rational people. Legislation of this type, properly applied, limits the diversion of nuclear material (NM) from
peaceful uses to illicit nuclear weapons programmes. Non-proliferation makes sense and the nuclear industry seems
well-adjusted and compliant with these binding arrangements.
In the UK, things do not always run so smoothly for some Small Holders of Nuclear Materials (SHNMs). SHNMs include
for example, universities and research establishments that have small quantities of nuclear material. At the lowest end
of the scale such establishments may have only tens of grams of (predominantly) depleted uranium compounds. This
paper refers to such holders as Very Small Holders of Nuclear Materials (VSHNMs).
The UK’s Office for Nuclear Regulation Safeguards Office (ONRSO) have a para-regulatory function in support
of Her Majesty’s government and its relevant international obligations. The Regulatory Body is the European
Commission’s Safeguards Services (ECSS) (based in Luxembourg). Together, these bodies are the competent authorities
for safeguards in the UK.
There has been some tension between ONRSO/ECSS and VSHNMs. This tension is because the holders do not
understand the regulatory philosophy and approach of the competent authorities. There are informal derogations for
schools and hospitals, but similar derogations are not implemented for other small holders, particularly VSHNM. VSHNMs
find the safeguarding regulations puzzling, burdensome and disproportionate. It seems that either ONRSO or the ECSS
have either not understood, or not been resourced to identify and implement any changes to these points.
This paper summarises safeguards as a discipline, identifies the issues in the UK and explains the likely root-cause of
the tensions. Further, it proposes a way of resolving the tensions and improving both safeguards and general radiation
protection in the UK VSHNM and SHNM community, by improvement of understanding of material accountancy methods.
None of the authors are safeguards specialists.
Keywords: Safeguards, Small holders
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Introduction
Safeguards in the nuclear context
Implementation of the safeguards agreements
(described briefly in Box 1) has usually
focused on nuclear material (NM) accountancy
measures. These measures involve the State
providing the IAEA with declarations of its
nuclear material (i.e. how much material there
is and where it is) in accountancy reports, and
information on relevant aspects of the design of
the nuclear facilities concerned. The IAEA’s
verification activities largely involve regular
routine inspections at nuclear facilities to
confirm that the nuclear material accountancy
reports and supporting records at the facility are
consistent with the information declared to the
IAEA in the accountancy report[3]. In the UK
(a nuclear weapons state) safeguards measures
are applied: ‘On all source or special fissionable
material in facilities or parts thereof within the
United Kingdom, subject to exclusions for
national security reasons only’[4].
Therefore the UK provides the IAEA with a list
of its civil nuclear facilities. Nuclear material

Box 1: ‘The Non-proliferation
Treaty and Nuclear Safeguards’
Nuclear safeguards are important measures
to verify that countries comply with their
international obligations not to divert nuclear
materials for nuclear weapons. Since it is the
country itself that is regarded as the
potential diverter of nuclear material,
confidence in the arrangements is provided
by external (international) verification.
In the years after the Second World War,
global recognition of the need for such
verification was eventually reflected in the
1970 Treaty on the Non-Proliferation of
Nuclear Weapons (the ‘non-proliferation
treaty’ or NPT). Other than those States that
exploded a nuclear device prior to 1 January
1967 (China, France, Russia, the UK and the
US), all States that sign the Treaty must do
so as non-nuclear-weapon States (NNWS).
Some 180 NNWS have now done so thereby
agreeing that the International Atomic
Energy Agency (the IAEA) must apply
safeguards on all their nuclear material according to what are known as full-scope or
comprehensive safeguards agreements[2].

accountancy reports and basic design
information for all these facilities are supplied
to the IAEA via the European Commission, and
the IAEA is free to designate any of them for
inspection. Currently the UK nuclear facilities
designated and inspected by the IAEA include:
• parts of the Sellafield facility containing
separated plutonium products arising from
the reprocessing of irradiated fuel;
• the gas centrifuge enrichment facility at
Capenhurst; and
• nuclear power plants.
The agreement also allows for the UK to
remove facilities and withdraw material from
the scope of the agreement for reasons of
national security, but such withdrawals from
safeguards now involve defence establishments
only [4].

Box 2: Regulation of safeguards
in the European Union
In the European Union (EU) civil nuclear
material is subject to the safeguards
provisions of Chapter VII of the Treaty
establishing the European Atomic Energy
Community (the EURATOM Treaty). This
means that the European Commission
provides a Regulatory Body (European
Commission Safeguards Services – ECSS –
based in Luxembourg) that oversees all
Member States on safeguards matters. Each
Member State then has a responsibility to
meet the requirements of ECSS . Safeguards
are applied by the European Commission to
provide confidence that nuclear materials in
the European Union are not diverted from
their declared end uses. The ECSS basic
safeguards approach is very similar to that
described above for the IAEA. However, they
have described their role as to verify that
nuclear materials are not diverted from their
declared uses, whereas the IAEA role is wider:
to verify that nuclear material is used for
peaceful purposes only and to search for
clandestine activities[3]. An EC (EURATOM)
Regulation: 302/2005[5] is the legislative
vehicle for safeguarding in Europe, and
national level implementation aims to satisfy
the ECSS that nuclear material (NM) and
nuclear products (deemed to be only
uranium, thorium, and plutonium) are used
and accounted for exclusively for the uses
declared by their users.
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The application of safeguards measures in
the UK similarly derives from EURATOM
Regulation 302/2005 and the measures
involved are implemented by the safeguards
inspectorate of the European Commission in
close liaison with the IAEA. Safeguards
measures include:
• Verification: by inspection that materials
accounted for at plants match what has
been declared to the IAEA.
• Containment: the use of seals to provide
assurance of the physical integrity of an
area or item in order to prevent
undetected access to or movement of
nuclear material or safeguards-relevant
equipment.
• Surveillance: the use of equipment,
usually optical equipment such as video
cameras, to confirm information on the
movement of nuclear material or detect
tampering with containment or safeguards
relevant equipment, samples and data.
The role of the UK’s Office of Nuclear
Regulation (ONR) Safeguards Office (ONRSO)
is to ensure that safeguards obligations for
the UK are met, but without undue burden on
those subject to the requirements[1].
Euratom safeguards inspection frequencies
range vary, e.g. three weeks in every four at
sites like Sellafield (the largest nuclear
reprocessing site in Europe), monthly
inspections at enrichment plants, to less
frequent inspections at power stations, and
inspections only once every several years at
selected locations with smaller inventories of
material[6].
Regulation 302/2005 is applied to nonnuclear Small Holders of Nuclear Material
(SHNM)[7] in the same way as to nuclear
facilities. Under Article 19, all users may
apply for a derogation from the full reporting
requirements if their holdings are less than
those specified below. ONRSO has indicated
that it would consider those establishments
that are eligible for a derogation as SHNM
and this term is used in this paper. There is
no rigid definition of SHNM but guidance
from ONRSO suggests a SHNM might hold
up to:
• 350kg of depleted uranium; or

• 200kg of thorium; or
• 100kg of natural uranium; or
• 1kg of low enriched uranium; or
• 5g of high enriched uranium; or
• 5g of plutonium.
A combination of these materials may also
be kept.

Safeguards in a non-nuclear context
The existing safeguards legislation is fit for
purpose, and meets its principal purpose:
application in the civil nuclear power and
associated industries. In contrast, SHNMs[7]
in the UK widely believe that safeguards
measures are disproportionally applied to their
very small inventories of nuclear materials
compared to the proliferation risks that these
quantities represent. Their view is that it is
often disproportionate and inappropriate to
demand:
• Registration.
• Maintenance of Physical Inventory Lists
(PIL).
• Materials Balance Reports (MBR).
• Monthly submission of Inventory Change
Reports (ICR), in some cases.
Many SHNMs say that all of these obligations,
as well as dealing with EURATOM Safeguards
inspections, and compliance with the all the
safeguards bureaucracy for trivial holdings,
are not appropriate for the level of proliferation
and radiological risk associated with very small
quantities[8].
Their perception is that while these measures
are clearly proportionate to the risks of
proliferation of significant quantities of nuclear
materials, SHNMs find it difficult to appreciate
how they can be relevant for gram
quantities of materials that have no relevance
to significant proliferation risks. ONRSO
guidance[7] defines a de minimis level in the
range of 0.001 to 0.499 grams but this does
not seem to have been implemented for small
holders. Some examples of uses by SHNMs
follow in the next section. These uses are
sometimes termed “non-nuclear” uses of
nuclear materials. This means that they are
used outside of the nuclear fuel cycle and
nuclear licensed sites.
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Uranyl nitrate is used in secondary schools for
protactinium generators to demonstrate halflife. A generator typically has less than 5g of
uranyl nitrate. Small amounts of uranium
compounds, often uranium oxide, are used in
a sealed form for Becquerel plates and small
check sources. Uranyl zinc acetate may be
used as a reagent for identifying sodium in
solution, but this is now rarely done in
secondary school science. Plutonium-239 is
used in sealed sources, and each source is 185
kBq or less. Thorium hydroxide and thorium
carbonate powder was previously used to
generate radon-220 for half-life demonstrations,
but most UK schools have disposed of these
because the generators are now considered
unsafe.
Depleted uranium salts used for laboratory
purposes are typically sold in 25g quantities
and this may last a university electronmicroscopist for 1 to 2 years of laboratory
work because it is used in milligram quantities
at a time[9]. Similar uranyl solutions are used
for spectroscopic standards; the quantities
involved are, again, very small. However,
milligram variances between declared stocks
and the findings of audits are of concern to the
safeguards regulator.
Other SHNMs might also hold depleted
uranium or natural uranium or thorium
compounds that are used exclusively in nonnuclear activities. For example: radiation
shielding,
including
depleted
uranium
transport containers for medical or industrial
radioisotopes; ballasts/counterweights for
aircraft; high hardness alloys such as
magnesium/thorium alloys used in aerospace
applications and catalysts for use in the
chemical industry.
UK SHNMS have argued[8] with ONRSO for
some years that they do recognise that
safeguards are intended to ensure that nuclear
materials are not being diverted to the
production of nuclear weapons. However, they
feel that the potential for small quantities/low
grade nuclear materials to actually be used for
this purpose should be the primary
consideration in determining whether such
materials are in scope of the regulations.
SHNMs take the view that trivial quantities
cannot present a credible risk of providing
recoverable material of use to a weapons
programme. For this reason, they do not
understand why they are subject to the same

processes as a site that holds kilogram
quantities, or more, of enriched uranium. It is
interesting to investigate what has caused this
conflict of position, and both sides of this
debate (ONRSO/ECSS and SHNMs) are
summarised in the next section.

What is the position of ONR Safeguards
and the regulators?
The minutes of meetings of the UK Small Users
Liaison Group (SULG) indicate that ONRSO
continually receive reports from their EC
regulatory colleagues that when inspections
of SHNMs are undertaken to assess
compliance, significant shortfalls in materials
accounting and sample labelling are frequently
encountered[8]. For this reason, the ECSS
organisation did not react favourably to a
proposal for a derogation. (The proposal was
made by ONR Safeguards following discussion
at SULG in 2012.) ECSS were not able to
support proposals for lighter regulation due to
a perception of consistently poor compliance
amongst SHNMS that they had inspected in
the UK: they saw persistent problems with
materials accountancy.
This implies a systematic shortfall in radioactive
materials accounting procedures across nonnuclear users in the UK. Such an effect has not
been reported by the other regulatory
competent authorities in the UK, who visit the
same premises. Indeed, it is generally
accepted that High Activity Sealed Sources
(HASS) and other types of radioactive
materials are well managed by holders in the
UK[10]. Patently, such sources are not subject
to safeguards controls. It would be interesting
to understand the reasons behind the different
perceptions of the European regulators of
nuclear materials to the national regulators of
all radioactive materials (the UK environment
agencies).

What is the root cause of the views of
some SHNMs?
The task of managing the safeguards
responsibilities of a SHNM establishment
usually falls to the Radiation Protection Officer
(RPO). On the face of it, this is reasonable:
nuclear materials subject to safeguards are
radioactive; other radioactive materials and
the consequential safety and environmental
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accountabilities are managed by the RPO and
so it makes sense to include this safeguards
task in the RPO’s work.
That conclusion, though apparently valid, is
not appropriate. The reason is that the
radiation protection profession and the
safeguards profession have a different
philosophical approach and it appears that
neither is aware of this. An RPO is arguably no
more competent to undertake safeguards
responsibilities for material accountancy than
a financial accountant. It is just that the RPO
is functionally closer to the use of the nuclear
materials. And the knowledge of radiation
protection that is intrinsic to the RPO’s role can
result in additional confusion and anxiety,
especially when trying to understand the more
familiar radiological risks in contrast to the less
familiar proliferation risks. Fortunately, RPOs
learn quickly but, to compound these
difficulties, the safeguards legislation includes
a logic, a technical terminology and acronyms
that are unfamiliar to a non-nuclear user. This
exacerbates the frustration of many SHNMs
(or at least their RPOs) who are attempting to
comply. This is a cultural issue; the vocabulary
of nuclear materials is familiar to nuclear
operators, but largely unused outside the
nuclear industry. This makes form-filling more
time-consuming due to a lack of fluency. It
also undermines the ability and the confidence
of SHNMs to assure themselves that they are
complying with the requirements.
The views of some RPOs who act on behalf of
their SHNM institutions were sought for this
article. They too report that the ECSS focusses
on materials accounting issues. However, they
do not agree with that regulator on the
significance of these discrepancies, nor on the
proportionality of the effort required to achieve
compliance when it is compared to the
perceived risk. The RPOs report that the
quantities that cause concern to the ECSS can
be a 10 mg discrepancy in an inventory of 400
grams of depleted uranium compounds, or
picogram quantities of Plutonium-239. Such
discrepancies are effectively invisible to the
radiological protection regulators. It is
interesting that safeguards measurements are
made gravimetrically [5], even for very small
quantities of material, not by using the more
sensitive radiological methods. The accuracy
that the ECSS seems to expect for these very
small quantities could often be more reliably

delivered by radiological methods. Reasons for
discrepancies in accounting have not been fully
identified, but some are given in the next
paragraphs.
Tare weights on bottles (the weight of the
empty bottle) are not provided by the
suppliers, so often with old items the weight
has been estimated and retrospective
corrections applied when the bottle is emptied.
Also, it is not uncommon in laboratories for
things to be found at the back of cupboards –
users sometimes say: ‘I didn’t realise this was
anything special – it’s just another chemical’.
Users of chemicals are rarely successfully
trained to know they have to declare such
items. This can be mitigated to some extent by
audits, but small hidden stocks can be missed.
No one is suggesting that these circumstances
are a robust defence against non-compliance.
They just represent an explanation for what is
seen, and reflect laboratory behaviour that
RPOs are familiar with.
The different foci of UK legislation and
safeguards legislation is another reason why
there are different views between SHNMs and
safeguards regulators. UK legislation relating to
the keeping and use of radioactive materials
and disposal of radioactive waste allow
inventories of up to 5kg of natural or depleted
uranium to be kept on a premises under the
provisions of an exemption to much of the
radioactive substances legislation[11]. This
means that there is no permit or authorisation
requirement, nor are the holdings subject to
inspection by the radiological protection
regulators. The outcome is that ECSS and the
national inventory regulators seem to be
looking at different inventory sets. For small
holders, the former are concerned about tensof-gram quantities or less; the latter are only
looking closely at quantities in excess of
5kg[12]. This is because radioactive substances
that are exempt are not subject to routine
regulation, on the grounds that they present a
trivial radiological risk, but such materials are
within the scope of interest of ECSS. This might
explain the contradictory position of ECSS and
the other national regulators.
If there is a problem of this kind to be
resolved, it would help if the relevant
competent authorities in the UK agreed on a
common approach. The key questions are: are
regulators looking at the same material
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inventories, and are they using a shared standard for inventory control with the same expectations
for the is
behaviour
and practices of
Box 3: What
the Regulatory
those they inspect? The evidence discovered
Body for safeguards in the UK?
for this paper suggests that they are doing neiThere is no national Regulatory Body for
ther.
safeguards in the UK. The UK’s Office for
Nuclear Regulation’s Safeguards role is to:
• provide the UK Government with
informed independent assessment of
safeguards application and compliance in
the UK, including being in a position to
support and intervene as necessary with
the international safeguards inspectorates
of the European Commission and the
IAEA and/or UK organisations subject
to safeguards requirements, so that
safeguards obligations for the UK are met
in a proportionate manner;
• fulfil the international and domestic
safeguards-related reporting obligations
that are the direct responsibility of the
UK Government (as opposed to nuclear
operators in the UK);
• provide advice and support to DECC and
other Government Departments (OGDs)
on safeguards implementation in the
UK, the effectiveness of regulation and
associated policy development[1].
The regulatory function is therefore provided
by the European Commission, under the
provisions of the EURATOM Treaty[6].
Chapter 7 of the EURATOM Treaty[13]
requires the European Commission to
‘satisfy itself that in the territories of
Member States, [nuclear] materials are not
diverted from their intended uses as
declared by the users’. In addition, the
Commission must assure that the obligations
and agreements concluded by the European
Atomic Energy Community or ‘EURATOM’
with Third States and international
organisations are complied with.
EURATOM is a party to Safeguards
Agreements and their related Additional
Protocol with the International Atomic Energy
Agency (IAEA), concluded in the context of
the Non-Proliferation Treaty. Of the 1300
inspections carried out across Europe by
EC inspectors in 2013, 626 were joint
inspections together with the IAEA[14].

Small Holders of Nuclear Material
(SHNM) – the problems
Problem 1: a lack of the familiar concept
of “de minimis”
Regulation 302/2005 does include provisions
for
reduced
safeguards
reporting
by
organisations with small inventories of material
(see the values in Box 2). This amounts to a de
minimis. Yet, such derogation does not
automatically apply, and application must be
made to EURATOM for derogation to annual
reporting as opposed to monthly reporting.
ONRSO don’t encourage EURATOM to pursue
safeguards implementation for the small
quantities of nuclear materials at schools or
hospitals. At the Small Users Liaison Group in
2008 and 2012, the ONRSO confirmed it was
their understanding that the Commission will
not pursue schools or hospitals for the
reporting of the small quantities of uranium
and thorium[15]. This understanding and
assessment reflected the fact that schools in
the UK are already regulated by other
pieces of legislation: The Ionising Radiations
Regulations 1999 and the conditions of The
Radioactive
Substances
(Schools
etc.)
Exemption Order 1963 (this is now revoked
and replaced with up-to-date legislation). The
view of ONRSO was that further reporting for
the purposes of Euratom safeguards would
not bring significant additional value. As a
consequence, these establishments are usually
not included in active safeguarding in the UK.
This seems to be sensible and reasonable, but
it raises the question of why only schools and
hospitals, not other VSHNMs get this benefit?
Systematic implementation did not occur, but
the authors do not understand why.
However, there are many non-nuclear small
holders in the UK that are subject to
safeguards inspection and other controls,
whose stock of nuclear material is up to three
orders of magnitude lower than the values
detailed in Box 2. In addition, in many cases
this material is thought to be irrecoverable.
This is because it is used for its chemical
properties (as a reagent) and it becomes
chemically bound to an analyte (such as an
electron microscopy preparation). Note that
uranium in all but the oldest of prepared
compounds will be depleted, having had a
significant proportion of the U-235 extracted
for nuclear fuel. Therefore it is even less value
as a source of weapons-grade material than
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natural uranium. And yet this material, if it is
held by a university (such as a biology or
chemistry department rather than nuclear
engineering) could be subject to the full
rigours of nuclear safeguarding. What troubles
RP professionals in the UK is that trivial
amounts of radioactive materials are normally
exempted or even excluded from other
regulatory requirements because the level of
radiological risk they present is so small
(typically causing an exposure of less than
10mSv per annum). To the RP professional it
seems obvious and sensible to ‘exempt’ also
small quantities of nuclear materials from
safeguards requirements. But it seems that
safeguards professionals do not use this
concept of risk and do not share this view. For
them, radiological risk is not the concern.
Instead it is the proliferation risk. The level of
understanding of this concept in the radiation
protection community is much lower.
Problem 2: the wide scope of “SHNM”
The helpful suggestion of SHNM by ONRSO
was welcomed in the UK by those outside the
nuclear industry, even though it was not
systematically implemented. But it has already
been said that there are many establishments
that use even smaller quantities than those
listed in Box 2. Establishments that see
themselves at the lower end of the scale of
holdings of nuclear materials do not feel well
served by the concept of SHNM. It is still too
coarse a scale to be helpful to them.
For this reason, we propose a new
differentiation between holders. In addition to
SHNMs, we propose the category of ‘Very
Small Holders of Nuclear Materials’ (VSHNMs).
As a starting point we suggest the numerical
limits from the French regulation on nuclear
materials accountancy and control for
small owners of nuclear material[17]. Namely,
Pu239/U233/U235 <1g, nat U/DU/Th <1kg.
(It is noteworthy that this reference seems to
describe arrangements in France that do
include what amounts to de minimis levels,
and include additional regulatory measures
that presumably satisfy the ECSS, but this
approach has not been achieved in the UK).
While the arrangements that we propose might
lift some regulatory burden from VSHNMs, it is
recognised that the whole VSHNM’s site is the
regulated entity (for example a university is
the regulated entity, not just a department

within it). This means that though departments
may have trivial quantities of NM under their
control, other departments within the same
institution may have much more. Under our
proposals, these sites would not be able to
‘qualify’ as VSHNMs.
Article 1 of the EURATOM Regulation 302/2005
clearly states that the regulations ‘shall not apply
to holders of end products used for non-nuclear
purposes which incorporate nuclear materials
that are in practice irrecoverable’. It appears that
there is scope in this regulation that could assist
VSHNMs, but it has not been realised in the UK.

Box 4: What is depleted
uranium?
Depleted uranium (DU) is uranium with a
lower concentration of the fissile isotope
U-235 than natural uranium[16]. (Natural
uranium is about 0.72% U-235 - the fissile
isotope).
Some non-nuclear uses of DU take advantage
of its very high density of 19.1g/cm3 (68.4%
more dense than lead). Civilian uses include
counterweights in aircraft (though this use is
diminishing), radiation shielding in medical
radiation therapy and industrial radiography
equipment and containers used to transport
radioactive materials. Military uses include
defensive armour plating and armourpiercing projectiles.
Most depleted uranium arises as a
by-product of the production of enriched
uranium for use in nuclear reactors and in
the manufacture of nuclear weapons.
Enrichment processes generate uranium with
a higher-than-natural concentration of lowermass uranium isotopes (in particular U-235,
which is the uranium isotope supporting the
fission chain reaction) with the bulk of the
feed ending up as depleted uranium.
It should be noted that the uranium in all but
the oldest (pre-nuclear age) of prepared
compounds will consist of depleted uranium
having had a significant proportion of the
U-235 present already extracted for nuclear
fuel. Therefore it is seen as having even less
value as a source of weapons grade material
than natural uranium.
But uranium has useful chemical properties
as well as these physical properties, and
many VSHNMs exploit these rather than the
physics of DU.
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Box 5: Why are trivial quantities
of proliferation concern?
Radiation protection practitioners find it
difficult to be certain why extremely small
amounts (far below those which are regulated
for radiological reasons) are of proliferation
concern, but the reasoning seems to be that
experimental scale irradiation of depleted
uranium could, in principle, still result in
Research and Development (R&D) quantities
of plutonium isotopes.
The technical difficulty of recovery of any such
materials is another question: the chemistry
is complex and the quantities involved would
require a highly efficient recovery process to
enable recovery of the small quantities
involved.
However, this clause appears not to have been
implemented in the European Union (other
perhaps than in Belgium and France), and with
no de minimis level of holding below which an
exemption applies or the activity is out of scope
of the safeguards legislation, many VSHNMs
are theoretically required to report every
micro-gram of uranium, thorium or plutonium
compound that they hold irrespective of
their isotopic composition. This creates an
administrative burden that it is suggested is
disproportionate to the regulatory benefits.
Whether this is EURATOM-driven or a result of
the IAEA’s approach to small quantities of
material and its possible use for undeclared
R&D is not clear. The result is that there seems
to be little scope to ignore very small quantities
of material completely in most of the EU and
certainly in the UK.
In summary, in the UK, although safeguards
measures are not applied with equal vigour to
large nuclear power station sites and VSHNMs
such as universities, the perception of the latter is that there is insufficient differentiation
between the two categories of holders. Efforts
by individual stakeholders, user groups, and
professional societies have been unable to
secure agreement (via ONRSO) from the ECSS
Office in Luxembourg on determining a more
pragmatic scope of the EURATOM Safeguards
Regulations (302/2005), which is more
commensurate with the proliferation risks
(at least as they are seen by radiological
protection practitioners). These efforts were

made through ONRSO who have tried to assist
in this matter by proposing the idea of all UK
VSHNMs being covered under one Material
Balance Area managed by the ONRSO directly.
However, they have reportedly been unable to
gain support from EURATOM for total
exemption under Article 1[15].
Problem 3: Non-uniform implementation
Our investigations amongst user-groups
suggest
that
this
legislation
is
not
systematically applied to all institutions to
which the legislation is applicable. Instead, it
seems that many SHNM do not declare their
NM holdings voluntarily and only come to the
attention of ONRSO (and thus the ECSS) as
the result of some other activity or incident. In
doing so they are thereafter potentially drawn
into the complex process of monthly reporting
of their sub-100 gram NM stock, to ECSS (via
ONRSO) and from time to time dealing with
inspections by ECSS. A move to five-yearly
reporting, would reduce the administrative
burden. But a five yearly panic by VSHNMs to
meet this requirement would not be welcomed
by anyone. Further, the real value of data that
is only reported five-yearly has to be
questioned and therefore whether there really
is a justification for collecting it at all.
Confusingly, there is a long-standing practice
with ECSS of not applying safeguards
requirements to the small inventories of
‘source material’1 in schools and also to static
shielding that is, for example, part of the fabric
of a building (e.g. at hospitals). No such
derogation/exemption applies to other SHNM,
such as universities, with small (if not smaller)
and equally static inventories as hospitals.
Some hospitals with DU shielding of
brachytherapy sources may hold far more NM
than an average university. In the past there
could be many kilograms of DU within some
High Dose Rate (HDR) remote after-loader
systems. It is assumed that few uranium
shielded devices still exist but where they do
the whole device will be subject to statutory
security measures to protect the highly active
radioactive sources they contain. This will be
under the provisions of different legislation to
safeguards, and under the oversight of a
different Regulatory Body. Strict security
measures are required to terroristic rather
than
proliferation
threats[18].
These
apparently inconsistent and contradictory
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requirements from ‘the regulators’ undermine
the respect for safeguards controls amongst
VSHNMs in the UK.
So, it is difficult to reconcile the current
approach of ECSS who are willing to give an
informal derogation to hospital and schools
holdings, and probably only have a small
percentage of small users registered, with the
full rigour of developed safeguard requirements
designed for the nuclear industry being applied
to, for example, universities. If there is a
rational basis for these differences of approach
it is not transparent.

Box 6: Small Holders of
Nuclear Material (SHNM)
– the consequences of
non-compliance
Article 83 of the EURATOM treaty[13]
provides some sanctions for “infringement on
the part of persons or undertakings of the
obligations imposed on them” (by the Treaty).
These range from a warning to confiscation of
source materials (natural and depleted
uranium) by Inspectors of the European
Commission. The effect of this would be to
stop all research at premises that were
sanctioned in this way. There are no criminal
offences under the safeguards arrangements
in the UK, and no tariff of penalties.

Problem 4: apparent conflicts in legislation
RPOs and others in the UK become puzzled
when one set of regulators requires them to
account for milligram quantities of uranium
compounds, when other regulators (under the
provisions of other legislation) will allow them
to dispose of the same compounds, as
aqueous solutions, to sewer (for example) as
long as the annual disposal does not exceed
0.5kg per annum. Further, solid uranium
wastes up to 0.5kg per week can be disposed
of lawfully, without a permit or authorisation
to landfill or incineration (as long as disposal
records are kept[12]). From the perspective of
a SHNM, there is one requirement – to comply
with their legal obligations. But they also see
a huge contradiction between what is legal
under one set of (national) legislation and
what is required to meet safeguards
requirements under another piece of

legislation (originating with the European
Commission but directly applicable as a
regulation in the UK). RPOs and SHNMs
assume that regulators in the UK liaise and
strive to achieve consistency; they will not
currently understand the reasons why this
does not happen – at least not to the extent
that some of these perceived contradictions
can be explained.
Problem 5: Lack of guidance
Finally for this section, the difficulties for SHNMs
(and especially VSHNMs) are compounded by
a lack of accessible guidance to assist them.
It would be helpful if resources were
made available to explain the situations.and
preferably to capture this in documentation
made freely available online.
We suggest that Radiation Regulator could be
a vehicle for the facilitation of the creation of
such guidance. This journal could usefully
arrange and host a small number of workshops
to develop and publish this guidance.

Risk Assessment issues
In drafting this paper, we have been mindful
of the need to safeguard civil nuclear material
on EU territory and contribute to the worldwide
non-proliferation regime. The situation in the
UK is that the management time required to
meet safeguarding requirements by SHNMs or
our own proposed sub-category of VSHNMs is
significant and in some cases has impacted on
other regulatory requirements.
In particular, recognising the efficacy of global
safeguarding activities, it is clear that the
world is a safer place as a result of the work of
the safeguards discipline. A more acute and
less well established need is the security of
radioactive sources. In the UK there is a
statutory regime that requires the physical
protection of radioactive sealed sources[18].
Sanctions for failures of compliance in this
regime extend up to an unlimited fine and up
to 5 years in prison. In contrast, the risk
of non-compliance with SHNM safeguard
requirements seems to be negligible. The
authors believe that there have never been any
prosecutions of SHNMs under safeguarding
legislation. This is not a plea to strengthen
sanctions available for non-compliance by
SHNMs but instead it is intended to show that
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there are other and probably higher risks[19]
than SHNMs not adequately protecting their
natural and depleted uranium. Time taken from
the management of the security of radioactive
sealed sources may have a more serious
consequence than time not used to ensure
compliance by VSHNMs with their safeguard
obligations (as they are currently configured).
It is not known how recently the threat of
diversion of small holdings of NM and source
materials has been reviewed but we suspect
that there has been little work in this
regard for VSHNMs. We would welcome more
information on this.
We cannot accept the argument that diversion
of holdings of VSHNMs is a significant risk when
military materials, even if limited to source
materials have quite often been found outside
regulatory control in the public domain[20],[21].
If EURATOM does not apply to these kilograms
to tonnes quantities then where is the reasoning
behind its application to VSHNMs?
Other risks include the possibility that this
paper will elicit a stronger, more consistent
approach to safeguarding of materials held by
VSHNMs, as a management response to the
criticism voiced in this paper. We hope that this
will not occur.
In summarising the arguments, the safeguards
discipline does not seem to be risk-based in the
same way that this term is applied to radiation
protection. No graded approach to the risks
involved is apparent and this results in a
regulatory burden that is disproportionate to
professionals who specialise in radiation
protection and who also have responsibility for
safeguarding requirements. The term ‘graded
approach’ does not feature in the IAEA glossary
and the word ‘risk’ is used in ways that
radiation protection professionals would use
‘probability’[16]. This is a statement of fact,
not a pejorative comment. To borrow a
concept from biology: safeguards and
radiation protection are ‘Non-overlapping
magisteria’[22]. That is: each of them has a
legitimate magisterium, or domain of authority,
and these two domains do not overlap. It may
even be the case that ECSS and other national
regulators are looking at different inventory
sets. All these reasons cause difficulties for what
we have termed VSHNMs, and in a different
way, for the regulators and ONRSO also.
The authors have considered logical (if not
necessarily viable) ways of solving this cultural

confliction and these are explored in the next
section.
Potential Solutions
Option 1: Achieve the desired
outcome (proliferation control of
nuclear material) by using other UK
(radiation protection) legislation:
exemption based on quantity of NM
holdings – de minimis thresholds for
small quantities of nuclear material.
In regulatory terms it appears sensible to try
to achieve the objective of control of NMs in
the hands of SHNMs and especially VSHNMs
by the appropriate use of other legislation
whose current focus is radiation protection.
However, the inertia and importance of the
NPT is such that to make such a change is
not only likely to be unachievable but to run
the risk of undermining some aspects or
even all of the NPT. This option is therefore
dismissed.
Option 2: Exemption based on NM use
or form
Another way forward might be to exempt
certain uses or forms of NM.
To re-iterate, Article 1 of EURATOM Regulation
302/2005 states that the regulation ‘shall
not apply to holders of end products used for
non-nuclear purposes which incorporate
nuclear materials that are in practice
irrecoverable’. Commission Recommendation
(2006/40/EURATOM) providing guidance on
the application of Regulation 302/2005[23]
includes example end products as follows:
‘decorative glaze in ceramics, colouring in
glass, coating of filaments for fluorescent
lamps, pigments for paints, gas mantles,
etc.’
The US/NRC Regulations for small
quantities of nuclear material[24] specifies
exemptions on the grounds of form/use
(e.g. ‘natural or depleted uranium metal
used as shielding constituting part of any
shipping container’; ‘uranium contained in
counterweights installed in aircraft, rockets,
projectiles, and missiles’; source material
contained in glazed ceramic tableware,
piezoelectric ceramic, glassware, glass
enamel or glass enamel frit, photographic
film, negatives, and prints; any finished or
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part fabricated product containing tungsten
or magnesium-thorium alloys; thorium
contained in gas mantles, vacuum tubes,
welding rods, various types of lamp, neutron
dosimeters or finished optical lenses’).
Adopting similar exemptions with respect to
safeguarding would seem sensible and could
act to harmonise European legislation.
However, we suspect that the observations
made under Option 1 are equally valid here:
this would be very difficult to achieve. This
option is therefore also dismissed.

Option 3. A modified UK National
Material Balance Area
This could be agreed between EURATOM and
ONRSO to include specified SHNMs with
small and relatively static inventories of any
of the NM categories (including Pu and
HEU). ‘Small’ would equate to less than the
derogation quantities specified in Regulation
302/2005 (see the values proposed for
VSHNMs earlier in this paper) and ‘relatively
static’ would mean that inventory changes
would generally only be because of receipt
of new samples/standards or consumption
by use (e.g. in laboratories). This approach
has been tried before by ONRSO, but was
not agreed by the regulators[15].
Reporting by a SHNM to the ONRSO would
be streamlined and proportionate to initially
include, for example, basic information on
the SHNM’s location, ownership, activities
and how NM accountancy is carried out, and
from then on a simple annual statement of
the inventory of nuclear material held. In
addition, the reporting to ONR could still be
subject to the exemptions detailed in ‘1’
and ‘2’ above.
We see this as achievable and defensible
and worthy of further examination.
Option 4: Simplifying the process
of compliance with safeguards
requirements by VSHNMs and SHNMs
by the creation and dissemination of
guidance.
We see this as running in parallel with work
on Option 3 and highly worthy of prompt
attention. This would obviate Problem 4 as
described above.

Conclusions
There is a need for a review of regulation of
safeguarding arrangements in the UK for what
we have termed “VSHNMs”. This may apply to
other Member States of the European Union
and could have relevance to third party States
who operate solely under IAEA requirements.
There are a number of ways of addressing
these issues, but most importantly we feel that
the level of regulation should be commensurate
with the level of threat of diversion of nuclear
materials. For premises that fit our proposed
definition of SHNM, the level of threat appears
to be vanishingly small. While it is recognised
that international and European safeguards
have been very effective at preventing
diversion of NMs around the world, it does
seem appropriate to update the regulation of
quantities of source materials that are so small
that they do not present a diversion threat.
We invite the ECSS to comment on these ideas
and to discuss with the UK radiation protection
profession a suitable way forward that results
in at least a better shared understanding of
the issues of non-proliferation. A more suitable
approach to regulation of VSHNMs in the UK is
also a desirable outcome.

Box 7: Definition of
‘irrecoverable’
EURATOM 302/2005 does not explicitly
define irrecoverable, although it uses the
term six times. But it does define inventory
change codes including ‘TU’ which relates to
Termination of Use. This is used to designate
a quantity of nuclear material that is
considered as irrecoverable for practical
or economic reasons which is:
(i) incorporated in end products used for
non-nuclear purposes;
or
(ii) contained in waste in very low
concentrations measured, or estimated
on the basis of measurements, even if
these materials are not discarded to
the environment.
The quantity of nuclear material involved is
to be subtracted from the inventory of the
material balance area.
Paragraph 2.12 of the IAEA Safeguards
Glossary uses a very similar form or
words[16].
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1

Source Material

Uranium containing the mixture of isotopes occurring in nature; uranium depleted in the isotope 235; thorium; any of the
foregoing in the form of metal, alloy, chemical compound, or concentrate; any other material containing one of more of the
foregoing in such concentration as the IAEA Board of Governors shall from time to time determine; and such other material
as the Board of Governors shall from time to time determine. The Euratom definition of source material is identical.
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Introduction
In recent times a lot has been written and said
about “source security”. This is the current hot
topic of organisations such as the World Institute
of Nuclear Security (WINS)[1], the National
Nuclear Security Agency (NNSA: Office of
Defense Nuclear Nonproliferation Global) Material
Security program[2]. They all highlight the need
for protective and preventative measures to
ensure the safety and security of radioactive
sources. This is evident as organisations such as
the Society for Radiological Protection (SRP) are
now running training courses[3] to assist those
working in this field with best practise and the
International Atomic Energy Agency (IAEA) have
a resource document available[4]. In this article
we will look into radioactive source incidents and
the safety and security systems that can help
prevent such issues occurring.

Radiation Safety and Security
The use of radioactive sources requires many
safety and security measures to ensure that
workers and the general public are protected;
such measures include personal dosimetry to
record radiation exposure, shielding, dose rate
and contamination monitoring as well as the
use of barriers and signage to warn that
potentially hazardous environments exist. An
additional precaution taken by some facilities
is the use of fixed area radiation monitors.
Typically, these systems provide the dose
rate level of Non-Destructive Testing (NDT)
radiography bays, hospital treatment rooms
and source storage bunkers.

Some of the largest radioactive sources (in
terms of activity) are used in medical facilities
to treat patients and a real issue in the modern
world is the security in such locations. Nuclear
facilities with fissile type materials are well set
up with regard to security. However hospitals
and many smaller NDT companies have much
less stringent safeguards[5] in place. Radiation
safety and security has been highlighted in
multiple incidents:
• September 2014, Rolls Royce Marine Power
Operations Ltd sentenced for temporary
loss of highly radioactive Yb-169 source;
extremity doses of 2Sv[6].
• June 2014, Theft of cesium-137 and americium-241/beryllium (Am/Be) sources from
Mexican National Construction Laboratory[7].
• February 2013, Iridium-192 source stolen
from a courier van in Lancashire, UK[8].
• January 2012, Source theft from El Dabaa
nuclear power plant laboratory in Egypt[9].
• 2003, Cesium and cobalt sources stolen
from Al Tuwaitha Nuclear Research Center,
Iraq[10].
• February 2000, Co-60 source stolen in Sumar
Prakan, Thailand. Unfortunately 10 people
were overexposed to radiation, resulting in
3 fatalities[11].
In many of the incidents highlighted above the
presence of a fixed area radiation monitor with
security functionality would have helped
prevent or given very early warning of the
unintended or illicit movements of radioactive
sources.
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Remote Access
Such features include remote access to the
control units and associated detectors so
personnel may log in and view dose rate
information in controlled areas without having
to be present at the location (for example a
security chief could access information from
home when a facility is shut for the evening).

Figure 1: TFT with Observa Floor Plan

Fixed Area Monitors for Safety
So what are fixed area radiation monitors?
Fixed area radiation monitors operate as both
a safety, as well as a security system. To
ensure source safety they detect a range of
radiation types and give a form of warning
(audible or visual).
Fixed area monitors also vary in complexity.
Very basic designs utilise compensated GeigerMüller tube technology to give a visual alert if
radiation exposure (dose rates) increases
above factory programmed settings (typically
7.5μSv/h). More complex systems give audible
and visual alerts, provide actual measured
dose rate information and allow the user to
program the alarm thresholds based on their
own requirements.

Figure 3: Observa 24-7

Floor Plan View
Floor plan views can be added with multiple
control boxes networked together (each with
multiple probes connected). This allows large
areas to be easily visualised and effectively
covered and monitored.

Tracerco Observa™
Observa™ from Tracerco, is the latest
innovation on the market that incorporates
safety and security features to measure
radiation dose rates and ensure radiation
safety and source security.

Figure 4: Observa Map View

Portal Monitoring

Figure 2: Alarm Unit

Sensitive scintillator probes can be positioned
above entry and exit points in facilities storing
sources and act as portal monitors with
associated alarms. They have the potential to
use smart inputs and outputs (such as
proximity sensors and door interlocks) to
ensure unplanned source movements are
identified and prevented.
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system will detect the change in ambient dose
rate and the Missing Source Alarm will trigger.
As with the tamper alarm, the system will send
messages that an unplanned or untoward
activity is taking place. When combined with
scintillator probes used as portal monitors, the
missing source alarm becomes a powerful
security feature allowing a fast security
response to potential criminal activities.

Figure 5: Low level alarm operation

SMS/Email Alerts
The most advanced area monitors systems on
the market are self-assessing providing
another layer of security to help prevent
malicious tampering. In the event of a security
breach, Observa™ will continue to function on
backup power if mains connection is lost, but
crucially, will also send an alert to a preprogrammed individual stating that mains
power has been lost and an issue may have
arisen in the storage facility.

Missing Source Alarm
The same Email/SMS alert capability is also
available in other instances, such as a “Missing
Source Alarm”. If a source is removed from the
facility without consent or prior planning, the

Another critical issue some monitors address
is the problem of “Alarm Fatigue”[12] in facilities where constantly alarming systems end up
being ignored. The Observa™ features outlined
above will reduce the negative effects of
“alarm fatigue” due to intruder alarms
triggered that are either false or entirely
unrelated to source security. If the alarm
responder is also aware of a source movement
the response can be enacted with the correct
level of priority and resources.

Conclusion
It is hoped that the preceding highlighted
incidents have demonstrated that the
heightened interest around radioactive source
security is warranted. The latest innovations in
fixed area radiation monitors will go a long
way to enhance security as well as safety in
such situations and will help organisations to
very visibly demonstrate best practice for site
licence approvals and routine audits.
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Delegates to the International Radiation
Protection Association (IRPA) 4th European
Congress in Geneva held in June 2014 had an
unprecedented opportunity to see their
profession expressed in artistic form.
As part of the preparation of the Congress,
Congress President Klaus Henrichs of the
German-Swiss Radiation Protection Association
(FS) working in cooperation with the Association
Romande de Radioprotection (ARRAD), (French
speaking colleagues in Switzerland) invited
international artists to submit works based on
the theme of “Radiation”. The outcome was
triumphant!
Eighty quilts and other textile objects were
submitted by the German quilting groups
“Schnipsis” and “Freischerler”, as well as by
other internationally known artists from eleven
countries. Interpretations of the theme of
“Radiation” were comprehensive and extended
from aspects of particle physics and the “Big
Bang” all the way to socially relevant topics of
the present day. The latter included anti-nuclear
pieces as well as those that reflected the
beneficial uses of radiation. And the spectrum of
“radiation” was wide also: from gamma
rays, through x-rays, UV and visible as well
as microwaves (such as radar applications)
and radio waves. And there was a good
representation of actinides and other
radioisotopes (such as C-14) and the
challenges of radioactive waste management
and nuclear weapons. Individually and as a
collection, they make the viewer think.
The complete collection has been captured on
a CD of images, but though this is well
organised and of good quality it hardly does
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justice to the real things. The beauty, the three
dimensionality and attention to detail of the
individual pieces really has to be seen to
be really appreciated. The craftsmanship is
exquisite and the creativity is amazing. These
quilts deserve a permanent place of exhibition
as a collection, such as at the IAEA or (at least)
as individual pieces in the entrance halls of
institutes involved with radiation science,
radiation protection or nuclear technology.
In September 2014, the works were on
display as the European Patchwork Meeting in
Val d’Argent, France as well as in Prague in April
2015. Radiation Regulator hopes to feature
some of these works over the coming issues,
with the permission of the artists.

Figure 1:“Radioactive” by Andrea Loffler © 2014
Used with permission of the artist
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ABSTRACT
Over the years, NKS has provided funding for hundreds of research activities in fields comprising reactor safety,
decommissioning, nuclear and radiological emergency preparedness, and management of radioactive waste. Advanced
technologies and methods developed under the NKS framework have been used within the Nordic countries as well as
internationally. Two programme areas are defined under the NKS platform: The NKS-R programme on nuclear reactor
safety and the NKS-B programme on emergency preparedness. Three articles, giving an introduction to NKS and its
two programmes, were published in Radiation Regulator in 2013. This paper is aimed at providing a total overview of
the NKS activities that ran in 2013 and 2014.

Introduction
After the annual call for proposals for new
activities, members of the NKS board evaluate
the proposals with respect to how well they
meet the key objectives of NKS. Among these
key objectives are: To maintain and strengthen
Nordic competence, to develop Nordic
cooperation, and to support work, which is
relevant to Nordic authorities, organisations,
industries and university departments. A
funding decision for one year is then made at
a board meeting in the beginning of each year.
Although more than one million euros was
available for NKS to support activities in 2014,
this year’s decision was unusually difficult
because of the large number of high quality
proposals. Many NKS activities running in 2013
have been concluded, and all final activity
reports are available cost-free on the NKS
website. A number of the activity consortia

from 2013 requested and received funding
from NKS for additional studies in 2014 with
an expanded scope, and also a number of
completely new activities commenced in 2014.
This paper gives short descriptions of each
of these activities. To view any reports, see:
http://www.nks.org/en/nks_reports/

NKS-B activities in 2013/2014
Only one of the NKS-B activities in 2014 was a
continuation from 2013. No activities related
to management of radioactive waste and
discharges have been carried out in the latest
few years. Brief descriptions of the activities
are given below under the headings of the four
different research areas of NKS-B:
• Emergency Preparedness
• Measurement Strategies, Technologies
and Quality Assurance
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• Radioecological Assessments
• Management of Radioactive Waste and
Discharges

Belarussian exclusion zone contaminated by
the Chernobyl accident.
MUD

Emergency Preparedness
EMSEM
Nordic cooperation on emergency preparedness
issues is useful on many levels, e.g., in
developing and conducting exercises and
sharing results from national exercises,
especially where specific issues of common
relevance to Nordic areas are examined. A main
task for the EMSEM activity, which ran in 2013,
was to address the results of Nordic
participation in the recent large Swedish REFOX
exercise, and facilitate inter-Nordic cooperation
to derive learning points. This was accomplished
through the arrangement of a seminar held in
Stockholm in August 2013. Seminar sessions
included presentations of results from a range
of different REFOX exercise scenarios (e.g.,
carborne search for sources in the environment,
suspected dirty bomb area examination, fallout
measurements), as well as group discussions
on ideas for future improvement of Nordic
emergency preparedness, also taking into
account results of other recent Nordic exercises.
MOBELRAD
Mobile measurement capacity is an important
resource in mapping and addressing widespread contamination scenarios following a
nuclear power plant accident or radiological
incident. The provision of mobile measurement
assets to other countries is a viable means of
providing international support. However,
mobile measurement teams would be faced
with a number of challenges when removed
from the resources of the host country.
Further, high contamination levels can also
lead to special challenges. To strengthen the
Nordic capability to conduct mobile measurement strategies under realistic challenging
conditions, the newly started MOBELRAD
activity will provide an exercise opportunity in
the provision of mobile measurement support
to a third country following a contaminating
event. This will enable participating Nordic
organisations to test their equipment, technical
and logistical capacities and personnel skills in
making measurements in an environment with
high contamination levels. The practical part of
the activity is planned to be executed in the

The MUD activity examines the uncertainties
of atmospheric dispersion model predictions
due to meteorological uncertainties, and
investigates how these could best be presented
to decision makers. Hypothetical releases have
been modelled from four nuclear power plants,
either in or close to Nordic territory. The
releases generally involve emissions over a
period of 6 hours of the radionuclides Cs-134,
I-131, Xe-135 and Pu-239. Four different
meteorological scenarios with full forecast
series of 54 hours have been defined. The
Danish atmospheric dispersion model DERMA
and the Norwegian atmospheric dispersion
model EEMEP have been run for each release
scenario from the nuclear power plants and
each of the four meteorological scenarios,
each involving 25 ensemble members of
the DMI meteorological ensemble prediction
systems. The dispersion model results have in
some cases been found to vary considerably
across the ensemble.
FAUNA
The newly started FAUNA activity builds on the
lessons learned and ensemble statistical
methodologies developed in the MUD activity,
by applying these to the Fukushima Daiichi
nuclear power plant accident scenario. The
activity addresses real-time forecasting of
atmospheric dispersion and deposition of
radionuclides released from a nuclear power
plant considering the associated meteorological
uncertainties. The MUD activity demonstrated
that these uncertainties may under some
weather conditions be considerable, leading to
large uncertainties in dispersion modelling
results. The FAUNA activity will carry
out investigations of the meteorological
uncertainties on real-time assessments of
geographical areas affected by radioactivity
from the Fukushima accident. The predictions
will be made available to the ARGOS decision
support system for illustration and dose
modelling.
NORCON
The NORCON activity, which ran in 2014, highlighted the Nordic capabilities for assessment
of dispersion and migration of radioactive
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contamination after a nuclear power plant
accident in the Nordic region, and the
associated long term consequences to humans,
the environment and society. The participating
organisations conducted assessments based on
a common source term (primarily a hypothetical release from the Ringhals facility in
Sweden) and conditions that would be
considered realistic if an accident occurred in
a Nordic country. Each participating country on
the basis of their own scenario modelling made
an assessment of the situation in-line with
what would be done in case of a severe
accident. Methods of assessment, outputs
and the implications for the associated
decision making process were examined and
compared, enhancing the understanding of
how the Nordic countries respond to nuclear
accidents, both individually and on the
regional level.
PUBPLUME

some Nordic countries to investigate the
possibilities of employing unmanned systems
in radiological assessments, but so far no
joint Nordic activities have been carried out
in this context. However, the technological
development of unmanned systems has now
reached a level of maturity that would allow
exploitation in various safety and security
related applications. The existing experience
needs further dissemination and attention, and
it is the objective of the SEMUNARS activity to
facilitate this through the arrangement of a
seminar on unmanned radiometric systems,
which was held in Linköping, Sweden, on 2-3
October 2014. Thematic topics for presentations
and discussions include platforms, detectors, air
sampling using unmanned systems, envisaged
applications/scenarios, methods and strategies,
calibration/validation, demonstrations, joint
exercises and future Nordic collaboration.
Further information on the seminar can be
found on the NKS website.

This activity addresses the question of how to
communicate results of atmospheric dispersion
modelling of radioactive contaminants to the
public. Following the Fukushima accident there
was a considerable demand from media as
well as from other Nordic authorities for
information showing the dispersion of the
release. The question was which products
would serve the purpose best, and how to
format the information. This activity brings
together experts on emergency response,
atmospheric dispersion modelling and public
communication with the goal of jointly issuing
Nordic recommendations on how to produce
and present different dispersion products to
the public. If such recommendations are
adopted, it should be faster and easier to
publish dispersion products, and the quality of
the information given can be optimized.
Factors to be taken into account include
relevant types of accidents and incidents,
target groups for the information, timing
issues, types of dispersion products to publish,
layout and design, and responsibility and
quality assurance.

Reliable and rapid quantification of radioiodine
uptake in thyroid glands may be needed in
different types of emergency scenarios. For
instance, following the Fukushima accident, a
large fraction of the children in Fukushima
Prefecture experienced thyroid exposure to
radiation. On the background of such
measurements, persons significantly exposed
to radioiodine, either through inhalation or
ingestion, can be identified, and further
measurement needs and needs for medical
measures can be planned. In the THYROID
activity calibration of thyroid monitoring
equipment in the Nordic countries was
harmonized. A total of 38 sites in the Nordic
region were identified, which have equipment
that can be used for thyroid screening for
radioiodine contamination. Altogether, 93
instruments were calibrated in the activity. The
harmonized calibration effort provides a
common Nordic traceability chain, facilitating
evaluation of the impact of exposure of large
groups and associated risks.

SEMUNARS

THYROIDSEM

As reflected in the amount of Nordic
publications on the topic, there is currently a
fruitful collaboration between the Nordic
countries in relation to mobile gamma-ray
spectrometry. Steps have also been taken in

Following up on the establishment in the
THYROID activity of a Nordic regional inventory
of measurement capabilities for radioiodine
measurement in thyroids, a seminar was held
in 2014 to discuss the results and conclusions

THYROID
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of the calibration work carried out in 2013. The
focus was on the role of thyroid measurements
in preparedness, and the overall goal was
to further strengthen dose assessment
competences and give recommendations on
measurement procedures and instrument
requirements. Key speakers and a range of
stakeholders received special invitations, and
participants were asked to answer a
questionnaire, which will form the basis for a
discussion of key issues.

Measurement Strategies, Technologies
and Quality Assurance
CONCORE
On and off shore gas producers are currently
main producers of technically enhanced
naturally occurring radioactive material (NORM)
and associated waste in the Nordic region. The
amounts of materials that are categorized as
NORM contaminated equipment and waste may
to some extent reflect the procedures and
measurement techniques applied. Different
procedures are currently followed for NORM
categorization, e.g., by Nordic operators in the
North Sea. Various parameters may affect the
measurement accuracy and cause wrong
material categorization. The new CONCORE
activity aims to develop a common scientifically
based Nordic recommendation set for
practicable and reliable characterization of
NORM contaminated objects. Experimental
work in the activity will address challenges in
measuring low level radionuclide contents in a
matrix with, e.g., varying water content and
density.
GAMMATEST
Acknowledging a great common need within the
Nordic countries for gamma ray spectrometric
assessments for various purposes, including
emergency preparedness, and due to the sparse
common Nordic interaction in earlier years, a
NKS seminar on the topic was held in 2009,
where gamma analysts could inspire each other
and exchange experiences. Due to the great
interest and attendance, a follow-up NKS
seminar was also arranged the following year.
On the recommendation of participants from the
seminars it was decided in 2011 to arrange a
series of workshops on practical issues in
gamma ray spectrometry. The follow-up activity
in 2012 included practical exercises on real field

spectra. The GAMMATEST activity that ran in
2013 included expert lectures on Monte Carlo
simulations for detector efficiency calculations
and calculation of correction factors for, e.g.,
coincidence summing. In 2013, GAMMATEST
also comprised a measurement intercomparison
exercise.
GAMMAUSER
This activity, which ran in 2014, is the latest in
the series of NKS activities dedicated to
heightening
the
standard
of
gamma
spectrometric capabilities in the Nordic
countries. Since many young scientists and
students attend the Nordic gamma ray
spectrometry activities, they also serve as an
important resource to maintaining Nordic
competence in the future. The format of the
2014 activity was in-line with that in 2013:
there were invited speakers on issues for
which specific interest has previously been
expressed, and intercomparison exercises. The
focus in 2014 more closely matched the
unique set of challenges that each group of
attending users faces (e.g., nuclear power
plant analysts, regulatory specialists, radiation
emergency experts, academic researchers,
industrial application developers). How each
group deals with their specific challenges will
be instructive for other groups to see. The
event took place in the autumn of 2014, and
more information is on the NKS website.
NOVE
Radioactive and nuclear substances may
appear in a number of ways, where they may
constitute threats to society. For instance
through a malicious dispersion act, large
inhabited areas may become contaminated,
potentially creating a health risk while also
causing considerable disruptive effects on the
affected society. Illicit trafficking of radioactive
and nuclear materials is thus a societal
problem, and not all problematic sources are
easily detected. Plutonium can be detected via
neutrons generated through spontaneous
fission, if neutron detection capability is
secured. The NOVE activity, which started in
2013 and continued in 2014, has the objective
of comparing conventional and novel techniques
for detection of neutrons. Neutron detection
capabilities of the participating Nordic
authorities have been presented, and
measurements have been performed in special
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field conditions. The activity thus contributes
both in the form of a knowledge transfer
platform
and
through
generation
of
experimental results. In 2014, the focus was
on dynamic testing, where sources were
automatically moved in a controlled way using
a 16 m long remote controlled track. More
information is available on the NKS website.
RADIOANALYSIS
This workshop, which took place in Denmark
in September 2013, focused on measurement
of pure beta and particularly pure alpha
emitting radionuclides, which are not easily
assessed, since they have to be isolated from
matrix and interfering radionuclides prior to
application of for instance radiochemical
analysis methods. To maintain and strengthen
the Nordic competence in this context a
workshop programme was put together, which
contained 3 days of tutored hands-on laboratory
practice, as well as 1½ days with lectures given
by radioanalytical experts from different
research fields, and a ½ day with presentations
by young participants. A total of 49 persons
participated in the RADIOANALYSIS workshop.
Both the book of presentation abstracts
(NKS-290), the presentation slides and the final
report on the activity (NKS-292) can be found
on the NKS website.
RAPID-TECH
To save critical time and enable quick sample
analysis with high sample throughput, while
reducing labour consumption and costs, rapid
sample processing techniques, including
automation through flow-injection, high
performance liquid chromatography and
vacuum box on-line detection may be
attractive, both in emergency preparedness,
environmental monitoring, nuclear plant
decommissioning and nuclear/radiological
waste management. Although some Nordic
laboratories have engaged in the development
and optimization of such techniques, the area
is still novel and merits further examination.
The RAPID-TECH activity, which ran in 2014,
was to screen the current needs and problems
in this context, and experimental work was
carried out to shed new light on developments.
STANDMETHOD
Environmental safety of Nordic nuclear
installations is a sensitive issue to the public

as well as to responsible authorities. This is
reflected in recent additions to environmental
consequence surveillance programmes. An
example is that a range of radionuclides, which
are not easily measured, have been added to
routine monitoring procedures for discharges
and circulation water (e.g., C-14, Ni-63 and
Fe-55). Radiochemical analysis methods
currently applied by Nordic industry and
research organisations need quality control and
validation. An obstacle is the lack of suitable
reference materials. The STANDMETHOD
activity, aims to establish close collaboration
between the Nordic key organisations in
validating currently applied methods through
intercomparison exercises, and to standardize
Nordic analytical techniques for routine
analysis. New industrial demands will be
identified and new radiochemical analysis
techniques will be developed as required.

Radioecological Assessments
BERMUDA
Some Nordic households consume tens of
kilogrammes of wild mushrooms and berries
each year. The contents in these food items of
natural radionuclides were however not well
known. Also information on transfer factors of
naturally occurring radionuclides from soil to
wild mushrooms and berries was sparse. The
two-year BERMUDA activity, which was
finalized in 2013, carried out a survey of the
contents of natural radionuclides in Nordic wild
berries and mushrooms, and estimated
transfer factors as well as effective doses to
populations consuming these produces. Also
contents of anthropogenic radionuclides in the
samples were examined for reference. The
most significant contributions to dose from
consumption of mushrooms were found to be
from Po-210 and Cs-137. Effective doses from
consumption of wild mushrooms and berries
were estimated to amount to less than 100
µSv per year.
COSEMA
The COSEMA activity, which modelled the
potential consequences of severe radioactive
releases to Nordic marine environments (the
Baltic sea and the North Atlantic ocean), was
initiated in 2012 and completed in 2013. A
hypothetical source term from a 3000 MWth
nuclear reactor accident was defined for the
Baltic sea studies. The highest estimated
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annual doses from consumption of sea food
(from a local area) were found to potentially
amount to tens to hundreds of millisieverts.
Contributions from Cs-134, Cs-137 and I-131
were estimated to constitute some 96% of
this dose. North Atlantic incident consequence
analyses involved hypothetical nuclear
submarine accidents. Model validation was
carried out through comparison of calculation
results with available experimental data.
EFMARE
This new activity builds on the lessons learned
in COSEMA on doses from marine releases, but
goes in further detail with features of
radioecological assessment and evaluates the
environmental sensitivity of the Nordic marine
environment. The dispersion of radionuclides
in water and sediment and associated doses
through consumption of marine food items
will be evaluated using three different
Nordic models, which will be improved as
required through modelling of seasonality,
bioaccumulation of radionuclides in marine
organisms, and biota movements.
NORMIN
Also NORMIN is a new activity started in 2014.
It aims to describe situations and practices in
relation to Nordic uranium mining and mining
generating enhanced concentrations of naturally
occurring radioactive materials. It is planned
that transfer factors and concentrations of
radionuclides in NORM-containing ores and old
mining wastes will be assessed in different
situations in Nordic countries, and resultant
radiation risks will be examined. Experimental
radioecological case studies will be conducted at
relevant sites in each country participating
in the activity. The activity also plans to carry
out a literature study of the integration of
environmental protection issues in Nordic
radiation legislation.

NKS-R activities in 2013/2014
Many of the NKS-R activities which have been
funded in 2014 are continuing from 2013. In
addition, two new activities are funded. Brief
descriptions of the activities are given below
under the headings of the six different
research areas of NKS-R:
• Thermal Hydraulics
• Severe Accidents and Reactor Physics

• Risk Analysis
• Organisational Issues and Safety Culture
• Plant Life Management and Life Time
Extension
• Decommissioning

Thermal Hydraulics
ENPOOL
Steam injections into the pressure suppression
pool of a boiling water reactor and their effects
are studied within this project. Short term
dynamic phenomena may cause pressure
loads on pool structures and long term thermal
transients following the steam injection may
influence the pool’s pressure suppression
capacity, which is why this is an important
area of research. Experiments and numerical
analyses of steam injections through
blowdown pipes into the suppression pool are
carried out and the main objective is to
develop computational models which can be
used to simulate the effects of steam injection.
In 2013, the experiments concentrated on the
dynamics of the free water surface in a
blowdown pipe to provide data on mixing of a
thermally stratified pressure suppression pool
and on direct contact condensation. The
experiments carried out with the test
facility provide a representative database for
numerical studies and modelling, which are
carried out under the ENPOOL activity. This
activity started in 2011 and continued in 2014.
POOLFIRE
The three year project ended in 2013 and
focuses on development and validation of
prediction models for pool fires in enclosures
using pyrolysis models in a CFD model. Pool
fire is one of the major fire accident types in
nuclear power plants, together with cable and
hydrogen fires. The model can be utilized in
risk assessments for nuclear power plants and
the final report was be published on the NKS
website.

Severe Accidents and Reactor Physics
ATR
Previous experiments have shown that the
fraction of gaseous ruthenium transported
through the primary circuit of an experimental
setup at VTT was higher than what would be
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expected in thermodynamic equilibrium
calculations. The focus of the ATR project is to
study the impact of aerosols on the transport
of ruthenium in the containment air of a BWR.
Some of the most radiotoxic elements that
may be released from the fuel into the
containment’s atmosphere during a severe
accident are iodine and ruthenium. In 2014,
the impact of aerosols on the transport of
ruthenium, especially gaseous Ru species,
were studied in primary circuit conditions.
Different aerosol species (e.g. Ag, CsI and
RuO2), will be injected to the gas flow together
with the volatilized RuO4. Thereafter the
impact on the transport of ruthenium will be
studied. A better understanding of the
containment atmosphere composition during a
severe accident will lead to improved
strategies for reducing the risk of ruthenium
release to the environment.

DPSA stands for deterministic-probabilistic
safety analysis methodology. The goals of the
project are (i) to develop DPSA modelling
approaches for scenarios where timing of the
events, including PSA Level 1 and recovery
actions, has significant effect on the results,
and (ii) to develop methods for improving PSA
and DSA using DPSA generated data. The
project started in 2013 and is scheduled to run
for another three years.

DECOSE

L3PSA

Uncertainties in assessment of (i) debris bed
properties and coolability, (ii) steam explosion
impact in BWRs will be reduced by experimental
and analytical studies. The experimental part of
the project will investigate key physical
phenomena of the debris bed formation and
coolability. Experimental data will be validated
using simulation tools, leading to more reliable
predictions of the debris bed coolability in case
of an accident with a severe core damage. An
analytical approach will be utilized to improve
the prediction of coolability and to assess the
uncertainties in modelling of steam explosion
impact.

The Level 3 Probabilistic Safety Analysis (Level
3 PSA) project is seeking to deepen Nordic
understanding about the merits and limitations
of probabilistic off-site consequence analysis
for nuclear facilities. The project began in
2013, and is entering its second year of a
planned three years. The project’s first year
focused on the development and analysis of an
industrial survey about Level 3 PSA, which
included several workshops and meetings with
Nordic utilities, regulators, and safety experts.
Level 3 PSA risk metrics including health,
environmental, and economic effects have
been researched and discussed in the first
year’s project report. The project has
generated significant interest internationally
and has interfaced with international
organizations including the IAEA and the
American Nuclear Society. The ultimate goal of
the project is to produce a guidance document
for Level 3 PSA in Nordic countries.

Risk Analysis
DIGREL
Practical guidelines for analysis and modelling
of digital systems in probabilistic safety
assessment (PSA) for nuclear power plants are
developed within the DIGREL activity. The
activity comprises three interrelated activities.
Firstly, a taxonomy for failure modes of digital
I&C systems has been developed by a task
group of OECD/NEA Working Group RISK.
Secondly, in a parallel Nordic activity, a fictive
digital I&C PSA-model has been developed for
the demonstration and testing of reliability
modelling approaches. The third activity
has been to develop a method for the
quantification of software reliability in the

context of PSA. The interim results of the
project have been published annually in NKS
report series (NKS-230, NKS-261, NKS-277,
and two upcoming reports that covers the
achievements of 2013). In 2014, the three
activities will be finalized and a guidelines
report was prepared for the nuclear industry.
DPSA

EXAM-HRA
Are there actual differences in plant features
that explain why human reliability analysis
(HRA) results differ between plants for similar
action or is this merely a result of differences
in the HRA with respect to choice of method,
analyst judgment, PSA scope, resources
spent, etc? Identifying discrepancies in HRA
applications is the first step in finding these
answers.
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EXAM-HRA is a Nordic, Swiss and German
project which assesses HRA applications in
existing probabilistic safety analysis (PSA)
studies. The overall project objective is to
provide guidance for a state of the art HRA for
purposes of PSA, to ensure that plant specific
properties are properly taken into consideration
in the analysis. The project results provide
insights to improve the experience feedback on
actual plant features based on HRA and PSA
results. A summary report is available on the
NKS website.

Organisational Issues and
Safety Culture
HUMAX
Maintenance is a key safety function in any
complex sociotechnical system, such as a
nuclear power plant. The aim of the NKS-R
activity HUMAX is to enhance understanding on
how to maximize human performance in maintenance activities of nuclear power plants. In
2013, the use of specific tools, or lack thereof,
has been analysed for three Nordic nuclear
power plants. Interviews have been made with
maintenance workers and those responsible for
developing human performance programs on
their opinions on the human performance tools.
The project was finalized in 2014 and
reported on in 2015 and the aim is to provide
recommendations on how to design and
implement effective human performance tools.
ProCom
Exstensive research has been performed by
different organisations to identify the functions
that enable reliable and resilient procedures.
Measuring these functions reliably presents its
own set of challenges. These are mainly
(i) identifying reliable markers for each
competence and (ii) developing guidance so
that observers can reliably assess the crew’s
degree of proficiency on each competence.
Institute for Energy Technology, IFE, in Halden
has access to a huge amount of data from
simulator studies of complex emergency
scenarios, that can be used for identifying
procedure competence. The activity is a one
year project ending in December 2014.

However, design activities are still a fairly
understudied
subject
in
human
and
organisational factors or safety culture studies.
The three-year project on safety culture in
design has now been finalised. One of the
main conclusions of the study was that designrelated challenges in the nuclear domain are
mainly inter-organisational. Hence, safety
management and safety culture approaches
should be improved with respect to the
inter-organisational nature of the work process
in design. The study provides a set of
recommendations to the nuclear community to
support and improve the design process and
to anticipate emerging risks.

Plant Life Management and
Life Time Extension
Nordic-Gen4
The objective of this forum is to promote
communication and interaction between Nordic
researchers in the generation IV reactor area.
The network has existed since 2009. Originally
the focus was on material issues, but now the
scope is wider. The main activity has been to
organise seminars with participants from
academia (senior researchers and students) and
industry. A two-day seminar in Lappeenranta
was held in September 2014, where both
invited speakers from Europe and PhD-students
had a chance to present and discuss their
research. Other activities of the network include
smaller meetings, students visits as well as
maintaining the website http://nordic-gen4.org/

Decommissioning
DECOM-SEM

SADE

A seminar on decommissioning of nuclear
facilities was held on 6-7th November 2013
in Halden, Norway. It was arranged by
IFE together with ndcon, NRPA, Danish
Decommissioning and Fortum. The seminar
provided an opportunity to meet and exchange
experiences from completed and on-going
decommissioning projects as well as discuss
the future. There were 36 participants, from
the Nordic countries, representing almost
every branch in decommissioning, including
operators and regulators. Three topical
sessions covered issues related to:

A number of design flaws have been
contributing to major industrial accidents.

1. Decommissioning and dismantling of nuclear
facilities
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2. Release of materials, facilities and soil (site)
3. Management and final disposal of waste
from decommissioning projects
In total 16 presentations were given in
addition to round table discussions. The
presentations and proceedings are available at
http://projects.hrp.no/nks-decom-2013/

Conclusion
Summarised information has been provided on
the objectives, plans and findings to date for
each NKS-R and NKS-B activity that ran in
2013 or/and in 2014. The diversity in research
topics is considerable, and even activities
grouped under the same overall research type
category often deal with very different topics
and societal challenges. The paper illustrates
the current trends and needs in Nordic nuclear
and radiological safety and preparedness
planning, and demonstrates that new ideas
thrive in a region where cross-border
collaboration has been nourished over decades
on a joint platform.
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ABSTRACT
The Ibero-American Forum of Radiological and Nuclear Regulators (FORO) is an association of nuclear and radiological
regulators created in 1997 with the aim of promoting radiological protection, nuclear safety and security at the highest
level in the region. At present, FORO is composed of the regulatory authorities with competence in radiological
protection, nuclear safety and security of Argentina, Brazil, Chile, Colombia, Cuba, Mexico, Peru, Spain and Uruguay.
Since its creation more than fifteen years ago, the FORO has had the vision of being a fruitful environment for
strengthening safety through the exchange of experiences, as well as technical and scientific projects in matters of
mutual interest in the above-mentioned areas of the nuclear regulatory organizations. The FORO enables the sharing
of knowledge, experiences and good practices between the heads of the regulators and among the specialists of their
organizations with a common official language: Spanish. A rigorous technical programme provides a valuable mechanism
to increase safety in these countries and consequently in the entire region. Cooperation with other organizations with
similar goals is also a key component of the FORO’s approach. The contribution of FORO’s efforts to high levels of radiological protection and nuclear safety was recognized by the IAEA General Conference in 2013. The FORO promotes
the gradual incorporation of other regulatory organizations of the region with similar competences.
This article describes FORO´s vision, mission and its technical programme. It is also meant to highlight the importance
of the sharing of experiences and lessons learnt from regulators that bear similar challenges in similar cultural
backgrounds. The association is open to interact with other national, regional and international organizations that pursue
objectives in line with those of FORO and to share the results of its works in favour of high levels of radiological
protection, nuclear safety and security in the Ibero-American region and elsewhere.
Keywords: Nuclear, Regulation, Ibero-America, Association

Introduction
The Ibero-American Forum of Radiological and
Nuclear Regulators (FORO) was established
with the purpose of promoting and maintaining
high levels of radiation and nuclear safety in
all practices using radioactive materials in the
member countries and, consequently, in the
countries of the Ibero-American region[1]. The
FORO has the vision of providing a fruitful
environment for strengthening the regulatory
organizations in its member countries, through
the exchange of information, experience and
best practices, as well as a technical programme
in key safety areas identified and supported by
FORO members. The official language of the
FORO is Spanish. The FORO values cooperation

with other organizations while maintaining
its independence. In 2003 the FORO has
established a thorough technical programme
which
avoids
duplications
with
other
organizations, especially with the International
Atomic Energy Agency (IAEA), who is also
FORO’s technical strategic partner and reference
technical organization to achieve its objectives.
The FORO promotes radiological protection
and nuclear safety and security through the:
• Exchange of information and knowledge,
• Sharing of knowledge and development of
projects of common interest,
• Harmonization of the regulatory practices,
and
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• Cooperation with national, regional and
international organizations and associations
with similar objectives.
Its technical programme covers several fields,
from the probabilistic safety assessment applied
to radiotherapy, to the safety of radiation
sources, the safety of nuclear reactors and
security. FORO has focused its efforts to key
areas of radiological protection and nuclear
safety for the region, together with a proactive
spirit and action towards collaborating with
other organizations like the International Atomic
Energy Agency (IAEA), the Pan-American
Health Organization (PAHO), the World
Health Organization (WHO), the International
Commission on Radiation Protection (ICRP), the
International Radiation Protection Association
(IRPA), and the Ibero-American General
Secretariat (SEGIB)1.

FORO organization, its network (‘RED’),
and its activities:
The FORO decision making body is the Plenary
composed of the heads of the participating
nuclear regulatory authorities. Every year and
by alphabetical order of the countries, a
President is responsible for the institutional
representation of the Association. A permanent
Secretariat has been established to give support
to FORO’s activities and the Technical Executive
Committee is entrusted with the main duty of
coordinating and supervising the technical
programme of FORO.
The FORO collaborative webpage, the RED ,
was fully updated and released in June 2013.
The new RED aims at further sharing and
exchanging information on new or existing
nuclear and radiation safety and nuclear
security issues of regulatory interest and
contributes to the development of national
systems of regulation, authorization and
control of activities involving the use of
ionizing radiation.
2

Figure 1: FORO Member States

Figure 2: The FORO homepage

With a more functional, attractive and modern
design, the new tool offers new collaborative
capabilities enhancing collaboration between
experts from countries of the Ibero-American
region and beyond. The new RED optimizes
communications and interactions through the
use of social network technologies and tools,
such as blog, wiki, discussion forums, shared
calendars, workflows, news and reporting
systems; and it provides access to virtual
working groups.
Around one hundred regulatory specialists in
various technical areas are networking in
groups, sharing their experiences, good
practices and lessons, addressing problems by
means of technical projects and other
activities, and making the results available to
others.
The Technical Programme of FORO:
The first project of the FORO’s technical
programme was a platform for exchanging
knowledge, good regulatory practices and
lessons learned from experience. Bearing in
mind its statutory objectives, the FORO has
assigned high priority to the development of
an Ibero-American knowledge sharing network
(known as ‘RED’) as the main depository of
information and collaboration tool to facilitate
such exchange among its members from a
regulatory perspective, the staff of other
regulatory authorities and the general public.
The FORO has launched a number of relevant
technical projects under the IAEA’s ExtraBudgetary Programme Safety for Iberoamerica
(EBPSI) in key areas of nuclear safety and
radiological protection for its members and the
Ibero-American region. The IAEA Scientific
Secretary of the EBPSI, the participation of
IAEA´s Technical Officers in the projects and
activities as well as the publication of the
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technical documents are valuable contributions
to FORO´s work.
Seven of these projects have been completed:
(i)

(ii)

Prevention of accidental exposures in
radiation therapy through the application
of probabilistic risk assessment and the
development of a radiotherapy risk
assessment tool (named SEVRRA);
Collaborative
approaches
between
regulatory and health authorities for
regulatory control of medical exposures;

(iii) Regulatory assessment and inspection of
nuclear power plant (NPP) ageing
management and long-term operation;
(iv) Control of inadvertent radioactive
material from scrap metal in recycling
industries;
(v)

Assessment of stress tests performed to
NPPs in the FORO countries;

(vi) Emergency preparedness and response;
and
(vii) Licensing of cyclotrons for the production
of radionuclides for positron emission
tomography in medical applications.
In the area of nuclear safety, two already
finalized projects are worth highlighting: one
on the safety aspects from the regulatory
perspective of the nuclear power plants life
extension and another on Ibero-American
nuclear power plants stress tests. The results
were published in FORO’s website. The stress
tests results were shared in a special IAEA’s
side event organized during the Second
Extraordinary Meeting of the Contracting
Parties to the Convention on Nuclear Safety in
August 2012. The value of this work was also
recognized by the Ibero-American Summits of
Heads of State and Governments in Spain
(November 2012) and mentioned at the
Fukushima Ministerial Conference on Nuclear
Safety in Japan (December 2012). Recently,
the results of the actions of the stress tests
carried out by FORO were presented in the
special event organized by the IAEA in the
occasion of the Meeting of the Contracting
Parties to the Convention of Nuclear Safety in
March 2014.
Currently, FORO is near to finalizing two more
projects on: (i) capacity building for regulatory
staff related to the safety of nuclear reactors;
(ii) guidelines to promote and develop safety

culture on practices involving the use of
ionizing radiation; and its Plenary has recently
approved two new technical proposals in the
areas of waste management safety and
occupational radiological protection.
As the results of projects become available,
dissemination to the FORO members is a
continuous activity. In addition, and under the
cooperative IAEA-FORO framework, some of
these results could be further disseminated to
others in the region and beyond. In general,
this is being carried out through the IAEA’s
technical cooperation support in close
collaboration with FORO. The dissemination of
these results is performed through workshops,
conferences and technical meetings. Many of
these activities include participation of FORO
experts and IAEA technical officers.
Collaboration and Exchanges with
Institutions and Organizations
FORO attaches great importance to maintain
bonds of collaboration with national, regional
and international organizations with similar
objectives
and
goals.
Among
these
organizations, the FORO maintains a special
relationship with the IAEA, who is the scientific
and technical organization that partners FORO
in its projects and activities in radiological
protection, nuclear safety and security.
Besides
the
IAEA,
FORO
has
been
strengthening bonds with IRPA, WHO/PAHO,
SEGIB and ICRP and some associations or
groups like the European Union funded project
on risk analysis of accidental and unintended
exposures in radiotherapy (Known as
ACCIRAD), that are working on areas of
radiation protection similar to the ones of
FORO’s.
The FORO and the IAEA are united in a
strategic technical partnership that allows both
organizations to maximize the outcomes and
products of the technical projects and activities
in favour of the radiological protection, the
nuclear safety and security. The bonds with
the other above-mentioned organizations are
also very special since they promote a
beneficial exchange of experience and
knowledge in key safety areas of common
interest.
The FORO and the IAEA have a long
relationship of cooperation in areas of mutual
interest, aimed at achieving a high level of
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radiation and nuclear safety and security in
a sustainable manner. This relationship has
been formalized by means of practical
arrangements, signed in 2010 and 2011 in
English and Spanish, respectively. Since 2003,
a crucial instrument for the purpose of FORO
has been its technical programme in priority
safety areas, which is carried out through an
IAEA extra budgetary programme funded by
voluntary contributions from FORO members.
Since the scientific reference for FORO
activities is the IAEA and its standards, the
FORO’s proactive approach significantly
contributes to increasing the spreading of the
IAEA’s statutory functions in the radiation
protection and nuclear safety fields. The added
value of the FORO’s activities is the
identification of national and regional issues
and
needs,
their
prioritization,
the
development of solutions and funding by its
members, which ensures the sustainability of
the FORO’s approach.
IRPA and FORO have established a formal
relationship through a practical arrangement
agreed in 2013 to strengthen their
interactions, in particular, but not limited to the
area of safety culture. In the case of
WHO/PAHO and the FORO, efforts have been
made in the area of radiation protection
programmes of patients and other health
matters related to this field. FORO decided to
establish formal relations with ICRP and
became a Special Liaison Organisation with
ICRP in 2013 to exchange information and
experience on areas of common interest. With
respect to SEGIB and the Ibero-American
Summits of Presidents and Heads of States of
the countries of the region, the FORO has been
praised in several Summit Declarations for its
continuous efforts and the results of its
technical programme towards maintaining
high levels of protection of people from the
harmful effects of ionizing radiation and the
nuclear safety of nuclear power plants of
Ibero-America.

FORO Reports, Joint publications,
articles:
All FORO technical projects and activities
contain a report with the findings,
recommendations and conclusions. Once these
technical reports are approved by the Plenary
of FORO, they are uploaded to its website, the

RED (www.foroiberam.org) and are available
to any interested party. In addition, these
projects or activities are also published by the
IAEA when it considers them of particular
interest. Up to now, three joint technical
documents were published by the IAEA within
the FORO-IAEA Practical Arrangements:
‘Aplicación del Método de la Matriz de Riesgo a
la Radioterapia’ (unofficial translation: Risk
Matrix Methodology applied to Radiotherapy)
- TECDOC 1685/S, ‘Análisis Probabilista de
Seguridad de Tratamientos de Radioterapia
con Acelerador Lineal’ - (unofficial translation:
Probabilistic Safety Assessment applied to
Radiotherapy) - TECDOC 1670/S and
‘Programa de Protección Radiológica en las
Exposiciones Médicas’ (unofficial translation:
National Programme of Radiological Protection
in Medical Exposures)’ - TECDOC 1710/S.
TECDOC 1710 S is also co-authored by the
Panamerican Health Organization. These
publications were issued in Spanish only, but
some of the FORO reports are also available in
English to further disseminate their results,
thanks to the support of members of FORO.
On the other hand, the outcome of the project
on NPP ageing management and long-term
operation made a major contribution to IAEA
Safety Reports Series No. 57, Safe Long-Term
Operation of Nuclear Power Plants. This
publication is available in Spanish and English
at www.foroiberam.org.

Figure 3: Examples of FORO reports jointly
published with IAEA

Conclusions and remarks
First of all, it is important to highlight the
achievements of FORO’s technical programme
in favour of promoting high levels of radiation
protection and nuclear safety and security,
along with its cooperation with the IAEA and
other international and regional organizations
and associations engaged in matters of mutual
interest like the WHO, PAHO, SEGIB, IRPA and
ICRP.
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The 2013 IAEA’s General Conference in its
Safety resolution has recognized the role of
regulatory associations like FORO and other
entities with a similar approach, in enhancing
radiological protection and nuclear safety
through regional efforts towards the exchange
of information and experience and technical
programmes and it has requested the IAEA’s
Secretariat to strengthen its cooperation with
them and to promote wide dissemination of
technical documents and outcomes of their
projects.
FORO firmly believes that technical and
scientific knowledge is one of the most
important elements to ensure competence in
the regulatory activities. FORO believes that
sharing experiences and lessons learnt within
similar cultures and languages are assets that
substantially facilitate the achievement of high
level of radiation protection and nuclear safety
and security. The prospect of expanding the
scope of knowledge sharing within FORO and
with other regulators and the strengthening of
bonds with other organizations with similar
objectives are strategic goals of FORO.

Important technical results were obtained in
the areas of probabilistic safety analysis and the
application of matrix risks in radiotherapy,
aging and life extension of Nuclear Power
Plants, protection of patients, radiation source
control, stress tests of nuclear power plants,
emergency preparedness and response,
licensing of cyclotrons, among others. These
results are helpful for radiation protection
and nuclear safety of regulatory authorities
including FORO, as well as for other
organizations in the Ibero-American region and
beyond. A goal for FORO is to continue working
vigorously in these matters and to cooperate
with institutions with similar objectives.
More information at: www.foroiberam.org. To
contact FORO, email: secretaria@foroiberam.org
[1] FORO’s Statute Article 2
http://www.foroiberam.org/el-foro/estatutos
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Foro’s work in favour of high levels of radiation protection and safety.
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Reviews
BOOK REVIEW

Super Fuel – Thorium, The Green Energy
Source for the Future
Richard Martin
Palgrave Macmillan Paperback 2013

With climate change high up on the political agenda
the search for non-carbon-emitting energy sources
is one of the big challenges for people around the
world. In his book “SUPER FUEL” Richard Martin
advocates for a new form of nuclear energy, but this
time the fuel cycle shall be based on Thorium, an
element which is far more abundant on Earth than
Uranium. While presenting his case the author not
only describes the advantages of Thorium based
reactor but also presents to the reader a review on
the history of nuclear energy.
In the Introduction, the reader gets to know
and when the idea for the book started and
gets introduced to some characters that
a major role in the development of the
technology. One of them is Kirk Sorenson.

how
also
play
new

The first chapter “The lost book of Thorium” then
starts with the story, how Kirk Sorenson stumbled
upon a book published in 1958 by the American
Atomic Energy Commission, titled “Fluid Fuel
Reactors”. This was 2000 when he was working for
the U.S. government on a research project studying
ways to use nuclear energy to power rockets to
carry cargo into space. Since he and his colleagues
at the Marshall Space Flight Center soon became
aware of that conventional nuclear reactors will not
do the job they began to look into alternative
reactor design. Studying the book which contained
research results done at Oakridge National
Laboratory in the 1950s Sorenson realized that this
type of reactor might not only be a potential
solution to the problem he was working on but also
to the society’s insatiable thirst for energy.
In the following and in the next two chapters “The
Thunder Element” and “The Only Safe Reactor” the
reader learns more about the new reactor design,
the properties of the element Thorium and the
advantages of a fuel cycle based on it, one being
that the proliferation risk of the fissile material

generated is much lower than that of the Uraniumbased fuel cycle. Another advantage is that the
reactors based on fluid fuel are inherently safe.
The fourth chapter “Rickover and Weinberg” starts
an overview of the history of nuclear power,
portraying the life of two men involved from the
very beginning in the U.S.. Human Rickover, a naval
officer, was the father of the nuclear submarine.
Alvin Weinberg was a nuclear physicist who after his
work in the Manhattan Project became the first
research director of Oak Ridge National Laboratory
(ORNL). Along with his mentor Eugene Wigner he
worked out the basic design of the light-water
reactor, the de-facto standard for nuclear plants.
Rickover and Weinberg both played a major role in
the development of nuclear power in the U.S. after
1945. The main focus was still on national defence
requirements; this aspect became even more
important after the first successful Soviet test of an
atomic bomb. This not only meant that reactors
were needed to produce Plutonium for weapons, but
also to propel submarines. This was the idea
Rickover was pursuing whereas Weinberg had
another mission in mind, the development of a
Thorium based liquid fuel reactor for production of
electric energy.
Why this vision never became reality is the subject
of the Fifth chapter “The Birth of Nuclear Power”.
The plan to develop a reactor for submarine
propulsion had a great influence on the
development of reactors for energy production. The
pressurised water reactor (PWR) had many
advantages for submarine propulsion. It was
compact and simple. But once developed for the
Navy this system achieved dominance for central
station power. Nevertheless other reactor types
were still under consideration for other applications.
There was even an Aircraft Nuclear Propulsion
program, and in this context reactors using molten
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fluoride fuel were under development, also reactors
using a Thorium based fuel cycle. A prototype was
successfully tested in 1969 at ORNL. But after the
success of the nuclear submarine program Rickover
used his influence to bring research for alternatives
to PWR to an end.
How he and others managed to do so is described
in detail in chapter six “The End of Nuclear Power”.
And the chapter gives more insight into the detailed
circumstances, e.g. the decision to develop a liquid
metal breeder reactor.
The seventh chapter “The Asian Nuclear Power
Race” shifts the focus from the U.S. to another part
of the world. India and China both have ambitious
nuclear power programs. As the author describes
both look intensely into Thorium base reactor types.
In chapter eight “Nuclear’s Next Generation” the
reader learns more about the development of
advanced nuclear reactors in general and also about
other reactor types besides PWR. This comprises
not only the technical aspects of the different
reactor types but also waste and proliferation

issues, two subjects which are discussed heavily
among supporters and opponents of nuclear energy.
The ninth chapter “The Business Crusade” and
“What We Must Do” deal mainly with what happens
in the U.S. in the field of Thorium based liquid fuel
reactors. Not only Kirk Sorenson whom the reader
got to know in the introduction but also many
others are trying to build businesses to build these
reactors.
The final chapter “What We Must Do” presents the
author’s action plan for the U.S. to develop and
build Liquid Fuel Thorium Reactor for the production
of carbon-free electricity. This is the only chapter
which in my opinion might be of lesser interest to
readers of other countries.
All in all I found it very interesting to read. The
author’s research of the subject has been thorough,
and it is suitable for the average reader. If one is
interested in further detail, additional sources of
information are also included.
Peter Koschel
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BOOK REVIEW

Radioactivity:
A History of a Mysterious Science
Marjorie Malley

This book as the title would imply, should be a
journey through the history of one of the most
mysterious sciences. An exploration through time in
order to understand the challenges and dangers
that faced those fore founders in discovering the
science of radioactivity, and the stance of this
discipline to date. For example, the original beliefs
that radioactivity was on the realms of the
supernatural, the resistance of chemists to accept
the ideas of transmutation and the marrying of both
physics and chemistry to decipher the mystery that
was radioactivity.
The book attempts to follow the stages of discovery
by being divided in to sections, chapters and
headings. It’s too much, there is no flow, these
headings prevent it reading like a story, and instead

we see the style and habit of a typical scientist,
blocky and dry. You have to praise it; the intent is
there to make it accessible to all. But it’s lacking
something… there is no passion, no romance that
allows the reader to fall in love, feel inquisitive, and
be swept along the journey of an ultimately young,
fascinating subject. This is something that the likes
of Bill Bryson and even David Attenborough so
easily achieve, whether it’s dry wit or pure passion,
most of us can’t put their books down.
This is a well written book; don’t get me wrong,
Malley’s writing ability is sound, but as a young
scientist myself it certainly hasn’t inspired me in any
way to delve deeper into the history of radioactivity.
Kirsty Ross, Lancaster University
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BOOK REVIEW

Learning the Lessons of History:
Two texts for Regulators and Other Radiation Protection Practitioners
Windscale 1957:
Anatomy of a
Nuclear Accident
(3rd Edn)
Lorna Arnold
Palgrave Macmillan. 2007.
Basingstoke UK
ISBN 978-0-230-57317-8

The Litvinenko File
Martin Sixsmith
(Pan Books), London, 2008
ISBN 978-0-330-45413-1

As physical scientists, we put great importance on
the scientific method for establishing objective
truth. We may even sometimes look somewhat
disdainfully at non-scientific disciplines as less
rigorous and therefore less informative. These two
books show clearly what a mistake that is. Both
provide fascinating insights into subjects that are of
real interest to radiation regulators and radiation
protection practitioners. Both books are worth the
time spent reading them.
These two books were selected because they were
both encountered at different times in this
reviewer’s career. The Windscale piles were briefly
part of his portfolio as an Inspector of what was
then known as Her Majesty’s Inspectorate of
Pollution (HMIP – in the early 1990s). Litvinenko’s
untimely death was part of his emergency response
function in the mid-2000s and involved regulatory
liaison work at New Scotland Yard and Westminster
City Hall, as part of a small senior team from the
Environment Agency supporting both the police
enquiries and the recovery operation. But they were
also chosen for their contrasting styles.
The Litvinenko File is well written and very readable
(allegedly written “like a fast paced spy thriller”). It
majors on the shady world of espionage and
political intrigue that characterised both Litvinenko’s
life and his death. To the scientific mind, a lot of the
narrative is speculation and inference, being the
personal conclusions of Martin Sixsmith rather than

demonstrable (and testable) facts. Sixsmith was
formerly a senior BBC journalist and was and is well
regarded in the UK.
But it is a fascinating text. It is divided in to 65 “bite
size” chapters but remains a normal size paper
back. It is therefore quite digestible during a holiday
or a few weeks of bed time reading. The radiological
issues only really feature from about Chapter 40 onwards, but there is a lot to be learned before that,
and right to the end of the story. And story is the
right word. The case is still sub judice and at the
time of writing the Coroner’s Inquest is suspended
indefinitely, pending the outcome of a Public Enquiry. So no legally defensible conclusion has yet
been reached in a court of law (though the author
and the Metropolitan Police obviously have a view)!
For those who have not worked with Polonium,
there is knowledge to be gained in this book, but
maybe a “Technical Top Up” in Radiation Regulator
on the subject of this unusual radionuclide could be
usefully included in a future issue. So, this is worth
a read: interesting and developmental, but full of
the political issues that most of the time most of us
don’t encounter on a day-to-day basis. Now let’s
turn to the second useful book that non-scientists
have offered us.
The late Lorna Arnold published “Windscale 1957”
in 1992 when she was seventy-six. She was still
writing rigorous treatises on the subject of the
nuclear industry more than ten years later. Don’t
assume that someone at that age has insufficient
faculties to provide a penetrating text. And don’t assume that because she was an academic historian
she cannot possibly explain the nuclear physics, the
regulatory issues or the politics. She does all of
them with apparently consummate ease. If you
want to know about Wigner energy in graphite
moderated
reactors
(Windscale,
Magnox,
Chernobyl) then you will gain everything that you
need to know (except for the calculational
techniques) form this history book. The level of
detail of the text is brilliantly judged. It is
astonishing how well a non-scientist has grasped
the technical issues and regurgitated them in a
beautifully crafted and accessible way. This does not
read like a spy thriller, because it is not one. It reads
like the best kind of physics text book – clear, interesting and full of highly relevant technical details.
The UK’s accident at Windscale in Cumbria was (at
the time) the world’s most major nuclear accident.
It resulted (amongst other things) in a significant
release of I-131 to the local community. This in turn
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resulted in health physics screening programmes,
emergency response arrangement s and milk bans
that had barely been contemplated at the time. But
all of these were put in place within a very few days
of the reactor pile (Pile No. 1) catching fire. The
book also “de-bunks” the myth that the filter galleries fitted to the pile stacks part way through the
build (and known as Cockcroft’s follies for their very
last minute addition to nearly built stacks) saved
the day. They made a small contribution to holding
back the volatile Iodine inventory, but they were not
the major factor in minimisation of the dose to the
public (and especially children) as a result of the
fire.
It is not just the physics which is presented so well.
There is a very comprehensive and yet fully
intelligible analysis of how the managerial
deficiencies (too much work on too many fronts
with too few staff and too few scientist grades)
created the circumstances where the accident was
“inevitable”. This alone is a developmental
opportunity for the regulator reader: one can “walk
through” a situation where political drivers (an
independent UK deterrent that would also give Her
Majesty’s government the capability to share US

nuclear secrets in a bilateral agreement) overpowered rational management thinking and even
the safety standards and philosophy of the day. The
progression of a national project of unprecedented
complexity with insufficiency of knowledge could
(hopefully) not happen today. Essential research
was simply not done. But the lessons learned are
still benefitting reactor design, operation and
emergency preparedness today, as well as ICRP
policy.
On the other hand, the accident provided a timely
opportunity to learn far more about the future
design and operation of the UK’s first nuclear power
reactor fleet. And much of this is transferable to
other reactor technologies too.
This book is an impressive feat of scholarship. It
seems likely that no mere physicist or engineer, or
radiation protection professional could have
prepared such a comprehensive but understandable
account of novel circumstances. Thank goodness for
historians. This is also a “must-read” for nuclear
regulators.
ChrisE
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People

Congratulations on Award
of PhD to Editorial Board Member
Dr Adhikari is pictured receiving his award from the Prime Minister of
Nepal, Mr Sushil Koirala.
Our Nepalese colleague and Editorial Board
Kanchan Adhikari, a medical physicist, has recently
been awarded his PhD by the Tribhuvan University
of Nepal. The award was made by the Prime
Minister of Nepal, Mr Sushil Koirala. Dr Adhikari is
very active in his country: he is General Secretary
of the Nepalese Association of Medical Physicists,
and has been actively supporting the establishment
of relevant legislation and a regulatory body for
radiation safety in Nepal.
The objective of his PhD dissertation was to find out
the status of radiation protection in Nepal by an
assessment of the radiation protection in medical
uses of ionizing radiation. The PhD was done under
the Institute of Science & Technology, Tribhuvan
University, Nepal with joint supervision by Hospital
Regional Universitario Carlos Haya, Malaga, Spain.
The study was performed at twenty-eight hospitals
involved in diagnostic radiology and selected
according to patient load, equipment and staff. The
scope included X-ray, CT scan, Mammography and
Catheterization Laboratories. It also included three
Nuclear Medicine centres and radiotherapy centres
having tele-cobalt, HDR brachytherapy, linear
accelerators and simulators. The questionnaire was

made for radiation workers and consisted of twentyfive questions seeking information regarding
professional responsibility, protection training,
personnel dose monitoring, institutional and selfmotivation towards radiation safety. In addition, the
questionnaire also investigated information about
the general understanding and knowledge of
radiation protection.
Dr Adhikari would like to express his sincere
gratitude to his supervisors Prof. Dr. Lok N. Jha,
Central Department of Physics, Tribhuvan University
(TU) and Dr. Pedro Galan Montenegro, Head,
Department of Medical Physics, Hospital Regional
Universitario Calrlos Haya, Malaga, Spain for their
meticulous guidance and supervision throughout
the research work. He offers thanks also to faculty
members, Central Department of Physics, TU and
to radiologists, radiographers, radiation oncologists
and Medical Physicists from various hospitals who
helped complete the study.
He also recognises the unconditional love and best
wishes he received from his family during the entire
course of the degree: enlightened parents, adoring
wife and obedient son.
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Binika Shah is a Senior Project Manager at
the World Nuclear Association based in
London. Here, we profile her career to-date
and take a look at her new role…
Tell me about your career so far…
Having been sponsored by the UK Ministry of Defence (MoD) during
University, I graduated and won a placement in their central environmental
policy unit. Although unrelated to my academic qualification (having studied
Mathematics and Physics at undergraduate level), I had always been
passionate about environmental issues and took naturally to the challenge.
I followed this placement with a gap to go travelling around the world, and
returned to land a contract with the UK Department for Environment, Food,
and Rural Affairs in supporting the establishing of an agency (then known as
the “Government Decontamination Service”). At the agency, I managed several Government-funded science and technology projects, looking to enhance the UK’s chemical, biological,
radiological and nuclear capabilities, as well as managing other technical information. This contract was
followed by a post as an environmental consultant at a major engineering consultancy firm called Atkins. The
main focus of my work ended up being around legislation and policy development relating to radioactive
substance management. After several years at Atkins, I moved to the World Nuclear Association (WNA) in
February 2014 as a Senior Project Manager.
What is the WNA and how does your role fit into their work?
The WNA is a global organisation that promotes nuclear energy and supports the many companies that
comprise the nuclear industry through the entirety of the fuel cycle (i.e. from uranium mining to
decommissioning and de-licensing), together with its supply chain and associated industries. It provides a
forum for sharing knowledge and insight into evolving industry developments, sharing international best
practice to strengthen the nuclear industry’s capabilities, and speaking authoritatively in relevant key
international forums, such as the IAEA, OECD/NEA, ICRP, etc. that affect the policy and public environment in
which the industry operates.
Many people may be familiar with the WNA website which provides lots of really useful information on nuclear
energy - it is worth taking a look if you are unacquainted with it. Also, the World Nuclear News has become
the leading online news service on developments related to nuclear power, and its readership isn’t limited to
the nuclear industry.
My primary role within the WNA is to support the radiological protection and the waste management and
decommissioning working groups. These are essentially forums through which the industry shares leading
good practice, conducts analysis, prepares position statements, and develops and implements strategies to
advance collective interest in the safe and expanding worldwide use of nuclear power. The working groups are
made up of representatives mainly from member organisations, and we often invite notable interested parties
and relevant other organisations. I will also be attending international forums, such as relevant IAEA safety
standards committees, to understand key developments, and to provide a voice for the industry in these areas.
What do you see as the greatest challenges ahead?
I would just like to focus on one area. The question in my mind is always around the waste, particularly when
thinking about the sustainability of nuclear power. There are solutions out there, but the focus for industry
often tends to be on the front-end as well as safety. In my opinion, the back-end of the fuel cycle is critical to
the success of a project. Many Governments around the world have taken this on board, and are building into
the regulatory systems the need to place due consideration on waste management and decommissioning
during the early planning stages, but this is still not the case everywhere. Applying the waste hierarchy
throughout the fuel cycle is crucial and the industry needs to take this on board.
Is there anything else you would like to say? How do you see the role of regulators?
The role of the regulator is critical to ensuring the safety of nuclear power plants across the world, and this
should be done in an independent and transparent manner to ensure the credibility with the public, first and
foremost. But this should not be done in such a way as to be detrimental to the industry; regulators need to
work with the industry to ensure that standards are applied in a fair manner, and giving due consideration to
social, economic and environmental impacts.
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