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Dear Reader,

Since the publication of the Connector Issue 2, 
we moved from partial recovery of the COVID 
pandemia over the summer into an equally vi-
olent 2nd phase in the Fall, so we had to further 
adapt our way working. The traditional in per-
son meetings with experts and friends were to 
be cancelled, rescheduled or replaced with vir-
tual gatherings and conferences. It is therefore 
even more important now to cherish our News-
letter, which helps us all to stay Connected!

Importance of staying connected

I am very pleased that our editorial team gath-
ered quite a substantial set of contributions for 
this third edition of the ESARDA Connector. 
In the news section you can discover how the 
community stays active, which are upcoming 
events and what happens in the world around 
us in our highly specialised niche of nuclear 
safeguards and non-proliferation. If you are 
curious to get to know some of our newest 
continued on page 2...
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ESARDA partners, you will find the presenta-
tions of ANDRA and POSIVA in this edition! 
The continuous growth of the ESARDA family 
demonstrates both its relevance and impact, 
as we recently gained extra interest both from 
the specialists of the back-end of the nuclear 
fuel cycle and from academia.

Increased attention to safeguard-
ing the back-end of the fuel cycle

The fact that ESARDA increases the focus on 
the challenges of safeguarding the encapsula-
tion of spent nuclear fuel, the transport to the 
final storage location and the safeguards re-
quirements for a deep geological repository, is 
fully consistent with the outcome of the ESAR-
DA Reflection Group and the crowd sourcing 
done on that basis during the ESARDA World 
Cafe, just recalling that you find both these 
documents on our website. Considerations 
on the safeguards for the back-end of the fuel 
cycle started many years ago and multiple 
world-wide expert groups discussed this topic 
at length, the last one being e.g. the ASTOR 
group under guidance of IAEA. However, 
recently these groups were less active and 
because of the pressing needs to have ready-
to-use solutions, especially for safeguarding 
some of the newest installations, e.g. in Fin-
land and Sweden, which will be operational in 
the near future, ESARDA felt the requirement 
to establish a new Working Group on Final 
Disposal, which in the mean-time has already 
met twice since its creation early 2020. This 
“facility oriented” working group works in close 
collaboration with other ESARDA Working 
Groups like Implementation of Safeguards 
and Containment and Surveillance, and at-
tracts considerable interest also from other 
international participants. The scope is to un-
derstand better the challenges and jointly work 
out solutions for those challenges counting on 
the input from R&D, the insights from the oper-
ators and the contributions from the inspector-
ates, i.e. to utilize to the full extent the potential 
of the ESARDA community. In the same light I 
am very pleased that the Steering Committee 
on November 16th, approved Mari Lahti, from 
POSIVA, as new ESARDA Vice-President. 
Welcome on board Mari and in addition to 
your strong professional profile and contribu-
tion, your election also strengthens further the 

gender balance in the ESARDA management!

Enhancing the nuclear safeguards 
educational activities

Another “branch” of our ESARDA activities, 
that was strengthened recently is the one re-
lated to education and training. ESARDA has 
a very long tradition of providing a condensed, 
one week, university recognised education on 
nuclear safeguards and non-proliferation and 
has also exported that course in the past to 
South-East Asia and Africa. Based on this suc-
cess the EC decided to award to ENEN, the 
European Nuclear Education Network, a MoU 
partner to ESARDA, a 4 year contract to both 
organise short term courses and especially to 
develop a full-fledged master (after master) 
curriculum for nuclear safeguards. The Politec-

...continued from front page

nico di Milano, our newest academic ESARDA 
party, is coordinating the programme devel-
opment, with support of a high level scientific 
committee that has so far defined the course 
structure, modules, objectives and learning 
outcomes. The first session of the master is 
scheduled to start in September 2021 and 
will be open both to non-European students, 
who can have access to the grants for travel, 
lodging etc, and also to European students, 
but without financial aid, seen that the budget 
comes from DG DEVCO (Development and 
Cooperation). Quite a few ESARDA parties 
will be collaborating in the implementation of 
this master programme, both by lecturing and 
by hosting students in their laboratories in the 
course of the academic year, to e.g. prepare 
the thesis work. Active outreach has started 
to attracts students (and possibly also guest 
professors), both in South-East Asia, through 
the Asian Pacific Safeguards Network (APSN) 

Overview of the ESARDA World Café topics highlighting the two priorities of back end of fuel cycle and 
knowledge management, including education and training  

Latest ESARDA Parties involved in the safeguards 
educational activities

Logos of the two new ESARDA Parties dealing 
with the back-end of the fuel cycle
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and in Africa, through the African Commission 
on nuclear energy (AFCONE), recognising 
that both APSN and AFCONE are ESARDA 
MoU partners.

Global outreach and recognition  
of ESARDA

In recent weeks in fact both our international 
MoU regional partners invited ESARDA to par-
ticipate and present the organisation to their 
regional networks. AFCONE organised on 
November 23rd a webinar on  ‘Fostering and 
Sustaining Non-Proliferation Verification Sys-
tems through Development of National and 
Regional Nuclear Safeguards Capacities’, with 
its Partners IAEA - NNSA - ESARDA & ISTC. 
APSN held on December 2nd its 11th Annu-
al Meeting in virtual format under Indonesian 
Chairmanship of BAPETEN, with all partici-
pating countries and their partners in the net-
work, and they announced the transition of the 
chair position, as of 01/01/2021 to VARANS, 
Vietnam for the next 2 years. Both regional 
networks, are keen to learn more about the 
ESARDA working methods, products and add-
ed value and are also interested to understand 
better the EURATOM type of regional set-up in 
the area of nuclear safeguards. Through this 
networking and contacts, the spin-off our work 
can thus find fertile ground in different areas 
around the globe which in fact also contributes 
to one of the key priorities of the European 
Commission, i.e. to foster a Stronger Europe 
in the World.

The peer-reviewed ESARDA  
Bulletin indexed by SCOPUS

In the last couple of months, a very nice mile-
stone was achieved through the recognition 
and final acceptance by SCOPUS of the ES-
ARDA Bulletin, ‘The International Journal of 
Nuclear Safeguards and Non-Proliferation’. 
The indexing process has started in order to 
include all the backlog of past Bulletin issues 
in the Scopus database. I like to congratulate 
strongly the ESARDA Editorial Committee col-
leagues who worked hard to achieve this and 
my thanks goes of course also to all authors of 
the article submissions which fill the Journal 
with substance. I like at the same time to make 
a strong appeal to spread the news and invite 
all colleagues, friends and professional con-
nections who work in nuclear safeguards and 
non-proliferation across Europe and abroad to 
send in articles to our peer-reviewed journal. 

ESARDA in line with new EU  
Commission Priorities

Seen the close relationship between ESAR-
DA and DG ENER Euratom safeguards, it 
also worth recalling that during a large part 
of 2020 the EC developed the new Euratom 
R&D Work Programme for the period 2021-
2027, in line also wit the Ursula Von der Ley-
en Commission priorities and referring to the 
importance of nuclear power to contribute to 
the GREEN DEAL. This is in line e.g. with the 
strong claim by the Director General of IAEA, 
Rafael M. Grossi, to have a seat at the main 
table for the next UN Climate Change Climate 
Conference (COP 26) in Glasgow in Novem-
ber 2021. As already indicated above, the 
work under safeguards, non-proliferation and 
strategic trade control is also directly relevant 
to the EC priority to achieve a “Stronger Eu-
rope in the World”, both by the highly valued 
contributions ESARDA and Euratom R&D de-
liver to IAEA (and thus effectively supporting 
multilateralism) and by reaching out beyond 
EU borders (near neighbors and also the Afri-
can continent, in line with the high level Euro-
pean Union / African Union summit process).

Strengthened collaboration with 
our sister organisation INMM

Over the sum-
mer, quite a 
few ESARDA 
members had 
the opportunity 
to virtually participate to the Annual Meeting of 
our sister organisation and MoU partner, the 
Institute for Nuclear Materials Management 
(INMM). In fact, this meeting had to be con-
verted in quite short time from a fully in-person 
to a fully virtual meeting, which was very suc-
cessfully accomplished and a record number 
of participants signed up. The programme 
was quite dense and many lively debates took 
place in most parallel sessions (supported by 
an active chat function). The virtual format of-
fers certain advantages but also challenges. 
I e.g. remember presenting ESARDA, during 
the INMM President‘s Welcome Reception at 
00:45 on Sunday night.   

The 42nd ESARDA virtual annual 
meeting

Inspired by the above and also constraint 
by the reappearing pandemia early Septem-
ber 2020, we had to decide to also convert 
the ESARDA 42nd meeting into a fully virtu-
al event, held from November 16 to 19 and 
hosted by IRSN in France, for which I like 
to express once more my strong gratitude. 
The meeting attracted 274 participants from 
over 25 countries and thanks to the excellent 
collaboration of the „conference organising 
team“, the invitations, presentations and dis-
cussions ran smoothly and efficiently. High 
level speakers from IAEA, DG ENER, IRSN, 
INMM and JRC animated the opening plenary. 
The two newly established working groups, 
Final Disposal and Material Balance Evalua-
tion, presented their Terms of Reference and 
future work also during the opening plenary. 

ESARDA MoU regional partners
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The ESARDA community was further updated 
on the progress made since the 50th Anniver-
sary Symposium in 2019, w.r.t the World Cafe 
actions (a crowd sourcing activity that defined 
key activities for the future development of the 
association). Subsequently, during 1.5 days, 
the 10 different ESARDA Working groups met 
either individually or jointly and reported on the 
outcome of their discussions during the Clos-
ing Plenary, including an outlook for the future. 
Key novelties include, amongst many others, 
digitalisation, data science, focus on the back 
end of the fuel cycle, innovative technologies 
and further enhanced attention to training and 
education. Other points that were stressed 
included the role of emerging technologies in 
strategic trade control, new containment and 
surveillance technologies capable of remote 
data transmission, the 2020 International Tar-
get Values and the recognition that the link 
between soft science and safeguards is an 
unexplored field.

During the Steering Committee this year, apart 
from welcoming 3 new ESARDA Parties re-
ferred to already above, we also got the green 
light to make a Memorandum of Understand-
ing with ABACC, the Argentinian-Brazilian 
regional safeguards authority, based on the 
already very good collaboration with Euratom 

and strengthening further the international 
footprint of ESARDA.

The 2021 Joint INMM/ESARDA 
Annual Meeting

In this period of Zoom, Webex, Teams, Blue-
jeans, etc, we have all been attending a mul-
titude of webinars, virtual meetings and con-
ferences and alike. One that I like to recall 
particularly, and that can still be downloaded 
today, was the 1 hour interview of the IAEA 
Director General Rafael M. Grossi, by NEA DI-
rector General William D. Magwood, in which 
the R. Grossi predicted that a “solid group” of 
10-12 countries building nuclear power plants 

for the first time will emerge in the next dec-
ade. I like to refer to this explicitly to introduce 
our next years Joint Annual Meeting between 
INMM and ESARDA under the theme „Ad-
vancing Together, Innovation and Resilience in 
Nuclear Materials Management“, to be held in 
Vienna from August 21 to 26, 2021. The Sym-
posium Technical Programme Committee, 
jointly led by Carrie Mathews for INMM and 
Julie Oddou for ESARDA, has just recently 
finalised the call for papers. A special effort will 
be done to reach out, not only to the traditional 
participants of INMM and ESARDA meetings, 
but to other, more diverse communities, both 
geographically (across the globe and to the fu-
ture nuclear newcomers) and topic-wise (e.g. 
to business intelligence community, develop-
ers and users of AI, imaging technologies and 
many other sectors, the knowledge and skills 
of which could serve very well the safeguards 
community). Due to the large uncertainties 
w.r.t. the evolution of the pandemic, and also 
due to the enhanced flexibility for some type 
of participants to attend the meeting, a hy-
brid option is foreseen, combining in-person 
gathering (if allowed by then) and virtual con-
tributions. This Joint Annual Meeting, which is 
currently in full preparation, constitutes also an 
excellent opportunity for the ESARDA Working 
Groups to reach out to their homologues in the 
INMM organisation (Technical Divisions, Com-
mittees and Working Groups) to discover ad-
ditional opportunities for collaboration and the 
potential for synergies between them. All have 

Flags of ABACC member states

Screengrab of participants during the ESARDA 42nd Annual Meeting Plenary session

Graph mapping INMM TD/Comm/WG to ESARDA WG connections
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been invited to set-up joint special sessions, 
round tables, panel discussions and alike for 
this upcoming annual meeting and, in addition, 
reach out to non-traditional partners and seek 
for their contributions also. The Symposium 
committee will meet around Easter to shape 
the final programme based on the submitted 
abstracts and targeted invitations, and up to 
that time, all ESARDA members are kindly 
invited, or should I say challenged, to think 
about how to best use this unique opportuni-
ty and get most added value out of this Joint 
Annual Meeting and of course to submit pa-
pers, the deadline for submission of abstracts 
being set on February 20, 2021.  Also ideas 
for sponsors, exhibitors or proposals for live 
demonstrations are highly welcome. In addi-
tion, we are convinced that by organising the 
meeting in the Austria Convention Centre, just 
next to the Vienna International Centre hosting 
IAEA, many of the colleagues from IAEA nu-
clear safeguards, security, nuclear energy and 
technical cooperation can participate. We truly 
look forward to make that event a memorable 
occasion and cross fingers that next summer, 
live has returned to „more normal“ again and 

that we can shake hands, discuss in person 
and enjoy the personal company of the big 
INMM and ESARDA family and friends. Sa-
chertorte, Wienerschnitzel and Gruener Velt-
iner are waiting for you! 

Transitioning the ESARDA  
Presidency

Finally I like to conclude this editorial by ex-
pressing my personal thanks to the great ES-
ARDA management team and to all ESARDA 
members, parties, associated and individual 
members and MoU partners, for the fantastic 
collaboration we had in the last 2 years.  It has 
been a very interesting and rewarding experi-
ence to serve as ESARDA President and I am 
fully committed, together with the team at the 
European Commission Joint Research Centre 
to also in the future continue to strongly sup-
port ESARDA. I am both proud and pleased 
to be able to pass the “flame” to our incoming 
ESARDA president Julie Oddou, head of the 
French Commitee Technique Euratom, whose 
support in the last 2 years is greatly acknowl-
edged, and who will be assisted by the new 

Vice President Mari Lahti from Posiva. I like to 
thank also Irmie Niemeyer who continued to 
very actively contribute as ESARDA past-pres-
ident in the last years and with whom we con-
tinue the strong collaboration with our INMM 
friends. And last but not least a special word 
of thanks to the ESARDA secretary, Veronique 
Berthou, the ESARDA Webmaster, Andrea de 
Luca, the main editors of the ESARDA Bulletin 
Editor and Connector, resp.  Elena Stringa and 
Guido Renda, my own secretary Eva-Maria 
Koslowsky and to all colleagues who contrib-
uted actively to the continued functioning and 
success of ESARDA. We all know the organ-
isation functions based on voluntary contri-
butions but again e.g. just in our last annual 
meeting, you could feel the energizing enthu-
siasm, the serious efforts and hard work that 
all ESARDA members put into our organisa-
tion, realizing that our multi-faceted character 
is our strength and value to allow all of us to 
continuing advancing and improving the very 
challenging and highly relevant field of nuclear 
safeguards.

Christmas Greetings

After an unusual year, requiring lots of special 
efforts to assure business continuity and to 
establish a new-normal,  it is now time to relax 
and enjoy. Even if perhaps not all family visits 
can take place as usual and ski slopes might 
remain closed for a while, I really hope that 
the charm of Christmas and wishes for good 
health at New Year, now even more important 
than ever, can accompany and comfort you. 
Perhaps there is some time for catching a 
fresh nose during a nice winter-walk in the for-
est, or for getting inspired while reading a fas-
cinating book at the open fire place or also just 
for enjoying those small but important things in 
live that usually run by without being noticed. I 
thus wish and your families a fine holiday, with 
love of family and friends that fill you with joy 
and happiness and an excellent start in the 
New Year. All the best and please, take good 
care and stay healthy!

Kindest regards, Willem
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news & events
Keeping you up to date with all the latest news of 
the association and its partners, as well as all the 
upcoming events in the near future.
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NEWS 

New ESARDA Working Group on 
Material Balance Evaluation

During the 42nd ESARDA annual meeting in No-
vember, ESARDA launched a new WG related 
to Material Balance Evaluation in bulk handling 
facilities.

The main objectives of this WG are:

• To establish some reference and guide-
lines on Material Balance Evaluation,

• To provide a reference and robust method-
ology for in-process inventory verification 
and Material Balance Evaluation within 
each Material Balance Area,

• To identify and share best practices and 
knowledge within the safeguards commu-
nity (operators and inspectorates). It will be 
the main goal of the WG,

• This WG will also contribute to international 
reference through guidelines and ESARDA 
publications. It will provide a basis for rele-
vant education and training.

The scope of this Working Group includes the 
Material Balance Evaluation, the determination 
of the related uncertainties and their interpreta-
tion. 

The tasks of this Working Group will be distribut-
ed in 4 sub-WGs

1. Regulations for Material Balance Evalua-
tion

2. Methodologies and statistical assumptions 
for Material Balance Evaluation as well as 
uncertainties, examples and tools

3. Best practices for Material Balance Eval-
uation, Material Balance monitoring and 
Material Balance accuracy improvement

4. NRTA / Near Real Time Accountancy stud-
ies and perspectives.

This 4th Sub Working Group will be interested 
in the potential development made possible by 
machine learning algorithms and in the mathe-
matical methods allowing to combine physical 
models and statistical models.

To achieve these goals, experts are welcome:

• Experts from supranational and interna-
tional inspectorates (Euratom, IAEA,…),

• Experts from national authorities,
• Experts from research centers, laborato-

ries and safeguards associations,
• Experts in statistics/ measurements,
• Industrial/operator experts: from bulk han-

dling facilities.

ESARDA Bulletin Scopus Citation 
Index Update

After a process of two years, the Editorial 
Committee is pleased to announce that the 
indexation process has commenced. This 
November, the Scopus Content Account Man-
ager informed us that the upload of all the con-
tent is taking place, and all past issues will be 
readily available in the Scopus database. This 
historical achievement marks a new phase for 
the ESARDA Bulletin, in terms of quality and 
timeliness of release. In order to facilitate the 
authors who would like to publish in the_ Bul-
letin, the editors will shortly make available a 
publication policy document that will outline 
the criteria for submitting. This will assist au-
thors to publish academic topics which are not 
strictly related 
to Nuclear 
Safeguards in 
the Bulletin.

New ESARDA Bulletin cover
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2021
April

12-16
12th - 16th April 2021 

19th ESARDA Course (Online)
Joint Research Centre of the European Commission, Ispra (VA), Italy 
The JRC announces the 19th ESARDA COURSE on Nuclear Safeguards 
and Non Proliferation to be held in spring 2021. Organised by the Train-
ing, Knowledge Management Working Group. [Read more]

EVENTS

2021
May

10-13

10th - 13th May 2021 

International Conference on Fast Reactors and 
Related Fuel Cycles (FR21)
Beijing, China 
The International Atomic Energy Agency (IAEA) once again brings 
together the fast reactor and related fuel cycle community by organizing 
the International Conference on Fast Reactors and Related Fuel Cycles. 
[Read more]

2021
August

21-26

21st - 26th August 2021 

INMM & ESARDA Joint Annual Meetings
Vienna, Austria 
The INMM and ESARDA joint annual meetings provides a unique op-
portunity for research organisations, safeguards authorities and nuclear 
plant operators to exchange information on new aspects of international 
safeguards and non-proliferation, as well as recent developments in nu-
clear safeguards and non-proliferation related research activities and their 
implications for the safeguards community.  [Read more]

POSTPONED TO 2022

https://esarda.jrc.ec.europa.eu/index.php?option=com_content&view=article&id=368&Itemid=461
https://conferences.iaea.org/event/218/
https://esarda.jrc.ec.europa.eu/index.php?option=com_content&view=article&id=404&Itemid=505
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new partners
New partners have the opportunity to present their 
organisation’s activities and how they can cotribute 
to ESARDA.
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View of the CSA surface disposal facility designed for low- and intermediate-level, short-lived radioactive waste situated in the Aube district, in north-eastern 
France and operated by Andra since 1992

and technical knowledge related to waste 
through documents, expositions and vis-
its to its facilities, distribute its knowledge 
in France and abroad.

 
Every three years, Andra publishes a national 
inventory of radioactive waste and materials 
(article 14 of the law).
 
Andra contributes to the preparation of the Na-
tional Plan for the Management of Radioactive 
waste and materials (article 6 of the law). This 
document identifies all management activities 
for radioactive waste, identifies needs for stor-
age or disposal facilities and for waste that has 
no management solution so far, describes the 
goals that must be attained.
 
Concerning Deep Geological Disposal, Andra, 
designated by Law as the Programme Man-
agement Entity, is in charge of:

• Conducting R&D and design studies 
as needed to demonstrate the safety of 
the disposal solution; the programme 
includes the design, construction and 
operation of an URL (CMHM, construc-
tion started in 2000), Evaluating the cost 
and defining the operation planning and 
investment phased plan of the Deep Ge-
ologic Disposal

• Managing the overall converging siting 

waste and Very Low Level radioactive 
waste;

• Ensure the monitoring of the Manche 
center, the first French surface disposal 
facility for low and intermediate waste, 
now closed;

• Study and develop management solu-
tions for waste that has no identified re-
pository:
-  The disposal of Low Level Long Lived 

waste (such as Graphite waste or Ra-
dium bearing waste) with 2 alternatives, 
above or below ground.

-  The reversible disposal of High and In-
termediate Level waste in a deep geo-
logical formation (Cigéo).

-  The management of radioactive waste 
coming from other industries than that 
of the production of electricity (hospitals, 
research establishments, universities, 
…) and radioactive objects that the 
general public possesses (luminescent 
clocks, medical radium-bearing objects, 
certain minerals, …). Upon request of 
owners or local authorities, Andra also 
deals with the rehabilitation of contam-
inated sites, such as the laboratories 
built by Marie Curie;

• Contribute to the distribution of scientific 

ANDRA - Agence 
nAtionAle pour 
lA gestion des 
déchets rAdioAc-
tifs

Andra is the agency responsible for the man-
agement of all the French nuclear waste. An-
dra is an independent establishment created 
by the law of 30 December 1991. Independ-
ent from waste producers, Andra is under the 
supervision of the ministries of energy, of the 
environment and of research.
 
Andra’s mission was last amended and stipu-
lated in the law of the 28 June 2006

• Operation of existing disposal facilities, in 
the Aube district, specific to Short Lived 
Low and Intermediate Level radioactive 
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process of the Deep Geologic Dispos-
al (from a 250 km2 zone to a restrict-
ed zone of interest (of about 30km2) 
to site underground installations,

• Conducting a consultation and infor-
mation programme for the local po-
tions, through the introduction of social 
sciences in the repository siting process,

• Preparing a license application 
of reversible repository for com-
missioning in 2025, if authorized

• Working on long-term memory con-
servation (sites and waste inventory).  

Andra is a long-standing partner of the Eu-
ropean Commission, the European Bank for 
Reconstruction and Development, and oth-
er European and International institutions 
providing financial assistance to countries 
creating or developing their waste manage-
ment capabilities. Recently, Andra has car-
ried out waste repository conceptual design 
and waste management studies in Lithuania 
(on-going) and Argentina. Andra is also ac-
companying countries, where a Deep Geo-
logic Disposal programme and roadmap are 
under establishment (South Korea, Hunga-
ry). Andra has also been strongly involved 
in the project regarding the development of 
the waste management strategy for Ukraine.  

Andra is also very active in bi-lateral contracts, 
bringing its experience in assisting foreign 
agencies to design and review their waste 
management and disposal projects. Recent 
projects include cooperation with Belgium, 
United Kingdom, Slovenia, and Romania.

Andra is certified according to SS-EN ISO 
9001 and ISO 14001.

Detailed information is available on the inter-
net web site: www.international.andra.fr.

Andra: pictures of the galleries of the underground laboratory @Andrien Datse/Andra

http://www.international.andra.fr
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POSIVA Oy

Posiva Oy (Posiva) is a nuclear waste man-
agement company whose main task is the 
disposal of the spent fuel of its owners’ NPPs. 
Posiva is owned by Teollisuuden Voima Oyj 
(60%) and Fortum Power & Heat Oy (40%), 
both of which share the cost of nuclear waste 
management. Posiva employs around 100 
people. 

The company is headquartered in Olkiluoto in 
the municipality of Eurajoki, western Finland. 
Posiva works together with numerous Finn-
ish and foreign expert organisations from a 
multitude of fields, and commissions studies 
related to nuclear waste management from 
universities and other institutions of higher ed-
ucation as well as from research institutes and 
consulting businesses. Posiva has been plan-
ning the final disposal of spent nuclear fuel 
produced by its owners starting from its estab-
lishment in 1995. Posiva aims to start the dis-
posal of spent nuclear fuel during the 2020s. 

The Finnish solution for disposal of spent 
nuclear fuel is based on the KBS-3 concept, 
developed by SKB (Swedish Nuclear Fuel 
and Waste Management Co), the company 
responsible for nuclear waste management in 
Sweden. The solution is based on the multiple 
barriers principle. Radioactive substances are 
contained within several overlapping protec-
tive barriers so that no deficiency in one bar-
rier and no predictable geological or climatic 
change will endanger the isolation. Spent nu-
clear fuel will be encapsulated into copper and 
cast iron disposal canisters and stored inside 
crystalline bedrock, in the depth of about 400-
450 meters.

Posiva has been carrying out a research, de-
velopment and technical design programme 
in ONKALO® since the construction for the 
underground rock characterisation purposes 
started in 2004. The confirming site investiga-
tion phase culminated in 2012 when Posiva 
submitted the construction licence applica-
tion for the encapsulation plant and disposal 
facility. At the end of 2015, the Finnish Gov-
ernment granted a construction licence for 
the facility complex for geological disposal of 
spent nuclear fuel. This enabled extension of 
the underground excavations to construct the 

tunnels leading to the deposition areas as well 
construction of the vertical shaft to serve the 
disposal canister transfers.  Construction of 
the encapsulation plant started in June 2019, 
and proceeds in schedule aiming the building 
to complete in 2022. According to the current 
schedule, Posiva’s goal is to achieve the read-
iness to submit the operating licence applica-
tion at the end of 2021. 

Posiva’s main objectives since receiving the 
construction licence have been to bring the 
plans for the encapsulation plant and disposal 
facility as well as the disposal concept to such 
a state of readiness that the implementation 
of the project can start. Among other things, 
open issues referred in the safety assessment 
related to the disposal concept need to be re-
solved and the operating licence application 
and the associated documents produced. The 
objectives for the coming years is to have the 
engineered barriers of the disposal system 
ready for production, achieve the operational 
readiness of the encapsulation plant, manu-
facture the disposal operation equipment and 
construct the disposal facility to a point allow-
ing the commissioning tests to be carried out 
and the disposal operations to be started.

View of the the repository located deep inside the bedrock, in which the most important section are the tunnels where the encapsulated spent nuclear fuel is 
disposed of.
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As a part of the preparations for the start of 
the operations, Posiva has carried out and 
continues a series of various full-scale tests 
and demonstrations on disposal technologies. 
Posiva has participated in many Euratom pro-
jects related to geological disposal since 4th 
framework programme. In addition, Posiva is 
an end user in several other European R&D 
projects. Posiva has also acted as the coordi-
nator of SecIGD and DOPAS projects and has 
led several work packages.

An important part in the preparations for the 
start of the disposal operations is developing 
the safeguards concept and measures for fi-
nal disposal. This has been started in Finland 
in early phase. STUK (Radiation and Nucle-
ar Safety Authority in Finland) has been im-
plementing safeguards measures from the 
start of ONKALO® construction. Technical 
cooperation between the international author-
ities, IAEA and European Commission, and 
STUK and Posiva have been active for about 

10 years already. Planning the safeguards 
measures requires active discussion and ex-
tensive exchange of design and operational 
information. Posiva’s final disposal project is 
progressing to a phase where implementation 
of safeguards measures become topical. By 
becoming member of ESARDA Posiva sees 
an opportunity to strengthen its role in the de-
velopment and harmonisation of final disposal 
safeguards.
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working group 
reports This section of the Connector has the objective to 

inform the ESARDA Community about the latest 
undertaking of the Working Groups’ activities during 
the last six months. Each Working Group Chair has 
been invited to provide a brief article describing their 
findings in their fields of interest.
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TRILATERAL WORKING 
GROUP MEETING 
BETWEEN 
FINAL DISPOSAL (FD),
IMPLEMENTATION OF 
SAFEGUARDS (IS) &
CONTAINMENT AND 
SURVEILLANCE (C/S) 
by Katharina Aymanns, 
(C/S Working Group Chair),
Klaas van der Meer 
(FD Working Group Chair), 
Walid M´Rad Dali 
(IS Working Group Chair)
 

Within the 42nd ESARDA Annual Meeting three 
WGs FD, IS and C/S, held a joint meeting ded-
icated to “Safeguards by Design practices for 
the Encapsulation Plant and Geological Re-
pository (EPGR) and the associated activities 
considering the evolution of the C/S technolo-
gies and Remote Data Transmission (RDT)”. 
The intention of this trilateral meeting was 
to come together on a broader scale and to 
discuss possibilities for a future collaboration 
based on the specific missions and interests 
that all three WGs have in common. Further-
more, the aim to initiate such a meeting results 
from one of the last years World Café actions 
encouraging the WGs to organise more joint 
activities. About 60 colleagues from different 
areas of safeguards attended this meeting.

In the first part of the meeting, the following 
three presentations addressing different as-
pects of the overall topic were held:

Remote data transmission and automation 
of signal processing and event detection
Presentation given by Andreas Smejkal 
(Euratom, DG ENER)

The implementation of Unattended Monitoring 
Systems (UMS), which operate via Remote 
Data Transmission (RDT) is progressing in 
nuclear facilities of the EU. The inspectorates 
are planning to upgrade the existing RDT sys-
tems with the aim to achieve a common RDT 
infrastructure throughout the facilities in the 
different Member States. UMS operate with-
out needing any human intervention. Those 

systems are usually installed permanently in 
nuclear facilities and are continuously measur-
ing safeguards-relevant nuclear materials and 
facility processes. For safeguards purposes a 
variety of sensors are used such as cameras, 
seals, radiation monitoring, weight measuring, 
process flow monitoring and more. The huge 
amount of data and information produced by 
devices require automated tools to allow a 
timely evaluation. Therefore, Euratom devel-
ops automated data acquisition and review 
software such as the Integrated Monitoring 
and Acquisition Platform (IMAP), the Inte-
grated Review and Analysis Package (IRAP) 
and the New Generation Surveillance Review 
(NGSR). IRAP and NGSR are jointly devel-
oped by Euratom and the IAEA.

Laser Curtain for Containment and 
Tracking
Presentation given by Vitor Sequeira 
(JRC, Ispra)

The Laser Curtain for Containment and Track-
ing (LCCT) system is an active, continuous 
surveillance system based on real-time laser 
scanners, which allows an automatic event-
based monitoring of a facility. It supports sin-
gle and multiple line laser sensors. This laser 
system is capable to detect and track move-
ments of objects like spent fuel casks and the 
penetration of a virtual fence. LCCT is able to 
interact with the Next Generation Surveillance 
System (NGSS) or other surveillance sys-
tems. Event detection is possible by review-
ing and analysing the data of the LCCT using 
IRAP software or other systems. In addition, 
LCCT can be used to unattendedly monitor an 
automated nuclear material flow in a facility. 
This technology supports the inspectorates in 
their ability to carry out inspections remotely. 
The simulation of two application cases of 

LCCT systems, the first one in a dry spent fuel 
storage facility and the second one in an en-
capsulation plant, were demonstrated.

Fibre optic sensing for containment verifi-
cation
Presentation given by Tom Weber & Will Ray 
(Sandia National Laboratories, USA)

A research project currently investigates the 
use of coated optical fibre cable to detect the 
leakage of spent fuel casks stored in an un-
derground repository. Cask breaches are in-
dicated by the presence of alpha particles in 
the nearby of a spent fuel casks due to their 
short travel length. Coated optical fiber is 
sensitive to alpha particles as the interaction 
causes a specific signal that can be detected. 
Therefore, a combination of these coated fiber 
with special electronics located at the surface 
to monitor such a system might be capable to 
detect a spent fuel cask leakage after a re-
pository is closed. Furthermore, seismic and 
thermal sensing using a distributed acoustic 
sensing system are under investigation. The 
research focuses on developing smart algo-
rithms to distinguish localized cask-level dis-
turbances from sources in the environment. In 
this regard, this candidate technology could 
be able to monitor thousands of locations 
throughout a repository. 

In the second part of the meeting, a discussion 
on “Safeguards by Design practices for the 
EPGR facilities and the associated activities 
considering the evolution of the C/S technolo-
gies and RDT” took place. 

The participants discussed and agreed that 
there is a future need to develop C/S devices 
in a way that enhances the modularity of such 
systems. The integration of different sensor 
technologies such as C/S, NDA, seismic mon-
itoring and other new technologies as well as 
the further development of software able to 
interact and process data from different de-
vices is becoming more and more important. 
Furthermore, it was stated that a sealing sys-
tem, which can be applied and removed by 
the operator would be of high importance with 
regard to geological repositories. 

In order to continue and to further deepen 
this first joint exchange the chairs of the tri-

Next Generation Surveillance System (NGSS)
Source: Dr. Neumann
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lateral meeting are planning to organize a 
roundtable discussion at the upcoming INMM/
ESARDA Annual Meeting next year. The aim 
of this roundtable discussion is to share ex-
periences, to discuss ideas and to define next 
steps addressing this challenge by gathering 
colleagues involved in this process such as 
inspectors, operators, and authorities.

STANDARDS AND TECH-
NIQUES FOR DESTRUC-
TIVE ANALYSIS WORKING 
GROUP (DA) 
by Stefan Neumeier 
(DA Working Group Chair) 
by Evelyn Zuleger  
(DA Working Group Vice-Chair) 

The ESARDA Working Group on Standards 
and Techniques for Destructive Analysis (WG 
DA) meeting was held within the 42nd ES-
ARDA Annual virtual Meeting with around 50 
participants mainly from Europe and USA. 18 
contributions on the status and perspectives 
of DA activities were presented to provide the 
Safeguards Community with expert advice on 
reference standards, procedures and analyti-
cal techniques for the analysis of a wide range 
of safeguards samples. S. Neumeier and E. 
Zuleger gratefully acknowledge the presenters 
contributing to the WG DA meeting making it a 
very interesting and diverse event.

Organisationally, Stefan Neumeier 

(Forschungszentrum Jülich GmbH) and Eve-
lyn Zuleger (EC-JRC-Karlsruhe) are appoint-
ed Chair and Vice-Chair, respectively for the 
next 2 years. 

Due to the virtual format of the meeting a large 
number of experts from USA participated in 
and significantly contributed to the WG meet-
ing. The DA WG chair (Brian W. Ticknor, Oak 
Ridge National Laboratory, TN, USA) of the 
INMM’s technical division on Materials Con-
trol and Accountability participated to inform 
about their activities. A significant overlap of 
the goals and activities of both working groups 
was identified. Therefore, a joint WG DA meet-
ing within the framework of the joint INMM/
ESARDA Annual Meetings 2021 in Vienna is 
initiated.

Pete Mason (NBL programme Office, US 
DOE) informed the community about the 
move of the office and the nuclear material 
from DOE Office of Science at the Argonne 
National Laboratory, Chicago to the National 
Nuclear Security Administration in Oak Ridge, 
Tennessee.  The plutonium recertification ef-
fort is resuming after pausing due to COVID, 
and Mr. Mason reported on the status of ana-
lytical and lab renovation work at Oak Ridge 
National Laboratory.  Yearly annual meetings 
with the customers are planned to resume. In 
addition the NBL PO proficiency testing pro-
gram (SME) has resumed.  Further updates 
will be announced via a new website and quar-
terly updates.

Despite of the influence of Covid-19, particu-
larly on activities that require experimental 
procedures in laboratories, a remarkable 
progress was presented on the preparation, 
characterisation and certification of reference 
materials, the organisation of inter-laboratory 
exercises and proficiency testing (PT). Fur-
thermore, progress on the development and 
optimisation of methods and technologies as 
quality control measures of analytical meas-
urements performed by the IAEA’s Network of 
Analytical Laboratories (NWAL), verifying the 
absence of undeclared nuclear materials and 
activities are shown. For instance the shelf life 
of Large Size Dried (LSD) spikes was signif-
icantly increased by the joint activities of the 
EC-JRC-Karlsruhe and Geel, allowing in the 
future to extend certificates of these reference 

Screen shot of participants of the virtual WG DA meeting.
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materials. 

Additionally impressive progress regarding the 
production of microparticulate reference mate-
rials in Europe (Forschungszentrum Jülich) 
and USA (Pacific Northwest and Savannah 
River National Laboratories) was reported. 
Due to the complementary activities micropar-
ticle reference materials in a wide range of 
composition, size and amount are accessible. 
Very recently the safeguards laboratory of 
Forschungszentrum Jülich became a qualified 
member of the IAEA’s NWAL for the provision 
of micro-particle reference materials. 

Furthermore, the optically stimulated lumines-
cence method was presented by North Caroli-
na State University allowing for the determina-
tion of source energy and position as well as 
for retrospective imaging and characterisation 
of special nuclear materials. 

Finally, the WG DA contributes significantly in 
cooperation with the WG NDA to the revision 
of the International Target Values (ITV) for 
measurement uncertainties in safeguarding 
nuclear materials. To this very important pur-
pose the CETAMA (Commission d’ETAblisse-
ment des Méthodes d’Analyse, CEA, France) 
is evaluating data of PTs (Quality Evaluation 
of Analytical results in the Nuclear Industry 
(EQRAIN)) from the last 20 years in the con-
text of the revision of the ITV 2010 values. 
Additionally, new ITV values are suggested 
from recent results of Hybrid K-Edge Densi-
tometer (HKED) measurements performed 
at EC-JRC-Karlsruhe. Recently, more often 
measurements of uranium solutions with con-
centration <150 g U/L have shown that the 
uranium ITV for U KED in this concentration 
range are not feasible.

The results, discussions and the evolution of 
the WG DA itself are aligned to the implemen-
tation of findings of the ESARDA 2019 Reflec-
tion Group and the actions identified by the 
participants of the World Café during the 2019 
ESARDA Symposium in Stresa.

The ESARDA WG DA will meet and discuss 
again together with the INMM counterpart at 
the Joint INMM/ESARDA Annual Meetings in 
August, 21 – 26, 2021 in Vienna.

STANDARDS AND TECH-
NIQUES FOR NON-DE-
STRUCTIVE ANALYSIS 
WORKING GROUP (NDA)
by Hamid Tagziria 
(NDA Working Group Chair) 

The NDA WG has as it main object to pro-
vide the Safeguards Community with expert 
advice on NDA techniques, procedure on 
standards and reference materials and on the 
performance of NDA methods. Following a 
very attended and rich event during the 41st 
Symposium in Stresa, the Chairman of the 
WG updated the EB during its meeting on 5th 
February 2020 at the SCK/CEN in Belgium. 
Despite the impact of COVID on all, members 
of the WG, the laboratories and organisations 
continued their activities and work which pro-
duced great results and culminated in a rich 
programme of presentations and discussions 
amongst NDA WG participants during the 
42nd  ESARDA annual meetings.  It is also 
particularly pleasing that the NDA WG had a 
record number of registrations (96) to attend 
despite many very interesting to all parallel 
sessions and I thank all participants and pre-
senters for their excellent contributions that I 
am reporting on here.

An update on International Target Value 2020   
was given Claude Norman  of the IAEA in 
which the scope of ITV, its history , the role of 
the stakeholders as well as the organisation, 
programme and current status , future and be-
yond 2020 were all presented.

Peter Dendooven (Helsinki Institute of Phys-

ics, Fi )  reported on a project aiming to quan-
tify gamma emission tomography (QuantGET) 

following the approval of PGET for safeguards 
inspections which itself provides qualitative 
images of spent fuel. Quantitative imaging is 
expected to yield more information not only for 
nuclear safeguards but also for other applica-
tions.
The latest developments  regarding Pas-
sive Neutron Albedo Reactivity (PNAR) were 
presented to the NDA WG by  T. Tupasela 
(STUK,Fi). PNAR  has been built and  shown 
to perform as intended for  assaying fissile 
material in spent fuel whereby  neutron multi-
plication is measured with great precision thus 
able to show clearly changes within a single 
assembly.

Set of Large Size Dried (LSD) spikes prepared at 
EC-JRC-Geel.

Passive gamma emission tomograph (PGET)

Imaging of a fuel assembly with pins missing



| 18

The Potential applications of Gamma-Neu-
tron Imaging in nuclear safeguards, nuclear 
security, decommissioning, waste manage-
ment and non proliferation  has been shown 
by   D. Boardman (ANSTO,Au) and  H.Tagziria 
(JRC,It). Good results of a  gamma-neutron 
imager built by ANSTO based on compressed 
sensing with many positive attributes of cur-
rent commercial systems (360° x 90° field 
of view, 40 keV - 3 MeV, fast,..) have been 
demonstrated in a number of situations and 
applications.  A R&D collaboration with ANS-
TO- JRC to add neutron imaging and high res-
olution gamma-ray spectrometry capabilities 
is ongoing.

A activity reported on to the NDA WG by B. 
Cederwall (KTH,Se) concerned sensitive 
detection and 3D imaging of SNM using fast 
n-gamma correlations  whereby an organic 
scintillators based gamma ray and neutron 
detection system for nuclear security (RPMs) 
and safeguards applications  which has low 
background rates – low False Alarm Rates in 
RPMs  and “simultaneously” perform detection 
and 3D Imaging.

Still on imaging but this time of anti-neutrinos, 
A. Vacheret  (Imperial College) Imaging anti-
neutrino interaction  using their detector called 
SoLid (based LiF:ZnS(Ag) and solid PVT) 
which has been operated successfully at the 
BR2 research reactor at SCK (Be) since 2018 
with no loss of performance and which demon-
strated the extraction of antineutrino signal 
with high significance and first directionality 
measurement and showed promising results 
for other application of the technology.

Recent NDA Developments at LANL Report 
were reported by  D. Henzlova. In particular 
a) a  suite of next-generation safeguards data 
acquisition electronics was developed to re-
place obsolete equipment, provide improved 
unattended features (Ethernet, RAINSTORM) 
and enhance list mode capability. B) UNCL ca-
pability to measure modern fresh fuel assem-
blies with high Gd content was enhanced via 
improved poison rod correction leading to re-
duction of the assay bias by an order of mag-
nitude. C) MCNP reference book and updated 
PANDA manual are under development to 
enhance and update resources for safeguards 
personnel all of which would be very valuable 
tools for practitioners as well as in education 
and training.

The results of disarmament verification tech-
nology demonstration at SCK CEN (Interna-
tional partnership for Nuclear Disarmament 
Verification -PNDV) were presented by  A. 
Borella  (SCK/CEN, Be) . During 3 full weeks, 
10  international  measurement teams de-
ployed and number of technologies such as  
Coincidence and total neutron counting, Gam-
ma-ray spectroscopy and imaging and Imag-
ing devices. A summary report is expected by 
early 2021.

Another important topic 
and activity for the ES-

ARDA community at large was presented by   
P. Chard and G. White (Mirion) concerning 
methodologies for NDA uncertainty assess-
ment and reduction  . It described and dis-
cussed   advanced easy-to-use modelling 
tools which  allow operators and practioners 
to perform a robust uncertainty evaluations, 
reduce model simplifications,  Improve accu-
racy by combining multiple measurements. 
It showed and stressed the importance of 
careful appraisal of waste distributions and an 
implementation which requires careful assess-
ment per application. 

An update  Good Practice Guide in Modelling 
was given  P. Chard aiming to revive this im-
portant task and activity which has somewhat 
suffered from COVID situation. The presvious 
work published and available to read and 
download from ESARDA bulletin no. 42 is  a 
well respected work still referenced by other 
GPGs and other NDA industries,  is still  in 
need  only an update e.g. to include any newer 
codes, techniques and methods and take into 
account an increasing emphasis on use for 
uncertainties.  For a way forward it is proposed 
to create an NDA WG Sub-group of experts 

Passive Neutron Albedo Reactivity (PNAR) 

Imaging of a store                                           Imaging of fuel elements IPNDV SCK/CEN

The Passive Non Destructive Assay of Nuclear 
Materials (PANDA) Book
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to refresh existing guide (Phase I) followed in 
Phase II by a “marketing drive” in order to gain 
wider audience for refreshed guide at univer-
sities, ESARDA training, new NDA profession-
als in industry, share with ASTM in US etc..

Moderated by J. Zsigrai (JRC-KRH) and con-
tinuing on work started in previous meetings 
the topics “NDA WG  safeguards challenges & 
NDA solutions” were debated and discussed 
based on the so called “Stresa Table” which 
aims to bring together inspectors and scien-
tists.  The table need to be further developed 
and updated and the input from inspectors and 
scientists and the safeguards community at 
large including from the IAEA and EURATOM 
are all very important and much needed.   

In summary, while it is recognised that as 
would be expected COVID-19 had it negative 
effect on the group activities, work by mem-
bers of the NDA WG who has reported excel-
lent progress and results. 

Amongst the current and potential future ac-
tivities I would mention the ITV2020 follow-up, 
further elaborate on NDA challenges and po-
tential solutions, good Practice Guide in Mod-
elling Update and marketing, specific topics 
and technologies of mutual interest such as 
imaging, tomography, data acquisition elec-
tronics, Synergies with other ESARDA WGs, 
INMM, World café, ASTM,  the PANDA (Pas-
sive NDA of Nuclear Materials) and MCNP 
manual books which  excellent for education 
and training. 

 A rich and ambitious programme indeed the 
NDA WG is embarking on with the imminent 
reinforcement of the group with vice chairs to 
support with the management, planning and 
the drive forward.

VERIFICATION TECHNOL-
OGIES AND METHODOL-
OGIES WORKING GROUP 
(VTM)
by Keir Allen
(VTM Working Group Chair) and
Zoe Gastelum 
(VTM Working Group Vice-Chair)

VTM met on Wed November 18th and 19th, 
virtually, with over 30 participants, represent-
ing many Member and Associate Member Or-
ganizations and guests.

Four briefings were held on Wednesday 
18th. Antonio Figueroa Caceres from RWTH 
Aachen  reported ongoing work on nuclear 
forensics applications for international safe-
guards; Dunbar Lockwood from the U.S. 
National Nuclear Security Administration pre-
sented thoughts on the evaluation of the effec-
tiveness of safeguards through their historical 
evolution; Zoe Gastelum from Sandia National 
Laboratories discussed work on the cognitive 
impacts to users when machine learning algo-
rithms make mistakes and the potential effects 
of those impacts for nuclear safeguards, and 
Kelly Jenkins from Pacific Northwest National 
Laboratory provided an introduction to a new 
Data Science working group set up by the 
Institute of Nuclear Materials Management, 
which will cut across technical divisions.

The group continued its discussion of how 
VTM can contribute to answering calls to ex-
ploit the potential of ‘data analytics’ for safe-
guards. ‘Data analytics’ is a broad term, with 
different communities seemingly using it to re-

fer to various aspects of the potential benefit of 
applying data science tools to safeguards ap-
plications. The group discussed two aspects;

1. Use of business analytics tools and tech-
niques to better interrogate the current 
extent of safeguards data, to more effi-
ciently and effectively exploit it. Exam-
ples might include the use existing data 
to investigate trends through time, or 
across facility types; or to look at factors 
such as trends in reporting timeliness, or 
variance in the reporting outcomes from 
different inspectors. It might be that ex-
isting, standard business analytics pack-
ages could be applied to safeguards data 
to fulfil this type of analytical function. To 
date, the two main issues perceived by 
researchers attempting to help with this 
area are that: 1) The problems, challeng-
es and requirements to be addressed are 
not well understood or defined. 2) Access 
to data for research and development 
is limited. As a result, researchers don’t 
understand what the data looks like – its 
structure or content and fields. Even if 
real data is not available, to produce use-
ful proxy or fabricated data, researchers 
need to know what the structure.

2. Development of advanced analytics tools 
and methods, to analyze safeguards data 
in new ways or integrate data that is not 
usually combined, or that could lead to 
the more effective fulfillment of current 
technical objectives. We noted that there 
is great R&D across WG members in 
this area, and the research community 
is generally eager to share the results of 
its work. Nonetheless, there was a need 
to better communicate what this research 
entails and its potential uses to other 
stakeholder communities.

On Thursday 19th, the group held a produc-
tive meeting with the EXP WG. Approximately 
30 participants joined this joint meeting. The 
intention was to consider how the Safeguards 
and Export Controls regimes could bolster 
mutual benefits. In practice, the discussion 
focused on sharing ideas about data analytics 
using sources of trade data. It’s important here 
to acknowledge the remit and ability of differ-
ent user groups to use export control data in 
support of safeguards. For instance, Euratom 

Artist view of SoLid antineutrino detector and the reactor                                      



| 20

does not have a remit that extends to looking 
at the completeness of declarations made by 
its member states and so has no legal basis 
for using trade data. Notwithstanding this ob-
servation, the discussion proceeded consider-
ing how export control data is used to improve 
to IAEA safeguards. 

A notable point of the discussion was the need 
to work on methods to clean and process ex-
isting trade data to improve its quality since it 
currently typically contains of reporting errors. 
Examples include human input errors such as 
typographical mistakes and the attribution of 
incorrect category codes to export items since 
some of the codes can be difficult to interpret. 
An overarching theme that emerged from 
the two days of meeting was that a stronger 
conceptual framework is needed to structure 
the discussion and our understanding of how, 
when and where data analytics could broadly 
support safeguards, if a coordinated, efficient 
research agenda is to be developed. Such as 
framework could highlight the objectives, inter-
ests and needs of the different user commu-
nities with respect to the types of data used 
and how improved analytical techniques could 
increase the efficiency and/or effectiveness of 
the methods currently employed to fulfil the 
users objectives.

Noting the need to improve communication 
and develop a better framework for under-
standing user group needs, we proposed to 
use both the ESARDA Bulletin and Connec-
tor to strengthen links between the user and 
developer communities. We hope to engage 
user communities to publish their needs and 
visions for how data analytics could improve 
the fulfilment of their objectives, and research 
communities to publish developments in their 
research, which some consideration of how 
advances could be applied to the fulfil the 
needs of different user groups.

Given the interest of our WG members in ad-
vanced data analytics tools, we plan to hold an 
off-cycle VTM meeting prior to the next Annual 
Meeting to discuss the potential to submit a 
special issue of the ESARDA Bulletin on data 
analytics topics, focusing on novel methods 
for existing data. 

A new vice-chair was nominated to support the 
incoming chair, Zoe Gastelum, and is await-

ing confirmation by the EB. Keir Allen (AWE) 
expressed his thanks to the group for the sup-
port and engagement shown during his time 
as Chair and the WG thanked Keir for his 2.5 
years of service. 

IMPLEMENTATION OF 
SAFEGUARDS WORKING 
GROUP (IS)
by Walid M’Rad Dali 
(IS Working Group Chair)
by Marko Hämäläinen 
(IS Working Group Vice-Chair)

The Implementation of Safeguards Working 
Group (IS WG) is a horizontal issues working 
group of ESARDA. Its objective is to provide  
the Safeguards Community with proposals 
and expert advice on the implementation of 
safeguards concepts, methodologies and 
approaches aiming at enhancing the effec-
tiveness and efficiency of safeguards on all 
levels. This WG is also a forum for exchange 
of information and experiences on safeguards 
implementation. 

The IS WG normally organises at least twice a 
year a two-days meeting. This year, due to the 
COVID-19 pandemic, the WG met only once 
in the margins of the 42nd ESARDA annual 
meeting that was held through a videoconfer-
ence format from 17th to 19th of November 
2020.
This one-day meeting was hosted by the 
French Institut de Radioprotection et de 
Sûreté Nucléaire (the IRSN) and organised in 
two parts, the first part being open to anyone 
while the second part was open only to the IS 
WG members or other members of ESARDA 
upon request. The IS WG had also the oppor-
tunity to organise jointly during an afternoon 
a trilateral meeting with the FD WG and the 
C&S WG.

The IS WG part 1 meeting, organised in an 
open format and during which more than sixty 
people took actively part in the discussions, 
was the opportunity, inter alia, to discuss about 
the current status of the two main themes the 
group is thoroughly involved in since 2019 and 
for which lots of work have been provided by 

the Project Managers during 2020, in particu-
lar:

• Inspection regime in “ESARDA coun-
tries”: A finalised questionnaire was sent 
in June 2020 to the regulatory bodies of 
many countries in Europe, but also to 
some countries outside the continent. 
This is the first step of a study for which 
the WG hopes to deliver first results 
during the next INMM & ESARDA Joint 
Annual Meeting. 9 answers were already 
provided.

• Safeguards by Design in “ESARDA coun-
tries”: A finalised questionnaire was sent 
to the regulatory bodies of many coun-
tries in Europe in November 2020. This 
questionnaire will also be sent to other 
countries soon. The gathered results will 
be processed in order to  deliver first out-
puts during the next INMM & ESARDA 
Joint Annual Meeting.

It is also expected that the IS WG will release 
for this joint meeting a 3S paper.

For all those projects, there were implementa-
tion delays due to the pandemic. Nonetheless, 
it is hoped that the first expected results will be 
released on time.  

Regarding the World Café, five members 
of the group also presented on the activities 
performed within their organisation also as a 
follow-up of actions from the World Café report 
they  decided to pick up to implement in 2020. 
This part of the meeting was also the opportu-
nity to strongly encourage the participants to 
read the report and to apply actions they could 
implement in 2021.

The IS WG part 2 was organised in a closed 
format. More than 25 people were present, in-
cluding the core group of the WG. During this 
second part, the WG proceeded to the tradi-
tional roundtable discussions during which 
each participant from authorities, facilities 
or research institutions can present the last 
developments in the safeguards fields in its 
respective country/facility/institution and was 
informed about the last safeguards status up-
dates of Euratom and  the International Atomic 
Energy Agency. A major topic addressed was 
the consequences of the COVID-19 pandemic 
on the safeguards inspections regimes.
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About the coordinating role of the IS WG in 
the drafting process of a new State Level 
Safeguards chapter for the next edition of the 
ESARDA Syllabus currently under revision, 
the group reported on the current status of the 
drafting process. The draft chapter, which is 
supposed to be subdivided in four subchap-
ters, will be delivered at the  beginning of next 
year. This work involves members of the Inter-
national Atomic Energy Agency, the Joint Re-
search Centre, the US Department of State, 
the US Department of Energy and the Federal 
Agency for Nuclear Control. 

Finally, the trilateral meeting with the FD WG 
and the C&S WG was considered  a big suc-
cess. The three WGs decided to further col-
laborate in 2021 on the topic “Safeguards by 
Design practices for the EPGR facilities and 
the associated activities considering the evo-
lution of the C/S technologies and measures 
and the RDT” and to proceed as a first step to 
the organisation of a roundtable on this sub-
ject during the next INMM & ESARDA Joint 
Annual Meeting.

EXPORT CONTROL WORK-
ING GROUP (EXP)
by Christos Charatsis
(EXP Working Group Chair)

The A New Era for Export Control Capacity 
Building Programmes.

As the COVID-19 pandemic continues having 
an impact on all aspects of our life, tradition-
al providers of capacity building activities in 
export controls move forward to offer online 
trainings and e-learning curricula in order 
to respond effectively to current challenges. 
For example, the EU Partner to Partner Pro-
gramme (EU P2P) plans to convert its basic 
awareness-raising curriculum to e-learning 
modules while several of its specialised train-
ings have been transformed into webinars. 
Among these activities, the 6th EU P2P Sum-
mer University on Strategic Trade Controls 
was organised by the EU from 17 to 21 August, 
2020. The University stands out as a flagship 
initiative offering to non-EU export control ad-

ministrators a one-week full-immersion in con-
temporary export control topics. This year the 
University gathered officials from Middle-East, 
North Africa, South East Asia and Central Asia 
and covered topics such as legal aspects of 
a trade control system, reconciling academic 
freedom with export control objectives, data 
mining approaches for targeting risk assess-
ment techniques as well as the usefulness of 
export control instruments in the fight against 
the COVID-19 pandemic.

Capacity Building in the EU 
On the internal front, the 13th JRC-NNSA Li-
censing Seminar was organised in six online 
modules, in the period from September 15 to 
October, 6, 2020. During the seminar, an av-
erage of 40 experts connected to follow each 
session and engage in discussions on Cov-
id-19 crisis and export controls, the Strategic 
Trade Atlas, the Tools for Innovation Monitor-
ing (TIM) and its dual-use space, the Export 
Control Handbook for Chemicals, cyber sur-
veillance controls and emerging technologies, 
end-use/end-user assessment and trade con-
trols in research. Since 2007, more than 300 
licensing officers from the EU have attended 
the seminar. 

12th ESARDA EXP-WG Meeting
On December 4, the ESARDA Export Con-
trol Working Group (EXP-WG) convened for 
second time in 2019 in order to examine, this 
time, the usefulness of data driven approach-
es for implementing trade controls as well as 
for designing and assessing capacity building 
activities in the area of trade controls. 

The discussions revolved around three main 
topics: 

1. Methodologies for assessing trade con-
trol systems including identifying risk are-
as and key stakeholders;

2. Data management to the benefit of both 
safeguards and trade controls implemen-
tation and;

3. Data mining examples for Customs tar-
geting and profiling. The meeting provid-
ed also an opportunity to consider op-
tions for future research initiatives to be 
taken in the framework of the ESARDA 
EXP-WG. 

In connection to the second topic, a recurrent 
focus of the group’s activities is the mutually 
reinforcing role of safeguards and trade con-
trols for nuclear security and non-proliferation 
purposes. In this context, the group initiated 
a discussion, as whether data gathered for 
either purpose (i.e. under export control or 
safeguards obligations) need to be shared on 
systematic basis among different users (nu-
clear regulators, nuclear operators and export 
control authorities).

A diverse audience of more than 25 people 
from nuclear regulators to non-proliferation 
academics, from nuclear service providers to 
export control experts participated in the dis-
cussion centred on the usefulness of export 
control data and systematic approaches for 
implementing risk-based trade controls and 
targeted capacity building activities. A more 
detailed account of the Group’s deliberation 
is provided in the Communication Report, now 
available in CIRCA BC.  

13th ESARDA EXP-WG Meeting
Initially foreseen for May 2020, the 13th EXP-
WG was eventually held by online means on 
November 18-19. Dual-Use licensing authori-
ties, nuclear regulators, EU-based academia 
and NGOs, US national laboratories, Europe-
an Commission, and the IAEA and, last but not 
least industry representatives came together 
to conduct a virtual meeting and address in 
a timely and open manner an agenda of high 
relevance to the export control and broader 
ESARDA community. 

The main topics of the discussion addressed 
all those factors shaping the present and fu-
ture of export controls in the nuclear sector 
and beyond: geopolitics, export compliance 
in research and industry settings, the suita-
bility of export controls to tackle challenges 
linked to emerging technologies as well as 
the interplay of nuclear safeguards with export 
controls. The latter was also addressed in a 
Joint Session organised by the Chairs of the 
VTM and EXP WGs, Keir Allen and Christos 
Charatsis with a view to bringing closer the 
two communities and furthering exchanges 
on joint exercises and ways ahead to enhance 
the effectiveness and efficiency of safeguards 
implementation.  

https://public.tableau.com/profile/strategic.trade.atlas#!/
https://public.tableau.com/profile/strategic.trade.atlas#!/
https://ec.europa.eu/knowledge4policy/text-mining/topic/tim_analytics_en
https://ec.europa.eu/knowledge4policy/text-mining/topic/tim_analytics_en
https://ec.europa.eu/jrc/en/publication/export-control-handbook-chemicals
https://ec.europa.eu/jrc/en/publication/export-control-handbook-chemicals
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Furthermore, the EXP-WG discussed initial 
ideas of a closer collaboration with the INMM’s 
counterpart Working Group in view also of 
the joint ESARDA-INMM Annual Meeting, in 
August 2021. The Chair presented also the 
outcomes of the World Café exercise and dis-
cussed with the Group ideas to take up addi-
tional actions from the World Café report. 

Additional information on the main points and 
outcomes of the discussion will follow soon 
in a communication report to be published in 
CIRCA BC. 

TRAINING AND KNOWL-
EDGE MANAGEMENT 
WORKING GROUP (TKM)
by Thomas Krieger 
(TKM Working Group Chair), and
Riccardo Rossa 
(TKM Working Group Vice-Chair) 

This report summarizes the presentations held 
during the TKM Working Group (WG) meeting 
at the 42nd ESARDA Annual Meeting (Novem-
ber 16 – 19, 2020) including central discussion 
points as well as actions to be envisaged with-
in the next years. At this occasion, Riccardo 
Rossa from the Belgian nuclear research cen-
tre (SCK CEN, Belgium), was elected as new 
vice-chair of the TKM WG. About 20 partici-
pant attended the TKM WG meeting.

To recall, the main objectives of the TKM WG 
that will be further intensively pursued in the 
next years are to promote nuclear safeguards 
and non-proliferation education and training, 
and to organize the ESARDA course on nucle-
ar safeguards and non-proliferation.

In the first part of the TKM WG meeting, four 
presentations were given. First, Thomas Krieg-
er (Forschungszentrum Jülich (FZJ) GmbH, 
Germany) gave an update on the ANNETTE 
(Advanced Networking for Nuclear Education 
and Training and Transfer of Expertise) pro-
ject that was carried out from January 2016 
till December 2019, and that pursued the goal 
to enhance the Europe-wide efforts initiated 
in the past decades by different organizations 

belonging to academia, research centres and 
industry to maintain and develop education 
and training in the different nuclear areas. In 
his presentation the contributions of TKM WG 
members within ANNETTE were shortly de-
scribed: 1) Lectures on Nuclear Safeguards 
and Nuclear Security at the ANNETTE Sum-
mer School, 2) ANNETTE course on Nuclear 
Safeguards at SCK CEN and FZJ, 3) Work-
shops on Safeguarding the nuclear fuel cycle, 
State-level safeguards concept, and Prolifera-
tion resistance methodologies, and 4) Collec-
tion of short videos (https://www.youtube.com/
playlist?list=PLBoj6IWqIZNFT-brkusInhHX-
mAzPl7cHs) on Nuclear Safeguards topics.

Second, Kamel Abbas (JRC Ispra, Italy) gave 
an update on the ESARDA course on Nucle-
ar Safeguards and Non-Proliferation. He re-
capped its 18th edition in April 2019 with 50 
participants from Africa, Americas, Europa 
and Asia and 20 nationalities. Due to COVID 
19, this year’s ESARDA Course had to be 
cancelled and it is planned to have a remote 
ESARDA Course in April 2021. Therefore, 
practical exercises and visits of laboratories 
at JRC cannot be performed as usually and 
Kamel proposed as a TKM WG action to de-
velop a remote ‘’Hands-On’’ training. Then 
Kamel gave an update on the preparation of a 
New Edition of the ESARDA Course Syllabus: 
Only two chapters are missing that will be pro-
vided by the end of February 2021. There was, 
however, a lively discussion on the structure 
and content of the Syllabus, for example: 1) 
important topics such as “Nuclear Fuel Cycle”, 
“Final disposal of Nuclear Spent Fuel” and 
“Technology foresight and upcoming challeng-
es in Nuclear Safeguards” are not covered, 
2) the length of some chapters do not reflect 
the time slot of their respective presentations 
during the ESARDA course, and 3) some 
chapters are not presented at the ESARDA 
course at all. These issues are planned to be 
addressed in short term. For the proofread-
ing of the chapters Environmental Remote 
Sampling, Environmental Sample Analysis, 
EURATOM: Historical facts, Non-Destructive 
Assay in Nuclear Safeguards, SLC/A, and CS 
Kamel asked for volunteers. It was proposed 
that the presenters of the respective lectures 
at the ESARDA course should be asked to 
proofread the Syllabus chapter as long as they 
are not co-authors. 

Third, Gabriel Pavel (ENEN, European Nu-
clear Education Network, Belgium) presented 
SaTE (Safeguards Training and Education) 
advancements. The objective of the SaTE 
project is to strengthen the capabilities of 
the beneficiary national regulatory agencies 
and their support organizations (Ministries 
and any other associated organizations) in 
charge of nuclear safeguards. The training 
and education for the (potential) staff of these 
organizations will be done by 1-week and/or 
2-week courses and/or by a one year master 
program (first round Sept. 2021 – Sept. 2022) 
coordinated by Politecnico di Milano (https://
www.nuclearsafeguards.test.polimi.it/). Gabri-
el reported that the scientific committee has 
1) defined the topics to be taught during the 
courses resp. the master program, and has 
2) created the Intended Learning Outcomes 
(ILOs) for all topics. Currently the lecturers are 
identified and invited to contribute. The discus-
sion here was mainly focused on the format of 
the master program: What is the work load of 
the full time master, and can it be studied while 
working full time? Would it be possible to study 
half-time and finish the master in two years? Is 
it foreseen to include both professionals with a 
technical as well as non-technical background 
in the same master education?

Fourth, Mike Beaman (ONR, Office for Nuclear 
Regulation, United Kingdom) gave a presenta-
tion on “Training and Knowledge Management 
in the ONR safeguards team”. In order to build 
a team of safeguards inspectors, nuclear ma-
terial accountants and specialist support staff 
(9 in mid-2017 and more than 30 at the start 
of 2021), the capabilities of a suitably quali-
fied and experienced person as well as 12 
safeguards competencies (such as UK Safe-
guards policy and non-proliferation, Measure-
ment Techniques and Equipment, Safeguards 
Obligations and NCAs, and Domestic Legal 
Framework) were defined. Trainings are per-
formed depending on the competence-level of 
individuals and related sub-divisions.

In the second part of the TKM WG meeting, 
past and future WORLD CAFÉ actions have 
been discussed. Selected results are pre-
sented here (the action numbers refer to the 
respective numbers of the WORLD CAFÉ re-
port): 
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• In order to cooperate with organisations 
such as INMM (action 4.2), the TKM 
WG continues the collaboration with the 
respective counterpart at INMM, espe-
cially supporting the INMM/ESARDA 
conference 2021, and will make contact 
with VERTIC (Verification Research, 
Training and Information Centre). Also it 
is envisaged to take part at ENEN’s Gen-
eral Assembly (March 2021) and NESTet 
(November 2021) both held in Brussels 
(Belgium). Furthermore TKM WG mem-
bers will contribute to trainings in Nuclear 
Safeguards (see SaTE, action 4.7). 

• Regarding “Modernise CIRCABC and 
consider consolidating exchange plat-
forms” (action 6.2), “Create a safeguards 
knowledge dataset” (action 6.5), and 
“Create a database of opportunities 
(organisations, job opportunities, fel-
lowship…)” (action 6.6), it was recom-
mended to take advantage of INSEN 
(International Nuclear Security Education 
Network) experiences.

• Some TKM WG members showed inter-
est in becoming a member of the INMM 
Certification Program Working Group for 
International Safeguards Professionals.

• It is envisaged to give a feedback on the 
3-hour “Basic Training Course on IAEA 
Safeguards” which is an online training 
course aiming to provide a basic un-
derstanding of IAEA Safeguards and to 
give an overview of the resources that 
are available for States to strengthen the 
safeguards implementation in their coun-
tries.

• Willem Janssens (JRC Ispra, Italy) em-
phasized the importance of knowledge 
retention (related to action 4.4 of the 
Reflection Group 2019) for teaching and 
training, e.g., regarding the documenta-
tion of real cases of nuclear safeguards 
and (non-)proliferation. That allows to un-
derstand 1) where do treaties/rules/prac-
tices come from, 2) why were they made 
like they are (i.e., some things might have 
been left out for good reasons, or others 
might not have been included because 
not yet available 20+ years ago), and 3) 
how they need to be interpreted. Willem 
asked for volunteers from the nuclear 
safeguards and the strategic trade con-
trol community who would like to contrib-
ute to this knowledge retention effort.

EDITORIAL COMMITTEE 
WORKING GROUP 
(ED-CTEE)
by Andrea De Luca 
(ED-CTEE Working Group Member)

Since the last issue of the ESARDA Connec-
tor, the Editorial Committee has strived to 
improve the work output and continuity of the 
ESARDA Publications, even in these challeng-
ing times. Here below are some of the main 
activities and achievements.

ESARDA Bulletin Indexation
In July, the Bulletin Editors were informed that 
Scopus had given us a positive outcome for 
the selection of the Bulletin to be indexed with 
them. All documents were sent back signed, 
and in November after having provided the do-
cusign form to Elsevier, agreeing on providing 
them access to our content, we have received 
confirmation that the indexing process has 
started in order to include all the backlog of 
past Bulletin issues in the Scopus database. 
Furthermore, the Bulletin has also been sub-
mitted to other citation-index databases.

• Web of Science (pending)
• DOAJ (rejected for not having DOI on 

single articles)

ESARDA Annual Meeting Working Group
As is the case for every annual meeting, the 
ESARDA Working Groups have met in parallel 
to the main event, including the ESARDA Com-
mittee that now counts a wide group of people 
from a broad array of nuclear safeguards dis-
ciplines. This has ensured the quality of the 
latest achievements in ESARDA publications, 
providing valuable feedback in terms of content 
and to the peer-reviewing process. Overall, the 
Committee now counts approximately 20 people 
and keeps on growing thanks to the lively dis-
cussions taking place.
During the November meeting Elena Stringa, the 
exiting Chair, presented a broad overview of the 
activities that took place in the last six months, 
and brought up certain issues that needed to 
be discussed, and decided upon, during this 
meeting. One such issue regarded the difficulty 
in ensuring the inclusion of articles from certain 
nuclear safeguards topics that not necessarily 
deemed academic enough to ensure the inclu-

sion in the ESARDA Bulletin. As such, the Bul-
letin will now be going through a yearly review 
by Scopus, to evaluate the quality of its content. 
However, this delicate issue, whether to include 
articles from less academic topics, started a live-
ly debate, as it is clear to all that nuclear safe-
guards is a multi-faceted discipline, composed 
of academic/scientific topics and of legal/politi-
cal issues that co-exist to complete the sphere 
of safeguards. As a colleague quoted: 
“Nuclear safeguards is too political to be sci-
entific and too scientific to be political!”

This debate was discussed at length, and all 
agreed that one cannot exist without the other, 
so all articles are welcome to be submitted to 
the Bulletin as long as certain guidelines are 
followed. Guidelines that will be provided in a 
Publication Policy document that will be drawn 
up by the Committee and made public for all 
interested authors to refer to before submitting 
a paper. As proposed and discussed during 
the meeting, the guidelines will take into ac-
count existing manuals exploring the evalua-
tion of scientific R&D . Along this line, possible 
criteria that the article will need to meet - what-
ever the discipline of origin – might be:  

• Novelty/Innovation
• Creativity
• Systematicity
• Transferability/reproducibility

Aspects that are expected to be covered by 
the contributions are e.g.

• Objectives of the contribution
• Description of the novelty brought by the 

contribution
• Method/technique used
• How generally applicable are the findings 

or the results described

New Editorial Committee Leadership
After the great work that has been put into re-
shaping the Committee, the Chair of the Edi-
torial Committee for the past four years, Elena 
Stringa of the JRC, has officially handed over 
the role of Chair to Joshua Rutkowski from 
Sandia National Labs, and taking his place as 
Vice-chair is Guido Renda of the JRC. We are 
sure that the excellent work will continue and 
that more members will be willing to submit 
their interest in key roles of this fundamental 
working group of ESARDA.
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featured articles
This section presents prominent articles on the latest 
news and topics of interest in the safeguards com-
munity
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IMPACT OF THE COVID-19 
PANDEMIC ON THE IMPLE-
MENTATION OF INTERNA-
TIONAL SAFEGUARDS
IN FRANCE
by F. Bonino, J. Oddou, E. Vial, 
C. Calvez

The sanitary crisis due to the Covid-19 pan-
demic had several significant impacts on the 
implementation of international safeguards in 
France during the first semester of 2020. They 
were due to the:

• Restrictions on travels for French author-
ities and operators’ staff,

• Limitation of access to the national terri-
tory and to nuclear sites for international 
inspectors,

• Modified programs of activities on nu-
clear sites, including delays on planned 
inventories,

• Suspension of Euratom “physical” in-
spections for about 2 months,

• Declaration obligations and deadlines 
unchanged.

At the end of February 2020, the situation of 
the coronavirus Covid-19 infection deteriorat-
ed in Europe and the French authorities put in 
place specific measures, especially for people 
coming from infected areas who were
requested to respect a quarantine of 14 days. 
Beginning of March, the Comité technique 
Euratom (CTE) and its technical support staff 
(IRSN) had to cancel any travel to risk areas, 
in France and abroad. A state of health
emergency was declared in France on March 
11th and the general containment of the pop-
ulation was  implemented as of March 17th 
until May 11th, implying the generalization of 
teleworking and specific licences for
the strategic staff of the nuclear operators who 

needed to be on site.

The European Commission informed the 
Member States that all physical verification 
inspections of nuclear installations in the EU 
would be temporarily suspended as of March 
16th, 2020, including for joint inspections
with the IAEA. Nevertheless, declarations by 
operators pursuant to Regulation n° 302/2005 
remained an obligation under the same dead-
lines. The IAEA did not suspend its inspec-
tions and national declarations pursuant
to the Safeguards Agreement and the Ad-
ditional protocol (AP) had to be provided as 
usual.

During this period, because of strict legal 
measures limiting the geographical mobility, 
the staff present on site  was in a very limited 
number and the activity was exclusively dedi-
cated to ensuring the operator’s industrial
mission taking into account nuclear safety and 
security of the facilities. As the nuclear mate-
rial management was not in the top priorities, 
practical arrangements had to be found with 
the facilities, for example:

• On Georges Besse II gas centrifuge en-
richment plant, the operator (Orano) pro-
posed to suspend the daily deliveries to 
the IAEA mailbox, because it required a 
competent person on site, unnecessary 
otherwise. As  a compensatory measure, 
the Agency  ccepted the French author-
ities’ proposal, agreed with Orano, to 
receive by encrypted emails, on a daily 
basis, the non-sensitive data that are 
usually posted in the mailboxonsite;

• Orano staff usually dedicated to the 
Euratom and IAEA inspections being at 
home, without the possibility to come for 
a short notice inspection, we faced diffi-
culties to escort IAEA inspections. CTE 
and the operator agreed specific excep-
tional measures to be able to welcome an 
IAEA inspection in good conditions;

• Due to the suspension of on-site inspec-
tions by Euratom, nuclear material con-
tainers could not be verified and sealed 
as planned but the delivery time could not 
be delayed. In order to maintain the eco-
nomic activity, the Euratom inspectorate 
agreed to follow an alternative procedure 
to adapt to this exceptional situation: the 

operator put its own seals on the contain-
ers, scan the weigh tickets, provided the 
seals references and the weigh tickets to 
the Commission, the receiver checked 
the seals references and sent a written 
report transmitted to the inspectorate;

• Due to the containment measures, to 
the limited staff on site and to material 
constraints, some inventories planned 
in April and May could not be carried 
out and had to be postponed in June or 
during the summer 2020. In some cases 
(less than 5), the limit of 14 months be-
tween two inventories (article 13 of Reg-
ulation n° 302/2005) was not respected 
and official argued requests for specific 
derogations had to be made by the oper-
ator with the support of the CTE.

Concerning international declarations, dead-
lines were unchanged despite the sanitary cri-
sis and the operators  kept on with their dec-
larations as usual (e.g. advance notifications). 
As far as the AP is concerned, the deadline 
for the annual declaration (15th of May) could 
be respected without any difficulty. The first 
quarterly declaration for 2020 was sent in time 
(May 30th) but had to be complemented later 
because not all information could be  gathered 
on time.

The French authorities (CTE) had to provide 
information to the inspectors on the specific 
modalities to travel in France (attestation by 
the employer, personal certificate). In these 
particular circumstances, CTE insisted on the
necessity to have at least one inspector fluent 
in French to be able to exchange with the po-
lice and the operator  staff who were not the 
usual contact points.

During the containment, only one Euratom in-
spection took place in Melox facility (simplified 
by the fact that the Euratom inspector hap-
pened to live in France). The objective was to 
avoid a time consuming knowledge
acquisition following a technical failure on 
surveillance equipment. At the end of April, in-
spectorates started to plan inspections again 
in view of the decontainment as of May 11th.
A lot of effort was spent to prepare the con-
ditions for a smooth access to nuclear sites 
taking into account all the practical constraints 
(8 inspections were planned during the week 
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starting on May 11th). The specific case of
Euratom and IAEA inspections not being 
foreseen in the situations covered by the ex-
ceptional international travel  certificate, CTE 
had to request to an Interdepartmental Com-
mission a nominative derogatory authorization 
toenter the French territory for each travel and 
for each inspector who needed to cross the 
French border until the end of June (delay of 
instruction of approximately 48 hours including 
nights, holidays and week-ends).

On April 28, the French Prime Minister pre-
sented the national strategy for progressive 
decontainment, based on two phases:

• First phase from May 12 to June 2,
• Second phase from June 2 to summer.

During the travels in France, the inspectors 
had to present the employer’s certificates pro-
vided by the IAEA or the Commission and a 
personal certificate for each travel out of home 
or hotel, and to explain to the French police 
that their travel was related to imperative pro-
fessional reasons in case of control. These 
attestations were in theory sufficient, however 
international inspections constitute a very spe-
cific case which was not specifically listed. In 
order to facilitate the control by the police on 
the French territory, the CTE decided to pro-
vide a supplementary letter issued in French 
by the CTE as Prime Minister’s entity (with 
the phone numbers of the CTE’s  staff) which 
could be shown to the police in case of ques-
tion concerning the specificity of the Commis-
sion and IAEA inspector’s mission.

In practice, the international inspectors who 
travelled in France during this troubled period 
did not experience any difficulties.

SAFEGUARDS ACTIVITIES 
IN SWITZERLAND DURING 
THE PANDEMIC 2020
by Fausto Medici

Despite all the constraints given by the cur-
rent pandemic situation, all “regular” inspec-
tions during 2020 have been performed so far 
without any significant delay. Therefore, it is 
expected that the broader conclusion will be 
confirmed also for 2020. 
Some “support” inspections and IAEA equip-
ment upgrades were postponed. Two trans-
port campaigns from one NPP to the interim 
storage facility were postponed for technical 
reasons not bound to the pandemic. This fact 
helped also to have less inspections than 
planned.
Especially during springtime restrictions and 
requirements due to the pandemic changed 
rather frequently. This aspect made the plan-
ning of inspections quite a challenge. During 
the lockdown it was necessary to coordinate 
among others with the border control author-
ities communicating date, time and location 
of the entry point into Switzerland of the IAEA 
inspectors. Concerning the quarantine re-
quirements the Swiss SSAC got the confirma-
tion from the health authorities that for IAEA 
inspectors the foreseen exemptions according 
to the Swiss legislation could be applied es-
pecially if the stay in the country is less than 
five days. The Swiss legislation requires the 
presence of a state inspector during IAEA ac-
tivities. From this point of view there were no 
significant difficulties since all state inspectors 
could easily fulfil the required measures and 
conduct all inspections with the IAEA. It must 
be noted that the lockdown regime in Switzer-
land was not so severe compared to other Eu-
ropean countries.
However, since Switzerland is a federal state, 
in addition to the federal rules each canton can 
add additional ones. This is happening from 
the beginning of the pandemic since the re-
gional differences concerning infection rates 

were/are quite big. Furthermore, it is required 
by Swiss legislation that companies have the 
duty to protect their workers. This means that 
companies can also require additional meas-
ures and these can vary considerably from 
one company to the other. For example one 
NPP requires IAEA inspectors to travel by car 
from Vienna to Switzerland and during the 
lockdown a test by a local physician before 
inspecting the facility was mandatory. All other 
nuclear facilities do not have up to now special 
requirements that need special organisational 
or logistical efforts. Since the beginning of the 
crisis all IAEA inspections were performed by 
two inspectors. From the SSAC side, besides 
few exceptions, only one state inspector was 
present. All in all, besides the additional or-
ganisational efforts, the according to the SLA 
planned IAEA activities in Switzerland could 
be performed relatively smoothly, even an 
unannounced inspection (2 hour-notice) and a 
complementary access (24 hour-notice). 

IMPACT AND CAUSES OF 
COVID-19 PANDEMIC FOR 
BELGIUM BASED SCK CEN
by Alessandro Borella

1. What impact did C-19 cause in terms 
of external and internal communication in 
your organisation?
High need for information: from internal and 
external employees to healthcare customers

2. What communication strategy did you 
deploy towards your various stakehold-
ers?
Urgent in-house communication
We set up a process for reaching employees 
through combinations of emails, intranet post-
ings, flyers/posters, FAQs, digital signage… 
The plan identified simple key messages, a 
reliable process and the vehicles for provid-
ing continual updates and collecting feedback 
from employees.
• Stating the facts: sharing timely, accu-
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rate information. Providing clear instruc-
tions about what to do.

• Demystify the fear: communicating 
preventive actions we took to avert or 
contain transmission of the coronavirus 
at work. Focusing on technology and 
techniques for employee safety, hygiene, 
biohazard disposal…

• Promoting safety steps that employees 
can take at work: use posters, emails; in-
tranet postings, supervisor talking points, 
FAQs/Q&A’s. Describing the potential 
impact of an outbreak on our operations, 
services, travel, supply chain, business, 
restaurant, events… so employees can 
plan accordingly.

• Promoting safe travel policies: com-
municating about the organization’s 
stance on employee travel and restric-
tions. Promoting alternatives to travel 
such as web conferencing and phone 
meetings. If employees must travel, we 
offer clear guidance on safety protocols, 
augmenting with guidance from federal 
institutes.

• Supporting employees: the COVID-19 
crisis has been emotionally challenging 
for many people, changing day-to-day 
life in unprecedented ways. We acknowl-
edge these difficulties, thanked everyone 
individually for flexibility and creativity, 
try to empower them to deal with quick-
ly evolving situations and provide a safe 
space for employees to express if they 
are feeling unsafe for any reason.

• Promoting efficient home working: 
sharing helpful tips and tricks to tackle 
work at home (while taking care of the 
children), paying specific attention  to er-
gonomics at home and providing online 
tools to eliminate technological barriers 
in online communication. Communication 
is key. 

• Ensuring team spirit: You could con-
sider it the biggest HR experiment ever. 
The coronavirus keeps hundreds of 
thousands of office workers glued to an 
improvised home office. The use of VPN 
is booming. Also at SCK CEN. In these 
difficult times, ‘Together strong’ applies 
more than ever. How can you continue to 
be a strong team when half the team is 
working on the site and the other half at 
home? We shared practical tips, organ-

ized accessible challenges and offering 
possibilities to support a colleague. 
https://twitter.com/agamzec
https://twitter.com/Schreini82

• Tone of voice: serious, tact and attitude, 
communicate only if you have something 
useful to say, listen and keep up the di-
alogue.

Tools:
• Interactive via Q&A (video conferencing)
• Daily/weekly internal updates via direct 

mailing
• New intranet

External communication 
Clear communication for reaching external 
stakeholders, customers, suppliers…

• Objective: stay close to customers to 
not worry them, be transparent about 
business impact on services and pro-
duction and to make sure our company 
is presented in the right light at all times. 
Specifically for the production of medical 
radioisotopes, we installed a close con-
tact providing our partners a daily update. 
Medical radioisotopes can only reach the 
patient, if each link in the chain is proper-
ly working (SCK CEN for the irradiation 
services, IRE for the chemical purification 
process, TRANSRAD for the transport). 

• Tone of voice: communication made for 
people not consumers, showing exper-
tise, being cautious, but positive

Tools:
• One-to-one contact within the usual net-

work (mail/phone)
• Digital communication via

1) Website: one page for external audi-
ence on which measures and information 
about business continuity is continuously 
updated.
https://www.sckcen.be
2) Social media: as an extender of 
key  messages and trigger to website 
portal with extensive info Twitter,e.g:  
https://twitter.com/SCKCEN/Covid19-1
https://twitter.com/SCKCEN/Covid19-2
https://www.linkedin.com/
Direct mailing: with clear measures  
and their impact at service level

3.  What feedback, questions and concerns 
(about safety for example) from the stake-
holders did you deal with?
It was quickly clearly stated for external stake-
holders that SCK CEN remains 100% oper-
ational during the coronavirus crisis. As for 
our employees, the main question is how the 
federal government’s advice would be prac-
tically implemented at our research center. 
This is a continuous process, as the federal 
government was introducing more stringent 
measures in March, gradually relaxed those 
(in the framework of an exit strategy) and had 
to step up the measures due to the fact that 
Europa is experiencing a fresh spike in COV-
ID-19 cases.

4.  Any interesting good practice or exper-
imentation…
We set up a cross-functional COVID-19  crisis/
response team with appointed members from 
every function and discipline to assist. Team 
members were needed to step out of their day-
to-day roles and dedicate most of their time 
to virus response. Give them time, space and 
tools to do so. 

5.  The new tools used?
• It paid to test and monitor home-working 

technology before providing it en masse. 
Having the right technology, systems and 
process in place has always ensured be-
ing business-critical.

• In tandem with HR we developed and im-
plemented clear communications sharply 
focused on creating a distinct source of 
truth for employees in the crisis. It is crit-
ical that this is empathetic in tone and al-
lows two-way discussion so worries and 
difficulties can be raised and addressed.

https://twitter.com/agamzec/status/1257563136841957377
https://twitter.com/Schreini_82/status/1257435391562592257 
https://www.sckcen.be/en/impact-coronavirus-sars-cov-2
https://twitter.com/SCKCEN/https://twitter.com/SCKCEN/status/1245721841920073728
https://twitter.com/SCKCEN/status/1245721841920073728
https://www.linkedin.com/feed/update/urn:li:activity:6652881698843303936 
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COVID-19 AND IAEA 
SAFEGUARDS IMPLEMEN-
TATION IN 2020
Jeremy Whitlock
(IAEA)

Throughout the COVID-19 pandemic, despite 
unprecedented challenges to travel planning, 
office access, and the need to protect the 
health and safety of staff, the IAEA has con-
tinued to implement safeguards across the 
world. It accomplished this partly by focusing 
its in-field safeguards verification work on the 
most time-critical needs, and rescheduling 
less urgent activities, such as equipment in-
stallation and maintenance. In some cases 
novel solutions were required, for example, 
the chartering of aircraft to transport inspec-
tors to and from their destinations.

Despite these efforts, numerous technical 
challenges to verification were encountered in 
many States due to the unique circumstances 
of a global pandemic. Every effort was made 
to address these challenges in a timely man-
ner on a case-by-case basis, relying upon the 
essential cooperation of the States concerned 
(including support for any increase in the fre-
quency and intensity of planned activities), 
while ensuring consistency through the early 
establishment of an ad hoc IAEA review group 
of safeguards experts.

Unfortunately, the COVID-19 pandemic con-
tinues its stranglehold on global activities as 
2020 draws to a close, and 2021 begins. The 
IAEA will continue to rely on the resilience of 
its infrastructure, the professionalism of its 
staff, and the support of State and Regional 
authorities, operators, and contractors, with 
an expectation of being able to draw sound-
ly-based safeguards conclusions at the end of 
the year for all States.

HOW THE COVID-19 PAN-
DEMIC AFFECTED THE 
SAFEGUARDS IMPLEMEN-
TATION IN CZECH REPUB-
LIC
Šťastný Ondřej, Alois Tichy and 
Adam Pavlik
(SUJB)

COVID-19 pandemic affected the whole world 
and safeguards implementation was no ex-
ception. The responsibility for safeguards 
implementation in the Czech Republic is car-
ried out by the State Office for Nuclear Safety, 
specifically by the Nuclear Non-Proliferation 
Division.

During times of lock-downs when the state of 
emergency has been declared at the national 
level, the Division implemented a set of meas-
ures to ensure that the implementation of 
safeguards will be kept uninterrupted. Those 
measures specifically consisted of staff alloca-
tion into three groups to minimize the risk of 
contracting COVID-19 and quarantine for the 
whole team. Two groups alternated between 
work and home-office and there was always 
only one person present within the office/
room. The third (smaller) group was kept on 
permanent home-office as a reserve for such 
case of the both rotating groups getting infect-
ed and ending up in quarantine. Face masks 
were mandatory indoors at all times. The Di-
vision provided periodic updates for the IAEA 
and Euratom on new restrictions impacting 
inspections and number of positive cases in 
the Czech NPPs.

During the spring lock-down the IAEA and 
Euratom inspectors were added to a special 
white-list for persons allowed to cross Czech 
borders. The Division also issued written 
confirmations for inspectors transiting Czech 
Republic for inspections in third countries. 
Despite these measures, several routine PIVs 
were postponed (but the 14 months limit be-

tween the PIVs was kept) in order to reduce 
the risk during times when the amount of pos-
itive cased was peaking.

At Czech NPPs, non-essential staff worked 
from home. Face masks and disinfection were 
mandatory for all staff, temperature meas-
urements were carried out at the gates and 
all non-essential visits were prohibited. The 
spread of COVID-19 at NPPs was contained 
and the operation and safety including safe-
guards implementation was maintained. Ale 
the safeguards inspections planned at the 
both NPPs were carried out as planned. All 
the training and equipment testing planned 
to be performed at the both NPPs under the 
framework of the Czech Republic Support 
Programme to the IAEA safeguards was sus-
pended this year.

It can be concluded that COVID-19 pandem-
ic posed a great challenge for all parties in-
volved in safeguards implementation. At all 
the levels – operators, State Authority and the 
international inspectorates, the Euratom and 
the IAEA, have been facing difficult times. But 
the safeguards implementation and inspection 
efforts were carried out with the same level of 
assurances, that nuclear materials were not 
diverted for non-peaceful purposes. Moreover, 
such challenges brought specific opportunities 
– there was increased need of effective alloca-
tion of resources, usage of modern communi-
cation technologies, on-line meetings etc.

COVID-19 AND FINLAND-20
Olli Okko
(STUK)

Due to the coronavirus, The Radiation and 
Nuclear Safety Authority (STUK) adjusted its 
operations in March 2020 so that it can per-
form its duty also when the coronavirus epi-
demic spreads in Finland. Most of STUK’s 
employees, like other employees in the whole 
country, were asked to work remotely as much 
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as possible to avoid infections. The “digitalisa-
tion” and new working practices were adopted 
within a few days using the telecommunication 
networks in Finland. Employees were able to 
bring their laptops and other office equipment 
to home offices. The Government ICT Cen-
tre was overloaded for a few weeks but was 
able facilitate a major change in the Finnish 
society amazingly well. Most of the covid-19 
infections were reported in the capital area; 
and in order avoid spreading of the decease, 
the capital region - where STUK is located - 
was isolated for 3 weeks by the Government’s 
decision based on emergency legislation. The 
internal cross-border traffic was controlled, 
and the international travel was restricted or 
limited to minimal necessity particularly during 
March-July. The return to “normal life” was 
expected already after the summer vacations, 
but the reality is keeping the whole society 
back in the home offices as much as possible. 
We have been able to live without total lock-
down of shops.

The sites oversighted by STUK include un-
dertakings critical to the overall safety and 
security of society, such as healthcare and 
nuclear power, so the risk of infection is taken 
very seriously. Therefore, STUK also ensured 
that nuclear power companies have prepared 
for the coronavirus situation. The most signifi-
cant possible consequence of the coronavirus 

would be the simultaneous infection of oper-
ating personnel, which would have impacts 
on the operations of plants. Consequently, 
STUK’s on-site inspections will, for the time 
being, only be carried out at sites which are 
the most significant for safety, and the health 
authorities’ guidelines on avoiding close con-
tact will be considered in the inspection ar-
rangements. The use of face mask was adopt-
ed to the inspections. The annual outages at 
the NPPs were oversighted with inspector 
presence. Safeguards inspection followed the 
same principle.

The IAEA stated in March that it would con-
tinue to perform inspections of nuclear ma-
terials also during the coronavirus pandemic. 
This means that the countries and facilities 
to be inspected will have to take care of the 
arrangements required in this situation. The 
entry of IAEA’s inspectors into the country, for 
example, was arranged in cooperation with 
the Finnish Border Guard. The IAEA has per-
formed the expected the routine inspections 
at the NPP’s and one short-noticed inspection 
during autumn. Euratom cancelled its inspec-
tion in spring but continued its inspection work 
at the NPP’s after the main lockdown in spring. 
Inspection at holders of small amounts of nu-
clear material were cancelled or postponed. 
The oversight of the construction of new facili-
ties needs inspector presence at the site. The 

construction of the disposal facility for spent 
nuclear fuel is advancing, and thus the IAEA 
and Euratom carried out design information 
verification within a team of 7 inspectors in 
October as planned earlier. The already com-
mon health safety rules, i.e., testing, keeping 
distance, using mask were applied. The sec-
ond wave of the coronavirus reached Finland 
in October, and in November new restrictions 
were issued by the authorities. However, the 
planned visit by IAEA’s DG Rafael Mariano 
Grossi to the Olkiluoto new reactor and dis-
posal facility was hosted by the Ministries and 
Stakeholders in late November. In December 
the safeguards directors, headed by DDG 
Massimo Aparo visited the new kind of nuclear 
installation in order to familiarise themselves 
with the new practices and to facilitate the 
installation of safeguards equipment at the 
encapsulation plant and geological repository. 
The construction is progressing despite some 
new precautions due the coronavirus.

(While waiting for Christmas holidays and be-
ing aware of the acceleration of the second 
wave, I hope that all of you can stay healthy 
and safe under the “new normal” circumstanc-
es.)

THE 2020 INMM ANNUAL 
MEETING TECHNICAL 
PROGRAM
Carrie Mathews
(Technical Program Committee 
Chair)
 
In a year marked by isolation and separation, 
the INMM Annual Meeting, with its theme of 
Connection and Collaboration, was a wel-
come respite and timely reminder that we 
are a resilient community of nuclear materi-
als management professionals. The meeting 

Massimo Aparo (2nd left) visited Onkalo, the world’s first spent fuel repository, and discussed safeguards 
of this new type of nuclear facility with STUK experts. Source: twitter.com/STUK_FI
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gathered more than 700 people together for 
rich discussions and discourse in 75 sessions 
over five days. Five keynote addresses were 
delivered in daily plenary sessions, on top-
ics ranging from the nuclear nonproliferation 
regime to advancements in the nuclear fuel 
cycle, from long-term disposition of spent fuel 
to strengthening international safeguards and 
nuclear security. 

Pivoting to a virtual platform just 7 weeks 
before the meeting started was certainly a 
challenge. But a small team of organizers had 
been meeting every other week starting in late 
March, gathering information and making deci-
sions that ultimately led to the announcement 
on 21 May 2020 that for the first time ever, the 
INMM would be held virtually. INMM partnered 
with Falcon and BlueSky to create a platform 
that felt as close to our in-person meeting as 
we could manage. Presenters were asked to 
upload their pre-recorded slideshows to cre-
ate online poster and oral sessions. Panelists 
were invited to participate in live streamed 
sessions. The student paper competition was 
launched, with judges viewing presentations 
live and on-demand. A ‘virtual hotel café’ was 
created to facilitate interaction among partici-
pants. 

The entire process was dynamic, with every-
one learning as they went, adjusting as infor-
mation ebbed and flowed. Tech checks were 
scheduled with plenary speakers, and moder-
ators prepared their scripts to coordinate virtu-
al panels. Everyone learned new audio-visual 
terminology and downloaded new apps like 
Slack and Zoom and Slido. Flexibility, team-
work and faith were needed in equal measure. 
The uncertainty surrounding the Annual Meet-
ing led to many withdrawals of accepted ab-
stracts, from ~320 accepted to 242 presented, 
but a few last-minute panel sessions were or-
ganized to address timely topics of great inter-
est. One panel discussed how organizations 
– an inspectorate, a regulator, a production 
facility and a research laboratory - continued 
operating and fulfilled their critical missions 
during the pandemic. Another described re-
sponse and remediation of a Cesium source 
leak at a medical center. A special ‘women 
of mass distinction’ event was organized by 
INMM Vice President Susan Pepper, featur-
ing Ambassador Bonnie Jenkins who shared 

her lessons and insights she’s gleaned from a 
long and distinguished career. 

The technical program featured diversity: of 
topics, geography, gender, familiarity with 
INMM and career levels. Of the more than 
700 attendees, about half were not INMM 
members and many were first time attendees. 
81 were students, and 104 were from outside 
the United States. The most well-attended 
sessions included ‘Nuclear Security – Look-
ing Ahead’, ‘Emerging Technology in Safe-
guards’, Small Modular Reactors: Changing 
the Game’, ‘The Nonproliferation Regime’, 
and ‘Machine Learning and AI for Safeguards 
and Nuclear Material Accountancy’. If you 
missed some sessions or plenary speakers, 
don’t worry – you can purchase packages for 
on-demand viewing at inmm.org, through July 
of 2021, and the proceedings are available for 
members on the website as well.  

The 2020 Annual Meeting was a success and 
the INMM community was grateful to gather 
together as we have done every year since 
1959. But we learned a lot that will help us 
better serve our community in future virtual 
meetings. For example, participants want to 
interact with one another via video chat and/or 
live audio conversations. Although interaction 
among participants and with speakers was 
enabled through a Q&A/chat app (Slido) with-
in the sessions, the platform did not enable 
live connections. In addition, more time was 
needed in the schedule for breaks and side 
meetings. The exhibitors’ program for live in-
teractions/demonstrations needed to be eas-
ier to access. But the most important lesson 
we learned was that through a virtual platform, 
the INMM community grew, and will continue 
to grow as we reach beyond borders and elim-
inate obstacles to Annual Meeting attendance. 
This challenging experience ultimately taught 
us just how much we can achieve and how far 
we can go - through Connection and Collab-
oration. 

We are now busy planning the 2021 joint 
INMM-ESARDA Annual Meeting, to be held in 
Vienna, Austria (and we are working to have 
an online option as well), from 22-26 August. 
The theme is ‘Advancing Together: Innovation 
and Resilience in Nuclear Materials Manage-
ment’. We will need our members’ help to 

make the meeting a success.  Would you like 
to get involved? Contact INMM or ESARDA 
and check the organizations’ websites to learn 
more. 

mailto:inmm@inmm.org
mailto:JRC-esarda@ec.europa.eu
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technical articles
Technical articles covering the latest findings of our 
community of experts on fundamental issues
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PROLIFERATION 
RELATED ISSUES OF 
SODIUM-COOLED FAST 
BREEDER REACTORS   
by Vaibhav Mishra
(Uppsala University, Sweden)
(Participant of the 18th ESARDA Course,
selected student essay)

Abstract

The purpose of this study is to assess the di-
version attractiveness of the spent fuel mate-
rial of a selected sodium-cooled fast reactor 
(SFR) by modeling the plutonium buildup in 
the fuel and to model the neutron flux to as-
sess safeguards verification of the fuel. The 
study will extrapolate on the research conduct-
ed in [1] and build on previous work to estimate 
spontaneous fission neutron flux values and 
propose detection instrumentation for a safe-
guards verification. The  Finnish monte-carlo 
neutron transport code SERPENT was used in 
[1] to obtain the isotopics which were used in 
the present study to estimate the spontaneous
fission rates..

1 Introduction 

1.1 Key objectives

The present study is centered around estima-
tion of spontaneous fission neutron flux values 
from nuclides in the spent fuel discharged from 
a typical Liquid Metal-Cooled Fast Breeder 
Reactor (LMFBR) and will be used to assess if 
a measurement based on the estimated neu-
tron flux could be used to make a safeguards 
verification using existing techniques and 
equipment. For this purpose, the spontaneous 
neutron flux will be computed from isotopics 
for the spent fuel calculated in [1]. It is a well 
known fact that fresh LMFBR fuel contains 
U-238 in the core as driver and blanket fuel 
assemblies which, after consecutive neutron 
absorption and beta decays, can lead to the 
buildup of heavier actinides and trans-uran-
ics such as Pu-239, Pu-240 and others. The 
chain resulting in buildup of heavier isotopes 
is shown below:

1.2 Nuclear safeguards

The idea of nuclear safeguards was concep-
tualized to act as a deterrent from diversion of 
nuclear material for non-peaceful purposes by 
state and non-state actors. They comprise of 
a set of legal and technical measures through 
which, regulatory bodies such as the IAEA can 
verify that the states are honoring their legal 
obligations to use nuclear

material and technology for peaceful purposes 
and to assess that states live up to their inter-
national agreement and treaties.

According to the IAEA’s definition [2]:

“… the objective of safeguards is the timely 
detection of diversion of significant quantities 
of nuclear material from peaceful nuclear ac-
tivities to the manufacture of nuclear weapons 
or of other nuclear explosive devices or for 
purposes unknown, and deterrence of such 
diversion by the risk of early detection.”

The premise of nuclear safeguards hinges 
on nuclear material accountancy, and veri-
fication and characterization of nuclear ma-
terial is done largely with the help of NDA 
(Non-Destructive Analysis) and DA (Destruc-
tive Analysis) methods. Inspectors count fuel 
assemblies and perform measurements us-
ing non-destructive assay techniques which 
do not physically or chemically alter the item 
that is being verified. The outcome of such 

measurement campaigns are typically com-
pared against operator declarations in order to 
verify completeness and correctness of oper-
ator declarations. Examples of NDA methods 
include calorimetry, gamma spectrometry, and 
neutron assay (both active or passive).

In safeguards assessments, safeguards rele-
vant information can be considered; such in-
formation could for instance include read-out 
from in-core flux monitoring instrumentation 
such as that described in [5].

1.2.1 Safeguards measures - Non-De-
structive Assay methods

Non-Destructive Assay methods employ tech-
niques and instruments which can be used to 
verify spent fuel without changing the proper-
ties of the fuel. These techniques employ in-
strumentation that can measure gamma and 
neutron radiation emitted by spent fuel which 
are used to predict spent fuel properties like 
burnup, enrichment, and cooling time. Some 
of the instruments currently in use for such 
purposes are the SFAT (Spent Fuel Attribute 
Tester) [3] and the FDET (FORK detector sys-
tem) [3]. While the SFAT detector is used only 
for gamma measurements of the spent fuel, 
a FORK detector (FDET) may be employed 
for safeguards verification by means of both, 
neutron and gamma measurements. SFAT is 
employed for gross defect verification (to veri-
fy the presence of spent nuclear fuel) whereas 
the FORK detector has been long in use for 

Pool type sodium-cooled fast reactor (SFR), source: Wikipedia.com
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estimation of fuel parameters. Additionally, the 
FDET is used to make measurements under 
water in the spent fuel storage pool requires 
the assembly to be partially lifted from its stor-
age loation. As mentioned previously, FDET is 
sensitive to both, gamma and neutrons and 
makes simultaneous measurements using 
ionization (for gamma) and fission chambers 
(for neutrons). The design and the measure-
ment setup of the FDET system is shown in 
Figure 1.1. The figure shows a standard BWR 
FORK detector.

1.3 Fast Neutron Reactors (FNRs)

As the name suggests, liquid metal-cooled re-
actors use liquid metals like sodium as coolant 
to remove heat from the reactor core. This al-
lows for a high power density with low coolant 
volume and operability at low pressure since 
metals have high boiling points which further 
eliminates the requirement for pressurization. 
Liquid sodium, lead and several eutectic com-
positions have been proposed as coolants for 
these reactors. Since these metals have a very 
low absorption cross section for neutrons, the 
spectrum inside the core is very hard as there 
is barely any moderation. This has several 
benefits since a hard spectrum can be utilized 
to burn heavier actinides (in a burner) and sec-

ondly, also convert fertile isotopes (like Th-232 
and U-238) into fissile isotopes (in a breeder) 
which can be used as fuel. Therefore, a fast 
reactor can work as both, a burner as well as 
a breeder. A reactor which breeds more fuel 
than it consumes is called a “breeder” reac-
tor. A breeder reactor core has special regions 
which contain assemblies comprising solely 
of fertile material like U-238 or Th-232 which 
transmutate to fissile material upon irradiation 
with fast neutrons. The SFR closed fuel cycle 
assists in reuse of actinides and greatly re-
duces the long-lived radio-toxicity of the spent 
fuel. As an added benefit, the fast neutron 
spectrum better utilizes the uranium resources 
compared to traditional thermal reactors. The 
SFR is by far considered to

be the nearest-term deployable system for 
actinide management since it makes better  
use of the fuel than traditional LWRs. Much 
of the basic technology for the SFR has been 
developed and to an extent has also been 
deployed successfully in former fast reactor 
programmes, and is being put through its pac-
es by the Phenix end-of-life tests in France, 
at Monju in Japan where the restart of the 
reactor is being contemplated and the lifetime 
extension of BN-600 in Russia. New programs 
including the Chinese experimental fast reac-

tor (CEFR) and India’s prototype fast breed-
er reactor (PFBR) are also well on their way 
to demonstrating the success of this reactor 
technology. 

SFRs, particularly the breeder concept is an 
attractive alternative to LWRs for states with 
limited access to enrichment technology or 
enriched fuel and enable them to have thriv-
ing nuclear energy programs by making use of 
uranium deposits and reducing the radioactive 
waste volume more efficiently than any LWR 
technology ever could. Although the breeder 
reactors’ sustainability is limited to availability 
of driver fuel which can either be enriched ura-
nium or reactor grade plutonium from repro-
cessed LWR fuel  from old spent fuel or from 
decommissioning and dismantling of nuclear 
warheads.

1.3.1 Plutonium production in fast reac-
tors

e As mentioned in the preceding section, fer-
tile isotopes such as U-238 and Th-232 absorb 
fast neutrons and convert to fissile isotopes 
like Pu-239 and U-233 respectively, which 
can be used as fissile fuel in the core. Such 
reactions take place even in LWRs where the 
majority of neutrons are thermalized but a 
small proportion are fast and undergo capture 
in fertile isotopes instead of causing fission of 
fissile material. In fast reactors, where a larger 
proportion of neutrons fall in the fast region, 
neutron capture in fertile material present in 

(a) The BWR SFAT system used by the IAEA for attribute 
verification of spent fuel assemblies in their storage 
racks. [3]

(b) The FORK detector in use under water in a spent fuel 
storage pool. It may be noted here that the fuel has been 
lifted out of its storage location in the pool. [3]

Figure 1.1: NDA instruments used by IAEA inspectors for safeguards verification
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the core is the preferred reaction channel. In 
breeder reactors wherein there exist entire 
regions (breeding blanket) in the core with 
fertile material, significant fissile material 
breeding takes place due to the abundance of 
fast neutrons and fertile atoms. If production 
of fissile atoms (such as Pu-239) exceeds the 
consumption of fissile atoms in the core, the 
reactor is called a breeder and can in principle 
breed more fuel that it consumes. It is also un-
derstood that the plutonium bred in the blanket 
assemblies is of a very high grade (containing 
>97% Pu-239) making it a diversion attractive 
material. According to the IAEA [2], the signif-
icant quantity of plutonium stands at a mere 8 
kg thereby making the problem of safeguard-
ing it highly critical. However, the presence of 
heavier plutonium isotopes such as Pu-240 
degrades the plutonium grade since it make 
the material susceptible to spontaneous fis-
sion (and thereby prone to self detonation) 
and reduces its attractiveness. 

2 Computation

2.1 SERPENT model of LMFBR core

The model of the LMFBR core has been taken 
from [1]. A succinct summary of the the key 
features of the LMFBR core model is as fol-
lows: 310 hexagonal assemblies are packed 
in an overall hexagonal arrangement with the 
core divided into regions composed of breed-
ing assemblies and driver fuel assemblies 
(numbers vary for different  configurations). 
Apart from these, the core also has control lo-
cations for control rod assemblies (16) as well 
as reflector assemblies (90) and the remain-
ing are shielding assemblies in the periphery 
of the core.

2.2 Computation in earlier study

The evaluation conducted in [1] investigated 
with the impact of placement of blanket and 
driver fuel assemblies on rate of buildup of Pu-
240 in the SFR core. This was done to assess 
a scenario where a state entity might try to 
place blanket assemblies in certain locations 
in the core to breed high grade plutonium for 
a possible clandestine weapons program. To 
summarize the methodology employed in [1], 
two different core arrangements were evaluat-
ed (a.) homogeneous, wherein all driver fuel 

assemblies are placed in the center of the 
core and the core is surrounded by the blanket 
assemblies, and (b.) heterogeneous in which 
both driver fuel and blanket fuel assemblies 
are intermixed and are distributed throughout 
the core region as evenly as possible. Further 
details of SERPENT modeling and core con-
figurations analyzed are included in [1]. 

2.3 Computation in current study

Based on the spontaneous fission rate values 
obtained from SERPENT in [1], in the current 
study, spontaneous fission neutron flux values 
from blanket and driver fuel assemblies were 
calculated. These calculations were made us-
ing the spontaneous fission multiplicity factors 
obtained from Table 2.1. Additionally a com-
parison can be drawn between spontaneous 
neutron flux values of spent fuel from blanket 
and driver fuel assemblies. 

3 Results

3.1 Results from previous study

3.1.1 Heterogeneous - homogeneous 
core arrangements

In [1], it was found that different core arrange-
ments lead to different rates of buildup of 
spontaneously fissioning nuclei like Pu-240 
(along with some more heavier nuclei). Since 
these isotopes build up at different rates with 
burnup (and the effect is more pronounced at 

higher values of burnup i.e. > 20 GWd/MTU 
and the difference can  reach about 17% in 
some configurations), this feature can be used 
to fingerprint or identify fuel assemblies from 
each of these configurations. This is important 
since this fact makes some core configura-
tions more attractive than others from a prolif-
eration standpoint.

3.1.2 Contribution of Pu-240 to total 
spontaneous fission rate

It was observed in [1] that total spontaneous 
fission rates are much higher in driver fuel 
assemblies and climb steadily with burnup as 
compared to blanket fuel assemblies. In fact, 
the total spontaneous fission rates are several 
orders of magnitude higher in driver fuel than 
blankets. This fact can be used to distinguish 
the blanket fuel from the driver fuel assemblies 
during verification since the two have signif-
icantly different spontaneous fission rates. 
A more detailed explanation of the behavior 
and the evolution of total spontaneous fission 
rates with burnup in driver and blanket fuel is 
included in [1].

3.1.3 Super weapons grade Pu-239 
breeding potential

It was also shown in [1] that the blanket fuel 
assemblies are capable of breeding very high-
grade plutonium (> 95% Pu-239 and < 1% 
Pu-240) which confirms the attractiveness of 
this material for a proliferator. Further details 
of the analysis and possible degradation of the 
blanket fuel material with increasing burnup is 
included in [1].

3.2 Results from current study

3.2.1 Total spontaneous fission neutron 
flux rates

As mentioned previously, the isotopic number 
densities for a select group of isotopes were 
used to estimate the spontaneous neutron flux 
values in the current study. To achieve this, the 
spontaneous fission neutron multiplicity val-
ues (from Table 2.1) can be used to obtain the 
neutron flux rates from the spontaneous fis-
sion rates calculated by SERPENT. A total of 
17 nuclides were deemed important for com-
puting the spontaneous fission neutron flux 

Table 2.1: Spontaneous fission neutron yields [7]
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rates since neutron multiplicity values were 
available for them with Cf-252 as an excep-

tion since it was not built up in the spent fuel. 
The selected isotopes are listed in Table 3.1. 
These isotopes were selected for this study 
because they dominate the spontaneous neu-
tron flux spectrum in spent fuel.

Figure 3.1 shows the variation of spontaneous 
neutron flux rate for different core configura-
tions in both, driver and blanket fuel. The nam-
ing convention for the configurations has been 
borrowed from [1] and indicates the number of 
rows of blanket fuel assemblies and whether 
they are placed homogeneously or heteroge-
neously in the core. As can be observed from 
Figure 3.1, the spontaneous neutron flux rates 
from driver fuel is higher by order of about 
103 when compared to the neutron flux rates 
from the blanket fuel material. The neutron flux 
rates for both driver and blanket fuel were ob-
tained by multiplying the spontaneous fission 
rates from [1] with the spontaneous fission 
neutron multiplicity values from Table 2.1. The 
variation of the spontaneous fission neutron 
flux rates with increasing burnup for both blan-
ket and driver fuel have been shown in Figure 
3.1. It may be inferred that the neutron flux 
rates increase linearly with burnup for driver 
fuel and somewhat exponentially for blanket 
fuel from Figure 3.1. 

3.3 

Discussion and recommendations

From a safeguards standpoint, it is of tremen-
dous interest to limit the buildup of weapons-
grade Pu-239 in the blanket material used in 
SFRs largely due to the fact that plutonium 
bred in the blankets is of super weapons 
grade. In [1], it was established that a large 
proportion (up to 90% at some values of bur-
nup) of the spontaneous fission occurring in 
the blanket arise from Pu-240 which confirms 
that it is indeed the major cause of degra-
dation in the grade of plutonium bred in the 

blankets. As far as the spontaneous fission 
neutron flux rates from driver and blanket 
fuel are concerned, the current study shows 
that the neutron flux rates increase markedly 
with burnup and reach values of up to 6E108 
neutrons/sec for high burnup values in case 
of driver fuel and upto 4E105 neutrons/sec 
in case of blanket fuel for burnup reaching 
65 GWd/MTU. Flux rates of this order are 
expected to be detectable by the FORK de-
tector system which is known to be sensitive 
to much lower neutron count rates. Further 
information about neutron flux regimes that lie 
in the detectable range for the FDET system 

Table 3.1: Nuclides contributing to spontaneous 
fission rate

Table 3.2: Neutron flux rates from driver and 
blanket fuel (at burnup = 60 MWd/kgU)

a: Neutron flux rate from driver fuel.

b: Neutron flux rate from blanket fuel.

Figure 3.1: Spontaneous fission neutron flux rates
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is provided in [4]. It is also imperative to note 
that since the blanket and breeder assemblies 
have neutron flux rates which are significantly 
different from one another, a blanket assembly 
cannot be substituted with a driver fuel as-
sembly without being detected in using NDA 
techniques. Additionally, fuel movements with-
in the core to produce more weapons usable 
material are detectable since they significantly 
alter the core flux profile which is monitored by 
in-core flux detectors [5] and thereby provide 
supplement data which could be used in con-
junction with measurements made post fuel 
discharge for a successful safeguards verifica-
tion. Lastly, as mentioned preceding sections, 
in-core flux monitoring systems which monitor 
neutron flux in several locations in the reactor 
core during operation can also provide safe-
guards-relevant information during the course 
of a safeguards verification. 

3.4 Sources of error

It is suspected that the simplifying assump-
tions made during preparation of the SFR core 
model in SERPENT could lead to errors in the 
results. Some examples of such assumptions 
include: zero power production in the blanket 
assemblies (which is inaccurate in a real SFR 
where blankets have a significant contribu-
tion to total power output), no control material 
assumed present in the core (fully depleted 
control rods i.e. only B-11 present in the ab-
sorber), and adjustment of fissile material in 
driver fuel when blanket fuel was introduced 
in the core to keep the core neutron multiplica-
tion factor roughly the same at the beginning 
of life (BOL). In addition, a simple irradiation 

scheme was used with no cycle downtime or 
outages. This is expected to have a significant 
impact on the core physics thereby impacting 
the rate at which the isotopes studied in this 
evaluation build up. Thus, these assumptions 
are expected to introduce errors in the results 
however those errors were not quantified. 
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