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Dear ESARDA Community,

We have another busy safeguards year under-
way. We already met within the framework of
the Editorial Committee, the Working Groups,
and the Executive Board meetings in Geel,
Belgium from 30 January to 1 February. Many
thanks again to the colleagues in JRC Geel for
hosting us at this hybrid meeting. All in all, we
had eligible participation, both on spot and on-
line. For the WG meetings, having many over-
seas participants, on-line meetings are be-

coming established as a way of working. The
Editorial Committee and WG Chairs reported
their group activities for the Executive Board
on Wednesday afternoon and Thursday morn-
ing. By invitation, Irmie Niemeyer and Yetunde
Aregbe provided a World Café report summary
and outlook, with ideas on how to review the
actions and gather feedback from the Working
Groups. Results will be followed in the Annual
Meeting to be held in May.

continued on page 2...
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In the afternoon, we continued with a closed
EB meeting, with a more administrative agen-
da. Perhaps the topic that sparked the most
discussion was JRC engagement in ESARDA,
and how to guarantee ESARDA's functional-
ity in the future. It is acknowledged that JRC
is the heart and asset of the association and
most of the work input, including the Secre-
tariat, the Editorial Committee, and that the
organisation of the Annual Course is the re-
sponsibility of the JRC staff. Understandably,
it would be preferable if this burden were to
be shared more within the community. The EB
started to look for alternatives, but at the same
time, recognised the challenges of finding
ways to continue this much appreciated work
elsewhere. Some functions may be easier to
arrange in different ways than others. In par-
ticular, the Secretariat which needs the conti-
nuity and benefits from personal contacts and
experience, was considered difficult to organ-
ise with a shorter rotation, such as the Pres-
idency or EB membership. | imagine that we
can affirm that we have a common challenge
ahead of us, and that all the efforts to ensure
the continuity of activities are of utmost value.

Next, | would like to briefly mention the ongo-
ing review of the regulation. Many of us work-
ing with safeguards have surely come across
the revision of the Euratom Safeguards Reg-
ulation. The Belgian Presidency of the Coun-
cil of the EU and the European Commission,
organised in late February and early March
two online information sessions for stakehold-
ers on the proposed Commission Regulation
on the application of Euratom Safeguards,
published in December 2023. The Regulation
proposed considers new types of facilities
and geological disposal of nuclear waste and
spent fuel, reflecting the developments in the
Member States. It also enhances facilitating
safeguards by design for new builds, major
modifications, and decommissioning. One as-
pect of the revision also regards clarification
and reducing the administrative burden. We
can surely all agree that this work is important.
Especially ESARDA's Implementation of Safe-
guards WG is closely following the revision
and reflecting feedback to be discussed within
the community.

Now, on to recent and upcoming events. The
2024 ESARDA Course on Nuclear Safeguards
and Non-Proliferation (22™ Edition) was organ-
ised on-line from 15 to 19 April and featured a
full five-day programme with lectures, group
exercises and virtual visits to some of the JRC
Ispra research laboratories. The course is
open and relevant for anyone working in the
nuclear field, but especially for students and
young professionals. This course provides a
comprehensive review of the fundamentals of
non-proliferation and the implementation of
safeguards and is a great opportunity for pro-
fessional networking.

In addition, | would like to recall that the 2024
ESARDA Annual Meeting will be held at the
European Convention Centre, Luxembourg,
from 13 to 16 May 2024, facilitated by DG
ENER. This Annual Meeting is a closed event
reserved for ESARDA Parties, all our Associ-
ated and Individual Members and of course,
invited contributors. Monday afternoon will
be dedicated to the Steering Committee and
Executive Board Meetings. Tuesday, 14 May
is the plenary day, with keynote speakers in
the morning session and topical discussions in
the afternoon. In the session themes we plan
to continue the topic of Advanced and Small
Modular Reactors, which was already initial-
ised in the 2022 Annual Meeting Plenary. The
Working Group meetings will take place on
Wednesday and Thursday, before the Closing
Session on Thursday afternoon.

| would also like to take the opportunity to re-
mind you that one of the highlights of the year
will be the INMM Annual Meeting 21-25 July to
be held in Portland, Oregon, USA. Publication
of preliminary program and notification of ab-
stract status can be expected around the end
of March.

I would like to wish everyone a pleasant spring

and look forward to seeing you at the upcom-
ing events.

Mari Lahti
ESARDA President

Cennector
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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.

Cennector
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The IAEA Published the Develop-
ment and Implementation Support
Programme for Nuclear Verifica-
tion 2024-2025

This publication provides a comprehensive
overview of the Development and Implemen-
tation Support (D&IS) Programme for Nuclear
Verification (hereafter “the D&IS Programme”)
within the International Atomic Energy Agen-
cy's Department of Safeguards. The D&IS
Programme seeks to enhance nuclear verifi-
cation capabilities through collaborative efforts
with a diverse range of partners. Emphasizing
the commitment to innovation and sustainabili-
ty, this document is situated within the broader
context of the IAEA's nuclear verification man-
date.

®)
"/ | safeguards

IAEA

D P and
Support Programme for Nuclear
Verification 2024-2025

=

The primary objective of this publication is to
communicate the 27 safeguards-relevant De-
velopment and Implementation Plans to cur-
rent and potential partners to the Department
of Safeguards (hereafter “the Department”).
It seeks to engage partners in supporting the
Department's efforts to implement Safeguards
effectively, efficiently, and innovatively. Addi-
tionally, the document aims to inform partners
about the Department's resource needs and
facilitate discussions on collaborative initia-
tives that align with the overarching goal of
strengthening nuclear verification capabilities.

Read more.

The European Commission Propos-
es Revised Rules for the Applica-
tion of Euratom Safeguards

The Commission has proposed revised rules
on reporting by users of nuclear material in
the EU within the framework of the ‘Euratom
safeguards’ supervisory system. The proposal
consists of a new regulation to update and
replace the current Regulation 302/2005, tak-
ing into account the developments in recent
years in the nuclear sector and in information
technology. The aim is to ensure the contin-
ued effectiveness and efficiency of Euratom
safeguards in guaranteeing the peaceful use

Cennector

of civil nuclear materials in the EU.

The proposal follows and fully implements the
conclusions of an in-depth evaluation conduct-
ed in 2022 with the purpose of providing evi-
dence to support legislative decisions in this
policy area. In line with the Euratom Treaty,
it is now for the Council to approve this new
regulation.

Read more.

Welcome to Helena Cedergren,
New IS Working Group Vice-Chair

Marianne Calvez, IS WG Chair, has recently
been joined by Helena Cedergren as new WG
Vice-Chair. Since around 6 years back Hele-
na is an inspector at the Section for Nuclear
Non-Proliferation at the Swedish Radiation
Safety Authority (SSM), with a responsibility
for nuclear safeguards. She has a bachelor of
science (BSc) in chemistry, with more than 20
years of experience in quality assurance, do-
mestic and international inspections in different
industries e.g. environmental control, phar-
maceutical, steel and automotive. Among her
current responsibilities at SSM is safeguards
at small holders of nuclear materials and par-
ticipating in safeguards inspections performed
by the IAEA and Euratom. She has been the


https://www.iaea.org/sites/default/files/24/01/development-and-implementation-support-programme-for-nucear-verification-2024-2025.pdf
https://energy.ec.europa.eu/news/commission-proposes-revised-rules-application-euratom-safeguards-2023-12-21_en
https://www.iaea.org/sites/default/files/24/01/development-and-implementation-support-programme-for-nucear-verification-2024-2025.pdf
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representative from SSM in ESARDA Working
group for Implementation of Safeguards since
2019.

Read more.

STUK published “Highlights of In-
ternational Cooperation for Safety,
Security and Safeguards in 2023”

In a world often beset by challenges and con-
flict, the international cooperation stands as a
beacon of hope and progress. As we reflect
on our achievements and commitments in the
realm of global collaboration, it becomes evi-
dent that our collective efforts have yielded
good results.

Today STUK - Séteilyturvakeskus published
“Highlights of International Cooperation for
Safety, Security and Safeguards in 2023". Read
more about our cooperation to support Ukraine
and working together with African Commission
on Nuclear Energy (AFCONE) and African
countries and much more.

Read more.

VERTIC partners with the US to
provide nuclear safeguards imple-
mentation assistance to Lao PDR

Senior Researcher Hugh Chalmers attended
an IAEA safeguards implementation workshop
in Lao PDR, where he explained how states ful-
fil their international safeguards commitments
through domestic legislation. He presented
a set of case studies that demonstrated the
safeguards provisions typically captured in leg-
islation, and the different structural approaches
taken by states to achieve this.

The workshop was hosted by the Lao PDR
Ministry of Education and Sport and delivered
by the US National Nuclear Security Adminis-
tration’s International Nuclear Safeguards En-
gagement Programme (INSEP).

Read more.

IAEA Announces the International
Database of Reference Gamma
Spectrum (IDB)

The Nuclear Data Section of the IAEA an-
nounced that the International Database of
Reference Gamma Spectrum (IDB) is avail-
able at https://nds.iaea.org/idb. The IDB cur-
rently contains over 1500 well characterized
gamma datasets. The IAEA Department of
Safeguards contributed to the IDB which
was sponsored by the United States Support
Program. The main customers of the IDB are
expected to be the nuclear safeguards and
nuclear security communities, but all are wel-
come. More information about the IDB can
be found at https://www-pub.iaea.org/MTCD/
Publications/PDF/Newsletters/nd76.pdf.

Search Datasels

Natastal metutaty

:
-

32 Datases | Duwnloed ol dala &

Two screengrabs of the International Database
of Reference Gamma Spectrum (IDB) metada-
ta-based search.
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The entire database can be downloaded from
the IDB homepage which also provides a link
to contact information.

The IDB's metadata-based search allows us-
ers to find spectra that match entered metada-
ta values. For example, results of a search for
spectra from Pu? material in powder form are
shown below:

Details of a spectrum returned in a search can
be viewed by clicking on the ID link in the table
showing the returned spectra.

Read more.

Spectrum 1521 [0y
[ SpctnmDab wkfsmed |

Caritcars

Spectrum mesadata


https://esarda.jrc.ec.europa.eu/working-groups/implementation-safeguards_en
https://www.julkari.fi/handle/10024/148660
https://www.vertic.org/2024/01/vertic-partners-with-the-us-to-provide-nuclear-safeguards-implementation-assistance-to-lao-pdr/
https://nds.iaea.org/idb
https://www-pub.iaea.org/MTCD/Publications/PDF/Newsletters/nd76.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/Newsletters/nd76.pdf
https://nds.iaea.org/idb
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EVENTS

13- 16" May 2024
ESARDA 46" Annual Meeting

Luxembourg Congress Conference Centre, Luxembourg

The 2024 ESARDA Annual Meeting is planned to be held at the Luxem-
bourg Congress Conference Centre, Luxembourg, from 13-16 May 2024.
This annual meeting is a closed meeting reserved to ESARDA Steering
Committee, Executive Board and Working Groups” members,

Read more]
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Annual
Meeting

16th - 20th June 2024
7FP GENTLE intersemester course on nuclear

safeguards and security
European Commission JRC, Geel, Belgium
This course focuses on providing fundamental principles for the peaceful

use of nuclear energy and development of technology related to measure-

ment and detection of nuclear materials.
[Read more]

sclk cen

21st- 251 July 2024

2024 INMM Annual Meeting

Portland Marriott, Downtown Waterfront, USA

Join INMM in July for the 65" Annual Meeting. The INMM 65" Annual
Meeting will discuss topics on Nuclear Materials Management.

Read more]

I INMIVI

<~ INSTITUTE OF
NUCLEAR MATERIALS
MANAGEMENT

X
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https://inmm.org/page/events
https://esarda.jrc.ec.europa.eu/events/esarda-46th-annual-meeting-2024-05-13_en
https://www.sckcen.be/en/events-courses/7fp-gentle-intersemester-course-nuclear-safeguards-and-security-673119ee-b298-e311-9125-00155d010700
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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 overview of findings in
their fields of interest.

Cennector
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CONTAINMENT AND
SURVEILLANCE

WORKING GROUP (C/S)
by Heidi Smartt

(C/S Working Group Chair), and
Vitor Sequeira

(C/S Working Group Vice-Chair)

The Containment/Surveillance (C/S) working
group’s mission is to provide the safeguards
community with expert advice on C/S instru-
ments and methods and on their performance
and act as a forum for the exchange of infor-
mation on such instruments and methods,
including unattended and remote monitoring
systems. The group held two meetings dur-
ing the last year. The first meeting took place
in Vienna, Austria, at the end of the INMM &
ESARDA Joint Annual Meeting, Friday, May
26. As the Annual Meeting took up much of
the week, the C/S working group meeting
was very short. Heidi Smartt (Sandia Nation-
al Laboratories, Albuquerque, United States)
took over as chairperson from Katarina Ay-
manns, and Vitor Sequeria (Joint Research
Center (JRC), Ispra, ltaly) took over as vice-
chair from Heidi. Presentations were given on
muon tomography for shielding casks and for
verification of geological repositories; a new
passive loop seal, R2P2, developed by JRC;
and the |AEA provided seal and surveillance
updates.

The working group met again at JRC, Geel,
Belgium, on Tuesday, January 30 for a full
day. There were approximately 27 partici-
pants with about 9 attending in person. Pres-
entation topics included: a new passive loop
seal “Puck” under development by Sandia
National Laboratories; a related passive loop
seal with RFID and ability to monitor wire
loop continuity by Oak Ridge National Labo-
ratories; an update by the IAEA on their new
passive loop seal FVPS and new active loop
seal AUAS; a talk by JRC, Ispra on point cloud
segmentation for spinning laser sensors; an-
other update by the IAEA on the Next-Next
Generation Surveillance System; another
JRC-Ispra talk on active learning for image re-
trieval; a talk on a new polymer material that
can indicate the type of tamper attack (me-

chanical, chemical, thermal); an update from
both STUK and JRC-Ispra on safeguards for
Olkiluoto geological repository and the Resi-
dent Inspector (a quadruped robot deployed
within the tunnels); and an update on the San-
dia National Laboratories’ Inspecta project (an
Al-enabled smart digital assistant with Spot
robotic support).

The working group will meet again at the ES-
ARDA Annual Meeting, Luxembourg, on May
15, 2024.

EXPORT CONTROL

WORKING GROUP (EXP)
by Henri Niittymaki

(EXP Working Group Chair), and
Maggie Arno

(EXP Working Group Vice-Chair)

EXP-WG is now looking to the future, where
emerging technologies and SMR’s await.
Development alone cannot be examined
from the perspective of export control, but
the whole must include e.g. SbD. EXP-WG
has identified the need to get together and
organise a workshop together with another
ESARDA working group. This has already
been planned with IS WG. The aim was to
strengthen the impact and effectiveness of
the Group’s efforts in the coming years, es-
pecially in light of new technologies and small
modular reactors (SMRs) that promise to pro-
foundly shape the export control landscape.

EXP-WG convened remotely on Monday,
January 29, 2024 using the TEAMS platform.

Cennector
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Figure 1: (left) JRC, Ispra’s Reusable Random Pattern Passive Seal (R2P2), (center) Sandia National
Laboratories’ Puck Loop Seal, (right) IAEA's Field Verifiable Passive Loop Seal (FVPS)

The meeting offered an overview of the sta-
tus and prospects of the EXP-WG key focus
areas. Three presentations illuminated topics
of relevance in the realm of export control.
Firstly, the discussion centered on the inclu-
sion of drone technology in supply chains
that may ultimately support Russia’s military
operations. This topic sparked discussions
and prompted considerations on enhancing
oversight effectiveness. Thus far, there have
been no reports of radiation measurement
equipment being incorporated into drones.

Secondly, the meeting delved into the latest
edition of the Peddling Peril Index (PPI). The
presentation provided a comprehensive over-
view of the index’s updates and country-spe-
cific rankings. Discussion ensued regarding
the implications of the ranking changes, with
an emphasis on enhancing the traceability
and consistency of the index. The inaugural
PPI was published in 2017.

As the final presentation, the group examined
the current state of export control on the US
research front. This review offered valuable
insights into emerging trends and challenges.

In conclusion, the 17th meeting successful-
ly provided in-depth insights into key topics,
leaving participants with new knowledge and
perspectives.

In addition, the EXP-WG discussed topics
and prerequisites for the 18th meeting. EXP-
WG chairs raised the issue of discussion and
research on the emergence of new technol-
ogies and their impact on the adaptation of
export controls to international protocols. This
is an important subject in view of the simi-
larities between nuclear and export controls.
It was noted that a joint meeting with the IS
Working Group would be an optimal solution
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for the upcoming ESARDA Annual Meeting,
which will take place in Luxembourg on 14-16
May 2024.

IMPLEMENTATION OF
SAFEGUARDS
WORKING GROUP (IS)

by Marianne Calvez

(IS Working Group Chair), and
Helena Cedergren

(IS Working Group Vice-Chair)

The Implementation of Safequards Working
Group (IS WG) is a horizontal issues working
group of ESARDA. lts 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 safequards on all
levels. This WG is also a forum for exchange
of information and experiences on safeguards
implementation.

In 2023, the working group met three times.

The first meeting was organised as part of
the INMM-ESARDA annual meeting in May
in Vienna as a special session in conjunc-
tion with the INMM ISD (International Safe-
guards Technical Division). This half-day
face-to-face meeting focused, for example,
on Safeguards by Design (SBD) and Small
Modular Reactors (SMRs). The aim was to
strengthen cooperation between ESARDA
and INMM experts on certain topics related
to safeguards implementation. The partic-
ipants discussed the possibility to organise
a special event on SMRs. Around 60 partici-
pants attended this half-day meeting.

The second meeting took place virtually in
June. The central theme was State Level Ap-
proaches (SLA) and participants discussed
how SLAs are implemented in their respec-
tive countries. Representatives from the
IAEA and the EC shared their perspectives
on this topic. During the round table, attend-
ees delved into the current implementation

of SLAs and challenges faced in different
countries were highlighted. The meeting also
included a brief session on bilateral nuclear
cooperation between the EU and the UK.
Participants found the meeting highly valua-
ble and discussion on the evolution of SLAs
will continue and how it affects to the practi-
cal safeguards implementation in the states.

The third meeting was held in hybrid form
and hosted by STUK in September and over
40 participants attended, either in person
or virtually. The focus was on current safe-
guards topics and approaches in Finland, es-
pecially on how spent nuclear fuel disposal
project is advancing and the safeguards is
implemented in the EPGR facilities (Encap-
sulation Plant and Geological Repository).
The current status of decommissioning and
safeguards implementation was presented
and the meeting introduced ongoing Finnish
SMR projects, emphasizing the role of Safe-
guards by Design (SBD). Participants shared
updates on safeguards implementation in their
respective countries.

In connection with the recent IS WG meeting,
a half-day joint meeting with the ESARDA
Final Disposal Working Group (FD WG) was
organized. FD WG members presented the
current approach to safeguards for final dis-
posal and discussed ongoing research and
development. The meeting concluded with a
discussion on the challenge of passing knowl-
edge to future generations.

In 2024, the ESARDA IS WG will meet twice.
The first meeting will take place over a day and
a half on 15 and 16 May, in conjunction with
the annual meeting organised in Luxembourg
in 2024. This meeting can only take place in
person. For the second meeting the group will
meet at the invitation of Swiss Federal Office
of Energy in Switzerland in the autumn.

In January 2024, the Group’s chair and vice-
chair changed: M. Calvez succeeded M.
Hamaélainen as chair and H. Cedergren be-
came vice-chair. They had already been active
members of the group for several years and
intend to continue the group’s work.

Cennector

MATERIAL BALANCE
EVALUATION (MBE)

by Vincent Janin

(MBE Working Group Chair), and
Michael Whitaker

(MBE Working Group Vice-Chair)

The Material Balance Evaluation (MBE)
Working Group was established to share
best practices and knowledge related to MBE
in large bulk handling facilities (e.g., repro-
cessing and uranium enrichment). The main
objectives are to (1) establish guidelines on
MBE, (2) provide robust methodologies for
in-process inventory verification and MBE, (3)
share best practices and knowledge, and (4)
contribute to international reference through
publishing guidelines and ESARDA publica-
tions. Four subgroups are facilitating the ac-
tivities of the working group:

1. Regulations,

2. Methodologies and Statistical Assump-
tions,

3. Good Practices for Monitoring and Accu-
racy Improvements, and

4. Near-Real Time Accountancy (NRTA)
Studies and Perspectives.

Last Fall, subgroups 2 and 3 held virtual
meetings and the entire working group had
an in-person + remote meeting in conjunc-
tion with the ESARDA Board meeting in
January 2024. Subgroup 2 has organized
8 presentations on methodologies so far.
Subgroup 3 distributed an 18-question
survey on MBE practices and challenges
in April 2023 and has received responses
from 12 organizations. Subgroup 4 has
been sharing work on NRTA systems and
simulation tools. The working group is pro-
gressing towards producing an MBE Hand-
book with “bricks” addressing selected top-
ics prepared by the subgroups. We will be
reaching out to other ESARDA workings
groups sharing common interests. The
next In-person + remote meeting is being
planned for May in Luxembourg and Orano
is planning a visit of GBIl and associated
laboratory by the end of 2024.
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TRAINING AND KNOWL-
EDGE MANAGEMENT
WORKING GROUP (TKM)

by Riccardo Rossa

(TKM Working Group Chair), and
Pierre Funk

(TKM Working Group Vice-Chair)

The ESARDA TKM Working Group (TKM WG)
met on January 30th 2024 at the JRC site of
Geel in Belgium with remote connection also
possible.

The hybrid meeting attracted about 15 par-
ticipants and featured 5 presentations. The
activities of the GIF Education & Training
Working Group (ETWG) were presented by
Patricia Paviet (PNNL). An update on the ES-
ARDA course, with a view on the medium term
developments in terms of funding and organ-
ization was given by Kamel Abbas (JRC-Is-
pra). The brainstorm session on “Current and
future needs to Education & Training (E&T)”
was continued from the last meeting in May
2023 and was led by Riccardo Rossa (SCK
CEN). The ABACC approach to E&T activities
was presented by Sonia Fernandez Moreno
(ABACC). The IAEA approach to Knowledge
Management was outlined by Sofya Hambar-
yan (IAEA).

Figure 1: Geographical location of participants of the TKM WG meeting.

The 22nd ESARDA course on nuclear safe-
guards and non-proliferation will be organized
on-line from April 15th to April 19th 2024. The
ESARDA course is co-organised by the JRC’s
Nuclear Safety and Security directorate and
the ESARDA Training and Knowledge Man-
agement working group.

The second edition of the First Level Specializ-
ing Master on Nuclear Safeguards, organized
by the Politecnico di Milano and the Europe-
an Nuclear Education Network (ENEN) in the
frame of the SATE project (https://www.nucle-
arsafeguards.polimi.it/) started in November
2023. The second edition is scheduled to run
until January 2025.

Cennector
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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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KFKI ATOMIC ENERGY
RESEARCH INSTITUTE

TRANSFER TO HUN-REN

by Hedvig Eva Nagy
(HUN-REN Centre for Energy Re-
search, Hungary)

The Nuclear Security Department (NSD) of
the Centre for Energy Research (and its legal
predecessor) plays an important role in Hun-
garian safeguards activities.

The Centre for Energy Research was estab-
lished in January 2012 on the basis of two
former independent institutions, the Research
Institute for Atomic Energy and the Institute
of Isotopes. From 2019, the research centre
has been transferred to the E6tvos Lorand Re-
search Network. From 2024 January the Cen-
tre for Energy Research continues to operate
as the HUN-REN Centre for Energy Research,
as part of the Hungarian Research Network.

The aim of the HUN-REN Centre for Energy
Research (HUN-REN EK-CER) is to carry out
basic, applied and developmental scientific re-
search of international standard in the fields
of nuclear energy, functional materials and na-
nosystems, environmental protection, energy
efficiency and energy security.

One of the 21 research groups is the Nuclear
Security Department (NSD). Its activity covers
research and practical application in the field
of nuclear security and nuclear safeguards, as
well as professional support for national and
international organizations and companies.
The research, method development and tech-
nical service tasks are carried out in several
closely cooperating groups in the following
areas: non-destructive (gamma spectrometry
and neutron measurement) and destructive
analysis (mass spectrometry, alpha spectrom-
etry), dosimetry, instrument development, mo-
bile expert support team and a detector testing
laboratory.

Hungary provides regular and effective sup-
port to maintain and further develop the IAEA’s

nuclear safeguards system, mainly in three
areas: |AEA training activities, testing of new
instruments and equipment, and development
of equipment and technologies. The Centre
for Energy Research, as a Technical Support
Organisation of the Hungarian Atomic Energy
Authority, participates in these activities too.

Among others e.g., the NSD and its legal pre-
decessor, the Institute of Isotopes, developed
the PSFAT device to help safeguards inspec-
tors in cases when Cherenkov viewing devic-
es were not usable and a list-mode pulse-train
recorder, PTR-32HV which has been author-
ized by the IAEA for safeguards applications.
A measurement method was developed to
determine the Pu content of disused Pu-Be
neutron generators to measure their real Pu
content (Pu content could only be calculated
on the basis of the neutron-yield data provid-
ed by the supplier) before their shipment to
a storage place. Based on the results of the
measurements, the original Pu content of the
sources — as described in the official docu-
ments — had to be significantly modified.

The NSD takes part also in different EU and
IAEA training activities like the IAEA Train-
eeship Programme for nuclear professionals
from developing countries and Additional Pro-
tocol Exercise (APEX) for IAEA inspectors.
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Abstract

Nowadays within the urge for safe and relia-
ble sources for electricity production, there
are various designs with respect to the type
of the reactor and corresponding fuel that
can be used. Each one of the designs has a
unique characteristic and that's one of the rea-
sons which makes the nuclear industry face
many challenges. One of the most vital needs
of every design, based on the regulation set
by the International Atomic Energy Agency
(IAEA) is the proof of Nuclear Non-Prolifera-
tion which indicates that the use of reactors
and fuels, in general, the energy system is
only limited to peaceful purposes. Therefore,
the IAEA will impose some limitations and
restrictions in terms of the use of energy
systems, also, IAEA encourages the imposi-
tion of safequards (rules) by design concept
rather than the procedure for simplifying the
safeguard applications on any nuclear facili-
ties That is why Proliferation Resistance (PR)
is defined as one of the characteristics of the
nuclear energy system and can be subjected
to either design or procedure. PR means im-
peding the diversion, undeclared production of
nuclear material, and misuse of the technol-
ogy, by the host state seeking to use nucle-
ar technology for un-humanitarian and non-
peaceful purposes.

One of the milestones in considering the is
development of a special safeguard called
Non-Proliferation Treaty (NPT). This treaty
was opened for signature in 1968 and entered
into force on 5th of March 1970. Under NPT,
non-nuclear-weapon States that are described
as countries which are not equipped with nu-

clear weapons, have committed themselves to
impede any misuse of nuclear material such
that can have adverse effect on peaceful pur-
poses. Based on the meaning of PR and with
keeping in mind that this world is going toward
cutting-edge technology and growth in terms
of design, the PR must comply with this pace
of advancement, this is fundamental for the
insurance of the safe use of nuclear energy
system.

Nowadays, one of the most popular designs
for nuclear fuel these days is pebble bed type
fuel which its superior characteristics that
make it a good choice for HTGR (High Tem-
perature Gas cooled Reactors). The fuel of a
nuclear reactor must have certain features,
because of the environment in which the nu-
clear reactor operates that can be categorized
as the following: 1-high neutron flux (10™ n/
cm?s for GenlV reactors HTGR), 2-Stress
(thermal and mechanical stress for steady-
state and transient operation), 3-Corrosion,
4-Intense gamma heating (due to prompt
fission radiation, radiation-induced radioac-
tivity of core materials, inelastic scattering of
neutrons with material, etc.) and 5- very high
operating temperature. These conditions are
always present and will affect the materials
of the nuclear reactor especially nuclear fuel
cladding that will be subjected to those harsh
conditions up to considered refueling time,
indeed refueling is also done to maintain the
rigidiity of the cladding.

Additionally, the safe and economical opera-
tion of any nuclear power system relies highly
on the fuel and materials of the construction.
In this article, the aim is to study more about
the features of the pebble bed fuels with meth-
ods for analysis of PR of these types of fuels.

keywords: Nuclear Non-Proliferation, Nucle-
ar safeguards, NPT, GenlV Reactors, HTGR,
Pebble Bed Reactor Fuel

1. Introduction

The history of pebble bed fuels starts with the
idea of High Temperature Gas cooled Reac-
tors that are graphite moderated and cooled
by helium which is part of Gen IV reactor types
with enhanced safety features compared to
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Fig. 1: HTGR Gen IV Reactor with Pebble Bed fuel [6].

previous reactors. The high temperature in
these reactors can have the benefit of having
high thermal-energy conversion efficiency that
has a vital role in the cost-effectiveness of the
design. Also, in these types of reactors, the
co-production of hydrogen makes them an as-
set among other types. The key characteristic
of this design is the use of graphite as a mod-
erator of neutrons, Helium as coolant which is
transparent to the neutrons and ceramic-coat-
ed particles as fuel [1]. Moreover, this type of
reactor, due to unique operational conditions,
uses a special kind of fuel with ceramic coat-
ing. The concept of ceramic coatings started
a long time ago, but it is accelerated after the
Fukushima Daiichi accident.

In each nuclear power plant, the propagation
of accidents depends on the available ener-
gy which can be referred to as 1. Chemical
energy 2. External events 3. Stored energy
4. Decay heat 5. Nuclear Transients [2]. The
concept of ceramic coating has the aim to re-
duce the available chemical energy released
in accidents which in the right situations,
can exceed the decay heat of the core and
can cause much more complicated accident
scenarios to deal with. For the current types
of fuels in nuclear reactors, metallic cladding
is used, and the main reason is to retain the
fission products for example in LWR’s (Light
Water Reactors) due to neutron economy, Zir-
caloy 4 & 2 (for PWR & BWR) alloys are used
for cladding, however, the problem in these
types of claddings arises when in the case of
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an increase in temperature, the energy stored
in the cladding due to cold working will be re-
leased . Moreover, the chemical reaction of
the cladding and coolant not only will produce
an amount of energy greater than the decay
heat but also lead to hydrogen production that
can have a significant effect on the behavior
of the system because of the introduction of
Non-Condensable Gas [3] and possible crea-
tion of flammable or explosive gas mixtures.

Pyrolytic carbon layers
Silicon carbide
UQz-kernel

Buffer PyC layer

Fuel Particle

J

Fig. 2: Pebble bed Fuel [6].

Zr+2H,0-Zr0,+2H,+Q
Equation 1
Q=Energy (140 kcal/g. mol)

Although in Gen IV reactors, Zircaloy is not
used and in some like Sodium Fast Reac-
tors(SFR), stainless steel takes its place, that
in terms can increase the tolerance of the fuel
facing stress and corrosion, but still the prob-
lem of hydrogen production remains in these
types of fuels.

For these reasons, the use of fuel with ce-
ramic coating is one way to simplify the de-
sign .This concept is popular among the
researchers due to its significant feature of
having very small chemical potential meaning
less tendency to participate in chemical reac-
tion, consequently lower release of energy,
however, due to importance of insurance of
safety of the plant, continues research must
be done to demonstrate the safety of these
fuels. Pebble bed fuels are also called TRI-
SO-coated (Tri structural- ISO tropic) particle
fuels. This kind of fuel has been extensively

Matrix
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Particles
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(center) and inserted into graphite fuel elements (right) for the
prismatic reactor
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Fig. 3: High temperature gas reactor fuel system, showing TRISO fuel particles consolidated into compacts
to be inserted into prismatic graphite blocks (upper right) or pebbles (lower) [4].

studied over the past four decades around the
world such as the United Kingdom, Germany,
Japan, the United States, Russia, China, and
more recently in South Africa [4]. Last but not
least, TRISO-coated particles are designed
to maintain the fission products inside even
when facing very high temperatures during
accidents, thus making them unique in the nu-
clear industry[5].

As shown in Figure 3, a TRISO-coated particle
is a spherical-layered composite, about 1 mm
in diameter. It consists of a kernel of Uranium
oxide (UO2), or Uranium oxy carbide (UCO)
surrounded by a porous graphite buffer layer
that absorbs radiation damage and allows
space for fission gases produced during irra-
diation. Surrounding the buffer layer is a layer
of dense pyrolytic carbon called the Inner Py-
rolytic Carbon layer (IPyC), a silicon carbide
(SiC)layer, and a dense outer pyrolytic carbon
layer (OPyC)[1].

Pyrolytic carbon is a material similar to graph-
ite, but with some covalent bonding between
its graphene (is an allotrope of carbon consist-
ing of a single layer of atoms arranged in a
hexagonal lattice nanostructure) sheets as a
result of imperfections in its production. Pyro-
lytic carbon is an artificial material; therefore it
cannot be found in nature.

The use of pyrolytic carbon layers also has the
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advantage that this layer shrinks under irradia-
tion and creates compressive forces that act to
protect the SiC layer. This layer is the primary
pressure boundary for the microsphere mean-
ing that it is the first physical barrier against
the release of radioactive material in the cool-
ant as is described in IAEA as the main safety
features of the fuel. This three-layer system
is also used to provide thermo-mechanical
strength to the fuel. In the HTGR reactor,
there are billions of TRISO-coated particles
in a graphite matrix in the form of either small
cylinders, called compacts, or tennis ball-sized
spheres, called pebbles[1].

Proliferation Resistance (PR) anal-
ysis of Pebble Bed fuels:

General Information about PR

To begin with, in order to analyze the Prolifer-
ation Resistance (PR), certain physical quan-
tities of the energy system need to be consid-
ered. These include the initial enrichment of
Uranium, the burn up (which in HTGR-10 case
can be up to 90 GW-day per metric ton of Ura-
nium) neutron flux, the initial mass of fissile,
fertile material inside the core, and other quan-
tities associated to neutronics are needed.[5,
10, 11].

The PR of the fuel can be categorized into
two sections: intrinsic and extrinsic. Intrinsic
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means that the system itself has some charac-
teristics that impose the PR, while the extrinsic
resistance means that there are some external
bodies (Auxiliary systems) which impose this
resistance [12].

The PR laws need to be updated over time.
The reason is that the analysis of PR is cur-
rently based on experience gained from op-
erating LWRs. However, with the specific and
new features of GenlV reactors, there is a
need for a new approach. Additionally, there is
a wealth of data available for Light Water Re-
actors (LWRs) from both commercial and re-
search reactors in various countries. However,
there is a limited database for Generation IV
reactors, which is still being developed over
time. One of the major challenges faced by
analysts is the lack of data on realistic mode-
ling and fuel burnup simulations of PBRs. This
makes it difficult to evaluate the Special Nucle-
ar Material (SNM) content of the core fuel and
spent fuel. Care must be taken to ensure the
accuracy of PR analysis due to the potential
impact of uncertainties on calculations, such
as reactor flux and other related factors. The
assessment of SNM content is a fundamental
pillar of a comprehensive safeguard system.
Special Nuclear Material (SNM) is defined by
Title | of the Atomic Energy Act of 1954 as Plu-

v
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Fig. 5: Physical Barriers against release of radioactive material[9].
Permission is granted by IAEA.

tonium, Uranium-233, or Uranium enriched in
isotopes Uranium-233 or Uranium-235. Addi-
tionally, the Nuclear Regulatory Commission
(NRC) has the authority to determine any oth-
er material that falls under the SNM category.
This definition maybe used in all countries or
may be subjected on some changes, yet the
important key is to consider the importance
of SNM in Gen IV reactors that have different
production and consumption rate.

Specific Analysis of PR in PBR

Two different methods can be used to assess
the PR of PBR fuels. The first method is the
Proliferation Resistance and Evaluation Tool
for Observed Risk (PRAETOR) code [13], a
computer code developed to accurately ana-
lyze the proliferation resistance of nuclear in-
stallations. PR must be applied to all potential
radioactive sources, particularly fissionable
sources that can be physical, installations, or
procedures. This includes the Nuclear Power
Plant itself, with a focus on fuel assemblies.
This code has the advantage of having an ex-
cellent decision analysis methodology called
Multi Attribute Utility Analysis (MAUA), which
is the main structure of the code. The code as
other nuclear codes is established in Fortran
90 programming language [13].
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PRAETOR uses 68 attributes both intrinsic
and extrinsic as input (attributes) to evaluate
the overall PR. One of the major disadvantag-
es of these method is that the code is not able
to differentiate between Uranium and Plutoni-
um -based fuels. This lack of distinguishing
ability can cause a severe problem since, the
fission products of uranium and plutonium fuel,
along with their energy and range are totally
different, that means that their radioactivity of
the fission product is also different. This dis-
tinction is important for us in PR analysis[14].
A separate method for PR analysis needs to
be developed specifically for plutonium-based
spheres, this method will alter the urani-
um-based fuel with Pu-based fuel according
to physical quantities such as: 1-Spontaneous
fission (SF), 2-Heat load, 3-Radiation load,
4- Rossi- a. The analysis of plutonium fuels
in PR must be conducted meticulously. The
presence of Pu can complicate the analysis of
fuel in PR due to its higher probability of spon-
taneous fission. For instance, Pu-239 has a
very high SF probability (100 SF/s) at critical
mass. In general, presence of fissile material
with capability of SF will make the PR analysis
complicated. SF is very important when spent
fuel is analyzed.
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Method 1
Proliferation Resistance Analysis and Eval-
uation Tool for Observed Risk (PRAETOR)

In PRAETOR the PR is done using three tiers
relying on the MAUA methodology. The MAUA
(Multi Attribute Utility Analysis) methodology
is a well-established decision-analysis tech-
nique, wherein a utility value is used to repre-
sent the attractiveness of a particular route for
SNM diversion or theft[17].

The Tier 1 structure of the code is consistent
with 68 attributes that define the characteristics
of SNM in a nuclear system. These attributes
represent utility values ranging from 0 to 1 for
11 subgroups. In Tier 2, the eleven subgroups
are combined into utility values (ranging from
0 to 1) for four stages of nuclear proliferation,
with the three most significant stages are:

1. SNM diversion
2. Transportation

3. Transformation

After preparing Tiers 1 and 2 using 68 attrib-
utes, Tier 3 will calculate the overall PR metric
value on a scale of 0 to 1. The final metric in
Tier 3, known as the “Overall PR value,” will
also range from 0 to 1. The closer this value is
to unity, the higher the PR of the nuclear sys-
tem being studied. By conducting a thorough
analysis of Tiers 1 and 2, designers and deci-
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Fig. 7: Average number of neutrons per fission as a function of the atomic

number A[16].

sion-makers can identify factors that can either
weaken or strengthen the PR of the current
system. This is one of the advantages of using
the code. Additionally, the code has the capa-
bility to predict the PR of a new reactor design
(not built yet) by analyzing the output of the
PRAETOR code after completing Tiers 1, 2,
and 3. This feature allows for the identification
of scenarios with minimum PR or maximum
fuel diversion, making it useful for licensing of
new nuclear power plants.

PRAETOR Code Usage Principal

In the PREATOR code, possible classification
of the attributes of the code in intrinsic and
extrinsic groups can be done. Furthermore,
the code uses two functional formats (Linear
Multiplicative) of MAUA function.

U(X],Xz,...,xn) :Zin kiui(Xi)
Equation 2 (Linear)

1+KU(X1,X2,...,Xn):H ni:1(1+K kiui(Xi))
Equation 3 (Multiplicative)

Where U is overall utility value for a certain
tier of all attributes (features) values xi, ui is
utility functions that map the input attributes
between 0 and 1. ki is a weighting factors for
the each attribute , while K is a scaling param-
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eter[13].

These two equations have unique character-
istics and using them can yield varying out-
comes. For example, Equation 2 is an additive
functional form that is particularly useful if the
analyst’s goal is to identify a system with the
best results against PR. However, this method
heavily relies on the weighting factors (ki).

In the second method, known as the multiplica-
tive form, extreme values of the utility function
can be implied to make the result more no-
ticeable, especially when a high proliferation
resistance is provided by single attributes.
The method has the disadvantage of being
less sensitive to changes in intermediate val-
ues. However, it can still function satisfactorily
when comparing the proliferation resistance
(PR) of special nuclear material (SNM) diver-
sions from two nuclear systems.

Use of other Codes in PRAETOR and Chal-
lenges

As mentioned previously, the PRAETOR code
requires certain inputs (attributes) to initiate,
and some of these inputs are derived from
other codes, such as MCNP, to obtain physi-
cal quantities related to neutron physics. It is
important to note that validation plays a crucial
role in utilizing the results obtained from these
codes. MCNP simulations provide a variety
of intrinsic attributes of the PRAETOR code,
including radiation dose rates, heating rates,
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and shielding thickness. Additionally, MCNP
is used to assess fuel burnup. For this eval-
uation, a body-centered cubic (BCC) structure
with reflective boundaries has been used,
which contains two identical fuel pebbles.
Also, in burnup calculations, various factors
are important. Among these factors, the initial
enrichment of the fuel has a high sensitivity in
PR analysis. As shown in Figure 9, the enrich-
ment of U-235 will affect the ke, which is the
neutron multiplication factor.

For extrinsic attributes, some will be deter-
mined by the state’s proliferation characteris-
tics, such as the availability of space for mod-
ifications, the number of people available for
modifications, the number of export-controlled
equipment, the number of workers, the size of
the host country, the number of declared nu-
clear facilities, the presence of an additional
protocol in force, and the facility size. Addition-
ally, there are some extrinsic attributes that
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can be influenced by conservatism, meaning
that these values can be set from the lowest
to the highest possible in order to achieve the
lowest PR. For example, uncertainties in ac-
counting measurements, frequency of meas-
urements, probability of detection, probability
of detection by process monitoring, contain-
ment and surveillance of nuclear material, and
many others [12].

Uncertainties Associated in PRAETOR

There are two types of equations: linear and
multiplicative. In the Linear method, the out-
come strongly depends on the weighting factor
ki. This can affect the analysis in such a way
that the importance of utility can differ based
on ki when the utility is a unit (1). This effect
can be classified as user preference, which
is one of the key and salient factors in every
system code, regardless of the type. There-
fore, the knowledge level and intentions of the
person using the code are very important. It
is suggested to always seek advice from an
expert to ensure that the results are rational.
In general, since nuclear technology is quite
sophisticated, especially in the quantities re-
lated to the design and safety of nuclear pow-
er plants (NPP) which PR is one of the fac-
tors, therefore errors must be quantified and
bounded. Based on this fact, it is suggested
to investigate methodologies for addressing
uncertainty in order to achieve this goal [18].

Conservative Approximation in PRAETOR
code

In both extrinsic and intrinsic attributes, con-
servatism can be employed to achieve the
minimum PR. However, it is important to note
that the use of conservatism in the input of the
code does not always result in conservatism
as an output. This fact is also considered in
other aspects of nuclear system design. For
instance, the decay heat calculation base of
Appendix K of 10 CFR 50 states that a 20%
increase in decay heat must be applied for
the evaluation of the Emergency Core Cool-
ing System (ECCS) (1.2 of the ANSI standard
curve). This assumption will, of course, affect
the calculation, leading to a more robust de-
sign of ECCS. However, in the case of Natural
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Circulation, it can mislead the analyst. This
means that in two equations, the weighting
factor ki can play a role in determining the
minimum or maximum PR. However, other as-
pects of this choice must be studied to ensure
that it does not have unintended effects on the
system. Furthermore, some of the PRAETOR
extrinsic attributes have been selected using
a conservative approach to minimize the po-
tential risk. These factors are discussed in the
extrinsic attributes section.

Conclusion

In the PR assessment of each nuclear ener-
gy system, with a focus on fuel, it is important
to acknowledge that the results may contain
errors. One of the objectives should be to min-
imize these errors to an acceptable level. Also,
since the PR of fuels is based on LWR fuels,
there is a pressing need to update the anal-
ysis method. The first reason is that the new
designs for the fuels can have different char-
acteristics, making the LWR-based analysis
inadequate. The second reason is the lack of
data for new fuel types. It is worth mentioning
that in order to obtain a more accurate evalu-
ation of PR, it is necessary to acquire realistic
physical quantities that reflect the need for
more realistic tests in order to obtain the re-
quired measurements.

In the new design, attributes such as intrinsic

and extrinsic factors can have varying effects
on PR. PR can also be conducted on spent
fuel, which is an important aspect of the PR
analysis. In spent fuel especially the presence
of materials capable of spontaneous fission
must be taken seriously. These materials can
introduce significant uncertainty and complex-
ity into the analysis.

One of the famous methods that can be ap-
plied in PR is the PRAETOR code, which is
based on the MAUA methodology. In this
code, the user can select two equations based
on their desired study goals and objectives.
Each one of these equations has its own
unique characteristics, making it vital to use
both of them for comprehensive PR analysis.
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