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is to help member countries
identify, collate, develop and
disseminate the basic scientific
and technical knowledge required
to ensure the safe, reliable and
economic operation of current and
next-generation technologies. The
NEA nuclear science programme
is developed and executed by the
Nuclear Science Committee (NSC),
comprising high-level scientific
experts from all NEA member
countries with the objectives
of helping advance the existing
scientific knowledge needed to
enhance the performance and
safety of current nuclear systems;
contributing to building a solid
scientific and technical basis for the
development of future generation
nuclear systems; and supporting the
preservation of essential knowledge
in the field of nuclear science.
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Main areas of work

Reactor physics

The NEA Working Party on
Scientific Issues and Uncer-
tainty Analysis of Reactor
Systems (WPRS) fosters scien-
ti ¢ exchange in the elds of
neutronics, core thermal-hydraulics, multi-
physics, radiation transport and shielding
and reactor fuel performance. It has a strong
focus on validation aspects and uncertainty
analysis. Its activities address the current

eet of light water and heavy water reac-
tors (LWRs/HWRs); evolutionary and innova-
tive LWRs/HWRs along with advanced and
accident-tolerant fuel designs; next genera-
tion systems, including small modular reac-
tors (SMRs), high-temperature gas-cooled
reactors (HTGRs), advanced fast spectrum
systems including sodium fast reactors (SFRs)
and molten salt reactors (MSRs); as well as
accelerator-driven systems (ADSs) and fusion
systems.

Fuel cycle physics and
chemistry

Activities in fuel cycle physics
and chemistry cover all aspects
of the nuclear fuel cycle, from
the front to the back end, and
deal with issues arising from
various existing and advanced systems. These
include fuel cycle scenarios to assess the
potential of different options, innovative fuels
for advanced fuel cycles and Generation 1V
systems, separation processes relevant to
recycling technologies for spent nuclear fuel,
waste treatment and liquid metal coolant
technologies. The NSC Working Party on the
Scienti ¢ Issues of Advanced Fuel Cycles
(WPFC) develops and disseminates scienti ¢
and technical knowledge in this eld.




Nuclear criticality safety

The NSC Working Party on
Nuclear Criticality Safety
(WPNCS) co-ordinates several
technical activities such as
modelling of used nuclear fuel
(UNF) depletion and propagation of nuclear
data uncertainties, Monte Carlo modelling of
random geometries of heterogeneous media,
uncertainty analysis for criticality safety
assessments and decay heat assessments.
In addition, the working party encompasses
the International Database of Spent Fuel
Isotopic Composition Data (SFCOMPO) project
and the International Criticality Safety Bench-
mark Evaluation Project (ICSBEP) and their
relational databases.

Fuel and materials science

The recently created Working
Party on Materials Science
Issues in Nuclear Fuels and
Structural Materials (WPFM) is
an international forum for infor-
mation exchange and discussion focusing on
nuclear materials. Its objective is to provide
guidance and expertise in fuel materials and
structural materials with an emphasis on multi-
scale modelling, nuclear materials testing and
characterisation, and data assessment and
preservation for the purpose of model develop-
ment and validation.

Nuclear data

In the area of nuclear data, the
NSC Working Party on Interna-
tional Nuclear Data Evaluation
Co-operation (WPEC) facili-
tates co-operation between the
major evaluated nuclear data libraries CENDL,
ENDF, JEFF, JENDL, and TENDL. Activities
include promoting the development of evalu-
ated data les, ensuring the quality of the les
via comparison, developing advanced formats
to accommodate more complex physics,
assimilating nuclear data to application-speci ¢
libraries and co-ordinating the development of

software such as the Nuclear Data and Sensi-
tivity Tool (NDaST) that ef ciently link nuclear
data to applications. A high priority list for
nuclear data (HPRL) is also actively maintained
to guide prioritisation of future experiments.

Focus areas

Fostering small modular
reactor (SMR) development and
deployment

The NSC programme of work includes compre-
hensive efforts to foster small modular reactor
(SMR) development and deployment with a
focus on reactor design, fuel performance and
fuel cycle areas. Novel fuel forms, partially
featuring higher enrichments and increased
fuel burn-up, are central to many SMR designs
and present signi cant challenges for reactor
design, operation, and the fuel cycle’s front and
back ends. For the latter, the criticality safety
community within the NEA plays a major role in
identifying experimental needs to supplement
the associated NEA International Criticality
Safety Benchmark Evaluation Project (ICSBEP)
Handbook, ensuring safe handling, transport
and storage of novel fuel types. In parallel,
the Zero Power Reactor (ZPR) Task Force is
assessing current and future needs for reactor
physics experiments, especially to support
novel developments, including SMRs. The
NEA’s work on benchmarks for reactor systems
modelling and simulation (M&S) provides impor-
tant guidance for implementing and validating
new M&S methodologies in the reactor design,
including multiphysics simulations, which are
especially challenging due to the different time
and length scales of the coupled phenomena
they must address. As designers adopt multi-
physics simulations to optimise design margins
and leverage economic bene ts, the NEA aims
to establish a handbook for multiphysics valida-
tion, built upon the examples of the International
Handbook of Evaluated Reactor Physics Bench-
mark Experiments (IRPhE) and the ICSBEP.



Enhancing fuel and material
development

To align with growing demands to increase inte-
gration of advanced modelling and simulation
into engineering scale experiments and tools,
the NSC activities in the domain of fuel and
material science have been strategically restruc-
tured. The new structure will support NEA
member countries in leveraging their expertise
for breakthroughs in the areas of fuel and mate-
rials by creating the necessary links across disci-
plines in a holistic and consistent manner. The
restructuring organises expert bodies within
mandates informed by current demands, but
also builds bridges between NEA expert groups
and joint project portfolios. The restructuring
established the Second Framework for Irradi-
ation Experiments (FIDES-II) and other exper-
imental joint undertakings as the centrepiece.
The result will ensure that member countries
can increase their understanding of the fuel
and materials phenomena that underpin the
advancements being pursued by industry and
support the safety case needed to license these
advancements.

Foundations for artificial
intelligence applications in
nuclear science and engineering

Recent performance break-
throughs in arti cial intelligence
(Al) and machine learning (ML),
including advances in deep
learning (DL) and the availability
of powerful, easy-to-use ML toolboxes, have
led to unprecedented interest in Al/ML applica-
tions among nuclear engineers. Clearly, AI&ML
applications are data-driven and thus require
extensive high-quality input and validation data,
ideally internationally reviewed benchmark
quality data as provided by the NSC database
projects. To further extend the databases into
digital assets for future Al applications, the NEA
is supporting this effort by extending the appli-
cation programming interfaces to its databases,
intensifying the collection of supplementary
data, and enhancing the feedback cycle with
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various database stakeholders, including users
from academia and industry. Demonstrating the
suf cient robustness and predictive quality of
Al&ML algorithms will be key for the deploy-
ment of AI&ML methods to ensure safe and
trustworthy AI/ML applications. The rst step
to overcoming these challenges was the estab-
lishment of the NEA Task Force on Arti cial
Intelligence and Machine Learning for Scien-
ti ¢ Computing in Nuclear Engineering in 2022,
which is entrusted with designing benchmark
speci cations on Al/ML methods and providing
guidelines to the nuclear community on the
scienti ¢ development needs for accurate Al/
ML applications. The rst benchmark, focusing
on a thermal-hydraulics related challenge,
received over 40 submissions from 14 coun-
tries. Although some challenges remain, particu-
larly when extrapolating beyond the training
data domain, this initiative has already revealed
signi cant potential for Al and ML algorithms to
improve predictive accuracy.

Data evaluation,
preservation, and
management (in
co-operation with the
Data Bank)

m International Criticality Safety Benchmark
Evaluation Project (ICSBEP) and accompany-
ing database for ICSBEP (DICE)

m International Database of Spent Nuclear Fuel
Isotopic Assay Data (SFCOMPO-2.0)

= [nternational Experimental Thermal-Hydrau-
lic Systems Database (TIETHYS)

m International Fuel Performance Experiments
Database (IFPE) and accompanying data-
base for IFPE (DATIF)

m International Reactor Physics Experiment
Evaluation (IRPhE) Project and accompany-
ing IRPhE Database and Analysis Tool (IDAT)

m High-Priority Request List (HPRL) for
Nuclear Data

m Shielding Integral Benchmark Archive and
Database (SINBAD)



Joint undertakings

Second Framework for
Irradiation Experiments
(FIDES-II)

The NEA Second Framework
for Irradiation Experiments
(FIDES-II) supports the fuel and
material experimental needs of
nuclear safety regulators, tech-
nical support organisations, research institu-
tions and industry and safeguards experimental
knowledge for future generations. FIDES-II
connects a global network of research facilities
to perform high-priority experiments through
Joint Experimental Programmes (JEEPS). The
FIDES-II programme of work for the 2024-2027
period includes nine JEEPs that cover a wide
range of experimental needs. Twenty-eight
organisations, representing safety, industry
and R&D organisations from Belgium, Czechia,
Finland, France, Germany, Hungary, Japan,
Korea, the Netherlands, Spain, Sweden,
Switzerland, the United Kingdom, the United
States, and the European Commission are
collaborating in the Framework.

QUENCH-ATF Project

The QUENCH-Accident Tolerant
Fuel (QUENCH-ATF) project
aims to investigate the behav- T T
iour of accident-tolerant fuel E‘E L
(ATF) claddings in design-basis

accidents and beyond-design basis accidents
through a series of bundle tests at the QUENCH
facility at the Karlsruhe Institute of Technology
(KIT), Germany. Such ATF designs represent
an alternative to the standard UO,/Zry system,
focusing on the reduction of hydrogen and
heat release during severe accident scenarios,
and thus increasing coping time for accident
management measures, while maintaining or
even improving the fuel assembly properties
and performance during normal operation.
The project involves 19 organisations from
9 member countries. The project agreement
entered into force in October 2021 and runs until
October 2025.
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Thermodynamics of Advanced
Fuels - International Database
(TAF-ID)

The Thermodynamics of
Advanced Fuels - International
Database (TAF-ID) is devoted to
establishing a comprehensive,
internationally recognised, and
quality-assured database of phase diagrams
and of the thermodynamic properties of
advanced nuclear fuels to meet specialised
requirements for the development of such
fuels for future generations of nuclear reac-
tors. The TAF-ID Project also provides a forum
for information exchange on thermodynamic
models, reviews of experimental data, soft-
ware evaluation, and thermodynamic assess-
ments, among other things. The third phase of
the TAF-ID project (TAF-ID phase 3) entered
into force in January 2023 for a three-year dura-
tion involving participants from 7 countries and
the European Commission (EC).

Thermodynamic
Characterisation of Fuel Debris
and Fission Products Based

on Scenario Analysis of Severe
Accident Progression (TCOFF)

The second phase of the joint
project on the Thermodynamic
Characterisation of Fuel Debris
and Fission Products Based on
Scenario Analysis of Severe
Accident Progression (TCOFF-11) was launched
in August 2022 for a three-year duration. The
programme builds on the rst TCOFF project,
but with a broadened scope, including studies
on the materials behaviour of ATFs in severe
accident conditions and looking at other reactor
designs than the Fukushima Daiichi boiling
water reactor. The objective of TCOFF-II is
to improve the models describing the mate-
rials interactions and the role they play in the
various phases of the severe accidents. The
second phase is supported by research, safety
and industrial organisations from Canada,
France, Germany, Japan, Sweden, the United
States and the European Commission.

Education and training
activities

Nuclear Education, Skills
and Technology (NEST)
Framework and associated
projects - a joint
undertaking

Ensuring nuclear skills and
education is an increasingly
important challenge for NEA
member countries, which need
new generations of scientists
and engineers for the continued safe and ef -
cient use of nuclear technologies for a wide
range of industrial, scienti ¢ and medical
purposes. In this context, the NEA Nuclear
Education, Skills and Technology (NEST)
Framework was launched in 2019 to build
skills that are vital for the future of the nuclear
sector through multilateral co-operation.

Egge

The NEST Framework helps to address impor-
tant gaps in nuclear skills, capacity building,
knowledge transfer and technical innovation
in an international context by exposing post-
graduate students and young professionals to
challenging real-world problems. One of the
goals of NEST is to strengthen links between
universities, research institutes, technical
safety organisations, regulators and indus-
tries.

NEST is implemented through projects and
activities, involving over 60 organisations
from NEA member countries. Over 200 NEST
fellows have been trained so far. The eight
ongoing NEST projects explore various tech-
nical areas related to small modular reactors,
safety-relevant phenomena during accidents,
advanced robotics and remote technology for
decommissioning, radioactive waste manage-
ment, as well as nuclear medicine and radio-
logical protection.



Global Forum on Nuclear
Education, Science,
Technology and Policy
and its working groups

The NEA Global Forum on
Nuclear Education, Science,
Technology and Policy is an
inclusive network of organisa-
tions involved in the education
of the next generation of nuclear scientists
and engineers. As the first-ever interna-
tional standing body of nuclear science and
technology academics, the Global Forum
on Nuclear Education leverages resources
in nuclear academia to confront some of
the most signi cant policy, educational, and
human capacity building challenges that
the global nuclear technology sector faces.
The Global Forum on Nuclear Education has
established six working groups to address the
following pressing goals:

m achieving gender equity in the nuclear
engineering and technology and in aca-
demic workforces;

m ensuring the future of nuclear engineering
education;

m strengthening the relationship between
nuclear energy and society;

m establishing future requirements for the
competitiveness of nuclear energy;

m re-establishing nuclear law education pro-
grammes;

= building a pipeline of STEM professionals.

Over the course of its work, the Global Forum
on Nuclear Education has proven itself highly

exible and capable of adapting to the needs
of member countries, proposing a portfolio of
events that includes National Nuclear Educa-
tion Workshops, Global Forum Rising Stars
workshops, Nuclear Education Symposia,
and Nuclear Science and Engineering Global
Commencements.

Rising Stars’ workshop at the Massachusetts
Institute of Technology (MIT), United States







