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POWERING
THE NUCLEAR SYSTEMS
RESEARCH

The IRESNE institute, located on the CEA Cadarache site, is a result of
the CEA’s desire to promote strong and dynamic R&D in the field of
nuclear fission, by bringing together the three historical components
of research in this field:

studies on reactors, fuels, and nuclear systems and technologies.

lts name is a reference to Iréne JOLIOT-CURIE, the international
figure in nuclear research and winner of the Nobel Prize in Chemistry
in 1935 for the discovery of induced radioactivity with her husband
Frédéric JOLIOT-CURIE.

The IRESNE research activities target a low-carbon energy mix, with
the aim of meeting the challenges of combating global warming
and ensuring France's energy sovereignty. ?

In this brochure, find out more about our institute, our research
and our activities to develop an integrated, decarbonised energy system.

Jean-Michel Ruggieri,
Director of IRESNE.
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LECA—STAR,
Hot laboratory dedicated
to R&D on irradiated fuels.
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WHO ARE WE?

The Research Institute fission within the three R&D

for Nuclear Systems for departments for reactors, fuels
Low-Carbon Energy and nuclear technologies. Nuclear

power is a major component of

Production (IRESNE) was France's low-carbon energy mix,
created on | February 2020 by because of its availability and its
the CEA. It brings together in ability to adapt to demand.

a single unit all the research
laboratories studying nuclear

0000 0000000000000 00000000

The IRESNE teams are responsible for testing, qualifying
and simulating nuclear reactor components, using

a remarkable “FISSION” experimental platform.

They design and innovate for the current and future
nuclear industry, in particular to support their industrial
partners such as EDF and FRAMATOME, by studying new
types of reactors, components and fuels.

For example: small modular reactors, fast-neutron reactors
and molten-salt reactors.
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IRESNE's internationally recognized “FISSION”
experimental platform includes additional
state-of-the-art facilities in the field,
including a “hot” laboratory and a research
reactor for nuclear safety studies. The studies
carried out on the experimental platform

are combined with a strategic modelling/
simulation/digital twin approach to optimise
and interpret the experiments and account
for the multi-physical and multi-scale
phenomena governing the operation

of nuclear reactors.



safety and
water reactors
© A. Aubert/CEA




POSEIDON platform.
Thermal—hydraulic and
h dromechanical studi
of nuclear technology
components.
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OUR KEY FIGURES

Employees

600 Engineers and researchers

180 Technicians

120 Doctoral and post-doctoral students
100 Trainees and work-study students

40 R&D projects
60 International partners

300 Scientific publications/year
220 Active patent families




OUR MISSIONS
AND OBJECTIVES

IRESNE’s actions are focused around three main missions.

1. Supporting the nuclear industry: expertise in reactors, the fuel cycle, waste
management, decommissioning and marine nuclear propulsion.

2. Innovating for nuclear systems: developing 3 and 4" generation reactors and associated
technologies, such as small modular reactors, fast-neutron reactors,
molten-salt reactors and sodium-cooled reactors.

3. Integrating nuclear power into a low-carbon energy mix: promoting the energy
transition by producing heat and hydrogen from reactors and innovative energy
conversion systems.

These missions meet four strategic objectives.

4. Integrated energy system: analysing the technological, economic, societal and
environmental dimensions of nuclear power.

5. Energy transition: positioning nuclear production as a pillar, by meeting current needs
and optimising fuel recycling and waste treatment.

6. Strengthening skills: maintaining and developing expertise for the current fleet reactors and
for responsible decommissioning and waste management.

7. State-of-the-art infrastructures: ensuring performance and safety control throughout the
reactor life cycle, from design to decommissioning.
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MADERE platform:
measurements applied
to reactor dosimetry.
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Current 2" and 3 generation
PWR reactors.

1 The aim is to support EDF's fleet of reactors
to meet a number of challenges: operating
life, performance, flexibility, availability and
safety.

4™ generation reactors.

Research into 4th

The nuclear cycle: a move towards complete recycling
of recoverable materials.

Researchers are working on the manufacturing, processing
and recycling of fuel with the aim of “closing the nuclear
fuel cycle” and reusing all the materials that can provide
energy.

The small modular reactors of the future:
SMR and AMR.

Smalll reactors meet a specific need for energy
production, not only electrical but also thermall.

generation reactors

reactors (HTR) are being studied.

aims to offer solutions in terms of closing the fuel Small Modular Reactors (SMRs) use the same
cycle and using uranium resources. For example, technology as 2 and 3 generation reactors
sodium-cooled fast-neutron reactors (SFR), such as Pressurised Water Reactors (PWRs).

molten-salt reactors (MSR) and high-temperature Advanced Modular Reactors (AMR) are based

They can also be used to produce hydrogen.

on 4" generation reactor technologies.




R&D for dismantling and
decommissioning.

IRESNE also works in
collaboration with other CEA
units on the decommissioning
of end-of-life nuclear facilities
and the treatment of nuclear
waste, by developing innovative
processes and analysis
methods.

Support for national defence.

The institute's teams
contribute to research into
the fuels, components and
cores of the boilers used

on French Navy vessels
(nuclear propulsion reactors).

Jules Horowitz research
reactor: JHR.

IRESNE is preparing to operate
the Jules Horowitz research
Reactor currently under
construction at Cadarache,
as well as carrying out the
irradiation experiments
that will be conducted inside
this modern, high-performance
facility will be an essential

tool for supporting research

on power reactor fuels and
materials.

OUR AREAS OF RESEARCH
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OUR R&D ACTIVITIES

To carry out its R&D missions, IRESNE relies on four cross-disciplinary

areas of activity:

Design and innovation

The engineering teams are working
on the design of reactors and
technological components to support
the current and future fleet. This
design covers several fields, including
reactor physics, thermal-hydraulics,
neutronics, mechanics, fuel and

process engineering.
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Experiments

The institute’'s experimental “fission
platform is essential for testing and
developing nuclear components and
systems to meet the challenges of
the energy transition. It comprises
fourteen complementary R&D facilities,
including a nuclear safety research
reactor, technological platforms and
laboratories that are unique in the
world. These experiments are used to
validate calculation codes and model
nuclear systems.

"
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Instrumentation and
measurement

Instrumentation and measurement
in the nuclear environment require
specialist tools, adapted to conditions
that are often extreme. These
instruments are used to detect, measure
and analyse the behaviour of nuclear
components and the characteristics
of nuclear reactions, such as neutron
flux. Expertise in instrumentation and
measurement can reduce uncertainties
in the knowledge of the physical
parameters that are essential for
modelling.

Modelling and simulation

Researchers at the institute are
constantly developing and improving
scientific calculation tools to simulate
fuel and reactor performance, and to
study hypothetical accident situations
such as severe accidents with core
meltdown. These tools help to better
understand and optimise nuclear
systems.

12




THE EXPERIMENTAL PLATFORM
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A platform located entirely on the CEA
Cadarache site to study all the areas
of interest in nuclear energy.

ATHENA: control of contamination in reactors and the
chemistry of coolants and tritium.

CABRI: research reactor for irradiation and power transients of up
to 20 GW.

Manufacture of fission chambers: design workshop for “custom”
fission chambers with 12 different geometries for measuring
neutron fluxes in reactors.

U0, lab: developmentand characterisation of fuels. Manufacturing
processes for nuclear ceramics and powders. Measurement of the
properties of these materials.

LARC: radiological analyses, mineral and organic chemical
analyses and elemental and isotopic analyses of traces and
ultra-traces.

LECA-STAR: examination of irradiated active fuels, from metre to
nanometre, and manufacture of instrumented fuel rods.

LMN: a laboratory specialising in non-destructive nuclear
measurements, the CEA's “nuclear measurements” centre of
excellence.

MADERE: measurements applied to reactor dosimetry.
Measurement of the radioactive mass activity of solid samples
emitting gamma or X-ray photon radiation.

PAPIRUS: study of advanced liquid metal coolants, in particular
sodium and molten salts, and design and qualification of
instrumentation in extreme environments.

PLINIUS: study of severe accidents with core meltdown.
Manufacture of representative prototypical corium and chemical
physics under extreme conditions.

POSEIDON: thermal-hydraulic and hydromechanical studies
of certain nuclear reactor components under normal, incidental or
accidental conditions.

JHR: Jules Horowitz Reactor for irradiation tests and the production
of artificial radioelements, particularly for medical use.

TOTEM: qualification of devices and equipment under reactor
conditions and non-destructive nuclear measurements.
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MAIN EXPERIMENTAL AREAS
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Effects of irradiation Accident situations developments
in components

. chanical ™.
i RIA® tests T draulic

fuel design and ) ) thermal-hy
manufacture % & loops

$924n0saJ gy IO —>

TOTEM
POSEIDON
} ” sodium &
Technologicql LOCA* tests
iraiation molten-salt loops

PAPIRUS

. H o JHR .c .
. n . °
post-irradiatio et . jum tests .
examinations ‘e, Corl quiochemlstl'y

LARC
ATHENA

LECA-STAR PLINIUS
JHR NDT BENCHES

* RIA: Reactivity Insertion Accident
* LOCA: Loss Of primary Coolant Accident



SAAAASSS RS IS Design and innovation: it can penetrate thick walls (up to ,':.'.'.'.'.'.'.'-'.-'. ..............
el TOMIS, a powerful 1m of concrete) and inspect various :::iiiiie e
el tool for the physical materials. prInIlIllcee e
LV eenii N characterisation of The innovation lies in its mobility, :::22iocc-- 000
‘°:':‘;';.;.:.:.:.‘.'.‘I.‘.".'.I..'.i packages using in situ enabling analyses to be carried
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Dileeee et U developed as part of the TOMIS i oric nuclear waste packages. Vleeesrriiniile 2
SIIIIieees UL programme supported by ANDRA, VL el
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SERERCLRARARURRYR ot o French and international nuclear .=+ rr:iiiiii!
S A manufacturers. L eenniniiiiee
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Lnnnnoiiiiiiod - ST IEIBeE aviourinh afi The CIP  (CABRI  International SEEE e
A PR . 3 e Programme) research programme ;::llcceec el
EREEEEL IR accident situationin led by the IRSN (which became the :::iiiicc--=""00
LW snnin the CABRI reactor. ASNR in 2025), under the aegis of the ::::iiiccx 07
VOl OECD, aims to improve knowledge ::::iicc«««« 700
sl eessriiill The institute operates the CABRI of the behaviour of the fuel in :::iiiiiccece<=7 7%
W LiLessnoiiloresearch  reactor ot Cadarache, pressurised water reactors such r:iiiilIliceccctl
e sri il which s used to study the behaviour  as those in France's nuclear power @ :::iiiliieee et
e L el of nuclear fuels subjected to power  plants. The tests use different types of = :::iiliicee e
et .escriil peaks. The  IRESNE  teams  are jrradiated fuel and aim to assess their = :::iiiiiiee e
secn LWL el responsible for preparing, conducting,  response under accident conditions, sl et
st UL e s studying and analysing the tests. by simulating reactivity transient »::::iiIiioeee
scenarios. .:::_':.','.'.'.' ............
eee UL s s Thanks to ahelium-3 depressurisation SerrrIilllliceenes
. R PR sl system, it is possible to achieve rapid The data obtained is essential for - sernilll i Pl
.. Ceent L cerle reactivity transients with power adapting and improving nuclear B seriille DIl
Seeene L..-:: peaks up to 20 GW (Gigawatts)  reactor safety models and fordefining .« - r:sriiiiiioee
Diieeese WUl L .. over durations ranging from 10 to  even more robust standards. S eesrrrnilllioee.
Diieeeso ULl L e s 90 milliseconds. The instrumentation VL eerrniiiiliaes
Co LA ", ccoroset up enables to monitor the Theresults are eagerly awaited by the » .: srrnille il
R AR - - response of the experimental fuel rod  international community. P MM
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Seerrriiiiiiiooess Instrumentation and This sensor is based on a °......
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Jiiiiliooo Ul measurement: acoustic piezoelectric lithium niobate crystal. .~ """ - rooils
oieeeoc Ul - instrumentation in extreme ' . ! Seriniiiiilicess
PP e L - environments. This so-called “in-core” instrumenta- ° """ "% . seriillilees
M AR tion is considered to be an improved "% srrrIiillic.
L ... The institute develops acoustic version of thg TUSHT (High Temperciagl. .; .: sroniiiiie .'. .......
se Dl . -~ instrumentation  applicable  in ture Ultrasonic Transducer), playing serrrIiililceees
ceen LS <11 extreme environments, ie. at very Ejhi rfc)le Otf tele(:rlr)eter, TEESRITISI=T, srriille . .'. ............
ceeUUULLLe:inoohigh temperatures and pressures  Getectometerandimager. SerriIiiililveaens
ceeecc UL oo under irradiation. : S . cesrrrillllie et
Crliliiieese el It operates with liquid sodium -« """ ...l
. e N Dileeeene ol The TUMBT/TUMHT (LOW and at 550°C and can be used in I L L L L e s ol
High Temperature Multi-element Sog'um_COOI?d oS TS -'-'-';.;;:.‘.'.'.'.'.'.'.'.'. ....
CieeenUUUUL.e Ultrasonic  Transducer)  sensor, (4 gdenerotlon recflctors)l.. Itt‘ has - Lerriiiiiliieees
Diieeesnn Ul developed in partnership with 9 WIG€ range ot -dpplications, £t L. s il .
PrIlillee e the FEMTO-ST (Franche-Comté including non-destructive testing - <" "L ..ol
DIIIIISttUUUUY Electronics  Mechanics  Thermal  SUCh as teletmetré, imaging, flow <<%\ %0 eprrrill,
fiiiceesc UL science and Optics - Sciences and meosurement ar}; gas hprfesence Ceerrniiiiiioee.
Diliceess UL Technologies, joint research unit | Medsurements. kesearch 1S NOW - << %\.....;r0il.
Linnnniiiiiioees (UMR) 6174) and the Institute of Underway to further improve its .- < 1..00h: rooor!
DIIIIIToo UL Electronics and Systems (IES), is an  9coustic performance. VO nnnniiies
e AR acoustic multi-element transducer b k : .. crnnille oo
L rrniiiiiiieees for imaging in liquid sodium NS instrumentation enables ... il
crrillliioe o (opague medium). continuous monitoring or periodic AR EEE R
R SN ( Paq ) checks of reactors whenshutdown. . cccec° """ ...
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<ot Modelling and simulation: As part of the PLEIADES digital ««-:::iiiioceec

LA <-::::0200 from modelling fuel platform for simulating the behaviour - - - - 20200 - - -0y
st pehaviour to simulating of nuclear fuels, IRESNE is developing - - ::::.: ................
AR R R lithium=ion battories digital tools to simulate the --:::iiiioieec
A PR sl ! - mechanical behaviour of materials -:_-_-;:.‘.‘.‘.’. R
¥y, b4y ' with inclusionary phases. RSSO RREEELS
Iiiices ot ingeiglion (ithium-ion) battery, Appliedtobatteryelectrodematerials, .-« « - ::oiiiiioe
CiiiiosesonntlLL duing the charge and discharge  yhege tools have enabled us to make L il
SEEERLAAAAARS SRR cse~ therslic o = O rapid progress in describing the - .. --ciciiiiiileee
SIlliioes oL subject to variations in volume due o ohqnical behaviour of a lithiated el
S PSR PRETEL LR to the insertion of lithium ions. These e el AR S

....... . . particle. . |
MMM A variationsinvolumeleadtosignificant SRR EE S
DIIliioeeesstl) vaniations [iihesclingEiisiens ol ik A semi-analytical elasto-viscoplastic %" -+ il
S AR particles, which are then subjected model has been developed to .- - .::::::::::_-
DIIiilaee ) Tiosevere lE gl oibtross, reproduce  the  experimental ©.. L L riiillos
LU This problem s fairly similar to that  OPSSTVAtONS: riiliieeiy
.-' .-' .-' e . encountered during the irradiation  he  gim  of these multi-scale . Dl
DIillileeeeee Y of nuclear fuel, in particular g, ation studies is to increase ... srriililie
SOSSTEREEEREL LA heter‘ogeneous.MOX i) MIXCEC It o capacity of battery anodes to * """ Lesrniiiiil
cesrrrillll et of mixed uranium and plutonium e b o ithium PR AR
B SO PI R oxides. This can undergo differential 3 Dilleeen Ul
LU essriiiiios swelling, which generates DIllleeee L
PR crrriiilie -+ mechanical stresses that can lead R AT
UL e sniiilll toirreversible deformation. rrliileeee N
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WORK WITH IRESNE

Since its creation, the CEA has supported businesses and
contributed to the drive for innovation. It puts its expertise
and technologies at their service. Hundreds of small and
medium-sized enterprises, as well as major industrial
groups, are conducting their innovation programmes
with the CEA, and in particular with IRESNE.

WHY BECOME A PARTNER?

Recognised scientific excellence

The CEA supports industrial innovation
through so-called technological
research, which is based, for each
sector of activity, on fundamental
research of excellence.

Innovative and secure research
Control of intellectual property is a key part of the
CEA's strategy, applied to the transfer of innovation
to businesses.

Access to state-of-the-art technological equipment

The CEA has acquired extensive experience in

the design and operation of very large research
infrastructures. In addition to this expertise, the CEA
manages state-of-the-art technological platforms
that are open to companies.

IRESNE is a CEA research and development institute.

Working with IRESNE allows access to all the institute’s R&D
resources, as well as those of the CEA.
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JOIN IRESNE

Whether it's for a job, a doctorate, a post-doctorate, a work-study program or an internship, every year IRESNE
looks for new talent to help carry out R&D missions and innovate on a daily basis.

For research support engineers, researchers,
technicians and staff, there are numerous
opportunities available in a wide range of
scientific and technical fields.

150 subjects for internships (such as Bachelor
of Technical Studies (BUT), Masters,
Engineering school (full-time or work-
study program)) and 50 subjects
for theses and post-doctorates are
published each year for students.

Interested in science?

Learn through research
at IRESNE!

our thesis and
our iob offers ost_doctordte offers




CONTACT

iresne@cea.fr - (+33) (0)4 422520 71

Cadarache CEA Centre
13 108 Saint-Paul-lez-Durance cedex

Cea
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