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ABSTRACT 
Multipurpose experimental reactors are now key infrastructures, in complement of prediction capabilities 
gained thanks to progresses in the modelling, for supporting nuclear energy in terms of safety, ageing 
management, innovation capacity, economical performances and training. However the European situation 
in this field is characterized by ageing large infrastructures, which could face to operational issues in the 
coming years and could jeopardize the knowledge acquisition and the nuclear product qualification. 
Moreover some specific supplies related to the public demand could be strongly affected (e.g. 
radiopharmaceutical targets). 
To avoid a lack in the experimental capacity offer at the European level, the CEA has launched the Jules 
Horowitz material test reactor (JHR) international program, in the frame of a Consortium gathering EDF 
(FR), AREVA (FR), the European Commission (EU), SCK.CEN (BE), VTT (FI), CIEMAT (SP), 
VATTENFALL (SE), UJV (CZ), JAEA (JP) and the DAE (IN). 
The JHR will be a 100 MW tank pool reactor and will have several experimental locations either inside 
the reactor core or outside the reactor tank in a reflector constituted by beryllium blocks. Excavation 
works started mid-2007 on the CEA Cadarache site in the southeast of France. After the construction 
permit delivery gained in September 2007, building construction began at the beginning of 2009. Reactor 
start-up is scheduled in 2016. The JHR is designed to offer up-to-date irradiation experimental capabilities 
for studying nuclear material and fuel behaviour under irradiation in a modern safety frame, mainly due 
to: 

• High values of fast and thermal neutron fluxes in the core and high thermal neutron flux in the 
reflector (producing typically twice more material damages per year than available today in 
European MTRs), 

• A large variety of experimental devices capable to reproduce environment conditions of mainly 
light water reactors (LWRs) and sodium fast reactors, 

• Several equipments used in support to the irradiation process and to enhance the experiment 
quality: large hot cells and non destructive examination hot cells, large underwater non 
destructive examination benches and specific analysis laboratories (fission product laboratory, 
dosimetry laboratory, chemistry laboratory…). 

• The objective i) to test highly instrumented samples under normal conditions and up to limits, ii) 
to manage degraded fuel samples after soliciting tests (e.g. safety tests), and iii) to perform a large 
variety of non destructive examinations on samples quickly after their irradiation. 

After a first part describing the JHR facility, the expected main performances and the building status, this 
paper will present the current design work carried out i) on the irradiation hosting systems for nuclear 
materials and nuclear fuels and ii) on the non destructive examination benches. The international 
collaboration set up around each study will be also underlined, as well as the facility identification within 
various European road maps and forums; ESFRI, SNE-TP…).  
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1. INTRODUCTION 
 
Material Testing Reactors (MTRs) have provided an essential support for nuclear power 
programs for over 40 years within the European Community and this situation will certainly 
continue. Associated with hot cell laboratories, MTRs are structuring research facilities for the 
European Research Area in the field of nuclear fission energy. More specifically, MTRs address 
the development and the qualification of materials and fuels under irradiation with sample sizes 
and environment conditions relevant for various nuclear power systems: 

� The stakes linked to current water reactor operation (reinforcement of the safety, plant life 
extension management, waste management, flexibility, etc.) require in depth technical 
assessment of material and fuel behaviour under irradiation in all normal such as in 
incidental and accidental conditions. Moreover, knowledge improvement needs are 
related to progressive commercial operation of new concepts of water reactors, using 
optimized nuclear fuels and plant cycle management.  

� The support to R&D programs aiming at developing new fission reactor concepts mainly 
based on fast neutron systems (Generation IV reactors), either for energy production 
(electricity or heat) or for waste management (transmutation), shall address new study 
topics regarding safety, resources management, waste management and nuclear 
proliferation criteria. Challenging scientific and technical issues are linked to the 
mandatory development of new fuels and materials. 

� The development and operation of new and up-to-date nuclear research facilities appear to 
be a relevant way to train a new generation of scientists and engineers, keeping 
competences and maintaining an expertise capability alive. This goal is presently carried 
out by various joint developments (notably through Framework projects FP) of a new 
generation of experimental processes and devices, with increased instrumentation 
capabilities consistent with advanced modelling in material and fuel science. 

� Finally, the qualification of totally new components or materials for extreme conditions of 
use, such as under high neutronic flux of for fusion systems, is also of great interest, and 
can be partially done in MTRs. 

As a strong consequence, the industry and safety bodies need a permanent access to irradiation 
experimental capabilities and associated technical expertise. However, the European MTRs will 
be more than 50 years old in this decade and will face increasing probability of shut-down due to 
the obsolescence of their safety standards and of their experimental capability. Such a situation 
cannot be sustained on the long term. This analysis was already made by a thematic network 
within the Euratom 5th Framework program (FP), involving experts and industry representatives, 
in order to answer the question from the European Commission on the need for a new MTR in 
Europe [1] [2],, and a consensus has been drawn in Europe on the following statements [3], [4]: 
«There is clearly a need of irradiation capability as long as nuclear power provides a significant 
part of the mix of energy production sources» and «Given the age of current MTRs, there is a 
strategic need to renew MTRs in Europe. At least one new MTR shall be in operation in about a 
decade from now». This entire preparatory work leads to the fact that the Jules Horowitz material 
test reactor (JHR) research infrastructure has been identified on the European Strategy Forum on 
Research Infrastructures (ESFRI) Roadmap since 2008. 
 
 
2. THE JHR FACILITY PROGRAM 
 
2.1 The JHR irradiation capability within the international context 
The JHR MTR, currently under construction, will be a major experimental infrastructure to meet 
industrial and public needs within the European Union. As a modern irradiation capability, it 
aims at answering the above expressed needs and is designed to provide high neutron fluxes 
(twice as large as the maximum available today in European MTRs), to run highly instrumented 
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experiments on a separate effect strategy, to support advanced modelling for a broader prediction 
capability and to operate experimental devices giving environment conditions (pressure, 
temperature, flux, coolant chemistry…) relevant for the nuclear power systems being optimized 
or to be developed. 
The development of relevant irradiation systems raises challenges concerning not only the 
irradiation devices and the associated on-line measurements, but also the non destructive 
examination benches, the examination and handling hot cells and the analysis laboratories 
(fission product laboratory, chemistry laboratory etc.). These support systems play a crucial role 
to gain quickly reliable data on the sample, sometimes no more accessible after a long delay or 
transportation, and to enhance strongly the MTR experimental process quality. 
Besides the data acquisition, the JHR will contribute to the development of expertise and know-
how, and to the training of the next generation of scientists and operators with a positive impact 
on nuclear safety, competitiveness and social acceptance. Moreover, as another important 
objective, the JHR will contribute to secure the European production of radioisotope for 
medical application (25% of the European demand on a nominal level, up to 50% in case of 
specific request). This point is considered as a key public health stake.  
 
2.2 The JHR facility international organization 
The JHR, as a future international User Facility, is driven by an international Consortium 
gathering industry (utilities, fuel vendors…) and public bodies (R&D centres, Technical Safety 
Organizations TSO, regulators…). The present members list of the JHR Consortium is the 
following: CEA (France), EDF (France), AREVA (France), Euratom, SCK�CEN (Belgium), UJV 
(Czech Republic), VTT (Finland), CIEMAT (Spain), Vattenfall (Sweden), DAE (India) and 
JAEA (Japan). This list will be probably enlarged as discussions are in progress with several 
countries interested in joining the Consortium. 
 
2.3 Ma in features of the JHR MTR 
The JHR core is a high power density fuel rack in a vessel slightly pressurised and surrounded by 
a reflector made of beryllium blocks located in the core pool (see figure 1). The core is designed 
for a power of 100 MWth and is optimized to produce high fast neutron flux to study structural 
material ageing and high thermal neutrons flux for fuel behavior studies: 

� Fast neutron perturbed flux (taking into account a full experimental in-core loading): 
o 1015 n/cm².s for an energy E > 0.1MeV and 5.1014 n/cm².s for E > 1MeV, 
o Damage per year : up to 16 dpa/year (8 times the PWR flux on internal material), 

� Unperturbed thermal neutron flux: 5,5 1014 n/cm².s, in order to achieve 500 W/cm on a 
1% enriched fresh PWR fuel rod located in a loop-type LWR irradiation device in Be 
reflector (studies for fuel burn-up acceleration and power transients simulation). 

The JHR fuel for the first cycles will be U3Si2 dispersed into an aluminium matrix, with a load of 
4.8 g U/cm3 and a 235U enrichment up to a maximum of 27% depending on the loading of the 
reactor so the maximum power required. UMo fuel dispersed into aluminium will replace it when 
qualified and available. Its load will be 8 gU/cm3, with an 235U enrichment lower than 20% 
(LEU). This fuel is being developed within an international collaboration [5]. 
The JHR experimental capability is typically about 20 simultaneous experiments (in-core and in 
reflector) providing suited environments relevant for different reactor power systems (see figure 
2). Experiments can be implemented either in the centre of fuel elements, or in place of a fuel 
element, or in a beryllium block in reflector. Moreover, some radial water channels are 
implemented through the beryllium, which can welcome displacement systems allowing the 
precise positioning of experimental devices from the reactor tank and consequently a fine tuning 
of the neutron flux applied to the sample. These experimental locations allow the insertion of 
experimental hosting systems, housing the experimental samples to be tested. Experiments are 
connected to dedicated cubicles in the reactor building through pool wall penetrations (see fig. 1). 
The JHR facility has been described in details in reviews [6], or previous conferences [7]. 
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2.4 JHR construction update 
The construction of JHR started in 2007 at the CEA Cadarache. Major milestones achieved in 
2010 are the pouring and the completion of upper basement concrete for the Nuclear Auxiliary 
Building (NAB) and for the Reactor Building (RB) (see fig. 3). 
During spring 2011, the pouring of the first internal concrete walls of the Nuclear Auxiliary 
Building (NAB) has started at the level -3, and formworks and concrete reinforcement of external 
walls at the level -2 have started in May 2011. At the same date, formworks and concrete 
reinforcement have started at level -3 in the Reactor Building (RB). Fig. 4 shows the civil work 
status in March 2011 (NAB) and May 2011 (RB). 
 
2.5 JHR main components qualification status 
Qualification Program of the facility main components is also continuing and for example, at the 
end of 2010, the choice of the forging process for the material of JHR core rack (in aluminium 
alloy T6061) was done (two-beaked anvil process). It is interesting to quote that some members 
of JHR consortium have an in-kind contribution. As some examples: 

� CIEMAT representing a Spanish Consortium is designing and launching, as its main in-
kind contribution, the manufacturing of the three heat exchangers of the primary circuit, 

� VTT who represent a Finnish Consortium is designing and manufacturing, as its main in-
kind contribution, an underwater non-destructive examination bench [8], 

� SCK�CEN Mol from Belgium, as its main in-kind contribution, is performing JHR fuel 
element qualification under irradiation in the EVITA loop [9], 

� NRI from Czech Republic is designing, performing qualification tests and manufacturing 
JHR hot cells (see fig. 5). 

 
 
3. OVERVIEW OF THE JHR IRRADIATION DEVICES UNDER DEVELOPMENT 
 
3.1. Context of current studies on irradiation device design  
The design work of the JHR irradiation device fleet is driven by identified and expected future 
experimental needs. Consequently, the starting of the basic design and/or the detailed design 
phases is related to the maturity of the demand, but also depends on the complexity of the device 
to set up. Consequently the device studies presented below correspond to the current view of the 
long-term needs, which will be likely expressed during the coming decades. This development is 
a first initiative towards the set-up of the whole JHR experimental device fleet. It will also 
depend on the future irradiation market, and on the strategy applied by the JHR Consortium 
members or by the Jules Horowitz International Program (JHIP) Committee (see § 7).  
 
3.2. Devices for material studies 
Testing structural material requires high fast neutron flux while gradients generated by gamma 
heating are drastically minimized. Experimental needs in the nuclear material irradiation science 
concern mainly the characterization and the qualification of new cladding materials, with 
following objectives: i) the minimization of the temperature gradients between samples 
constituting the experimental batch, ii) the sample temperature stability versus time and iii) the 
possibility to apply a controlled uniaxial or biaxial stress to the specimen with in-situ 
measurement of the resulting strain [10].  
To cope with these objectives, two irradiation devices are under development: 

� An in-core integrated NaK loop called “CALIPSO” (in-Core Advanced Loop for 
Irradiation in Potassium SOdium). This device will ensure the temperature homogeneity 
between the samples thanks to an integrated in-pile loop of circulating NaK. Placed in the 
central hole of the fuel element, this device shall be autonomous for long-term irradiations 
and has to embark in a confined space all the components needed to ensure a forced 
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convection flow in the test section [11]. The CALIPSO design phase is finished and some 
critical components (such as the electromagnetic pump or the embarked heat exchanger) 
have been studied more in detail and the manufacturing of prototypes launched. For 
example, the sample–holder designed so far for the CALIPSO loop (sample carrier is 
currently re-designed following the demand), contains 3 experimentation bases holding 3 
pre-pressurized tubular samples placed at 120° on each. 

� For experiments requiring less demand on sample temperature control, a simpler loop 
operating with NaK under natural convection is developed, called the MICA hosting 
device. It is an evolution of the CHOUCA largely used in the OSIRIS MTR. The hosting 
system is also placed in the central hole of a JHR fuel element. The engineering design 
was carried out in 2009 on the basis of a GRIZZLI sample holder for an irradiation 
temperature range from 200 to 450°C and a gamma heating up to 12 W/g. The 
temperature regulation of the samples is performed by means of stagnant NaK heated up 
by 6 resistive elements. 

An out-of-pile NaK technological platform SOPRANO (SOdium Potassium platform for 
Relevant Assessment of Normal Operation) will be dedicated to the qualification of the 
CALIPSO prototype. Main objective is to validate the design and the performances of CALIPSO. 
In particular, the global behaviour of the NaK loop and the gas control system will be assessed. 
Manufacturing of the loop is in progress and it will be supplied in the first semester of 2012. 
 
3.3 Fuel irradiation devices targeted to be operational at the JHR starting 
 
3.3.1 The MADISON LWR irradiation loop 
When the fuel rod failure is not an experimental objective or a risk, and when normal LWR 
conditions at the rod level are requested (Linear Heat Generation Rate LHGR, coolant 
temperature and pressure, chemistry…), a fuel experiment will be set up in the MADISON water 
loop (Multi-rod Adaptable Device for Irradiations of experimental fuel Samples Operating in 
Normal conditions). The main objective is to allow comparison between several instrumented 
rods irradiated in the same conditions. The variation in the fuel properties (microstructure, 
mechanical properties, fission gas release…) in relation to the burn-up or the Linear Heat 
Generation Rate (LHGR) will be investigated, along with slow power variations representative of 
slow transient phenomena in power reactors. Long-term irradiations (about 3 years) are also 
targeted for investigating e.g. clad corrosion under irradiation or crack initiation. Moreover, 
irradiation of several samples for an identical conditioning before a power ramp test is also of 
great interest. The MADISON-type concept will likely represent the standard performing and 
commercially attractive fuel irradiation service in JHR [12]. Two types of sample-holder are 
studied: 

� A version will embark up to 4 instrumented PWR, WWER or BWR-type geometry pre-
irradiated fuel rods, with a fissile stack up to 600 mm (see fig. 6). The standard 
instrumentation of each rod will be a thermocouple (e.g. for fuel central temperature 
measurement) and a Linear Variable Differential Transformer type (LVDT-type) sensor 
connected to one end of the rod (e.g. for clad diameter or fission gas release 
measurement…). 

� Another version, more devoted to fuel behavior model qualification, will embark two 
highly instrumented PWR, WWER or BWR-type geometry pre-irradiated fuel rods. The 
available place in the test channel will allow welcoming instrumentation either 
cumbersome or requiring more cables or minitubes (e.g. gas pressure sensor with counter-
pressure). 

The in-pile part of the experiment (i.e. the pressure flask and the irradiation rig) will be installed 
on one of the displacement systems in a reflector water channel. It will be connected to a loop 
system, located in a dedicated experimental cubicle in the reactor building, which will provide the 
requested PWR, WWER or BWR coolant conditions (thermal-hydraulics and chemistry). 
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The feasibility study of this loop has been done between June 2008 and March 2010 in 
collaboration between the CEA and the Institute for Energy Technology (IFE), operator of the 
Halden research reactor (HBWR, Norway). It aimed at demonstrating the possibility to adapt IFE 
technologies to JHR (regarding geometrical constraints and regulation standards). The two 
institutes are now preparing the future phases of the project: 

� A detailed design phase, to take place from second half of 2011 to 2013. 
� A manufacturing phase (to take place from 2013 to 2015) that will aim at building all 

components of the system and assemble the hosting system in the JHR building.  
 
3.3.2 The ADELINE LWR irradiation loop 
The ADELINE (Advanced Device for Experimenting up to Limits Nuclear fuel Elements) aims 
at testing a LWR fuel product beyond the dimensioning criteria in order to evaluate the failure 
thresholds or the fuel behavior under abnormal conditions (but not in accidental conditions). 
Research of fuel product limits covers a wide range of experiments, and mainly power ramp tests, 
internal over-pressurization or released fission gas sweeping, as well as fuel melting approach 
and post-failure behavior studies in normal conditions. These programs are of great operational 
interest fort plant operators and safety authorities [13]. 
As the fuel rod tightness loss can occur, the hosting loop is designed for managing untight or 
degraded samples. This loop will be placed on a displacement system in the JHR reflector. After 
a feasibility study made by AREVA-TA, the detailed design study has started at the CEA in 
January 2009. It quickly pointed out the interest to develop two variants of the loop: 

� A first version will be devoted to perform in priority power ramp tests, to respect the 
service continuity offered by the OSIRIS MTR. Moreover experiments related to the 
fission gases in-situ recovery or to the study of the lift-off phenomenon, or even the 
search for melting limits at fuel centre, could be also implemented in this version if the 
technical or the safety analysis doesn’t point out strong issues. Challenging performances 
are requested: e.g. a high linear power reachable (620 W/cm and 390 W/cm maximum at 
40 GWd/t and 90 GWd/t respectively, when the JHR is operated at 100 MWth) and a 
power ramp rate up to 660 W/cm.min minimum. 

� A second version capable to handle either high concentration of fission products in the 
loop coolant, or a continuous release from a failed experimental rod, or a damaged rod. 
This version will take a great profit from the permanent connection to the on-line coolant 
activity measurement systems located in the Fission Product Laboratory (see § 5). It will 
be more complex, because it will integrate specific components (e.g. purification systems 
for fission products and fissile material) and a more severe safety analysis (radiological 
shielding, unloading in double containment, maintain of the safety barriers…). 

As the design of the loop is now largely finalized [14], the current studies aim at optimizing the 
experimental protocol and at simplifying the out-of-pile circuits in order to present the best 
economical conditions for the service offer. 
 
3.3.3 Capacity of the MADISON and ADELINE devices for addressing WWER fuel issues 
The neutronic and thermal-hydraulical parameters of the both loops can reproduce easily the 
WWER core conditions and can welcome WWER geometries, as these characteristics are quite 
similar to those of Western PWRs. Moreover the loop coolant chemistry can be adapted to 
specific requests expressed by WWER power systems future customers. Accounting for these 
capabilities, a working group gathering NRI, VTT and CEA has been set up in Spring 2011 
(following an international seminar devoted to JHR experimental capability held at the CEA 
Cadarache in March 2011 and gathering Consortium members) in order to review the current 
WWER fuel optimization issues and to define commonly irradiation parameters and 
instrumentation relevant for potential experimental programs in JHR. Among them clad corrosion 
has been identified as a priority stake. This working group will be probably enlarged in a short 
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term and will represent a real driving force for representing the WWER community needs in the 
JHR device fleet design work, based on win-win collaboration. 
 
3.4 Other LWR fuel irradiation devices under feasibility study or planned to be designed 
 
3.4.1 The LORELEI LWR capsule for LOCA tests on fuel rods 
The phenomenology of the thermal-mechanical behavior of a LWR rod under LOCA-type 
conditions will be studied in the LORELEI capsule (Light water, One Rod Equipment for LOCA 
Experimental Investigations). This experimental device will be designed to reproduce the initial 
dry-out, the temperature time history and the quenching phase of a LOCA sequence on a single 
instrumented fuel rod. Homogeneous temperature distribution and flattening of the neutron flux 
profile along the fuel sample are also important design stakes. The scientific objective is mainly 
to understand the fuel thermal-mechanical behavior and to quantify the fission product source-
term release on a separate effect approach [15]. The design will be thought for welcoming tests 
on a small bundle. The device itself will be heavily instrumented and capable to manage the post 
clad burst and the post quenching phases. 
 
3.4.2 Other fuel LWR capsules 
Small irradiation capsules with static gas gap around the sample are also foreseen. This type of 
device will be suitable for irradiations on small fuel samples with adapted geometry, for 
microstructure selection or for measuring fuel material basic properties under neutron flux 
(thermal and irradiation creep, thermal conductivity etc.), which are often badly known despite of 
prime interest for fuel modelling input data. Collaboration between the DAE (India) and the CEA 
has been recently launched on that topic. 
The JHR reflector will also welcome standard boiling capsules for one instrumented LWR 
experimental fuel rod. Placed either in a fixed location or on a displacement system, they will be 
ensure the correct clad surface temperature on a broad linear power range thanks to natural 
boiling conditions. This allows a large place around the rod, and the configuration is favourable 
for implementing fragile or cumbersome instrumentation (e.g. on-line axial and circumferential 
rod diameter measurement by metrology).  
 
3.5. Status of non-LWR irradiation devices 
Innovative development of a new generation of materials and fuels, which resist to high 
temperatures and fast neutron flux in different environments, is necessary for the development of 
future Gen IV reactors. As the demand is less mature than for LWRs, the on-going fuel device 
studies address four topics: 

� Minor actinides burning: Parametric neutronic calculations aimed at identifying the best 
locations in the JHR core or reflector for transmutation targets behavior studies [16]. The 
objective is mainly to obtain the representativeness of ratios such as {displacement per 
atom rate / fission rate}, and {He production rate / fission product rate}. 

� Sodium cooled reactors: A test device dedicated to fuel behavior and fission gas release 
under off-normal operating conditions. 

� Gas thermal system fuels: This topic addresses high pressure and high temperature gas rig 
designed for the irradiation of compact stacks in the JHR reflector. The stack is swept by 
an inert gas at low flow rate to route the released fission gases to the JHR fission product 
laboratory for quantitative measurements. A feasibility study of this last system has been 
performed in a European collaboration framework [17]. 

� Gas fast reactor fuels and materials: The design of a gas loop in the JHR core, at high 
temperature (700-1200°C) and high fast neutron flux (from 1 to 5 1014 n/cm².s), is 
considered, and the conceptual design of a gas rig or a gas loop in the JHR core has 
started and can still evolve depending on the demand.  
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Finally, one can also mention that other devices are under development in support to experiments 
and to qualify the irradiation locations, such as fast and thermal neutron fluxes and gamma 
heating measurement devices [18]. 
 
 
4. NON DESTRUCTIVE EXAMINATION BENCHES IN THE JHR 
 
The JHR experimental process includes also non-destructive examination (NDE) stands that aim 
at increasing the experiment quality and shortening time to result, through NDE on full devices or 
sample holders (e.g. contractual sample checking, on the spot monitoring after a safety test etc.) 
[8]. The NDE means will involve two sets of benches: 
 
4.1. Underwater NDE benches 
The first set concerns the examinations on the experimental sample still within the test device: 

� 2 identical high performances photon imaging stands for implementing tomographies. 
They will be equipped with both gamma emission and X-Rays transmission imaging 
systems set on a same mechanical bench thanks to a shared feed-through. The gamma 
photons used are those self-emitted by the radioactive object since X-Rays require a 
dedicated generator as a Linac (Linear Accelerator) installed behind the pool wall. 

� A neutron imaging system using the neutrons escaping from the core at the mid- plane 
level. A picture of the object is reconstructed from the attenuation of neutrons through the 
scanned object. This test stand is located on the reactor pool flooring, 

The design phase of the two underwater photonic imaging stands started at the end of 2007 in 
collaboration with a Finnish consortium lead by VTT (Finland). These systems will be 
respectively installed in the reactor pool (for experiments with short decay or for quick 
measurements) and in the storage pool of the nuclear auxiliary building (for longer examinations 
such as tomographic inspection).  
 
4.2. NDE benches in JHR hot cells 
The second set of benches concerns the examinations on the experimental sample itself after 
having been removed from the test device. These NDE benches will be placed into two 
examination hot cells dedicated respectively to fuel and to material samples and located in the 
auxiliary building (see fig. 1). The objective is to collect the standard set of data, such as 
photographic inspection, metrology, weight, corrosion thickness measurement, crack 
identification. Gamma scanning and X-ray tomography imaging will be implemented on a 
separate bench (also with VTT participation). Other uses associated with the experimentation are 
also foreseen in these hot cells such as light instrumentation implementation (thermocouple, 
pressure gauge...) or instrumentation repairing on sample or sample holder.  
Such first on-site post-irradiation examination programs will be of course completed by 
destructive examinations in a hot cell laboratory (using potentially CEA Cadarache Hot Labs to 
avoid transportation), which participates also strongly to the success of the experimental process. 
 
 
5. LABORATORIES IN SUPPORT TO THE FUEL EXPERIMENTAL PROCESS IN JHR 
 
The JHR facility will include several laboratories in support to the experimental process. Two of 
them will be closely associated to the scientific objectives of the fuel experiments: 

� The fission product laboratory: This exceptional infrastructure will be solely devoted to 
the on-line and delayed measurement of radioactive and stable fission products, their 
temporary trapping for further measurements, and their purification and storage as a 
waste. Measurement capability will be based on on-line gamma spectrometry technique, 
on Delayed Neutron Detection and on high performance mass spectrometry for fission 
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gases. Two experimental cells will be devoted to water coolant, and two others to gas as a 
coolant or as a sweeping fluid (at low and high activity concentration respectively). 

� The radio-chemistry laboratory: this infrastructure will welcome all delayed physical-
chemical or nuclear measurements on radioactive or inert fluid samples. Although the 
final equipment is under design, one can mention gamma spectrometry, mass 
spectrometry, atomic absorption spectrometry, tritium measurement… as standard 
techniques to install. In this laboratory will be also controlled the chemical characteristics 
of the used coolants. 

Other laboratories will also have an operational objective because they will be devoted to: 
� Reception, final assembling or checking of samples, new components or devices, outside 

the controlled area, 
� Interventions on already slightly irradiated materials (maintenance, calibration…) in 

controlled area.  
 
 
6. THE JHR AS AN INTERNATIONAL SCIENTIFIC USER FACILITY 
 
In parallel to the facility construction, the preparation of an international community around JHR 
is continuing. This is an important topic because, as indicated in the introduction, building and 
gathering a strong international community in support to MTR experiments is a key-issue for the 
R&D in nuclear energy field. 
CEA is welcoming scientists (secondees) from various organisations who are integrated within 
the JHR team for the development of the experimental devices. At the present time, scientists 
from Australia (ANSTO) Austria (ATI), Italy (ENEA), Poland (POLATOM) and USA (INL) are 
integrated in the JHR team and some are working for JHR while staying in their Institutes. 
 
 
7. BUILDING AN INTERNATIONAL SCIENTIFIC JOINT PROGRAM: THE JHIP 
(JULES HOROWITZ INTERNATIONAL PROGRAM) 
 
According to the Consortium agreement, JHR is aimed to become a User reactor at international 
level on the model of the Halden Reactor Project, with multinational project and proprietary 
experiments. Consequently, CEA is preparing, with the support of the OECD/NEA, a joint 
program called Jules Horowitz International Program (JHIP) which has been thought with the 
strategic scope to address fuel and material issues of common interest that are key for operating 
current and future plants (mainly focused on LWRs). The overall objective of the proposed 
program is to increase the understanding of the mechanisms that govern fuel reliability and fuel 
safety through a suitable hot cell and in-reactor experimentation program, combined with 
analytical work in support of the data interpretation and model development. 
2010 has been a very active year for the preparation of this International Joint Program with a 
scientific proposal made by CEA to the expert community on fuel safety and reliability and the 
venue of an expert meeting mid-September 2010 at the OECD headquarters to debate on the 
judiciousness of the CEA proposals. Around 50 experts from various origin (Safety Authorities: 
CSN, SRSA… and/or Technical Support Organisations to regulatory bodies: NRC, IRSN…, 
Utilities: EDF, ENUSA, GDF Suez, VATTENFALL, GE…, Engineering companies: AREVA…, 
Research Organisations: VTT, AECL, NRI, AEKI, PSI, CEA…) from 15 countries have 
participated in this meeting. Following positive feedback from it, CEA is preparing the test 
matrix for each targeted topic: i) power ramp test source term, ii) LOCA phenomenology and iii) 
accidental source term, to be discussed in detail with each potential partner. 
The intended program is to be carried out as an international OECD-NEA project, in a 
complementary view of the work performed at other establishments, notably those already 
involved with OECD projects, such as SCIP, STEP etc. The target is to get a nearly completed 
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JHIP OECD agreement by mid-2012, in order to launch scientific programs beginning of 2013: 
Phase 1 (2013-2016) in CEA existing facilities and phase 2 (2017-20120) in the JHR [19]. 
 
 
8. CONCLUSION 
 
JHR building is under progress and reactor start-up is scheduled in 2016. This facility (regarding 
the experimental capacity) is already open and will be more and more so to international 
collaboration. It is clear that the JHR will be a key infrastructure in the European Research Area 
for R&D in support to the use of nuclear energy. 
The collaboration for designing the performances of the JHR irradiation devices and associated 
measurement laboratories and non-destructive examination benches is of major importance. It has 
already taken place within the European Community thanks to the Integrated Infrastructure 
Initiatives Program “MTR+ I3”, which ended at the end of September 2009. It will progressively 
take a more significant place by identification of future irradiation market evolutions, and by the 
strategy applied by the JHR Consortium members and the Jules Horowitz International Program 
(JHIP) driven by OECD/NEA. To participate to these organizations now is a relevant opportunity 
i) for a win-win approach, gathering needs and developing suitable scientific infrastructures to 
fulfil them, and ii) before technical choices have been finalized to respect the JHR facility 
operational starting planning. 
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Figure 1: View of the main systems in the JHR facility (left picture) and view of the reactor 

core surrounded by the beryllium reflector (right picture) 
 
 

 
 

Figure 2: Overview of the JHR experimental locations 
 

 

 
 

Fig.3: Pouring concrete for Reactor Building upper basement (December 2010) 
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Figure 4: Civil work status of the Nuclear Auxiliary Building (on the left) and of the 
Reactor Building (on the right) in March and May 2011 respectively 

 
 
 

    
 

Fig. 5: JHR Hot Cells design and manufacturing by NRI (CZ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: Schematic view of the MADISON test channel equipped with a 4 rod sample-holder 

(IFE drawing) 


