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ABSTRACT 
The FEUNMARR thematic network in the 5th FP pointed out the need for a new MTR 
facility in Europe to answer the continuous need of irradiation capabilities for fission power 
reactors and fusion facilities and to face the ageing of present MTRs. The Jules Horowitz 
Reactor (JHR) Project in Cadarache copes with this context, as an international service-
oriented user-facility. In the field of nuclear fuels and materials irradiation experiments, a 
6th FP co-ordination action, called JHR-CA, has started at the beginning of 2004 for 2 years. 
The main objective is to network existing expertises on development of a new generation of 
experimental devices, through definition of conceptual designs, instrumentation and related 
in-reactor services. This paper presents the outline of the JHR project, the organization of 
the JHR-CA programme, and a choice of irradiation device conceptual design results. 
 
 

1. Introduction: Situation of the Material Test Reactors in Europe 
 
European Material Test Reactors (MTRs) have provided essential support for nuclear power programs 
over the last 40 years. Associated with hot laboratories for the post irradiation examinations, they are 
structuring research facilities for the European Research Area in the fission domain. They address the 
development and the qualification of materials and fuels under irradiation with sizes and environment 
conditions relevant for nuclear power plants in order to optimise and demonstrate safe operations of 
existing and coming power reactors as well as to support future reactors design.  
However, in Europe, MTRs will be more than 50 years old in the next decade and will face increasing 
probability of shut-down due to their obsolescence. Such a situation cannot be sustained on the long 
term since “nuclear energy is a competitive energy source meeting the dual requirements for energy 
security and the reduction of greenhouse gas emissions, and is also an essential component of the 
energy mix” [1].  
Renewing the experimental irradiation capability meet not only technical needs but important stakes 
such as i) increasing the integration of the European MTRs community which is now fragmented due 
to its history, and ii) maintaining a high scientific expertise level by training of new generations of 
searchers, engineers and operators. This answers the shared concern in Europe about the availability of 
competences and tools in the coming decades. 
This analysis was made by a thematic network programme of the Euratom 5th FP, called Future 
European Union needs in Material Research Reactors (FEUNMARR). This programme involved 
experts and industry representatives, in order to answer the European Commission question on the 
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need for a new Material Testing Reactor (MTR) in Europe. The survey addressed the irradiation needs 
for the studies of material and fuel for commercial generation 2 and 3 up to generation 4 reactors, for 
back-end cycle requirements with dedicated breeders or accelerator driven systems, and for fusion. 
The survey dealt also with nuclear medicine and fundamental research. Cross cutting topics like 
education and training, operation best practices were addressed. 
A consensus has been drawn on the following recommendations provided in the final synthesis report 
released in October 2002 [2], [3]:  

• “Given the age of current MTRs, and anticipating continued R&D demand in the 21st century 
for material and fuel tests in support of nuclear energy production, there is a strategic need to 
renew material test reactors in Europe. 

• Considering the lead-time before a new system can become operational, a decision to build a 
first new MTR in Europe is required in the very near future. 

• The initiative to build the Jules Horowitz Reactor (JHR), and to organise an international 
programme around it, is an important contribution to the joint development of a new European 
Material Test Reactor. 

• A new MTR, such as the proposed JHR, should in due time establish robust technical links 
with existing MTRs, aiming to provide a broad and efficient network of facilities at service of 
the international nuclear community. Programmes should be devised to reach a worldwide 
range of customers. 

• A new MTR should support education and training for future teams of nuclear scientists and 
engineers, and help providing the European member states with the expertise that will be 
needed in areas such as nuclear reactor engineering and plant safety. 

• There is an increasing reliance by the medical and pharmaceutical professions on research 
reactors to produce radioactive isotopes. Co-operation between at least three reactor sites 
within Europe is required in order to ensure a stable supply. If there is a risk that stability of 
supply cannot be ensured, the building of a new dedicated facility should be considered.” 

 
2. The Jules Horowitz Material Test Reactor 
 
The Jules Horowitz Reactor Project copes with this context for the study of material and fuel 
behaviour under irradiation. 
The Commissariat à l’Energie Atomique (CEA), with the support of EDF, has launched the JHR 
project as a new European MTR to be implemented in Cadarache (south of France); start of operation 
is foreseen in 2014.  
Many initiatives are on going to support the establishment of the JHR as an international R&D 
infrastructure, such as bilateral contacts with European and international industry and the launch of the 
International Advisory Group within the OECD/NEA framework to assess the project and to promote 
it as an international users-facility.  
Because building a new MTR offers an opportunity to structure the European research area in the field 
of fission and because developing research infrastructure of European interest is one of the 6 major 
objectives of the 7th FP, it is expected that the European Commission supports the JHR, as an 
Infrastructure of European interest, for the joint development of experimental devices and for the 
construction. This will open the JHR experimental capability to European laboratories, and in 
particular the new Member States laboratories. The EC participation has an important leverage effect 
to consolidate the European status of the JHR project i) for European utilities and ii) for European 
laboratories. 
 
2.1 JHR project objectives  
JHR will offer modern irradiation experimental capabilities for studying material & fuel behaviour 
under irradiation. JHR will be a flexible experimental infrastructure to meet industrial and public 
needs related to generation 2, 3 and 4 power reactors and to different reactors technologies in 
operation in Europe.  
JHR is designed to provide high neutron flux (twice larger than the maximum available today in 
MTRs), to run highly instrumented experiments to support advanced modelling giving prediction 
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beyond experimental points, and to operate experimental devices giving environment conditions 
(pressure, temperature, flux, coolant chemistry, …) relevant for water reactors, for gas cooled thermal 
or fast reactors, for sodium fast reactors, etc 
This irradiation experimental capability will address  

• Power plant operation of existing and coming reactors (Gen 2 & 3) for material ageing and 
plant life management, 

• Design evolutions for Gen 3 power reactors (in operation for all the century) such as 
performance improvement and evolution in the fuel cycle, 

• Fuel performance and safety margins improvements with a strong continuous positive impact 
on Gen 2 & 3 reactor operating costs and on fuel cycle costs (burn-up and duty-cycle increase 
for UOX and MOX fuel)  

• Fuel qualification in incidental or accidental situation 
• Fuel optimisation for High Temperature Reactors 
• Innovative material & fuel development for Gen 4 systems in different environments (very 

high temperature, fast neutron gas cooled systems, various coolant such as supercritical water, 
lead, sodium, …). These systems raise challenging breakthroughs to be addressed by a modern 
experimental irradiation infrastructure like JHR. 

These objectives require representative tests of structural materials and fuel components as well as in-
depth investigations with separated effects experiments coupled with advanced modelling.  
For example, the JHR design accommodates improved on-line monitoring capabilities such as the 
fission product laboratory directly coupled to the experimental fuel sample under irradiation. This 
monitoring can be used to get key information on the fission gas source term during transients related 
to incidents. It can also provide time-dependant data on the fuel microstructure evolution during the 
irradiation, which is of course a valuable input for modelling developments.  
As a modern research infrastructure, JHR will contribute to the expertise & know-how training with a 
positive impact on safety, competitiveness and credibility. 
The JHR design is optimised for the above technical objectives. As an important secondary objective, 
in connexion with other producers, the JHR will contribute to secure the production of radioisotope for 
medical application. This is a key public health stake. 
 
2.2 JHR planning and funding  
The JHR construction schedule is the following: 

• Completion of definition studies in 2005 (typically 100 persons are working on definition 
studies since 2003)  

• Decision for development & construction: Second half 2005 
• Development studies:    2006-2007 
• Construction phase & tests:   2008-2013 
• Public consultation:    2005 
• Preliminary safety analysis report:   2006 
• Construction permit delivery:   2007 
• Start of operations:    2014 

The JHR construction cost is 500 M€ for the period 2006-2014. 
The JHR project, as a flexible research infrastructure, meets at the same time i) middle term needs for 
the industry (utilities, vendors) and ii) long term public issues related to sustainability and energy 
policy. For that reason, a balanced financing scheme is proposed between industry and public 
authorities: 

• CEA: 50% 
• EDF: 20% 
• AREVA: 10% 
• 20% to be funded by European partners (European Commission, European industry) for an 

infrastructure of European Interest   
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2.3 Access rules to the JHR facility 
A Consortium Agreement will be established between Members contributing to the financing of JHR 
construction:  

• A Member has guaranteed and secured access rights to experimental locations in the reactor 
• A Member (or a group of Members) can use his access right to perform Proprietary 

Experimental Programs for his benefit 
• A Joint Program is built with access rights given by Members to address issues of common 

interest 
 
Research institutes will participate in experimental programs: 

• Together with industrial Members to implement proprietary programs  
• Through the Joint Program; this program, addressing topics of common interest between 

European countries, can use a significant share of the JHR experimental capability. An 
International Advisory Group [IAG] for the Jules Horowitz Reactor was set up for 2003 within 
the OECD/NEA and with the EC to support the establishment of the JHR as an international 
R&D infrastructure for the nuclear industry, 

• Through the European Commission membership; as a Member, the EC keep a lever effect with 
his access rights and implement programs strategic for Europe, through subsequent 
EURATOM FPs and by gathering when necessary complementary access rights among 
Members.  

 
2.4 Experimental capability characteristics 
To meet above needs, the JHR nuclear power will be 100MW. The JHR facility will allow performing 
a significant number of simultaneous experiments in core (~ 10) and in reflector (~ 10).  
In core experiment will address material experiment with high fast flux capability ranging from 2,5 
1014 n/cm²/s up to 5 1014 n/cm²/s (perturbed fast neutron flux) depending on the location.  
In reflector experiments will address fuel experiment with perturbed thermal flux ranging from 5 1013 
n/cm²/s up to 5 1014 n/cm²/s (perturbed thermal neutron flux). Experiments can be implemented in 
static locations, but also on displacement systems as an effective way to investigate transient regimes 
occurring in incidental or accidental situations. 
These performances are to be understood as providing a flexible experimental capability where the 
flux can be used to create 16 dpa/year for in-core material experiments (with 260 full power operation 
days per year) or 850 W/cm (on 2% U5 enriched fuel) for in reflector simple fuel experiments.  
One important JHR design feature is to accommodate several independent loops. This is mandatory to 
meet concurrently needs from different reactor technologies (light water reactors, sodium or gas fast 
reactors, high temperature reactors, …), from different reactor generations (Gen 2, 3, 4).  
This objective requires optimising not only the core design but also the overall facility to effectively 
manage several loops.  
For this purpose, an experimental area around the core pool, in the reactor building, will allow to settle 
out of pile loop components in dedicated casemates. This experimental area will accept about 10 loops 
either under irradiation or in preparation for coming irradiation. 
The Fission Product Laboratory will be settled in the reactor building experimental area to be 
connected to several fuel loops. The on-line measurement of fission product gas and/or coolant 
contaminated with fission product will be an effective standard JHR capability providing very 
valuable data for fuel modelling.  
Last but not least, the experimental process will make use of two hot cells to manage experimental 
devices before and after the irradiation with non destructive examination posts. Safety experiments are 
an important objective for JHR and require, as a common feature, an “alpha cell”; this cell is designed 
to manage devices with failed experimental fuel without causing contamination. A fourth cell will be 
used for the management of spent fuel, of waste package, of targets for medical application.   
 
2.5 General lay out 
The future site of JHR facility has been selected at the CEA Cadarache centre. 
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The global lay out of JHR facility consists in: 
• a central area, called nuclear island, comprising the reactor building (RB) and a nuclear 

auxiliaries building (NAB), 
• buildings related to reactor operation such as electrical support and cooling, 
• buildings related to facility operation, such as, staff offices and cold assembly workshop for 

experimental devices. 
 

 

 
 
 
JHR reactor core is laid in a reactor pool inside reactor building. Reactor primary circuit is completely 
located inside the reactor building. Parts of experimental devices which are not placed in reactor pool 
are located in the reactor building experimental area, adjacent to the reactor pool. 
Hot cells, laboratories and storage pools are located out of the reactor building, in the nuclear 
auxiliaries building.  
Transfers, between reactor building and nuclear auxiliaries building, of experimental devices are 
performed underwater. This leads to the implementation of a monolithic water block linking reactor 
pool to experimental or storage areas in NAB. 
The reactor building is divided into two zones. The first zone contains the reactor hall and the reactor 
primary cooling system. The second zone hosts the experimental areas in connection with in pile 
irradiation (eg., loop support systems, gamma scanning, fission product analysis laboratory etc.).  
This experimental area is laid in such a way that the interface with the reactor pool is maximised to 
facilitate the distribution of underwater experimental connections between reactor pool and the 
experimental zone. Bunkers and laboratories are located below the level of reactor hall. Three different 
levels in the experimental area are provided below the reactor hall level. At each level, a significant 
free space (in the order of 300 m2) is provided for experimental device implementation. 
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The JHR set of pools and hot cells is organised on the general principle of underwater transfers for 
used fuel elements and irradiation devices, and more generally, irradiated components. 
Pools are distributed along the central water channel that runs from the reactor building to the nuclear 
auxiliaries building. 
Pools in the reactor building are limited to the reactor pool (including neutronography capability for 
experiments) and an intermediary deactivation pool (for temporary storage of fuel elements, reflector 
elements or replaced core mechanical structures). During reactor shutdown, experimental devices can 
be temporarily stored in a dedicated rack in the reactor pool. 
The main pools are located in the nuclear auxiliaries building: one used fuel storage pool, one 
experimental devices storage pool and one mechanical components working and storage pool 
(including cutting out of waste). 
Two water channels from the central water channel enable underwater access to the hot cell area in the 
nuclear auxiliaries building. This area includes 4 hot cells with the following functions: a β,γ hot cell 
for general material or fuel experiment operation, a specific α,β,γ hot cell for experimental programs 
with broken experimental fuel samples, a β,γ hot cell for waste management, 1 β,γ hot cell dedicated 
to the transit of radioisotope for medical application and to the dry evacuation of used fuel. 
Furthermore, material and fuel experiment hot cells are connected to non destructive examination 
stations for irradiated samples. 
 
 

 
 

 
2.6 Core features 
JHR core design is based on a tank pool concept. The general core options are the following: 
In order to create an intense fast neutron source, the core is of compact size (600 mm fuel active 
height). The core is cooled and moderated with water. 
The core is designed to be operated with a high density low enriched fuel (5U enrichment lower than 
20%), density 8 g/cm3, requiring the development of UMo fuel. The fuel element is of circular shape 
(set of curved plates assembled with stiffeners) and comprises a central hole. The UMo fuel is under 
development within an international collaboration (UMo/Al dispersion solutions and monolithic UMo 
solution). As a back-up solution, the JHR may be started with an U3Si2 fuel with a larger enrichment 
(typically 30%). 
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The core area is surrounded by a reflector which optimises the core cycle length and provides intense 
thermal fluxes in this area. The reflector area is made of water and beryllium elements. Irradiation 
devices can be placed either in the core area (in a fuel element central hole or in place of a fuel 
element) or in the reflector area. 
 

~20 experiments can be located in the 
core and in the reflector

The 60 cm height core is in a Φ 740 mm
pressurised tank; 34 fuel elements are 
placed in a 37 locations core rack.

Beryllium reflector to 
improve core
performances

high fast 
neutrons flux 
(5 1014 n/cm²/s) 
to simulate 
material ageing 

High thermal 
neutrons flux 
(5 1014 n/cm²/s) 
to produce fission 
rates relevant for 
fuel studies

The 60 cm height core is in a Φ 740 mm
pressurised tank; 34 fuel elements are 
placed in a 37 locations core rack.

Beryllium reflector to 
improve core
performances

high fast 
neutrons flux 
(5 1014 n/cm²/s) 
to simulate 
material ageing 

High thermal 
neutrons flux 
(5 1014 n/cm²/s) 
to produce fission 
rates relevant for 
fuel studies
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3. JHR Co-ordination Action programme  
 
3.1 JHR-CA objectives and organization 
The JHR Co-ordination Action programme (JHR-CA) in the 6th FP aims to contribute to the joint 
development of innovative experimental devices. This innovation process is driven with the objective 
to implement a new generation of experimental devices in the JHR; it has also a strong added value for 
existing MTRs by cross-fertilization.  
The JHR-CA has started on 1st January 2004 for two years with two main objectives.  
 
3.1.1 To structure a European collaboration on the definition of the experimental devices, and related 
processes and services: The Experts Group 
The technical definition of the JHR experimental devices and the related experimental processes and 
the induced services will benefit from an international shared development. 
The JHR-CA gathers the European expertise for providing specifications and conceptual designs of 
the JHR experimental devices with a careful consideration on the related overall processes and 
induced services. The integration of these conceptual designs in the JHR is assessed through several 
criteria such as: 

• the performance of the devices versus the scientific and technological state of art,  

• the flexibility and efficiency of the overall experimental process (not limited to the irradiation 
unfolding), 

• the foreseen quality of the service for industry and research institutes (flexibility, short time-
to-result, cost, quality of the data). 

The Expert Group (EG) drives the definition of the JHR experimental devices design to meet current 
industrial demands (issues on existing or under development reactors such as fuel performance and 
safety, mechanical behaviour under irradiation, corrosion, ageing assessment) and to meet emerging 
needs (e.g. gas and high temperature loop, fast transient experiments, …).  
The JHR-CA allows to address through the European collaboration identified breakthrough for key 
technical stakes (hot temperature management, on-line instrumentations and control, variable neutron 
shield, etc). This provides an effective side-product for developing innovative programmes on existing 
research reactors programs to the benefit of MTRs users. 
 
3.1.2 To involve end-users in the design process: The Users Group  

The Co-ordination Action aims to involve vendors, utilities, public stakeholders in the design of the 
experimental devices and MTR next generation. These end-users will make sure that the JHR Project 
provides a service-oriented irradiation platform responding to their needs. 
Through the Co-ordination Action, information on the detailed design and performances versus needs 
are broadly shared, which supports the convergence process toward the construction decision since: 

• It is a decisive step for a renewing policy of research infrastructures for fission, covering the 
creation of new facility and the functioning of existing ones and access to them, 

• It structures a European collaboration on the definition of the experimental devices with users 
involved from the beginning.  

 
3.2 JHR-CA participants 
The EG is constituted by following institutes: 
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• Participant name 
 

Participant short name 
 

Country 
Commissariat à l’Energie Atomique CEA France 
Studiecentrum voor Kernenergie - Centre 
d'Etude de l'Energie Nucléaire 

SCK CEN Belgium 

Nuclear Research & consultancy Group NRG The Netherlands 
Karlsruhe University UNI-KA Germany 
Nuclear Research Institute Řež plc NRI The Czech Republic 
Valtion Teknillinen Tutkimuskeskus VTT Finland 
Technicatome TA France 

 
Following companies are members of the UG: 
 

• Participant name 
 

Participant short name 
 

Country 
Electricité de France EDF France 
Kernkraftwerk Leibstadt KKL 
on behalf of “Unterausschuss Kernenergie”  

KKL/UAK Switzerland  

FORTUM Nuclear Service ltd FORTUM Finland 

IBERDROLA Generation S.A. IBERDROLA Spain 

FRAMATOME-ANP FRA-ANP France 

 
4. JHR-CA Work Plan 
 
4.1 Expert Group work packages 
Five scientific work packages (WPs) have been identified as proposing challenging exercises for the 
scientific community. The aim is to build up a conceptual design of an irradiation device capable of 
performing sophisticated in-situ measurements or controlling precisely the environment of the sample. 
The three first ones concern the materials and the two others the nuclear fuel: 

• WP1: Materials behaviour under high temperature conditions 
The objective is the conceptual design of an experimental helium gas loop designed for 
irradiation of HTR materials in the JHR core, at high temperature (700-1200°C) and high fast 
neutron flux (from 1,4 to 5,2 * 1014 n/cm2.s). This loop is located inside a JHR fuel assembly, 
and is dedicated to separate effects experiments on selected materials, such as SiC/SiC, Oxide 
Dispersed Strengthened Steel (ODS) and ZrC. 

• WP2: In-pile mechanical testing devices 
The objective is the conceptual design of an in-pile mechanical testing device with on-line 
environment, stress and strain control. As a challenge, one aim to perform an on-line control 
(axial and bi-axial) load, with a precise mechanical and temperature monitoring on a single-
axial device. 

• WP3: Corrosion under irradiation 
The exercise addresses the in-pile irradiation assisted cracking growth rate measurements, 
thanks to the local electric potential drop measurement. 

• WP4: Current fuels 
This WP addresses end-of-life scenarios for PWR fuels, and notably the fuel thermal-
mechanical behaviour and the fission gas release, thanks to a cluster of instrumented rodlets 
(central thermocouples, pressure gauges and fission gas sweeping lines) placed in a PWR 
loop. 
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• WP5: Gas system fuels 
This WP addresses high pressure and high temperature gas rig designed for the irradiation of a 
8 HTR/VHTR (High/Very High Temperature Reactor) compact stack in the JHR reflector. 
The stack is swept by an inert gas at low flow rate to route the released fission gases to the 
fission product laboratory for quantitative measurements. 

Three other work packages deal with subjects important for the definition of the JHR 
experimental capability: 

• WP6: Medical applications 
 This addresses the technical and strategic optimisation of the European isotopes production for 

medical applications, taking into the increase of the demand and the securing of this 
production by networking two or three research reactors.  

• WP7: Operation optimisation 
 This cross-cutting topic will provide conditions for an optimum irradiation device fleet 

operation and for a good management of the experimental programmes. 

• WP8: Integration assessment 
 This important cross-cutting topic is performed by the JHR team responsible for designing 

JHR core and facility. Taking benefit from the studies performed in WP1 to 6, this team 
identifies the interfaces between the experimental devices and the facility, and study the 
critical points, in order to integrate the devices versus the reactor design. The interaction of the 
WP8 with the other ones can be summarized by this diagram: 

 
 

 
 
4.2 Users Group work packages 
Four topics are investigated by the User Group: 

• Assessing the on-going design versus needs 
This topic comprises the participation to the IAG meetings, for assessing the overall JHR 
design, and the assessment of the experimental devices conceptual design proposed by the EG. 

• Defining organization and operation rules suitable for a new European MTR 
The recommendations are supported by the WP7 conclusions. 

• Relevance of JHR safety standards versus experimental needs 
This addresses the assessment of the JHR safety standards from the users point of view with a 
possible release of requirements. 

• Testing capacity of JHR on safety tests 
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The objective is to formulate needs and specifications for experiments dedicated to safety 
programmes. 
 
5. JHR Co-ordination Action: Examples of study results 
 
Among a lot of results gained in 2004, three examples of conceptual designs can be shortly described 
in this paper: two on materials, and the third one on fuels. 
 
5.1 WP1: HELIOS test loop for in-core material irradiation at high temperature and high dose rate  
The HELIOS test device is an experimental Helium gas loop at 7 MPa designed for material in-core 
irradiation at high temperature and high dose rate: 

• Typical material: SiC based ceramics and composites, ODS (Oxide Dispersion strengthened 
Steels) and ZrC for High Temperature Reactors 

• Fast neutron flux range: 1.5 1014 to 5 1014 n.cm-2.s-1 

• Maximum dose rate : 16 dpa/y 

• Nominal temperature: up to 1200°C 

• Available space for sample holder: diameter 25 mm - length 600 mm, 

• Fluid surrounding the samples: circulating Helium. 
 
It is dedicated to separate effect experiments such as dose accumulation, temperature and time 
dependency tests, and environment dependency test (helium with controlled impurities). Different 
sample holders can be designed to reach specific experimental objectives, depending on the type of 
samples and instrumentation. 

The HELIOS test loop should be placed in one of the standard in-core experimental emplacements 
with the highest fast neutron flux. The temperature control of the samples is possible by means of a 
small in-pile loop of circulating gas such as Helium. Indeed, an integrated circulator situated at the 
head of the in-pile part and far above the active zone allows the fluid flowing down. Then, after being 
pre-heated by means of electric heater the gas travels through the active zone around the samples, the 
fluid is cooled down by a heat exchanger situated at the bottom of the rig. Finally, the fluid returns up 
in the gap between the pressure tube’s inner wall and the sample holder shell. 
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Connection boxes for 
electronics and fluid 
conditioning 

Radiation shielding 

Electrical heater 

Helium integrated 
circulator 

Heat exchanger 
with reactor 
primary circuit 

Samples Double-wall rig 

Sample holder 

Gas gap 

Helium downflow 

Active zone 
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Reactor vessel plug 

Helium upflow 

 
 

 
 

Schematic view of a sample holder in the HELIOS test device 
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FIGURE A 

 

FIGURE B 

 

 

 

 

 

 

 

HELIOS gas loop: Conceptual design results: 

Figure A: Radial cross section with sampler carrier (cuboïd-shaped specimens) 

Figure B: Temperature distribution in the sample carrier (2D calculation with CAST3M) 
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5.2 WP2: In-core test device for material irradiation at high dose rate under controlled 
stress 
This device is dedicated to experiments at very high fast neutron flux such as: 

• dose accumulation or irradiation growth of cladding and structural materials with on-line 
strain measurement (diameter, length …), 

• axial stress relief test on blade sample with on-line load measurement, 

• loading tests with strain measurement like diametral creep test under monitored internal 
pressure, 

• in-core controlled dynamic tensile test,  

• creep test with in-core stress increments, control of the biaxiality ratio and on-line 
measurement of axial and diametral strain, 

Main features are : 
• Fast neutron flux range: 2.5 1014 - 5 1014 n.cm-2.s-1 

• Maximum dose rate : 16 dpa/y 

• Nominal temperature: up to 600°C 

• Available space for sample holder: diameter 25 mm - length 800 mm, 

• Maximum temperature discrepancy over the samples : 7,5°C, 

• Typical sample material: Steel, Zirconium alloy, Nickel alloy, Titanium, Aluminum alloy 
The accurate temperature control of the samples is possible by means of a small in-pile loop of 
circulating fluid such as NaK. Indeed, an annular electromagnetic pump situated above the active zone 
allows the fluid flowing down after being previously pre-heated by the mean of electric heater situated 
just above the pump. Then the fluid is cooled down by a heat exchanger situated at the bottom of the 
rig.  
 

 
Pneumatic material testing irradiation device: Sample multi-axial loading and axial / diametral strain 

measurements (VTT concept) 

LVDT sensor to measure axial 
displacement of tube

Mechanical connection rod 
between LVDT sensor and 
bellow’s bottom piston

P1 = Internal pressure

P2 = Bellows pressure

CEA device for measuring 
online changes in 
diameter
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5.3 WP4: Fuel rod cluster irradiation under PWR conditions 
This test device is an experimental pressurized water loop designed to LWR fuel rod cluster testing in 
the JHR’s reflector. Typical samples are 6 to 8 segmented or re-fabricated fresh or pre-irradiated rods 
with a fissile length up to 600 mm and an external diameter up to 12.5 mm. It is dedicated to separate 
effect experiments on comparative characterization of fuel rods irradiated in the same PWR 
conditions: microstructure evolution, fission gas release and fission product distribution. It is designed 
for steady state irradiation, medium power transients as well as first phase of loss of coolant 
experiments (no high temperature and no quenching). 

Because of this piping system stiffness, the in-pile rig is not adapted to displacement system of the 
reactor's reflector. Thus, the test rig should be placed in one specific experimental emplacement 
equipped with a variable thermal neutron screen that allows fuel rod power adjustments and medium 
speed transients 
Main features of this device are: 

• Fast neutron unperturbed flux (> 1MeV): up to 2.5 1013 n.cm-2.s-1 
• Thermal neutron unperturbed flux: up to 4.3 1014 n.cm-2.s-1 
• Mean linear power of fuel samples : - nominal value :    200 W.cm-1 

      - maximum value : 400 W.cm-1 

• Inlet coolant temperature: 300 +/- 20 °C 
• Maximum outlet coolant temperature : 340°C 
• Nominal coolant pressure : 155 bar 

Figure A      Figure B 

 

Irradiation device for a PWR fuel rod cluster 
Figure A: Location of the device in the JHR core reflector 

Figure B : Conceptual design of the device with a neutron shield 
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Irradiation device for a PWR fuel rod cluster :  

Effect of the peripheral tuneable neutron shield (3He): 
 

Dpa/fission rate ratio versus the mean linear power of the rods for different 3He pressure in the shield 
(Tripoli 4 3D Monte Carlo simulation) 

 
6. Conclusion 
 
The output and the added value of the JHR-CA is a consensus shared between European laboratories 
and user on a first level of specifications for the next generation of irradiation experimental devices 
and programmes. The technical work performed in 2004 in the Experts Group allowed to define 
together irradiation specifications and an irradiation device conceptual design for each workpackage. 
This work is now assessed by the Engineering team in terms of integration in the JHR facility, through 
two main objectives : 

• to define the interfaces between the device and the facility (e.g. instrumentation and fluid 
lines, location within the core or in the reflector,….), 

• to identify the critical points regarding the safety aspects. 

After this assessment phase, an iteration will be done between the irradiation specifications, the 
conceptual design and the assessment results, to build-up a feasible experiment. Another output of this 
iteration is the determination of irradiation devices or components set, or instrumentation means to 
study in priority. 
For that reason, the following step after the JHR-CA has to address the detailed design of some of 
these devices and the reinforcement of the European collaboration on this field. For that purpose, it is 
proposed to launch an Integrated Infrastructure Initiative with the following objectives: 

Test device in JHR reflector with a neutron shield (3He) 
 Core : 100 MW - 34 fuel elements - 3x8 plates -  UMo7 20% U5 

 Loop : 8 fuel rods - UO2 2% U5 - Core/center loop distance = 12.7 cm
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• to drive technological innovation in the MTR field, with a mutual benefit for existing 
European MTRs and JHR, 

• for the research activity, to develop some irradiation devices and/or key components, 
including test definition on existing MTRs, 

• for the Transnational access, to offer access in existing MTRs for testing innovations; this 
contribute to the growth of present MTRs technological offer, 

• For the networking activities, to address cross-cutting topics such as gauge calibration and 
conditioning, professional training. 
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