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Abstract

European Material Testing Reactors (MTRs) have provided essential support for nuclear power programs over the last 40 years. MTRs are now ageing in Europe and they cannot ensure the securing of experimental capability for the next decades. In this context, a new Material Testing Reactor, named Jules Horowitz Reactor -JHR-, operated as an international user-facility, is under development in Europe. 

The European MTRs context and the JHR objectives and status will be presented:

· The JHR project is mainly driven by the objective of sustainability for the nuclear energy which encompasses the current support for generation II reactor, the optimization of the generation III technology and innovative developments required by the generation IV concepts. The nuclear energy development requires a consistent set of research infrastructures and associated competences; the consistency between JHR performances and complementary infrastructures such as experimental reactors to demonstrate generation IV concepts will be outlined. 

· The JHR project reaches a major milestone at the end of 2005 since the definition phase is completed providing key output such as the detail design and performances and the preliminary safety report. The public debate has been also performed. Some key features of the JHR project will be outlined. 
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1.1 Situation of 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 maintaining a high scientific expertise level by training of new generations of searchers, engineers and operators. This answers the European concern 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) [2, 3]. This programme involved experts and industry representatives, in order to answer the European Commission question on the need for a new 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.

Then, a consensus has been drawn in Europe on the following statements: 

« There is clearly a need of irradiation capability as long as nuclear power provides a significant part of the mix of energy production sources »

« 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 »

	Countries
	Reactor
	First criticality
	Power (MWth)

	Czech Re. 
	LVR15
	1957
	10

	Norway
	Halden
	1960
	19

	Sweden
	R2
	1960
	50

	Netherland
	HFR
	1961
	45

	Belgium
	BR2
	1963
	60

	France
	OSIRIS
	1966
	70


Table 1: list of the main European Material testing reactors

The R2 reactor in Studsvik (Sweden) illustrated the short delay between the shut-down notice (end 2004) and the definitive shut-down (mid-2005). OSIRIS is France is likely to be shut-down at the beginning of the next decade. 

To cope with this context, CEA with the support of EDF, has launched the Jules Horowitz Reactor Project (JHR) [4, 5, 6] as a new European MTR, settled in Cadarache (south of France) and operated as an international user-facility. Start of operation is foreseen in 2014. 

The European Commission (EC) supports the development of research infrastructures of European interest, among which the JHR has a central role for the fission research. 

As a new large infrastructure of European interest, the JHR project induces a long-term integrating and structuring effect on fission research in Europe. Within the 6th EURATOM framework program, the EC supports the joint development of new generations of irradiation devices as an effective way to network the MTRs community, to sustain competences. This is a strategic answer 

· to address present issues such as MTRs community fragmentation, ageing infrastructures and competences, lack of investments and weak experts revival.  

· to sustain an up-to-date irradiation capability for key stakes for existing/coming power plants (safety, plant life management and economical optimisation) and for future reactors developments (innovative fuel & material for fast neutron reactors and for high temperatures). 

1.2 JHR project objectives 

JHR is developed according to a philosophy of international access, which is a guaranty of economic or technical efficiency (cost and knowledge sharing), a vector to build up public confidence in results used by industry and a effective support for training.

JHR will offer modern irradiation experimental capabilities with high neutron flux capabilities for studying material & fuel behaviour under irradiation. JHR is designed as a flexible test reactor running highly instrumented experiments in order to support advanced modelling giving prediction 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. 

Meeting industrial and public needs related to generation 2, 3 and 4 power reactors and to different reactors technologies, JHR 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 element qualification in incidental or accidental situation

· Fuel optimization for High Temperature Reactors

· Innovative material & fuel development for Gen 4 systems in different environments, very high temperature, fast neutron gas cooled systems (GFR), sodium cooled fast reactor (SFR), various coolant such as supercritical water, lead, ... 

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, 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 the expertise & know-how training with a positive impact on safety, competitiveness and credibility.

The JHR design is optimized for the above technical objectives. As an important secondary objective, in connection with other producers, the JHR will contribute to secure the production of radioisotopes for medical application in Europe, as a key public health stake.

1.3 JHR among post 2020 irradiation infrastructures

The above analysis pointed out the need for a new MTR and JHR meets this need. This has to be undertaken within a broader view among other irradiation infrastructures necessary for a sustainable nuclear energy. 

High priority is given in France [7] to fast neutron systems with closed fuel cycle for a sustainable energy supply through breeding in the long term, and capable also to burn all actinides produced by light water reactors. 

Hybrid systems offer an alternative for actinide management. 

The European landscape will typically encompass for the coming decades:

· The JHR, as an up-to-date MTR to meet and secure industrial and public needs within European and international collaborations. JHR, networked with existing research reactors (no major ageing issues are identified in several low power reactors) will allow maintaining and developing the expertise in many countries through domestic activities cross-fertilised with the access to an up-to-date facility.

· An experimental reactor for testing future reactor technologies and a larger scale demonstration reactor. With the coming shut-down of PHENIX, no fast neutrons reactor will be available in Europe at the end of this decade. Worldwide collaboration (with Japan, …) will contribute maintaining the expertise. On going studies will allow selecting a fast reactor technology and a site for implementing in the coming decade a new fast neutron experimental reactor in Europe
. 

Even if this is not related to energy production, radioisotopes production for medical application is an important stake meeting public health needs. It is foreseen that a new medical oriented reactor (few tens of MW, low cost infrastructure) to secure radioisotope production will be necessary in Europe. 

It is useful to define carefully the main features for these research infrastructures

· An up-to-date MTR as the JHR is a polyvalent research infrastructure for screening, qualification and safety purposes. It reproduces different reactor environments (water, gas or liquid metal loops) and is able to generate transient regimes as a key feature for safety. High flux capability is necessary to accelerate the ageing. It is a water cooled reactors (like the typically 100 existing MTRs) in order to maximise the experimental flexibility and accessibility required to manage several highly instrumented experiments in a cost-effective way; water cooled MTRs provide 2 major neutrons spectrum components <1eV & >1MeV which are necessary to study material and fuel behaviour. 

·  An Experimental Reactor (ExR) (Rapsodie in the 70s or JOYO for SFR) is required to develop a specific innovative reactor technology. With typically few tens of MW, it is representative of the chosen core design (coolant, fuel design, control system, core physics, no conversion energy system). ExRs offer irradiation capability suited for the given reactor technology but are not relevant nether cost-effective for meeting other reactor technologies needs. The ExR will be necessary for qualifying reactors technologies like GFR, Pb-Bi reactor, … (but not for mature technologies such as SFR, HTR). Present MTRs and then JHR will contribute to the implementation of ExRs through the development and qualification of the ExR required material and fuel.

· Demonstration Reactor (DeR) (Phenix and MONJU for ex.) with typically few hundreds of MW, are dedicated to the industrial demonstration of a specific technology. They are relevant for commercial extrapolation (technology for all the components, including energy conversion systems, economy of operation, and fuel cycle). Due to a large available experience (20 SFRs operated from the 50s), SFR new designs (concept simplification, lower investment cost, water-free power conversion, improvement of in service inspection & maintenance, integral recycling of actinides, fuel burn-up increase) will have to be validated in a DeR. Complementary to a DeR, JHR will contribute to the on going technological optimisation (ageing issues, burn-up increase …).

2 The Jules Horowitz Material Testing Reactor

To JHR project encompasses 4 key subprojects.

· The JHR design project dedicated to the definition of the JHR facility, including the detailed design of the reactor and the auxiliary building and miscellaneous companion buildings, the production of the preliminary safety report, the preparation of the construction phase through a detailed and optimised construction planning, the determination of the JHR performances and cost. Steered by CEA, this subproject is implemented by an engineering team gathering competences of Technicatome, Framatome-ANP and EDF. Control of the investment cost is a top level objective. Compared to the reference analytical breakdown (2002) for the JHR investment, detailed investment cost re-assessments have been performed at each important milestone with a direct impact on the technical choices. As an example, the nuclear auxiliaries building (NAB) was deeply re-optimised in 2004.

· The JHR fuel project to make available a high density reprocessable fuel. The nominal JHR fuel is the UMo fuel under development through a broad international collaboration. To secure the JHR start of operation in 2014, a back-up fuel (U3Si2) is being qualified. This project encompasses development, qualification and industrialisation activities.

· The JHR simulation codes package (HORUS3D) project to make available a set of qualified tools which optimise the neutronics and thermal-hydraulics margins in order to attain the performances. High core gradients, high power density, non regular lattice are basic features of the JHR design that requires dedicated tools that needs a comprehensive set of qualification experiments.

· The JHR irradiation devices project. This project started in 2004 with the purpose to make available a comprehensive set of irradiation devices in 2014 addressing needs from different power reactor technologies and generations. This project encompasses joint developments of irradiation devices and key components through European and international collaborations, technological implementation up to the qualification, industrial organisation.

2.1 The JHR design project

The JHR design and construction project is driven with the following planning: 

· Completion of definition studies in 2005

· Typically 100 persons have worked on definition studies since 2003. JHR definition studies are completed at mid-2005

· Performances, cost and planning for construction are confirmed

· JHR preliminary safety analysis report is on-going to be submitted to the regulatory body early in 2006; this is a key step toward the JHR public enquiry (end 2006).

· In order to inform the public and collects the public observations, a public consultation held in spring 2005 and showed out a good public acceptability. 

· Development studies: 2006-2007

· Construction phase: 2008-2013

· Preliminary safety analysis report assessment: 2006

· Construction permit delivery: 2007

Start of operations: 2014

JHR construction cost is 500 M€ (economical condition 2005) for the period 2006-2014. The JHR project, as a flexible testing reactor, 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 (EDF, AREVA, European and international industries) and public funding (CEA, European Commission).

JHR is a 100 MWth tank pool reactor. The core area is inserted in a small pressured tank (section in the order of 740 mm diameter) with forced coolant convection (low pressure primary circuit at 1.5 Mpa, low temperature cooling, core inlet temperature in the order of 25°C). Reactor primary circuit is completely located inside the reactor building (RB). 

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., typically 10 loops support systems, gamma scanning, fission product analysis laboratory etc.). The Fission Product Laboratory will be settled in this area to be connected to several fuel loops ether for low activity gas measurements (HTR, …) or high activity gas measurements (LWR rod plenum, …) or water measurements (LWR coolant, …) with gaseous chromatography and mass spectrometry.

Bunkers and laboratories in the experimental area will use 300m² per level on 3 levels. 

Hot cells, laboratories and storage pools (one for spent fuel, one for experimental devices, one for mechanical components) are located in the nuclear auxiliary building (NAB). 

The experimental process will make use of two hot cells to manage experimental devices before and after the irradiation. Safety experiments are an important objective for JHR and require an “alpha cell” to manage devices with failed experimental fuel. A fourth hot cell will be dedicated to the transit of radioisotope for medical application and to the dry evacuation of used fuel.

Transfers, between reactor building and auxiliary building, of experimental devices are performed underwater with a monolithic water block linking reactor pool to experimental or storage areas in NAB.

The core (600 mm fuel active height) is cooled and moderated with water. It is 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 core area is surrounded by a reflector which optimizes 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.

To meet above needs (§1.2), JHR reactor is designed for a maximum core power of 100 MW with flexibility for operation at lower power levels in order to perform irradiation with performances and costs relevant with the demand. 

The JHR facility will allow performing a significant number of simultaneous experiments in core (~ 10) and in reflector (~ 10). 

Maximum JHR performances are obtained at a 100 MW core operation, with the reference core (see § 4.7) loaded with 34 fuels elements in a core rack of 37 cells. 
In core irradiation devices (devices located inside JHR core tank) will typically address material experiments. Perturbed fast neutrons flux (>1 MeV) capability can range from 2,5 1014 n/cm²/s up to 5 1014 n/cm²/s (perturbed fast neutron flux) depending on the location. 

Reflector area irradiation devices (devices located out of JHR core tank, in the open reactor pool) will typically address fuel experiment in static locations or upon displacement systems. Perturbed thermal neutron flux can range, from 5 1013 n/cm²/s up to 5 1014 n/cm²/s. Furthermore, it will be possible to access significant fast flux levels in these reflector positions (up to 7-8 1013 n/cm²/s).

This provides a flexible experimental capability to get 8-16 dpa/year (at 260 full power operation days/year) for in core simple material experiment and thermal flux up to 500 W/cm on 1% U5 enriched fuel for in reflector simple fuel experiments. This can be also used to get significant flux in more sophisticated loops taking into account more complex environment conditions and/or flux adjustment.

Lower performance operations are foreseen to accommodate the operation cost to the market needs. At 220 full power operation days/year, 70MW power and a core loaded by 36 fuel elements in the 37 cells core rack, the JHR fuel consumption is comparable to OSIRIS one with performances slightly larger. 

These different flux levels have been computed with a representative experimental load, within realistic reactor core studies including neutronic, cooling, mechanical and safety impact of experimental load but also technical and operation constraints for the effective management of several loops inside the facility. 

JHR design accommodates several independent loops to meet concurrently needs from different reactor technologies (PWR, BWR, CANDU, HTR, FBR …), from different reactor generations (Gen 2, 3, 4).

Figure below gathers a set of key JHR features; more in depth information will be provided through companion papers in the same conference. 
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2.2 JHR fuel project

The JHR fuel project has two major objectives:

· The development of an optimized and reprocessable Low Enriched (<20%) relevant for the JHR design (high density Uranium fuel). This encompasses the whole fuel cycle: manufacturing aspects, irradiation behaviour, fuel code development, and reprocessing validation. Development and qualification are performed on full size plates. For this objective, CEA has launched a significant program on the development of dispersed and monolithic U-Mo fuels, including out-of-pile investigations, manufacturing aspects, irradiation and post irradiation programs, and code development. The UMo fuel is under development within an international collaboration (UMo/Al dispersion solutions and monolithic UMo solution) [8, 9].

· To secure the availability of a fuel for starting the JHR operations in 2014. For this objective, CEA has launched a qualification program for the U3Si2 fuel, which is a well-known technology to be validated in the JHR operating conditions. If UMo fuel is not available as an industrial solution, JHR will use a U3Si2 fuel with enrichment less than 30%. In this case, development of the UMo will continue within the international collaboration to implement and use UMo fuel in JHR as soon as available.

The fuel for starting operations will be chosen in 2007 for a final qualification in 2009 and then for starting the industrialisation (manufacturing aspects are being developed in close collaboration with CERCA, the fuel manufacturer for research reactors).

	Schematic schedule of the JHR fuel development program
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The international effort to develop, qualify, and license UMo-Al dispersion fuels is being carried out by programs in the United States, France, Argentina, and Russia. Recently discovered performance limitations under high operating conditions make necessary modification to the fuel design and delay its qualification. Indeed, irradiation tests have shown that the unstable behaviour of the UMo fuel is not due to the UMo fuel itself, the behaviour of which remains stable, but to the unstable swelling (break-away swelling) of interaction product UMo(Al)x, which is considered to be an amorphous compound, and therefore unable to retain the fission gas in stable bubbles.

Comprehensive scientific program was built to increase the understanding of the U-Mo/Al interaction and to develop solutions avoiding inappropriate behaviour under irradiation:

· Thermodynamic studies to determine, through the U-Mo-Al ternary system, the phase equilibrium at different temperatures;

· Out-of-pile metallurgical studies on diffusion couples to get a better understanding of the mechanisms of the U-Mo/Al interaction phenomena and to underline the parameters which could prevent this reaction

· Simulation studies to take into account the effects on the fuel/matrix behaviour either by implantation experiments or by in-pile irradiation.

In-pile irradiation will be then performed to determine the fuel behaviour and to valid the pertinence of the chosen solution.

The irradiation program evaluates irradiation behaviour on both U-Mo dispersion fuels and U-Mo monolithic fuels. These experiments are using full-sized plates for recording the whole information package on manufacturing and irradiation aspects.

The first irradiation experiment (IRIS-3 experiment) has been prepared in 2004 for testing parametrically the effect adding silicon to the aluminium matrix. Two sets of plate were produced by CERCA using, respectively, Al2%Si and Al0,3%Si aluminium matrix. These plates were introduced in OSIRIS reactor at the beginning of 2005.

The next irradiation (IRIS-4 experiment) will evaluate a solution which could avoid the (U,Mo)Alx reaction by means of a protective layer on the particles themselves. Out-of pile studies are providing the basis for this approach by defining the protection layer and the experimental way of production.

In parallel, the monolithic fuel solution will be tested in a U.S./French experiment on full-sized plates. Prototype U-Mo monolithic plates will be manufactured by Idaho National Laboratory (INL) and by CERCA with the technical support of CEA. They will be simultaneously introduced in the OSIRIS reactor early at the beginning of 2006 (IRIS-5 irradiation). The first feasibility steps for manufacturing full-sized U-Mo foils are in progress in France and the U.S. These developments are supported by CEA, CERCA, and TUM (Germany).

CEA has developed a 2D thermo-mechanical code, called MAIA, for modelling the behaviour of UMo dispersion fuel. MAIA uses a finite element method for the resolution of the thermal and mechanical problems. Physical models, issued of the ANL code PLATE, evaluate the fission products swelling and the volume fraction of the interaction between U-Mo and Al matrix. They allow establishing strains in the meat imposed as loading for the mechanical calculation. MAIA has been validated on the irradiations IRIS1, IRIS2 and RERTR-3, and rather good agreement is obtained with post-irradiation examinations. MAIA can now be considered as a consistent code for UMo dispersion fuel plates thanks to its validation base. It can also be used for mechanical calculations. MAIA is therefore a useful tool to analyze and explain the behaviour of the U-Mo dispersion fuel.

2.3 Experimental devices development

The development of JHR experimental devices offers a unique opportunity to develop a new generation of devices meeting up-to-date scientific and technological state of art as well as anticipated users’ needs.

Development of experimental devices and related programmes requires international collaborations to benefit from the available large experience and to increase the critical mass of cross-disciplinary competences.

Several scientific topics are presently developed in the European framework and could be open to broader international collaborations

The JHR Co-ordination Action program (JHR-CA) in the 6th FP [10] aims 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 and to improve existing MTRs capability by cross-fertilization. 

The JHR-CA addresses through European collaboration key technical stakes:

· Materials behaviour under high temperature conditions: the objective is the design of an experimental helium gas loop designed for irradiation of high temperature reactors materials in the JHR core, at high temperature (700-1200°C) and high fast neutron flux (from 1 to 5 1014 n/cm²/). 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.

· In-pile mechanical testing devices: The objective is the design of an in-pile mechanical testing device with on-line environment, stress and strain control (axial and bi-axial load), with a precise mechanical and temperature monitoring on a single-axial device.

· Corrosion under irradiation: The objective is the design of the in-pile irradiation assisted cracking growth rate measurements, thanks to the local electric potential drop measurement.

· Current fuels experiments: This topic addresses end-of-life scenarios for LWR 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 LWR loop.

· Gas system fuels: This topic addresses high pressure and high temperature gas rig designed for the irradiation of a 8 High/Very High Temperature Reactor 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 fission product laboratory for quantitative measurements.

· Answering a growing demand, experiences for safety purposes are under discussion. The objective is the development of separated effect experiments bringing relevant information for LOCA or RIA scope. With online fission product measurement capability and a cell dedicated to failed experimental fuel management, JHR can accommodate this safety experiments.  

Complementary to these items, several key technological components are under development (embarked NaK pump, online instrumentation, variable neutron screen …). 

Even if these developments are driven to be implemented in JHR, they provide a strong added value for existing reactors and labs involved in material under irradiation studies by pushing the technological innovation and by disseminating the scientific state of art.

In parallel, to make available the JHR experimental devices fleet with consistent technological and safety standards, international collaboration is driven together with integration of the experimental devices in the JHR facility which is now defined, implementation of a qualification program for key components, implementation of an industrial policy for quality and cost-effectiveness purposes.

2.4 JHR simulation codes project

The HORUS3D (Horowitz Reactor Simulation Unified System [11]) is a consistent neutronics and thermal-hydraulics package dedicated to the design studies of JHR, including:

· HORUS3D/N for neutronics modelling base on APOLLO2 and CRONOS2 codes

· HORUS3D/P for nuclear and photonic heating calculation based on APOLLO2, TRIPOLI4 and PEPIN2 of DARWIN package

· HORUS3D/Cy based on DARWIN package for cycle parameters

· HORUS3D/Th based on FLICA4 code and HORUS3D/Sys based on CATHARE code for core and system modelling

The qualification of this package is based on several specific experimental programs ([Erreur ! Source du renvoi introuvable.], [Erreur ! Source du renvoi introuvable.]) covering basic nuclear data (neutronics and photonics), global neutronic parameters and thermal-hydraulic correlations (thermal limits, flow excursion and critical heat flux).

This qualification process leads to a progressive improvement of the uncertainties. The final targets for uncertainties are the following:

	Neutronic parameters

	Reactivity
	1000 pcm

	Fast and thermal fluxes
	20%

	Power distribution (assembly)
	5%

	Power distribution (plate)
	8%

	Integral absorber efficiency
	8%

	Differential absorber efficiency 
	8%

	Nuclear heating
	15%

	Thermal-hydraulic parameters

	Pressure drop
	5% (Single phase)

10% (two phase)

	Plate temperature on the fluid side
	5% (single phase)

10°C (two phase)

	Flow redistribution
	2.5%

	Critical flux
	5%


· Neutronics modelling: To carry out irregular core calculation of power, flux distributions, cycle duration for various loading pattern, a new version of HORUS scheme has been developed based on the method of characteristics (MOC) implemented in the APOLLO2 code [14].

· Experimental program for neutronics qualification of UMo: available nuclear database are not enough relevant for JHR (compared to UOX fuels, larger enrichment, Mo resonances, high moderator/fuel ratio). High precision measurements of the reactivity effect of fuel samples are performed using the MINERVE critical mock-up by the oscillation methods. As a result, uncertainties of the basic nuclear data of the Uranium isotopes are reduced by 3. 

Experimental program for nuclear heating qualification: a set of integral, small-scale experiments of gamma heating measurements has been performed. These experiments use different kinds of thermo-luminescent dosimeters (TLD) inserted in the core of the EOLE research reactor. Uncertainties of the HORUS3D/P gamma heating calculation scheme are a little over-estimated (~30% 2). This is larger than the precision target for sample irradiation of 15%. Further measurements are planned.

Thermal-hydraulics validation with SULTAN-RJH experiments: a thermal-hydraulics test sections simulate a single sub-channel in the JHR core with representative parameters. Test sections are instrumented with 40 thermocouples. Pressures and temperatures are measured at the test section inlet and outlet as the mass flow rate. Differential pressure measurements are located axially along the channel. For parameters range relevant for JHR, the SULTAN-JHR facility experimental data show that an optimization of the closure relationships is possible to minimize differences between computed and experimental data. 

3 Conclusion

Nuclear electricity plays an important role and will stay for the long term a part of the energetic mix since it contributes to limit energy supply dependence and greenhouse gas production.

Nuclear plants will follow a long-term trend driven by the plant life extension and management, reinforcement of the safety, waste and resources management, flexibility and economics improvement. 

In depth technical assessments will be required both for optimizing existing and coming plants and for the validation of new reactor concepts. Industry and safety bodies will need to have access to experimental capabilities and technical expertise since qualified knowledge will be needed for predicting structural component lifetime, for improving fuel management and reactor operation, for the development of new fuels and material. 

Failure to meet such needs would lead to an economic and technical burden due to growing technical challenges for the future of nuclear energy: end of life of existing plants, construction of new reactors and development of new reactor concepts to meet sustainability issues.

Answering this need, the JHR will secure for a large part of the century the experimental irradiation capability in Europe for the benefit of international industries and public stakeholders through suited access rules: 

· Members contributing to the financing of JHR construction will have guaranteed and secured access rights to experimental locations in the reactor in order to perform their Proprietary Experimental Programs. 

· Members decide the economical condition for Non-Members access.

· A Joint Program, opened to international collaboration, will address issues of common interest.

· Research laboratories will participate in Members’ proprietary programs and/or through the Joint Program. 

An International Advisory Group [IAG] for JHR has been set up within the OECD/NEA to support the establishment JHR as an international R&D infrastructure.
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� Two projects can be quoted at that time in Europe; one is mainly dedicated to transmutation with hybrid systems (MYRRHA, a 50MW Pb-Bi cooled, sub-critical fast nuclear core with a 350 MeV – 5 mA protons accelerator, http://www.sckcen.be/myrrha) and the second will test and qualify the GFR technology (ETDR, a 30 to 50 MW reactor [7]). 
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