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ABSTRACT

The Jules Horowitz Reactor (RJH) is a new research reactor project dedicated to materials and
nuclear fuel testing, the location of which is foreseen at the CEA-CADARACHE site, and the start-up
in 2006.

The launching of this project originated from a double finding :
• the development of nuclear power plants aimed at satisfying the energy needs of the next century,

cannot be envisaged without experimental reactors which are unrivaled for the validation of new
concepts of nuclear fuels, materials, and components as well as for their qualification under
irradiation.

• the existing experimental reactors are 30 to 40 years old and it is advisable to examine henceforth
the necessity for and the nature of a new reactor to take over and replace, at the beginning of next
century, the reactors shut-down in the mean time or at the very end of their lives.
Within this framework, the CEA has undertaken, in the last years, a study on the mid and long

term irradiation needs, to determine the main features and performances of this new reactor.
The concept of the reactor will have to fulfill the thermal neutron irradiation requirements as well

as the fast neutron experimental needs, with a great potential versatility for any new irradiation
programs.

The reactor project selected among several different concepts, is finally a light water pool concept,
with 100 MW thermal power. It could reach neutronic fluxes twice those of present French reactors,
and allows for many irradiations in and around the core, under high neutron fluxes.

The reactor will satisfy the highest level of safety in full accordance with international safety
recommendations and the French safety approach for this kind of nuclear facility, thus giving an
added safety margin keeping in mind the versatility of research reactors.

The feasibility studies have been focused on the following most important items :
• neutronic and thermalhydraulic studies on alternative core designs, with or without added

pressurization,
• assessment of different core surrounding structures in connection with the core studies,
• overall layout of the reactor/auxiliary pools and reactor building.
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1. INTRODUCTION

The stakes of the nuclear industry are made, for the mean term as for today, of research increased
by competitivity keeping in mind the high level of safety and in a context of liberalization of the
electricity market and of an accrued sensitivity of public opinion concerning the impact of releases
into the environment and the question of the final wastes.

Beyond the needs of the present French reactors and of their renewal, the preparation of the longer
term future of the middle of the century will lead to also considering other types of reactors than
PWRs.

To implement the R&D program which meets these demands, it is necessary to have experimental
reactors available for quite some time ; indeed, these constitute test benches which are able to qualify
the improvements made on materials and fuels, in unprecedented conditions of operation flexibility,
of experimental condition control, of accuracy of the measurements and also of transient tests which
would not be acceptable in power reactors.

We can legitimately estimate that, within a few years, we will have simulation codes, particularly
at the atomic scale, of an explaining, if not predictive, nature. These new tools will probably lighten
the experimental programs as we know them today. However, these research reactors will remain
necessary to qualify these tools, as well as in some configurations which will not be simulated before
quite some time.

Concerning the lifetime of experimental reactors, it is probable that, at the beginning of the next
century, only one or two reactors will still be in operation on the European scale. They will however
have perspectives of lifetimes limited to a few years, since they will not be easily adapted to future
safety conditions. In view of this, after 2010, the Jules Horowitz reactor which should in time replace
the OSIRIS reactor, will probably be the only reactor for technological irradiations operating in
Europe.

For France, having such a research instrument available, which should enable the reactor
characteristics and especially their work load to be controlled, can give our country a competitive
edge which would prove essential in the more attractive sector of nuclear R&D, that is to say the area
of the most efficient fuels in terms of fuel cycle costs and of operating flexibility.

Once the principle of such an irradiation reactor has been accepted, it is necessary to determine the
needs it will have to satisfy.

2. THE NEEDS

Three main types of needs are to be taken into account, with different priorities : PWRs, the front
end of the cycle and the future reactors.
• From 2010 onwards and for 50 years, the RJH will first have to meet the needs of the present

French PWRs and future French PWRs.
• Research on the transmutation of actinides and of LLFP (long lived fission products) is conducted

at the CEA, but does not represent today a first priority compared to the other two axes (storage
and disposal). Moreover, there exists an important uncertainty as to the actual needs existing when
the RJH will be in operation.

• It is probable that the second half of the next century will be marked by a general surge in the
nuclear industry, within the framework of a long lasting development and aiming at solving the
problem of world energy sources, including Uranium, and that of the acceptance of the nuclear
industry by public opinion, mainly depending on the future of waste treatment. This new
generation of reactors could be based on FBRs or PWRs based on thorium. Until then, two R&D
phases could succeed each other : the first phase of evaluation of the main options would last
approximately twenty years and may be followed by a technological R&D phase prior to the
construction of a demonstration reactor. It seems appropriate to examine under what conditions the
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RJH would lead research on phase 1. In the other case, a new experimental reactor adapted to
technological research would need building, thus within twenty years.
Very different requirements must be added to these needs which are considered as fundamental :

• Ensure the supply of radio elements for the hospitals, more particularly " Mo used for diagnoses
and l92Ir used for tumor therapy.
(The treatment of patients with a certain type of tumor could be envisaged if the method presently
tested were to validated).

• Satisfy the needs of analyses by neutronic activation which allows the measurement of the traces
of the different elements, in particular, in the area of geology.

• To meet the requirements in neutronography, a technique often used to control the presence (or
absence) of hydrogenated materials in complex metallic parts.
These needs do not present any restrictive characteristic concerning the performances of a reactor

but must, nevertheless be taken into account in the design.
Moreover, the possibility of installing, after the shutdown of RHF and ORPHEE, so well past the

startup of the RJH, a cold source with neutron guides, must be taken into consideration in the design
of the facility. At this stage, it is advisable to make the minimum necessary reservations so that, when
the time comes, this operation is feasible.

2.1 PWR needs.
Studies on the fuel for the present PWRs and the future PWRs must allow for the increase of their

robustness in order to reduce the reactor operation constraints, to reduce the cycle costs, all the while
respecting the safety criteria.

In view of the knowledge acquired, before the startup of a new experimental reactor, we can thus
summarize the needs of the UO2 fuel :
• increase of the depletion rates of the present fuels up to roughly 90 GWd/t and in a second phase,

develop innovative solutions to reach 100 to 120 GWd/t;
• improvement of the fuels in power transients by improving the modeling of fuel clad behavior , or

by adopting innovative solutions and verifying of these solutions by analytical irradiations and
ramps ;

• development of new zirconium alloys (external corrosion, mechanical behavior,...).
The UO2 - PuC>2 fuel should reach the same performances as those of UO2 fuels.
As for the materials, it can reasonably be said that the studies on the toughness of vessel steel will

nearly be finished with the RJH deadline. The irradiation studies will essentially be aimed at the
research for future reactors, on new internal structure materials in contact with the core and thus
greatly irradiated. These will induce very high flux irradiations at the end of the selection, followed
by realistic irradiations with moderate fluxes, under mechanical and/or environmental stresses, in
order to be characterized.

If the RJH is mainly devoted to the backing of PWRs, it must also allow the performance of certain
studies on other types of reactors. More particularly, with the shutdown of PHENIX in 2004, France
will no longer have a fast neutron flux reactor to study this type of solution.

2.2. FBR needs
For the generic studies on FBRs, the recent re-orientation of the R&D aims at pursuing, in the near

future, research on very high burnups (> 170 GWd/t). With this in mind, the PHENIX reactor will be
used until it is shutdown in 2004. Beyond this date, the needs will essentially concern The structural
and cladding materials for the reactors using coolant which have not been studied yet, such as Pb,
PbBi, Helium

The aim of this program is to allow a fast neutron reactor type to emerge.
The validation of the concept of transmutation of minor actinides and long-lived fission products

by qualifying technological solutions, is also a major objective. If there is no place in the RJH in
which neutronic conditions (flux and spectra levels) similar to those of FBRs, the objective will be to
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reach transmutation rates for the different actinides comparable to those which would have been
reached in an FBR.

3. PRELIMINARY CHARACTERISTICS OF THE REACTOR

All the needs identified above are entry data for the feasibility study underway, a study which
should allow the definition of the reference solution which will be the subject of the following
definition phase. To compensate for the fact that the future programs (after 2005) are not well known
at the time of reactor design, it has been agreed to give utmost importance to the flexibility (or
evolution ability) of the facility ; this means the possibility, over the 50 years of life of the reactor, to
ensure a wide range of programs, difficult to define today and to be able to easily modify the reactor
characteristics so as to carry out these programs.

As soon as 1995, the choice was made to select the reference solution, a pool type water reactor
concept, similar to SILOE or OSIRIS.

It is therefore on this basis that the feasibility study was launched in 1996, from a small core with a
high power density and surrounded by a thick reflector made of Beryllium, in order to reach a high
performance level (once or twice that of OSIRIS).

3.1 Methodology of the study
The aim of the Feasibility phase is to define the Functional Specifications and to analyze the

different solutions possible in terms of technical feasibility, of cost, and of adaptability to the
expected performances all the while evidencing the critical elements of each. These elements will be
gathered in the Orientation File handed in June 1999.

This has thus entailed the parallel study of all the variations of systems likely to answer the initial
specifications established using the irradiation needs, and the demands linked to the operation of the
reactor as well as the safety of the facility.

The main systems studied are : the core, the internal structures of the reactor, the pools and the
reactor buildings.

3.2 Characteristics of the initial core.
It is made of elements with co-laminated plates, including a nucleus of U3SJ2 clad in Aluminum ;

the following two geometries are under study :

Hexagonal element with cylindrical plates Square element with plane plates

These 2 elements allow a specific power of 600 kW/1 to be reached, for a core volume of 166 liters
and a nominal reactor power of 100 MW. The flux performances of this core are listed in the table
below :
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Maximum thermal flux (cm 2.s~')
Maximum fast flux (cm'2.s')
Total flux (cm"2.s"')
Damage obtained (dpa/year)

OSIRIS / SELOE
2.6 10'"
2.1 10'"
8. 10'"
4 to 5

RJH
8. 10'"
3.9 10'"
1.6 1015

15 (+ 30% in a converter)

These performances allow all the objectives set by the CEA to be reached except for those
requiring the accumulation of significant damage in a short lapse of time.

The performances on the flux level will be adjustable, by modifying the configurations between
300 kW/1 and 600 kW/1, either at constant nominal power (and thus at greater core size), or at constant
core volume (and thus at reduced nominal power).

3.3 Examination of the possibilities of performance improvement
The final shutdown of the SUPERPHENIX reactor announced in January 1998 (and the final

shutdown of PHENIX programmed in 2004) have led the CEA to start studies to evaluate the
possibility of increasing the performances, in particular of fast fluxes, to continue the irradiation
programs up to now ensured by the fast breeders.

Studies have shown that this was possible by increasing the power density beyond 1000 kW/1. But
to remove such a power density, it is necessary to either :
• pressurize the primary circuit to increase the core outlet boiling margins,
• or increase the flow rate of water in the core,
• or significantly decrease the core inlet water temperature.

A combination of these three possibilities is also considered. However, the present core inlet
temperature (25°C) is already a lower limit which is nearly impossible to improve with the local
conditions of the cold source. The flow rate in the core (of roughly 15 m/s) is also very close to the
technological limit known for the MTR fuels and the only gain possible up to now is with a decrease
in the core height. Therefore, the focus has been on the possibilities of pressurizing the primary
circuit, and the ongoing studies aim at analyzing the consequences of a pressurization on the reactor
design, its operation and on the associated experimental possibilities. Some indications are provided
in the following paragraph.

But the main difficulty encountered today is the fuel behavior at high temperature, both for the
aluminum clad and the fuel nucleus. The limits known today would not allow the significant increase
of the core specific power (beyond 800 or 900 kW/1). Studies have just been launched (irradiations in
BR2) or are about to be launched (collaboration between the CEA, COGEMA and CERCA), to
determine the exact limits of the present fuel and to find new ways for future fuels development.

3.4 General architecture : preliminary designs
These studies are carried out by TECHNICATOME. A systematic method has been implemented

in order to define the main systems of the facility.

Reactor internals
The fundamental options concern :

• the core circuit: pressurized or not, ascending or descending circulation, reflector in or outside the
vessel,

• the control and safety absorbers : rotating or translational movement, position of mechanisms,
• the support and locking of the fuel and reflector elements,
• the characteristics of the central loop.

Eighteen different possibilities have been selected and analyzed, and the most promising have been
drawn up.
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The organization of the buildings.
Three main principles have been retained :

• a single containment for all the functions linked to reactor operation and experiments.
• separation into two adjoining buildings but on a common basemat and communicating through an

under water hatch : a Reactor Building (RB) with a pool containing the core, the primary circuit,
and the experimental bunkers (primary circuits of the experiments) and a Nuclear Auxiliary
Building with the other functions (work and spent fuels pools, hot cells, laboratories,...),

• same separation principle into two buildings, but the NAB includes the smallest possible RB.
In all cases, the shape of each of the buildings is not determined : it can be circular or

parallelepipedic. Six possibilities have been drawn up.
The first solution has already been eliminated as it does not meet the requirements of safety

improvement and of respect of the ALARA principle.

Choice
Concerning the internals, the main choice concerns whether or not to pressurize the primary

circuit, with a view to provide a possibility of increasing performances if necessary ; it also allows the
slight reduction of the flow rates in the core. Based on this choice, solutions are nearly imposed for
the : size of the vessel, the design of the fuel element, the central loop, taking into account, the
experimental programs envisaged and the requirements defined by the customers (evolution potential,
adaptability of the experimental conditions to the programs,...).

The choices on the organization of the pools and buildings are relatively independent from the
former ; these will essentially be made using economic and financial criteria.

3.5 Analysis of the possibilities of implementing exits for neutron beams
Studies have been started to define the way to take into account the possibility of equipping the

RJH with neutron beams for fundamental research for the day when there will no longer be an
installation of this type in France.

Today, these needs are largely covered by the French reactors (ORPHEE and the RHF). It is
therefore not foreseen to integrate beam exits when the reactor is started up ; however, within 20 to 30
years, these installations will probably be obsolete and it is thus legitimate to consider a partial re-
conversion of the RJH at that time, if the need still exists, and if the loading rate of the RJH allows for
it.

3.6 Choice of the site
The Jules Horowitz reactor will be built in Cadarache, where the large installations of the

« Direction des Reacteurs Nucleaires » are gathered. As earlier as 1996, important studies was started
to choose and qualify the exact location of the reactor. There were three work phases, from 1996 to
1998.

Very numerous studies, geological, hydrogeological, seismotectonic and seismic, led to the choice,
in June 1997, of a site on a limestone substratum ; the latter indeed, in the case of an earthquake, a
lesser amplification of the earth's movement than on a neighboring alluvial ground, as well as
favorable hydrogeological characteristics.

4. CONCLUSIONS
The main choices will be made in June 1999, and will allow the definition of the reference solution

which will be studied later. But already it would seem that a low pressurized primary circuit (of
roughly 5 bar at core exit) ensures, with minimum complication, a greater diversity of experiments
and the integration of optimum margins of evolution possibilities for the future.

The definition studies will thus start at the beginning of the year 2000 and could allowed a
construction between 2002 and 2006.
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