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ABSTRACT 

The first concrete of the nuclear island for the Jules Horowitz Reactor (JHR) was 
poured at the end of July 2009 and construction is ongoing. The JHR is the largest 
new platform for irradiation experiments supporting Generation II and III reactors, 
Generation IV technologies, and radioisotope production. This facility, composed 
of a unique grouping of workshops, hot cells and hot laboratories together with a 
first -rate MTR research reactor, will ensure that the process, from preparations for 
irradiation experiments through post-irradiation non-destructive examination, is 
completed expediently, efficiently and, of course, safely. 
 
In addition to the performance requirements to be met in terms of neutron fluxes 
on the samples (5x1014 n.cm-2/sec-1 E> 1 MeV in core and 3,6x1014 n.cm-2/sec-1 
E<0.625 eV in the reflector) and the JHR’s considerable irradiation capabilities 
(more than 20 experiments and one-tenth of irradiation area for simultaneous 
radioisotope production), the JHR is the first MTR to be built since the end of the 
1960s, making this an especially challenging project. 
 
The presentation will provide an overview of the reactor, hot cells and laboratories 
and an outline of the key milestones in the project schedule, including initial 
criticality in early 2014 and radioisotope production in 2015. This will be followed 
by a description of the project organization set up by the CEA as owner and future 
operator and AREVA TA as prime contractor and supplier of critical systems, and a 
discussion of project challenges, especially those dealing with the following items: 
 accommodation of a broad experimental domain, 
 involvement by international partners making in-kind contributions to the 

project, 
 development of components critical to safety and performance, 
 the revival of engineering of research reactors and experimental devices 

involving France’s historical players in the field of research reactors, and 
 tools to carry out the project, including computer codes for core physics and 

design and construction codes for the reactor’s mechanical components, 
auxiliaries and irradiation devices.  

 



 
1. Overview of the JHR facility  
1.1 Purpose 

The Jules Horowitz Reactor (JHR) is the largest new 
experimental platform dedicated to irradiation 
experiments in support of Generation II and III 
reactors, Generation IV technologies, and 
radioisotope production. 
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1.2 Main features 
 
The high fluxes required are driving the design of the reactor for the JHR experimental 
platform. 
To meet the present and future needs of power reactors requires significantly higher 
neutron fluxes than the Osiris reactor. The performance targets are shown in the table 
below: 
 
Perturbed Fast flux on a material sample in the core  
(E > 0.907 MeV) 

5 x 1014 n/cm2 /sec 

Perturbed Thermal flux on fuel sample in the reflector   
(E < 0.625 eV) 

3.6 x 1014  n/cm2 /sec 

Irradiation damage on a material sample in the core 15 dpa/yr 
Linear power on a fuel sample in the reflector (high burn-up fuel 
simulated with a U-235 enrichment of 1%) 

500  W/cm 

 
The facility is designed to accommodate more than 20 irradiation devices during a reactor 
cycle. At the reactor level, this irradiation capacity requires 10 irradiation locations in the 
core and 12 irradiation locations in the reflector, 6 of which are on displacement systems. 
Some additional locations in the reflector are dedicated to radioisotope production. 
 
The high flux, fast flux and thermal flux performance together with power ramp-up 
capability in the reflector require a new core concept, while the number and diversity of 
irradiation experiments require easy access to the core. After studying several alternative 
designs, an in-pool tank design was selected; the primary coolant pumps provide dynamic 
pressurization of the contained primary cooling system. The reflector surrounding the core 
tank is accessible even when the reactor is at full power. 
 
In addition to the integrated laboratories and several pools dedicated to different uses, the 
facility includes a hot cell block comprising a set of four major cells, including two beta-
gamma multi-purpose hot cells for irradiation experiments, a true alpha hot cell, and a hot 
cell for dry packaging of radioisotopes or irradiated fuel elements, and several measurement 
cells. 
 



 
1.3 Project schedule 
 

The project milestones are as follows: 
 The conceptual design, including development of 

facility specifications, was completed in 2002. 
 The preliminary design was prepared from 2002 to 

2005. During this phase, the main design options to 
achieve the required performance were defined, the 
main systems were designed, and the construction 
license application was prepared. 

 JHR AREVA TA teams at design stage 

 
 The construction license (Regulated Nuclear Facility license decree) was granted in 2009. 

after  the Preliminary Safety Report elaborated by Areva TA had been instructed by the 
French Safety Authority (ASN), 

 In parallel, detailed design work was carried out, with 90% of the requests for bids for 
the industrial procurement packages issued before the end of 2009.  The CEA, as the 
project owner, is in the process of awarding contracts for those packages. Procurement 
contracts for the main aluminum and stainless steel supplies are also being placed. 

 Site leveling and excavation are completed. The civil works contact was awarded in early 
2009, and the first concrete was poured in August 2009. 

 The construction and installation phase will be completed by mid 2013. 
 Then the commissioning phase will lead to the first criticality, scheduled for the beginning 

of 2014.  
 
2. Organization 
2.1 International partnership 
The JHR is designed, built and will be operated as a facility for international users. There are 
several reasons for this: 
 Given the maturity and globalization of the industry, domestic tools no longer have the 

required level of economic and technical efficiency. Meanwhile, countries with nuclear 
power programs need access to high-performance experimental capabilities for irradiation 
to support technical skills and ensure the competitiveness and safety of nuclear power. 

 International cooperation is needed to share the costs and benefits of experimental 
results in support of research topics related to safety and public policy, such as waste 
management. 

 The pooling of research results is even more useful in the health field, especially when it 
comes to nuclear medicine, as has already been demonstrated in Europe. 

 
This project is steered and funded by an international consortium of reactor vendors, utilities 
and public stakeholders set up in March 2007 when construction began. The current 
members of the consortium are: 
 Research laboratories: CIEMAT of Spain, the CEA of France, NRJ/UJV of the Czech 

Republic, the European Commission, SCK/CEN of Belgium, VTT of Finland, and The 
Department of Atomic Energy of India, 

 Industrial organizations: AREVA, EDF and VATTENFALL. 
Two associated partners are also involved in the JHR: DAE of India and JAEA of Japan. 
Discussions with research institutes and utilities are ongoing to broaden the JHR consortium. 



 
2.2 Project organization 

As the owner and operator of the nuclear facility, the 
CEA is providing project leadership, integrating user 
requirements, and developing the irradiation device fleet 
in close collaboration with the international partners. 
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AREVA TA is the lead entity in the prime contracting organization, consisting of AREVA NP, 
EDF and AREVA TA. Previously located in Aix en Provence, the prime contractor team moved 
to the construction site last October; it is an integrated engineering team composed in 
average of 100 people ( peak value 170) assigned by the partners and some subcontractors.  
The prime contactor is responsible for facility design, construction and commissioning and 
for cost and schedule performance. 
 
A unique feature of the construction phase of the project involves in-kind contributions from 
some of the project’s foreign partners: 
 NRI/UJV of the Czech  Republic is providing the hot cells, 
 CIEMAT of Spain is providing the primary heat exchangers, and 
 some laboratory equipment is coming from Finland.  
These contributions are subject to the same procurement procedures by the prime 
contractor as for other services and supplies: the procurement is prepared by the prime 
contractor, the contracts are placed by the CEA, and follow-up, inspection and acceptance of 
the work is carried out by the prime contractor. Key procurement packages include: 
 civil work, performed by Razel; 
 primary cooling pumps, supplied by Union pump; 
 the reactor unit, including the control rod drive mechanisms, safety-related components, 

primary cooling system, and instrumentation and control system, manufactured and 
commissioned by AREVA TA; and 

 the fuel, fabricated by AREVA Cerca. 
 
3. Examples of project challenges 
3.1 Experimental domain 
 
The JHR is fully optimized for irradiation testing of materials and fuel under both normal and 
off-normal operating conditions: 
 with irradiation loops simulating operation of various power reactor technologies, and 
 with high flux capacity to address existing and future nuclear power plant requirements. 
 
The design of the JHR experimental device fleet is driven by identified and expected future 
experimental needs. Development of some devices is ongoing, as presented in ref <4.>. 
These first devices are important because they meet end-user expectations and allow us to 
define most of the JHR experimental standards and performance requirements for the 
future. The simultaneous rollout of the facility project and the irradiation devices is a key 
factor for successful allocation of the relevant engineering interfaces. 



 
3.2 Component development 
To ensure construction quality, safety and performance, plans call for the following 
qualifications to be performed: 
 fuel plate and fuel assembly; 
 manufacturing (forging, welding) of the core rack and core tank; 
 primary pumps, flap valves of the reflector cooling circuit, sensors and associated 

devices, ball valve for the irradiation device thimble; 
 seismic-resistant bearing pads; 
 reactor pool capability to maintain the core underwater after a hypothetical severe 

accident; 
 reactor block behavior subjected to primary flow; and 
 displacement systems for irradiation devices. 
These activities were identified and planned at the end of the conceptual design phase.  The 
development and qualification program is led by the prime contractor and involves 
contributions from different CEA research laboratories and industrial companies. Most of 
these activities have been completed and significant improvements have been made, for 
example: 
 The JHR fuel project to develop a long-term high-density fuel solution and a solution to 

secure the start of operations using U3Si2 fuel is split between the CEA, which is 
responsible for the fuel plate, and the prime contractor, responsible for the fuel assembly. 
Qualification is ongoing. Last year, a major milestone was achieved with the successful 
irradiation of a fuel assembly prototype at BR2. The fuel qualification aspects are 
described in several publications (see <2.> <6.><8.>). 

 Welding and manufacturing processes have been improved via a far-reaching technical 
development program for reactor block components. Gains have been made in better 
welding control and improved material characteristics of thick parts.  Some of these topics 
are described in ref <9.>. These activities are an excellent opportunity to strengthen 
skills in this field for the owner, the prime contractor and the suppliers. 

The qualification program is still ongoing and some formal qualifications will be completed 
before commissioning. 
 
3.3 Tools 
Computer codes and calculations for safety and performance 
Precise, accurate computer codes are required to address performance and safety issues. 
The development and qualification of a set of codes began at the end of the conceptual 
design phase. The HORUS3D (Horowitz Reactor Simulation Unified System) is a 
comprehensive neutronics and thermal-hydraulics package dedicated to JHR studies.  
 
It is based on the APOLLO2 and CRONOS2 codes for neutronics, the APOLLO2, TRIPOLI4 
and PEPIN2 of DARWIN package for nuclear and photonic heating calculations, and the 
FLICA 4 and CATHARE code for core thermal-hydraulics and system modeling. Development 
and qualification of this package is a major undertaking of the CEA involving several specific 
experimental programs. 



 
Substantial experience has been acquired with this set of tools, which is now being used to 
support facility and irradiation device design for the JHR project. It has also been applied 
successfully to other projects, some aspects of which are detailed in ref <7.>. In addition, a 
new set of codes and calculations resulting directly from this program is being implemented 
for core calculations and experiments at the OSIRIS reactor. The benefits are presented in 
ref <10.>. 
 
Design and construction code for mechanical components 
The CEA and AREVA, in its role as support contractor to the owner, launched the 
development of a new design and construction code called RCC-MX in 1998 to address the 
specific features of the research reactor. The objective was to have a code available for 
design and procurement of new JHR components, auxiliaries and irradiation devices. This 
code incorporates lessons learned from 60 years of French research reactor design and 
operation, complies with the most recent European standards, and is specific to several 
features of research reactors: 
 use of low neutron capture material such as aluminum or zirconium alloys for reactor 

block components operating at low pressure and temperature; 
 use of slender structures for the experimental device for operation under extremely 

severe pressure and temperature conditions; 
 the presence of highly aggressive irradiation conditions, causing nuclear heating and 

neutron embrittlement of mechanical structures. 
Existing nuclear design and construction codes could not be used because they do not 
address these specific features. A first draft of the code was issued in 2002, followed by two 
releases, one in 2005 for JHR component design and the other in 2008 for JHR component 
procurement.  
 
Development of the code was a major undertaking: 
 collection of irradiated material data and their updating via a materials characterization 

program focused primarily on irradiated material properties and aluminum and zirconium 
alloys; 

 integration of lessons learned from design and construction of components for various 
research reactors, including valuable feedback from the refurbishment of the Cabri 
reactor; 

 compliance with international standards to facilitate its use by foreign partners; and 
 compliance with French regulations pertaining to nuclear pressure equipment. 
 
4. Revival of the research reactor community 

For the prime contractor, the biggest challenge was to rebuild 
the skills required to design and engineer a high-performance 
MTR more than 20 years after ORPHEE and 40 years after the 
OSIRIS project. Fortunately, AREVA TA continued to carry out 
a large number of major nuclear projects during this time, 
including more than 10 nuclear propulsion and test reactors 
in the last 12 years and other nuclear facilities, and has also 
been involved in major experimental facilities projects.  
 

 La Maâmora Centre, Morocco 

 
Modern engineering tools and methods were developed, used and tailored to specific project 
requirements during this period. The performance of these tools and methods and the skills 
gained as a result were deciding factors in the company’s successful diversification beyond 
its historical base into the field of fusion (ITER and LMJ), the final assembly line of some 



Airbuses, and a new metro line for Paris, the MF2000. TA was also involved in major 
refurbishment of French research reactors such as SILOE and RHF. For the CABRI new loop 
project currently undergoing commissioning, TA supplied the new test loop and the new 
reactor block. At the same time, AREVA TA teams worked as the leader of an international 
consortium on the Maâmora research centre in Morocco, housing a TRIGA II reactor. In 
addition, for its own needs as operator of the nuclear propulsion test reactors, TA 
refurbished the low-power AZUR reactor used for core qualifications and training. 
 
 
To meet milestones for the JHR project, the strategy was to: 
 build an integrated team to meet the challenges of high performance, new design, and 

new research reactor project; 
 select experienced, skilled partners to supplement TA’s skills; 
 use methods and tools successfully demonstrated on other projects, to the extent 

possible; 
 build the team around a core group of some 20 TA people skilled in research reactor 

engineering. 
 
 AREVA TA teams  

Today, the team provides a wide range of skills – 
project management, design, procurement, 
construction and commissioning involving disciplines 
such as civil engineering, fluid systems, 
instrumentation and control, mechanical engineering, 
electrical engineering, materials behavior, and nuclear 
design and engineering (neutronics, thermal 
hydraulics, radiation protection, radiological 
consequences, safety analysis, operations, human 
factors, installation, ILS and configuration 

management) – and is fully operational at the Cadarache site. Key success factors are: 
 a consortium that shares losses as well as gains; 
 project management; 
 synergistic skills within the team, including civil engineering skills from EDF, small reactor 

design and engineering skills from TA, and the construction skills of AREVA NP; 
 the use of tools and a virtual mock-up to support engineering activities such as TA’s PDM, 

based on the commercial Matrix program and the CAD system CATIA; 
 synergies and cross-fertilization harvested from the design and engineering of nuclear 

propulsion reactors and research reactors; 
 a substantial training program for both the owner and the prime contractor, with more 

than 350 people trained in features specific to research reactors provided by INSTN at 
TA’s training center;    

 early development by the CEA of computer codes, design and construction codes, and 
some key components. 

 
5.   Conclusion 
 
The JHR project is on track, with major project milestones achieved and the groundwork laid 
for successful first criticality in early 2014 followed by the start of experimental irradiation. 
In addition to these achievements, the project is driving the revival of the research reactor 
community. 
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