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Abstract	  
	  
European	   nuclear	   research	   takes	   advantage	   of	   several	   Material	   Testing	   Reactors	   (MTRs)	   aiming	   at	  
technological	   enhancement	   of	   power	   plants	   design	   and	   operation	   to	   support	   industries,	   utilities	   and	  
regulators.	   Jules	   Horowitz	   Reactor	   (JHR)	   is	   intended	   to	   be	   the	   100	   MW	   MTR	   that	   attains	   the	   most	  
significant	  experimental	  capacity	  in	  Europe.	  It	  is	  designed	  to	  host	  several	  devices	  and	  fuel	  experiments	  are	  
planned	   to	  be	  performed	   inside	   the	   reflector.	   Since	   some	   fuel	   samples	  will	   be	   loaded	  within	   this	   area,	   a	  
power	  transient	  evaluation	  is	  important	  to	  define	  temperature	  evolution	  during	  shutdowns	  for	  safety	  and	  
reactor	  operation	  purposes.	  The	  present	  analysis	  considers	  Normal	  and	  Safety	  Shutdown	  procedures	  and	  
takes	  into	  account	  different	  compositions	  concerning	  the	  equilibrium	  cycle.	  
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1	  	  	  The	  Jules	  Horowitz	  Reactor	  Project	  
 
 
1.1	  	  European	  Material	  Testing	  Reactor	  for	  Research	  and	  Development	  
 
European policy regarding energy supply and resources availability, as well as infrastructures, is expected to 
gather different domestic power plant fleets searching more and more for shared scenarios. Growing demand 
for electrical power and greenhouse gases reduction strategies make nuclear energy a significant source in 
the European mix, since very low environmental impact and economical competitiveness are achieved. 
At present time, several nuclear power plants are connected to the grid supplying around 30% of European 
electrical needs. Research and development supporting this significant network take advantage of Material 
Testing Reactors (MTR) which provide experimental data to industries, utilities and regulators. In fact, these 
facilities are very important to study properties of materials that have to withstand critical thermalhydraulic 
and radiation conditions during operation. 
The French Atomic Energy Commission (CEA) has then launched the construction of a new MTR – the 
Jules Horowitz Reactor (JHR) - at Cadarache research centre in the framework of an international 
collaboration.  
JHR is intended to become the most important MTR in Europe for the next century. It has been conceived in 
order to investigate structural material and fuel properties linking industrial and research needs of all 
partners. 

§ Sustainability of power supply is also related to energy market and then life extension of power 
plants is a key point in network management, aiming at reducing capital costs and enhancing 
competitiveness. GenII nuclear plant lifespan needs several material tests in order to keep the best 
safety level respecting components qualification procedure. So JHR is equipped with experimental 
loops able to simulate present PWR, BWR, CANDU and VVER technologies using both a core fast 
flux and a proper in-reflector thermal neutron spectrum. GenIII reactors deployment phase requires 
experimental R&D to support and validate material certification during all the long life of this 
innovative nuclear plant generation. On the other hand JHR allows fuel performances optimization 
through sample irradiation achieving higher burnup and better resource exploitation.  

§ Safety topics are investigated by means of accident simulations and component tests. LOCA (loss of 
coolant accident) scenarios are then reproduced, as well as power transients and ramps, in order to 
study fuel materials behaviour. In addition, data concerning fuel properties during normal and 
abnormal operations are provided for utilities and industries. 

§ High neutron fluxes and elevated temperature loops have been designed in order to reproduce 
challenging conditions for GenIV reactors research and development. A quite in-core fast neutron 
spectrum is also capable to reproduce SFR, GFR or LFR neutronic features. Preparing for next 
innovative GenIV reactors, many experimental data are needed concerning radiation interaction with 
advanced materials - namely graphite, nickel alloys and ceramics. JHR has been conceived for 
sample selection and testing in representative conditions about neutron flux and thermal stresses. 
Ageing effects and mechanical deformation are expected to be reproduced as far as operational 
irradiation periods are concerned. High in-core DPA (Displacements Per Atom) rates allow 
important experiments aimed at improvement of cladding and in-vessel component materials such as 
austenitic stainless steel or ferritic steel (mainly utilized in sodium and lead-cooled technologies). In 
addition, optimized devices have been prepared to study minor actinides partitioning and 
transmutation issues. Fission gases build-up investigation is particularly focused on americium 
burning system analysis. 

§ Increasing in nuclear medicine diffusion and reliability makes radioisotope production and stock 
very important and strategic activities in the research reactor domain. JHR is going to be capable to 
supply from around 25% of European needs in Molybdenum-99 to about 50% in case of particular 
market demand or critical procurement. 
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§ Nuclear research always needs facilities for education and training of young scientists and engineers. 
Then JHR international project is also aimed at expertise transfer and enhancement to support future 
European technology. 

 
 
1.2	  	  Reactor	  Core	  Description	  
 

JHR is a 100 MW pool-type light water cooled material testing reactor which has been designed to achieve 
high experimental capacity. The core rack is a 60 cm height cylinder made of aluminium in which 37 drilled 
holes can host both 34 fuel elements and 3 sample holders within the so called “large” test positions. On the 
other hand, “small” test locations are placed in the centre of 7 cylindrical plate fuel elements in order to 
reach the fast flux as close as possible to the fuel. These 10 experimental slots are available at the same time 
in order to maximize fast neutron utilization for structural irradiation and high dpa rates. 
Two different nominal conditions are envisaged to optimize experimental availability and operative costs: 
the first one is about 100 MW thermal power as described before and the second foresees some 70 MW. 
Even a possible twofold core charging is accepted: 37 or 34 fuel elements depending on test needs from 
international partners. 
The operational cycle is about 25 days and a particular U3Si2 metallic fuel 27% enriched in U235 is used. 
The ultimate fuel is expected to be a metallic UMo 19.75% enriched alloy which is still under qualification at 
present time, nevertheless it is planned to be supplied after the starting phase. The cladding material is an 
aluminium alloy and every fuel element is composed by 8 cylindrical and concentric plates kept together by 
3 stiffeners. 

 

 
 Figure 1) JHR core cross-section Figure 2) JHR fuel element 
 
Remaining 27 fuel elements not hosting sample holders are utilized for control rods insertion. In the inner 
part, two cylindrical shell hafnium rods are envisaged to pilot the reactor both to provide poisoning or 
depletion compensation and to assure safety shutdowns. 
Outside the core, a beryllium reflector allows to get a thermal neutron flux suitable for several test 
concerning fuel properties. Here neutrons coming from the centre of the reactor undergo many collisions and 
slow down up to representative energies to simulate LWR spectra. 
In order to perform analyses of material properties, it is necessary to keep specimen temperature under 
control. Then a zircaloy shield is placed around half a core to reduce gamma heating in some reflector 
regions. 
 



 

 8 

1.3	  	  JHR	  Experimental	  Capacity 
 
JHR material testing reactor is expected to achieve a relevant position within the framework of European 
research and development in nuclear technology. In order to cope with this important mission, several 
experimental devices have been conceived and developed for different kinds of nuclear reactors. 
JHR will work under the umbrella of a nuclear facilities network to take advantage of many operative 
experiences all over Europe and to share important know-how. The design team and several international 
collaborations have highlighted the most relevant experimental needs of today industries, utilities and 
regulators as well as the future ones. 
The challenge is to create a modern, flexible and integrated user-facility keeping the best safety standards 
during all the possible experimental procedures. As far as cost optimization is concerned, international 
market trends have been estimated to match top level performances and reactor management issues. 
JHR irradiation capability is essentially twofold. Many material tests are planned to be carried out inside the 
core thanks to a significant fast neutron flux ranging from 2 1014 n/cm2/sec up to 4 1014 n/cm2/sec and a high 
dpa rate (from 8 to 16 dpa/year). This in-core spectrum is suitable for cladding and in-vessel components 
study. On the other hand, the reflector positions allow a thermal flux ranging from 5 1013 n/cm2/sec up to 5 
1014 n/cm2/sec that may induce linear power up to 600 W/cm in 1% U235 enriched fuel samples designed for 
fuel property enhancement studies. In addition, even fast flux of some 7 to 8 1013 n/cm2/sec is available in 
some reflector locations.  
JHR experimental infrastructure takes advantage of all the facilities designed for reactor support. A large 
area around the core hosts a Fission Products Analysis Laboratory in which on-line measurements - 
concerning gas and liquid compounds of interest - are allowed thanks to top level instrumentation and a very 
close location with respect to reactor core. This reduces latency time as far as very short-lived nuclides are 
concerned and several activation analyses and contamination evaluations are even possible there. 
 

 
 Figure 3) JHR experimental areas 
 
A Dosimetry and Radioprotection Laboratory is also envisaged in order to assure the best safety levels for 
all the operators and for further tests which may be carried out in out-of-pile environments. 
Corrosion and chemical reactions are induced depending on test needs for what concerns challenging 
material simulations, then a Chemistry Laboratory is planned to support conception and performances of 
representative sample conditions. 
JHR is also equipped with 4 Hot Cells to support device management since the first test stages. They are 
conceived for sample preparation, installation, tuning of test conditions during experiment and finally sample 
removal and stock. Hot cells for β/γ radiations are planned to be used for fuel test cycle operation as well as 
waste management. In addition, a α/β/γ hot cell is expected to be used for specific contamination handling – 
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namely failed fuel elements or samples – coming from devices or reactor core; even cask preparation is 
allowed. 
 

 
 
 Figure 4) JHR core and device connections Figure 5) JHR hot cells 
 
Reactor piloting procedures and test staff interactions are optimized; reactor control room and device 
management instrumentations are designed to get closer and more interactive in order to reduce error 
likelihoods and improve reactor cycle utilization. 
JHR device design involves several important steps starting from experimental needs identifying to the 
complete construction of the facility. At a first stage the experimental scenario is described in terms of 
irradiation conditions and possible time-dependent behaviour as well as temperature and pressure fields. 
Corrosion and chemical representativeness of the test are evaluated as well as mechanical stress or strain 
loading. Computations of neutronic and thermalhydraulic features are then performed. Cooling issues are 
considered both in forced and in natural convection, then interaction with core main loop is studied. After a 
first R&D engineering stage, all necessary equipments are taken into account concerning instrumentation and 
control during all the test cycle. Possibly, fission product analyses and loop contaminations are implemented 
and dedicated chemical and radiological devices are supplied. Connections with existing and shared facilities 
among JHR infrastructures are then considered in order to optimize test procedures. Hot cells and non-
destructive examination benches are then integrated and manipulation risks are evaluated. Furthermore, the 
device design is carried out with respect to safety standards and control system management. In addition, 
safety analyses are performed in order to evaluate all possible device-core interactions in terms of accident 
and incident starting events - particularly for what concerns heat evacuation and cooling. In addition, for in-
pile parts all barrier tightness is expected to fit with all regulator requests. 
Out-of-pile parts, electrical and hydraulic auxiliaries are then integrated with all plant tools. After this design 
procedure is complete, technical tests are foreseen in dedicated facilities, purchasing and component 
procurement are planned until device construction and operation. 
JHR experimental capability is mainly aimed at representative nuclear power plant conditions. Several 
reactor technologies are simulated as far as thermal-hydraulic, neutronic and chemical features are concerned 
(PWR, BWR, CANDU, SFR, GFR, LFR, HTR, VHTR, VVER). Time-dependent power behaviour and 
ramps are utilized to simulate reactor transients concerning fuel samples. Accidental and incidental 
conditions are studied for safety purposes and regulator support. On-line radiological and chemical 
monitoring, as well as induced mechanical constraints, allow modern sample feature tuning and optimize 
control of data acquisition and quality. All these relevant enhancements in testing capability improve 
matching between predictive models by multiphysics computations and experimental data. 
 
 
Core Experimental Devices 
Several material tests are planned to be performed within the core thanks to a suitable fast neutron flux. 
About 10 experimental positions are available there for cladding and in-vessel component alloys such as 
stainless steel, titanium, zirconium and nickel alloy, aluminium and control rod materials. Some tests are 
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aimed also at chemical corrosion programs under the umbrella of European projects for nuclear material 
property studies. 
Among these 10 test locations, 3 devices replace fuel elements and for those the maximum allowed external 
diameter is around 94 mm. Remaining 7 positions are in the centre of the innermost fuel plates and can host 
devices at most 36 mm large. 
Design topics have mainly been oriented to challenging on-line multiple strain control and measurement. 
Material irradiation growth is evaluated by means of samples in which free blades undergo simple irradiation 
effects and loaded blades exhibit superimposed strains. Provided the same irradiation conditions, it is then 
possible to separate the effects. 
 

 
 Figure 6) Device for irradiation growth test 

 
Axial stress relief is also evaluated for simple cladding and structural blades at which a previous load is 
imposed. Superposition phenomena are possibly investigated within gamma and neutron radiation fields. On-
line stress and strain control allows even dynamic tensile variations in JHR core. Creep tests regard 
mechanical behaviour under particular or time-dependent load. Within the framework of innovative 
experimental R&D, a device capable to measure and control both radial and axial stresses is under 
development. These two kinds of strain normally depend on geometrical dimensions and inner pressure of a 
cladding material specimen. Nevertheless, a device capable to set axial and bi-axial strains tuning their ratio 
is under development. It is expected to increase knowledge about irradiation growth effect on cladding since 
stress superposition issues will be investigated.  
 
 
 
 
 
 
 
 
 
 
 
 Figure 7) Material strain investigation Figure 8) Simple blade stress analysis 
 
Since mechanical properties depend on temperature and radiation conditions, it is necessary to precisely 
measure and control these parameters. Then several studies have been carried out to better evaluate gamma 
heating both through experimental tests and thanks to nuclear data enhancement. Loop thermalhydraulics has 
been optimized to reach suitable flat temperature profiles within the samples. For this reason, liquid metal 
NaK is utilized at loop temperature of about 450°C and the objective is reached since only +10°C hot spots 
at instrumentation contacts are present. Technical solution has been proved to be effective since very smooth 
axial profiles are achieved. Operational temperatures are possibly changed through electrical heaters and 
electromagnetic pump performances. 
Furthermore, corrosion and chemical effects analyses are envisaged since device loops are possibly 
connected to external filtration and purification systems. 
Cladding and internals materials are then analysed ranging from operative to accidental scenario 
configurations. JHR experimental data will be a relevant reference for selection, qualification, optimization, 
processing, lifetime assessment, licensing and abnormal operation tests both for safety regulators and 
industries. 
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Reflector Experimental Devices 
Fuel properties are typically studied taking advantage of thermal representative neutron spectra. In fact 
within JHR beryllium reflector, both fixed and moving experimental locations allow different kinds of fuel 
tests. Foremost, it is worth to notice that thermalhydraulic separation of device loops with respect to the core 
one assures safe and flexible experimental management. So it is possible to reproduce a lot of operational 
conditions – namely PWR, BWR, and VVER – tuning pressure and temperature parameters of the single 
cooling loop. HTR environments are created by means of gas circuits properly connected to chemical 
facilities. In addition, heavy water cooling may allow CANDU operational simulations for HWR reactor 
technology. JHR is so capable to support GenII and GenIII nuclear power plants as far as fuel optimization, 
property improvement and resources exploitation are concerned. 
Single pin devices have been designed but also multiple sample locations starting from European research 
needs concerning Calisto loop in BR2 reactor. 
Experimental configurations allow steady-state irradiations for both short and long periods, medium power 
transients characterized by different power ramp slopes are also envisaged. It is even possible to simulate 
accidental or incidental scenarios thanks to precise regulation of power generation inside the samples. 
Fixed positions inside the reflector are utilized to reproduce LWR conditions, CANDU heavy water cooled 
and fast reactor chemical environments. Some 20 fixed slots are available with external maximum dimension 
of about 100 mm. One particular position may host up to 200 mm large test devices. 
In-reflector slots are designed to host test samples placed on moving structures in order to modify distance 
with respect to the core. Here corrosion tests are expected to be carried out as well as LWR fuel studies. 
LOCA accidents may be reproduced as far as loss-of-coolant scenarios are concerned. High temperature 
reactors are interesting as well for GenIV purposes and they may be simulated even in thermal neutron 
spectrum conditions. 
JHR reflector may host up to 6 moving structures in order to utilize linear powers up to 600 W/cm and to 
reproduce power ramps from nominal 200 W/cm/min up to 700 W/cm/min just changing sample distance 
from the core and then flux intensity within the fuel. It is possible to achieve a maximum velocity of some 50 
mm/s using a test slot of about 350 mm depth. 
 

 
 Figure 9) JHR reflector moving structures for power ramps 
 
It is worth to highlight that irradiation in research reactor is a necessary stage for fuel study and 
development. Foremost, many innovative materials are investigated through neutron radiation doses within 
small samples. It is now important to create homogeneous irradiation conditions and host as much specimen 
as possible to compare several samples, even with well-known compounds. New materials can be compared 
and a first selection is performed. 
A second “understanding test” is carried out to obtain a precise evaluation of many physical and structural 
parameters taking advantage of destructive and non-destructive examinations. Knowledge about mechanical 
and chemical properties is deepened and operational properties of innovative fuels are then predicted. 
The last irradiation concerns effective normal and abnormal operational conditions of the sample. Power 
ramps and long period depletions as well as abnormal transients are simulated in order to prepare, qualify 
and license the advanced fuels to be utilized in a nuclear power plant. 
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 Figure 10) Innovative fuel R&D process 
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JHR Experimental Devices 
Development phases of several JHR experimental devices are carried out in order to cope with material and 
fuel irradiation objectives. 
Foremost CALIPSO in-core test device has been conceived mainly for cladding materials investigation (in-
Core Advanced Loop for Irradiation in Potassium SOdium). It is expected to be placed inside “small” in-core 
locations in the middle of the fuel elements to take advantage of high neutronic flux and relevant DPA rate 
up to some 15 DPA/y. It has been designed to achieve a uniform temperature profile between samples of the 
same batch through a NaK liquid metal cooled loop. In fact, maximum temperature difference is about 8°C 
for axial profile and about 7°C between specimens. In addition, temperature stability with respect to time is 
obtained. Very challenging cooling loop has been conceived as far as safety issues and confined, autonomous 
long period utilizations are concerned. A proper circuit allows tuning mass flow rate thanks to an 
electromagnetic pump placed at top of the rig (mass flow rate of some 2 m3/h and pressure drop of about 
1,25 bar). In the bottom part of the device loop a heat exchanger is placed in order to remove gamma heating 
and to control sample temperature. Variable heat exchange surface allows twofold operating conditions 
ranging from 250°C up to 450°C for what concerns typical LWR operating conditions temperatures. Even 
higher performances are supposed to be simulated reaching 600°C with particular design configuration. 
 

 
 Figure 11) CALIPSO loop layout Figure 12) EM pump layout and prototype 
 
Moreover, CALIPSO test device is planned to perform stress and strain tests allowing for on-line 
measurements and optimal control of experimental parameters. Sample holder design takes advantage of 
OSIRIS concept and expertise. Up to 5 experimental bases are embarked with 3 pre-pressurized tubular 
samples placed at 120° on each. 
Conceptual design and thermalhydraulic analysis of critical components have been carried out and detailed 
study of pump and heat exchanger has been completed. Industrial procurement phase has now started and a 
prototype is under development. 
Another liquid metal cooled test device is expected to be hosted inside the JHR core - namely MICA 
(Material Irradiation CApsule). Here a NaK cooled loop is devoted to stress relief and creep analysis 
basically for cladding materials. Moreover, deformation and swelling analysis with on-line measurements are 
performed. Within this device it is possible to apply bi-axial stress to up to 10 tubular samples.  
Thermalhydraulic features of a natural convection loop are utilized within a temperature range from about 
200°C to around 450°C. Technological design utilized important experience from CHOUCA devices in 
OSIRIS material testing reactor and GRIZZLI apparatus. 
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 Figure 13) MICA device layout 
 
In addition, MELODIE experimental sample holder (MEchancal LOading Device for Irradiation 
Experiments) is under development. Normal and incidental conditions in LWR parameters induce fission gas 
release and pellet cladding interactions which lead to complex and multi-axial thermo-mechanical loadings. 
In order to increase fuel burnup and to get better safety features, it is necessary to obtain more reliable 
experimental data. Within the framework of European work package WP 1.1 program, French CEA and 
Finnish VTT joined the same project to realize this test device. MELODIE is expected to allow creep 
analyses concerning PWR cladding materials and a full on-line control of bi-axial stress; corresponding 
strain measurements are foreseen as well. Mechanical studies will be possible in a quite high temperature 
environment of about 350°C. 
An improved MELODIE technology device is planned to be hosted in JHR. Design stage is completed and 
realization and production phase has already started. 
 

 
 Figure 14) MELODIE sample holder layout 
 
JHR fast in-core neutron spectrum can be utilized also for GenIV R&D purposes. GFR technology envisages 
SiC/SiC composites as structural material for fuel containment. Then irradiation creep evolution at elevated 
temperatures combined with high fast neutron doses is a key topic in order to improve structure 
performances. Thus CEDRIC device (Creep Experimental Device for Research on Innovative Ceramic) is 
designed to be able to apply controlled stress for quantitative analyses and to precisely measure resulting 
strains. Superposition effects are investigated utilizing two samples: the first is just irradiated and the second 
one undergoes the same radiation dose and controlled stress at the same time. High temperature 
environments are simulated ranging from 600°C up to about 1000°C. A rig similar to a CHOUCA device is 
filled with helium gas and placed within JHR core to exploit a suitable fast flux. CEDRIC irradiation 
analyses have been performed inside OSIRIS reactor core. Moreover, the CROCUS device has investigated 
SiC/SiC bond stability with respect to SiC compound structure. In 2007 several samples have been irradiated 
and some important data have been obtained. Taking advantage of OSIRIS tests expertise, an improved 
technology will be used in the JHR. 
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In order to provide support in R&D for future GenIV reactor technology as well as for property enhancement 
of present LWR, large irradiation capacity devices are being realized within the framework of JHR project. 
Natural convection helium-cooled loop is under development aimed at exploiting the fast core flux through 
large test slots. The objective is to investigate innovative materials – namely advanced stainless steels 
(austenitic or ferritic steels utilized in sodium and lead-cooled technologies) or ceramics. Basically, LWR 
technology steels or zircalloy are interesting for such an irradiation capacity. 
 

 
 
 Figure 15) In-core large slot irradiation capability 
 
GenIV advanced systems conceived to use innovative fuels and burn minor actinides need more precise data 
to R&D process support. SFR and LFR technologies are getting key concepts in future nuclear power plant 
fleets and thus JHR design team foresaw some experimental capabilities to cope with these challenges. 
Firstly evaluations have been carried out to simulate helium fission production within an Am matrix through 
flux, enrichment and minor actinide composition changing in order to exploit thermal flux. Helium build-up 
is relevant and both swelling and internal pressure make it a critical issue in fast reactor design. 
Moreover, JHR test capability is expected to be oriented also towards reduction of fuel pellet data 
uncertainties as well as long term behaviour. Future experimental needs taken into account are also 
accidental simulations about innovative fuels and clad failure investigations. 
Furthermore, many experimental apparatus are devoted to fuel properties enhancement. MADISON device 
(Multi-rod Adaptable Device for Irradiations of experimental fuel Samples Operating in Normal conditions) 
is designed to perform fuel tests concerning PWR, BWR and VVER reactor technologies. It can embark 4 
fuel pins (even 8 pins capacity is conceived) and reproduce normal operating conditions not aiming at clad 
failure. In order to exploit a proper thermal neutron flux it is placed inside the JHR reflector. Nominal reactor 
operation conditions are achieved also through an independent loop in which representative thermalhydraulic 
and chemical conditions are set up (PWR conditions achieved through pressure of some 160 bar and 
temperature of about 320°C). Different slow power transients are induced thanks to a moving structure 
whose distance from JHR core is controlled to modify neutron flux within the fuel samples. MADISON is 
expected to study either slow power slopes or long period irradiations (up to 3 years). Fuel material 
properties (microstructure, fission gas release, mechanical features…) are investigated with respect to burn-
up and linear heat generation rates. Clad corrosion and crack initiations are also interesting topics for long 
irradiation tests. 
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burn-up and linear heat generation rates. Clad corrosion and crack initiations are also 
interesting topics for long irradiation tests.
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Figure 16) MADISON device layout

Very homogeneous neutron irradiations as well as high precision measurements are 
significant features of this device. Nominal linear power envisaged is about 400 W/cm 
simulating high burn-up fuels by means of 1% U235 enriched UO2 samples.
MADISON is going to perform different kind of experiments:

- selection tests to irradiate and compare innovative samples
- characterization tests to irradiate few samples and to obtain many physical information
- qualification and validation tests to reproduce reactor operative conditions

This device is capable to utilize several JHR facility apparatus and examination tools.
MADISON design takes advantage of important collaborations between French CEA and IFE 
Halden expertise which started from domestic know-how to reproduce in JHR an innovative 
and challenging loop. Design and feasibility phases are completed; realization and 
manufacturing stages are ongoing.
Moreover, ADELINE in-reflector experimental device is conceived in order to perform single 
LWR fuel pin tests concerning up to limit and incidental scenarios. It is hosted on a moving 
structure and several power ramp tests take advantage of the ISABELLE1 device expertise in 
OSIRIS reactor. Rod internal over-pressurization and free gas sweeping, as well as fuel centre 
melting approach, are investigated since clad failure configuration is allowed in this 
apparatus. Then precise measurements in clad failure timing and linear heat generation rate 
related to incidental situations are achieved in this device.
Moreover, normal conditions after clad failure are envisaged since the loop is designed to 
operate with contaminated coolant. Fission gas release during transients is detected by Fission 
Product Laboratory instrumentations through on-line gamma spectrometry and delayed 
neutron detection techniques. In addition, permanent purifications and radiology controls are 
performed on the out-of-pile part of the loop. In order to limit the amount of contaminated 
coolant a jet pump is installed inside the device. The thermalhydraulic and chemical 
representative environment are achieved for what concerns failure simulations.
ADELINE apparatus is placed on reflector moving structure to set thermal flux and then 
power levels. Typically both PWR, BWR and VVER technologies are studied and either UO2 

12% 235U enriched fuel or MOX 20% Pu/(Pu+U) enriched fuel are utilized.
Moving structure allows power ramps and a sample test transient may induce a first 
irradiation plateau (1 day up to 1 week) at a linear power of some 100 W/cm; then a ramp is 
induced ranging from 100 W/cm/min up to 700 W/cm/min. Furthermore a high power plateau 
is kept for about 24 hours at about 620 W/cm. As explained before, the facility design allows 
withstanding clad failure during this procedure.
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 Figure 16) MADISON device layout 
 
Very homogeneous neutron irradiations as well as high precision measurements are significant features of 
this device. Nominal linear power envisaged is about 400 W/cm simulating high burn-up fuels by means of 
1% U235 enriched UO2 samples. 
MADISON is going to perform different kind of experiments: 

- selection tests to irradiate and compare innovative samples 
- characterization tests to irradiate few samples and to obtain many physical information 
- qualification and validation tests to reproduce reactor operative conditions 

This device is capable to utilize several JHR facility apparatus and examination tools. 
MADISON design takes advantage of important collaborations between French CEA and IFE Halden 
expertise which started from domestic know-how to reproduce in JHR an innovative and challenging loop. 
Design and feasibility phases are completed; realization and manufacturing stages are ongoing. 
Moreover, ADELINE in-reflector experimental device is conceived in order to perform single LWR fuel pin 
tests concerning up to limit and incidental scenarios. It is hosted on a moving structure and several power 
ramp tests take advantage of the ISABELLE1 device expertise in OSIRIS reactor. Rod internal over-
pressurization and free gas sweeping, as well as fuel centre melting approach, are investigated since clad 
failure configuration is allowed in this apparatus. Then precise measurements in clad failure timing and 
linear heat generation rate related to incidental situations are achieved in this device. 
Moreover, normal conditions after clad failure are envisaged since the loop is designed to operate with 
contaminated coolant. Fission gas release during transients is detected by Fission Product Laboratory 
instrumentations through on-line gamma spectrometry and delayed neutron detection techniques. In addition, 
permanent purifications and radiology controls are performed on the out-of-pile part of the loop. In order to 
limit the amount of contaminated coolant a jet pump is installed inside the device. The thermalhydraulic and 
chemical representative environment are achieved for what concerns failure simulations. 
ADELINE apparatus is placed on reflector moving structure to set thermal flux and then power levels. 
Typically both PWR, BWR and VVER technologies are studied and either UO2 12% 235U enriched fuel or 
MOX 20% Pu/(Pu+U) enriched fuel are utilized. 
Moving structure allows power ramps and a sample test transient may induce a first irradiation plateau (1 day 
up to 1 week) at a linear power of some 100 W/cm; then a ramp is induced ranging from 100 W/cm/min up 
to 700 W/cm/min. Furthermore a high power plateau is kept for about 24 hours at about 620 W/cm. As 
explained before, the facility design allows withstanding clad failure during this procedure. 
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 Figure 17) ADELINE loop layout 
 
LORELEI experimental device (Light water One Rod Equipment for LOCA Experimental Investigations) is 
designed to investigate LOCA transients. Basically thermalhydraulic aspects, radiological consequences and 
mechanical issues of this kind of accident are the objective of foreseen simulations. Since this device is 
located on a moving in-reflector test slot, power level is expected to be controlled and independent loop 
assure safety requests to be respected. LORELEI design is aimed at understanding of ballooning and burst of 
cladding materials and corrosion phenomena in elevated temperature environment.  
Simulation scenarios take into account a first depletion phase in order to create a representative fission 
products inventory within the fuel matrix. 
Then a dry-out phase through gas injection is devoted to start the loss of coolant. Steam is produced thanks 
to evaporation of some liquid water in the bottom part of the device. 
Power is tuned by means of device displacing and a homogeneous temperature profile is reached through 
both several electrical heaters and a screen to flatten the neutron flux. 
Fission Product Laboratory is always connected to the loop to perform on-line radiological and chemical 
analyses about the test evolution. 
This device design is based on GRIFFON apparatus which has been operated inside the SILOE reactor under 
the umbrella of the FLASH Program for LOCA accidents. 
Finally, OCCITANE experimental device (Out-of-Core Capsule for Irradiation Testing of Ageing by 
NEutrons) is devoted to steel analysis and investigations. Since vessel is a critical component for a nuclear 
power plant and a barrier according to defence-in-depth safety approach, it is necessary to qualify material 
features to prove their lifetime within a neutron radiation field. OCCITANE technology is based on IRMA 
device which is located in OSIRIS reactor. Irradiation is performed in an inert gas atmosphere and a 
temperature of some 230°C to 300°C is expected. On the other hand, dose rates of some 100 mdpa/y are 
envisaged. Optimization phase is now concerned with best location within the reflector slots. Temperature 
control is a key point and a thermal and mechanical simulation study is going on. 
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JHR Irradiation Devices for Medical Purposes 
Medical radioisotopes production and procurement is becoming a more and more strategic issue within the 
framework of worldwide healthcare system. Nuclear physics application has allowed precise imagining and 
effective therapies for twenty years. Nuclear medicine diagnostics involves several kinds of radiation and 
procedures taking advantage of unstable artificial nuclei undergoing decay. In this branch of medicine, the 
most important radioisotope is Technetium-99m and it is used nowadays in around 20 millions diagnostic 
procedures: half of them are bone scans, and the remaining half is roughly divided between kidney, heart and 
lung scans. This radionuclide is suitable for medical imaging since it has got a half-life of about 6 hours 
which is low enough to allow the patient to leave the hospital after short delay. Conversely the half-life of 
the parent nuclide – the Molybdenum-99 – is some 66 hours long enough to be transported from the 
processing sites to the end user facilities. 
Therefore Technetium-99m supports around 85% of nuclear medicine diagnostics and then Molybdenum-99 
(Mo99) production and stock are key issues in worldwide healthcare management. 
 

 
 

 Figure 18) Molybdenum-99 production and utilization 
 
Within a European framework, a research reactor network assures Mo99 stocks for hospitals and medical 
processes. Recent 2008 and 2009 crisis in Mo99 supply highlighted the need for an infrastructure 
optimization concerning transportation, stock and management. On the other hand, it has been possible to 
realize the importance of joint efforts performed by multipurpose material testing reactors and their vital role 
in providing radioisotopes. 
Since the construction of an industry owned Mo99 production dedicated reactor has failed in Canada 
(MAPLE project), European NEA and OECD strategies have envisaged restoring the existing research 
reactor infrastructure managed by public bodies and networked in order to assure proper spare production. In 
fact, European market is conceived as a multi-line backup system. Conversely other local markets – namely 
Australia, Canada and South Africa – are single-line structured and less able to prevent or face supply 
shortage. 
European research reactors construction started before a significant diffusion in nuclear medicine diagnostics 
and then overcapacity has always allowed the market to keep the prices low. People in Europe accessing 
these diagnostics have increased up to 9 millions. Thus it is necessary to ensure future production provided 
that short term availability of these facilities is compromised due to temporary maintenance and extended 
time scale in replacement of ageing existing research reactors. 
European production network was formed until recently by 3 reactors: 
 

- BR2 (Mol, Belgium) is a multipurpose research reactor operated by SCK-CEN and it is expected to 
leave service by 2023. 

- HFR (Petten, Netherlands) is a multipurpose research reactor owned by European Commission and 
operated by NRG, it is expected to leave service by 2018. 

- OSIRIS (Saclay, France) is a multipurpose research reactor operated by CEA and it is expected to 
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leave service in 2015. 
 

Recently, two facilities joined this infrastructure in order to enhance production: 
 

- MARIA (Otwock-Swierk, Poland) is a multipurpose research reactor operated by Institute of Atomic 
Energy POLATOM which started production in 2010 and is expected to achieve around 50% of 
European needs by 2012). 

- LVR-15 (Rez, Czech Republic) is a multipurpose research reactor refurbished in 1989 and operated 
by RCR. It is expected to be operated until 2029 at least. 
 

Operating lives and shutdown timetable are strictly demanding for reactor replacement and future European 
scenarios are planned in order to assure Mo99 supply system. 
 

- FRM (Munich, Germany) is a new research reactor operated by TUM since 2005 which is supposed 
to reach peak production around 60% of European demand 

- TRIGA (Pitesti, Romania) is a multipurpose research reactor operated by INR until 2030. 
- JHR (Cadarache, France) is going to be a new material testing reactor under construction and it will 

be operated by CEA. It is expected to reach criticality in 2016 and to be able to supply about 35% of 
European need up 50%. 

- PALLAS (Petten, Netherlands) is a multipurpose research reactor to be operated starting from 2017 
by NRG to replace HFR 

- MHYRRA (Mol, Belgium) is designed to be an accelerator driven system (ADS) scheduled to be 
operated by SCK-CEN from 2022 in order to face to 100% of European demand. 
 

Several facilities are supposed to face increasing in European Mo99 need provided that some 200%/250% of 
market demand has to be guarantee by total peak generations. It is necessary to be able to withstand 
unexpected plant shutdowns or planned maintenance. In addition, it is useful to get a backup capacity in 
order to supply other regional process lines all over the world. 
 

 
 

 Figure 19) Research reactor replacement timetable 
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Figure 20) Evolution in percentage supply of Mo99 European demand (%) 
 

In this critical and strategic European scenario concerning healthcare system, research reactors play an 
important role to secure public issues. A more and more collective and networked approach is envisaged to 
fit with demand and guarantee operational flexibility in order to maintain low prices and fair trade market. 
Replacing ageing reactors and add a significant generation capability to facility network will increase 
reliability and will strengthen European procurement and stock capacity. 
JHR is also expected to become a very important keystone even in this framework. It is planned to contribute 
to a nuclear research infrastructure which is capable to share experimental capacity and high level 
technological facilities for the benefit of European community. Progress in nuclear science is getting more 
and more present in everyday life and research reactors have got prepared to match with all these challenging 
scenarios. 
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2	  	  Research	  Description	  
 
 
2.1	  	  Thermal-‐hydraulic	  and	  Neutronic	  Core	  Model	  
 
Power transient analyses of nuclear reactors are very important design steps in order to study the evolution of 
temperature in many significant components during shutdown, start-up or regulation phases. In fact, material 
resistance and mechanical properties strongly depend on temperature. Mainly, fuel and cladding heating are 
controlled to prevent them to melt and then release some radioactive nuclides into the cooling loop. Safety 
defence-in-depth envisages the integrity of fuel matrix and cladding shell as first and second barrier against 
leakage of radioactive fission products. 
Power transients during reactor shutdown are particularly evaluated in the present analysis. Energy release 
throughout the core depends on neutron and gamma radiation transport but basically the power source is 
related to fission reaction rate in fissile material – namely the fuel. 
Control rod insertion causes an increasing in neutron absorption due to the hafnium tendency to neutron 
capture. It induces a reduction in neutron population within the system at a time scale compared to mean 
generation time of prompt neutrons. Consequent temperature drop has neutronic feedbacks related to 
Doppler broadening, moderation and absorption changes. Then, neutron kinetics requires a coupled 
thermalhydraulic and neutronic analysis of the system in order to account for these interactions. For this 
purpose, the DULCINEE kinetics code is utilised. It has been developed by the French Institute of Radiation 
Protection and Safety (IRSN) and it computes power evolution according to pointwise neutron kinetics 
approach. 
Foremost, a representative thermal model has been conceived in order to well describe the temperature 
evolution within the fuel, the cladding and the coolant. Providing separation of variables and computing 
energy conservation for average temperatures in fuel, cladding and coolant,	  physical similarity is reached 
coherently with the need for a correct time behaviour description. Then JHR fuel equivalent plate has been 
simulated both considering the average fuel element and the hottest plate in the core. 
 
 
 
 
 
 
 
	  
	  
	  
 Figure 21) JHR fuel plate Figure 22) JHR model plate 
 
 
 
 
 
 
 
 
 
 
 
  
 
 Table 1) JHR model plate dimensions Table 2) JHR core boundary conditions 
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Moreover, the neutronic parameters of the system account for the delayed neutron fraction, the mean neutron 
lifetime and the time constants of neutron precursor groups. Fuel composition changes due to fission 
products poisoning and burnup of heavy nuclei. As far as related effect on neutron kinetics, the equilibrium 
cycle has been divided into four steps: Beginning of Cycle (BOC), Xenon Saturation Point (XSP), Middle of 
Cycle (MOC) and End of Cycle (EOC). 
The following table shows a negligible Pu239 build-up which induces delayed neutron fraction to remain 
quite constant as well as delayed contributions related to precursor groups; deterministic APOLLO-MOC 
calculations have evaluated neutron lifetime around 40 µsec. 
 
 
 

 
 

 Table 3) Equilibrium cycle compositions Table 4) Feedback coefficients 
 

 
 

 Table 5) Neutron kinetics parameters 
 
Finally the thermal effects of the system are related to neutronic description through reactivity feedback 
coefficients. Then it is possible to consider Doppler effect and change in moderation due to void or coolant 
dilatation. 
DULCINEE code has allowed modelling JHR as far as thermal features are concerned and feedback relations 
impact on neutron kinetics. Once pointwise kinetics model has been solved, power transients have been 
evaluated.  
 
 
2.2	  	  Shutdown	  Systems	  for	  JHR	  
 
In the present analysis only power transients during shutdowns are considered. JHR safety approach 
envisages two different shutdowns for reactor piloting – namely Normal Shutdown (NS) and Safety 
Shutdown (SS). As explained before, JHR is equipped with 27 control rods for core poisoning compensation, 
reactor piloting and emergency shutdown. A group of 19 Compensation Rods (CR) is designed to one by one 
withdrawal throughout the cycle to provide extra reactivity and assure system criticality. Moreover, a 4 Pilot 
Rods (PR) bank is kept as close as possible to the core mid-plane in order to take advantage of the highest 
differential worth. Remaining 4 Safety Rods are clustered in a bank as well and completely extracted from 
the core during normal operations. 
Normal Shutdown utilizes just the Pilot Rods bank and the injection starts from criticality position until core 
bottom. Since this initial insertion depends on fission product poisoning, antireactivity introduced by control 
devices changes during reactor cycle as well as insertion speed. Then Pilot Rods worth may change from 
some 2200 pcm up to 2700 pcm. 
By means of the DULCINEE code, thermalhydraulic coupling with control rod antireactivity insertions has 
allowed to compute the Normal Shutdown power transient. 
 



 

 23 

 
 Figure 23) Normal Shutdown antireactivity injection Figure 24) Normal Shutdown power transient 
 
On the other hand, Safety Shutdown has been conceived to provide a higher amount of antireactivity and it 
employs both the Pilot Rods and the Safety ones. It is a Normal Shutdown with a complete Safety Rods 
insertion at the same time from top of the core in just 1.23 sec. 
As shown in the previous case, even power transient during Safety Shutdown has been evaluated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 25) Safety Shutdown antireactivity injection Figure 26) Safety Shutdown power transient 
 
 
2.3	  	  Core-‐Reflector	  Coupling	  
 
JHR fast core spectrum sustains nuclear chain reaction and neutrons getting out of the central region towards 
the reflector undergo fission within the test samples. So there is a strong coupling between these two reactor 
parts that is worth to consider during transients. 
If absorbing materials such as control rods are inserted into the core, the flux shape changes and then it 
exhibits a significant dependence on their position, even reduced power causes flux amplitude to decrease. 
The propagation of core flux decrease occurs throughout the reflector with a twofold time scale. Foremost 
the prompt neutron lifetime – about 40 microsec – is the order of magnitude of about 90% of reactor thermal 
power. This sudden reduction can be thought of as immediate compared to control rod kinetics. 
On the other hand, delayed neutron production time scale goes from some tenths of second up to about 50 
sec, depending on precursor group. They account for at most 1% of total power and they continue to be 
produced according to neutron precursors decay laws. It is a sort of intrinsic power generation capacity of 
irradiated fissile materials and it has to be evacuated by the coolant loops for a period of time which is 
proportional to initial power level. 
Both prompt and delayed neutron generations are present within reflector fuel samples. So this double time 
scale in neutron supplying to devices has to be thought of as overlapped with local multiplication. The latter 
causes a delay superposition which affects power production in specimens. 



 

 24 

A precise evaluation needs particular neutron kinetics issues to be taken into account during shutdown 
analyses. On the other hand, a complex geometric domain requires the utilization of Monte Carlo 3D codes 
to properly consider core-reflector interactions, provided a lack of useful symmetries. 
Code state of the art in Monte Carlo techniques doesn’t allow the user to perform time dependent 
calculations related to variations concerning geometry or compositions. In fact, multiphysics analyses related 
to thermal, mechanical or domain shape feedbacks are still under development by several software and code 
within the framework of international projects. So it is not currently possible to account for a neutronic 
source with changes with respect to time due to control rods insertion. It is not even possible to properly 
evaluate the neutron irradiation received by the samples under the absorber induced flux shape modification. 
Then TRIPOLI 4.8 Monte Carlo transport code has been utilized to compute neutron flux distribution with 
static calculations all over the reactor and the reflector. This code has been developed by French Atomic 
Energy Commission (CEA) and it solves transport equations utilizing a statistical approach to integral 
equations taking advantage of a large number of particle simulations by means of parallel computing. 
Normally, neutron transport techniques take into account the static solution related to Boltzmann equation 
coupled with neutron precursor group decay. 
Provided ),,,( tEr Ωϕ  the neutron flux depending on space phase – namely geometric position, velocity and 
direction – it changes with respect to time as follows: 
 

⎪
⎪
⎩

⎪⎪
⎨

⎧

+−=
∂
∂

++Σ+Σ−−=
∂
∂ ∑

ϕλ

λϕϕϕϕϕ

iRii
i

i
iips

MC
t
C

CMG
tv

1

 

 
These equations, coupled with usual boundary conditions, rule evolution of neutron flux with respect to time. 
The first takes into account a balance between geometrical leakage (G), absorption and out-scattering (Σ ), 
in-scattering ( sΣ ) and prompt neutron production (Mp). The last sum provides delayed neutron 
contributions. On the other hand, the second equation rules the build-up of neutron precursors due to delayed 
production term (MR). 
Supposed a time independent problem, derivatives are turned to zero and the previous equation, always 
coupled with proper boundary conditions, yields: 
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The effect is to compute the neutron production throughout a fissile material considering a weighted 
generation spectrum which influences all nuclear reactions. This holds at constant power during nominal 
operation when the ratios between the delayed neutron populations and the prompt one are constant and 
equal to beta fractions. During shutdowns which take about 1 or 2 sec, prompt neutron population decreases 
very quickly but delayed neutrons continue to be injected into the system by means of precursors decay. 
Static calculations evaluate just flux shape related to a constant neutron production which corresponds to a 
virtual constant reactor operation for every given control rod insertion. 
Monte Carlo code gives results that need to be normalized compared to meaningful integral values of the 
system, typically the total amount of fission reactions which is well defined either in nominal or in dynamic 
analysis. 
DULCINEE shutdown transient evaluations provide the total core power with respect to control rod 
positions and time. Therefore TRIPOLI 4.7 static calculations have been coherently normalized conserving 
the total amount of fission reactions. 
On one hand conservation of the intensity of the flux is respected, on the other hand prompt-to-delayed 
neutron fraction is overestimated during shutdown due to Monte Carlo approach. This effect simulates a 
more energetic neutron population with a higher likelihood to get out of the core and then to reach the 
reflector devices. 
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Even neglecting effective energy distribution in neutron flux, a more conservative spectrum is considered 
and then a better evaluation for what concerns safety issues is obtained. 
Since the objective of the present study is the power release in reflector devices, it is worth not just to 
consider flux shape but also fission reaction rate distribution. 
In addition, even fission products kinetic energy is the most important contribution to power deposition; 
neutrons and gamma radiation are significant energy carriers. The first ones undergo scattering reactions and 
absorption generating gamma rays, gamma photons heat up metals and structures due to attenuation 
processes. 
So it is not possible to consider that all the amount of energy released is deposited at the same place since it 
diffuses depending on particular radiation transport laws. 
In order to take also into account the core contribution to reflector device heating for radiation leakage, 
energy deposition calculations are suitable in order to be coherent with physical phenomena. 
Gamma radiation is created during fission process and it leaves the site diffusing all around from about 10-14 
sec and 10-7 sec after the reaction, then it is called prompt gamma radiation. Unstable fission products 
usually decay in several ways, often they emit gamma photons even with time scale longer then fission ones, 
typically of the order of 104 sec. Activated nuclei undergo gamma emissions as well, and all these are called 
delayed gammas. 
TRIPOLI code doesn’t perform material evolution calculations and it can take into account just the prompt 
gamma radiation. 
Then Monte Carlo analysis has considered neutron contribution in energy deposition – namely scattering and 
fission products kinetic energy – and prompt gamma heating to materials. 
 
 
2.4	  	  Reflector	  Device	  Calculations	  
 
Since in-core neutron spectrum is quite fast, several test requiring thermal irradiations are performed inside 
the beryllium reflector taking advantage of its capability in slowing down neutrons. As explained before, fuel 
properties are studied for different irradiation levels and with different power ramps simulating various 
operation conditions. 
MADISON test device has been designed to perform fuel irradiation in order to reproduce nuclear power 
plant normal operations. It will be placed on a moving structure which will be able to set neutron flux 
properly tuning the distance from the core centre. Normally, it is expected to be loaded with 4 uranium 
dioxide 1% U235 enriched fuel pins aiming at relatively high burnup fuel simulations. 
ADELINE experimental device is aimed at post-failure and abnormal operation conditions studies. It will 
host just 1 fuel pin (UO2 1% U235 enriched) and it is expected to perform power ramps up to material limits 
and simulate normal conditions after partial cladding damage. 
Moreover, MOLFI device is placed within the reflector but it is devoted to radioisotope production for 
medical purposes. Molybdenum 99 is obtained by means of U235 fissions. For that, several AlU targets are 
put on moving structures to be irradiated and to achieve Moly99 build-up. An example of core and reflector 
configuration is shown in the picture below. 
 
 
 
 
 
 
 
 
 
 
 

 
  

Figure 27) JHR core and reflector devices configuration 
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Regarding in-reflector test devices, cooling is provided through independent loops designed to be flexible 
and to reproduce many reactor thermalhydraulic conditions (PWR, BWR). 
Safety approach and procedures require power generation evaluations during transients since it is mandatory 
to control fuel temperatures even for what concerns fuel samples inside experimental in-reflector devices. 
As piloting is achieved by means of core control rods, it is necessary to evaluate the reflector devices 
response to manage their power transients during reactor shutdowns. In addition, if safety temperature 
thresholds are reached in some fuel loaded samples, it is worth to know their power behaviour and then the 
related kinetic delays which occur during consequent reactor shutdown. Therefore it is necessary to aim at 
neutronic coupling description between core and reflector considering absorber insertion effects. 
The Monte Carlo model to evaluate energy deposition and then power transients in JHR reflector devices 
consists of 4 MOLFI devices, 2 MADISON and 2 ADELINE test samples. Different reflector locations are 
considered for the same experiment aiming at location effect investigation. 
Moving structure allows device displacement but the configuration in which the samples are close to the core 
has been considered since it corresponds to the highest core-reflector coupling. 
A simplified analysis considers device power proportional to core power through a time dependent 
coefficient. This accounts for delays and flux shape modifications. In order to be conservative, power 
coupling have been evaluated just for nominal configuration and complete control rod insertions after both 
Normal Shutdown and Safety Shutdown. 
The implemented TRIPOLI model is showed in the following picture. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 28) TRIPOLI model for JHR core and reflector 
 
These coefficients refer to energy deposition calculations which take into account neutrons and prompt 
gamma radiation as well. Such a criterion accounts for radiation transport and basically gamma diffusion. 
These ratios have been treated and for every device the coefficient corresponding to the highest power level 
has been kept as constant during the entire transient. Needless to say, the most conservative configuration 
corresponds to complete control rod insertions. In fact, the flux shape exhibits significant peaks within 
reflector fissile samples due to absorber injection in the core. 
Therefore an evaluation related to the asymptotic composition has been used even during the very first part 
of the transient. So starting power is overestimated and safety issues are respected. 
Finally Normal Shutdown and Safety Shutdown power transients have been evaluated for every reflector 
device through TRIPOLI energy deposition coupling coefficients and DULCINEE core transients. BOC and 
EOC power profiles have been considered regarding Normal Shutdown since they are more conservative. On 
the other hand, average profile has been implemented for Safety Shutdowns. 
Device power transients have then been computed. Neutrons and prompt gamma contributions to sample 
heating are highlighted. 
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        Figure 29) MADISON Normal Shutdown transient           Figure 30) MADISON Safety Shutdown transient 
 

 
 Figure 31) MOLFI Normal Shutdown transient  Figure 32) MOLFI Safety Shutdown transient 
 
Significant difference in neutron and gamma contribution is due to higher MOLFI enrichment. Neutron 
contributions account for fission products initial kinetic energy and scattering reactions. Then a relatively 
higher fission rate changes fission-to-gamma balance in energy deposition. 
 
2.5	  	  Conclusions	  and	  Perspectives	  
 
JHR future CEA material testing reactor is expected to perform several experiments on fuel samples inside 
reflector. Power transients are worth to be evaluated in these devices aiming at cooling system design and 
accident scenario simulations. 
In the present analysis two shutdown transients have been considered – namely Normal Shutdown and Safety 
Shutdown. DULCINEE neutron kinetics code has been utilised for reactor core power evolution. On the 
other hand, reflector-core coupling has been computed by means of TRIPOLI 4.7 Monte Carlo transport 
code. 
Then the most conservative control rod insertion configurations have been chosen and finally it has been 
possible to obtain the device power transients. 
Energy deposition calculation through Monte Carlo method allowed computing different contribution in 
sample power regarding neutron-induced reactions and gamma heating. 
Next task will be about the evaluation of a model which takes into account a multi-point kinetics approach in 
order to highlight core contribution to device heating. On the other hand an evaluation of the device 
multiplication contribution is envisaged. 
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Instead of weighting reaction rates necessary to compute kinetics constants, a twofold neutron transport 
approach is conceived: prompt and delayed neutrons are then considered with respect to their own time scale 
and multiplication reactions. 
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