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ABSTRACT 
An experimental program has been designed by CEA to qualify the behaviour of 
the JHR fuel under conditions representative of the reactor operating ones. 
This program uses the SCK.CEN facilities, irradiating JHR lead test elements in 
the BR2 reactor, inside its central channel which has been particularly arranged for 
this objective (Evita loop). 
As a first step in the program, a two cycle irradiation (4 weeks by cycle) started 
mid-July 2009 and ended mid-November (EVITA-1). After a cooling phase, this first 
JHR lead test element will be submitted to post-irradiation examination. The 
second JHR test element began its irradiation in the first quarter of 2010; its 
unloading is planned before the end of 2010, after 5 cycles in the BR2 reactor. The 
results of these two experiments are expected as input information for the Safety 
Authority Report. 
This paper presents the qualification program with the objectives assigned to each 
phase (irradiation, examination). A first interpretation of the irradiation data for the 
first element is presented, so as the information available on the progress of the 
following phases of the programme. 

1. Introduction 
Due to the performance level expected for the JHR, a high density of fissile material is 
required for the reactor core, and the reference fuel for the JHR is UMo fuel with uranium 
density of 8g/cm3 and 20% 235U enriched. As this fuel is not yet available as an industrial 
product qualified for JHR operation, the CEA is qualifying a back-up fuel solution for the first 
power operations of the JHR [1]; this back-up fuel solution is U3Si2 particles dispersed into an 
aluminium matrix. The JHR fuel element consists of an element with 8 concentric crowns of 
fuel plates crimped inside 3 aluminium stiffeners (Fig 1). 

The qualification program of JHR fuel includes three main aspects [1]: 
Design validation 
Manufacturing qualification 
Irradiation qualification 

Design validation and manufacturing qualification were presented elsewhere [2], [3]. 
The irradiation behaviour of U3Si2 fuel benefits from a large amount of international feedback, 
but it needs specific demonstration for the range of the JHR operating conditions. The main 



aspect is the qualification of the in-pile behaviour of the elements. With this aim, an 
experimental programme has been designed to demonstrate the satisfactory operation of an 
actual full-size element in JHR representative conditions. As these conditions can be 
reached (with some adaptation) in the central channel of the BR2 reactor (SCK-CEN) and 
taking into account some similarities in the design of the fuel elements of the two reactors, 
BR2 appeared to be the more accurate reactor to perform this programme. 

Fuel plates 
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Fig 1: Fuel element end 

2. Structure and objectives of the programme 
2.1 Objectives of the programme 
The programme will allows demonstrating the satisfactory operation of a full-size test 
assembly under JHR normal operating conditions. Thus, the objectives are: 

- to check the mechanical integrity of the plates (integrity of the cladding), 
- to check the geometric integrity of the fuel assembly (fuel plates and whole 

structure), on others words to insure that only slight variation of the coolant 
channels between the fuel plates, 

- to demonstrate the correct behaviour of the silicide fuel under the experimental 
conditions. 

Twelve industrial-scale prototypes have been ordered on the basis of JHR fuel specifications 
for industrial manufacturing [3]. Considering the handling procedures in BR2, both end parts 
of five among them were changed into the BR2 design (Fig 2). These five fuel (EVITA S8N/1 
to SN8/5) elements have been shipped to SCK-CEN in April 2009 to be tested in the EVITA 
loop of the BR2 reactor. This loop has been specially designed and dedicated to the 
programme; it is located in the central channel (H1 channel) of BR2 [4]. 

Fig 2: Prototype with BR2 element ends 



The diameter available in the H1 channel allows hosting one JHR fuel prototypes; thus the 
five elements are tested successively. The three first tests are planned to reach JHR nominal 
operating conditions gradually, with a first step at intermediate conditions for the first one 
called EVITA-1.The two remaining elements will be dedicated to objectives of replication, so 
as consolidation of the results or answer to some complementary questions; their definition 
will be precisely specified regarding the results of the first tests. 

The JHR normal operating conditions to be reached are summarized in Table 1. This is the 
basis for the set of test, but will be adjusted for each test taking into account the results of 
the previous ones or for a given objective in a specific test. 

Table 1 : Test objectives for fuel operating conditions 

Power in the element 
MW 

4,6 MW maximum 
and 4,4 MW during 10% of 

the irradiation 

Burn-up fraction 
% 2 3 5 u 

60% at the end of the 
irradiation 

(4 to 5 cycles in BR2) 

Coolant flowrate at the 
inlet of the element 

m3/h 
210rrr7h 

The element is equipped in its central hole by an instrumented plug (Table 2); this 
instrumentation so as some others detectors located in the loop lines and in the BR2 core 
allows following up the evolution of the relevant parameters during irradiation. The data given 
by these detectors are also used for post-irradiation analyses. 

Parameter 
Temperature 

Flowrate 

Differential 
pressure 
Neutronic 

Flux 

Gamma 
heating 

Number of detectors 
6 thermocouples 

6 thermocouples 

3 flowmeters 

1 AP meter 

4 Neutron flux 
Rh-emitters 

2 gamma 
thermometers 

Location 
Inlet of the element 

Outlet of the element 

EVITA pump 
discharge line 

Inlet/outlet of the 
element 

Inlet (1), outlet(1) and 
middle part (2)of the 

fuel 
First third (1) and last 

third (1) of the fuel 
length 

Objective 
AT Thermal 

balance 
AT Thermal 
balance (3); 

safety threshold (3) 
Thermal balance 

AP on the ends of 
the element 
Flux profile 

Thermal balance 

Table 2: Main instrumentation available for test follow-up and analysis 

Thus, the power of the JHR element in the H1 channel is determined on line by the thermal 
balance of the cooling water passing through the element using EVITA loop, in order to 
check that the power remains in the required domain. 

The PH of the coolant water being a relevant parameter for regarding the corrosion of the 
cladding, its evolution is checked daily. 



2.2 Main phases of the programme and objectives 
Prior to the irradiation, the element experiences a campaign of dimensional measurements to 
get its initial geometric state (see 3.3). It is then loaded in the in-pile part of the EVITA loop, 
inside the H1 channel, for a BR2 cycle (Fig 3) under the required conditions. 

At the end of the cycle, the element is unloaded from the H1 channel; during this operation, it 
is possible to check the global integrity of the element by means of a visual inspection. The 
element is then placed in a tank for a wet sipping test; if the results of the radiochemical 
analysis show no release of fission products, the mechanical integrity of the cladding is 
demonstrated and the element can pursue its irradiation campaign. 

Fig 3: The JHR element in the BR2 core/EVITA loop 

A final sipping test is performed after unloading at the end of the last cycle before keeping 
the element in a storage tank for a long cooling phase (between 3 and 6 months). This 
cooling phase is essential to perform post-examination in proper conditions (no significant 
deformation of the structures due to residual temperature). 

After this cooling phase, the elements will move to the BR2 cells for visual examinations and 
dimensional measurements. They will give a geometric final state of the element, for an 
evaluation of the evolution during irradiation, by comparison with the initial state measured by 
the same system (3.3). 

A second campaign of examinations will be led in the Laboratoire de Haute et Moyenne 
Activités (LHMA) of SCK.CEN-Mol on the fuel plates of the outer ring of the element, after 
dismantling. The thickness of the plates and the oxidation layer on the cladding will be 
measured in order to gather data on fuel plate behaviour (swelling, corrosion of the AlfeNi 
cladding). Finally, metallographic inspections are planned on samples selected in 
appropriate zones of the plates (maximal flux ,...); they will give information on the behaviour 
of the uranium silicide particles. 

3. Preparatory operations prior to the first irradiation campaign 
Before the final loading of the first JHR element for irradiation, two important measurement 
campaigns were performed: 

An hydraulic measurement programme for the EVITA loop, 
A neutron measurement programme of the EVITA loop including the JHR fuel 
element. 

By another way, the five elements were measured using a specific system (see 3.3) in order 
to obtain their geometric initial state. 



3.1 Preliminary hydraulic tests and neutron measurement campaign with 
EVITA loop 

The mounting of the EVITA loop was totally achieved at the end of June 2009. Preliminary 
tests have been carried out during the inter-cycle period between cycles 03/09 and 04/09 of 
the BR2 reactor (mid-June to mid July) [5] in order: 

to check the good operation of the EVITA loop in conditions identical to the fuel 
element irradiation ones, 
to determine the influence of the presence of the EVITA loop and the JHR element 
in the BR2 reactor 

Two series of hydraulic tests have been performed on EVITA loop, with the pump of EVITA 
loop working alone, and with both EVITA loop and BR2 primary pumps. Their main results 
are the following: 

the suction is well balanced 
between the two BR2 channels 
L180 and L240 (Fig 4), 
supplying water to the suction 
line of the EVITA pump, 
if necessary, the EVITA pump 
working alone (in upper part of 
its range) is able to deliver the 
requested nominal value, 
a flow-rate range of 180-
230m3/h has been successfully 
covered with the two pumps 
working together; this insures 
a satisfactory range for the 
irradiation programme. 

Fig 4: H1 channel with AI-H20 plug 

To perform the irradiation programme, the BR2 reactor has to operate in unusual conditions 
with a fresh JHR fuel element in its centre, at a required power level, while still being able to 
keep the reactor at a convenient power level for the other users. 

In order to reach this objective, the choice of 
the material surrounding the JHR element is 
a mixture aluminium-water (Fig 5) as neutron 
optimization when the fuel is fresh and most 
reactive (typically for the two to three first 
cycles). This specific component is called 
"AI-H20 plug". With the fuel depletion during 
irradiation, the aluminium water mixture has 
to be replaced. 

was a zero power reactor core properties 
measurement programme preceding the first full power reactor cycle with this configuration. 
Its purpose was to evaluate the impact of the presence of the EVITA loop loaded with a JHR 
element on the reactivity balance of the reactor, for safety reasons and for the exploitation of 
the reactor. The campaign was led through a step-by-step approach, evolving from a 
standard BR2 configuration to the irradiation configuration with the AI-H20 plug and a fresh 

Fig 5: The AI-H20 plug in the H1 channel 

The nuclear measurement programme 



JHR element. The measured values for the different configurations correspond with the 
values predicted by the code MCNPX. They show that the reactivity effect due to the 
presence of the EVITA loop and the JHR element is very large; this result confirms the 
necessity of an AI-H20 plug for the irradiation of fresh JHR elements. 

3.2 Dimensional measurements of the elements 
Dimensional aspects of the five elements have been controlled during the manufacturing 
phase to check that they fit the specification. Then, a dimensional characterization of the 
JHR elements after transport to SCK-CEN have been planned in order to acquire the 
geometric initial state of the elements as reference before irradiation. It will be compared to 
their end of life state to obtain the evolution of the element under flux. 

This internal and external geometric characterization is performed with a specific system, 
specially designed for this irradiation programme by SCK-CEN (Fig 6.a). It is composed of: 

a measurement bench with positioning systems keeping the fuel element straight 
up and an accurate stepping movement systems equipped with detectors for 
internal and external measurement, 
a data acquisition and treatment system. 

The system allows measurements all along the 
vertical axis. The fuel element can rotate on its 
vertical axis to be positioned with the initial 
position of measurement face to face with the 
detector. 
The measurements are performed: 

on the internal and external part of the 
stiffeners, 
on 9 lines for each plates of the outer 
ring 

Elément S8N3 
AS5 - 230 mm 

Fig 6.a: 
element on the bench 

JHR Fig 6.b: Example of post-processing of the data 

Dimensional measurements have been performed on the five JHR elements during the same 
campaign, before loading of the first one for irradiation. The choice of the elements dedicated 
to the three first test of the programme has been done on the basis of the preliminary results 
of this campaign (Fig 6.b). The bench will be transferred in the hot cells of BR2 to be 



available for measurements on irradiated fuel at the end of the cooling phase of the first 
element. 

4. Irradiation of the first JHR element (S8N/2 fuel element; EVITA-1 test) 
As it had been decided to reach the JHR normal operating conditions gradually, this test 
(EVITA-1) was considered to be the very first stage of the programme. Thus, the required 
conditions were at an intermediate level regarding the final objectives (Table 1) for density 
flux density and burn-up at the end of life. On the other hand, the coolant flow-rate through 
the element was specified to remains at the nominal value (Table 1) in order to insure a 
cooling representative of the actual configuration. 

Neutron pre-calculation with MCNP code have been performed before the loading to check 
that the objectives can be reached. They took into account the actual neutron configuration 
of the core and showed in particular that 2 cycles (28 days) are needed to reach the burn-up 
objective. 

4.1 First cycle 
The S8N/2 element was loaded definitely in the H1 channel equipped with the AI-H20 plug to 
be irradiated in the cycle 04/09 of BR2 (July 21 to August 19, 2009). During this cycle, the 
reactor power remains constant; there was neither reactor scrams nor power transients and 
the reactor stop was a standard one. 

The unloading of the element was performed on August 20, 2009, without noticeable event. 
During this operation, it was possible to check the global integrity of the element and to 
observe the appearance of the outer fuel plates by visual inspection. The hottest zones of the 
plates were clearly defined by the different shades of the AlFeNi cladding due to different 
levels of corrosion (Fig 8.a) 

The conditions of this first cycle given by the preliminary analysis of the recorded data are 
summarized in table 3 

Table 3: Test conditions (first cycle) 

Power in the element 
(thermal balance) 

MW 
4 MW maximum (peak 

at BOC) 
3.8MW during the main 

part of the cycle; 
3.5MW at EOC 

Burn-up fraction 
(calculated) 

% 2 3 5 u 
20,4% at the end of 

the irradiation 
(28 days in BR2) 

Coolant flowrate 
(at the inlet of the 

element) 
m3/h 

210rrï7h 

Ap element 

bar 
Constant at 

3.9 bar 

It can be noticed that no evolution of the differential pressure was observed during the cycle, 
indicating that no significant global geometric modification occurred. 

After unloading, the fuel element was removed in a vessel for a sipping test ; the results of 
the spectroscopic analysis on water samples taking in the water of the tank showed no 
release of fission product, insuring that the element could experience a second cycle. 

4.2 Second cycle 

The objective for the second cycle was mainly a burn-up objective. But it was also requested 
that the power at the beginning of the cycle was equal at least to the power of the end of the 
previous cycle. The element was loaded again in the H1 channel with AI-H20 plug for the 



cycle 05/09 of BR2 (October 21 to November 21, 2009). The history of this cycle is detailed 
in fig 7. 

One can notice that: 
Two scrams of BR2 occur during the cycle. The first one could not be reset 
promptly enough to prevent Xe- poisonning and a delay of two days was necessary 
to restart. The second one could be reset in time to allow an immediate restart of 
BR2. 
Except this events, the power level of the reactor remains constant in the first two 
third of the cycle, then two increases of power have been applied for a extra gain of 
burn-up. 
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Fig 7: Power history of the second irradiation cycle of the irradiation EVITA-1 

The requested conditions are compared to the preliminary analysis of the recorded data in 
Table 4. They show that the whole set of parameters is in the specified domain. As for the 
first cycle, no evolution of the differential pressure was observed. 

Table 4: Test conditions (second cycle) 

Required 

Experimental 
result 

Power in the 
element 

(thermal balance) 
MW 

> 3.5MW 

3,89 MW 

Burn-up fraction 
(at the end of the 

irradiation) 
% 2 3 5 u 

40% 

37,5% (calculated) 
(2x 28 days in 

BR2) 

Coolant flowrate 
(at the inlet of 
the element) 

m3/h 

210m3/h 

210m3/h 

Ap element 

bar 

/ 

Constant 
at 3.9 bar 

The comparison of the visual observation performed during the unloading for the first and 
second cycle showed an evolution of the hottest zones areas (fig 8a & b), but no important 
changes in the aspect of the fuel element. The sipping test result indicates no fission product 
release. After this test, the element has been remove in a storage tank for a cooling phase, 
waiting for post examinations. 



Fig 8: Unloading of the element at the end of first (a) and second (b) cycles 

Fig 8: Unloading of the element at the end of first (a) and second (b) cycles 

5. Following test and Post-irradiation Examinations 

Taking into account the results of the irradiation EVITA-1, the requirement for the second 
irradiation have been defined to apply conditions representative of the JHR normal operation. 
They have been presented in Table 1 and would be reached this year by a 4 to 5 cycles 
irradiation campaign (EVITA-2) with the JHR element S8N/4 in BR2. 

The post-examinations will be carried out between mid-Mai and July 2010, depending on the 
availability of the hot cells of BR2. The first results are expected for mi-2010; they will 
concern the geometric final state of the element, using the system presented in 3.3. 

6. Conclusion 

The CEA has launched an experimental program in the BR2 reactor to insure the 
qualification of the back-up fuel for the JHR reactor (U3Si2 fuel in AI matrix) in JHR normal 
operation. 
At the time being, the first fuel element has been irradiated during two BR2 cycles (28 days) 
under intermediate conditions regarding the power and the burn-up levels. The preliminary 
results and visual observations performed on this element led to conclude to the correct 
behaviour of the fuel element for this set of conditions. 
These results allow pursuing the programme with the irradiation of a second element under 
more severe conditions. The irradiation is planned to last until November or December 2010. 



On an another hand, the first non destructive post-examination of the first fuel element are 
expected for mid-2010 
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