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Abstract – The Atalante complex operated by the Commissariat à l’Energie Atomique (CEA) consolidates 
research programs on actinide chemistry, processing for recycling spent fuel, and fabrication of actinide 
targets for innovative concepts in future nuclear systems. To produce mixed oxide powder containing 
uranium, plutonium and minor actinides and deal with increasing flows in the facility, a new shielded line 
will be built and is expected to be operational by 2012. Its main functions will be to receive, concentrate 
and store solutions, purify them, ensure co-conversion of actinides and conversion of excess uranium. 

 
 

INTRODUCTION 
 

The Atalante project [1] was undertaken by 
the CEA in 1980 with the objective of 
consolidating on a single site all the research 
facilities necessary to investigate the back end of 
the fuel cycle. The programs address the 
following three areas of investigation: scientific 
support for industrial recycling of spent fuel, 
high-level long-lived waste management [2] (in 
compliance with French legislation in 1991 and 
2006), and fuel cycle research for future systems 
[3] (GEN IV International Forum, COEX™, 
GANEX™, etc.). 
 
General Principle of Solutions Treatment 
 

The plutonium and uranium solutions come 
mainly from the shielded lines where they were 
submitted to an initial purification cycle 
(PUREX process). In addition to U and Pu, these 
solutions also contain trace amounts of fission 
products and Minor Actinides (MA) except 
neptunium, virtually all of which is still in 
solution. The solutions are transferred to a buffer 
storage unit for concentration by evaporation 
prior to treatment (Figure 1). The resulting 
concentrates (200 to 250 g/L U + Pu) are 
transferred to the separation unit for partitioning 
of U/Pu and purification of the uranium and 
plutonium by extraction chromatography [4−7], 
a technique adopted for its ease of use. 
The quantities of uranium treated in this way are 
much larger than for plutonium, hence the 
decision to install a dedicated uranium 
conversion line to produce U3O8 powder 
destined for the nuclear material interim storage 
unit. The purified plutonium is used to prepare 
mixed oxides (U, Pu, MA)O2 and (U,Pu)O2 for 
transfer to the Atalante shielded lines (R&D 
program) or to the material storage units. 

 
Material Feed Streams 
 
As the research programs in Atalante cover a 
variety of materials including some “exotic” 
substances, the process equipment was designed 
to handle a benchmark fuel defined as a 
combination of the main fuel compositions 
implemented in the facility, i.e. a mixture of 40% 
UOX3, 40% MOX3 (PWR), and 20% MOX 
(FNR), all after three years of cooling. The 
quantities involved are on average 4 to 5 kg (U + 
Pu) per year generating about 75 liters of 60 g/L 
solution after the first cycle and, in exceptional 
cases, 20 kg year when high-activity feasibility 
demonstration tests are carried out in a shielded 
process line. 
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Fig. 1. Process Flowsheet 

PROCESS 
 
Prior Concentration Step 
 

The uranium and plutonium solutions are 
obtained from an initial purification cycle, and 
some elements are found only in trace amounts. 
The bounding Decontamination Factor (DF) 
values taken into account are 1000 for 
106Ru-Rh, 100 000 for the other fission 
products, 1 for Np, and 100 000 for the other 
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minor actinides. A concentration factor of 4 is 
the objective for the evaporation step. 

 
Purification by Extraction Chromatography 
 

The selected process involves two steps: 
(i) plutonium separation by trioctylamine (TOA) 
nitrate, a tertiary amine salt with high affinity for 
tetravalent actinide ions in nitric acid media, and 
(ii) uranium purification by tributyl phosphate 
(TBP), which extracts the elements at oxidation 
states (IV) and (VI). 

In a nitric acid medium, most lanthanides 
and actinides other than uranium and plutonium 
are found at oxidation state (III). Neptunium is 
an exception (disproportionation, oxidizing 
medium) and can have several oxidation states, 
mainly (IV) and (V). Zirconium (oxidation state 
(IV)) and ruthenium (as Ru(IV)(NO3)xy-, 
RuNO(NO3)x, etc.) behave differently than the 
other fission products; however, not only will 
they be present in trace amounts (DF 
corresponding to the first PUREX cycle, or less 
than about 105 and 103, respectively), but also 
the operating conditions will be adjusted make 
the system selective with respect to these 
elements (acidity, washing volume). 

The plutonium purification cycle is 
performed using a single column with a 
theoretical capacity of 116 g. Assuming a 50% 
margin, the actual operating capacity is thus 80 g 
of plutonium. This value was used to specify the 
number of batches. 

The uranium purification cycle is performed 
using three columns with a theoretical total 
capacity of 978 g. Assuming a 50% margin, the 
actual operating capacity is thus 652 g of 
uranium. This value was used to specify the 
number of batches. Processing 4.4 kg of 
benchmark fuel will require between 6 and 7 
batches. 

 
(U,Pu)O2 Powder Synthesis 
 

The oxalate conversion process [8] was 
selected and applied to a solution containing 
U(IV) and Pu(III). Precipitation occurs in a 
continuous precipitator supplied with a 
U(IV)/Pu(III) solution in which the oxidation 
states are stabilized by the hydrazinium ion 
(N2H5

+) in 1.6 M HNO3 (a U(VI) fraction of up 
to about 15% U(VI)/Utotal is acceptable) together 
with oxalic acid also containing hydrazinium ion 
The precipitate is filtered, washed, and calcined 
at 700°C in argon. 

 

(U,Pu,MA)O2 Powder Synthesis 
 

The processes are currently being 
investigated. Although they will be based on the 
U(IV)/Pu(III) oxalate precipitation process it is 
difficult to be specific about the actual flowsheet 
at this time. The basic requirement is integral 
recycling of the minor actinides, either in 
homogeneous mode producing compounds 
consisting mainly of U and Pu, such as 
(U78.8,Pu18,Am1.5,Np1.5,Cm0.2)O2, or in 
heterogeneous mode, in which case the 
compounds prepared will be uranium oxides 
containing between 30 and 40% minor actinides 
such as (U70,Am30)O2, (U63,Am30,Np7)O2, or 
(U60,Am30,Np7,Cm3)O2. 

For the compounds without curium the 
objective is to prepare a quantity comparable to 
that of a Phenix fuel pin (150 g of metal 
equivalent) in batches of 25 to 30 g. For curium 
compounds the issue is to demonstrate the 
feasibility of the process; the batches will be 
limited to 10 g. 

 
Uranium Conversion to Oxide Form 
 

The selected peroxide process benefits from 
extensive industrial experience in the AREVA 
TU5 facility at Pierrelatte, for example, and 
yields a product of satisfactory purity that is easy 
to filter. The process consists first in neutralizing 
a uranyl nitrate solution to adjust the pH to a 
value between 2.5 and 4. The reaction between 
hydrogen peroxide and uranyl nitrate is shown in 
equation (1): 
UO2(NO3)2 + H2O2 + xH2O  UO4,xH2O + 
2HNO3 (1)  

The reaction yields 2 moles of nitric acid per 
mole of uranium, resulting in a final acidity that 
may reach 0.5 M depending on the precipitation 
conditions. At this acidity the solubility of 
uranate is about 4 g/L. The compound obtained 
depends on the process temperature: the 
orthorhombic face-centered compound 
UO4,4H2O is obtained at room temperature, and 
UO4,2H2O at higher temperatures (50°C). 
UO4,xH2O is converted to U3O8 by drying, then 
calcining in air at 900 to 1000°C. 

 
THE U-PU PROJECT 
 
Issues with High-Level Solutions 
 

Treatment of the process solutions, some of 
which are highly radioactive, will require prior 
examination and a thorough safety 
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demonstration. The subcriticality demonstration 
in particular must prove that a critical excursion 
is impossible in normal operation or in an 
accident situation. At the front-end of the 
process, this requirement is ensured by the safe 
geometry of the process equipment. For the 
conversion operations this is achieved by mass 
control, i.e. compliance with safe masses at each 
workstation. 

Radiation protection of the personnel during 
the initial front-end stages of the process requires 
the use of shielded cells with telemanipulator 
arms and shielding thicknesses measured in tens 
of decimeters, as well as positive material 
containment under any circumstances. The use of 
numerous highly reactive chemicals, particularly 
hydrazinium ion or hydrogen peroxide, requires 
strict control in use and storage. 

 
Installation in Atalante 
 
Civil Engineering Work 
 

The project will be implemented in two 
170 m2 zones on levels: −5.10 m and +0.00 m. 
The process will use the resources of a cell 
(LES401, to be refurbished), an entire shielded 
line about 19 m long, and a complete laboratory 
comprising glove boxes for the uranium 
conversion steps, reagent preparation, and certain 
analyses. The process equipment layout was 
substantiated by a seismic analysis under static 
and dynamic conditions (degree 7 on the MSK 
scale). 

 
Renovation of Cell LES401 
 

This safe geometry cell (Figure 2) includes 
two evaporators, one in operation, the other on 
standby. The feed solutions to be concentrated 
by evaporation are collected in a large-capacity 
tank; two other tanks receive the concentrates. 
The distillate receiving tank is connected to the 
Atalante effluent discharge line via a tank with 
conventional geometry. Nonconforming 
distillates and concentrates can also be recycled 
in a dedicated tank if necessary. 

After enhanced rinsing to allow hands-on 
operation around the process equipment, the 
refurbishing program for the coming years will 
entail modifying some 200 active lines inside the 
cell, upgrading the biological shielding 
protecting the operators, and installing a 
completely redesigned instrumentation and 
control system. On completion of the work the 

interim storage capacity in the cell will be 
doubled. 

 Tank arrayEvaporators

Telemanipulator work stations 

Active lines to be upgraded 

 
Fig. 2. Model top view of cell LES401 

 
Project Milestones 
 

The CEA as contracting authority for the 
project has subdivided it into two lots: the 
renovation of cell LES401, and the construction 
of the shielded line and laboratory. The 
preliminary detailed design for cell LES401 will 
be completed by mid-2008 to allow work to 
begin in 2009. Final acceptance of the renovation 
and transfer to the operator are scheduled for the 
end of 2011. The feasibility study and complete 
specification for the rest of the process will be 
deliverable at the end of 2009, and the work will 
last until 2012. 
 
CONCLUSION 
 

The “U-Pu” project requires that all the 
equipment for a process still under development 
be specified well in advance of the installation. 
This difficulty can be overcome by efficient 
organization of the project team including 
project engineers and researchers, each subject to 
specific constraints (the milestones of the 
research programs must be compatible with the 
construction milestones). The CEA organization 
is capable of implementing programs of this 
complexity. 
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