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Uranium Enrichment Activities : the SILVA Program 
J GUYOT, J CAZALET, N CAMARCAT, J FIGUET, CEA/DCC, France 

SUM MARY In the general frame of a long term R & D uranium enrichment approach, the French laser isotope 
separation program (SILVA) is presented including fundamentals of the process, an overview of its organization and 
activities : the main areas of basic research, subsystems assessment, enrichment demonstrations and plant design are 
described. The general schedule leading to a future commercial plant is outlined. 

1 INTRODUCTION 

France has a commitment to nuclear generation of 
electricity : 55 power reactors produce 75 % of its 
electrical consumption (1). In support to this 
commitment, France has developed a very complete 
nuclear industry, from mining to reprocessing and 
radwastes management, including nuclear power plant 
construction. 

In the field of uranium enrichment, key point of a 
domestic energy independence, the modem multinational 
EURODIF plant, located in the south of France, 
provides the country supplies as well as foreign utilities 
(about 30 % exports). This plant works smoothly and 
is continuously improved in order to reduce operating 
costs and to gain flexibility and longevity. Investment 
costs will be recovered at the turn of the century. 

The world enrichment business undergoes presently a 
long-lasting perturbation, particularly with the likely 
availability of weapon-grade uranium that can be diluted 
for civilian use, representing 10 % to 20 % of the 
world needs over 10 to 15 years as well as with the 
added world production capacity coming from military 
plants in the U.S.A. and mainly Russia that will either 
be converted to reactor-grade production or shut down. 

The French approach, however, is based on a long term 
outlook. Since 1985, the choice has been made to 
develop solely the laser atomic photo-ionization 
process, currently known as SILVA (2, 3), while R & 
D efforts on other processes such as advanced gaseous 
diffusion, chemical exchange, laser molecular photo-
dissociation or ion cyclotronic resonance were either 
considerably reduced or totally interrupted. At the time, 
the main ground for this choice was that a highly 
selective process, such as SILVA, would most likely 
take the lead over statistical processes such as 
centrifugation, chemical exchange or gaseous diffusion. 

This is particularly une in France where the need for 
new large enrichment production capacities looks like it 
will coincide with the replacement of the EURODIF 
plant, which might take place as late as 2010. 

As a result, the goal is to develop progressively a high 
performance process, permanently assessing new 
technologies which might be appropriate in the long 
term. Special attention is given to the reduction of 
investment and operating cost for a plant, which should 
be set up progressively, according to the market needs. 

2 FUNDAMENTALS OF THE SILVA 
PROCESS 

The SILVA process relies on the selective photo-
ionisation of the uranium 235 atoms present in an 
atomic uranium vapor, which is made possible through 
the difference of the excitation frequencies of the 
electronic transitions between isotopes of an element 
(Fig. 1). 
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Fig. 1 The three-step photo-ionization scheme. Finely 
tuned laser light provides in 3 steps (3 different 
wavelengths) the energy necessary to photo-ionize the U-
235 atom (a minimum of 6.18 eV). A fourth wavelength is 
required to bring to the 1st excited level a sizeable amount 
of U-235 atoms that are found on a low-lying metastable 
level formed during vaporization. 



Thus, the laser enrichment facility includes primarily : 

- a laser system generating the finely tuned light, 
- a separator system v. here the enrichment process takes 

place. 

2.1 The laser system 

The laser system (Fig. 2) can be viewed as a converter 
of electrical power into optical power of high spectral 
purity. This conversion takes place in two steps. 
Firstly, electrical power is required to energize the 
copper vapor lasers (CVL) that generate photons with a 
fixed energy. The choice of CVL is dictated by their 
natural high repetition-rate (around 5 kHz) and their 
ability to be scaled-up in power. Secondly, photons 
from the CVL are used to optically "pump" the dye 
lasers that produce light whose wavelength is precisely 
tuned to resonant frequencies of the uranium-235. Each 
of the four required wavelength is generated separately 
and then spatially recombined to be directed in a single 
light beam through the uranium vapor generated inside 
the separator. 

A 1 million SWU/year production plant would require 
several kilowatts of dye laser power. 

2.2 The separator system 

In order to be ionized and then separated, the uranium 
atoms must be present as a vapour. Thus, metallic 
uranium, located in a crucible, is vaporized at a very 
high temperature (3 000°C) from a liquid pool by an 
electron beam. Generated by an electron gun, housed in 
the separator pod, the electron beam is deflected towards 
the surface of the uranium pool by a magnetic field 
(Fig. 3). 

The vapor travels upstream within a vacuum chamber, 
the separator pod, and interacts with the laser light with 
subsequent production of photo-ionized uranium 235 
atoms that are separated by means of an electric field 
from the uranium 238 atoms left in a neutral state. 

The separator has a fourfold purpose : 

- provide an overall enclosure for the uranium vapor, 
- define the volumes devoted to the uranium vapor and 

light interaction, 
- collect the liquid streams of enriched and depleted 

uranium, 
- recycle to the crucible that part of the uranium vapor 

(reflux) that condenses without interaction with the 
photons. 

The design of a separator pod must meet the challenge 
of operation in vacuum at high temperature, with 
electrical voltages and the presence of a highly corrosive 
liquid metal. Temperature and corrosion requirements 
together with sizeable throughputs (in a plant, hundreds 
of kg/hr of uranium will be vaporized) have led to 
careful selection of several materials for the collecting 
and streaming structures. The choice for these materials 
will depend on the nature and the temperature of the 
liquid metal : pure uranium (melting point at 1 130°C) 
or alloys. For instance the uranium-iron alloy presents a 
eutectic point at lower temperature (725°C, 34 % Fe 
atoms). Advantages from lower temperatures must be 
balanced, however, with the complexity of alloy 
management. 

Interfacing the laser and the separator is provided by an 
"optical management system" that bounces the light 
between a number of separation cells (where the 
interaction volumes are located) and through several 
separator pods. 
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Fig. 2 Schematic of the laser system 
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Fig. 3 - Schematic cutaway of a separator pod 

3 OVERVIEW OF THE SILVA R & D 
PROGRAM 

The general organization of the SILVA R & D program 
can be described schematically, as in Fig. 4. 

3 .1 Basic research 

Acquisition of basic data such as uranium spectroscopy 
and physical properties, as well as understanding of 
fundamental phenomena such as light-matter interaction, 

evaporation, vapor flow, plasma physics for ion 
extraction, condensation and collection mechanisms are 
necessary requirements for the continuous optimization 
of the process. 

In most areas, basic research relies on dedicated facilities 
where experimental results are confronted to physical 
models that are being developed and continually 
improved. Some details on this basic research are 
available (4, 5,6). 
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Fig. 4 Schematic of the SILVA R and D program organization 



3.2 Subsystems assessment 

Inasmuch as the SILVA process can be broken down 
into functional modular subsystems, these are being 
assessed in a large number of testing and technological 
facilities both in Saclay and in Pierrclatte. Prior to this 
assessment, necessary components are being developed 
whose design relies very often on the physical models 
stemming out of basic research. 

3 .2 .1 Laser - related subsystems 

Dye lasers amplifiers are being designed by CEA and 
experimented on specific laser chains at various 
repetition rate (7). Fig. 5 shows the development 
situation of qualified power amplifiers and the forecast 
of future goals adjusted to plant facility needs. 

Pumping of dye lasers is achieved by copper vapor 
lasers (CVL), although other pump laser can be 
envisionned (solid state lasers, for example). The CVL 
amplifiers are developed by CILAS Company and used 
in laser chains. Fig. 6 shows the development schedule 
and points out the time lag for commercial production 
after prototype reliability successful testing. Today 
100 W CVL amplifiers are commercialized and used in 
laser chains whose nominal output is no less than 
300 W. The next generation, 400 W CVL prototype 
using solide state power supply has been successfully 
tested (8) and leads the path to well over 1 kW output 
laser chains. 

Optical components are quite critical to the SILVA 
process : some of them have to withstand large average 
power density and most of them must exhibit low 
optical losses. CEA has a continued collaboration with 
university and CNRS laboratories, as well as industrial 
companies. Testing is being carried out on specific 
benches (9). 

It should be pointed out that recent success in 
transporting through optical fibers reasonable amount of 
power (over 100 W) of CVL pump light to dye lasers 
has offered added flexibility in pilot facility as well as in 
plant design. 

3.2.2 Separator - related subsystems 

Vapor production by electron beam bombardment is 
being studied in high power facilities as well as in 
facilities devoted to various physico-chemical 
conditions. 

Ion extractors and collectors are experimented in 
dedicated facilicities with high-temperature super
structures. 

Complete liquid metal management, including the 
uranium source and management of the three uranium 
fluxes is tested in the MAEVA facility for long-lasting 
runs, over 100 hours. 

Special attention has been given to material testing 
under process condition. For instance the CORDY 
facility (10) allows testing of components under realistic 
vapor conditions, yielding results on corrosion and 
leaching effects and on flow conditions during long-
lasting tests. 

3 .3 Production and enrichment demons
trations 

Such demonstrations rely primarily on a process pilot 
facility in connexion with a simulation computer code 
named LACAN. 
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Fig. 5 Dye laser amplifiers development 
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3.3.1 The process pilot facility 

Named A2, this facility includes a complete four 
wavelength laser system as well as a separator, and has 
been working for six years. An extension named 
ASTER is under construction, with added laser power 
(ten times higher) and a larger separator. Its goal is to 
test the extractor/ collector system at process scale and 
under representative physico-chemical conditions. The 
tests involve : 

- analytical and paramedical experiments on photo-
ionisation, plasma extraction and collection, 

- separative tests with process vapour densities as well 
as laser energy densities. 

Enrichment assay up to 5.5 % and production between 
1 and 10 g/h have been achieved. 

3.3.2 LACAN : a General Simulation 
Computer code 

LACAN (11) achieves a global simulation of a separator 
performances through a model of both laser light 
distribution and vapor production. 

This code has three main applications : 

- comparison with experimental results, mainly those 
from the pilot facility, in order to validate the physical 
models built in this code. 

- design of new facilities and production plant, 
- optimization of both the process and its economics. 

For this last application dedicated modules taking into 
account technological and operational data are added, as 
well as cost evaluation functions and general economic 
assumptions. 

3.4 Plant design, economics and safety 

Production plant design is a continuous task relying 
mostly on the technical and technological results 
coming from the evaluation of the various subsystems 
and on the ability of simulating design performances 
using the LACAN code. Optimization of the design is 
carried out in view of SILVA economical goal which is 
to reach a target separation cost of 350 F/SWU for a 
several millions SWU/year plant with enriched assay of 
5 % and tail assay lower than 0.2 %, in a single step. 

Although the general safety rules of a SILVA industrial 
plant have yet to be established and will undoubtly have 
a bearing on the economics, it should be pointed out 
that part of the R and D program is nevertheless 
devoted to safety, chiefly that of the separator through 
both experimentation and computer code simulation. 
Laser safety rules, not to be neglected, are however 
better established. 
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4 CONCLUSION 

The SILVA process is periodically assessed from both 
scientific and industrial viewpoints, in very close 
cooperation with COGEMA. 

The general schedule is shown in figure 7. A key point 
is the general assessment that will be made in 1997. It 
will include demonstrations related to each of the main 
process functions : 

- enrichment performances (product and tail assays, 
production capacity), 

- handling of uranium fluxes in a separator, 
- long term operation of a laser system, 
- reliability of specific components and materials in 

process conditions, 

as well as an evaluation of the economics of an 
industrial application based on qualified and advanced 
technologies. 

The date of construction of a fully integrated demons
tration pilot plant, at near production size for the main 
components and subsystems, will then be decided, as 
required by the market conditions. It will be set up 
progressively and will include the most advanced 
designs. It will set the grounds for the future industrial 
application. 

The step-by-step development of the SILVA project 
allows to benefit most economically from the most 
advanced technology. 

The necessary technical and economical analysis is 
carried out through a close collaboration between CEA 
and COGEMA, the world leader in the nuclear fuel 
industry. The results achieved up to now give us, as 
well as our industrial partners, strong confidence in the 
potential success of this innovative process. 
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ABTRACT 

Through its commitment to a nuclear electricity generation policy, France holds today a specific position in the 
uranium enrichment market thanks to the modern multinational EURODDF gazeous diffusion plant. France has, 
altogether, a long-term goal in developing SILVA, a laser uranium enrichment process, based on the selective photo-
ionization of U-235. After reviewing the fundamentals of SILVA, a description of the general organization of the R & 
D program is provided going through basic research, subsystems assessment, production demontrations, plant design 
and economics with specific examples of to-date technical results. The general schedule of SILVA is outlined, leading to 
the possible construction of a commercial plant 
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