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ABSTRACT 

Prench research on high level waste processing has led to the 
development of industrial vitrification facilities. Borosili
cate glass is still being investigated for its long-term storage 
properties, since it is itself a component of the containment 
system. The other constituents of this system, the engineered 
barriers, are also being actively investigated. The geological 
barrier is now being assessed using a methodology applicable to 
various types of geological formations, and final site qualifi
cation should be possible before the end of 1992. 

INTRODUCTION 

Research in Prance on high level waste disposal dates from the end of the 
1950s. Until recently, this work was centered around developing a conditioning 
method, involving only the confinement material and its manufacturing process. 
The major steps in this program leading to the commissioning cf the Marcoule 
vitrification facility (which has vitrified 980 m 3 of high level liquid waste 
representing an activity of 170 MCi as of July 1, 1985) and to the construction 
of the R7 and T7 facilities at La Hague have already been described elsewhere, 
together with the interim surface storage facilities 111. 

Nevertheless, further research is necessary in this area to improve the 
material properties and to meet new requirements. At the same time, work must 
be done in other related areas involved in the concept of a long-term reposi
tory. These include container handling and transport to the interim storage 
area, and thence to the geological repository; engineered barriers; modeling of 
radionuclide migration from the source term; and evaluation of likely disposal 
sites. 

THE MATERIAL 

Glass has been selected as a suitable material that combines radionuclide 
immobilizing capability with ease of manufacture. Sodium borosilicate glass is 
used, and the exact composition is adjusted according to the nature of the 
liquid to be solidified |2|. The formulation is determined according to the 
desired properties, the waste composition, the planned volume reduction and, in 
certain cases, the thermal power of the material to be vitrified. 



The following research areas are now being investigatedt compatibility 
with the manufacturing process, material characterization, sensitivity to the 
imponderables of industrial production, and long-term behavior. This research 
is applicable to the previously mentioned boroailicates as well as to a new 
generation of high melting point glass formulations. 

Manufacturing Process Compatibility 

The most important aspects are the corrosiveness of the molten glass with 
regard to metals, the viscosity of the molten glass, and volatilization during 
glass fabrication. This research, which has already been described |2|, is 
essential especially for its repercussions on storage equipment (material life 
and gas processing design). 

Material Characterization 

Glass characterization consists in a aeries of operations providing a 
comprehensive assessment of material properties, some of which must comply with 
basic safety regulations stipulated by the French authorities for the safety of 
nuclear facilities. Other properties must be determined prior to approval by 
the French agency responsible for long-term storage (ANDRA), and to provide 
basic data for repository design work by COGEMA clients. 

Glass characterization covers the following areas: physical and thermal 
properties, homogeneity, thermal stability, leaching resistance, high tempera
ture volatility and the effects of irradiation and insoluble metal inclusions 
due to fuel dissolution. 

It should be noted that thermal stability and leach resistance data do not 
necessarily reflect the actual long-term behavior, but only the glass proper
ties at the beginning of interim storage. This is not true, however, for the 
irradiation effects, which are determined by both research approaches. 

Industrial Process Variations 

Experience has shown that the characteristics of industrially produced 
solutions do not correspond exactly to those on which laboratory experiments 
are based, as determined by analysis of reprocessing plant flowsheets. 
Moreover, even if equipped with reliable process controllers, industrial 
equipment is inevitably subject to a certain aetpoint variation range. 

These two causes result in the following major effectst 
* variations in the percentage amounts or in the element composition of the 
solutions in storage; 
' composition variations in the raw materials required for vitrification; 
* fluctuations in the calcinate or process solution feed rate to the vitri
fication facility; 
* temperature variations at vital points in the heating apparatus. 

It is thus indispensible to Investigate the acceptable variation limits for 
these parameters. Laboratory experiments and tests on Industrial vitrification 
equipment are currently in progress at Marcoule. 



Long-Ten Behavior 

During up to several decades of interim storage and subsequently in the 
geological repository, the radioactive glass will be submitted to highly 
specific conditions and phenomena. These include thermal effects, pressure, 
/} and >' irradiation, a irradiation, and possible leaching. 

Determining the effects of these factors requires very long investigation 
because of the complexity of certain phenomena involved in alteration of the 
vitreous medium and the multiple interactions between them. For example, 
u irradiation may cause helium to be released, which may in turn modify the 
physical integrity of the material and therefore its mechanical properties, 
thus increasing the leach losses because of the increased exposed surface area, 
etc. 

Investigations may be conducted on simulated glasses, but radioactive 
material should be implemented whenever possible, as is currently the case in 
France. 

THE PROCESS 

The French industrial reference process involves vitrification of fission 
product solutions in a metal furnace after rotary tube calcining, implemented 
in the AVM facility at Marcoule since 1978 |2|. 

The R7 and T7 facilities designed by SGN for operation by COGEMA are now 
under construction at La Hague (Figure 1). They will be used to vitrify the 
spent LWR fuel solutions reprocessed at the UP2 and UF3 plants, respectively. 
R7 is scheduled to begin operation early in 1987, and T7 at the end of 1988. 

IMTERIM STORAGE 

Interim storage is intended to maintain the glass a temperature below a 
specified limit, and to cool the glass containers to a temperature low enough 
to permit long-term disposal in a geological repository. 

Interim storage sites are set up adjacent to the vitrification facilities 
(Figure 2). The containers are stacked inside vertical metal tubes suspended 
in an underground vault. 

For LWR glass storage, each column includes a stack of nine containers made 
of refractory Z 15 CN 24-13 stainless steel, each holding 150 liters of glass 
(Figure 3 and Table I). On entry into the storage pit, their external contami
nation must not exceed 10"^ uCi'cm"2 for 0V emitters, and 10" 5 uCi'cm"2 for 
a emitters. 

The containers are cooled by forced-air circulation, which may be followed 
by natural convection. The maximum specific power of the LWR glasses taken 
into consideration is 25 W'dm3, and the glass core temperature must be held at 
least 100°C below the transformation point. 



The storage facility is subject to a number of logical regulations covering 
the impact strength of the roof slab, the reliability of the handling equip
ment, the assurance of aubcriticality even in the event of flooding, etc. The 
containers must also meet certain requirements! in particular, the topside 
distortion due to static pressure equivalent to 20 containers or to impact if 
dropped to the bottom of the pit must not prevent container recovery using 
standard equipment. The test results in this area have been satisfactory 
(Figure 4). 

The glass containers will remain in interim storage for several decades 
before being transferred to a permanent repository. 

LORG-TERM STORAGE 

Burial in deep underground formations has been adopted in France for 
long-term storage. Mo site has yet been selected, but the relevant agencies 
are in full agreement on the need for advancing research work to define the 
repository specifications |3|. 

The conditions in which radionuclides could reach the biosphere from the 
stored waste material depend on the containment provisions and the geological 
barrier. 

Containment Provisions 

The containment consists of the waste package itself and the engineered 
barriers. Research is now in progress to assess the nature of the containment 
required. 

The waste package includes the glass and its container. Although current 
plans do not call for the use of an over pack, ongoing studies are evaluating 
the possibility of using different ceramic or metal overpack materials. 

Glass alteration studies are being conducted under realistic conditions 
allowing for underground water, temperature, pressure, backfill materials, the 
metal container, etc |4|. 

There are two types of engineered barriersi nearfield barriers, in which 
materials are placed between the waste package and the surrounding geological 
formation, and backfill barriers, consisting of the materials filling the 
access shaft and galleries. Both of these barriers must be sealed and ensure 
very low permeability. The nearfield barrier must also provide adequate heat 
conduction and radionuclide retention properties. 

Research has been in progress for several years on these barriers. 
Prospection has revealed a number of potentially usable deposits of clays rich 
in smectites, an especially suitable swelling material. Characterization of 
these materials and certain illites is now being done |5| as part of a research 
and development program that also covers the adaptation of basic formulas, 
investigation of the barrier/package and barrier/environment interfaces, 
studies of implementation technology, mockup preparation and physicochemical 
modeling. 



The Geolojrical Barrier 

Selecting a repository aite consists in identifying a location in which the 
hoat rock, the barrier rock and a portion of the biosphere all meet the speci
fied technical safety options. 

Each site ia assessed with reference to a number of guidelines designed to 
orient the search in order to limit the difficulties and cost involved. Most 
of the criteria are not abaolute from a safety standpointt a defect may be 
offaet by other qualities. France la large enough so that it contains a wide 
variety of formations. Thia means that many potential sites which would be 
difficult and costly to qualify may be eliminated from the outset. 

The basic criteria Include the following geotechnical, hydrogeological, 
geochemical, tectonic, geographic and socioeconomic factorst 
• mechanical properties of the host rock ensuring structural atability at 
deptha ranging up to about 1000 meters; 
• regions undisturbed by natural phenomena such aa earthquakes or floods; 
• conditions resulting in the slowest possible transfer to the biosphere (low 
permeability and low hydraulic gradient), implying modelable hydrogeological 
behavior; 
• formations with high retention coefficients and sufficient thickness; 
• short-term stability (operation and surveillance) in normal and accident 
situations; 
• long-term atability; 
• allowance for existing or future resources (underground watersheet, possible 
human intrusion, etc.); 
• optimization of the waste transport cycle ; 
• cost. 

The first step in the selection process vas to identify potentially accep
table sites, i.e. sites meeting the above criteria. The preliminary selection 
included several doqen aitea, classified by order of interest. 

The next step, involving confirmation of the 12 moat favorable sites 
(including both bedrock and sedimentary formations) ia currently in progresa. 
The objective of thia phaae ia to provide all data required to characterize one 
or more aitea, for the purpose of thoroughly evaluating them before undertaking 
coatly field atudies. It is also intended to confirm the assumptions on which 
the preliminary site selection phaae was based. 

During this phaae it ia essential to check the assumptions and to confirm 
the absence of any latent defects. The work required depends not only on the 
geological formations themselves, but also on the hydrogeological environment. 
A number of altes with major differences are being considered in this stage in 
order to keep a vide range of options open aa long as possible. 

A specific methodology has been developed to take into account individual 
characteristics of each aite considered. Field work involving no detrimental 
effects and requiring no prior authorization has already been undertaken. Deep 
underground exploratory work is ccheduled for the end of 1985. 



Thia second phase should lead to a preliminary evaluation of the potential 
repository aite. Because of the wide variety of criteria and the different 
aite characteristics, a simple sampling aay be difficult; the advantagea and 
drawbacks of each aite will be established, however. A potential site ahould 
thua be designated in 1987. 

The third phaae, Involving characterization and qualification of the 
aelected site, can then be undertaken. This phaae will have three primary 
objectivest 
* to confirm the structurée identified during the preceding phases; 
* to acquire quantitative data on the aite itself; 
* to obtain field measurements on the dynamics of the geological environment. 

An underground laboratory will be built for this purpose. If this field 
work shows that the aite ia unsuitable, the laboratory will be abandoned and 
another laboratory will be built on another site. 

If all goes according to schedule, the site should be qualified before the 
end of 1992. 
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Empty container weight 80 kg 

Useful volume 170 liters 

Overall height (incl.cover) 1335 mm 

Glass volume 150 liters 

Glass weight 400 kg 

Number of glass castings per container 2 

1 metric ton of reprocessed uranium 

produces approximately 120 liters of glass, 

(i.e. 0.8 container) 

Table I : Vitrified Waste Package Characteristics 



Figure n° 1» CONSTRUCTION SITE AT LA HAGUE» THE R7 VITRIFICATION FACILITY 
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Figure n° 2 : LAYOUT OF THE LA HAGUE VITRIFICATION PLANTS ( R7 and T7 ) 



VITRIFICATION OF HLW IN FRANCE 
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Figure n° 4> CONTAINER IMPACT TESTi 
DROP TEST WITH TUE FIRST CONTAINER ALREADY IN PLACE 

(The damper atand may be teen at the bottom of the photo) 


