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fC HIGH LEVEL WASTE MANAGEMENT IN FRANCE 

I - INTRODUCTION 

The first French spent fuel reprocessing plant vent on stream in 1956 at 
Marcoule. Since then, all French irradiated fuel and some foreign spent 
fuel ha- been reprocessed either in this plant or in a subsequent plant 
built a. La Hague. Marcoule is primarily devoted to metallic fuels, and 
La Hague to oxide fuels. 

The fission product solutions generated by reprocessing are acid liquids. 
They are stored on site in double walled stainless steel tanks fitted 
with a cooling device to deal with thermal release due to radioactive 
decay. 

Although these liquids are retrievable and cen be transfered from one 
tank to another, and in spite of the fact that no disturbance such as 
overheating or leakage has ever occured, a decision was made to solidify 
these solutions in order to make interim storage and, later on, ultimate 
disposal, safer and easier to control. 

II - SELECTION OF THE SUITABLE SOLID FORM 

The stablest materials are natural ones, so it was attempted to make a 
similar product. The natural forms fall into two types: glasses and 
crystals. Since some of these latter have better physical and chemical 
properties than most glasses, synthetic crystals containing fission 
products were the aim of the first study. 

Research led to the fabrication of potassium and fission product micas 
(1), but it was soon discovered that the lattice could not cope with the 
numerous ions which mifl.t be in solution, not only due to the various 
range of fission products, but also to non-radioactive materials such as 
chemical additives, corrosion products, neutron poisons, transuranic 
elements, unextracted uranium and plutonium, alloying elements, etc. In 
addition, the content of these elements was obviously bound to vary, 
owing to the industrial nature of reprocessing as well as possible re
quirements for the management of stored liquids. 

So the glass form was chosen. Because of its structure, glass is a more 
flexible form to deal with the above mentioned problem, and it is to a 
large extent suitable to the desired quality of the final product with 
regards to ultimate disposal (leach and heat resistance, thermal con
ductivity, stability under irradiation, etc.) as well as the necessary 
properties related to the manufacture. 

(1) R. Bonniaud, P. Cohen, C. Sombret. "Essais d'incorporation de 
srlutions concentrées de produits de fission dans des verres et des 
Micas". 2ème conférence des Nations Unies sur l'utilisation de 
l'Energie Atomique â des fins pacifiques. A/Conf. 15P/1176 Geneva 
1958. 
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III - HISTORICAL BACKGROUND OF VITRIFICATION 

After micas were abandonned in 1958, borosilicate and aluninoborosilicatc 
glasses were selected and progressively perfected. These glasses have 
been designed for the solidification of fission products generated by 
reprocessing of fuels irradiated in material testing, defense, and 
commercial reactors (graphite gas, light water and breeder). 

Research and Development, initiated at Saclay Nuclear Center, was trans-
fered to Fontenay aux Roses Nuclear Center, then transfered again to 
Marcoule Production Center in 1968, because full radioactive solutions 
were needed. At the same time, methods of industrial interest were 
developed. A fully radioactive pilot facility using a pot technique was 
operated at Marcoule from 1969 to 1973. This pilot facility (called 
PIVER) vitrified real waste and produced twelve tons of glass in 90 Kg 
batches. The glass, cast in stainless steel canisters, has been stored 
in an experimental airçooled engineered facility. Maximum activity of 
the glass was 300Û Cil at the time of manufacture. 

The operation of PIVER permitted an industrial operation and experimenta
tion in the disposal of the radioactive glass. This pilot plant is 
going to be reused to vitrify some solutions from the reprocessing of 
spent fuel from the Phénix breeder reactor in order to get very highly 
radioactive glass for future storage experiments. Since PIVER is limited 
to a volume of 20-30 m per year of fission product solution, a continuous 
process has been subsequently developed. 

The successful experimentation for this continuous process spanned seven 
to eight years, beginning with a small scale facility, then a scale one, 
non-radioactive prototype (over 10,000 hours with the latter) using" 
various types of simulated solutions from French defense, French commer
cial (graphite gas and LWR systems) and U.S. commercial wastes (NFS, 
AGNS). 

Owing to positive results, it was decided to build an industrial plane, 
l'Atelier de Vitrification de Marcoule—The Marcoule Vitrification 
Plant, or A.V.M.—using such equipment to vitrify current Marcoule 
production and to absorb in less than ten years the existing backlog cf 
high level wastes stored on site. This plant started active operation 
in June 1978. 

IV - GLASSES INVOLVED IN THE CONTINUOUS TECHNIQUE 

The glass composition must satisfy various requirements, mainly: 

compatibility with the solution to be vitrified 
continuity of plant operation 
compliance with specifications 

IV - 1. Solutions to be vitrified and glass compositions: 

The compositions of the liquids to be taken into account are given in 
Table I. Several types of glass associated with each kind of wayle have 
been developed and investigated. An example is given in Table II. 
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IV - 2 . Effect of the composition upon the ease of operation: 

The poss ib le impediments which might disturb a routine operation, are 
ch i e f ly : 

- blockage in the l iquid g la s s l ine 
- blockage in the gas l ine 
- severe corrosion somewhere in the equipment. 

Blockage i n the g lass l i n e i s eas i l y prevented whe». using a suitable 
v i s c o s i t y . I t s maximum value has been s e t up at 600 poises at 1100 C. 
This i s why boron and sodium are used. 

Blockage of the off gas l ine i s only to a small extent related to the 
g la s s composition. Plugging could occur e i ther by the deposit of dust 
(but th i s i s i n connection with the technique), or by any RuO. build-up. 
The v o l a t i l i z a t i o n of Ru i s unavoidable. The quantity released from the 
main equipment could be minimized by decreasing the content of Ru in the 
g l a s s , but t h i s would lead to an increase in the volume of g l a s s . 
Another way could be t o lower the melting point , but th i s would a l t er 
some important propert ies , such as leach i d i s t a n c e . 

The composition of most g las ses does not account for Ru v o l a t i l i z a t i o n . 
This problem i s of minor importance for Mar cou l e waste, because i t s Ru 
content i s rather low. As mentioned l a t e r , other steps are taken for 
LWR wastes . 

The corrosion strength of g lasses i s composition dependant. Because the 
composition, part icular ly the a l c a l i content, has an ef fect on the 
melting temperature, an optimization has been found to harmonize v i s c o s i t y , 
chemical proper t i e s , and l i f e time of the v e s s e l s . 

IV - 3 . Product charac ter i s t i c s . 

The main c h a r a c t e r i s t i c s of the g lasses which were under invest igat ion 
are: 

- the behavior under thermal conditions (devi tr i f icat ion) 
the e f f e c t of f$Y irradiat ion, except heat 
the e f f e c t of a emitters (helium re lease , possible stored 
energy, e t c . ) 
the leach rate of fission products and actinldes versus time, 
viz. in relation to the state of the solid dictated by the 
above mentioned features and to the location of the final 
repository (pressure, temperature) 
the variation of thermal conductivity during the first stage 
of disposal (several decades). 

The determination of the geologic site involves numerous studies. 
Although th5 site is likely to be a granite one in France, investi
gations carried out in that field are far from being completed. It is 
not possible therefore to assign final specifications to the glasses at 
this time. Nevertheless, properties of prime importance have been 
investigated and will contribute to the determination of the ultimate 
storage conditions. At a later date, it might be possible to modify to 
some extent the properties of the glasses to be produced, if the study 
related to the geologic formation indicated such a necessity. 
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For the time oeing, ?ome of the glass characteristics are: 

Fission products leach rate under tap water at room tempera
ture: 10 to 10~ g.cm .d (gross B) _ , 
Actinides leach rate under the same conditions: 10 to 10 
g.cm .d 
Thermal conductivity at 100° C: 1.2 to 1.3 U.m~ . C C 
Starting devitrification temperature: from 550 to 600 C 

Because of the monitored interim storage associa'ed with Marcoule and 
further planned vitrification plants, time is available for further in
vestigation. 

By proceeding now with the construction of AVM and the subsequent facili
ties at La Hague, we will obtain information from industrial scale 
solidification facilities, while at the same time placing our waste in a 
more stable condition. Since this glass will be stored above ground in 
controlled and monitored facilities for 30-40 years or more, it will 
subsequently be compatible with any burial site. 

V - AVM PLANT 

V - 1. Basic process: 

Vitrification is performed in two stages. See Figure 1. The feed 
solution is introduced in a rotary kiln in order to be transformed into 
a solid font. The calcine and raw materials fed by gravity fall together 
in an electric furnace to produce the desired glass. The glass is cast 
at stated intervals in canisters which are transfered to a disposal 
facility. The off gas released during the manufacture is processed in 
specific off gas treatment equipment. 

V - 2. Description of the plant: 

The plant is made up of two parts: the vitrification area and a nearby 
storage facility (2, 3). 

Figures 2 and 3 show the vertical and horizontal cross sections. The 
main part is the vitrification cell, totally lined with stainless steel, 
which encloses the main equipment of the process, the device insuring 
the welding of the lids of the canisters and the head of the off gas 
line (deduster and condensor). ' 

Each part of the equipment located inside the cell was designed to be 
removed for dismantling or refitting (as an example, see Figure 4 depict
ing the dismantling of the calciner). 

(2) R. Bonniaud, A. Jouan, C. Sombret. "Large Scale Waste Glass Produc
tion". Conference on High Level Radioactive Solid Waste Forms, 
Denver, 1978. 

(3) R. Bonniaud, A. Jouan, C. Sombret. "Status of the French AV>Ï 
Vitrification Facility". Symposium on Waste Management, Tuscou, 
1979. 
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The vitrification cell is connected to: 

a storage cell which comprises two tanks or 10 m capacity 
a decontamination cell which i.i addition plays a part in the 
transfer to the storaga facility 
a maintenance cell 
an off gas treatment cell where the processing of the gaseous 
stream is completed. It contains a nitric acid recombination 
column and a washing column which also collects the gas coming 
from various breather tubes. 

The air cooling storage facility is close to the vitrification building. 
It in made up of three engineered underground concrete vaults. The 
canisters (1 m high, 0.5 m diameter) transfered trom the vitrification 
area by means of shielded casks are piled up in 10 m high metallic 
sleeves fitted in the vaults. There are 220 sleeves which will meet the 
need until 1990. A further extension is available. 

Ventilation has been designed so that the maximum temperature of the 
forced air does not exceed 100 C when the maximum specific power (50 
W.l ) is applied to the glass. The reason is to limit the temperature 
of the concrete to SO C and that of the glass to 500 C (forced air 
cooling) or 600 C (natural convection) at the center line. See figures 
5 and 6. 

V - 3. Operation: 

The solutions coming from the liquid storage tanks are transfered in 10 
m batches in the AVM tanks. The e tanks are cooled and mechanically 
stirred. The solutions are sampled for analysis and eventually chemically 
adjusted to cope with the composition of the raw materials. 

A double air-lift exhausts the.it to the vitrification cell into a metering 
device which is able to feed the calciner with a flow rate in the range 
of 30 to 36 1/hour, depending on the concentration of the liquid. 

At this step, a chemical additive is introduced at a rate of 2 1/hour. 
This additive is an organic product (azodicarbonamide) which prevents 
possible caking on the wall of the calciner and improve? the size dis
tribution of the calcined product. A solution issued from the first 
cleaning gas equipment is also fed back at a flow rate, which can subse
quently vary frc-n 36 to 42 1/hour. 

Calcination is accomplished in a tube heated by a four-zone furnace and 
running at 30 rpm. The tube, which is set with a 3% tilt, is fitted 
with two end-fittings insuring tightness. 

The feed solution is injected continuously through the upper end-
fitting. The consequent calcined product (8 to 9 Kg corresponding to 
30 1 of solution) falls straight into the melting furnace through the 
lower end-fitting. A loose rod, located inside the tube, rakes calcina
tion easier and helps prevent caking. 

http://the.it
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The lower end-fitting is also used for the connection to the melting 
furnace and to feed the raw material in the form of a primary glass 
(frit). The frit is fed at a mean rate of 9 to 12 Kg/hour at stated 
intervals in 400 to 600 g batches through a lock chamber. 

The melting pot is a metallic cylinder made of Inconel 601. A drain 
tube is fitted to the bottom. 

Heating is supplied by a medium frequency induction furnace (10 KHz) 
which is made up of four main induction coils. 

Throughput is about 15 Kp/hour of glass melted at 1100-1150 C. Pouring 
is initiated every eight hours by heating the cold glass plug located 
inside the drain t-.be. Every eight hours, 120 Kg of glass are cast. 

The gases generated in the melting furnace and the calciner are drained 
out through the upper end-fitting. They are composed of steam, nitrogen 
compounds generated by the denitration and an amount of dust, the main 
pait of which is soluble in nitric acid. For this reason, the first 
step of the off gas treateinent is a counter current washing in a "dedaster". 
The used liquid is continuously recycled in the calciner (Figure 7). 

The stream then flows to a condenser, then to a standard equipment 
composed of an absorption column, a washing column, an absolute filter 
and a fan insuring the desired negative pressure. 

The glass is cast in refractory stainless steel canisters. Each receives 
three casts. The weight of the glass is controlled during pouring. One 
canister loaded wit I 360 Kg of glass (150 liters) is thus produced per 
day. This is equivalent to about 800 liters of fission product solution. 

Several hours after filling, the canister is shifted to the welding area 
where it is covered with a lid welded with a plasma torch. Cleaning is 
performed one day later by washing the surface with highly pressurized 
water (150 bars). 

V - 4. Findings and results: 

From January 1977 to April 1978, inactive tests were achieved. Their 
target was: ;. 

- to vitrify simulated solutions similar to the three types 
stored at Marcoule. During this time, 18.1 m of solution 
were vitrified to yield 8.8 tons of glass (see Table III). 

- to perfect automated devices ?nd to look for better safety 
conditions in case of failure of various feeding? (rav: material, 
electric current, air, steam, etc.). 

- to operate remote handling equipment to check the feasibility 
of each operation. These tests required over 10,000 hours of 
working time. 
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The plant was gradually put in active condition by increasing the radio
activity of the feed solution. The first campaign using.concentrated 
fission product solution began on June 28, 1978 and ended on July 24, 
1978 for staff vacation reasons. The processed solution was an old one 
of relat vely low specific activity generated by the reprocessing of low 
burn-up ..pent fuel (concentration 35 1/ton) and fed at a rate of 30 1/h. 

Another campaign relating to the reprocessing of the saue type of solu
tion was initiated at the end of September 1978 (flow rate 33 1/h) and 
stopped 1000 hours later to remove the vitrification pot. This was a 
scheduled operation due to the age of the pot (over 2000 hours). The 
interruption was extended to remove a valve from the raw materials feed 
line which failed unexpectedly. 

The third campaign began on January 23, 1979 involving more radioactive 
solutions (= 250 Cil ) and using a flow rate of 33 l/h~ . It was 
followed by the fourth campaign devoted again to defense wastes. This 
campaign reached its end for summer holidays. The detailed results are 
given by Table IV. 

The whole result is as follows: 
3 

135.7 m of fission products were transformed during 4442 
hours running time into 62.3 tons of glass disposed in 185 
canisters. This corresponds to 3653 tons of spent fuel. The 
total activity of the processed liquids was over 12.3 x 10 
curies. The maximum power disposed in one canister was 800 
watts. 

In addition to the above mentions* va've failure, two incidents are 
noteworthy. In each case, a hole was torn in the pots before their 
expected life time was spent. The possibility of such an event was 
foreseen, safety devices ran perfectly and the outcome was limited to 
two 15-day interruptions. An investigation is still in progress to find 
out the reason for these failures which occurred in spite of normal 
rvnning conditions, viz: the liquid feed flow rate was normal, the 
linear expansion of the calciner kept a constant value, the negative 
pressure (-15 cm H„0) was stable, the melting of the glass in the pot 
was achieved by maintaining the temperatuj^» of the wall below 1130 C. 
The casts initiated every eight hours drained out 110 to 120 Kg of glass 
during 15 to 20 minutes. • 

The off gas treatment equipment ran perfectly, decontamination factors 
and the released activity i-ept the same values as those previously 
mentioned (3). 

VI - AVM REGULATORY STATUS 

In France, the license to set up such a plant as well as for stationary 
nuclear reactors, accelerators and reprocessing plnnts, must be granted 
by a special bill for each facility. 
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The requesting operator must produce a preliminary safety report as the 
first document of a file which will be submitted to numerous bodies. 
See Figure 8. Nevertheless, as the AVM plant had to be built on the 
Marcoule site (formerly devoted to defense spent fuel), a simplifiée! 
procedure was used. 

After it was submitted for observation to the Safety Committee for 
Laboratories and Plants, it was conveyed to the Central Commission for 
Safety of Nuclear Facilities (the French equivalent of the NRC), which 
gave the authorization. The same body granted the operational licensing 
as well, but this license was available only for one year of operation. 
A final safety report mentioning all details of the operation has to be 
drafted and submitted in order to obtain the permanent license. 

VII - PUBLIC OPINION 

As compared with other countries, nuclear power generation seems to be 
less of a concern for most of the French public. However, they do 
express similar concerns relative to the use of breeder reactors, possible 
plutonium proliferation and the problem of waste disposal. In the case 
of waste, the problem is centered on the overall disposition, not vitri
fication, except when the latter issue is raised by the foreign media, 
mainly in the U.S. press. 

VIII - PROSPECTS 

The next step is vitrification of fission product solutions from the La 
Hague reprocessing plants. The vitrification facility for the UP-2 -
reprocessing plant will be completed in 1983. A similar facility is 
planned for the next reprocessing plant, UP-3, also at La Hague. 

Scaling up to cope with the need of an 800 t/year reprocessing plant 
could be done according to the diagram shown in Figure 9 with the following 
assumptions: 

the spent fuel is reprocessed after three years cooling time 
the fission product solutions are concentrated at a rate of 
500 1/t that sets a specific power of 7 w/1 (at the time of 
reprocessing). 

> 
The vitrification plant will then have to process solutions of a specific 
power of 5 to 6 watts per liter that wil! give rise to 25 to 30 watts 
per liter of glass, taking into account a reduction volume factor of 5. 

Two reprocessing lines will be necessary. Each line will be composed of 
one calciner connected with a melting furnace. The rotary tube might be 
heated by induction in order to shorten the time needed to reach the 
steady state and to shut off, in which case it could be a less bulky 
solid waste for future disposal than a resistance furnace. 
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The way to overcome the problem of ruthenium is still cp»n. Experiments 
carried out with a tracer in half scale equipment indicated that the use 
of sugar is able.to decrease the Ru volatilization by a factor of 20. 
It is planned either to use this method or a Ru ttap, or both. 

Each calciner will be fed at a rate of 50 1/h with a 500 1/t concentrated 
solution. Each connected melting furnace will produce 25 Kg of glass 
per hour. 

3 
Total throughput of the plant will be 600 M per year with a utilization 
factor of 250 days a year. 
The glass will be cast in 40 to 45 cm diameter cylindrical canisters in 
200 Kg batches. After welding of the lid, tightness tests and outside 
decontamination, they will be transfered to a storage facility to be 
cooled for two years by forced air and later on by natural convection. 

All high level liquid wastes resulting from the process (mainly con
densates) will be concentrated and recycled to the storage tanks to be 
vitrified. All low level wastes will be processed in the low level 
waste facility at the site, 

The gros^decontamination factor of the plant about the off gas could 
reach 10 for Ru and at least matching values for the other nuclides. 

Another field of interest is the cooperation with other countries to 
deal with similar problems with the AVM process. A contract has been 
signed to design and construct a vitrification facility at Karlsruhe 
(FRG), and a similar facility is planned for Eurochemic (Mol, Belgium). 
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FBR 39.2 17.8 17.8 13. U 0.6 0.3 3.1 7.8 7.5 160 
litero 

TABLE II: EXAMPLES OF GLASS COMPOSITIONS 

m 



<rf 

! 

TEST WITH 
SIMULATED SOLUTION 

WORKING 
TIME 

VOLUME OF PRO
CESSED SOLUTION 

WEIGHT OF 
GLASS 

NUMUEK Or 
GLASS CANISTERS 

Defense GG 
Spent fuels 
(low burn up) 

365 h 10.0 ra3 5.0 t 15 

M.T.R. 
Spent fuels 231 h 6.6 m 3.25 t 10 

Commercial GG 
Spent fuels 
(high burn up) 

52 h 1.5 m 3 0.55 t 2 

TOTAL 6A8 h 18.1 m 3 8.8 t 27 

TABLE III : AVM COLD TESTS DATA 
•v. 



CAMPAIGN 
REFERENCE 

RUNNING 
TIME 

(h) 

VOLUME OF 
PROCESSED 
SOLUTION 

(n 3) 

SPECIFIC 
ACTIVITY 
OF THE 
SOLUTION' 
(Cil-1) 

WEIGHT OF 
GLASS 

(t) 

N'ITÔLX OF 
CANISTERS 

! 746 19.6 41 9.1 28 

2 994 31.0 41 14.4 ! -2 
1 i 

3 1124 35.0 * 248 16.1 i 
•*' i 1 

4 1578 50.0 31 22.7 48 

TOTAL 4442 135.7 ** - 62.3 1S5 

* Commercial wasces 

XX Corresponding Co 3650 cons of fuel and Co a whole activity 
of 12.3 x 10° curies 

TABLE IV : A W HOT RUNS DATA 


