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ABSTRACT 

The most important aspects of this research program concern 
disposal safetyt the long-term behavior and sensitivity of the 
materials to the variability inherent in industrial processes, and 
the characterization of the final product. This research requires 
different investigations involving various scientific fields, and 
implements radioactive and non-radioactive glass samples as well 
as industrial scale glass blocks. Certain studies have now been 
completed; others are still in progress. 

INTRODUCTION 

Research on solidifying high level radioactive solutions began in France 
in the late 1950s, and has led to the development of various phosphate or 
other glass formulations. Because of their properties, borosilicate glasses 
were finally selected as the reference media for vitrifying the solutions 
produced in French reprocessing plants. 

During this period, fabrication processes based on different techniques 
and with different capacities were also developed. Both continuous and batch 
processes using ceramic or metal furnaces were investigated to determine the 
optimum method for each type of waste disposal problem in France. Stages in 
this development program included the GULLIVER facility in 1963 (using a 
crucible batch process), the PIVER pilot facility in 1969 (metal pot batch 
process) and the AVM industrial facility at Marcoule (continuous metal furnace 
process) which has been used since 1978 to vitrify 918 m^ of material with a 
total activity of 170 MCi, representing 414 metric tons of glass in 1709 
containers. The R7 and T7 plants using the same continuous process are now 
under construction at La Hague (Figure 1), where R7 should begin operation 
early in 1987 (engineering work by SGK; plant operatort COGEMA). 

Nevertheless, further specific research work is required in the area of 
radioactive waste containment, from production of the selected material to the 
final disposal conditions. Within the scope of this research, certain areas 
may be considered to be of vital importance justifying particular attention. 

KEY RESEARCH AREAS 

It is widely admitted, notably in France, that understanding the long 
term behavior of the material is essentialt the ultimate repository must be 
designed on the basis of this knowledge. Other research areas are also highly 
important, however, as they affect long term disposal safety. These include 
assessing the degree to which the material and its manufacturing process are 
sensitive to the imponderables of Industrial production, and characterizing 
the disposal materials. 

Vitrification of fission product solutions generated by reprocessing LWR 
fuel is the most important problem in France because of the volume of these 
solutions compared with other high level wastes. The following discussion is 
thus primarily applicable to the glass selected for this purpose HI, the 
formula for which is shown in Table I. Nevertheless, this research concept 
also applies to other glasses, particularly for graphite-gas and LMFBR wastes. 



Figure It R7 and T7 Construction Site at La Hague 

Intermediate and Long-Term Behavior 

During intermediate storage (up to several decades) and subsequently in 
the geological repository, the radioactive glass will be submitted to highly 
specific conditions and phenomena. These include thermal effects, pressure, 
/} and V 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, 

Table It R7/T7 Glass Composition (ref. SON 68 18 17 LI C2 A2 Zl) 

OXIDES wt % OXIDES wt 7. 

Si0 2 

B2O3 
AI2O3 
Na 20 
CaO 
Fe2C«3 
NiO 

45. 
14. 
4, 
9, 
4, 
2 
0.4 

Cr203 0.5 
P 20 5 0.3 
Zr0 2 (filings) 1.0 
Li0 2 2.0 
ZnO 2.5 
Actinide oxides 0.85 
Fission product oxides 11.25 



n 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 
materials should be implemented whenever possible. 

The effect ofo*. emitters on glass is investigated using samples spiked 
with an actinide, principally 2 3 5 H p , 2 3 9 P u , 2 3 8 P u , 2 4 1 A m or 2 4 4 A m . The test 
specimens are small rods or cylindrical blocks 80 mm high and 70 mm in 
diameter. The radionuclide content represents 0.85% of the oxide weight, 
which is exactly the theoretical sum of the actinide oxide contents. When a 
sample is prepared for standard laboratory examination the actinide oxides are 
replaced by UO2 + TI1O2. 

The actinide leach rates and irradiation effects on glass alterability 
are determined according to the following methodology (Figure 2)t 
• Simple experiments involving variations of a single parameter. 
• Semi-integral experiments in which one or more parameters (e.g. pH, Eh or 
CO2) are varied from their nominal values (Figure 3 ) . Standard conditions are 
10 MPa and 90°C. 
• Integral experiments using a veritable geological mockup to simulate 
repository conditions: the glass is no longer in contact only with water, but 
aleo with all of the environmental materials. 

Although no final decision has been made, granite is considered in France 
as the most favorable geological storage medium. A granite repository model 
was therefore developed to calculate the amounts of materials in the mockup in 
order to ensure accuracy in simulating the surface area proportions (Figure O . 
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Figure 2t Test Methodology for Determining Glass Alterability 
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Figure 3t Semi-integral Experimental Leaching Device 

On completion of these experiments, the solutions are analyzed, sample 
weight losses are measured and various surface analysis methods (SEM, EMP, 
STEM, X-ray) are implemented on the glass. Some findings are already 
available and have recently been published |2|. The actinide buildup in the 
hydrolyzed surface layer will soon be determined. Plans also call for 
resuming the determination of helium generated in situ 131 and for assessing 
possible energy accumulation by differential calorimetry. 

The effects of /J and V irradiation are investigated on samples irradiated 
using a 3 MeV electron acceleratori the samples are examined for structural 
alteration (infrared spectrometry), leaching behavior and physical properties 
(density, Young's modulus and fracture toughness). No effects have been 
detected to date at integrated doses of up to 2 x 1 0 " rads. 

Effect» of Industrial Condition» on the Material and the Manufacturing Process 

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 setpoint variation range. 
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Figure At Integral Experimental Leaching Device 

These two causes result in the following major effects: 
* 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 tests and tests on industrial vitrification 
equipment are currently in progress at Marcoule. 

The laboratory research program covers the following points. Gradual 
variations from the nominal chemical composition are tested elemenc by element 
for various oxidesi Si02, AI2O3, 8203, fr^O, Li2<>, CaO, Zrf^, Fe203, P2O5 and 
ZnO, as well as for two additives (MgO and GdiO^) not found in the nominal 
composition. Gradual variations in the raw material composition introduced 
industrially in the form of primary glass frit are also tested for ell the 
elements in the frit, i.e. for Si(>2. AI2O3, 8203, Na20, Li20, CaO and ZnO. 

Subsequent tests cover variations of two elements, one in the frit and 
one in the solutiont simultaneous increases or decreases are investigated as 
veil as opposing variations of a fluxing agent and a refractory compound. 
Finally, since the vitrification process Involves a calcining stage, samples 
are prepared with a frit + calcinate mixture in which the quantities of the 
two materials are allowed to vary. 

The effects of a drop in the nominal process temperature will also be 
investigated. 



Figure 5» Prototype R7/T7 Vitrification Equipment 

The samples produced are non radioactive, and are submitted to a number 
of tests and measurements! viscosity between 950°C and 1200°C, alterability 
at 100°C (static and Soxhlet procedures), thermal stability, homogeneity. 

When all of the results are available, certain tests will be conducted in 
hot cell conditions on a few radioactive glass blocks to confirm the effects 
of composition and temperature variations. Depending on the results obtained, 
tests will also K conducted on industrial size non radioactive blocks. 

A complementary test program is also in progress on the full-scale 
industrial prototype of the R7/T7 vitrification process equipment at Marcoule 
(Figure 5) to assess the effects of operating conditions. All possible fault 
conditions are considered except for the offgas treatment, which has no effect 
on the glass composition.. 

A process failure analysis was conducted to evaluate the detection time 
and the effects of each type of fault on the glass composition. Safety 
features have been provided to ensure that the process alarm thresholds are 
quickly reached, so that the glass will sustain only slight composition 
variations -- no doubt within the limits that to be defined by the laboratory 
studies. 

Characterization of the Glass Package 

Glass characterization consists in a series 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. Measurements are conducted on inactive laboratory 
glass specimens, industrial glass samples from the prototype facility, and 
radioactive laboratory glasses. 

It should be noted that the thermal stability and leach resistance data 
do not necessarily reflect the actual long-term behavior, but only the glass 
properties at the beginning of intermediate storage. Thi3 is not the case, 
however, for the irradiation effects, which are determined by both research 
approaches. 

Table II indicates a number of the measured physical and thermal 
properties. 

SEM and EMP analysis shows satisfactory homogeneity for the R7/T7 glasst 
all the elements, including molybdenum, are uniformly distributed throughout 
the glass. The mean leach rate for the radioactive blocks is on the order of 
10" 7 g.cnT2d"l a t equilibrium, as determined by tests described elsewhere |4|. 

Leach tests on inactive samples are conducted according to the following 
procedure: 
. Soxhlet and static modes at 100°C under atmospheric pressure for up to 
91 days; 
. static mode at 100°C and 100 bars for up to 28 days; 
. static mode for up to 28 days at five different temperatures: 30°C, 50°C, 
70°C and 90°C under atmospheric pressure, and 120°C at saturated steam 
pressure (approximately 2 bars). 

The leach rate is expressed in terms of overall and element weight loss 
for Si, B, Al, Na, Mo, Ce, Zn, Cs, Zr, Sr, Li, Fe and U. For example, the 
overall weight loss after 91 days at atmospheric pressure is on the order of 
18 x 10 - 6 g*cm" 2d _ 1 in static mode, and 150 x 10"° g'cm" 2d _ 1 in Soxhlet mode. 

The presence of 0.7 wt % of platinoid inclusions has no effect on the 
alterability or the mechanical strength of the glass |5|. 

The volatility of powdered glass was unmeasurable using a thermogravity 
balance at 90O°C. The mass loss was 0.3% after 8 hours at 1000°C. 

Thermal stability is evaluated after heat treatment for 15 hours at 
temperatures between 590°C and 1180°C in 30°C steps, by analyzing the tempera
ture ranges at which crystalline phases appear, the nature of the phases, the 
crystallization power and the degree of crystallization. 

The presence of the container must also be taken into consideration. The 
characterization is therefore completed by a number of tests and examinations 
including full container cooling scenarios (corrosion by the glass, mechanical 
strains), package drop testing and compression strength measurements, and 
container metrology. 

Table II> R7/T7 Glass Specification Data 
(ref. SON 68 18 17 LI C2 A2 Zl) 

Specific gravity 2.754 
Viscosity 8 Pa-sec at 1100°C 
Transformation temperature 507°C 
Mean expansion coefficient between 25 and 300°C 8.31 x 10" 6* eC" 1 

Thermal conductivity at room temperature 1.09 W'm" 1 , 0C"^ 
Young's modulus at room temperature 8.405 x 10*° N*m"2 

Fracture toughness 0.95 MPs* m l / 2 



CONCLUSION 

None of the key research areas nay be considered predominant. All of 
these sectors are essential parts of a quality assurance program. 

The three areas mentioned involve numerous scientific fields, and require 
constant coordination within a suitable organizational structure. This is the 
price that must be paid if the processing, conditioning and long-term storage 
of high level wastes is to become a credible option for routine implementation. 
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