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HLWIMMOBILIZATION IN GLASS : INDUSTRIAL OPERATION
AND PRODUCT QUALITY

Extended summary

The scope of the present paper is to discuss the immobilization of High Level Waste from
the viewpoint of the quality of the final product, Le. the HLW glass.

The immobilization of High Level Waste in glass in France is a long history which
started as early as in the 1950's. More than 30 years of Research and Development have
been invested in that field. Two industrial facilities are operating (AVM and R7) and a
third one (T7), under cold testing, is planned to start active operation in the mid-92.
While vitrification has been demonstrated to be an industrially mastered process, the
question of the quality of the final waste product, i.e. the HLW glass, must be adressed.
This is the scope of the present paper to focus on the latter point from both standpoints of
the R&D and of the industrial reality.

At La Hague, the R7 vitrification facility is aimed at processing :

- the backlog of HLW accumulated from the operation of the UP2 plant prior to

1990;

- the high level of UP2 with a nearly one year delay, with account for the future
increase of the UP2 capacity to 800t/y.

As of September 1991, the glass production at R7 is illustrated by the following data :

- Number of canisters : 855
- Weight of glass: 84Ot

- Total activity processed : 107TBq
- Equivalent weight of UO2: 2 34Ot

- Amount of vitrified adjusted solutions : 767 m3 J

It should be stressed that the backlog corresponds to fuels, the charateristics of which
differ from those adopted for the design of R7. The design reference data refer to a PWR
fuel with a burn-up of 33 GW.d/t and a cooling time of 4 years. The reprocessing of 11
of such a fuel leads to about 300 kg of glass and the design throughput of R7 corresponds
to 600 canisters per year UO2.
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The quality of the glass produced in R7 is based on a systematic approach, relying on
Research & Development studies on the one hand and on strong Quality Control and
Quality Assurance procedures.

The R & D studies comprise 3 steps :

- glass formulation,
- glass characterization,
- long term behaviour studies.

Glass formulation studies aimed at precisely defining the glass composition, after the
preliminary choice of a borosilicate glass which was early recognized to provide a
framework sufficiently flexible to accomodate various types of effluents (from those
arising from Gas Cooled Reactors to those arising from PWR's).

The glass characterization studies aimed at studying the properties of the glass with
account for variations in the composition of the glass matrix. These studies used inactive
and active samples produced at the laboratory scale as well as glass blocks from the
inactive scale 1 prototype. It is planned to ultimately confirm the characterization data
through the sampling of an active glass block from R7.

The design of a deep repository for vitrified waste necessitates long tests with the
simulation of the chemical-physics conditions of the geological medium. Such
experiments have been in progress for several years (eight years for one of them).

At the present time, the first two steps mentioned above have been completed for R7 and
led to specifications which have been approved by French Safety Authorities and foreign
customers. First results of long duration tests have been collected. ;

From the industrial viewpoint, it is important to secure that the good operating results
described above result in a glass, the properties of which are those determined during the
characterization programme. This demonstration is based on the respect of guaranteed
prarameters in the specifications.
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The latest point to be studied before the active start-up of T7 is the effect of metallic
platinoids, in view of the systematic inclusion of dissolution insolubles coming from the
head end of UP3. This will require, to a smaller extent, the same approach based on
characterization studies and observance of specified parameters during glass production.

i

In the full paper, we shall illustrate the general approach through the discussion, from
their different aspects, of some parameters important for the glass quality, such as
teachability, thermal stability and viscosity. The effects of the inclusion of metallic
platinoids will be particularly emphasized.
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ABSTRACT

The immobilization of High Level Waste
in glass in France is a long history which
started as early as in the 1950s. More than
30 years of Research and Development have
been invested in that field. Two industrial
facilities are operating (AVM and R7) and a
third one (T7), under cold testing, is planned
to start active operation in the mid-92. While
vitrification has been demonstrated to be an
industrially mastered process, the question of
the quality of the final waste product, i.e. the
HLW glass, must be adressed. This is the
scope of the present paper to focus on the
latter point from both standpoints of the R &
D and of the industrial reality.

I. INTRODUCTION

The immobilization of High Level Waste
in glass in France is a long history which
started as early as in the 1950's. More than
30 years of Research and Development have
been invested in that field. Characteristic
features of the French process are :

the separation of
evaporation/calcination and melting
functions, leading to a two-step process ;

- the continuous melting associated with
a periodic pouring of the glass.

This process has been successfully
Implemented in several industrial facilities
presented in Table 1 with comparative
production data.

The purpose of the present
communication is to discuss in more details
the situation of the most advanced of them,
R7, the vitrification facility of the UP2
reprocessing plant at La Hague. The process
and technology involved have been

discussed elsewhere1'2 so that we shall
focus on the operating results and on the
quality of the final product, i.e. the HLW
glass.

II. OPERATION OF R7 FACIUTY

Design value»

R7 is aimed at processing HLW from
both the backlog of previous operation and
the result of present operation of UP2. The
facility design is based on the reprocessing
of a PWR fuel, with a bum-up of 33 GWdA
and a cooling time of 4 years at vitrification,
associated to a throughput of 8001 U/yr for
UP2. This results in design throughputs of
nearly 60 Vh for the calciner and 25 kg/h of
glass for the melter. in each of the 3
production lines of R7, with a design
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TABLE 1 - OPERATING RESULTS OF SOMEViTRIFiCATION FACILITIES

Active Start-up

Amount of vitrified

Waste solutions (m3)

Total activity
processed (TBq)

(Ci)

Glass product (t)

Number of canisters
(volume)

As of

AVM R7
(French continuous process)

1976 1989

1502 880

1.2E7 1.3 E7
3.2 E8 3.5 E8

672384

1916(1701)985(1501)

November 30,1991

PAMELA^
(Ceramic Melter)

1985

800

7E5
1.9 E7

455

1481 (601)
+ 605 (1501)

Februarys 1991

Nota :

. the following vitrification facility at La Hague, T7, similar to R7, should start active operation
in April 1992;

. the Windscale Vitrification Plant at Sellafieid, in active operation since July 1990, is also
based on the French continuous process.



availability factor of 66 % on 300 days per
year. The reprocessing of the design fuel
would lead to the production of 0.73 glass
canister per ton of uranium, each canister
containing 1501 or 400 kg of glass.

Start-up and present opération

The first active glass pouring occurred in
June 1989. One year after the active start-
up, R7 reached nominal operating conditions
characterized by :

- three lines in active conditions ;

- two lines operating in parallel, the third
one being stopped for maintenance or in
stand-by ;

- calciners operating at full evaporation
capacity. From the start-up up to now, R7
processed HLW solutions resulting from fuel
with lower bum-up than above and the
solutions themselves were less concentrated
than in the design case, so that the melters
were operated at nearly 20 kg/hr of glass.
(The possibility to operate the melters at their
full capacity being demonstrated by cold
tests).

FIGURE 1:

The operating results of 1991 are
characterized by a regular production and a
good availability factor, as presented on
Figures 1 and 2. The cumulative results as of
November 30,1991 are represented in Table
1. The corresponding weight of UO2 is
27161.

These good operating results are
obtained with a permanent operating staff
composed of 99 people under R7
management and 34 others including health
physics, analytical laboratory and
maintenance technicians, plus personnel
periodically involved in the maintenance
(about 100 people). This Is made possible by
a systematic use of operation and
maintenance procedures.

As a conclusion for this section it can be
stated that operating results of R7 are quite
satisfactory. However, they would be
meaningless if the quality of the glass
produced could not be demonstrated
simultaneously : this is the scope of the
following sections.

R7 - ANNUAL PRODUCTION 1991

6 7

MONTHS

10 11 12

Nota:

. From the active start-up in June 89 to the end of 1990,548 canisters have been produced.

. The thousandth canister has been casted on December 13th. 1991.



RGURE 2: R7 PLANT AVAILABILITY IN 1991

III. THEGLASSPRODUCT

When discussing the properties of the
glass it is important to come back to the
earliest stages of its development.

From the very beginning, borosilicate
glass was chosen because it was recognized
to offer a good containment ability associated
with a large flexibility. This opened the way to
the formulation of high quality matrices for
different HLW solutions, resulting for the
reprocessing of fuels from Gas Cooled
Reactors, Fast Breeder Reactors, Material
Test Reactors or Light Water Reactors2.

Then the development of the R7 glass
was carried out on glass samples produced
in inactive laboratory, then on the inactive
scale 1 prototype and finally in active
laboratory. The first step consisted in
formulation studies, started in the 1970's,
which lasted nearly 15 years. This resulted in
a formulation for the R7 glass, which then
supported characterization studies, aimed at
determining the main properties of the final
product. Those studies lasted nearly 10
years.

Not only the reference composition of
different elements were considered, but also
the effect of their variation was investigated
to define a range in which the glass
characteristics are satisfactory. These
sensitivity studies were conducted by varying
successively :

- the composition of any individual glass
component ;

- the amount of a refractory (such as
S1O2) and of a fluxing element (such as
NAgO), simultaneously ;

- the frit over glass ratio ;

- all the combinations of components in
the less favourable direction.

The influence of potential components on
glass characteristics have been investigated
in these sensitivity studies, as summarized in
Tablez
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TABLE 2

Effects of glass composition variations on important properties

(Tc : Lower crystallization point ; an equals sign indicates that the parameter variation had no

effect on the measured property)

PARAMATER VARIATION TRENDS FOR EXCESS OXIDE CONTENTS

Parameter

SiO2

AI2O3

B2O3

Na2O

LIO2

CaO
ZnO

Fe2O3

P2O5

ZrO2

MgO
Gd2O3

FP & actinides

frit/glass ratio

density

\
\
\
/
/
/
/
/
\
/
/
/
/
\

viscosity

/
/
\
\
\
/
/
\
/
/

=
s

S

/

chemical
durability

/
/
\
\
\
=

/
\
\
/
/
/
/
/

Tc

=

/
\
\

X

S

S

/

/

S

=

/

Crystallization
yield

/
S

\

\

S

/

S

/

/

S

/

—

/

\

This led to set minimum and maximum
values for the glass components (see Table
3) and to specify them together with some
other parameters controlling the glass
properties. The specification of the R7 glass
have been approved by French Safety
Authorities and Foreign Customers of
COGEMA.

IV. SOME PROPERTIES OF THE GLASS
PRODUCT

In this section we shall discuss some
properties of the R7 glass from both
viewpoints of the R & D studies and industrial
operation.

Thermal stability

The main concern is the possibility of a
partial devitrification or crystallization if the
glass temperature were kept a significant
time above the temperature Tc at which
crystallization occurs. In the case of R7
glass, this temperature Tc is estimated at
61O'C. In order to have a safety margin,
French Safety Autnoritie- have requested
that the temperature after cooling should be
maintained below 51O*C. This is guaranteed
in industrial operation through a specific
design of the interim storage facility, and by a
specific cooling procedure in the quality
control programme.
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TABLE 3 - GLASS CHEMICAL COMPOSITION fwt %)

Nominal

Min.

Max.

SiO2

45.2

42.4

51.7

B2O3

13.9

12.4

16.5

AI2O3

4.9

3.6

6.6

Na2O

9.8

8.1

11.0

U2O

2.0

1.6

2.4

ZnO

2.5

2.2

2.8

CaO

4.0

3.5

4.8

F.P.
Oxides

12.0

4.2

18.5

Moreover, tests have been performed to
study this phenomenon, during which a
specific heat treatment was used to provoke
glass crystallization. These tests have shown
that, for the R7 glass composition, the
amount of crystals is always limited to a few
percents of the total mass. During the cooling
of the glass block in industrial operation, the
tendancy to crystallize at any point is much
less than observed at those laboratory tests.

Chemical durability

The chemical durability was another
leading parameter in formulation studies. The
forward rate of glass dissolution, T0, based
on boron or alkali release, characterizes the
intrinsic durability of the glass composition.
For R7 glass composition typical values are :

- T0-1.10-6 g/cm2/d at 20 #C

- r0 : 2 .10" 4 g/cmS/d at 100'C.

These are maximal values that are
strongly reduced when silica content in
solution is increased, that is to say when
water flow rate is reduced.
Furthermore, the leach rates (LR) of most
radioéléments are lower than this forward
rate of glass dissolution, as they participate
to the build up of the surface alteration layer.

A retention factor can be defined for each
radionuclide as the ratio of boron leach rate
over this radionuclides leach rate. This
retention factor varies in a large range
(between 1 and 1000) according to the
radionuclide, flow-rate physicochemical
conditions, backfill material and so on.
For example, with a daily water renewal,
plutonium and americium leach rates are
found in the following ranges :

. at room temperature

LR (Pu) -1 to 6.10"7 g/cm2/d

LR (Am) - 0.3 to 3.10"7 g/cm2/d
(retention factors between 2 and 40),

. at KXTC (Soxhlet)

LR(Pu) :5.10-7g/cm2/d

LR (Am) = 3.10-7 g/cm2/d

(retention factors between 100 and 500).

Quality control of the olass product

For ths glass producer, the obtention of
these values is demonstrated through the
strict respect of the glass composition (Table
3).

More generally, the vitrification facility is
operated under strict Quality Control and
Quality Assurance procedures, following the
ISO-9002 standard and approved by French
and foreign customer's Safety Authorities.



V. LONGTERMBEHAVIOUR

In the approach adopted by French
Safety Authorities, the safety of waste
disposal as a whole is based on a
multibarrier concept, each barrier contributing
as much as possible to the confinement of
radionuclides. Thus, there is no quantitative
threshold on, for example, the leaching rates
ot the glass which is the first barrier.

On the other hand, studies performed in
the framework of the PAGIS4 programme
have led to the following conclusion :

"It appears that the safety margin is large
enough not to arise any doubt about the
ultimate feasibility, for all options, of safety
disposing high level radioactive waste in
deep geological formations, If appropriate
sites are selected.'

This is the objective of long duration
tests to assess the long term behaviour of
HLW glass in a simulated repository
conditions. Such long duration tasks are
being performed (for more than 8 years in
one case) by CEA at Marcoule.

Rrst results5 not only confirm the
leaching rates measured during
characterization studies but also give an
indication that, in one case (R7 glass at 90*C
in simulated granite medium with sand as
backfill material), the glass corrosion rate
dropped by several orders of magnitude. The
observed residual corrosion rate, controlled
by leachant renewal, corresponded to an
alteration of about 0.2 cm after 10000 years.

Vl. COMPLEMENTARY STUDIES FOR
THE SYS-fEMATIC INCLUSION OF
INSOLUBLES

In view of the systematic inclusion of
dissolution insolubles from the PUREX
process in the glass foreseen, first at T7 and
later at R7, the effect of metallic pfatinoïds on
glass properties is under investigation, with
the same approach as other characterization
studies. Rrst results available ftom laboratory
studies are as follows6.

Glass samples containing platinoids are
heterogeneous at microscopic scaie. They
contain RuOg precipitates that are often
agglomerated, as well as poiymetallic Pd -
Rh -Te inclusions that tend to settle in the

molten glass. Together with the higher
apparent viscosity, this phenomenon affect
glass casting properties within an acceptable
range, according to the experience gained at
R7, since the benaviour of platinoids in the
glass does not depend on their solubility in
the reprocessing solutions.
While crystallization is more significant in
glass containing platinoids, the mechanical
propreties and short-tem leach rate are not
adversely affected. Provided their long-term
behavior is unaffected, the properties of
these glass samples appear to be acceptable
for disposal purposes.

CONCLUSION

The immobilization of HLW in glass is
now an industrial reality in France. Good
operating results of the R7 facility are
associated with a product quality based on
both significant R & D studies and strict
quality control procedures.

This gives a great confidence in the
success of HLW management in France.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

REFERENCES

1 - W. FOURNIER, D. ALEXANDRE, P. LEROY,
P. HUGONY1 C. SOMBRET, A. JOUAN,
C. BERNARD, 'Start-up of Commercial
High Level Waste vitrification."
RECODSI, Sendaï, Japan (1991).

2 - D. ALEXANDRE, J. MAIUET, C. SOMBRET,
"Vitrification of High Level Waste In
France, over 30 years of continuous
development from the laboratory to
industrial facilities."

3 - K. D. KUHN, H. WIESE1 M. DEMONIE,
"High Levai Uquid Waste Conditioning in
the Pamela vitrification Plant."
REC0D91, Sendaï, Japan (1991).

4 - PAGIS (Performance Assessment of
Geological Isolation Systems). Reports
EUR 11775 to 11779 EN (1988).

5 - N. GODON, E.Y. VERNAZ, "R7T7
Nuclear Waste Glass Alteration in
Geological Repository Media." Joint
International Waste Management
Conference (ASME)1 Seoul (1991).

6 - F. PACAUD, C. FILLET, N. JACQUET-
FRANCILLON, "Scientific Basis for
Nuclear Waste Management." E-MRS,
Strasbourg (1991).


