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ABSTRACT

The paper describes industrial experience gained in
France for vitrification of fission products generated by
spent fuel reprocessing.

The continuous vitrification process developed by CEA,
SGN and COGEMA is outlined and Marcpule
Vitrification Facility (AVM), with output results since
start-up of hot operation in .June 1978, briefly
presented.

Vitrification of high-level liquid waste has now entered
an industrial phase at La Hague with R7 and T7
facilities.

R7 and T7 have each been designed to process FP
solutions generated by reprocessing LWR fuel with an
initial enrichment of 3,5 % and a discharge bum-up of
33,000 MWd/L

R7 active operations began on June, 1989. This facility
is now vitrifying the backlog of fission products resulting
from the existing UP2 reprocessing plant, which is
being currently extended.

Scheduled to slart early in 1992, T7 will vitrify the
fission products, dissolution fines and sodium-rich
solutions issuing from UP3 plant

INTRODUCTION

Following a major programme of research and
development by the French Atomic Energy
Commission (CEA), France opted at the beginning of
the 1970s for vrtrification as the method of processing
and packaging the high active liquid wastes generated
by spent nuclear fuel reprocessing plants.

Based on experience gained with experimental batch
vitrification of such *hof wastes in the PIVER pilot

facility, CEA, COGEMA and SGN developed a
continuous vitrification process. This process was
implemented on an industrial scale in the AVM
vitrification unit at Marcoule. This is a two-stage
process in which waste conversion to solid form in a
rotating calciner precedes vitrification in an
induction-heated metallic metier.

Since its hot commissioning in 1978, the AVM unit at
Marcoule has delivered excellent performances and
amply validated the process technology. It was
therefore decided to use the same process in the R7
and T7 vitrification units at La Hague to work in line with
respectively the new UP2 800 and UP3 reprocessing
plants on the same site.

THE AVM CONTINUOUS VITRIFICATION
PROCESS

Vitrification of fission product (FP) solutions was first
performed at the PIVER pilot facility in 1968. The
process consisted in preparing glass batches in an
induction-heated metallic matter. Dry evaporation of
nitric solutions of FP, calcination and then calcinate and
glass frit melting were performed in the same melting
pot

Between 1969 and 1973, the PIVER facility produced
12 tons of glass by processing 25 mj of FP solutions
generated in Graphite Gas-Cooled Reactor fuel
reprocessing.

The facility was restarted in 1979 to vitrify FP solutions
generated by FBR fuel reprocessing at Marcoule.

The PIVER system:

• Was easy to implement and operate,

• Used very compact equipment.



• Confirmed the advantages of using a small
melting pot to obtain a homogeneous glass
product.

The capacity of the system was however limited and
only 200 to 250 litres of solutions could be vitrified each
day.

The mixture of FP oxides from the calciner flows by
gravity into an MF induction-heated metal melting pot.
Glass frit is fed at a controlled rate to the same pot, the
melting capacity of which is 15 Kg/hour. The glass
product is prepared and periodically pourred (about
120 Kg every 8 hours) into a stainless steel canister
with a capacity of 360 Kg.

The two-step vitrification AVM process was therefore
developed to meet higher capacity requirements and
implemented at Marcoule.

The AVM continuous vitrification process

The concentrated FP solution is first analyzed. Then, it
is adjusted in a mechanically stirred vessel to make its
chemical composition in compliance with specifications
for the glass product The adjusted solution is then fed
at a controlled rate to a calciner, along with an additive
to prevent calcinate hold-up and obtain a suitable grain
size distribution for subsequent digestion by glass frit
The calciner is a rotating cylindrical tube in a resistance
heating furnace. Its evaporating capacity is 40
liters/hour.

The calciner off-gases are treated successively in :

O A hot scrubber with baffles where entrained
particles are trapped and redissotved in a
continuous flow of boiling nitric acid. The
resulting dution is continuously recycled
back tot... alciner,

D A water vapor condenser in which a fraction of
the nitrous vapors are recombined,

O An absorption column to eliminate the
remaining nitrous vapors

D A final off-gas treatment unit with a second
absorption column and very high effeciency
filters.

The off-gas are then discharged to the AVM ventilation
system. Recombined acid from off-gas treatment is
recycled to an up-stream point of the FP concentration
unit in the reprocessing plant

When a canister is full, it is sealed with a lid by
automatic plasma arc welding and its outer surface is
decontaminated with high-pressure water.

After inspection for non contamination, the canister is
transferred under shielding to a ventilated pit in the
interim storage facility, adjacent to the AVM unit

AVM OPERATING RESULTS

Up to 1990, the AVM unit at Marcoule has vitrified
1,443 m* of FP solutions with a total activity of 1,1 107

TBq (300 millions CO during 50,000 operating hours.

A total of 1841 canisters containing 644 tons of
borosilicate glass have been produced, providing a
volume reduction factor between 5 and 6.

Operation has been entirely trouble-free, allowing the
AVM unit to eliminate the backlog of stored FP
solutions at Marcoule while simultaneously vitrifying the
FP solutions produced by the reprocessing plant
operation.

This long operating period, since hot commissioning in
1978 has supplied valuable experience concerning
process, technologies, maintenance and safety :

* The process itself has given full satisfaction and
was very slightly modified since initial
development

• Average service life of mechanical and
manufactured components subject to corrosion is
equal to or higher than expected :

D The service life of the melting pot was 2,000
hours during the first years of operation but
has since been increased to 6,000 hours.

G The service life of calciner subassemblies was
originally estimated at 10,000 hours. This
value has been fulfilled and the calciner tube
itself has even been kept in service up to
24,000 hours before replacement Design
improvements have been achieved in calciner
end sealing.

The volume of high-level solid operational wastes due
to component replacement and other maintenance
operations is less than S % of the produced volume of
glass.



THE NEW VfTRIFtCATTON FACILITIES AT LA
HAGUE

Vitrification of high-level waste has now entered an
industrial phase at La Hague with R7 and 17 facilities.

The maintenance technologies and the control
system architecture, both based on design
concepts developed for the new UP2 800 and
UP3 reprocessing plants.

Scheduled to start early in 1992, T7 will vitrify the
fission products solutions issued from UP3 plant.

R7 active operations began on June, 1989. That facility
is now vitrifying the backlog of fission products resulting
from the existing UP2 reprocessing plant, which is
being currently extended to 800 til/year. When this
work is completed, R7 will vitrify the high active
solutions resulting from the new plant, called UP2 800.

R7 and T7 have each been designed to vitrify the
solutions generated by reprocessing 800 tons per year
of LWR fuel with an initial enrichment of 3,5 % and a
discharge burn-up of 33,000 MWd/t In addition to
concentrated FP solutions, they will vitrify the following
high active solutions from the associated reprocessing
plant:

• Concentrated alkaline solutions from solvent
regereration units ;

• Suspensions of clarification fines of the fuel
dissolution liquors ;

• Alkaline solutions from high active equipment
rinsing (HALW concentrators).

The basic process is the same as described above for
the AVM facility at Marcoule.

To achieve the required annual throughput, the main
process components (e.g. calciner and melting pot),
have been scaled-up from the equivalent units at
Marcoule after performing technological R & D to verify
feasibility.

Two of the three vitrification lines, in both facilities (R7
and T7) will normally operate continuously, with the
third in standby position.

Each line has 60 liters/hour feed capacity and is able to
produce 30 Kg/hour of glass.

To enhance the overall availability of each unit, the
three lines are totally independent for the following
functions : Receiving and adjusting the radioactive
solutions and feeding them to the calciner, calcination,
glass production and off-gas treatment Auxiliary
systems of field-proven reliability are common to the
three lines to reduce capital costs.

Aside from capacity upscaling, design differences with
the earlier AVM unit concern essentially :

D The general layout,

LAYOUT OF PROCESS EQUIPMENT

R7 and T7 facilities have separate cells for :

• Calcination, vitrification and off-gas treatment
(one for each line),

• Glass pouring,

• Canister lid welding and canister inspection,

• Dismantling of worn equipment

In each vitrification line, the metering wheels for active
solution feeding, the calciner, the (netting pot and the
initial off-gas treatment equipment (dust scrubber and
condenser are housed in the vitrification cell. The
service life of all these components is expected to be
snorter than the life duration of the plant itself. They are
therefore remotely maintainable.

The glass pouring' cell contains the three pouring
stations. It is separated from trie vitrification cells to
reduce the external contamination of the glass
canisters.

After filling, each canister is transferred to another cell
for:

D Cooling by natural convection ;

O Plasma arc welding of the lid;

D Non-contamination inspection of the entire
external surface by a wipe-test robot

Contaminated containers are washed in a
decontamination tank by using high pressurized water
and then inspected again by an identical robot located
in a different cell.

Non-contaminated canisters (i.e. surface contamination
less man 3,7 X 104 Bo/m=) are then transferred under

shielding to a pit into the interim storage facility.

Solid operational wastes produced during component
replacement and maintenance operations are
transferred to dismantling cell for :

• Size reduction by sawing and shearing;

• Decontamination in a reagent tank if necessary
(according to the type of waste) ;

• According to the level of radioactivity, either 1)
transfer out of the vitrification unit in special
overpacks by MERC (Mobile Equipment
Replacement Cask), or 2) packaging in
containers identical to the glass canisters and



then transfer to the interim storage facility after
decontamination and verification of outer surface
non-contamination.

filters. Isolating dampers are installed in the exhaust
lines of each trench for switchover to the natural
convection cooling.

MAINTENANCE OF MECHANICAL EQUIPMENT START-UP OF R7 ACTIVE OPERATION

Based on using overhead cranes, master-slave
manipulators and remote-controlled tools, the
maintenance principles validated at the AVM unit have
been carried over to the R7 and 17 facilities with
improvements.

The original overhead cranes for operations and
maintenance have been redesigned and have remotely
maintainable sub-units. All mechanical and electrical
functions are insured by duplicated modules that can
be remotely replaced in the cranes'hoist park.

There are six identical vitrification lines at La Hague
and full intercnangeability of all mechanical and
manufactured components have been checked during
preoperational testing in order to minimize the spare
parts inventory. Optical measuring methods have been
developed to check the dimensional conformity of large
components before they -are introduced into active
cells.

Technological developments for the UP2 800 and UP3
reprocessing plants aiming at limiting exposure to
radiation by maintenance staff and also reducing the
duration of maintenance operations, have been applied
in the R7 and T7 facilities. Particularly, standard
components outside the active cells (valves, steam
ejector nozzles, filters in vacuum circuits, ventilation
system filters, and so on ...) can be replaced under
containment by using MERC system (Mobile
Equipment Replacement Cask)).

INTERIM STORAGE

Following extensive inactive tests, the first active runs
began on June, 1989. Up to now, three vitrification lines
have been operated, separately in a first step, and then
to demonstrate the capability of the facility to ensure
glass production on two lines simultaneously in smooth
operating conditions.

D The vitrified solutions, whose average
characteristics are displayed hereafter, result
from LWR fuel reprocessing.

D Fuel bum-up 23000 MWdA

O Cooling time 5 to 15 years

D Concentration rate 380 WJ

D Activity 18,5tBc/l (500Ci/l)

D Chemical composition (g.f)

AI Urn Fe Ni Cr FP out

1.5 IZ.I 1.1 0.6 0,3 60

The average percentage of FP oxides incorporated in
glass is about 12 %, other major components issued
from glass frit being bracketed by the values of the
spécification shown hereafter :

CLASS CHEMICAL COMPOSITION

COUP, i SiO» i SjOj I AljOj | NijO I LijO I ZnO I CaO I

1

! MINI 1
1

1
42.4 i 12.4

,
1 3.6

I
9.1 . 1.6

1

i . |
1 2.2 1 3. S 1

i i

I MAXI ! -I.' : 16.5 6.6 11.0 I 2.4 I 2.1 I 4.1 I

Air draft cooling was experienced in PIVER and AVM
facilities with investigation of canister behaviour,
storage structure resistance and ventilation system
reliability. The same design was chosen for R7 and T7
facilities in view of its simplicity.

The interim storages have a modular design ; the
capacity of the initial R7 module is 4,500 canisters,
corresponding to more than 7 years of operation.

The module has 5 trenches' with 100 verticals pits
each of which can store 9 stacked canisters. All the pits
in each trench are located inside a single heat-insulated
•hood". Cool atf enters the trench outside the hood to
cool its concrete walls, penetrates the hood below the
pits, flows upwards in the annular space between the
canister and pit linings, is recovered at the top of the
hood and exhausted towards a stack through HEPA

Since hot commissioning, R7 has registered the
following cumulative results (as of December, 1990).

* Number of hours'operation 12700 h

* Amount of vitrified adjusted solutions 540m9

* Equivalent weight of processed U 14S3t

•Weight of poured glass 213t

•Total activity processed

•Number of glass canisters produced 548

7X10» TBq
(189X10* Ci)



The outstanding features related to this starting period
are the following:

• The ability of the process to produce glass in
compliance with specifications has been
demonstrated ;

• The behaviour of main components, observed
during inactive testing, has been confirmed ;
expected results concerning off-gas treatment
have been reached : Decontamination factors
are 1,5 X 10* for 106 Ru and 10* for 137 Cs in
the specific off-gas treatment equipments of each
line ; futhermore, activity of gaseous releases is
nearby the detection threshold (104 Bc/m*) ;

• Validity of control systems and new remote
maintenance technologies developed within the
framework of conceptual studies related to La
Hague new plants has been checked in active
conditions;

• The process and the R7 unit as a whole, are
proven very safe for workers : The received dose
for the 75 operating staff is virtually zero ; The
cumulated dose received by maintenance staff
during maintenance operations is only a few tens
ofmSv;

• However, some improvements are being
considered to get the system fully satisfactory :

D Corrosion of melting pots has been observed,
limiting by now their lifetime to 2000 hours ;

D investigations have been carried out to
determine the causes and modifications are
being tested.

Anyway the remote replacement of the melter
has been experimented and proved
achievable in good conditions within four days
shutdown ;

D A poor efficiency of the pour gas extraction
circuit resulted in a contamination of the upper
part of canister which leads to perform several
cycles of high-pressure water
decontamination to meet the outer surface
contamination requirement

CONCLUSION

Suitability of vitrification for processing and disposal of
high-level radioactive liquid wastes has been
demonstrated in France, where substantial industrial
experience has been accumulated. Operating results
have been very satisfactory from capacity,
maintenance and safety aspects and the start-up of R7
facility is seen as the final demonstration of the ability of
the two-step vitrification process to operate on line with
a reprocessing plant

LA HAGUE R7 VrTBHTCAHON UNIT

1. VITRIFICATION CELLS

2. POURING CELL

3. COOLING, WELDING AND MONITORING CELL

4. DECONTAMINATION CELL

5. 2nd MONITORING CELL

6. DISMANTLING CELL

7. TRANSFER TO GLASS STORAGE FACILITY


