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ABSTRACT 
Like any other industry, the nuclear industry generates waste. This waste arises in the different successive stages of 

the fuel cycle, including nuclear power plants, and its physical and chemical properties vary greatly. What is special 
about it is the radioactivity it contains.  

Management of waste, generated by spent fuel conditioning in nuclear reprocessing facilities, and which cannot be 
stored in surface repositories, according to current French regulations (ILW and HLW), are specifically presented. The 
aim of this paper being to provide overview of Waste Management Integrated Strategy, the following key issues are 
discussed : waste minimization (from facility conception to operation feedback), raw waste management by plant 
operator including waste characterization, waste treatment for optimum volume reduction, methodology for 
establishment of conditioned waste specifications to be considered for final repository design. 

INTRODUCTION 
The main industrial facilities involved in closing the 

back-end of the nuclear fuel cycle in France are La Hague 
reprocessing plants in which recyclable materials (U, Pu) 
are recovered and purified, and the MELOX facility where 
the recovered plutonium is used to fabricate MOX fuel. 

Theses facilities are operated by COGEMA who 
permanently cares about minimizing releases to 
environment while reducing the amount of unavoidably 
generated waste to be disposed of. The final disposal of 
waste, and in particular deep repository, has become one 
of the key issues of the nuclear industry from both 
technological and economical aspects, not to mention the 
public acceptance aspects. 

The quantity and radiotoxicity of ultimate waste to be 
stored in surface or deep repositories has been 
considerably reduced, thanks to high performances of the 
plants and to the successively improved waste 
management programs.  

Considerable work has been performed to select the 
best treatment for waste, determined on the basis of its 
properties so as to guarantee the long-term stability of 
waste conditioned in the appropriate matrix, after 
volume reduction, while complying with the conventional 
safety criteria for nuclear installations. 

WASTE CLASSIFICATION 
In France, nuclear waste is classified into 4 

categories, according to their activity level : 
• Very Low Level Waste (VLLW), for which 

specific management is under investigation, due 
to waste very limited activity level. 

• Low Level Waste (LLW) referenced in French 
terminology as type A, which is short lived waste. 
Much has been accomplished and its management, 
in France is considered as satisfactory : volume 
reduction by compaction or incineration, 
stabilization by grouting, safe storage in surface 
repositories by ANDRA, the French National 
Agency for Radwaste Management. Such waste will 
thus not be discussed further in the present paper. 

• Intermediate Level Waste (ILW), corresponding 
to French type B waste, containing long lived 
alpha emitters, but no significant thermal release, 
often called transuranium (TRU) waste. Even if 
much has already been performed, management 
improvements are still considered among 
existing options [1]. 

• High Level Waste (HLW), or type C waste, 
having long lived radionuclides and significant 
thermal release. France early selected the 
vitrification process as the most promising for 
conditioning this type of waste. More than 20 
years of intensive R&D, pilot and operation 
experience guarantee the long term properties of 
the vitrified waste. 9,000 glass canisters have 
been produced to date, in accordance with 
specifications agreed upon in several countries. 

In addition to the classification per activity level, 
waste can also be categorized into : process waste, i.e. the 
non reusable part of fuel (fission products, hulls & end 
pieces), and technological waste, i.e. waste resulting from 
operation and maintenance of plants. 

The combination of these two classifications will be 
used in the present paper. 



 

 

KEY ISSUES OF MANAGEMENT 
INTEGRATED STRATEGY 

Waste management integrated strategy is the result of 
a comprehensive approach, considering all streams of 
waste and all steps to be covered from waste generation to 
final repository. Implementation of such strategy is thus 
based on the solving of the following key issues: 
• minimization of raw waste (volume/activity), 
• efficient raw waste management at the source (by 

operator involvement, characterization for selection 
of best available waste treatment), 

• application of a waste treatment acceptable for 
interim storage and final disposal, 

• methodology for establishment of conditioned waste 
specifications and assessment of long term behavior, 
to be considered for final repository design. 

RAW WASTE MINIMISATION: FIRST 
KEY 

Raw waste minimization item specifically applies to 
technological waste, since volume of process waste is 
directly linked to the fuel itself and cannot significantly 
vary. 

Waste management consideration at early 
design stages  

The waste management was carefully considered at 
early stages of the design.  

Equipment was specifically designed in removable 
modular form to facilitate remote maintenance through 
replacement of complete sub-assemblies. Particular 
attention was given to facilitate access to sub-assemblies 
considered as exchangeable (motors, monitoring device) 
and to locate, each time it was possible, these parts of 
equipment outside active areas for direct maintenance. 
Waste issuing from maintenance operations can thus be 
limited to discarded equipment, which considerably 
reduces corresponding volumes. 

In addition, equipment considered worth recycling 
(manipulators, pumps, ...) is decontaminated in special 
cells prior to be repaired for re-use in the plant. This 
policy offers the double advantage of optimizing 
operation cost while minimizing the amount of generated 
waste. 

High performance of reprocessing process 
The La Hague site comprises two reprocessing plants, 

totaling capacity of 1600 tU/year.  
The operational performances of reprocessing plants 

have been described extensively. In terms of impact on 
solid waste generation, they can be summarized as follows 
[2] [3] [4] : 
• Excellent decontamination performances of the first 

extraction cycle greatly improved containment of beta 

gamma activity in the most active part of the plants. 
The low activities consequently observed in the units 
downstream of the first cycle resulted in significant 
reduction of solid waste activity. 

• Thanks to high reliability of equipment, (through 
extensive development program carried out during 
plant design, associated with the operator’s continuous 
efforts to improve operability) generation of 
technological waste was much lower than expected. 

EFFICIENT RAW WASTE 
MANAGEMENT: SECOND KEY 

Plant and maintenance operators: key actors 
The deep involvement of operators, through enhanced 

concern and training, is of major importance, for 
technological waste management at the source. 

Operator is specifically in charge of : 
• Policy of control and possible minimization of 

consumable entering controlled areas and liable to 
become waste. (For example: the new material 
packaging is removed prior introduction in active 
areas.) 

• Zoning of facilities according to type of waste that 
might be generated in nuclear facilities. Two zones 
are defined, one comprising areas in which “nuclear 
waste” are generated and another zone including 
areas generating “conventional waste”, i. e. inactive 
waste. The facility zoning, coupled to optimization of 
control measures reduces the quantity of nuclear 
waste. Waste downgrading is thus applied, when 
possible, for waste coming from controlled areas and 
with low potentiality to be radioactive (such as bulbs 
and fluorescent lamps). 

• Waste sorting at the source, according to the area of 
origin and suitability for treatment (compacting, 
cementation, ...). 

Raw waste characterization 
All generated waste, whether process or 

technological, needs characterization for adequate 
treatment process. The activity assessment is one of the 
main parameter entering in this process. 

In facility of origin 

Waste characterization is performed, at first, at the 
generating facility outlet. At this point, the raw waste 
packages are characterized by : generating facility, 
material content, expected radionuclides composition, 
external dose rate and surface contamination (necessary 
for transfer operations). 

Activity measurement on raw waste 

Prior treatment, activity measurement is generally 
performed in centralized unit.  



 

 

For liquid waste, as fission products, characterization 
is performed through sampling and analysis in plant 
laboratories. 

For solid technological waste, non destructive 
analysis coupled to expected radionuclides composition, 
is the only mean to comply with industrial constraints. 
Specific measurement devices have been developed to 
ensure that each waste is properly characterized. 

SELECTION OF MOST ADAPTED 
TREATMENT : THIRD KEY 

To comply with industrial activities, a panel of 
technologies have been developed to treat waste, in line 
with plant operation. 

These techniques, in which R & D and operational 
experience has been acquired by the CEA (French Atomic 
Energy Commission) and the COGEMA Group have 
resulted in the building of La Hague waste integrated 
management. It covers all types of waste generated by the 
back-end of the fuel cycle. The scheme displaying the 
whole set of treatment units, including volume of 
associated residues, is provided in Figure 1. 

Treatment historical background 
At the beginning of plant operation, the La Hague site 

generated four residues categories :  
• Glass of fission products, 
• Cemented hulls & end pieces, from fuel 

structural material, 
• BItumen drums, from liquid effluent treatment, 
• Cemented Technological waste. 

The waste treatment processes initially selected were 
based on technologies industrially available at that time. 

Since the beginning of the 90's, good performance of 
the plant associated to the objective of reducing waste 
volume, lead to implement advanced effluent 
management. Bitumen production was stopped, implying 
the directing of effluent activity in glass, with the support 
of new evaporation units. In addition, the continuous trend 
to reduce waste packages volume has resulted in 
considering compaction for hulls & end pieces & 
technological waste [5]. 

Process waste  
Fission products conditioning in glass 

More than 99 % of the beta gamma activity from fuel 
is confined in fission products which are conditioned in 
glass in the R7 and T7 vitrification facilities of La Hague 
Plants.  

Vitrification process includes calcining of solutions 
followed by incorporation in glass in induction heated hot 
crucible. 

Hulls & end pieces super-compacting  

Until 1995 the fuel structural material (hulls & end-
pieces) were embedded into a cement matrix poured in 
stainless steel container.  

Following the COGEMA decision to implement a 
new compacting process to reduce final volume of hulls & 
end pieces, ACC super compacting facility will be 
commissioned this year [6]. 

Waste will be inserted in can prior compaction in 25 
000 kN press.  
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FIGURE 1.  La Hague Solid Waste Management in 2000 



 

 

The resulting compacted discs will then be inserted in 
Universal Canisters with outer geometry identical to that 
of the glass canister, today used for vitrified fission 
products. 

The implementation of this new conditioning 
technique will achieve average volume reduction factor of 
4, compared to direct cementation. 

Moreover, with the use of Universal Canister, the 
standardization of the package will facilitate handling, 
transportation and simplify final disposal requirements. 

Technological waste  
Since 1989, all technological waste, arising from 

reprocessing operations are conditioned in cement matrix.  
These operations are performed in the centralized AD2 

facility in which ILW technological waste, are today directly 
encapsulated in fiber concrete container. Such containers, 
agreed by ANDRA for surface disposal, have also received an 
agreement by the US NRC in March 1995. 

When ACC facility is available, most of 
technological waste will be compacted together with hulls 
& end pieces. 

Plutonium bearing waste decontamination in UCD 
facility/UTD unit 

France puts particular attention in reducing waste 
radiotoxicity as low as reasonably achievable. COGEMA 
thus decided to decontaminate Pu bearing waste to reach 
this objective. 

After extensive process development in CEA 
laboratories, that started in the early eighties, COGEMA 
decided to equip the La Hague site with facilities for 
decontamination of plutonium bearing waste. The UCD 
facility and UTD unit have thus been designed to treat 
such waste issuing from both La Hague reprocessing 
plants and MOX fuel fabrication facilities. The 
implemented process is based on PuO2 dissolution by 
electrogenerated silver II ion, selected for its strong 
oxidizing properties [8]. 

The UCD facility, started active operation in 
February 1997. About 60 % of the treated waste are made 
compatible with surface repository after possible 
compacting. The remaining being rid of most of the 
mobile particles, it can be directed to ACC compaction or 
cementation, prior to deep repository. 

The UTD unit, devoted to treat specific waste from 
UP3 plant, started in 1998. To date experience feedback 
indicates performances similar to that obtained in UCD. 

QA/QC system 
As any operator, COGEMA's major concern is to 

ensure that the quality of the final product fulfills the 
specifications which guarantee the characteristics of the 
residue. It is all the more true that they are approved by 
French and foreign countries safety authorities. A system 
of quality assessment/control is the principal reliable and 

industrial mean of demonstrating such compliance. 
COGEMA has thus implemented a Quality Assurance & 
Quality Control system referred to as QA/QC. It is a 
system comprising several independent parts based on 
quality assurance implementation at each step of 
operation. 

The QA requirements are defined on the basis of ISO 
9002 standards. COGEMA is able to demonstrate the 
quality of each residue as well as the mastery of 
conditioning process. Thus the Quality Assurance Plan 
(QAP) sets forth the provisions and measures 
implemented to ensure the conformity of the residue to 
specifications. 

The QC system comprises an organization and a 
series of controls realized by the operator and independent 
bodies. A quality Control Program (QCP) is setup to 
define inspection arrangements and guarantees correct 
treatment/conditioning of the waste. 

The following parameters are associated with the 
QAP and the QCP: 

• quality provisions of primary material and 
manufactured products, 

• process control, 
• final product quality control. 
Thus once the residue are defined, specified and fully 

qualified, the high level of quality is achieved through the 
entire quality system in compliance with ISO 9002 
standards. 

LONG TERM BEHAVIOR OF WASTE 
PACKAGE: THE LAST KEY ISSUE 

The COGEMA effort to steadily reduce the volume 
of high level waste and long lived waste is tightly linked 
to residues storage in final disposal. 

Final repository design principle 
To guarantee the safety of the disposal, design of 

final repository relies on a multiple barrier system 
(indicated in Figure 2) [9]:  
• the waste package itself which is the first containment 

barrier, thanks to its properties regarding long term 
behavior, 

• the engineered barrier (which fills the space between 
package and rock, delays arrival of water in contact 
with the package, retain any radionuclide released in 
solution), 

• the geological environment (the domain of water 
transfer and radionuclide trapping). 
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FIGURE 2. Multiple barrier system for disposal 



 

 

It is consequently important, for the waste producer, 
to have deep knowledge of its residue packages, through : 
radiological, chemical and physical characteristics, but 
also its long term behavior, over whole repository 
lifetime, i. e. at millenium scale. 

Highly active, long live radionuclides, formed in the 
nuclear fuel, present differentiated characteristics and 
their half life reach hundreds and even thousands of years. 
Evolutions of activities shown in Figure 3, and resulting 
prevailing types of nuclides, have to be integrated in the 
repository design. One can note that the activity level for 
fission products and activation products is below that of a 
standard uranium ore after 300 to 500 years. 
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FIGURE 3. Activity (in GBq per ton of heavy metal)  
of the radionuclides formed in PWR reactors  

and of their daughter products 

The knowledge of residue packages aims at 
answering the questions : when, under which form and 
with what kinetics, package components are liable to be 
released. It constitutes the entrance data: 
• In the selection of treatment/conditioning process 

performed by COGEMA to minimize the impact of 
generated residue packages in environment, packages 
specifications guaranteeing their quality & 
characteristics. 

• To settle the parameters which have to be taken into 
account by the final disposal operator, in the design, 
evaluation and safety demonstration of final 
repository. 

Waste package approval process 
Key actors involved in France in the waste 

management are  
• The waste producer, who masters waste 

characteristics through specifications and 
corresponding approvals, 

• French National Agency for Radioactive Waste 
Management (ANDRA), in charge of design and 
operation of the repositories, 

• The French Atomic Energy Commission (CEA), 
providing the necessary R & D support. 

ANDRA and the producers combined their efforts to 
set up a sequential waste package approval process 
whereby the producer is in charge of supplying reports 
detailing waste characteristics in order to constitute the 

radiological inventory to be stored. Such reports 
includes : 

• the types and expected number of packages, 
• their physical, chemical and radiological 

characteristics, 
• for each type of waste package, knowledge and 

characterization of kinetics of nuclides release, 
within certain period. 

Waste packages families 

To facilitate repository design, while maintaining 
sufficient level of flexibility, waste have been classified 
into several categories called packages families. Among 
grouping criteria, waste chemical composition, 
confinement capabilities can be cited. 

The following waste package families were thus 
selected: 

• glass canisters, 
• cemented hulls end pieces package, 
• cement technological waste package, 
• compacted waste package (hulls & end pieces, 

technological waste), 
• bituminized waste drums. 

Steps of package approval process 

The approval process of conditioned waste package 
includes 3 steps: 

• 1st step : Identification of the quantities & 
characteristics of packages, classified into waste 
families, to be taken into account in the 
conceptual design of the repository, 

• 2nd step : Long term performances of the 
package, requested  for long term disposal, 
are recognized to be adequate with more detailed 
design of the repository, 

• 3rd step : Agreement of the package, which 
satisfies to the acceptance criteria, in consistency 
with the final agreement by the Authorities of the 
final repository design and safety assessment. 

Objective of the 1st step of approval process was to 
propose a basis and provide guidelines for future detailed 
design and safety assessment, while highlighting stakes of 
package behavior. Consequently, conservative conditions, 
and limited number of phenomenon were used. 

Today, first step is completed, 2nd step is underway, 
3rd step being planned to be ended in 2006. 

Assessment of waste package behavior 
Waste package behavior, considered by the 

repository operator for the physical design of the 
repository and the way it is managed, is assessed in 
order to determine when, in what form, in what 
quantity and with what kinetics radionuclides and 
other products (gases and degradation products in 
general) are likely to be released and returned to the 
biosphere. 



 

 

Confinement capacity of package is not intrinsic. 
Environmental conditions liable to be encountered, by the 
package, within time, have to be considered :  

• chemical (especially water leaching conditions), 
• mechanical (in particular compressive strength), 
• thermal constraints (especially temperature 

level). 
Assessment of waste package behavior contributes 

to : 
• physical conception of storage (choice of 

engineered barrier, choice of storage 
structure….), 

• selection of safety scenario and assessments, 
• definition of operating conditions, 
• definition of retrievability conditions (if required 

by national policy).  
Confinement performances of each package family 

have been described by a release rate, representing the 
fraction of total inventory of radionuclides liable to be 
yearly released. 

Knowledge of waste package behavior is transposed 
to operational models which aim to represent the main 
phenomena influencing the release of radionuclides and 
degradation products [10]. 

Operational models 
Operational models are supported by a scientific 

“state of art” dealing with the containment capacity of 
high active and long lived radioactive waste package and 
can be used in numerical simulation tools. They take into 
account a step by step phenomenology approach, 
necessary to answer in time the radionuclide release 
question. The limits of model validity have to be specified 
and their input parameters have to be accessible (directly 
or indirectly) through industrial characterization. 

Today, mathematical models which describe at 
millenium time scale the containment function of high 
active and long lived radioactive waste packages, under 
aqueous alteration conditions, have been defined for 
nuclear glass, cement and bituminized waste.  

The compacted waste do not have any containment 
matrix. The radiological inventory, its distribution and 
localization in the waste is needed for the radionuclide 
release models. It will be similar to that of cemented hulls 
& end-pieces, with consideration of higher burn-up. A 
Research & Development effort is underway to provide 
necessary data. 

Nuclear glass 

Because of its high thermal power and high activity 
content, the long term behavior of the French glass has 
been deeply investigated for many years and is now well 
known. Many studies of the kinetics for aqueous alteration 
has been performed all over the world, and particularly in 
France. 

Basic phenomena have been established and coupling 
mechanisms leading to the limitation of the long term 
alteration of waste packages have been identified: 

• At first, the initial alteration of the glass in 
aqueous dynamic conditions is proportional to 
the leaching surface. 

• Subsequently, the glass have demonstrated a 
significant drop in the alteration rate, as the 
reaction progress.  

This behavior is currently interpreted and modeled by 
postulating the approach to solution saturation with 
respect to the glass and the formation of a protective gel 
layer (constituting a diffusion barrier). 

Operational model, simply associated with the initial 
kinetics alteration of the glass is now available and taken 
into account by repository designers. In this extremist 
approach, where the water in contact with the glass is 
continuously removed, the glass release is around 10-5 of 
the initial content per year. 

A more complex model, which will integrate the gel 
layer effect, in saturation condition, is now under 
validation and will allow to reach a better release rate. An 
improvement by two to four orders of magnitude is 
expected.  

(10 –7 down to 10-9 per year, as release rate). 

Bituminized waste 

Part of the existing drums of bituminized waste are 
destined to surface disposal. The remaining being ILW, 
would be stored in deep repository, because of the alpha 
activity content. 

In bituminized waste packages, radionuclides are 
incorporated in salts, being further incorporated in 
bitumen. 

Based on the same approach as the one developed for 
glass, an operational model proposing long term behavior 
of bituminized waste, under deep geological disposal, has 
been developed. The phenomenological mechanism is the 
re-saturation of soluble salt, present in the residue, by 
water, considered as a source of radionuclide release. 
Release by formation of a permeable area, allowing 
diffusive phenomena has thus been selected. 

Time estimation to alter bituminized waste, and to 
release corresponding part of all radionuclide initially 
present in the residue, has been assessed. In a conservative 
scenario, 105 years are necessary for complete alteration 
of the residue package. 

Cemented waste 

Cement matrix is a porous material composed 
essentially of solid phases in equilibrium with interstitial 
solution.  

The operational model will describe the main 
alteration phenomena and waste package performance of 
hydraulic cement and concrete. It will be available in 
2001. 



 

 

The main phenomenon involved in cement alteration 
mechanism is the decalcification. The calcium transfer is 
accompanied by the increase of porosity liable to 
significantly modify mechanical and confinement 
properties of the matrix. The two following aspects must 
be investigated to assess durability of containment 
functions of the binders based packages :  

• Alteration of binder by action of water, 
• Migration of radionuclides, after dissolution, in 

the partially altered matrix. 
Even if no confinement performances was attributed 

to the cement packages for initial design option of the 
repository, some conservative calculation of the calcium 
transfer from the binder, indicate that more than 10 000 
years are necessary to alter a 50 cm diameter container. 

Current work carried out by ANDRA on the 
engineered barrier could be sufficient to cover the needs 
for cemented waste performance. 

Compacted waste 

As told before, the long term behavior of the 
compacted waste is in relation with the radiological 
inventory and distribution among package components.  

For the moment, the radiological inventory is 
considered as mobile, as soon as leaching water comes 
into contact with the compacted waste, except for zircaloy 
activation product. In this last case, the release rate of 10-5 
per year must be confirmed by experiments on the 
corrosion rate of this metal, in geological disposal 
conditions. 

CONCLUSION 
Through its fuel cycle activities, particularly in the 

fields of reprocessing and recycling, COGEMA has been 
accumulating knowledge and know-how by determining 
how volumes of waste can be reduced, and identifying the 
long-term behavioral properties of packages, for 
consideration in final disposal. Such experience is the 
result of a dynamic step by step approach, covering all 
steps of waste management, conducted with the constant 
care of improvement increase. 

COGEMA is thus committed to maintaining its 
involvement in the use and development of a nuclear 
industry which preserves the environment now and for 
future generations. 
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