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ABSTRACT 
The "Centre de la Manche", first French low-level waste disposal site opened in 1969 and will 
enter the institutional control period around 1994. 

A creation process for a new disposal was initiated in 1981 when ANDRA prepared a general 
radioactive waste management Program and presented it to the High Council for Nuclear Safety 
and Information. After acceptance of the Program, a national site screening was made, based 
on a conceptual geological model designed from the experience. 

In 1984, the Minister of Industry announced the preselection of 3 counties out of the inventory 
for preliminary studies that allowed to select 1' Aube as a potential site for the new French 
disposal "Centre de l'Aube". 

The different steps of the process and procedure that brought to the acceptance of the first 
packages in January .1992 will be presented in this paper, as well as the experience recently 
gained since that date. 

This additional know-how and expertise is made available by Andra through agreements already 
existing with various Countries like, among others, Spain, the United States, and Mexico. 

1. Introduction 
All radioactive waste generated in France is managed by ANDRA, the National Radioactive 
Waste Management Agency, which was created in 1979 as part of the French Atomic Energy 
Commission (CEA). ANDRA's status was changed at the end of 1991 to that of a public 
corporation owned by the French Government. 

ANDRA's principal activities are participation in research on non-land-based waste disposal; 
management of the existing disposal facilities; design, .siting, construction, and operation of 
new disposal facilities; research in underground laboratories; development of waste form specifi
cations; and preparation of a national radioactive waste inventory. 

With respect to disposal, waste is normally divided into two major classes; 
- the first class of waste, which is disposed of in near-surface facilities in France, includes 

short-lived waste containing primarily radionuclides with half-lives of less than 30 years for 
beta/gamma emitters and, in a few cases, a very low percentage of long-lived emitters with a 
mass alpha activity of less than 370 bequerels per gram; and 

- the second class of waste comes from both reprocessed and unreprocessed spent nuclear fuel, 
and may contain significant quantities of long-lived elements such as transuranics; reprocessed 
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fuel produces two waste types. 
• alpha waste, named after its principal emitter, has low or medium activity levels and low 

heat releases; and 
• vitrified waste, named after its solidification process, contains both long-lived emitters and 

substantial quantities of fission products, which release a large amount of heat that 
decreases over time in proportion to the approximately 30-year half-lives of cesium-137 
and strontium-90. 

Alpha waste and vitrified waste are stored pending final disposal. Final disposal methods for 
such waste are presently under study. 

2. Near-Surface Disposal of Low-Level Waste 
ANDRA developed a design concept for near- surface waste disposal in concrete structures 
covered with natural materials which provide complete waste isolation under controlled 
conditions long enough for the radioactivity to decay naturally to levels that are low enough for 
normal human activities to be resumed at the site. The design concept was developed beginning 
in 1969 at the Centre de la Manche, the first operational disposal facility in France, and was 
selected for the second disposal facility at the Centre de l'Aube, opened at the end of 1991. 

The Centre de la Manche 

The Centre de la Manche, the first French disposal facility, has operated for 23 years on a 
] 2-hectare site at the tip of the Cotentin peninsula near the city of Cherbourg. Depending on the 
radionuclide content, the type of solidification material and the type of waste container, the 
waste is disposed of either on concrete pads, or in reinforced concrete modules which are back
filled with grout. A final cap made of several layers of both man-made and natural impermeable 
materials protects the disposal structures from infiltrated rainwater. A drainage system 
underneath the disposal facility collects any water from the disposal units; the water can then be 
monitored for activity. 

The principal characteristics and location of each container of waste in the disposal facility are 
recorded, and the record is kept in several different places for the duration of the institutional 
control period, which lasts several hundred years. The total amount of radioactivity contained in 
the waste is regularly updated. The Centre de la Manche has a total capacity of 535,000 m 3 ; at 
the current waste generation rates, the site will be full in 1994 or 1995. 

3. Centre de L'Aube Schedule 
The overall schedule of the Centre de l'Aube covered a ten-year period from the end of 1981 to 
the end of 1991, and included the following milestones. 
- Waste management program October 1981^April 1983 
- Site screening May 1983~June 1984 
- Site characterization July 1984~July 1987 
- Disposal facility construction August 1987~-December 1991. 

3. 1 Milestone 1 : comprehensive waste management program 

The creation of a comprehensive radioactive waste management program can be traced to a 
debate in the National Assembly on October 6 and 7, .1981, which established France's energy 
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policy and the future direction of the nuclear power program. The waste management program 
has four main chapters. 
- Radioactive Waste 
- Waste Management Objectives 
- Technical Approach 
- Waste Management Program. 

The waste management program was submitted to a government commission chaired by 
Professor Castaing in October 1982. The Castaing Commission sent the results of its review to 
the High Council on Nuclear Safety, which published a recommendation on April 19, 1983 
calling for the search for two new near-surface disposal sites. 

3. 2 Milestone 2 : site screening 

Based on the April '83 recommendation of the High Council on Nuclear Safety, on Fundamental 
Safety Rule 1. 2 promulgated in November 1982 and published in June 1.984, and on its past 
experience, ANDRA identified a geologic configuration type that would facilitate modelling, 
monitoring, and safety analysis. Gentle topographies with outcroppings of sedimentary 
formations in which, at the highest point, a semi-permeable formation covered an impermeable 
substratum were preferred. It was also preferable that the stream draining the area flow on top 
of the impermeable formation, collecting all site ground water, as shown in the figure. 

A national inventory of potential sites was screened for the conceptual model shown above, and 
sites were chosen based on their seismic, geotectonic, and hydrogeologic characteristics, and on 
the geochemistry of the rocks. 

At this point, the list of preferred sites was submitted to the Ministry of Industry for final 
selection and announcement to the public. 

3. 3 Milestone 3 : site characterization 

On June 19, 1984, after approval of ANDRA's comprehensive waste management program, 
the Secretary of State for Energy publicly announced the Government's intention to construct a 
second disposal facility for short-lived, low-level radioactive waste. Volunteer communities to 
host the facility were also solicited, and the western cities of Cholet and Neuvy-le-Roi both 
stepped forward. 

Site characterization work began in October 1984 in the Indre and Aube Departments, and later 
in the Department of Vienne, all of which are located in geologic regions determined to have 
favorable characteristics as a result of the site screening program. Site characterization began in 
the host community of Cholet in January 1985. 

Following submittal of a precharacterization report, ANDRA was authorized to continue the 
Aube work in July 1985, in order to prepare a formal license application in accordance with 
French law. Mandatory public hearings were held from September to November 1986 

The Prime Minister signed the Declaration of Public Utility for the Aube project on July 22, 
1987, thereby authorizing ANDRA to purchase land for the project. The site clearing permit 
was signed by the Minister of Agriculture on August 24, 1987, and the deforestation was made 
in the Spring of 1988. The construction permit was granted on October 11 , 1988, and earth 
moving began immediately thereafter. 
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3. 4 Milestone 4 : disposal facility construction 

The design of the Centre de l'Aube disposal facility is based on the guidelines set forth in the 
Ministry of Industry's Fundamental Safety Rule No. 1. 2. Facility construction complies with 
the requirements set forth in the Decree of August 10, 1984 and its related documents. Facility 
operations take into account the Decree of October 2 , 1986 relative to radiation protection. The 
design bases of the facility are the result of twenty years of operating experience at the Centre de 
la Manche, which may be summarized as follows : 

- waste is isolated in backfilled vaults built above the highest historic level of the water table ; 
- the disposal facility is protected from rainwater by an impermeable cap constructed of both 

man-made and natural materials ; 
- potential infiltration water is collected and monitored; 
- "suspect" water, i. e. , water that may have come into contact with the waste, is eliminated 

by covering the disposal vault with a moveable building until it is full and a temporary cover is 
placed over it ; * *• 

- personnel exposure is minimized by widespread use of remote operations; and 
- complete control is maintained over the facility by separating vaults in operation from those 

under construction throughout the operating period. 

When the construction permit was granted in October 1988, the site was cleared of trees and the 
non-nuclear facilities were built. When the site was fully licensed in September 1989, construc
tion began on the nuclear facilities. The operating permit was granted in December 1991, and 
the first containers of waste were delivered to the site on January 13, 1992. 

4. Safety Analysis 
4. 1 Preliminary safety analysis report 

The Preliminary Safety Analysis Report (PSAR) was the first safety analysis report to be 
prepared when the Aube site was selected. The PSAR accompanied the license application to the 
regulatory authorities, submitted in 1987. The license was granted in September 1989. The 
PSAR consists of three volumes; 
• Volume I contains general information, such as performance objectives, quality assurance 

organization, waste solidification, general design features and site characteristics, and 
environment impact assessment. 

• Volume II contains a description of the site and its social and physical environment, 
descriptions of the waste packages and of the facilities, operating procedures, and site and 
environmental monitoring programs. 

• Volume HI contains the results of pathways analysis, based on various accident scenarios. 

4. 2 Interim safety analysis report 

The Interim Safety Analysis Report (ISAR) was prepared after the license was granted, and 
accompanied the application for an operating permit submitted to the regulatory authorities in 
January 1991. The operating permit was granted in December 199L Like the PSAR, the ISAR 
consists of three volumes, but contains more details. Volume H of the ISAR, Pathways 
Analysis, also contains sensitivity analyses of radiological impacts in which various parameters 
are modified. 

28 



4. 3 Final safety analysis report 

The Final Safety Analysis Report (FSAR) will oe prepared in the future» after the facility has 
operated for a few years. The FSAR will have the same table of contents as the preceding safety 
analysis reports, but will also contain actual results of operations and monitoring, 

5. Waste Management System 
To ensure that safety requirements are met, while providing cost-effective disposal services to 
the waste generators, an integrated waste management system was developed by ANDRA which 
establishes a quality assurance framework for each step of waste management, from solidifica
tion to final disposal. The system is thus both a management tool to coordinate waste processing, 
transportation, and disposal activities, and a set of technical guidelines for acceptable 
operations. By integrating each step of waste management, public confidence can also be 
nurtured, and in fact public information is an important component of the system. 

5. 1 Quality assurance and control 

The integrated waste tracking system requires complete control of the waste from the moment it 
is generated to its final disposai. A comprehensive quality assurance and control program is there
fore a central feature of the system, and includes specifications for waste processing, packaging 
and labeling, requirements for transportation and acceptance at the disposal facility, and criteria 
for the siting, design, construction, and operation of the disposal facility. 

ANDRA is responsible for verifying the conformance of the waste solidification process to 
specifications, the conformance of processing conditions to quality assurance criteria, and the 
conformance of the final waste form to specifications. 

5. 2 Waste acceptance 

The first step of the system is to define waste acceptance criteria for disposal and to verify that 
these are met. As mentioned above, the waste has an average radionuclide half-life of less than 
30 years, with limits on specific activity levels as well, and must be in stable form. In order to 
ensure that these criteria are satisfied by the waste generators, each processing and packaging 
method is thoroughly evaluated by ANDRA through a process acceptance procedure. 

The waste generator must submit a "process book" to ANDRA for each waste form type. The 
process book includes a description of the waste stream, including the method used to determine 
the activity level of the waste, detailed information on the preliminary process design, the 
quality assurance program to be implemented, both for determining the activity of the waste 
stream and for waste processing, and the waste characterization program to be undertaken. The 
process book is reviewed by ANDRA and a group of independent technical experts during the 
laboratory, pilot, and full-scale characterization program before final approval is given to 
accept the waste processing technique. 

The technical specifications relative to waste thus accepted for disposal are recorded in a 
"Catalogue of Wastew maintained by ANDRA as a reference manual, which includes as a 
minimum data on the type of the waste, the types and concentrations of radionuclides, the 
embedding material, the degree of immobilization achieved by the waste generator, the degree of 
immobilization to be performed at the disposal facility, and the type of disposal method 
required,-
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5. 3 Inspection 

To ensure that the waste received at the disposal facility conforms to the specifications developed 
during the process acceptance phase, periodic inspections and quality assurance audits are 
performed by ANDRA. Such inspections and audits occur at the very beginning of waste 
generation, to verify that methods of determining the composition and activity levels of the 
waste stiaam are adequate and follow pre-established quality assurance procedures. 

Inspections are also performed during waste processing, from the characterization phase through 
full-scale production, as well as prior to shipment and upon receipt at the disposal facility. In 
addition, destructive tests are carried out on each type of waste form during the characterization 
phase. 

5. 4 Waste generation estimating 

Long-term forecasting of the types and amounts of waste requiring disposal is needed to 
determine the overall disposal facility capacity requirements and its annual receiving capability. 
The forecasts, which are revised annually based on actual generating statistics, provide 
information necessary for the smooth management of disposal operations, such as the waste 
source, activity levels, form and packaging, as well as the type of disposal method that will be 
required. 

5.5 Transportation 

Transportation, also a part of integrated waste management, must be carried out in a manner 
which ensures that international regulations concerning dose rates and non-fixed contamination 
are respected. In addition, waste transportation must be managed so that waste from dozens of 
locations can be delivered to one central receiving station near the disposal facility in a timely 
manner, while tracking each container of waste from origin to delivery and providing detailed 
information on its contents. 

Waste is transported either by rail or by road accompanied by a shipment manifest which 
provides detailed information on the source, type, and activity level of each container. The 
manifest is checked for accuracy through physical monitoring and other means at the points of 
origin and delivery. Upon acceptance of the waste at the disposal facility, the data from the 
manifest is entered into the computerized tracking system. 

5. 6 Waste disposal 

The ultimate goal of the integrated waste management system is the safe long-term disposal of 
radioactive waste. By setting standards for waste forms and by verifying that these standards arc 
met, a part of the first safety criteria relative to containment of radioactive materials has been 
accomplished. Now the disposal facility must complete that requirement by acting as an 
additional barrier against the spread of contamination. In France, this requirement led to the 
development of a triple-safe disposal system. 

To be an efficient barrier, the disposal system must prevent water from percolating through the 
disposal cap and underlying structures to the waste. The cap must therefore be composed of 
impermeable materials, and its contours must be maintained in order to prevent subsidence and 
subsequent water infiltration. 

As an additional measure of safety, a separative water collection network crisscrosses the vaults 
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to collect any water that may have infiltrated the disposal unit. The water is channeled to 
individual monitoring stations where it can be checked for activity and processed if necessary, 
thus fulfilling the "zero-release" requirement. This network provides the additional advantage of 
enabling any failure in the disposal cap to be detected, located, and corrected. 

5. 7 Waste tracking 

Throughout each step of waste management outlined above, as well as once the waste is disposed 
of, thorough records must be kept on the waste, including its activity levels and form, its trans
portation and its final location in the disposal facility. To accomplish this, the integrated waste 
management system is complemented by a computerized tracking system which serves to verify 
the conformance of waste to specifications prior to shipment, to coordinate shipment schedules, 
to track waste during shipment, and to identify the location of each container of waste within the 
disposal *systerru Each waste container is labelled with a computer code which identifies its main 
characteristics (composition, form, activity levels, container, etc. ) , which is entered into the 
tracking system prior to shipment for comparison with the waste acceptance criteria in the data 
base. Once its acceptability for disposal is verified, the system can then follow the movements of 
that particular container of waste until it is placed in a disposal unit. 

The advantage of the management tracking system is not only that it can track and locate waste, 
but also that it can calculate cumulative activity levels of waste disposed of at the facility, i. e. 
the amount of radioactivity for the facility as a whole, or for a given disposal unit, or for a 
category of waste, or even for a particular radionuclide. 

5. 8 Conclusions 

The integrated waste management system is the result of 23 years of practical operating 
experience at the Centre de la Manche disposal facility. It was designed to satisfy increasingly 
stringent French safety requirements as well as to demonstrate to the public that radioactive 
waste can be safely managed over the long term. At the same time, it responds to the needs of 
the French nuclear program for cost-effective disposal services. 

The integrated waste management system provides the framework needed to coordinate waste 
processing and disposal activities, while seeking and adopting ever-improved waste forms and 
disposal methods. 

As progress is made in improving waste form, disposal structures can adjust in modular fashion 
to such improvements, but the fundamental principle of radioactive containment through the use 
of reliable barriers remains the same. 

6. Centre de L'Aube Construction Costs 
The safety of the disposal system relies to a great extent on the integrity of the waste form. A 
significant share of the total price paid oy the waste generator goes into waste treatment and 
packaging, which is not reflected in the construction costs shown below. Waste transportation 
costs are also not included in the figures below, since the waste generator generally pays them 
directly. In addition, waste form and disposal technology research and development costs are not 
included, except for research activities relating to site selection. 
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6. 1 Total construction costs 

Total construction costs for milestones 2 through 4 — site screening, site characterization, and 
facility construction — were approximately 1. 3 billion francs ( $220 million) for a total 
facility capacity of 1 million m 3 of waste. 

Site selection and characterization, including community incentives and public information, cost 
about 200 million francs ( $ 35 million). Facility construction, including the waste treatment 
building, the access road, and the rail terminal, cost 1. 1 billion francs ( $ 185 million). 

Annual operating costs will be approximately 200 million francs ( $ 35 million), including 40 
million francs ( $ 7 million) for disposal vault construction. 

Final closure costs are estimated at 700 million francs ( $ 120 million). 

For an operating period of 30 years and a total disposal capacity of 1 million m 3 , the cost per 
cubic meter of waste breaks down as follows : 

- Construction 1. 3 billion francs 
- Operations (30 years X 0. 2) 6. 0 billion francs 
- Closure 0. 7 billion francs 
- Total for 1 million m 3 8. 0 billion francs 

The-average cost is approximately 8,000 francs per m 3 ( $ 38 per ft 3) , in 1991 currency. 

The amount invoiced to the waste generator, which is based on actual costs, varies according to 
the form, size, and activity of the waste package. 

6. 2 Financing the construction of the centre de l'Aube 

Various options are available to finance low-level waste disposal facilities; 
- a fee per kilowatt hour paid by the waste generator to a central organization; 
- borrowing for construction and reimbursement during the operating period by a price based on 

units of volume; and 
- direct financing of construction by the waste generators and invoicing of actual operating 

costs. 

This last solution was the preferred one in France. A construction agreement was concluded with 
the principal waste generators in which the generators are essentially guaranteed a share of the 
facility for waste disposal, with payment based on individual waste delivery forecasts for the 
entire operating period. Generators are allowed to trade or sell their shares. An agreement 
relative to operations is also in place; an agreement relative to closure activities will be concluded 
in the future. 

Conclusions 
Fifty-seven nuclear reactors are currently in operation in France. By the turn of the century, 
nearly 60 gigawatts of electricity will be generated by nuclear energy. The political decisions of 
1981 plotted the course of waste disposal in France, resulting in the 1983 initiative to site and 
construct a new disposal facility for low- and medium-level, short-lived radioactive waste. 
Construction was completed in 1991 ; the final operating permit was granted at the end of that 
same year. 



Twenty-three years of waste management experience at the Centre de la Manche disposal 
facility, which began operating in 1969, went into the development of a reliable and effective 
computer-based waste management system. 
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