KR9700335

ANDRA

NETEC WORKSHOP ON
SHALLOW LAND DISPOSAL
TECHNOLOGY

OCTOBER 2 0 - 2 1 , 1997
TAEJON, KOREA

Lucien PILLETTE-COUSIN
Project Manager Scientific Survey
International Affairs Division of ANDRA

Agence nationals pour la gestion des dechets radioactifs
Pare de la Croix Blanche - 1 / 7 , rue Jean-Monnet - 92298 Chatenay-Malabry Cedex - Tel.: 01 46 11 80 00

I

NEXT PAQE(S)
••ft BLANK

THE CENTRE DE L'AUBE DISPOSAL FACILITY

l.

Introduction

The "Agence Nationale pour la Gestion des D^chets Radioactifs" (French Nuclear Waste
Management Agency), or ANDRA, was established in 1979 in the frame of the French Atomic
Energy Commission. A law which was passed at the end of 1991 by the French Parliament set up
ANDRA as an "Etablissement Public a Caractere Industriel et Commercial" (Independent State
owned Company). This law also confirmed the previous ANDRA missions and, notably,
detailed the approaches to be followed for the research of a suitable solution concerning longlived radioactive waste.
The Agency is in charge of waste management operations for radioactive waste, with specific
responsibilities including : Research and development programs concerning long-term long-lived
radioactive waste management, particularly by means of construction and operation of
underground laboratories designed to study deep geologic formations.
Managing long-term disposal facilities either directly or through a third party acting on its
behalf.
Designing, siting and constructing new disposal facilities, taking into consideration long-term
production and waste management plans.
Establishing specifications for radioactive waste conditioning and disposal that comply with
safety regulations.
Preparing an inventory of the condition and location of all radioactive waste in the country.
ANDRA's staff is 400 people strong, including the Chatenay-Malabry Headquarters, the surface
disposal facilities at the "Centre de la Manche" and the "Centre de 1'Aube", the Underground
Research Laboratory site selection teams, and the small producers department offices at the
nuclear sites Bollene near Pierrelatte and Saclay. The men and women of ANDRA are
organised into divisions and departments that represent major field s of the agency's expertise.
The agency also awards contracts to a number of companies, laboratories and research facilities.
The wide range of ANDRA's tasks requires personnel with diversified backgrounds, including
physicists, nuclear engineers, geologists, mining engineers, mechanical engineers, computer
engineers, radiochemists, management and administrative personnel.
In other words, the men and women who work for and with ANDRA exercise a variety of
precessions to analyse geologic history, assess safety scenarios, study interactions between
materials, develop analytical techniques, and design equipment and facilities.
With a research and testing budget of some 500 million French Francs per year, ANDRA plays a
major role in innovation to the benefit of the environment.
Communication and Public AffairsBeside the technical and organizational matters, ANDRA is
involved in the public relation and communication aspects of radioactive waste management.
ANDRA has the responsibility to publish information, to communicate with the massmedia and
the public about radwaste management and disposal activities.
A staff of experienced specialists is devoted to communication and public affairs. Each year,
more than 7,000 people visit the Centre de l'Aube and other facilities operated by ANDRA.
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ANDRA's expertise encompasses all aspects of communication (documentation, newsletters,
press releases and conferences, video and multimedia systems) towards various categories of the
public (general public, scientists, students...).
Quality Assurance
ANDRA, as the entity responsible for the long-term disposal and management of radioactive
waste in France, has the overall responsibility for the implementation and the effectiveness of a
comprehensive LILW management quality assurance program. The comprehensive quality
assurance program is made up of all the quality assurance activities connected with LILW
disposal, and is established and implemented by the combined efforts of all organisations
involved in any portion of the work. Each organisation involved in LILW management
establishes and executes a program for inspection of materials and services and the activities
affecting their quality. ANDRA, having the overall responsibility of the quality assurance
program, performs evaluations of waste generators and processors, inspects waste production and
processing activities at the generator/processor facilities, and performs external and internal
quality assurance audits. All these measures are undertaken to verify the implementation and
effectiveness of the quality assurance program
International Co-operation
ANDRA's qualifications in international co-operation cover the full spectrum of waste related
activities. A significant aspect of ANDRA's experience is demonstrated by the exceptional
breadth of co-operation agreements signed with foreign partners worldwide and by the fact that
the French concept of low- and intermediate level waste disposal has been retained by Spanish
Authorities and by a number of state "Compacts" in the USA.
As the leading worldwide developer of engineered barrier technologies, ANDRA has
successfully used this approach with the greatest flexibility to enable adaptability to a variety of
sites and site conditions, volumes and forecasts of waste to be disposed of. In so doing, ANDRA
ensures a high level of waste containment integrity for both the operation and closure periods.
United with ANDRA technological capabilities is our commitment to work co-operatively with
Government agencies and local communities to accommodate public concerns on facility design
and operation.
Long-Lived Waste Management
To comply with the law on radioactive waste management research dated December 30, 1991,
and subsequent orders, ANDRA has, among others, to participate in research and development
programs concerning long-term radioactive waste management, and to design, construct and
operate underground laboratories designed to study deep geological formation.
Since the beginning of 1994, ANDRA has successfully performed a geological investigation
campaign and chosen 3 sites suited to deep disposal requirements.
The chosen host rocks are soft marl, hard marl and granite. On the granite site, an up-to-date
measurement technology has been used to evaluate the hydrogeology of the formation. ANDRA
made the preliminary design of the 3 planned laboratories with its own resources.
ANDRA also established a list of different conceptual repositories and is currently making the
concept choices.
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Moreover, ANDRA has been conducting various experiments in diverse foreign test laboratories,
e.g. in the Canadian Underground Research Laboratory (URL), In the Swedish Aspfl HRL, in the
Grimsel Test Site (Switzerland) and at the Mole Facility (Belgium).
Waste Inventory
The Waste Act gave ANDRA a new mission : compilation of a radioactive waste inventory.The
inventory will never be completely exhaustive, because this would require investigation activities
that go beyond ANDRA's authority, which only the government can exercise. ANDRA's
assignment is to locate and assess the condition of all the waste known to exist on French
territory, including very low-level radioactive waste for which the Agency is not normally
responsible.

2.

RADIOACTIVE WASTE MANAGEMENT POLICY AND REGULATORY
FRAMEWORK

2.1.Introduction
The French definition of radioactive waste is any radioactive material in solid, liquid or gaseous
form, which may or may not be combined with non radioactive materials, for which no later use
is contemplated and which is radioactive enough for a short term release into the environment to
be a transgression of safety requirements. This definition does not relate to liquid and gaseous
effluents, whose release into the environment is subjected to a release permit for each facility.
The most important parameters for each type of waste are :
- the type of radioelement contained in the waste (alpha, beta emitters);
- the half-life of the radioelements, which may be short- or long-lived ;
- the total radioactivity of the radioelements, expressed in becquerels or curies, or their specific
activity, expressed in bequerels or curies per liter or in Becquerels or curies per cubic meter ; and
>
- the physical nature of waste, e.g. metal, polymer, textile, or concrete.
#
Most of this waste, in terms of both volume and radioactivity, comes from power generation, the
nuclear fuel cycle and the research centres of the Atomic Energy Commission.
Industry, medicine and research also generate waste. In the years to come, nuclear facility
decommissioning will also generate waste in significant volumes.

Workshop NETEC - Taejon - South Korea
October 1997

ll

°

2.2 Waste classification

Radioactive waste is classified as follows.

Very low-level
Low-level

Short-lived
Under consideration
Near-surface disposal

Intermediate-level
High-level

Near-surface disposal
Waste Act of 12/30/1991

Long-lived
Under consideration
< 4000 Bq/g of waste
package
(*): Near-surface disposal
> 4000 Bq/g : Long-term
interim storage
Waste Act of 12/30/1991
Waste Act of 12/30/1991

(*) in accordance with I.A.E.A recommendations
2.3 Basic principles of Waste Management and Safety Objectives
The objective of radioactive waste management is to ensure that radionuclides contained in the
waste cannot reach the biosphere in concentrations and/or quantities that would expose members
of the public to radiation in excess of thresholds established by the national regulatory
authorities in accordance with international recommendations.
Furthermore, in accordance with the recommendations of the International Commission on
Radiological Protection (ICRP), the potential exposure to members of the public must be as low
as reasonably achievable (ALARA), taking all socio-economic factors into account.
Lastly, the creation of engineered structures or facilities for waste management must have limited
impact on the environment and protect natural resources that may be used by human beings. This
makes it important to ensure, in particular:
-

during the operating period for the production, treatment, conditioning, storage and final
disposal facilities :
that normal safety and radiation protection standards are met; and
that the probability of impacts from an accident remain within acceptable bounds for
both operating personnel and members of the public ;

-

after closure of the disposal facilities or, when allowed, after disposal in the natural medium :
that collective exposure to members of the public, insofar as it may be predicted, is as
low as reasonably achievable without compromising socio-economic optimization of
the project;
that potential individual exposures for the reference member of the public does not
exceed authorized limits in the future ;
that the consequences of accidental situations in the future cannot result in exposures
exceeding authorized limits;
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that the environmental impacts, and particularly the impacts of the mining of valuable
resources, will not create excessive constraints for future generations ; and
that the creation of these facilities will not create excessive very long-term obligations
for future generations, such as maintenance or monitoring.
In addition, every effort will be made so that those who benefited from the power generated will
bear most of the constraints associated with the disposal of the resulting waste (research and
selection of technical approaches, implementation of solutions and construction) so as to keep
the constraints imposed on future generations to reasonable levels.
With respect to low- and intermediate-level, short-lived waste, most of radioactivity will have
disappeared in 300 years, the disposal method chosen consists of isolating the waste in nearsurface sites using engineered barriers until their radioactivity has decayed to acceptable levels.
Human intrusion is prevented by maintaining institutional control over the site. By monitoring
this site for approximately 300 years, ("institutional control period"). The quality of radionuclide
containment can be monitored and any maintenance necessary can be identified.
Surface and ground water is prevented from entering the disposal:
1) by engineered barriers,
2) by siting the disposal structures at a sufficient elevation above the water table.
The concentrations of short-lived and long-lived radioelements in the waste which may be
accepted for disposal is severely limited to ensure the safety of the site under all circumstances.
Technical Approach :
To achieve the objectives outlined above, processes specific to the nature of the waste must be
used at each stage in the waste management cycle :
-

generation and sorting of waste,
characterization and conditioning,
transportation,
- interim storage, if applicable, and
- final disposal.
It is useful to differentiate between two major phases in waste management:
- the upstream or front end phase begins during waste generation and ends when the
conditioned waste is in a form that complies with technical specifications for shipment,
storage and final disposal;
- the downstream or back end phase consists of shipping and disposal operations.
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2.4 Technical and Safety Rules
The technical requirements applicable to radioactive waste disposal sites are primarily as
follows :
-

Executive Order of August 10, 1984 specifying general rules for quality assurance and
quality assurance programs to be followed by operators of licensed nuclear facilities ;
Fundamental Safety Rules, particularly Fundamental Safety Rule 1.2 and Fundamental
Safety Rule 3.2.e. Fundamental Safety Rules are recommendations which define safety
objectives and describe practices deemed to be capable of meeting them. The rules are
not regulations per se. An operator may depart from the terms of a Fundamental Safety
Rule if he can prove that the Rule's objectives can be met with alternative means.

. The rules applicable to the disposal of low- and intermediate-level waste (LILW) are :
-

-

Fundamental Safety Rule 1.2, "Safety Objectives and Design Bases for Long-term Nearsurface Disposal of Solid Radioactive Waste with Short or Medium Half-lives and Lowor Intermediate-level Specific Activity" ;
Fundamental Safety Rule m.2.e, "Acceptance Conditions for Near-surface Disposal of
Packages of Solid Radioactive Waste".

2.4.1.

Fundamental Safety Rule 1.2

The purpose of Fundamental Safety Rule 1.2 is to define safety objectives and design bases for
near-surface facilities to be used for the disposal of packages of radioactive waste with short or
medium half-lives and low- or intermediate-level specific activity.
a)Erreur! Signet non defini.

Performance Objectives for a Near-surface Disposal Facility

The first performance objective for the disposal facility is short-term and long-term protection
of members of the public and the environment.
Short-term protection corresponds to the operating period of the site. During that time,
measures must be taken to comply with applicable regulations, with the limits established by
such regulations to be considered as maximum limits below which the lowest possible level
should be maintained. The objective set for the CSA is an annual dose to operating personnel
of less than 5 mSv, although the regulations allow a maximum dose of 100 mSv over a period
of five years, with a maximum allowable dose per year of 50 mSv. The objective for the
annual dose to members of the public is 0.25 mSv.
Long-term protection corresponds to the institutional control and unrestricted access periods of
the site. The purpose of the institutional control period, which follows the operating period, is
1) to monitor for any failure that may occur in the containment systems and to prevent the
spread of any radioelement that could have a harmful effect on members of the public and/or
the environment, and 2) to guard the facility against intrusion. At the end of the institutional
control period, which is limited to no more than 300 years, radioactive decay processes should
result in radioactive levels that are so low as to no longer represent any significant hazard to
members of the public and the environment, thus allowing the land to revert to normal usage.
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The second performance objective limits the institutional control period to no more than 300
years.
b) Safety-related Design Bases
Near-surface disposal facilities for low and intermediate-level waste (LILW) have three
distinct radioactive containment systems.
The first containment system consists of the physico-chemical form of the waste ; the container
in which the waste is placed may also contribute to this first containment system.
The second containment system consists of the engineered structures in which the waste is
disposed of and any auxiliary barriers, including cover materials placed over the structures
during or after operations.
The third containment system consists of the natural materials of the site (soil or rock) in
which the engineered structures are built to receive waste.
The disposal facility design must be inherently safe, relying on the first two containment
systems to prevent radioelement migration to the environment under all foreseeable conditions
during the operating and institutional control periods and for at least 300 years. The operator
must provide supporting arguments for its selection of "foreseeable conditions".

2.4.2

Fundamental Safety Rule III.2.e

The purpose of Fundamental Safety Rule m.2.e is to specify acceptance conditions deemed
necessary by the DSIN for solid radioactive waste packages requiring near-surface disposal.
In particular, Andra must:
- "define radioactive waste conditioning and disposal specifications that comply with safety
requirements", per Article 13 of the December 30, 1991 Waste Act;
- define the related testing requirements ; and
- determine the acceptability of each waste type in accordance with Fundamental Safety Rule
1.2.
The Rule covers the following main points :
- only solid or solidified waste is acceptable for disposal and must be packaged ;
- the waste producer must ensure that waste packages do not contain harmful substances
other than those that are radioactive in origin or substances which facilitate radionuclide
migration ;
- the contents of the waste acceptance file ;
- desirable waste package characteristics, particularly radionuclide containment, resistance to
thermal cycling and to beta/gamma radiation, and mechanical stability ; and
- quality assurance and quality control to ensure that waste packages comply with their
corresponding specifications.
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2.4.3.

Executive Order on Quality

The Executive Order on Quality dated August 10, 1984 requires "the operator of a licensed
nuclear facility" to ensure that a level of quality commensurate with the safety-related
importance of their operations is defined, achieved and maintained for the following :
-

engineered structures, installations and equipment;
the systems that link them together ; and
facility operating conditions.

The safety-related elements identified by safety analysis for the CSA were the waste package,
the disposal cap, distribution of activity in the disposal system, incident detection and alarm
systems, and monitoring of radiological impacts on operating personnel and on the site.
The requisite level of quality to be achieved by the waste package to fulfill these safety-related
functions, or "defined quality" in the language of the executive order, is expressed by :
-

containment capability ;
long-term integrity ;
radioactive contents ; and
shielding efficacy.

For each safety-related activity, quality-related activities must be identified (e.g. acceptance,
fabrication, shipment, etc.) and the corresponding requirements must be defined for each one.

3. CHARACTERISTICS OF LOW AND INTERMEDIATE LEVEL
RADIOACTIVE WASTE
3.1 Waste Generator
Waste is generated by the operation, maintenance and decommissioning of:
- facilities used in the nuclear industry : nuclear power plants (57 units), reprocessing plants (2
facilities) and other plants of the fuel cycle (uranium enrichment and conversion plants, fuel
fabrication plants,..);
- research centers of the Atomic Energy Commission for civilian and defense applications of
nuclear energy and in radioelement production;
- various industrial and medical facilities which use radioelements : so-called small generators.
3.2 Categories of Waste
Waste consists of a wide variety of materials and objects which may be either solid or
solidifiable (i.e., capable of permanent solidification, such as chemical coprecipitation sludges).
Waste is usually classified into one of two categories, depending on the applicable type of
solidification : homogeneous waste or heterogeneous waste.
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Homogeneous Waste
Waste is homogeneous or easily made homogeneous. Examples of homogeneous waste are :
- chemical coprecipitation sludges ;
- evaporator concentrates;
- incinerator ashes
Heterogeneous Waste
Heterogeneous waste consists of miscellaneous solid waste that is mainly and/or contaminated by
radioactive materials. Examples of heterogeneous waste are :
- metal components and objects ;
- plastic components and objects ;
- pieces of glass ;
- pieces of graphite ;
- demolition rubble;
- filtration systems ; and
- compacted drums.
Spent radioactive sources
Before Andra may accept sources for disposal, a special feasibility study must be performed in
their regard, whether they are sealed or unsealed, they contain short-lived or long-lived nuclides
fully decayed or simply no longer in use.
3.3 Unacceptable Waste
Waste is not allowed to contain materials or products that might affect waste package integrity or
disposal safety.
Waste that is unacceptable for disposal consists of:
-

-

free-standing liquids ;
products that may react chemically with the stabilization or immobilization material;
liquids that are corrosive to certain waste packages components or to materials used
around the waste packages or in the engineered structures (which consist primarily of a
hydraulic binder);
organic liquids, even if they are retained in absorbents (e.g. solvents, diluents, oils,
paint, etc.);
toxic chemical products (chemical poisons);
toxic biological substances ;
products that may react to a wet environment (sodium and sodium alloys);
products that are explosive or may have a sudden exothermic reaction ; and
putrescibles.

In addition, the waste may not contain substances that are conducive to radionuclide leaching
and migration (complexing agents)
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4. CHARACTERISTICS OF WASTE PACKAGE
The principal categories of waste packages received at the CSA are as follows : :
-

-

steel drums of solid waste requiring compaction and immobilization in a hydraulic binder at
the CSA before disposal;
steel boxes containing solid waste to be immobilized by injecting a hydraulic binder before
disposal;
stabilized or immobilized drums for disposal;
stabilized steel boxes for disposal;
immobilized fiber-reinforced concrete boxes for disposal; and
stabilized or immobilized cylindrical concrete and fiber-reinforced concrete containers for
disposal.

On the safety point of view, ANDRA considers :

-

short-term containers;
long-term containers ; and
long-term containers providing radioactive containment.

Short-term Containers
The most commonly used short-term containers are 200- or 400-liter steel drums and 5 or 10 m^
steel boxes. Characteristically, a short-term container has a service life of much less than the
300-year institutional control period for the disposal facility. There is no guarantee that this type
of container will keep the ability to isolate its contents from direct contact with potential seepage
water or that it will maintain its original mechanical characteristics over the medium to long
term.
Long-term Containers
Long-term containers are containers which are designed and fabricated to withstand factors
contributing to waste package failure within a reasonable degree of probability until the end of
the institutional control period. "Long-term integrity" of the containers is necessary for two
reasons :
to minimize the impact of leaching by protecting the immobilized waste from direct contact with
seepage water for as long as possible.
Long-term Containers Providing Radioactive Containment
Long-term containers that provide radioactive containment arose with the development of
envelops which have, by themselves, all of the characteristics needed to make the waste
package inherently safe. In addition to the properties of a long-term container, their use could
eliminate the need for immobilization of the radioactive material.
First function : mechanical stability of the waste packages under load occurring during
disposal.
Second function : the waste is protected from direct leaching by seepage water for a long
period of time.
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Examples of packages managed by Andra
PACKAGING

VOLUME

TYPE

Steel drum

100 L

Steel drum

200 L

Steel drum

225 L

Steel drum

400 L

Steel drum

870 L

Pregrouted steel drum

200 L

Pregrouted steel drum

225 L

Steel box

5 m3

(Pregrouted or not)

10 m3"

Concrete container

1.2or2m 3

Long-term

665 lor 1.3 m 3

Long-term with

Iron-cast fibers reinforced concrete container

Short-term

radioactive containment
5 m3

Iron-cast fibers reinforced concrete box

5. WASTE ACCEPTANCE CRITERIA
ANDRA drafted technical specifications for waste acceptance :
-

the first waste acceptance criterion is to physically immobilize the waste ;
the second waste acceptance criterion is to prevent or retard radionuclide migration during
the institutional control period ; and
the third waste acceptance criterion is to limit the specific activity of the radionuclides
present in the waste.

5.1. Maximum Specific Activity Limits
The third waste acceptance criterion is a maximum specific activity limit for the waste package
for short-term (0.5 to 6 year half life), medium-term (6 to 30 year half life) and long-term
(greater than 31 year half life) radionuclides.
Waste whose specific activity exceeds these limits is not accepted at the near-surface disposal
site unless it has special authorization granted with the approval of the regulatory authorities.
The maximum activity limits were established by Andra based on extensive radionuclide
transport analyses for all phases in the life of the disposal site : operations, institutional control,
and unrestricted access. The analyses served to prove that radiological impacts are acceptable
under both normal and accident scenarios (see Chapter 10).
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The maximum acceptance limits apply to all waste packages to be disposed of at a near-surface
site.
Examples of maximum activity limits are shown below.
Radionuclide

Maximum Activity Limit
(as Gbq/t of waste package)

Co-60

5 104

Cs-137

330

Sr-90

91

1-129

0.046

Tc-99

1

Sm-151

1600

Ni63

1.2 104

Nb-94

0.12

C-14

200

5.2 Criteria Relating to Operation and Disposal
Some other criteria relate to operations of the disposal facility.
Operating considerations taken into account relate to :
-

compliance with requirements for safety and radiation protection, both for operating
personnel and for the surrounding environment;
facilitation of shipping, handling, storage and disposal operations ; and
optimization of disposal module usage.

These criteria are :
Waste package weight
Drop test
Fire test
Tritium degassing rate
Surface contamination and dose rate
Characteristics forming the basis of criteria for disposal are dictated by the goal of producing
waste packages that :
-

are compatible with disposal structure stability ;
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have the necessary radioactive containment properties in terms of the potential for leaching
by water; and
resist corrosion, thus indicating the ability to withstand certain aging factors.

6. WASTE ACCEPTANCE PROCESS AND RELATED ACTIVITIES
6.1 The Waste Acceptance Process
Fundamental Safety Rule 1.2 requires Andra to determine the acceptability of waste packages for
disposal at a near-surface site. These packages must be fabricated using Andra-approved
processes "for waste sampling and analysis, processing and packaging." To gain acceptance,
waste packages must comply with applicable Andra specifications. The waste packages must be
formally accepted before they are allowed in the disposal facility. The generator must submit a
request for waste package acceptance to Andra accompanied by a Waste Acceptance File
containing the following documentation :
-

-

-

Description of Waste Package Fabrication Process which summarizes the type of waste, its
radioactivity, the conditioning process and quality assurance/control measures set up for
the process;
Description of Activity Measurement Method, which provides information on the methods
used to determine the activity present in the waste packages and on the certification of these
methods;
Characterization File, which shows that the waste packages produced with a given process
meet the requirements of the corresponding technical specifications ; and
Quality Assurance Plan, which identifies specific quality assurance measures taken.

The Waste Acceptance File is usually created in several phases, particularly during the selection
of the fabrication process and of the activity measurement method, during the construction of the
corresponding facilities, and during characterization testing. The generator consults with Andra
at various stages of Waste Acceptance File development to ensure that the anticipated waste
package can, in fact, meet the technical specifications.

6.2 Waste Package Tracking
Technical requirements for disposal site operations require the following ;
-

the waste generator must report "the type of waste, its mass fraction of radionuclides and the
conformity of the waste package to the accepted waste form" by "duly filling out an
information form conforming to the form required by the facility operator".
the disposal facility operator must:
. ensure that the information form correctly describes the waste and, in particular, enables
verification of the compliance of waste characteristics and solidification/packaging with
the prescriptions and with special conditions established by the operator during the
acceptance process for the waste packages in question;
and
. account for and track the cumulative activity of each radionuclide contained in the waste
disposed of in the facility.
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Meeting the safety objectives is based on the principle of traceability, which consists of
identifying and tracking each waste package from the moment it is fabricated to its final disposal
at the Andra site. Each radioactive waste package has a unique identification code. Andra and
the waste generators developed a computerized tracking system which assigns a "passport" to
each waste package that serves to track the package through disposal. This passport consists of:
-

a unique identification number; and
an identification form.

Once waste packages have been accepted pursuant to the waste acceptance process, the
computer compares the characteristics of waste packages to be shipped with Andra's accepted
waste types.
Descriptive information on the packages is reported to Andra on paper or, more frequently, via
computer modem transfer.
6.3 Quality assurance program for waste packages
By Executive Order dated August 10, 1984, a special quality assurance regulation applicable to
licensed nuclear facilities, the government defined quality requirements applicable to disposal
sites and to any component important to site safety, particularly the first safety-related
component, the waste package. Based on this document, Andra defined a quality assurance
program for waste management that specifies the level of quality to be achieved by solidification
and packaging processes, defines quality control requirements, and defines waste tracking
requirements, from waste generation through final disposal.
Verification of quality occurs in three stages :
inspections;
- audits of the quality assurance organization ; and
- non-destructive and destructive examinations of waste packages.

7. DESIGN OF THE DISPOSAL SYSTEM
7.1 Functions and components of the Disposal System
Fundamental Safety Rule 1.2 recommends the creation or implementation of a radioactive
containment system with three barriers : the waste package, the disposal system and the host
medium. The disposal system is thus the second component of the multi barrier isolation
system.
The barriers serve several purposes :
-

disposal and stabilization of waste packages ;
waste isolation from both meteoric and ground water ; and
collection, monitoring and possible release of water that may have seeped into the disposal
vault.
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The barriers must fulfill their functions throughout the operating and institutional control
periods.
Given the functions required of the waste isolation system, the disposal system may be
described as having three main components : the disposal vault, the disposal cap, and the
separative water collection system (SWCS).
The disposal vault provides the following functions :
-

waste package disposal,
waste isolation from water,
seepage water collection, and
disposal system integrity for 300 years.

The disposal cap protects the disposal system from rainwater. The cap's configuration evolves
over the various periods in the life of the disposal facility, consisting of:
-

a temporary cover during vault loading operations,
a temporary cap after completion of vault loading operations, and
a final cap during the institutional control period.

The SWCS collects any water that may have seeped into the disposal system and routes it to
basins where it can be sampled and analyzed for activity. This collection system runs through
the underground galleries and empties into the water collection terminal consisting of two 250
vc? basins which are partially buried.
7.2 General Design of Disposal Vaults
Various types of vaults may be built during the operating period, depending on the type of
waste packages that they are to receive. However, all vaults share certain features :
-

a watertight reinforced concrete pad built above the highest level of the water table whose
exact dimensions are determined through characterization of water table levels;
a foundation that rests on sand overlying a clay layer, which serve to direct water in the
upper part of the water table toward well-identified outlets ; and
a collection system for any seepage water.

There are two major categories of disposal vaults :
-

waste packages with long-lived envelopes are disposed of in vaults that are backfilled with
gravel, or "backfilled vaults" ;
waste packages with short-lived envelopes are disposed of in vaults that are grouted with
concrete, or "grouted vaults".

Workshop NETEC - Tatjon - South Korea
October 1997

7.3 Disposal Vault
Temporary Cover during Operations
During loading operations, the disposal vault is covered by moveable buildings fitted with
waste package handling equipment (figure 1).
The moveable building rests on four feet at the base of the gantries . The bogie on each foot
can be retracted during loading operations so that the building can be secured and extended to
move the building.
Temporary Cap after Loading Operations
The disposal vault is closed with a closure slab once it has been loaded with waste packages
and stabilized with grout or gravel. The slab is covered with a tarpaulin at first. When
weather conditions allow, the slab and the outside of the walls are coated with an impermeable
material and left like that until the final disposal cap is placed over them.
Long-term integrity was not a factor insofar as the temporary cap may be inspected and
repaired.
Final Disposal Cap
The final disposal cap will probably be built in sections as disposal areas are completely filled
with disposal vaults. The design of the cap will benefit from actual experience with the final
disposal cap at the Centre de la Manche and from feedback from the test cap at the CSA. The
final disposal cap must protect the disposal units throughout the institutional control period of
no more than 300 years.
In principle, a layer of clay will be used to ensure cap permeability, although it is not
impossible that a bituminous liner like the one at the CSM will be used. This layer will be
covered by another layer of sand, with drains along the lowest point, and by a layer of schist
to protect against burrowing animals.
The exact definition of each component of the final disposal cap will be finalized after data
from the CSM or from the CSA test cap have been analyzed.
7.4 Separative Water Collection System
The separative water collection system (SWCS) collects water that may have seeped into the
disposal vaults and come into contact with the radioactive waste packages.
This water is collected and routed by gravity to a collection basin through piping in the
galleries beneath the disposal vaults, which come together in two main galleries on either side
the central service road. The principal galleries empty into a collection basin in a building
called the Water Collection Terminal.
All SWCS galleries can be accessed by operating personnel.
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The below-vault galleries are horizontal and separated from the pad by a resilient layer.
The water collection terminal consists of the following :
- two 250 nP reinforced concrete collection basins connected to the SWCS ;
- one 25 m^ reinforced concrete collection basin for seepage water in the gallery (from the
water table) which empties into the rainwater collection system.
7.5 Rainwater collection system
The rainwater collection system includes the rainwater collection system per se and the storm
basin.
The design bases for the rainwater collection system were as follows :
- use of a collection system that works by gravity and is separate from the SWCS ;
- collection of rainwater from finished areas in a below-grade system and from unfinished
areas in a surface system ;
- storage of the rainwater in a storm basin ; and
- collection system sized for the ten-year high water level.
The 30,000 m^ storm basin primarily collects rainwater, although it also collects site
wastewater after it has been biologically treated at the purification plant.
7.6 Design of Waste Package Handling Systems
Handling systems for the disposal vaults are integrated into the waste package tracking system,
which follows the packages through final disposal. The handling systems are automated to :
-

-

achieve operating throughputs matched to waste package deliveries ;
reduce the integrated dose to operating personnel, with a design goal of limiting the
maximum integrated dose to operators to no more than the exposure limit for members
of the public during the construction period, i.e., 0,005 Sv/yr ; and
record and monitor waste package handling operations.

"Standard waste packages" are handled with bridge cranes (see figure 2) in the moveable
buildings, which perform several functions :
-

waste package off loading from the truck parked beneath the moveable building ;
rotation of cylindrical waste packages in front of the bar code scanner ;
placement of waste packages in their assigned locations in the disposal vault;
backfilling of the disposal vault with gravel buckets (on some cranes) ; and
removal and replacement of transcontainer lids when waste packages are brought to the
disposal vault in transcontainers.

The only area where operating personnel are commonly present, aside from the bridge crane
operator, is the waste package unloading area in the vault next to the one being loaded.
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The waste package cannot be placed in the disposal vault, either automatically (30 and 100 kN
cranes) or manually (350 kN cranes), until the PLC has received authorization from the site's
information processing system. Waste package placement coordinates are then transferred to
the information processing system.
7.7 Emergency preparadness
Introduction
It is possible that an incident could occur at the Centre de l'Aube that could jeopardize nuclear
safety, individuals or property, either directly or indirectly, and could have an impact on public
opinion. An Emergency Management Plan was therefore established for the site to respond to
incidental situations of all kinds and to maintain the facilities in safe condition; this document is
a compilation of measures to be taken in the event of an incident or an accident at the site. These
measures supplement general safety procedures and instructions ; all personnel must be made
aware of them.
Definition of Emergencies
Three incidents were identified and taken into account in the Emergency Management Plan.
These incidents do not correspond to a level of seriousness, but rather to an estimate of the extent
of their consequences.
1) A non radioactive incident such as:
a serious work-related accident;
fire, explosion;
flooding; or
intrusion.
2) A radioactive incident restricted to the site, such as:
7 the spread of radioactivity ;
personnel exposure; or
an accident affecting a process.
3) A radioactive incident which spreads offsite via air or water.

8. ORGANIZATION OF WASTE TRANSPORTATION
Approximately 40,000 waste packages are shipped to the Centre de l'Aube site each year. This
corresponds to approximately 500 rail vehicles, or 1,200 offloadings onto 600 trucks at the
Brienne rail terminal for transport to the CSA.
Waste generators are responsible for managing shipments of radioactive waste to the Centre de
l'Aube. However, some generators have delegated part of this responsibility to Andra.
In 1995, each waste generator was responsible for waste package compliance with regulations.
Some generators have chosen to delegate the responsability for waste shipment to ANDRA
Radioactive waste is shipped to the Centre de l'Aube either by rail or by road. The regulations
applicable to such shipments in France are:
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-

for shipment by road: Regulations for the Shipment of Hazardous Materials by Road
(RTMDR), Appendix A of the December 12, 1994 Order, published in the Journal Officiel
de la Republique Frangaise on December 27,1994;
for shipment by rail: Regulations for the Shipment of Hazardous Materials (Rail
Requirements), Appendix to the June 3, 1994 Order, published in the Journal Offtciel de la
Republique Frangaise on June 14, 1994.

Both sets of regulations are issued by the authority in charge of monitoring transportation, i.e.,
the Ministry of Public Works, Transportation and Tourism (the name for this Ministry as of the
publication of the above mentioned regulations).
It should be noted that, in France as in any other IAEA member states, transportation regulations
for radioactive materials are based directly on IAEA Safety Series No. 6, "Regulations for the
Safe Transport of Radioactive Material", 1990 edition.

9. OPERATIONAL FEATURES
9.1 Waste Receiving
Only waste that has previously undergone the acceptance process and which is already
conditioned or will be conditioned at the disposal site's conditioning facilities are accepted at the
Centre de l'Aube.
During fabrication of an approved waste package, the generator sends the package's physical and
radiological characteristics to Andra for verification of compliance and approval. These tasks are
performed by the main computer at Andra's headquarters. After approval is granted, the
generator creates batches of waste packages in which each package is identified with its own
number. When there are enough approved waste packages in the batch for a shipment, the
generator prepares the shipment, once again reporting to Andra by computer that it has a batch of
approved waste packages which will be shipped together.
Once it arrives, a number of checks are performed to ensure that the waste packages in the
shipment are acceptable for disposal and to route the packages as appropriate through all stages,
including final disposal.
Verification consists of visual inspection of the shipment to ensure that the waste packages have
not deteriorated during shipment and that they have been correctly identified, and match the
shipment manifest.
9.2 Computer Tracking of the Waste Packages at the Site
The CSA computerized tracking system can locate a waste package at the site at any time, from
the moment it is unloaded to its final disposal location. Data from the main computer at
headquarters and data read by scanners and programmable controllers in the disposal facilities
are entered into the system database.
It is therefore possible to identify the location of a waste package at various stages of its handling
in the compaction facility: in the unloading bay and conveyors, the storage magazine, the
pnmnnctinn
r.p-W the
tVip conditioning
rnnrittinninp bay
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nr the
thp drying
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compaction cell,
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9.3 Routing of Waste Packages to the Different Disposal Vaults
The Centre de l'Aube lias six movable steel buildings which shelter disposal units and are used
to perform disposal operations. Each building has a rolling crane ; two of the cranes have a 3 t
capacity, two have a 101 capacity, and two have a 351 capacity .
Given the wide variety of waste packages, in terms of type and/or dimensions, a specific movable
building had to be assigned to each type of waste package. It is useful to recall that waste
packages are divided into two categories: waste with long-term envelopes (i.e., concrete), and
waste with short-term envelopes (i.e., steel). These two types of containers are not stabilized in
the same way inside the disposal unit. The disposal units for long-term waste packages are filled
with gravel ("backfilled unit"), whereas units for short-term waste pacakges are filled with grout
("grouted unit").
9.4 Disposal Procedures
Disposal vaults in which waste packages in short-term containers are disposed of are filled
layer by layer, each layer being completely finished before the following layer is begun (see
figures 3 and 4). Vaults in which waste packages in long-term containers are disposed of are also
filled a layer at a time, but the layers are done by type of waste package, i.e., when the layer of
waste package type 1 is finished, the following layer for waste package type 2 is begun, even if
the second layer is not complete (see figures 5 and 6).
The disposal cycle is as follows:
-

the waste package is manually picked up from the vehicle,
the package is passed in front of the laser scanner,
the package is directed to its disposal location,
the disposal location coordinates for the package are entered into the database management
system, and
the crane returns to its original position.

9.5 Disposal Vault Closure
A reinforced slab is built to close the vaults (see figure 7). The laying of rebar and pouring of
concrete are done under cover of the movable building. Before the building is moved to the next
vault, a cover is set up above the closure slab to protect it from rainwater until it is covered with
the temporary cap. This temporary cap consists of a weatherproof covering sprayed over the
closure slab and walls of the vault.

10. SAFETY ASSESSMENT OF THE CENTRE DE L'AUBE
10.1

Introduction

The demonstration of the safety of a near surface disposal facility is based on assessment of the
radiological impacts of the disposal site on members of the public and on the environment.
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It is therefore necessary to demonstrate that the radiological impacts corresponding to a given
quantity of disposed radionuclides, expressed in individual exposures, are acceptable for
members of the public under all plausible scenarios, and that the chemical impacts of the
disposal facility are within current health regulations.
For that purpose, ANDRA developed a multiple barrier system for radioactive containment with
the ability to limit and retard radionuclide migration, until such time as the radionuclides have
decayed to levels which are not significantly hazardous to members of the public or to the
environment, as well as to limit potential releases to levels that are as low as reasonably
achievable and in any event below regulatory limits.
10.2

Purpose and Methodology of Safety Assessment

The Centre de l'Aube was designed in accordance with the recommendations set forth in
Fundamental Safety Rule 1.2 issued by the nuclear regulatory authority (DSIN). This rule
defines the performance objectives and design bases applicable to a near-surface disposal facility,
and in particular establishes the points listed below.
-

There are three periods in the life of a near-surface disposal facility :
the operating period spans the construction of the engineered structures designed to receive
the waste, placement of the waste inside the structures and placement of the final disposal
cap;
the institutional control period follows the operating period and encompasses the period of
time necessary for radioactive decay of the short and medium lived radionuclides disposed
of at the site, during which time the site is monitored to detect any failure in the containment
system, to prevent the spread of radionuclides detrimental to public health and to the
environment, and to protect the facility from intrusion; and
the unrestricted site access period follows the institutional control period and corresponds
to the point in time when the site's radioactivity has decayed to a low enough level for the
site to be released for unrestricted use without undue risk to public health or to the
environment.

-

For such near-surface disposal facilities, three containment systems (or barriers) are used :
the first containment system consists of the physical and chemical form of the waste itself,
which is usually immobilized or stabilized ; the waste package may contribute to
containment by retarding the migration of radionuclides ;
the second containment system consists of the engineered structures designed to receive the
waste and their related systems, such as the water collection systems and the materials used
to cover disposal vaults in operation;
the third containment system consists of the natural materials at the site itself (i.e., host
rock or site) on which the engineered structures designed to receive the waste have been
constructed.
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Near-surface disposal facilities such as the CSA are designed to protect operating personnel,
members of the public and the environment from the release of radioactive substances now and
in the future. The various modes of radioactivity transfer to man are : transport by water, which
leads to contamination by ingestion ; transport by air, which leads to dust inhalation resulting in
internal exposure ; and external exposure to radiation. Consequently, the safety assessment must
take these three transfer modes into account to ascertain that they will not result in unacceptable
radiological consequences.
For the operating and institutional control periods, all scenarios of radiation or activity releases to
the environment are therefore based on the loss of integrity of all or a portion of one of the first
two containment barriers (fall of a waste package, fire resulting in airborne radioactive materials,
loss of integrity of the disposal cap, failure of the Separative Water Collection System [SWCS],
etc.). Even though loss of containment can occur during the three period, the third period is the
most important. In this period, the safety for future must be based on measurements taken
beforehand, i.e. during the operating period and before the construction. The site's natural
material and restriction on the initial activity disposed of are the main exemples of safety
measurements used to ensure that radiological impact remains acceptable.
ANDRA's methodology of the safety assessment is based on a deterministic approach. It consists
of calculating individual exposures resulting from a given set of operating conditions.
The first stage of safety assessment therefore is to define basics scenarios for radioactive
transfers resulting from total or partial loss of one of the three containment systems to a member
of the public. This must be applicable for each period.
In the French approach, the scenario's consequences are what is considered most important. For
example, what happens to the waste package if a fire occurs is studied in details ; how the fire
occurred and why are considered of secondary importance.
For all periods, the first scenario is the normal water transfer of radioactivity through the soil.
During the unrestricted access period, the normal scenario takes into account a site homogeneous
with the wastes.
Other scenarios depend on the time period under consideration :
during the operating period, they could involve :
. fire or fall during the handling of waste package. This can result in personnel exposure
to radiation or inhalation of radioactive waste by the personnel or the public;
during the institutional control period, they could involve only water tranfert scenario:
123456-

a loss of integrity of the Separate Water Collection System (SWCS) and radionuclide
transfer to aquifer;
a deterioration of the disposal vaults and its concrete filling happening along with the first
case
a loss of integrity of a portion of the disposal cap ;
a radioactive release from the package (it is assumed that the disposal system no longer
provides a containment barrier);
the normal situation but with a well having been dug near the site ;
the fourth case with a well having been dug near the site ;
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- during the unrestricted access period, two types of situations are to be considered :
. a situation leading to increased ingestion of contaminated water, i.e., the digging of a well
above the site;
. a situation in which radioactive dust is stirred up and inhaled or which leads to radiation
exposure, such as road or housing construction.
Radionuclides tranfers to individuals must be analyzed to assess the radiological impacts of a
disposal facility quantitatively for each scenario studied.
Three transfer mechanisms are distinguished for this purpose :
the water pathway,
the air pathway, and
external exposure.
103

Water pathways Analysis

Pursuant to the design criteria for the disposal site, waste packages are protected from water
throughout all periods in the life of the disposal facility :
by constructing the disposal facility away from flood plains;
by selecting a site that is above the highest level likely to be reached by the water table >
by providing weather protection for the disposal vaults in the form of moveable buildings
during loading and by weatherproofing filled vaults with a waterproof coating; and
by placing a multiple-layer disposal cap over the entire site to isolate the waste from
meteoric water during the institutional control period.
During the operating period and the institutional control period, the disposal cap is designed so
that only a few liters of water per square meter seeps in per year. This water mainly seeps out of
disposal vaults. Radionuclides diffused through vaults are carried in the soil. A small proportion
of water may leach the waste, but it is collected by the water collection system in normal
operating conditions.
However, the scenarios described above, such as loss of integrity of the water collection system,
possibly in combination with a cap failure, require that the water pathway for radioactive waste
transport through the disposal site, soil and biosphere to members of the public be examined.
A realistic and consistent approach, in line with the design of the Centre de l'Aube, consists of
taking the containment role of the waste packages, the disposal vaults, and particularly of the
pads, into account. Andra models this approach by characterizing a function for the activity
released per vault based on the overall physical and chemical characteristics of the waste
packages and of the vaults.
Radionuclide migration in the soil first occurs in the unsaturated formations of the sub-surface,
between the bottom of the disposal facility and the water table ; it then spreads to the outlet
through the saturated sandy clay formations of the subsurface.
The study of radionuclide migration in the soil relies on the following simplifying assumptions :
the radioactivity beneath the disposal site immediately ends up in the saturated zone of the
subsurface, meaning that the retention capacity of the soil in the upper unsaturated formation
is not taken into consideration ; and
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radionuclide migration occurs in a porous, homogeneous and isotropic medium. Adsorption
properties of the medium are characterized by distribution ratios (kd) between the volume
concentration in water and the specific mass concentration in the natural materials ; this
ratio is assumed to be unique for any given radionuclide.
The soil's retention properties are a factor, first during radionuclide transport via the water table
(geochemical properties), and then when this water is transported to the outlet (hydrogeological
properties).
The hydrogeology of the site is sufficiently uncomplicated to be able to affirm, with confidence,
that seepage water will exit in nearby and well identified outlets, a short distance away from the
site. The Noues d'Amance stream is the only outlet at the Aube site.
A water flow two-dimensional model is used for the safety assessment. This two-dimensional
hydrodynamic model for underground water enable characterization of the piezometric
fluctuations of the aquifer and modeling of the transport process. It is used to determine the
distribution of concentration for a given radionuclide from a specific area of the disposal site,
thereby facilitating assessment of underground water activity over time, particularly at the aquifer
outlets (river, wells).
To calculate the maximum dose resulting from the dissemination of radionuclides into the
environment via water, every critical pathway for radioactive transport to the biosphere, from the
site outlet to the individual, must be identified.
Model for diposal vaults release
This model calculate the radionuclides release, taking into account the water seepage through the
cap, the environment geometry and the physical properties of waste packages and diposal vaults
and pads with the permeability, porosity, retention coefficients of grout.
In this way, the evolution in the time of the activity released beneath each disposal vault is
known.
Short-term containers are disposed of in grouted vaults which is considered as a part of the
package and long-term containers are disposed of in backfilled vaults. Thus every container is
protected from water leaching by a grouted layer (either from the long-term container or from the
grouted vault). In each case, this layer has good permeability properties.
The grout aging and the containment damaging are taken into account by the materials
permeability increase.
Modeling of Radionuclide Transport in the Soil
The method used to model radionuclide transport in soil consists of characterizing water flow
through soil with a velocity field, and then analyzing radionuclide migration in the soil by taking
the retention and dispersion processes characteristic of such migration into account.
Dilution and Retardation Processes
Due to physicochemical interactions between the natural medium and the radionuclides, the
average velocity of the radionuclides is generally lower than the actual velocity of the water
(except for tritium, a very mobile radionuclide that generally takes the form of tritiated water and
therefore behaves like ordinary water).
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Dispersion Processes
Due to the dispersion of the local radionuclide velocities, a portion of the activity always arrives
at the outlet after the water but with a greater velocity than the average velocity of the
radionuclides.
The model used for transport calculates volumic activity in each point of the aquifer. By this
way, we can obtain the radionuclide quantity at outlets.

Modeling of Radioactive Transfers to the Biosphere
There are a number of ways for radionuclides to be transferred to food products that are ingested
or to dust that is inhaled. The transfer processes are dependent on the characteristics of the
radionuclide in question and on the characteristics of the environment itself, particularly the food
chain.
To simulate the variety of pathways and mechanisms involved in the spread of radionuclides to
the environment, the following pathways were selected :
release and dilution of radioactivity in river water,
radionuclide migration in soil after irrigation or flooding,
radionuclide transfer to non-aquatic vegetation in the environment,
transfer to products of animal origin, and
ingestion or inhalation of products potentially containing radionuclides by a member of
the public.
The most exposed individual lives near the site and he's supposed to be self-sufficient. He uses
the water at the site outlet for drinking and irragation.
Under normal conditions, a smalll river near the site, the Laine stream is used for livestock
watering and fishing. Another case involves a well being dug near the site ; the most exposed
individual uses the water from this well.
10.4

Analysis of transport by air

During operating period
An accident, such as dropping a waste package or a waste package on fire, may occur during the
operating period, leading to radioactive waste dispersal.
In this event, the maximum potential risk is caused by the release of emitters into the air near the
location of the accident.
During the unrestricted access period
The scenario in which radioactive dust is released to the air from the disposal facility may arise at
the end of the institutional control period. The persons most affected by this scenario would be
those involved in earthmoving and construction and members of the public living on or near the
site who might inhale airborne dust.
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External exposure
The site is not expected to prevent human intrusion during the unrestricted access period. It is
assumed that the site is significantly altered by major construction and that waste is mixed with
disintegrated disposal structures and with the soil.
External exposure is caused primarily by gamma emitters in the contaminated soil, which can be
considered as a semi-infinite environment due to the thickness of the soil.
10.5

The scenarios of the Safety Assessment

Introduction
The radiological impact study of the disposal site consists of assessing the most probable
individual exposures for operating personnel and members of the public for each of the three
periods of the disposal facility.
As mention above, the first stage of safety assessment consist of defining basics scenarios for
radioactives transfers.
This assessment examines processes and events which affect containment systems, and those
which could cause incidents The scenarios take into account the technical and administrative
measures adopted to ensure that the facility operates normally and to prevent incidents and limit
their consequences.
Scenarios for the radiological safety assessment of the disposal facility are selected on the basis
of an analysis of the events.
Water transfers scenarios
Operating period :
The normal scenario considers radionuclide diffusion through disposal vaults.
This phenomenon begins as early as waste packages are disposed of. Even though under normal
conditions, radionuclides in the seepage water are collected by the SWCS, a part may diffused
through the disposal system. Since radionuclides transfer is by diffusion and because diffusion is
a sloww process, the radionuclides quantity released from the disposal vaults is low. The
radionuclides are then carried through the soil by water where the natural medium acts as futher
retention
Thus, diposal vaults releases are very low and, consequently, the radiological impact for the
normal water tranfer scenario is insignificant.
Institutional control period :
Normal scenario
The disposal units are covered with a final cap after the end of the operating period. The cap is
designed so that only a few liters of water can seep into the disposal units per m2 per year.
As during the operating period, the normal scenario is the radionuclide diffusion through disposal
vaults.
Disposal vaults releases are more significant than during the first period but the impact is still
very low.
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Degradation scenarios
Degradation scenarios involve the failure of only one containment system.
The first case considered is the SWCS integrity loss (failure of the second containment system).
All the water which should have been collected by the system is directly tranfered in the soil.
The second degradation scenario considers a failure of the third containment system. This failure
is possible because a well has been dug near the site : the well is in the immediate vicinity,
therfore, the retention and the time it takes for the transfer are reduced.
The water transfers through disposal vaults and the soil are the same as in the normal scenario
but the outlet considered is this well.
It is assumed that an individual uses the well in the immediate vicinity of the disposal facility for
all of his domestic needs.
Accident scenario
It is assumed that the cap loses its integrity above a disposal system unit. The water seepage
grows to the natural level. Because of mis water, the concrete permeability is assumed to be
multiplied by 100. Futhermore, breaks have occurred in the SWCS. It is also assumed that the
accident takes place when the activity released annually by the disposal facility is at its peak.
Highly degradation scenarios
Highly degradation scenarios result in the failure of several containment systems.
The first highly degradation scenario is the deterioration of the disposal vaults. It is assumed that
grouted-vaults concrete is considered with same properties as backfilled vaults (increased
permeability, porosity and diffusion coefficient). Breaks in the SWCS are considered also to have
occurred.
For the second highly degradation scenario, we consider that waste package release is directly in
the water table (the disposal system is completly degraded and so the second barrier no longer
provides containment). Two alternatives are then studied : transfer at the normal outlet (the river)
and transfer in a well dug near the site.
This last scenario gives ride to the most significant impact for this period.
Unrestricted access period
Normal scenario
Fundamental Safety Rule No 1-2 imposes very conservative assumptions for safety assessment of
the unrestricted access period :
The final disposal cap has disintegrated until it resembles the original soil. Water seepage in
the cap is assumed to correspond to the maximum permeability of the sand outcropping near
the site, meaning that the retention potential of the clay disposal cap is not taken into
consideration.
The water collection system no longer functions and the waste packages have completely
failed (they assumed to have been reduced to powder).
The existence of the disposal facility has been completely forgotten and people have
dwellings on or near the site.
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In this scenario, all released activity is assumed to be deposited in the water table and to migrate
through the soil from the water table to the river outlet.

Well Scenario
The well scenario is a variation of the scenario whereby contaminated water migrates through the
soil to the river outlet. In this scenario, it is assumed that an individual uses a well in the
immediate Vicinity of the disposal facility for all of his domestic needs.
This scenario leads to the most significant impact for all considered period.
Others scenarios
Operating Period
Normal Operating Conditions
Exposure to Members of the Public
EXTERNAL EXPOSURE

Under no circumstances members of the public may be exposed to ionizing radiation, except at
the site fence. Exposure to gamma radiation may come from the waste packages in the disposal
vaults, in the closed disposal units, or in the buffer storage building.
Dose rate calculations for the most exposed areas give equivalent dose rates of five to ten times
less than the authorized maximum exposure to members of the public.
The low figures for radiation at the site fence are primarily due to :
the thirty meter or more distance between the waste packages in disposal or storage and the
site fence;
the shielding provided by the concrete walls of the disposal vaults and by the walls and
partitions of the WCF (waste conditioning facility);
the concrete slab cover placed immediately over vaults once they are filled to capacity; and
the low average level of radiation from each waste package.
INTERNAL EXPOSURE

The internal exposure to members of the public through inhalation or ingestion of radioactive
materials released from the site in the form of gaseous and liquid effluents is insignificant.
The two potential sources of airborne radioactivity at the site are boxes awaiting grouting and
drums awaiting compaction. The air from and around these containers is processed by the
ventilation system during compaction and grouting and is filtered through a triple filter bank
before release. The use of this high-efficiency filtration system supports the assumption that
there is no release of radioactive gas under normal operating conditions.
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Personnel Exposure
EXTERNAL EXPOSURE

Drums are routed from the unloading area to the staging area or to the compaction cell with
automated systems that minimize the presence of operating personnel in these areas. The
probability of personnel exposure during compaction is therefore low under normal operating
conditions.'
External radiation exposure at the site is minimized with conventional means (shieldings, remote
systems, accident prevention system...) and individual and combined radiation monitoring and
tracking of integrated doses to the most exposed personnel.
Shieldings and radiation protection systems are designed to minimize personnel exposure, under
normal operating conditions, to a fraction of the maximum annual limit of 5 mSv.
INTERNAL EXPOSURE AND EXTERNAL CONTAMINATION

Since only solid stabilized waste is disposed of in the disposal vaults, operating personnel are
unlikely to inhale radioactive dust during waste handling under normal operating conditions.
Internal exposure to operating personnel working inside site facilities is prevented or minimized
by the use of measures such as dynamic containment and air filtration, which serve to prevent the
dissemination of radioactivity resulting from facility operations, such as box grouting and
cleaning of equipment contaminated with unfixed radioactive materials.
Accident Conditions
Naturally-occurring Events
EARTHQUAKE

The disposal vaults, SWCS galleries and WCF (Waste Conditioning Facility) have all been
designed to maintain radioactive containment in the event of an earthquake ; the radiological
impacts of such an event would therefore be insignificant.
FLOODING

Flooding from an off-site source would have no radiological impact on individuals since :
- none of the facilities, buildings or disposal vaults in the controlled area of the site were built
in the flood plain of the Noues d'Amance Stream; and
- on-site flooding cannot affect these structures due to :
. the large size of the rainwater collection system ;
. periodic maintenance of the rainwater collection system, thereby ensuring nominal service
conditions; and
. additional protection built around the structures (low walls, gutters, outward draining slopes,
etc.).
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BAD WEATHER

The site structures and facilities are built to withstand the elements following rules and
recommendations for construction issued by professional organizations, such as constructor trade
unions and standards associations.
A comprehensive review of major accidents that could be caused by weather or by defects in
facility design or construction pointed to dropping a waste package during handling as the
accident with the greatest radiological consequences, although it is not very probable.
"Reference" handling accidents are discussed later in this section.
METEORITE

The fall of a meteorite on the site during the operating period was not included in the safety
assessment because of its very low probability of occurrence.
PENETRATION BY ANIMALS AND VEGETATION

Burrowing animals and the growth of vegetation could damage the facilities during the operating
period, resulting in radiological hazards to members of the public.
The damage in question is primarily interference with or disruption of:
power supply to a facility or to the entire site,
data transmission,
water supply to a facility or to the site, and
rainwater and effluent collection systems and drainage systems.
A number of readily available and effective measures are taken to minimize this risk, such as
plugging low-lying accesses or covering them with grates, rodent extermination, periodic
inspections, periodic gutter and drain cleaning, etc. The radiological consequences of facility
penetration by animals or vegetation during the operating period were therefore not taken into
account in the assessment. .
However, some of the damage described above was included in potential accident scenarios
insofar as other, more likely causes for them exist.
Events of Human Origin
CRITICALITY

The risk of criticality and thermal releases is insignificant, given that :
restrictions on fissile material concentrations in disposed and stored waste packages are
enforced, in accordance with the recommendations of the regulatory authorities ; and
restrictions on the specific activity of waste packages containing beta-gamma
radionuclides are enforced.
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PLANE CRASH

The probability of a plane crash is calculated per square meter and per year for three categories of
aircrafts. The probability of a plane crash on the Waste Conditioning Facility or on 6 disposal
unit is less than 10-6/year.
But, at the end of the operating period, the disposal units occupy a surface area of approximately
20 hectares ; the probability per year of a plane crash on one of the disposal units is thus seventy
times greater at that time than when the vaults are in operation. Therefore, a light aircraft crash
and a military aircraft crash are factored into the safety assessment.
A minimum of 30 cm of concrete is provided by the shielding and closure slab, which represents
adequate protection from a Cessna 210 type aircraft falling at a maximum speed of 100 m/sec.
A military aircraft crash should result in the destruction of a part the concrete, some waste
packages ruptured and a portion of the activity they contain is released but the consequences are
assumed to be less significant than other accident scenarios considered below.
Accident Scenarios
In addition to potential hazards relating to normal operations listed above, radiological hazards
may arise during the operating period as the result of accidents.
Analysis of the resulting situations show that two types of accidents may have significant
radiological impacts on operating personnel and on members of the public : waste packages on
fire and a handling accident.
FIRE

Radiological impacts resulting from fire could occur at the site when unstabilized waste with a
sufficient combustion potential enters into contact with an ignition source before the waste has
been conditioned. This type of waste is restricted to boxes awaiting grouting and drums awaiting
compaction ; fire in these waste packages can only occur in the WCF (waste conditioning
facility) or on the service road between the site entrance and the WCF building.
The probability of such a fire is extremely low, particularly since the waste specifications in
effect and the absence of an adequate ignition source (temperature, duration, surface) make it
impossible for a chemically-induced fire (spontaneous combustion) to occur in these areas.
However, the impact on operating personnel and on members of the public of a fire in an
ungrouted box outside the building and of a fire in a trailer of drums to be compacted are
considered.
HANDLING ACCIDENT

Radiological consequences resulting from a handling accident could occur if a waste package is
dropped onto the ground or a heavy load is dropped on top of the waste packages with a
subsequent breach in the container and internal or external exposure to operating personnel or
members of the public.
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It was very conservatively assumed that the concrete and shielding of the container are destroyed
on impact, and that the waste is completely exposed on the unloading pad.
Institutional Control Period
Exposure
Public exposure is insignificant.
The risk of exposure to operating personnel is also insignificant during the institutional control
period for the following reasons :
site repairs are infrequent and of short duration ; and
the approximately four meter thick disposal cap provides additional shielding for site
monitoring personnel.
Naturally-occurring Events
Same events as during the operating period can occurred : earthquakes, flooding, bad weather,
meteorite, penetration by animals and vegetation.
But these events are not taken into account whether the event probability is too low, whether it is
factored into another scenario, whether effects are assumed to be insignificant.
Man-made Events
PLANE CRASH

Aside from the low probability of occurrence, the disposal structures are designed to withstand
the short-term consequences of a plane crash and to minimize the radiological impacts.
Longer-term impacts are taken into consideration in the design basis accident.
Unrestricted Access Period
Transport by Air and External Exposure
Once access to the site is no longer restricted, by definition the site may be used for any purpose
whatsoever. One might therefore imagine a wide variety of site usage scenarios.
Conventional intrusion scenarios described in Fundamental Safety Rule 1-2 are used to quantify
the radiological impacts of accidents occurring during the unrestricted access period. The
following accident scenarios were considered :
road construction : it is assumed that a road is constructed through the site ;
residential area : it is assumed that housing is constructed on the site and that there is a
permanent dwelling by a member of the public ; and
playground : it is assumed that the residential area described above has a playground.

Workshop NETEC - Taejon - South Korea
October 1997

' 147 ~

Road Construction
In the road construction scenario, it is assumed that the nature road construction methods are
similar to those in use today.
If the road is constructed through the disposal site shortly after the unrestricted access period
begins, when site concrete structures are still relatively intact, the project may involve
demolition, whereas road construction would be more conventional if the road is constructed
long after the beginning of the unrestricted access period, when the concrete structures have been
reduced to powder. Both possibility are studied : an extremist scenario of a road constructed just
after the end of the institutional control period and a realisitic scenario of a road construted in
5000 years.
It is assumed that the road intercepts the longest axis of the site through the disposal system. But
it is most probable that the road will bypass the site or will be constructed over the disposal.
Calculations take into account inhalation of dust from the soil for workers present at the site for
the duration of the project. External exposition from the soil radiation is also considered.
Residential Area
In the residential area scenario, it is assumed that the structures of the disposal facility have been
modified by new construction, and that a residential area is built at the site. The assessment
considers the case of a full-time resident of the area.
The construction of housing, streets, parks and landscaped areas causes the various materials of
the disposal site (soil, clay, grout backfill, structural concrete, waste, etc.) to be mixed with new
materials such as sand, gravel and arable soil.
Individuals living at the residence are exposed because of airbone dust inhalation and external
exposition from gamma-emitting particles present in the soil. Inhalation is attenuated by the
housing shelter and external exposure is attenuated inside the houses by a concrete slab
(approximately 20 cm thick) or possibly outside the house by a layer of earth.
Playground
In accordance with the recommendations of the Higher Council on Nuclear Safety, we will
assume that there may the exposures involved in the residential and playground scenarios may be
combined for children.
In the playground scenario, it is assumed that landfill materials (road shoulders, railroad bed,
dump) consisting entirely of debris from the disposal facility are spread throughout the site
during construction and that children occasionally use these areas for recreation (biking, for
example). One third of the landfill is waste and two thirds consist of miscellaneous nonradioactive materials. For greater plausibility, it is further assumed that the structural concrete
and waste from the disposal facility have been reduced to powder.
As in the residential area scenario, it is assumed children are exposed to inhalation and radiation.
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10.6

Radiological capacity

The purpose of safety assessment of a disposal facility is to ensure that the radiological impact
for each period in the life of the facility are acceptable under all circumstances.
Safety analysis involves the calculation of the radiological impacts of a given inventory under all
plausible scenarios of radionuclide migration to environment in both normal and accidental
conditions.
If the pathways analyses result in acceptable radiological impact, the inventory can be ratified as
the radiological capacity. If the result is unacceptable, the inventory must be reduced or barrier
caracteristics not previously factored into the analysis must be taken into account.
Capacity is only determined for importants radionuclides which have a significant impact (more
than 1% of the global impact).
Some radiological capacities of the Centre de l'Aube are presented below.
Radiological Capacity

Radionuclide

(TBq)

H-3

4 10 3

Co-60

4 105

Ni-63

4 10 4

Sr-90

4 10 4

Cs-137

2 105

a nuclides

750
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LIST OF ACCIDENT SCENARIOS
Period
Cause

HUMAN

NATURAL

11.

Operating

Institutional Control

Unrestricted
Access

- Handling incident
-Fire(waste, facilities)
- Construction defect
(waste packages,
concrete pads, cap,
water collection
system)
- Plane crash

- Construction defect
(idem left column)

-Road Construction
- Housing
- Playground
-Well

- Plane crash

- Earthquake
- Flooding
- Animal intrusion
- Root intrusion
- Weather
- Meteorite

- Earthquake
- Flooding
- Animal intrusion
- Root intrusion
- Weather
- Meteorite

- Earthquake
- Flooding
- Animal intrusion
- Root intrusion
- Weather
- Meteorite

POST CLOSURE MEASURES

11.1 Definition and Objectives of the Institutional Control Period
Fundamental Safety Rule 1.2 defines the institutional control period as "a period following site
operations set aside for radioactive decay of short- and medium-lived radioelements, during
which institutional control is exercised 1) to monitor for any failure in the containment systems
and to prevent the spread of radioelements which may have adverse effects on members of the
public or on the environment, and 2) to prevent intrusions into the site."
The length of the institutional control period is determined by how long it takes for the
radioactivity of short- and medium-lived radioelements to decay to levels that no longer
present significant hazards to members of the public or to the environment and that allow
unrestricted access to the land so that it may be returned to normal usage.
So, the objective of institutional control is to protect members of the public and the
environment for as long as the potential radiological hazard exists.
The achievement of this objective is based on assuring that the disposal cap and the water
collection system maintains its performance and on regulating access to the site. This
assurance is gained by monitoring, servicing, maintenance capabilities, and caretaking as
necessary.
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11.2

Site status during the institutional control period

Area Division will be determined according to the regulations, Controlled AccessArea,
Restricted AccessArea, Unrestricted Access Area (Visitor Center).
Disposal Cap
The purpose of the disposal cap is to protect the disposed waste packages from meteoric water
by limiting the flow of seepage water, which may enter into contact with the waste packages,
to a few liters per square meter per year.
All water from the cap is collected in two systems encircling the site : the run-off collection
system, which collects run-off, and the drainage water collection system.
Water Collection Systems for Disposal Structures
Seepage water which may have leached the waste packages is collected in a system located at
the bottom of the disposal structures called the Separative Water Collection System (SWCS).
Ventilations
Ventilation is an issue for the water collection terminal and for the SWCS gallery. It is not
currently planned to install nuclear type ventilation (air box, filters), but the existing air
flushing system, which provides adequate protection from radon, will be maintained.
However, the building layout is designed so that filters may be installed later.
Security
Site Fence and Entrance
Throughout the institutional control period, access to the Centre de I'Aube will be regulated.
The perimeter fence of the site will therefore be kept with a single access for individuals and
vehicles.
Surveillance
Intrusion detection devices, connected to the security station will be installed in the Visitor
Center, in the entrances to the SWCS and in the water collection terminal.
11.3

Monitoring program

Disposal Cap Monitoring
The disposal cap is monitored to verify its impermeability. Three types of inspections will be
used to fulfill this objective :
visual inspection,
topographical inspection, and
hydraulic monitoring.
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Visual Inspection
The appearance of the cap will be visually inspected in two ways :
- external inspection of the cap's surface and of the condition of visitable walls and structures
(SWCS, basins, measurement rooms, service road, etc.) ; and
- internal inspection of piping and drainage systems.
Topographical Inspection
Topographical inspection of the site and its approaches will be done primarily by aerial
photographic survey. This type of inspection can detect earth movements whose type and
magnitude could lead to a deterioration of the cap's impermeability.
Hydraulic Monitoring
Hydraulic monitoring will be used to analyze and monitor the hydraulic behavior of the cap;
it will include :
- monitoring of the volume of water discharged via the so-called alarm drains located beneath
the liner ensuring cap impermeability ;
- measurements of total flowrates for the various water collection systems of the site; and
- special instrumentation for a section of the cap to evaluate and track changes in parameters
such as precipitation, run-off, seepage and evapotranspiration.
Hydraulic monitoring is specific to the first phase of the disposal cap and is performed for in
situ validation of the cap's hydraulic behavior. Tracking will be performed only for as long as
necessary to obtain useful results.

Monitoring of Disposal-related Water CollectionSystem, Separative Water Collection
System and Seepage Collection System
Collection systems for water passing through the disposal units will be monitored :
- to determine the status of seepage water (flowrate and activity) and to detect any off-normal
conditions ;
- to track changes hi the water and to categorize its origin ;
- to maintain the ability to perform the necessary sampling in each sector of the collection
systems so as to analyze identified changes ; and
- to gather the necessary information to assess the behavior and potential evolution of the
disposal unit.
These monitoring activities will be correlated to information from environmental monitoring
(e.g. precipitation or water table measurements) or from cap monitoring activities.
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Site and Environmental Monitoring : Monitoring Plan
A radiological monitoring plan was established for the operation phase and may be revised
during the institutional control period based on monitoring data and their evolution as well as
on progress in the field of instrumentation.
Monitoring is based on the principle of looking for any anomalies by examining the site from
the downstream and toward the upstream and radiological sampling and analysis relate to :
-

precipitation, run-off, drainage and seepage ;
on-site and off-site ground water ;
stream water ;
sediment and sludge ;
plants ;
air and airborne dust ;
area dosimetry at the site fence and for the controlled areas ; and
dosimetry of personnel temporarily servicing the facilities.

This radiological monitoring plan is complemented by measurements pertaining to chemical
toxicants.
Corrective Actions
The monitoring program combined with the archiving of the characteristics of the disposal
facility and all its structures must allow for the detection, localization and identification of the
causes of any abnormal radiological situation.
Supplemental monitoring measures or possibly corrective measures will then be taken as
necessary following pre-established procedures (repair of collection systems, galleries, liner).
11.4

Record Keeping

During operation of the Centre de la Manche disposal facility, a large number of documents
were produced relating to work performed there. Some of these documents contain
information vital to tracking and understanding activity levels at the site. These documents
may be classified into four major categories :
- site data (geological, seismic, hydrogeological, etc. studies) ;
- design and construction documentation for the disposal structures ;
- documentation on disposed waste packages, i.e., data on the origin, type, weight, activity
levels, conditioning and location of the waste packages ; and
- radiological monitoring documentation for the site.
Two copies are made of all documentation and are filed in two separate locations.
information is usually in paper form.

This

Transition to the institutional control period for the CSM requires that this documentation be
archived for the duration of institutional control, i.e., 300 years.
Workshop NETEC - Taejon - South Korea
October 1997

-153-

The purpose of archiving is to preserve and manage all documentation so as :
- to understand and implement the monitoring program applicable to the site ;
- to interpret measurements taken and observations made in the framework of the monitoring
plan ; and
- to perform basic site maintenance.

12. CLOSURE OF THE CENTRE DE LA MANCHE DISPOSAL FACILITY

With the closure of the Centre de la Manche, ANDRA has now the real experience of closure of
a surface disposal facility.
The disposal vaults are protected from rainwater with a final disposal cap, which must maintain
its integrity throughout the institutional control period. The disposal cap constitutes the most
important safety-related component of the disposal system during the institutional control period.
The final cap must therefore be sufficiently impermeable for a period of at least 300 years and
cap maintenance requirements must be kept to minimum under normal operating conditions.
Design Criteria of the final disposal cap are as follows :
Impermeability
The amount of rainwater likely to seep through the disposal cap and enter into contact with the
disposal vaults is a fundamental safety parameter.
The impermeability criterion requires minimization of water seepage into the disposal vaults to a
few liters per square meter per year.
Long-term Integrity
The disposal cap must maintain the required level of impermeability for the duration of the
period considered, regardless of adverse external or mechanical effects, to minimize the need for
maintenance and repair.
Elasticity
The disposal cap must remain impermeable for the duration of the institutional control period,
even if settling or subsidence of the disposal structures should occur.
Security
The security criterion pertains primarily to adverse external factors, such as erosion, thermal
cycling, or intrusion by humans, animals or vegetation.
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Repairability
The disposal cap was designed so that a potential failure can be identified in small surface areas
to allow for maintenance and repair if necessary.
From bottom to top, the multi-layer system consists of the following :
- a subgrade of compacted materials consisting of sandstone and schist, designed to give a
sloped shape to the cap and to enhance the impermeability of the multi-layer system by its low
permeability;
- a drainage layer of fine-grained sand designed to prevent puncturing of the bituminous liner
and to collect drainage water in the event of a liner failure ;
- a bituminous liner to ensure the impermeability of the multi-layer system ;
- a drainage layer of fine-grained sand designed to prevent continuous hydraulic load on the
liner and to collect drainage water which has entered the biological barrier;
- a layer of compacted materials designed to regulate the flow of drainage water over the liner,
and in particular to protect the latter from root systems and burrowing animals ; and
- a layer of shallow-rooted vegetation which prevents the underlying impermeable layers from
drying out and cracking, resists washout and erosion, directs run-off to a rainwater collection
system, and helps to achieve a satisfactory evapotranspiration coefficient
Cap Water Collection Systems
All water from the cap is collected in a double water collection system encircling the site.
Run-off and drained seepage water.
The cap will be monitored and repaired in the event of deterioration to protect the other
components of the disposal system from water and thermal cycling until the unrestricted access
period.

13. LICENSING ISSUES
Division of Responsibility
The extent of nuclear operations in France and the type of risks that they entail prompted the
government to develop an organizational program and regulations specific to nuclear safety.
The fundamental responsibility of the operator forms the core of this system. The
government provides oversight to ensure that this responsibility is carried out completely in
compliance with regulatory requirements.
The respective roles of the government and of the operator may be summarized as follows :
- the government defines general safety objectives ;
- the operator makes technical recommendations for achieving these objectives and provides
supporting arguments ;
- the government verifies the adequacy of these recommendations with respect to the
established objectives ;
- the operator implements the approved measures ; and
- the government verifies the appropriate implementation of these measures and analyzes their
consequences.
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The Ministry of Industry's Directorate for the Safety of Nuclear Installation (DSIN) is
responsible for defining and implementing nuclear safety policy. DSIN also reports to the
Ministry of the Environment.
Special regulations were promulgated to ensure that facilities are constructed and operated
under satisfactory safety conditions. In regulatory terms, the facilities fall into different
categories which correspond to more or less restrictive procedures based on the magnitude of
their potential risk.
DSIN is charged with defining and applying regulations for the principal fixed nuclear
facilities, termed "licensed nuclear facilities", excluding those involving defense programs.
Facilities designed to dispose, store or use radioactive substances, including waste, are
classified as licensed nuclear facilities when the volume or total activity at the radioactive
substances is above the threshold established by the joint ministerial order.
Licensed nuclear facilities are subject to two types of regulation : licensing and technical
requirements.
Licensing Process
The operator must submit a Provisional Safety Analysis Report to the Minister of the
Environment and to the Minister of Industry before the facility enters service, which must occur
within a period of time established by the license decree. Final start-up is subject to a ministerial
license accompanied, as applicable, by updated technical requirements and general operating
rules.
License Decree
The Centre de 1'Aube was licensed by decree
particularly :
- the principal elements of the facility are the
installations ;
- the disposal capacity (1 million m^) and the
60, strontium 90, cesium 137, nickel 63 and
- that the different types of waste packages
disposal;

dated September 4, 1989, specifying

disposal vault, the water collection system and
maximum allowable activity for tritium, cobalt
alpha-emitting radionuclides ;
must be accepted (formal approval) prior to

Operating licence and Technical Requirements
For the Centre de l'Aube, the operating license of December 21, 1991 specified that the Final
Safety Report for the CSA had to be submitted within a period of five years. The final Safety
Report for the Centre de l'Aube has been submitted to the Safety Authority last december 1996
and is still under examination.
The technical requirements specifying operating conditions for all disposal structures and
facility equipment were set in the Decree.
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