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ABSTRACT 
The new low-level waste disposal "Centre de l'Aube", in operation since January 1992, has 
been characterized in term of environment and activity since the very first stages of the siting 
process, eight years ago. 

The media in which such systematic monitoring is made are divided in two categories, inside the 
facility, and outside the facility. 

Inside the facility, controls are made on surface running water, on infiltrated water collected in 
the monitoring galleries network, on underground water, on water treatment facility releases, 
and on storm-basin water. 

Also monitored are the sediments and mud from storm-basin and underground galleries, as well 
as atmospheric dust and radioactivity level at various places. 

Outside the facility, controls are made on water from the rivers and from water table, as well as 
on .vegetation and milk. 

The actual figures are published by Andra on a three months basis and are widely distributed 
directly or through the Local Information Commission. 

1. Main Aims of Near-Surface Repositories 
These aims are set out in basic Safety Rule number I. 2 (RFS I. 2) relating to the design of 
near-surface repositories. 

1. 1 First main aim 

The first main aim of a repository is to provide immediate and deferred protection of people and 
the environment. 
Immediate protection is strictly regulated and is applicable to all nuclear facilities. 

It was decided to isolate the waste from the environment in order to provide deferred protection 
for low- and medium-level waste. 

This isolation is provided by the actual packaging of the waste and by specially engineered 
barriers. 

The repository and its environment must be monitored for as long as the waste represents a 
potential hazard. 
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As a result there are three 'periods in the life of a repository. 

First, the operating period during which the waste is placed in storage. 

Then the monitoring period which lasts for as long as the distribution of stored materials could 
^i'cscnt a significant radiological risk. During this phascperiod only the task of permanent 
storage in the final state will still be carried out. There will be no more work to carry out, 
save the possibility of some maintenance or repair work, and the repository will be constantly 
monitored. Access to the site will be controlled during this period. 

Finally, the free access period which begins as soon as the site can be used without any 
restrictions of a radiological nature for any purpose whatsoever. 

The concept of site monitoring prior to the free access period involves the implementation of a 
programme of checks and maintenance during the entire monitoring period, which explains why 
a second main aim for the repository was formulated. 

1. 2 Second main aim 

The second main aim of the repository is to allow the site to become harmless at the latest 300 
years after the start of the monitoring period. 

After it has been rendered harmless, the soil can be used for any purpose whatsoever. The 
approach adopted to determine the length of the monitoring period consists in studying the radio
logical impact of the repository in various barrier degradation and soil use scenarios. To retain a 
wide safety margin, in compliance with RFS Ï. 2, it is assumed that once harmless, the isolation 
barriers no longer offer any guarantee of confinement and are no longer protected from human 
intervention. 

Under these conditions, studies of transfers have led to values being set for the maximum 
admissible quantities for each radionuclide present at the moment when the site becomes 
harmless, such that the radiological impact remains acceptable. 

2. Repository Design Bases 
Compliance with -the main aims results in the following design bases : 

a) Isolate the radioactivity during the first two stages in the life of the centre under normal 
conditions 

This in practice involves removing as many of the radionuclides as necessary using outside agents 
capable of spreading them : water and man. 

The risk of the possible dissemination of radioactive substances through water is mitigated by a 
multiple barrier isolation device comprising modules and engineered structures designed in such a 
way as to ensure that this device remains effective in all ways for at least 300 years. 

To provide protection from any human intrusion, access to the site is controlled until the 
monitoring period has expired. 

b) Limit and/or delay the possible release of radioactivity into the biosphere 

To achieve this : 

on the one hand, the initial activity of the radionuclides present in the waste modules must be 
limited, 
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on the other hand, barriers must be chosen which restrict the migration of radionuclides so 
that, during the first two periods in the life of the centre, the radiological impact of the 
repository will remain acceptable under all conditions, and that after the monitoring period 
the residual activity will be compatible with criteria for rendering the site harmless. 

During the operating and monitoring periods, it is the combined properties of the isolation device 
and the soil and the limitation of initial activity in storage which make it possible to provide an 
acceptable radiological impact in all plausible accident scenarios. 

Once the site has been rendered harmless, even if the engineered structures have not retained 
100% efficiency after 300 years, the limitation of activity, the residual properties of the 
materials from which even deteriorated engineered structures and modules are made, together 
with the properties of the site, make it possible to keep the radiological risk at an acceptable 
level. , 

3. Safety Assessment 
The safety assessment consists in calculating the individual exposure resulting from a given 
situation. Generally speaking, the situation is called normal when each barrier is fulfilling its 
role, and it is called an accident situation when one or more of the barriers loses all or part of its 
integrity. 

Under normal conditions, a very slight fraction of rainwater can leach through the cap (during 
the monitoring period) or through the soil (during the free access period); this water lixiviates 
the fraction of waste in the immediate vicinity at that moment; the water then carries the 
dissolved radionuclides through the basemat, and then through the geosphere to an outlet. The 
radionuclides are then ingested and inhaled by the critical man. 

Accident situations depend to a great extent upon what period in its life the repository has 
reached : 

during the operating period, this might involve. 
either handling accidents or fires resulting in workers being exposed to radiation or a spreading 
of radioactive dust and its subsequent inhalation by members of the public or workers, 
or accidents jeopardising the integrity of part of the cap, thereby increasing the amount of 
water entering to lixiviate the waste. 

during the monitoring period, the most serious type of consequence considered corresponds to a 
loss of integrity of part of the cap, as a result of a seismic tremor for example, 

during the free access period., the situations to be taken into account correspond to intrusions 
which can be divided into two types : 

Situation resulting in an increase, relative to the normal situation, in the amount of contami
nated water ingested; creation of a well; in this situation, man short-circuits part of the 
geosphere by digging directly into the water table, and uses water with a higher concentration 
of radionuclides by volume. 
Situation placing radioactive dust in suspension and causing inhalation, or even exposure to 
radiation, construction of a motorway, creation of a residential area, etc. The various 
possible hazardous elements are given in Table 1. Only those events which have a probability 
of occurring of greater than 10" 5 per year have been included. 
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To be in a position to give a quantitative assessment of the radiological impact of the repository 
for the various scenarios chosen, the processes by which the radionuclides are transferred to man 
have to be analysed. 

Three processes can be distinguished : 

transfer by water, 
transfer by air, and 
external exposure. 

3. 1 Analysis of transfer by water : 

3. 1. 1 Activity carried every year by infiltration water 

The infiltration water can carry over, by a process of lixiviation, a certain amount of radionu
clides. To characterise this carryover a magnitude known as the lixiviated activity fraction is used 
every year. It is defined, for a given radionuclide as the ratio of activity lixiviated every year to 
the residual activity of the module at the time of lixiviation. The amount of activity carried over 
every year is calculated for a given radionuclide as the product of the following factors; 

Cumulative fraction of modules with a deteriorated overpack, the contents of which might be 
exposed to the action of water for the given year ; it depends on the ageing characteristics of 
the module overpack (concrete or metal container). 

The annual lixiviated activity fraction; this'is dependent upon the amounts of water which 
have infiltrated through the cap, and upon the nature of the materials surrounding the waste. 
Its value differs depending upon what stage of life the repository is in and on the way in 
which the waste is stored and packaged. 

The residual disposal activity for the year in question. 

3. 1. 2 Modelling the transfer of radionuclides into the soil 

The method adopted consists firstly in characterising the flow of water into the soil by a velocity 
field Vp, then in studying the migration of radionuclides into the soil in light of the retention and 
spreading phenomena which characterise it. 

The flow is supposed to be on-going and two-dimensional ; it can be characterised at any point by 
the permeability of the aquifer, fc» the hydraulic load in the table h (piezomctric levels) and the 
porosity we* The real flow velocity is written in the form : 

V-p= grad h 
IVç 

Owing to physical and chemical interactions between the natural environment and the radionu
clides, the average velocity of the radionuclides is generally much lower than the real velocity of 
the water (except for tritium). 

The real velocity is obtained by dividing the velocity of the water by a delay co-efficient which 
is a function of the ratio of distribution between the water and the soil. This ratio is specific to 
each radionuclide. It is a function of the properties of the soil. 

The transfer calculations are carried out using a numerical code which supplies; 
the quantities of activity released annually by the repository, and 
the quantities of activity transferred via the outlet every year in the light of the soil 

242 



properties. 
3. 1. 3 Modelling the transfer of radioactivity into the biosphere 

In order to simulate the variety of routes and mechanisms which are involved in the dispersal of 
radionuclides into the environment, the following transfer paths were adopted; 

release and dilution of radioactivity into fresh water, 
migration of radionuclides into the soil after irrigation or flood, 
transfer of radionuclides into the environment to non-aquatic plants, 
transfer into animal products, and 
ingestion or inhalation by man of products possibly containing radionuclides. 

A calculation code, which adopts the conventional equations for the transfer of radioactivity into 
the biosphere, was used. The values of those parameters which depend specifically on radionu
clides come from an artificial CEA library. 

3. 2 Analyses of transfer by air 

Dispersion or the placing into suspension of waste can occur. 

during the operating period in the event of a module being dropped or set alight. The activity 
inhaled depends on the distance from the source and on the atmospheric dispersal conditions at 
the scene of the accident, and 
during the free access period, the risk of inhaling radioactive dust can affect workers carrying 
out earth moving work, civil construction work, members of the public living on-site or 
nearby and likely to inhale dust placed in suspension by the wind. 

3. 3 External exposure 

During the free access period, the site is considered to no longer offer any protection from 
human intrusion. It is assumed that the waste is mixed with degraded material from the 
engineered disposal structures and from the original soil. 

External exposure is in essence a result of gamma radiation, emitted by the contaminated soil, 
which, in view of its thickness, can be compared with a semi-infinite environment. 

4. Radiological Monitoring 
Repositories are subjected to radiological monitoring to protect man and his environment from 
the risks caused by the activities of packaging and storing radioactive waste. 

The aims of site and environment monitoring are : 

to comply with the requirements imposed on the nuclear operator by the regulations and 
provisions issued by the safety authorities in the light of the waste characteristics and potential 
transfer paths for radioéléments from the repository to man, and 
to detect, analyse, and correct any problem which could arise, equally well in radiological 
fields as in non-radiological fields. 

The radiological monitoring of a repository and its environment are covered by a regulatory 
radiological monitoring plan submitted to the authorities for approval. 

The environments affected by the checkings are. 
On-site : 
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runoff water, infiltration water passing through the engineered disposal structures and 
collected by the buried gravity separation pipes, groundwater, and water from the biological 
purification plant and from the storm basin, 
sediments and muds from the storm basins and the buried gravity separation pipes, 
atmospheric deposits, and 
radiation at the outer enclosure. 

Off-site s 
water from streams and groundwater, 
vegetation, and 
milk. 

Before the Centre de l'Aube repository was brought into service, a radiological reference state 
(point zero) was established. 

This was intended to evaluate, before the repository came into service, the relative shares of 
naturally and artificially occurring radiation in the main components of the earth and water 
systems. For the Centre de l'Aube repository, the surveys, samples, and measurements were 
taken in two stages : 

a preliminary point survey intended to provide an initial evaluation of the levels of 
radioactivity for a few samples as well as the ambient gamma irradiation values (November 
1985), and 
a radioecological study over a period of time longer than the previous one in order to take in 
the seasonal and plant cycles (from June 1986 to June 1987). 

More than 1500 measurements were taken. 

Conclusions 
In the beginning of January 1992 the Centre de l'Aube repository started operation. A certain 
number of technical solutions were added during the design stage for increased security: 
automatic measuring devices were developed to limit the exposure of workers to radiation, buried 
gravity separation pipes were included to enable the collection of water which could have 
infiltrated into the engineered structures, modules and engineered structures with confinement 
properties good for over 300 years, the site having some radionuclide retention properties. 

A method taking into account the experience obtained during operation of the Centre de la 
Manche repository has been gradually developed for the safety assessment. Analyses carried out 
on behalf of the Centre de la Manche and the Centre de l'Aube, have shown that the radiological 
impact on the populations is negligible for the normal evolution scenario and also for the 
so-called accident scenarios. 
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Table 1 List of hazardous events 
Source 

of the event Operating Stage 
monitoring 

Rendering 
harmless 

Human -Handling incident, -Intrusion; 
-Fire ( waste, facility), -Manufacturing defect Site 
-Manufacturing defect (see previous column), Residential area 

(modules, bascmats, 
structural concrete, cap, 
water collection pipes), 

Children's play area 
Wells 

-Plane crash -Plane crash -Plane crash 
Natural -Earth tremor, -Earth tremor -Earth tremor 

-Flood, -Flood -Flood 
-Intrusion by animal, -Intrusion by animal -Intrusion by animal 
-Intrusion by plants, -Intrusion by plants -Intrusion by plants 
-Severe weather conditions, -Severe weather conditions, -Severe weather conditions, 
-Meteorite fall -Meteorite fall -Meteorite fall 
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