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THE SAFETY OF A SITE FOR THE DISPOSAL OF RADIOACTIVE WASTE IN A
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P. ESCALIER des ORRES, C. DEVILLERS, A. CERNES
Institut de Protection et de Sûreté Nucléaire - CEA/IPSN
C.IZABEL, Agence Nationale pour la gestion des Déchets
Radioactifs - ANDRA

ABSTRACT

The procedure for selection and qualification of a site for the
disposal of radioactive waste in a deep geological formation began
in France in the early eighties. The public authorities, working
from a recommendation by the ANDRA, made a pre-selection of four
sites, each of which corresponded to a particular type of
geological formation - granite, clay, salt and shale. Within two
years, one of these sites would be chosen as the location for an
underground laboratory, intended to verify whether the site was
suitable as a nuclear waste repository and to prepare for its
construction.

The safety analysis for site qualification makes use of
evolutionary scenarios representing the repository and its
environment, selected by means of a deterministic method. This
analysis defines, with an appropriate level of detail, a
"reference" scenario and "random events" scenarios.

INTRODUCTION

The procedure for selection and qualification of a site for the
disposal of radioactive waste in a deep geological formation began
in France in the early eighties. One of the aspects of the safety
analysis to which this procedure refers is the selection of the
scenarios to be tested.

It is recalled that it was in 1984 that the Secrétaire d'Etat for
Energy presented the national program for the management of
radioactive waste, and consigned the task of bringing to fruition
the construction of a repository for disposal of medium and high
level, long-life radioactive waste, in a deep geological formation
to the national agency created within the French Atomic
Commission, responsible for management of radioactive waste
(ANARA).
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As a first stage, the public authorities, working from a
recommendation by the ANDRA, made a pre-selection of four sites,
each of which corresponded to a particular type of geological
formation - granite, clay, salt and shale. A second stage
followed, described as the confirmation stage, to last for about
two years, to choose a location from among the four available, for
an underground laboratory. The construction work would then
constitute a third phase, described as the qualification phase,
intended to verify whether the site was suitable for the disposal
of radioactive waste, and to prepare the construction of the
repository.
In parallel with this, The Minister for Industry set up a working
group, with Professor Goguel as Chairman, for the specification of
the technical criteria to be imposed on such a site. In 1987,
this group published the essential criteria (hydrogeological
properties and geological stability), the important criteria
(mechanical, geochemical and thermal properties, depth and
underground resources), and the favourable factors (dilution at
outlets, distance to outlets, etc). Other recommendations by this
group dealt with site reconnaissance, the construction works, and
the risk of human penetration (1).

In addition, the Safety Executive (Service Central de Sûreté des
Installations Nucléaires of the Industry Ministry, with technical
support from the Institut de Protection et de Sûreté Nucléaire)
played an active part in this selection procedure, both in the
administrative and technical areas, throughout all three of the
phases described.

Thus, at the time of the link between the pre-selection and
confirmation phases, the constitution of a knowledge base prepared
by the ANDRA for each of the sites, and reconnaissance programs
executed site by site, were examined, becoming the subject of
recommendations for the research to be pursued for the eventual
justification of the adequacy of the sites in accordance with the
criteria defined by the Goguel Group.

On completion of the confirmation phase, the ANDRA would have to
publish a "Choice of Site" report, containing a preliminary
evaluation of the safety of each of the sites under consideration.
Within this framework, it had to demonstrate the acceptability of
the consequences of the scenarios which had a bearing on the
choice of a site for an underground laboratory.

The qualification phase which was to follow, would then allow the
ANDRA to prepare a safety report, for transmission to the safety
authorities at the time of application for authority for the
creation of the repository.

This paper deals with the determination of the evolution scenarios
to be selected for the analysis, before the closure of the
confirmation stage.
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1. GENERAL METHODOLOGY FOR CHOICE OF THE SCENARIOS

The objectives set for the choice of scenarios, and for their
subsequent processing, are as follows :

- to contribute to the listing of events or sequences of events
(possibly specific to individual sites) which could affect the
safety of a disposal site,

- to make a quantitative assessment of the various alternatives
available, thereby being in a position to judge the soundness of
the proposals for solution of the problems identified within the
safety analysis for the different candidate sites.

This iterative approach has the merit that it makes use of
simulations for reorientation of the R 4 D, if necessary, and
modifies the disposal concept.

From this viewpoint, only the post-closure period of the
repository will be considered, since the operational phase is not
likely to engender any cataclysmic situations from a safety
viewpoint. In point of fact, the experience accumulated in the
course of operating nuclear installations and mines (including
uranium) gives confidence that any conceivable situation and its
possible consequences can be handled.

The method selected for judging the quality of the sites from a
safety perspective is of the deterministic type. It consists of
studying a limited number of scenarios, representative of
different families of events or sequences of events, such that the
associated consequences are the worst found in situations in the
same family. This "envelope" approach depends on the selection of
events considered to be reasonably likely.

It is composed of the following stages :

. identification of the events or the processes liable to occur,

. classification of events or processes as a function of their
probability and/or their origin (the deposit, the people, the
natural processes),

. sorting the events and processes according to criteria which
take account of their probability, the effects induced in
relation to other events or processes of comparable probability,
or the severity of the radiological consequences,

. combination of the events, processes and specific character to
for scenarios,

. discrimination between scenarios.
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This procedure, which is close to that on scenarios studied by the
working group of the OECD (2), enables the definition, with an
appropriate level of detail, of the following for each of the four
pre-selected sites :

. the normal or central "reference" scenario, composed of events
or processes which are certain or virtually so.

. the "random events" scenarios, which include the events or
processes where the date , the intensity, or even the frequency
law, are much less certain.

To be in a position to make a first assessment of the consequences
of the selected scenarios, then apart from the need to develop
concepts and tools enabling them to be modelled, it is necessary
to characterize them, that is to attribute values (sometimes by
order of magnitude) to the parameters under test.

It is, however, possible to consider this characterization as
being broadly iterative, particularly insofar as the definition of
the scenarios under consideration are liable to be refined as
knowledge is acquired on the barriers and on their behaviour.

For the location in time of the scenarios, the following are the
periods to be referred to :

- an "initial" period of some centuries, associated in part to the
decrease in short and medium-lifetime radionuclides, and in part
to a plausible safeguarding of storage memory.

- the "thermal" period which extends over the first few thousand
years.

- a third period (of 10,000 years or more) in the framework of the
reference scenario, during which it is necessary to guarantee
the geological stability of the site, in the knowledge that it
is possible to forecast the geological evolution with relative
certainty.

- the period associated with the years beyond this threshold. It
is desirable that the results provided by the calculation codes
be handled with a certsin amount of care during this period.
Although it is essential to be sure that the doses obtained are
quite acceptable (in order to compensate for the uncertainties
which grow with time), these will only have an indicative value
on a time scale on which the laws of geological evolution of the
environment are still not well known.
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2. THE SCENARIOS SELECTED FOR THE PRELIMINARY EVALUATION OF THE
SAFETY OF THE FOUR SITES

Following discussions within the working group led by Professor
Goguel, and an SCSIN-IPSN-ANDRA working group on scenarios, set up
in 1989, a consensus was established that the events summarised in
table 1 should be considered as a priori conceivable events. These
are :

- for the reference scenario

this represents the evolving "normal" situation of the system
(disposal with technological barriers and the geological
barrier):
. the events related to the construction of the repository
(thermal and mechanical effects),

. a set of certain natural events (climatic changes, some
seismic activity, up and down movement),

. current human activity.

- for the random events scenarios :

. exceptional events of natural origin (climatic changes,
seismic activity, exceptional up and down movement, diapirism,
magma activity, meteorite impact, etc),

. other events such as direct human penetration (drilling,
mining, cavities, surface or sub-surface construction),
container defects (a hazard due to a lack of knowledge about
the conditions of deterioration, or about any failure to hold
to specifications), defects in the artificial barriers
(sealing defects, for example, related to failure to meet
specifications during installation, construction, design
faults), climatic changes related to human activity (gas
concentrations, etc), or defects in the geological barrier
leading, for example, to anomalies in this barrier (a hazard
due to lack of knowledge of the site, previous penetration,
etc).

It is noticeable that certain types of event can be envisaged in
the two groups of scenario - it is recalled that the latter are
characterized by the difference in the probability of events
(related to the characteristics of their progression - intensity
and time).



3. THE REFERENCE SCENARIO

Effects related to repository construction

The activating event is the presence of the repository. The
impact of the latter leads to the introduction of the processes
related to heat emission, mechanical and physico-chemical
modifications, or saturation of the environment. The questions
which can be asked concern the long-term behaviour of the waste
matter, the physico-chemical modifications of the disposal
environment, with as a consequence the release and transportation
of radionuclides in the near field, the thermo-mechanical effects
(dilation and fissuring) with the implications of these on the
hydrogeology (thermo-convection).

in the area of constraints caused by the excavation works, the
methods employed can limit the effects of these. Likewise, the
convergence properties of the host environment will be capable of
speeding the healing of any damage (the case for salt, clay, and
even shale). Desaturation of the hot rock, in a medium of low
permeability, remains limited, the important factor being the re-
saturation time for the artificial barriers. The sealing process
concerning the drilling activity and the access wells to the
galleries requires a suitable technology, in order to be sure that
the containment properties of the medium are restored. The main
remaining question is that concerning their lifetime.

The points listed above are the subject of a current or future
research and development programme, for the definition of
priorities and to respond to any questions which arise (laboratory
experiments, on the ground, modelling).

Climatic changes

This type of event is accompanied by events such as
erosion/sedimentation cycles and the modification of surface
hydrology and underground flows. The experts agree that large
modifications due to external geological dynamics should be
considered as improbable in France over the next ten thousand
years. Over a longer period, of the order of one hundred thousand
years, they agree that there is no risk of a large rise in sea
levels in France, nor of the presence of heavy ice cover. The
only conditions to be considered are those of peri-glacial
erosion, not having a large effect, and the sporadic existence of
permafrosts. For example, in the course of major glaciation, to
which one can attribute a period of one hundred thousand years,
the risks of erosion, in relation to a drop in sea levels, will
vary as a function of the geographical position of the sites.
Programme are in progress at the Atomic Energy Commission for the
acquisition of regional paleo-climatic data, and at the IPSN, for
the construction of development models of mountain glaciers -
models to be predicted on the basis of astronomical and geological
data, models for the carbon cycle, etc.
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Seismic activity

Only a level of seismic activity liable to result in probable or
virtually certain practical effects during the period under study
will be taken into account. The uncertainty lies in the
definition of a level of seismic intensity during periods
considerably longer than that of known history, and the effects
which are to be particularly considered are the seismic effects on
underground flows. The existence of a physical limit to seismic
intensity in a region can constitute the limit data.
Programmes are either in progress or are in prospect, at the ANDRA
and the IPSN, to study two aspects - the effects on flows and
characterization of the seismic intensity (modelling activity,
experimentation, data analysis, etc).

Up and down movement

It is the differential movement which,'together with the
definition of limits and of the discontinuities liable to be
relevant in a given hydrogeology, can modify the flow conditions.
With the current state of knowledge, the difficulty in acquiring
data for the calculations leads to the extrapolation of levelling
measurements (for period of 100 years) and the interpretation of
recent geological data (from two to a few million years).

Human activity (current)

Current human activity is leading to the creation of artificial
outlets at certain sites, at different levels depending on the
results aimed at (exploratory drilling or water supply drilling).
This type of activity, which can modify the region of the
geological barrier, and which is a factor in containment, and
therefore in the representation of the barrier, is included in the
reference scenario.

4. THB RANDOM EVENTS SCENARIOS

The characteristics of the events included in these scenarios are
subject to even greater uncertainty than is the case in the
reference scenario. This may concern events based on the geo-
prospecting studies, "explicit" events (glacier cover at 160,000
years, for example), or of extremely unpredictable events with
regard to their occurrence or their progression. These events are
divided between two categories - those of natural origin and those
related to human activity (penetration, technological barrier
defects, climatic changes of anthropic origin, anomalies in the
geological barrier which are undetected due to lack of precision
in knowledge of the site characteristics). Where the geological
hazards are concerned, it is recalled that the reconnaissance
programme is necessarily limited in respect of drilling or tests
liable to cause damage to the geological barrier.
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A certain amount of evaluation work has already been carried out
on the sensitive scenarios, aimed at acquiring an initial
appreciation of the magnitude of the consequences.

It is with this in view that, at the request of the Goguel group,
and within the framework of the PAGIS and PACOMA projects
coordinated by the European Community Commission (dealing with the
global evaluation of the safety of a radioactive waste repository
in different types of geological formation), preliminary
calculations have been carried out for «valuation of the
radiological consequences corresponding to the following
scenarios :

- intrusion into a salt formation,
- intrusion into a granite formation
- defect in sealing of a shaft.

These scenarios are presented below in a concise manner. It is to
be noted that even if these calculations are of an indicative
value only, they show, nevertheless, that even for the most
pessimistic case considered, the radiological consequences of
these scenarios are acceptable (1, 3, 4).

4.1 Intrusion into a salt formation

The intrusion considered is that aimed at subterranean
exploitation of a salt formation for human food purposes. The
sequence of events selected for the scenario is the following :

- a borehole is drilled in the salt, and this finds nothing
abnormal because it is out of range of the disposal chambers,

- a dissolution cavity is developed around this borehole, leading
to an unsuspected penetration into the repository,

- the waste containers are in contact with the brine, at the
original location initially, and later after falling to the
bottom of the cavity, before being covered by the insoluble
materials.

- finally, the extracted brine is used for the production of table
salt.

This scenario is envisaged only if it is supposed that no
radiological check is carried out on the extracted material before
it is placed on the market.

Having made this supposition, the definition of the scenario for
modelling purposes requires selection from a very large number of
hypotheses - in the geological medium (hydrogeological
characteristics, nature, the distribution and quantity of
insoluble materials present, etc), on the configuration of the
disposal area, on the source (containers, the dissolution rate,
etc) and on the mechanisms of salt removal (geometry of the
dissolution cavity, the rate of water injection, etc).
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Using values which appear to be reasonable for the above-mentioned
parameters, then in the case of intrusion at 500 years, and in the
extremely pessimistic hypothesis that containers are completely
decomposed, the results of the calculation of doses obtained show
that the radiological consequences of this type of intrusion
scenario do not exceed a few fractions of a milliSievert per annum
and per individual for vitrified wastes, and some hundredths of a
milliSievert for alpha wastes, that is to say that the doses
obtained in this accidental situation are even less than the limit
recommended by the International Radiological Protection
Commission in the case of continuous exposure in controlled
conditions.

However, the uncertainty analyses and the sensitivity studies
demonstrate that :

- for vitrified HL, the results can vary over two orders of
magnitude over the range of variation of the parameters
considered. The factor with the greatest influence is the
dissolution rate of glass materials in the presence of rapidly
circulating brine. The level of fine insolubles contained in
the salt formation also plays an important role.

- for the alpha waste, the doses obtained remain very low over the
whole range of variation of the parameters under consideration,
in addition to this, the variations in relation to the basic
scenario have been studied. Among these, only the case of
exploitation of the formation by dissolution between two drilled
shafts placed in the line of a disposal gallery gives doses
which are considerably higher, but which are still acceptable by
the criteria of the International Radiological Protection
Commission. In effect, the very low probability of such
intrusion reduces the level of individual risk to a very low
value.

In the case of containers which are only partially decomposed, the
doses become insignificant.

Through this analysis, it appears that a dispersed high level of
fine insolubles can be a favourable characteristic for a disposal
site where there is a risk of intrusion. In effect, a salt
formation containing a large proportion of insolubles, and
therefore of impurities, would certainly be considered less
attractive for salt mining purposes. In addition, in the case of
intrusion, the waste which has dropped to the bottom of the
dissolution cavity will be covered more rapidly by the fine
insolubles, with consequent reduction in the quantity of
radionuclides extracted in the brine, and thus of the collective
dose. But care has to be exercised, since a formation which has a
high level of insolubles can present other negative aspects,
particularly with regard to the hydrogeological and mechanical
properties.
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4.2 Intrusion into a granite formation

In this type of formation, it is logical to assume that the motive
for intrusion is the extraction of mineral resources. The
scenario selected is based on the principle of a conventional
mining operation, which seems more realistic that to postulate
exploitation by in-situ dissolution after fracturing of the rock
mass. It is supposed that the mining activity will create a
cavity very close to the waste deposit, though outside it. It is
considered that any intrusion into the repository itself would
lead to immediate abandonment of the excavation work.

Exposure to radiation can occur in two ways :

- direct exposure of the mine worker to external and internal
irradiation (by inhalation),

- indirect contamination of a man via the food chain which has
been polluted by water pumped from the mine.

The dose calculations have been carried out only for the case of
vitrified waste, where it was possible to make use of the existing
"source" model. The results give very low doses, except in the
case of the first mode of transport, for which a dose above 10
milliSieverts (1 rem) per annum was obtained for an intrusion at
the 100,000-year stage.

Even so, this value remains of the same order of magnitude as the
annual dose received by workers in certain non-uranium mines or
subterranean excavations at the present time.

Apart from this, the calculation shows that certain parameters,
the exchange coefficient between the solid and liquid phases
notably, play a crucial role.

4.3 Defects in the sealing of a shaft

Also studied, within the context of the PACOMA project in relation
to concreted waste, was the impact of a defect in the sealing of
an access shaft in a repository in a granite formation. Here, it
was found that :

- in the case of a downward water flow in the vicinity of the
access shaft, the increase in local permeability in the presence
of such a defect has very little effect on the water flow, and
that as a result, the impact on the dose would be extremely
small.

- an upward water flow would be possible only in the case of
desaturation on a large scale of the rock mass, which, for the
repository under consideration, could only occur if there was an
undetected fault (or other sealing defect), making possible the
arrival of a significant volume of water, given the supply of
water available through filtration, and the low permeability of
the rock mass.
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CONCLUSION

The selection and the qualification of the deep disposal site
relies particularly on a safety analysis which allows it to be
demonstrated that the containment capacity of the site is
acceptable. This analysis is based on an assessment of the
effects, and a calculation of the radiological impact of the
various corresponding selected scenarios, for predictable
phenomena on the one hand, and for events of a random nature on
the other. This requires the acquisition of knowledge at the local
level, on the site, in its current state, by ensuring an adequate
specification of the reconnaissance programme/ and by gaining full
control of the technological uncertainties in the area of shaft-
sealing (effectiveness and durability).

On the subject of the random events scenarios, the calculation
results presented below give cause for reasonable optimism, though
certainly with the reservation that the results will be
representative in respect of the configuration of the candidate
sites, and also that the uncertainties concerning "exceptional"
natural phenomena will be reduced.
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TABLE OF A PRIORI CONCEIVABLE EVENTS

I

REFERENCE SCENARIO

Evolving situation of the system
related to :

'- Construction of the repository
(thermal and mechanical effects)

- A set of natural events :

. climatic changes

. seismic activity

. up and down movement

- Human activity (present)

RANDOM EVENT !

EVENTS OF NATURAL ORIGIN

- Exceptional climatic changes

- Exceptional seismic activity

- Exceptional up and down motion

- Olapirism (salts)

- Magma activity

- Meteorite Impact

SCENARIOS

EVENTS OF CONVENTIONAL ORIGIN

COMMENTS

- Human intrusion
(direct or

Indirect)

- Container defect

- Artificial barrier
defect

- Geological barrier
defect

- Climatic changes
related to human
activity

- Possible origins :
. mining
. storage site

- Possible causes :
. exploratory borehole
. water-supply well
. mining
. cavities
. surface or sub-surface works

- Possible origins
. hazard related to level of knowledge of
decomposition conditions

. not holding to specifications

- Possible origins :
. not holding to specifications
. design defect

- Types of event:
. Sealing defect in an access-shaft or drift

- Possible origins :
. hazard related to the level of knowledge
of the site

- Types of event :
. anomaly in the geological barrier (fractures,
brine pockets, sand lenses, etc)

. other hazards - undetected or not well-known
previous Intrusions

- Possible origins :
. changes 1n CO- concentration and destruction
of the ozone layer

N.B. : War and sabotage are not Included in the conceivable events
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