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I. INTRODUCTION 

Analogue studies related to a high level radwaste disposal at the 
French Atomic Energy Commission (CEA) are conducted within two 
Institutes: 

-The Institute for Technological Research and Industrial Development 
(IRDI) which mainly deals with near-field programmes, 

- The Institute for Nuclear Protection and Safety (IPSN) which is mostly 
concerned by far-field programmes. 

In this paper, I will first recall some of the elements of the 
disposal concept which are considered in these Investigations. I will 
then give an overview of current studies, specifying the aims of the 
programmes, the collaborations Involved with Universities or other 
research organisations outside CEA and pinpointing some of their main 
results. Detailed descriptions of these works are to be found in already 
published (see references) or forthcoming papers. For each programme, I 
will also Indicate the CEA department which is mainly concerned. 

II. ELEMENTS OF A MULTI-BARRIER DISPOSAL CONCEPT TO BE CONSIDERED IN 
FRENCH ANALOGUE STUDIES 

It is first necessary to stress the fact that details of the french 
disposal concept for high level wastes are still in the process of being 
defined. Therefore, researchers Indeed work on different scenarios. 
However, one can consider that, most likely, safety will be guaranteed 
through a multi-barrier disposal in a deep-seated (* 500 to 1000 m) and 
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hopefully stable continental geological formation. The various barriers 
of potential interest are the following: 

- a borosilicate glass (R7T7 type) will be the matrix directly 
incorporating high level wastes, 

- the canister will be constituted of steel, 
- the possibility of an additional ceramic-type canister is being 
considered, 

- the engineered barriers will most likely be smectite-based materials 
and could also include cement-based structures, 

- various geological formations are being investigated: granites and 
crystalline rocks, salt domes, clays and schists. 

No final decision has been made concerning the french disposal 
concept for HLW wastes and these different elements are given here only 
on a provisional basis. 

III. NEAR-FIELD STUDIES 
• 

I will now briefly describe the CEA programmes related to various 
materials potentially Implied in the near-field of a repository, namely 
glass, cement, bitumen and clay. 

1. Alteration of natural glasses 

The first programme is dealing with the long term aqueous corrosion 
of natural glasses (both basaltic and rhyolitic) which are assumed to 
"bracket" that of radwaste glasses, as demonstrated first by Plodinec and 
Jantzen (1984). This study is conducted by the Department of Research and 
Development Wastes (IRDI-DERDCA-DRDD) in collaboration with the Universi
ties of Strasbourg and Poitiers (France). A special effort has been made 
yet on the dissolution of basaltic glasses in sea water because most 
literature data on both experimental studies and natural observations 
deal with this particular environment. This is due to the Interest of 
geochemists for basalt/sea water interactions at the mid-ocean ridges and 
thslr Implications for the geochemlcal cycles of elements such as magne
sium as well as ore formation. It seemed therefore most appropriate to 
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use this case study to develop a methodology for analogue studies al
though CEA is not peculiarly interested in this environment. 

The aim of this programme was to test the ability of a thermodyna
mic code (DISSOL developed by Fritz at Strasbourg, France) to predict 
secondary phase parageneses resulting from glass/solution Interactions. 
If adequate such a geochemical code could then be applied to HLW glasses. 
This study has combined various laboratory dissolution tests of durations 
up to 2 years (static tests, T •» 3-80°C, 1 bar, P(CO ) constant) with the 
observation of young (200.000 years) natural samples collected in the Red 
Sea in order to try and find a link between laboratory and nature. 

The main results of this investigation were the following (Crovisler 
et al, 1986): 

i. OISSOL correctly describes mineral parageneses and sequences of 
mineral dissolution or crystallisation, at least in the conditions 
considered. For instance, the formation of iron-hydroxides, hydroxicar-
bonates' (or illite) and smectites observed both in laboratory and natural 
systems during the palagonitisation of basaltic glasses has been reprodu
ced with increasing reaction progress between solids and solution. 

ii. Such a code allows to understand possible differences between labora
tory and nature. For instance, it has been shown possible to produce in 
these two environments illite of same chemical composition, provided an 
input of additional silica originating from sediments is available. 
Previously, this mineral, which is sometimes observed in association with 
palagonite, was currently attributed to a detrital origin as it is 
supposedly unstable in sea water and replaced by smectites. 

ill. It appears of prime importance to take into account all relevant 
chemical reactions Co conveniently simulate the system and therefore to 
predict Its evolution with the reaction progress i.e with time. 

lv. Hydroxicarbonates and/or hydroxisulfates have been evidenced (Raoa-
naidou et Noack, 1986) for the first time in naturally altered young 
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samples (< 200.000 years). This result Is very important because such 
minerals are indeed produced during the first stages of basaltic glass 
dissolution in the laboratory (Thomassin, 1984) but has never been 
evidenced before in palagonites. During experimental dissolution it has 
been shown that these minerals are unstable; the Red Sea sample observa
tions give precious indications on the time scale (to be compared with 
the reaction progress given by the code) of the mineral transformations. 

v. The limitation of such a code is that time is not explicitly envisaged 
and that selective dissolution is not modelled. 

The next step of this programme is now to extend this approach to 
a broader range of compositions, from ^ 50 to *• 75Z SiO. content. Apart 
from Its methodological motivation it is also interesting for the so-
called "high temperature HLW glasses" which could be developed in the 
future and which would hopefully have an increased durability. In addi
tion, to better stick to actual conditions in a repository, corrosion of 
natural glasses by continental waters is considered. In particular, a 
large Sampling of Icelandic underglacial glasses (from basaltic hyalo-
clastltes to rhyolites) has been recently collected with known ages from 
«- 0 to 1.000.000 years. This study will include modelling with EQ3/6 
which is now applied at DRDD. 

i 
2. Alteration of cement analogues 

This study is conducted by the DRDD in collaboration with the 
University of Poitiers (France). Its aim is to identify long term proces
ses of meteoric alteration of cements and mortars. The initial idea was 
to look for geological analogues of mineral constituents of cements such 
as tobermorite, cresmoreite etc... However, these minerals are very 
scarce and a research programme was difficult to build up on such natural 
samples. Rather, French Gallo-Roman cements from thermal bath have been 
collected, in both cold and hot water zones. The preliminary results show 
that in hot water pipes pouzzolanic reactions have taken place between 
the glass pare of constituent bricks and lime. CSH-type minerals have 
formed and have apparently remained stable for periods > 1800 years. In 
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addition, very small micro-fissuring was noted compared to classical 
roman cements used for main buildings. 

3. Evolution of natural bitumens 

This DRDO programme is not yet started. However its aim will be to 
identify structural and chemical transformations with time of archaeolo
gical and geological bitumens, peculiarly when associated with uranium 
mineralisations. The sampling, which includes bitumens from Suze and 
Gudea as well as from the Oklo nuclear reaction zones, is now available. 
This last site should be of particular interest as large amounts of 
bitumen are found In the ore and are thought to have been present during 
the functioning of natural nuclear reactors. Hence, in addition to 
uranium noticeable quantities of fission products and actinides should 
have been incorporated in this material at the time of reactions. High 
doses of radiation have also likely affected these bitumens. 

4. Transformation smectite -» illite 

We are here interested in determining the kinetics of this mineralo-
gical reaction which could potentially take place within the engineered 
barriers in thus modifying some of their properties such as swelling 
capacity, retention properties etc.. DRDD is the leader of this programme 
conducted in collaboration with the University of Poitiers and the Ecole 
Normale Supérieure of Paris (ENS), France. Most investigations in this 
field have been conducted in relation with the evolution of diagenetic 
systems whereas the present study was concerned with the smectite/illite 
transformation due to hydrothermal alteration which better simulate the 
processes likely to occur in a repository. Numerous samples subjected to 
hydrothermal alteration have been collected at La Martinique (French West 
Indies) with known ages ranging from ^ 0 to ^ 25 MY. A detailed study of 
mineralogical phases present, including the difficult characterisation of 
interstratifled clay minerals, has been performed in function of the age 
of samples. The main results of this study are the following (Bouchet et 
al., 1987): 
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i. Discontinuous transformations are produced by hydrothermal alterations 
contrarily to diagenesis, 

ii. Polyphased clay material is observed, 
- Without water, no transformation occurs or is limited to formation 

of high charge layers which corresponds to a correlative decrease 
in exchange capacity of the clay material, 

- In presence of water, marked transformations are noted, namely 

* T < 90°C : K-smectltes are formed from original ones (R ) 
* 90*C < T < 180*C : regular interstratified appears (R type) 
* T > 180*C : regular interstratified (R- type) are formed from 
original ones whereas no R. type is observed 

ill. First order kinetics is active if conditions are favourable and con
stant with time, 

iv. The classical Pytte formula is not suitable for describing the 
results' as discontinuous transformation and charge layer are not taken 
into account whereas they appear to be important parameters of the 
mlneralogical reaction. 

v. In 25 MY, a 70-80% smectite interstratified keeps a good exchange 
capacity if not affected by hydrothermal alteration or contact meta-
morphism, 

vi. On the contrary, drastic transformations can occur In less than 1 MY 
if hydrothermal alteration is active, 

vil. Finally, It has been shown for the first time that two different 
mlneralogical reactions, each with its particular activation energy, do 
superimpose during the smectite-» illlte transformation, at least in 
hydrothermal systems. 
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IV. FAR-FIELD STUDIES 

Concerning the far-field, CEA combines several analogue studies, 
often within the framework of an international collaboration, and the 
development of specific tools for the in-situ physico-chemical characte
risation of possible repository sites. I will now describe these two 
types of research activities. 

1. Migration studies in geological systems 

Six programmes are currently developed, which have all in common of 
studying the (re)mobilisatlon of uranium (and/or thorium, rare earths) in 
various geological systems in order to identify the processes of elemen
tal migration as a function of their structural and physico-chemical 
characteristics : 

1.1 First programme 

This programme results from a collaboration between the Department 
of Safety Analysis (IPSN-DAS), The Ecole des Mines of Paris (ENSMP), the 
British Geological Survey (BGS) and the Commission of the European 
Community (CEC). Its aim is to quantify low kinetic phenomena (typically 
100 to 100.000 years) pertinent to the migration of analogue elements 
such as uranium, thorium and rare earths, to make sure that all relevant 
processes for mass transfers are taken Into account in models and, if 
not, to identify new processes and subsequently modify safety models. 
Three sites have been selected for future Investigations, namely: 

- Loch Lomond (Scotland), where the modelling of numerous already 
existing data will be completed, 

- Dalbeattie (Scotland), in which veins of plthblende in metamorphlc 
rocks (containing large quantities of U, Th and REE) are covered by 
glacial clay deposits (10.000 years), 

- Saint Austell (Cornwall), where uranium veins intersecting a granite 
are covered with clay layers. 
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These sites offer the possibility of studying migrations through 
crystalline rocks and clay-rich covers which are two major formations 
considered for disposal in France; the pre-modeling of these sites will 
hopefully validate this provisional choice and help define in more 
details the research programme. 

CEA has also shown some interest in Pocos de Caldas (Brazil), namely 
the Morro do Ferro and C09 mines, as well as Cigar Lake (Canada). A 
participation of CEA in an International programme can be envisaged but 
nothing has been precisely decided yet. 

1.2 Second programme 

A collaborative programme for studying the migration of trace 
elements (mainly U, Th and REE) has been defined between the Department 
of Technical Protection (IPSN-DPT), the Bureau of Geological and Mining 
Research (BRGM) and the Commission of the European Community (CEC). Two 
sites will be studied in the next future: 

- Landenberg (Vosges, France), 
- An other site in Brittany (France) still to be defined 

The aim of this investigation is to identify the processes of U, Th 
and REE (re)mobilisatlons in hydrothermally affected granites. Durations 
of alteration in these sites are thought to be ^ 0.1-1 MY. It is expected 
to study both alteration in mass and along (micro)fissures and fractures. 
Classical petrological, mineralogical and geochemical methods will be 
applied for site characterisation. More precisely, X-ray diffraction on 
micro-drilled thin sections (done in collaboration with the University of 
Poitiers, France) combined with microprobe analysis will help to identify 
microphases incorporating analogue elements along their migration paths. 

18 Isotopic analyses ( <5 D, 6" 0) of silicates involved In mineralogical 
transformations will also be done In order to estimate the water/rock 
ratios In the systems. Finally, a v deling of the water/rock interaction* 
will be performed with the computer code PATH. 
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1.3 Third programme 

A study of a geothermal system in a granite (Auriat, France) has 
been completed by DRDD since the last three years, in close collaboration 
with the Department of Technical Protection (IPSN-DPT). As an analogy 
with a radwaste repository seemed feasible, its aim was to identify 
circulation paths of fluids and to determine consequences of water/rock 
interactions such as in particular new mineral parageneses and micro-
fissuring. We were also interested in studying the relations between 
alteration and sorption properties of the rock and in identifying the 
processes responsible for the (re)mobilisation of analogue elements (U, 
Th, REE and some other minor metallic elements). Experimental hydro-
thermal alterations in autoclaves of fresh parts of the rock have also 
been conducted in order to try and simulate natural processes. Finally, a 
modeling of both natural and laboratory water/rock interactions with 
EQ3/6 is In progress. Additional observations on two other granites 
(Stripa, Sweden, and Flamanville, France) have also been done with the 
goal of confirming the generality of some conclusions drawn from the 
Auriat Samples. 

Some interesting results were the following (Parneix and Petit, 
1987a; Parneix et al., 1987b): 

I. Fissuring was proved to be present in granites at all scales, from 
decimeters to micrometers, 

II. The circulation of fluids did occur in all fissures as reflected by 
ubiquitous alteration products, 

ill. Primary minerals (mainly blotite and plagloclase) are transformed 
into clay minerals, which are the major alteration products, K-feldspar 
and calcium or iron carbonates, 

lv. Host fissures are completely coated with clay minerals. It Is there
fore likely that in large portions of their migration paths cations will 
Interact with clay minerals such as smectites and not with primary 
minerals of granites. Hence, it can be tentatively suggested that hydro-
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thermal alteration of granites tends to increase their retention capacity 
for migrating cations rather than being detrimental for the geological 
barrier, 

v. The intensity of alteration along fractures and fissures can be 
deduced in relation to temperature of fluids (estimated from mineral 
assemblings) and duration of water/rock interactions; this last parameter 
can be tentatively inferred from the computer code simulations and seems 
surprisingly short as compared to geological times. For example, a 1 
cm-wide fissure has currently an alteration rim 1-4 cm large. The so-
called "matrix diffusion" Is indeed clearly visible at Auriat but Its 
effect on mass transfer seems to be limited, ac least in that case. 

vi. Experimental alterations give so far mineral assemblings different 
from those observed in nature; one notes in particular mainly Ca, Si and 
Al minerals (zeolite type). This is likely due to very slow kinetics 
reactions which are not evidenced in laboratory experiments. In addition 
all elements present must be taken into account, such as for instance Cu 
or Fe cations possibly originating from the canister. 

vil. This study have stressed the major role of geochemical modelling, 

1.4 Fourth programme 

A new analogue study will soon start at DRDD, in collaboration with 
COGEMA and CREGU (Nancy, France). It is first aimed at better understan
ding the processes of uranium ore formation and specifically the condi
tions in which ores are remobilised during subsequent aqueous alteration. 
However its results will obviously be of interest for analogue studies. 
More precisely, It deals with the remobilisations of U, Th and hopefully 
REE that do occur around intragranitic uranium ores. Two sites in France 
are now being considered and sampling will start soon at the finally 
chosen one. Tn this study, the ore, conetltuted of pitchblende, is consi
dered as a well localized and concentrated source of analogue elements 
and the surrounding granite as the geological barrier. The processes of 
migration and retention of such elements in secondary microphases will be 
Identified by combining X-ray diffraction on micro-drilled thin sections, 
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•icroprobe analysis, scanning and transmission electron nicroscopy, 
fission track mlcromapping and image analysis. 

1.5 Fith programme 

A programme on migration-retention processes in granites is conduc
ted by the Department of Chemical Analysis and Analytical Studies (IRDI-
DERDCA-DCAEA), also in connection with the prospecting of uranium ores. 
However, its results and conclusions will likely be of interest for the 
analogue community end is hence mentioned here. It consists in in-situ 
injections of U, Th and REE and studying the processes of transfer 
through the geological barrier with particular attention to the role of 
complex formation in solution on the rate of migration. 

1.6 Sixth programme 

This programme includes two sub-programmes with a common interest on 
the relation of the surface state of minerals constituent of the geologi
cal barrier and their sorption properties. The first one is a collabora
tion between DCAEA and CEC whereas the second takes place within the 
framework of a CEA-CNRS collaborative action. Both programmes combine 
characterisation of the very surface of minerals by ion beam techniques 
(Rutherford backscatterlng, Resonant Nuclear Reactions e t c — ) with 
laboratory batch sorption studies with analogue elements such U, Th and 
REE. 

2. Development of equipments fcr ln-sltu measurements of physico-chemical 
characteristics of deep seated natural systems 

The Department of Studies and Research in Safety (IPSX-DERS) has, 
among other activities, specialised In the development of such devices 
with the collaboration of CEC. The aim of this programme is first to 
measure the physico-chemical characteristics of a disposal site and to 
acquire physico-chemical parameters of the geological barrier for ln-sltu 
investigations. These specific equipments will be used for in-situ 
experimentations. In the laboratory, the effect of trace elements on the 
migration properties of actlnldes in rocks is studied In parallel. 
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Fina l ly . — r t i w t l c tools for aodeling aass transfers in the geological 

t a i l l u ara also developed. 

I a par t icu lar , t a * following eeuipaents, vhlch are of great interest 
Cor s i t e chsracterlsatlea. are developed: 

- Specific e lectroatt for diagraphies 

* paVtg-T (already la operation) 
* paVCa-T (already i a oaeratioa) 

* paV-CO-t ( l a éavalsfsaat) 
• C l ~ - S * ~ ( l a i n i l • • • • a t ) . 

• A radar baaed device for the — •tureaant of f issure densities ( i n 

- Blaji pressure l isais' chtoaatogrsphy for l n - s l t u pré-concentration of 
trace elaasacs sack as K E for farther analysis in the laboratory. 
Baxaasioa to ochor eleaeats and to ia—situ analysis is also envisaged. 

- Eeslsasacs for l a - s l t a oxperlaeatatioa. I a par t icu lar , ln -s l tu a ig ra -
t l o a Tccaacloa studies are possible with two devices cal led FOKALAB 
(reexhcrea. 1 9 * * ) , which allows percolation through coluaas and 
AVTDLaB. which i s desigaed for long t iae s ta t ic di f fusion studies 
darcagli c lays. I a addit ion, th is last apparatus allows bacterio
logical lavescigatioas. 

I t . roar las Isa 

I have sraasatad ia this saper the different research activities of 
«as franca Atonic Energy Ceaarlssioa ia the analogue study field. Most of 
casa ara ca. lucted ia collaboration with aajor research organisations, 
tara fraach aad Incarnatloaal. Ia fact, the scientific coaavuity has been 
assertsrid to choso prograases at different steps of their realisation. 
Ibis brief description Illustrates the great diversity and coapleaenta-
ricy of actions ceaducted by CCA for better understanding, through the 
stsaV of aatural aasloasss. the basic processes that will rule the long 
teas baasolosr of raiwaato aaterials la a repository and hence contribu-
tfag to hsoarolly gssraa- - disposal safety. 
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