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INTRODUCTION

The production of high-activity radioactive wastes is a result of the
generation of electrical energy in nuclear plants. The nature of these
wastes is the same, no matter if the decision is made to reprocess
spent fuels or not.

The option of the direct disposal of irradiated fuel elements was dis-
carded in Argentina. This was due not only to the energetic Importance
of the available plutonium, but also to ecological reasons. Fuel ele-
ments are not designed for the retention of radionuclides for a long
time after disposal and, on the other .hand, the presence of a total
inventory of actinides in the non-processed fuel would imply a more
important radiological impact than that caused by plutonium recycling
(1). ' •

Although no significant amounts of liquid high-activity wastes have
been produced in Argentina, their production is expected as from the
operation of a fuel element reprocessing plant that is now in an ad-
vanced stage of construction.

The problems connected with the storage of high-activity radioactive
wastes will be significant during the second half of the 1990 decade.
However, the decision was made to solve the technological aspects con-
nected with the elimination of high-activity radioactive wastes well
in advance(2).

The basic objective in the disposal of radioactive wastes is to keep
them isolated from the biosphere during the necessary period of time
for them to decay sufficiently.
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Presently, there is international acceptance" that the disposal'<5f high
-activity readloactive wastes in solid form at adequate deep geologi-
cal formations is a solution that will bring along risks to both the
present and future generations that will not be higher than the ones
usually accepted in everyday's life (3)(4). ,

BASES OP THE DESIGN

Previous evaluations had shown that the disposal of radioactive wastes
in crystalline rocks, at 500 in deep or deeper," would reduce sufficien-
tly the overall radiological impact (5)(6)(7) (8). Therefore, taking
into account the geological features of Argentina, a decision was made
to perform the disposal in stable granitic formations, at 500 m deep,
away from seismic areas and in sites with scarce hydraulic conducti-
vity.

The basic assumption in the design of the repository in this granitic
formation Is that, inevitably, the latter might contain some water.
This, in turn, in the long term, would provoque corrosion in the con-
tainer, would let subterranean water reach the matrix containing the
wastes and would cause lixiviation, with the consequent migration of
the radionuclides (1)(5)(6). This being taken as the basic assumption,
the main goal must be Insuring an adequate delay In the occurrence of
such process.

Such delay depends on an adequate combination of geological and engi-
neering barriers. The latter are now being analyzed by several local
institutions specialized in material and corrosion sciences, as a
supplement to radioecological, thermal and geological studies that are
also being performed by the National Commission of Atomic Energy
(CNEA) and by the National University of San Juan (U.NSJ).

In addition to this "regular" mechanism of re-entering radionuclides
into the biosphere, the design requirements contemplate the potential
occurrence of aleatory disruptive events. For both types of situa-
tions, the safety objective contemplates an adequate reduction of
individual risks and a limitation of the collective impact to levels
that must not exceed those resulting from other steps in the nuclear
fuel cycle.

The repository must sa-tisfy.the needs of the Argentine nuclear program
me. The six nuclear stations foreseen until the end of this century,
operating during 30 years, will generate about 80 GWa of electric
energy. The wastes resulting from the reprocessing of spent fuel ele-
ments for the generation of that energy will require approximately
3,000 containers of about 0.6 m in diameter and 1.6 m high. Also,
further future expansions of the repository must be foreseen as the
needs of the nuclear programme are increased (9)(10).

The radioactive wastes will-be included in a glass matrix of the boro-
sllicate type within a stainless steel container. This container will
be coated with a 10 cm thick lead wall (providing.protection against
corrosion for an estimated 1000-year period) and protected on the out-
side by a metallic plate. The design of the containers will fulfill
the requirements of IAEA's transport regulations (11).
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TJie content of oxides from" fission products and from transuranids was
fixed as 10% in weight. Besides, the minimum decay time of the wastes
before their disposal at the repository was limited to 20 years, after
they are removed from the reactor. The thermal power of each container
will be 500 W.

An.additional engineering barrier will be the final sealing of the re-
pository holes with a buffer material oposing great resistance to the
arrival of water and to the migration of the radionuclides. This will
be attained with a mixture^ of sand and bentonite, with high retention
capacity.

As a general rule, it is considered that the permeability of the rock
decreases as the depth Increases, until it stabilizes below three
hundred meters (4)(11)(12). The typical values for non-altered grani-
tes at 500 m deep are between 10"8 and 10"12 m/s. It has been esta-
blished that "the rock permeability in the area where the repository is
built should not be above 10"9 m/s.

When these wastes generating heat are disposed in a granitic forma-
tion, ' the rock géothermie balance will be broken and the temperature
will increase in the area close to the repository. This temperature
increase may produce various • phenomena in the granite, such as rock
decomposition, fissuring due to differential expansion,'etc. In order
to guarantee the properties of the granite and of the buffer material,
the design temperature in the rock was fixed at 60°C.

SELECTION OF.THE SITE

The first step consisted in an analysis of all the granitic rock out-
crops known in the country. Both pétrographie and structural features
in each one of the outcrops were surveyed, as well as the dimensions
and the heights of the rock bodies, the seismic and hydrogeological
characteristics of the area, its potential mining and oil-mining capa-
city and its populational, agricultural and industrial capabilities.
Thus, 198 granitic outcrops were identified, spread all over the coun-
try (Figure 1)(13)(11). . •

As a second step, a previous selection of the Identified .formations
was performed, on the- basis of the following discarding criteria: a)
formations located within seismic areas; b) formations located, in
areas with present or potential mining or oil-mining exploitation; c)
pétrographie features of the rock denoting important alterations, such
as advanced erosion 'or decomposition stages; and, d) formations locat-
ed in areas with known unfavourable hydrogeological characteristics.

As an additional selection criterion, certain unfavourable character-
istics connected with the construction and operation of the repository
were taken into account. These were locations within highly-populated
areas, in touristic areas or in areas that are hard to reach.

As a result of this second step, seven formations were identified,
located in the provinces of Chubut and Rîo Negro, in the south of
Argentina, as those more adequate as per the established selection
criteria (15)(16).
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A~ "third" step, based on a "survey "of the" preselected grâhïtic foriha-
tionsi allowed for Identifying four formations as those more appropri-
ate for continuing with detailed studies: La Esperanza and Chasico in
the Province of Rio Negro and Calcatapul and Sierra del Medlo in the
Province of Chubut (16) (17) (18).

STUDIES PERFORMED AT SIERRA DEL MEDIO

A decision was made to perform detailed studies at Sierra del Medlo,
as per the following scheme: a) photointerpretation; b) alignment sta-
tistical analysis; c) geological and geophysical reckoning of the rock
formation; d) drilling down to 200 m; e) geomorphological and hydro-
geological analysis of the area; and, f) deep drilling down to 800 m.

Expeditious geological and structural photointerpretation and mapping
were performed in an area of 5,000 m2, by means of aerial pictures at
a 1:40000 scale. The main alignments were detected, as well as drain-
age areas, water springs and other'particular features of each area.
The great fractures in the area (megatraces) were studied by means of
satellite images at 1:500000 scales, on an area of 35,000 km2.

On the aerial pictures of Sierra del Medio, all the alignments detect-
ed at the 1:40000 scale were identified, as well as the more signifi-
cant structural features (master-joints, failures, dikes, etc.). Later
• on, isodensity maps were made of the alignments and dikes, thus iden-
tifying the sectors showing less alterations (19).

A census of the diaclasses was performed in the less-altered sector of
the granitic formation. The parameters "number of discontinuities per
meter, N/L", and "rock quality index on the surface, RQDSJ', were ana-
lyzed by means of a sampling grid covering 500 .m N-S and 75 m E-W. A
geostastistical study of the parameters under analysis led to the
identification of the areas with the lesser surface alterations.

As an aid to the photogeological survey, expeditious research work was
performed on the pétrographie compositim of the granitic formation by
means of a series of transversal profiles, with sampling of the signi-
ficant facies. These samples were macro and microscopically analyzed,
thus assessing the rock varieties available in the formation. Simulta-
neously, a preliminary geophysical campaign was made, whose basic ob-
jective was analyzing the behaviour of the border of the granitic
range and the eventual occurrence of structural phenomena vinculated
with the rise of the rock block. Profiles were surveyed by means of
seismologic and geoelectrical methods (20)(21).

After the most adequate area was geostatistically defined, a more
detailed geological and structural survey was performed. The research
work and its results were recorded on a map at a 1:1000 scale,, with
countours every 10 meters.

On the basis of the analysis of allineations and of the geological and
geophysical surveys of the formation, ten sites were located for the
drilling of wells aimed at pétrographie and structural research work.
These wells, with depths ranging between 200 send 280 m, were performed
for analyzing the borders of the selected area, as well as fractures,
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dikes and other surface abnormalities in d<*pth;.-The results obtained
were analyzed by means of geostatistical techniques ' (22). Figure 2
shows a summary of the information obtained from the geological and
geostatistical studies, as well as the area selected for deep drill-
ing.

Later on, four drillings were made down to 800 m. This was aimed at
studying the pétrographie characteristics of the rock and the poten-
tial behaviour of deep subterranean water. These studies will be per-
formed during 1984 and will include "in situ" permeability measure-
ments and laboratory assessments.
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FIGURE N° 2 = Area with less density of discontinuities


