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Background

In October 1992 the Ministry of Industry and Energy issued the Operating License of El
Cabril Near Surface Disposal Facility, in the province of Cordoba, some 100 km away from
Cordoba city. Waste packages, mainly 0.22 m3 steel drums, containing solidified waste in a
cement based waste form or pellets coming from the super-compaction process, are placed
inside concrete disposal containers. These containers are made of reinforced concrete and in
their construction fabrication joints have been avoided. Once these containers are filled with
18 drums (0.22 m3) or 30 to 60 compaction pellets, they are backfilled and sealed with a
mortar grout, resulting into a solid block.

These blocks are then disposed of inside concrete vaults, called disposal cells, each one
with a capacity for 320 containers. The full vaults are backfilled with gravel in the existing
central gap left to absorb fabrication and handling tolerances. Then a plastic film is placed on
the containers to prevent a true union between the last layer of disposal containers and the
massed concrete layer cast to protect the workers during the construction of the closing slab.
This 0.5 m thick closing slab is made of reinforced concrete and is protected by
acrylic/fibreglass unperceived film. Galleries are made of a 300 kg/cm2 characteristic strength
concrete.

Concrete used in vaults and containers were upgraded to 350 kg/cm2 characteristic
strength. The concrete used in vaults construction and containers fabrication is the same, the
only difference being the maximum aggregate size, limited in the case of containers to 16 mm.

For the performance of the final earthen cap, the best research programme was the
surveillance of the mill tailings cap constructed in the Andujar Uranium Factory Closure
Project, some 80 km east of Cordoba.

The concrete used in the construction of containers, vaults and galleries was defined
after a research programme established to optimise their durability. The research programme
can be divided into three major steps:

— optimization of durability,
— useful lifetime assessment,
— demonstration under disposal facility environmental conditions.

Optimization of durability

El Cabril presents favourable conditions regarding durability of concrete structures, due
to the following reasons:

— It is far away from marine environment (absence of chlorides in air or solid deposits).
— Itis in a rural area without air pollution.
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— Site underground water and soil, as well as dam water, used in concrete preparation do
not present significant quantities of chloride, sulphate or other aggressive.

— Climate is mild with no special frost hazards.
— The disposal system is located above water table level.

The possible degradation due to an expansive alkali-aggregate reaction has been avoided
by means of a careful selection of materials. On the one hand by the use of a low C3A
(Tricalcic aluminate) content cement. On the other hand siliceous aggregates of the area were
selected, after a control by standard reactivity tests and by x ray diffraction to determine major
mineralogy compounds. This required, for instance, well characterised aggregates of El Cabril
area to be sent to a factory for the construction of the first 100 containers, for the proposed
aggregates presented in the x ray test a dolomite content, after having passed successfully the
conventional standard test.

Even though, as indicated, the site water and the concrete mixing water were free of
aggressive, a sulphate resistant-sea water resistant cement was selected. Three cement
factories were pre-selected, retaining the one with lower air permeability and lower
carbonation coefficient.

In order to have a compact concrete to minimise progress of aggressive intrusion or
carbonation progression the design characteristic strength was upgraded from 300 kg/cm2 to
350 kg/cm2. A minimum portion of 400 kg of cement per cubic meter was specified to have a
reserve of alkalinity. The Spanish standard designation of the cement used is I 45 A SR. MR
(Portland, 450 bar min. characteristic strength, resistant to sulphates and sea water).
Water/cement ratio was limited to get a low permeability to 0.42.

Influence of micro-cracking was also studied. For cracks of 0.1 to 0.2 mm no increase of
bars corrosion was observed. Crack size was limited by design to 0.1 in vaults and to 0.05 mm
in containers.

As important as the materials specifications is the control of their quality. During design
and construction, and for containers fabrication, a quality assurance system was implemented,
with an intensive control. During construction of the disposal cells some 28,000 probes were
made. The main strength obtained was 450 kg/cm2 with a standard deviation of 22 kg/cm2

thus denoting a good quality and homogeneity.

With the cautions adopted, the major risk is the corrosion of reinforcement bars, after
the loss of passivation of iron because of the decrease of pH produced with the carbonation of
concrete. In addition of the above mentioned use of a very compact concrete, a coating
thickness of 4 cm, the maximum admitted by Spanish construction rules (EH 92), was
incorporated into the design.

Degradation by biological action can only be significant in media favourable for
bacterial build up. This can be neglected in El Cabril conditions. Concrete structures aged
more than 40 years, including a large dam, were studied. Good behaviour was observed in all
cases.

A selection and characterisation of the backfilling grout was also developed in this
phase. The mortar structural requirements were less important, but it presented additional
functions to fill: interface with waste forms, low heat of hydration, no retraction, and an
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enough adherence to the structural concrete. A fly-ash puzolanic cement was selected
(Spanish standard designation IV 35 A SR MR BC).

In this phase studies were carried out on alternative materials for the containers
fabrication, such as metallic glass fibre. The alternative was not agreed because there were
some doubts about its performance in very alkaline environments.

Lifetime assessment

In the first phase of studies, the significant processes of degradation determined were
leaching (for concrete), and carbonation of the coating, mainly in the period in which the
structures are uncovered (for reinforcement bars).

In the first case there was a progressive loss of mechanical capacity of the structure.
When the degradation arrived at the reinforcement bars, these began to corrode, producing an
acceleration of the degradation.

In the case of bars corrosion produced by carbonation or chloride intrusion, both
chlorides and carbonation were almost innocuous for concrete, thus there was no significant
degradation of the assembly till these processes reached the reinforcement bars (initiation
period). As in our case the carbonation did not reach the reinforcement in the 300 year period
considered in the model, it was not necessary to assess the propagation period in which there
was a loss of the section of the bars.

For the assessment of the carbonated depth a simplified solution of proportionality to
the square root of time was adopted. The carbonation thickness was measured in different
probes, some of them two and a half years old, obtaining carbonation coefficients of 1-2
mm/y05. Carbonation progress for 10, 20, and 300 years (foreseen duration of operational
phase, before capping of different zones, and maximum extent of surveillance period),
assuming the worst estimated value of the carbonation coefficient (2 mm/y05) was calculated,
resulting depths of 6.5, 9, and 35 mm. In the last case it was supposed that real depth should
be smaller, because carbonation advance should be much slower or interrupted after site
closure. As the calculated carbonation thickness was smaller than the actual covering
thickness, it was thought that no important degradation would be found in that period.

Leaching needs a flow of water. For the expected hydraulic conductivities of 10~n-10~12

m/s water front progress in 300 years would be lower than 100 mm, the leaching effects in
that period should be of insignificant effects. Loss of mechanical strength was not considered
to be important, due to the structural allowances.

Another way of water intrusion is capillary absorption. Capillary absorption coefficient
measured up to 13.22 mm/y05. Water penetration in 300 years by capillary absorption
coefficient would be around 230 mm. This means that no important leaching effects were
expected in this case.

R&D plan on durability under disposal conditions in El Cabril

During the CRP, a the third phase (assessment of the durability under actual disposal
conditions) was started whose goal was to obtain a good estimate even for periods longer than
300 years, after the collection of data evolution of the parameters that control the ageing of the
structures. This Plan was divided in four parts:
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collection of data from an instrumented disposal container stored in the same way they
were disposed of inside the vaults;
non-destructive examination of the constructed disposal vaults;
destructive test on probes coming from the construction of vaults and from fabrication
of containers;
detailed modelling.
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