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on the corrosion of

copper canisters
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Disposal of spent nuclear fuel in Finland
KBS-3 concept
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A Main goal: no migration of radionuclides into the
environment for 100.000 years

A Geological final disposal in the Olkiluoto bedrock
A 400 to 500 m under ground and sea level

A Compressed bentonite as buffer material

between bedrock and spent fuel cannister
A Absorbent swelling clay
A Also used in backfill

. Final disposal
cannister with

A Spheroidal graphlte cast iron cannlsters wlth an copper shell
outer 50 mm thick copper corrosion barrier 2 Bentonite buffer

3. Tunnel backfill
4. Bedrock




Disposal of spent nuclear fuel in Finland

Expected evolution of the corrosion environment

A Condition of the copper cannisters at the beginning of the disposal
A Increased temperature of the copper surface due to heat from the spent fuel (up to 90 °C)

A Slightly oxidation of copper due to interaction with the atmosphere above ground

A Initial conditions at the deep repository site:

A Deep saline groundwater
A Aerobic i but limited access of oxygen
after the disposal site is sealed
A Warmi especially near the cannisters
due to heat from the spent fuel
A Dry copper surface and dry bentonite
possible
A Temperature near the cannisters may
be too high for microbial activity

Simulated groundwater used in the KUKO-project:
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Disposal of spent nuclear fuel in Finland

Expected evolution of the corrosion environment

A Expected changes during the equilibration period (several hundred years):

A Consumption of oxygen after the closure of the disposal site resulting in the transformation into
an anoxic environment
A. Consumption by microbes
B. Reaction with minerals (e.g. Fe?* from bentonite or bedrock)
C. Minor corrosion processes of copper i uniform and localized corrosion

A Cooling of the copper cannister due to the decay of the radioactive processes in the spent fuel
A Still above the ambient temperature of the bedrock

A Saline groundwater will cause swelling of the bentonite buffer
A Changes in the chemical composition of the porewater in contact with the copper cannister
A Difficult environment for microbes



Disposal of spent nuclear fuel in Finland

Expected evolution of the corrosion environment

A Long-term conditions after the initial equilibration period:

A Ambient temperature in the bedrock (~10 °C in 400 to 500 m depth) will be reached after
thousands of years.
A Kinetics of corrosion reactions slow down.
A Microbial activity becomes more likely.

A Anoxic conditions will prevail for ever because no oxygen should enter the disposal site.
A Copper is considered to be chemically stable in anoxic deep saline groundwater.

A The salinity of the deep groundwater may change over glacial timescales.
A Dilution with glacial melt water A lower salinity
A Upcoming of deep saline groundwaters A higher salinity

A The porewater of the bentonite will slowly equilibrate with the surrounding saline groundwater.

A The corrosion conditions will be mainly controlled by anoxic microbial activity.



Microorganisms

AThe term O6microorgani smso mean
A They have been around for 3.8 billions years,
long before plants and animals existed.
A They can be found almost everywhere, Phylogenetic Tree of Life
even in deep subsurface environments
down to a depth of several kilometres.
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Microorganisms

Examples for microbial adaptability to extreme environments

A Low
A Nutrients
A Water availability
A High
A Salinity
A Pressure
A Extreme
A Temperatures
A pH values
A Radiation
A Heavy metals
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