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ÁMain goal: no migration of radionuclides into the 

environment for 100.000 years

ÁGeological final disposal in the Olkiluoto bedrock
Å400 to 500 m under ground and sea level

ÁCompressed bentonite as buffer material 

between bedrock and spent fuel cannister
ÅAbsorbent swelling clay

ÅAlso used in backfill

ÁSpheroidal graphite cast iron cannisters with an 

outer 50 mm thick copper corrosion barrier

Disposal of spent nuclear fuel in Finland
KBS-3 concept
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ÁCondition of the copper cannisters at the beginning of the disposal
ÅIncreased temperature of the copper surface due to heat from the spent fuel (up to 90 °C)

ÅSlightly oxidation of copper due to interaction with the atmosphere above ground

ÁInitial conditions at the deep repository site:
ÅDeep saline groundwater

ÅAerobic ïbut limited access of oxygen

after the disposal site is sealed

ÅWarm ïespecially near the cannisters

due to heat from the spent fuel

ÅDry copper surface and dry bentonite

possible

ÅTemperature near the cannisters may

be too high for microbial activity

Disposal of spent nuclear fuel in Finland
Expected evolution of the corrosion environment

Simulated groundwater used in the KUKO-project:
Å pH value 7.9

ÅFī 0.8 mg/l

ÅClī 5274 mg/l

ÅBrī 42 mg/l

ÅSO4
2ī 595 mg/l

ÅHCO3
ī 14 mg/l

ÅBO3
3ī 6 mg/l

ÅNa+ 3180 mg/l

ÅK+ 55 mg/l

ÅMg2+ 100 mg/l

ÅCa2+ 280 mg/l

ÅSr2+ 9 mg/l

ÅMn2+ 0.2 mg/l
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ÁExpected changes during the equilibration period (several hundred years):

ÅConsumption 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. Fe2+ from bentonite or bedrock)

C. Minor corrosion processes of copper ïuniform and localized corrosion

ÅCooling of the copper cannister due to the decay of the radioactive processes in the spent fuel

ÅStill above the ambient temperature of the bedrock

ÅSaline groundwater will cause swelling of the bentonite buffer

ÅChanges in the chemical composition of the porewater in contact with the copper cannister

ÅDifficult environment for microbes

Disposal of spent nuclear fuel in Finland
Expected evolution of the corrosion environment
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ÁLong-term conditions after the initial equilibration period:

ÅAmbient temperature in the bedrock (~10 °C in 400 to 500 m depth) will be reached after 

thousands of years.

ÅKinetics of corrosion reactions slow down.

ÅMicrobial activity becomes more likely.

ÅAnoxic conditions will prevail for ever because no oxygen should enter the disposal site.

ÅCopper is considered to be chemically stable in anoxic deep saline groundwater.

ÅThe salinity of the deep groundwater may change over glacial timescales.

ÅDilution with glacial melt water Ą lower salinity

ÅUpcoming of deep saline groundwaters Ą higher salinity

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

ÅThe corrosion conditions will be mainly controlled by anoxic microbial activity.

Disposal of spent nuclear fuel in Finland
Expected evolution of the corrosion environment
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ÁThe term ómicroorganismsô mean microscopic bacteria, archaea and fungi.

ÅThey have been around for 3.8 billions years,  

long before plants and animals existed.

ÅThey can be found almost everywhere,

even in deep subsurface environments

down to a depth of several kilometres.

ÅThey have adapted to very extreme

and diverse conditions.

Microorganisms
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Thatôs us!



Microorganisms
Examples for microbial adaptability to extreme environments

ÁLow
ÅNutrients

ÅWater availability

ÁHigh
ÅSalinity

ÅPressure

ÁExtreme 
ÅTemperatures

ÅpH values

ÁRadiation

ÁHeavy metals
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