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Studies in inter- and trans-disciplinary geoscience 
are necessary to assess the long-term safety and 
sustainability of nuclear power production. Two 
characteristic examples are (a) paleo-seismological 
investigations relating to earthquake hazards for ex-
isting power schemes and (b) climate-related paleo-
glaciological and geomorphological assessments 
with respect to the long-term safety of nuclear-waste 
deposits through coming ice ages. A brief overview 
is provided of the corresponding research fields and 
of presently available results for conditions in Swit-
zerland. 
 
Palaeo-seismology provides input for nuclear 
plant safety in Switzerland 

 
The safety of nuclear installations is paramount, 

and the protection from earthquakes is a key ele-
ment in the Plant Safety Assessment, accounting for 
over 80% of the total risk profile of Swiss nuclear 
power plants. Switzerland is characterized by low 
crustal deformation, resulting from the slow African-
Europe convergence as well as from the gravita-
tional collapse of the Alpine chain. Moderate seismic 
activity is present along the whole Alpine domain. 
The assessment of seismic hazard in areas of mod-
erate seismicity is inherently difficult, as the recorded 
history of past earthquakes is not long enough to 
characterize the recurrence of large earthquakes, 
which may be occur every 10’000 yr and more on 
specific faults. To help in the assessment of seismic 
hazard, we identify geological archives holding a 
continuous record of prehistorical activities and we 
mine them to illuminate the earthquake history of the 
past 10-15’000 years. The primary record in Switzer-
land comes from the sediments in the Swiss lakes, 
which record both the seismically induced disturban-
cies in the otherwise regular sedimentation as well 
as widespread episodes of flank collapse and un-
derwater slamping produced by large shaking. Sys-
tematic investigations of the lakes in Central Switzer-
land allowed to identify 5 episodes in the last 12’000 
years, of wich three were large enough to affect the 
whole Central Switzerland including the Zurich lake. 
A second important geological record is the identifi-

cation of active faults: trenching and dating on the 
Rheinach fault near Basel allowed to identify 3 pre-
historical earthquakes of similar dimensions to the 
destrictive 1356 earthquake. Finally, landslides and 
rockfalls are often triggered by seismic shaking, and 
provides additional information on past events. Pa-
leo-seismological archives have produced a bounty 
of new information, allowing to reconstruct a consis-
tent history of large earthquakes. 

 

Nuclear waste disposal in northern Switzerland 
through coming ice ages 

The safety of the planned nuclear waste disposal 
site in northern Switzerland (Benken) must be guar-
anteed for one million years into the future. This time 
interval includes a number of coming ice ages with 
corresponding surface and subsurface processes re-
lated to perennial ice. As a consequence, assess-
ments must be made with respect to climatic condi-
tions, glaciological characteristics and geomorpho-
dynamic evolution during ice ages (Nagra 2002, 
2004). 

Climatic conditions during stages of maximum ice 
extent in central Europe are quite well documented 
and understood from paleoclimatic reconstructions 
(glaciers, permafrost, pollen etc.) and modern 
AOGCMs. They are primarily influenced by strong 
anticyclonic air circulation above the North American 
ice sheet, a corresponding deviation of a jet-stream 
branch via the polar ocean and the freezing over of 
the Atlantic with winter pack ice reaching the latitude 
of the Pyrenees. This causes the closing down of the 
main humidity source for, and an extreme cool-
ing/drying out of, central Europe. In comparison with 
modern conditions, maximum regional depression of 
mean annual air temperature is estimated at about 
15 to 20°C and precipitation is probably reduced by 
as much as 80%. In the future, the Earth may take 
about 50 - 70’000 years to “forget” anthropogenically 
enhanced greenhouse effects of the coming centu-
ries and to enter another full ice age. 

Under such conditions, large piedmont glaciers cov-
ering Alpine valleys and forelands have a polyther-
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mal structure with cold and temperate ice. Driving 
stresses and thickness are low and, hence, ice flow 
and mass turnover strongly reduced. Continuous 
permafrost exists north of the Alps and extends un-
derneath glacier margins. Thermal conditions and 
groundwater flow are influenced to great depths be-
low surface, can in places be dramatically different 
from present-day conditions and must be considered 
for time periods of maximum ice extent in connection 
with deep burial of radioactive waste. While the initial 
build-up of ice-age ice must take place with higher 
atmospheric humidity and actively advancing gla-
ciers, the terminal decay of glaciation in cold/dry 
lateglacial environments is most likely a fast and 
large-scale downwasting or even collapse mecha-
nism. 

The most efficient processes of glacier erosion are 
related to subglacial water in temperate/maritime-
type glaciers and are most likely to affect ground sur-
faces during advance periods of ice-age glaciers in 
the Molasse region and under humid conditions. 
Subglacial excavation of deep burial for radioactive 
waste in marginal areas of polythermal to cold conti-
nental-type glaciers is less probable due to in-
creased cooling/drying and permafrost formation 
within the uppermost about 100 to 200 meters below 
surface. Even with ice-age glaciers advancing be-
yond the maximum extent of the last (Würm-) glacia-
tion, selective linear erosion of pre-existing valleys 
by relatively thick warm-based ice can be assumed 
to prevent excavation of completely new deep val-
leys – which would threaten deep waste burial - on 
elevated terrain with cold-based ice. 

The relative safety of such assessments about future 
long-term perspectives concerning abiotic processes 
and landscape evolution at the planned site con-
trasts sharply with the extreme uncertainty about the 
knowledge, understanding and behavior of humans 
and societies even in a very near future: the ice-age 
theory as a fundamental basis of modern scientific 
concepts for such assessments is not much more 
than a century old.  
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