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The 1976 AKA-report said that all fractures in the Swedish bedrock were older than 1.6 Ga.
The KBS-1 report claimed that Sweden could never experience earthquakes larger than 4.5
and that this could at a maximum diplace the bedrock by 3.6 cm. The KBS-3 report included
a seismic time/space poisson distribution calculation; based on 20 years observation and
extended 1 Ma into the future. In the KBS reports (like still at the entrance to the Aspo
laboratory) it was firmly stated that a future ice age would have no effect what so even on a
repository at 500 m depth. KBS-SKB has always claimed that heavy bedrock fracturing
only refers to the very top of the bedrock, and that the groundwater circulation only affects
the upper part of the bedrock and that the lower zones have remained unchanges. They also
claim, in report after report, that large-scale paleoseismic events have only occurred in
northernmost Sweden (the Parve and Landsjarv Fault events).

None, absolutely none, of these statements are correct; on the contrary - seriously in
error. The fractures are often of postglacial age. There are many significant postglacial faults
with throws ranging from a meter or less, to large scale features of up to 10-20 m. The
period of deglaciation has been found to be characterized by numerous high-amplitude
paleoseismic events. In total, the KBS analysis was shown to be far out of reality already 50
years back in time and completely without the slightest value at the time of deglaciation with
frequent events in the order of 7-8 on the Richter-scale. With the events in the mid-1980ies,
it was even invalidated after 7 years into the future. Their own 1700 m drilling at Laxemar,
indicated intensive fracturing at 700-1100 m and below 1550 m. The water was rechanged
down to 900 m or even 1450 m.

This reality is certainly not flattering in view of given statements and guarantees.
Already, in my KBS-18 report of 1977,1 gave a general review of past crustal movements
and called attention to the high seismic activity at the time of deglaciation, making
predictions into and beyond the Next Future Ice Age impossible (not only meaningless but,
what worse is, missleading). I related papers, articles and reviews, I also discussed the
effects of the heat radiation from the repository in combination with future permafrost, rock
stability and water migration in fracture zones. The effects on the groundwater table due to
deformation of geoid in association with waxing and vanishing of ice caps will drasically
alter the flow regim in the bedrock; the onset of a new glaciation in the near future will lead
to an upward flow in pace with a geoid rise.

During this 15 years after the referendum in 1980, SKB step by step has had to admit
that things were not as clear as they guaranteed before, and that a Future Ice Age was not
without important effects. Today, we have this symposium to look into the effects of a
future glaciation on a repository in the bedrock.

My conclusions are that no bedrock repository can be considered to be safely placed in
the bedrock at the event of a New Glaciations - which is to be expected to be over Sweden
in 5000, 23,000 and 60,000 years AP (following the astronomical, natural, long-term,
variability). Instead, there are all reasons to expect that such a repository would be seriously
damaged to the unacceptable contamination threat against the biosphere and life on Earth.

I base my conclusions on a very extensive observational network of records on the
multiple glacial dynamics and the interaction of different variables.
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Uplift, Strain Rates and Paleoseismicity
At the peak rates of glacial isostatic uplift around 10,000 BP, the Swedish bedrock rose

by 10 cm (in the south) to 50 cm (in the center of uplift) per year. This is an enormous rate
and by far exceed the horizontal rates recorded in our high seismic regions of the globe
today. Hence, it is by no means surprising - rather what one would expect - to find that the
period of deglaciation was characterized by a very high seismic intensity. Besides the
vertical uplift, there were horizontal extentional forces in the tangential and radial directions
of uplift. The strain rates were 2 order of magnitude larger than today, and differently
directed with respect to the long-term forces from the opening of the Atlanic.

Our observational records of Fennoscandian paleoseismicity include morphological
elements; faultscarps, fractures, "blown up" rock surfaces and hills often turned into
bedrock cave systems, sedimantary deformations and liquefactions. The length/height of the
fault scarps give some information on magnetudes. Liquefaction is known form Italy to
commence with magnitude 6.8 with an increasing linear relationship between magnitude and
distance from the epicenter. Thanks to the Swedish Varve Chronology, we are often able to
date a past event with an accuracy of 1 year; in one case even to the season. This is the
10,430 BP event that occurred in the authumn and set up a tsunami wave that washed the
Baltic outlet free of iceberg allowing the sea to enter the whole of the Baltic within one singe
year. It caused liquefactions over 100s of km along the ice margin. Another, as important,
fact with the varve chronology is that we are able to define recurrence times; so, for
example, have we defined 3 (probably, at least, 5) events with a time spacing of only about
20 years. Some major paleoseismic events are noted at (ages in BP): -12,000 (Aspo, M 6-
7), 11,700 (Veddige, M 7+), 10,469 (Stockholm-1, M 6-7), 10,447 (Stockholm-2, M 6-7),
10,430 in the authumn (Mariefred-Stockholm-3, M 8+), -10,000 (Billingen, M 6-7), 9663
(Iggesund, M 7-8), 9287 (Sundsvall, M 6-7), -9150 (Lansjarv, M 8+), -9000 (Parve, M
8+), -8500 (Storuman?, M 7-8?), -3700 (Mariefred-2, M 6-7), -1000 (Torekov?, M 6-7?).

Geoid deformations and hydrology
The geoid deformations in association with the waxing and vanishing of an ice cap will

force the groundwater flow to be directed upwards at the waxing of an ice cap and down-
wards at and after the vanishing. This is not included in the SKB modelling of the future
hydrological flow.

Repository heat and Permafrost
A bedrock repository at 500 m will continue to radiate heat over a very long period of

time. It will hence remain an anomaly in the rock for time periods well beyond future ice
ages. A future glaciation is likely to begin by extensive permafrost. This may reach 100s of
meters down into the bedrock. When the ice later overrides the site, the temperature
distribution rapidly changes. All this is likely to induce rapid, high-gradient, temperature
changes in direct association with the repository.

No "safe method"
Our analysis implies that there, by no means, exist anything that can be called a "safe

method". All talk about this should be stopped. It is an illution which feeds further illusions.

What to do with the wast we have and will get?
This is a quite different problem. I can only rekommend to do the best under the

circumstances forced upon us. This is a dry rock deposition under continual controll and
with acessability for reparations as well as applications of possible future positive
innovations that may rander the wast harmless (e.g. transmutation).
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Liquefaction and varve disturbance
as evidence of paleoseismic events and tsunamis:

The autumn 10,430 BP event in Sweden.

A sudden ingression of salt water is recorded in varve -1073 (today equalling 10,430 years
BP). This was taken as the onset of the Yoldia Sea stage. The varve -1073 has the
character of a "drainage varve". This was originally taken as evidence of its correlation with
the drainage of the Baltic Ice Lake at Billingen. The special character of this varve was by
Morner (1981, 1985, 1995) explained in terms of a major seismic event (i.e. this varve is a
paleo-seismite). This Spring, a series of sedimentary sections became available along the
newly established railway and highway between SSdertalje and StrSngnas. Two sections
gave perfeclty clear evidence of a high-amplitude ground shaking; i.e. a paleoseismic event.
In a third section there was a beautiful sequences of glacial varves with the change between
fresh-water and salt-water environment very well visable. The lower clay unit included
shaken parts and the contact between the two clays was erosive in the disturbed part of the
section. In the concordant part, it was possible to count the varves carefully. In the
disturbed part, the summer unit of the first slat-water varve was missing. This enable us to
give an exraordinarily precise dating of the earthquake. It occurred 10,430 years BP in the
Autumn. In a fourth section, there was a fault of 6-8 m through-hight with melted silica,
foliated rock, carbonate precipitation and unconsolidated fracture zone material.

In total, this earthquake affected such a large area that it seems reasonable to count with
a corresponding magnitude of 8 on the Richter-scale. It must have set up a hugh tsunami-
wave that washed the Narke Straight free of ice-bergs and pack-ice so that the marine water
could suddenly invade the entire Baltic basin within one year (varve -1073 = year 10,430
BP).

The Swedish glacial varves quite often show outstanding examples of seismically
desturbed (shaken and liquefied) sediments. Several events have been identified (Table 1).
In the Stockholm area, it has also been able to identify a sequence of events with a spacing
of only about 20 years.

Hence the varve chronology may provide us with information about the exact age, the
area! size of deformation and the recurrence time of multiple events (Stockholm 1-3).

TABLE 1. Some paleoseismic events and three large historical events

age

~ 12,000
11,700
10,469
10,447

autumn 10,430
- 10,400

9,663
9,287

~ 9,150
~ 9,000
~ 8,500
~ 3,700

- 900
AD 1497
AD 1759
AD 1904

magnitude

6-7
>7

6 - 7
6-7

>8
6-7
7 - 8
6 - 7

>8
>8
7?

6-7
6-7
>4.8

>5,3
>5,4(6.0)

name

Aspo (subglacial)
Kinnarumma
Stockholm-1
Stockholm-2
Mariefred- 1-S tockhol m-3
Billingen
Iggesund
Sundsvall
Lansjarv
Parve
Storuman (to be confirmed)
Mariefred-2
Torekov (to be confirmed)
Vanern
Skagerack-Bohuslan
Bohuslan-Skagerack
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