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Laxemar – from past to future
It has now been six years since the site investigation for a possible final repository
for spent nuclear fuel started in Laxemar. The time has passed quickly, but it has
also been very eventful. Virtually daily we have been out in the field investigating
everything from rock, soil and water to plants, animals and the weather.
The site we have investigated is not unique in itself; it resembles many other
forested areas in the district. But it can be considered unique in one way at least:
few sites in the world have been as thoroughly investigated as this one. We have
described the investigations we have conducted every year in the annual reports
that have been published since 2003. Now when we look back we can see how
the pieces have fallen into place, one by one.
This time we are broadening our approach by describing what the site looks
like, how it came to be and what it may look like in a final repository. We also
take a glimpse into the far-distant future to see how, for example, climate change
may affect a final repository. You will also meet some of the people who have
worked with the investigations. In personal interviews they share their experiences
from the past six years. The whole mix is spiced with extracts from weather
statistics from our meteorological measurements on Äspö.
Before we wind up the site investigation we have some work left to do: the final
measurement data have to be analyzed, and once again we have to make sure that
a repository in Laxemar meets the requirements on long-term safety. The final
pieces will be put in place in 2009, and then we will know whether Laxemar can
be selected as the site for disposal of Sweden’s spent nuclear fuel.
Simpevarp, April 2008
Peter Wikberg, Site Manager
Anna Wahlstéen, editor

Rock type mapping in Laxemar with geologist Katarina Nilsson.

Site Investigation
Oskarshamn 2002–2007
Site Investigation Oskarshamn has now been under way for
six years. They have been six hectic years during which we
have surveyed rock, soil layers, plants and animals in Laxemar.
But a final repository requires more than good rock. It also
requires the solid support of the local community. That is why
the site investigation has also entailed many contacts with the
surrounding society.
The site investigation for a final repository in Oskarshamn started in the spring of
2002. Now, after the end of 2007, when we look back on the years of investigations
we lift our gaze and look at the site from a broader perspective. The rock we have
investigated was formed nearly two billion years ago. That is nearly half the age
of the Earth! The use we intend to put the rock to – to isolate spent nuclear fuel
until it is harmless – has a time horizon of a hundred thousand years, about one
ten-thousandth of the age of the rock. This provides perspective for the other
aspect, namely that the duration of our current investigations has also been about
one ten-thousandth of the future we wish to describe for the evolution of the
repository.
The rock has one main function when it comes to spent nuclear fuel disposal.
In order for us to consider the site at all, it has to satisfy the regulatory requirements regarding long-term safety. The foundation of the argument for the longterm safety of the final repository lies in the fact that the rock has been preserved
very well since it was formed. Thanks to the results of the investigations, we
can now show that the rock was exposed to deformation very early on, a few
hundred million years after its formation. This was followed by a period of
about 1,500 million years when not much happened. The most instrumental
factor in forming our present-day landscape was really the ice ages that have come
and gone during the past 2.5 million years.
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A mission in time
SKB’s mission is to manage and dispose of the radioactive waste from
the Swedish nuclear power plants. We also deal with radioactive waste
from medical care, research and industry. It is SKB’s task to develop
and realize a method for safe disposal of this waste.
In the spring of 2002, SKB initiated site investigations in two municipalities,
Oskarshamn Municipality in eastern Småland and Östhammar Municipality
in northern Uppland. The purpose was to investigate the possibilities of
building a final repository for spent nuclear fuel. In 2009 we plan to select
one of the sites for siting of the final repository, and thereafter to apply to
the regulatory authorities for a permit to build the final repository.

Narrowing down the site
We started on a big scale. When the site investigation started, the candidate
area included the Simpevarp Peninsula plus an area of about 60 square kilometres
to the west. Drilling started immediately on the Simpevarp Peninsula, which
became the Simpevarp subarea. In the big area to the west, we started with
general airborne geophysical surveys. Based in part on those results, our second
subarea crystallized: Laxemar.
During the site investigations in the Simpevarp subarea, usufruct agreements
were written with the approximately 80 landowners in the Laxemar subarea. When
we were finished with them at the start of 2004, we were able to commence the
investigations in Laxemar.
As the results started coming in, it became clear that it was in Laxemar that the
best prospects for a final repository existed. The bedrock in the Simpevarp subarea
also satisfies the requirements for long-term safety, according to the results of the
preliminary safety evaluation. But the bedrock set limits on the extent of the
repository, and we would not have the flexibility we might need in construction.
After we reached this conclusion, we put Simpevarp aside and focused our attention on Laxemar, where we have now finished the site investigation.
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The site investigation has been conducted about 30 kilometres north of Oskarshamn. We
started in a larger candidate area and soon focused on two subareas, Simpevarp and Laxemar.
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The Site Manager’s
reflections
Name: Peter Wikberg, hydrogeochemist and Site Manager
In charge of SKB’s research programme for groundwater chemistry between 1988
and 2002, head of Site Investigation Oskarshamn 2002 – 2008 and subsequently
SKB’s Research Director.
How did the site investigation start for you?
“At first it was only me – that was in December 2001. I remember it was slow getting
started; it took six months to get everything up and running. The municipality’s decision
came in March 2002, and that summer the drilling work was in full swing.”

What were your expectations?
“They were high but rather varying, I think. None of us had ever conducted a site
investigation before. Some had been involved in the site investigations for the Äspö
HRL, but then the purpose was to find good investigation methods. The purpose of
the site investigation has been to produce good quality data. It took a while before
everyone was on the same page.”

What was the most fun?
“All personal contacts with landowners, nearby residents and the municipality have
been very stimulating. Everyone around us has been committed to making something
good of this project. We haven’t always seen eye to eye on everything, but everyone
has done their best in both the formal consultations and other discussions, which is
why the results have been so good.”

Any difficulties?
“There have been difficulties of various kinds. We have managed to overcome most
of the technical problems, thanks to some good luck but above all a good group of
competent people. One thing that was difficult at the beginning was that many people
took it for granted that the final repository would end up here in Oskarshamn and
therefore displayed little interest in the question. But a final repository needs more
than just investigations; local support and local involvement are also necessary. They
were missing at the beginning. Now afterwards it feels nice that this changed and
that we now have such strong support from so many people here in Oskarshamn
and in the region.”

How do you view the possibilities that a final repository will be built in
Oskarshamn?
“Safe and good rock is a basic prerequisite, and that looks good so far. But then
there are so many other factors to consider. So far the discussion has mainly centred
on what will happen to the repository during and after the next ice age. I think it’s
time we started to think a little more about the near future as well, say a few decades
ahead. We really don’t know much about how society will evolve in the near future
and what importance this may have for the operation of a final repository.”
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How could a repository in Laxemar cope with societal changes?
“In Laxemar we will be able to build a robust final repository system that is well
adapted to society. We plan to encapsulate the fuel in the encapsulation plant adjacent
to Clab and from there drive it on a new road two kilometres to the final repository
for deposition. All this will take place on a geographically small area, giving us good
control over the activities.”

What are conditions like under ground?
“There we will have very great flexibility. The repository will gradually be built out as
needed. If nuclear power production is discontinued tomorrow, the repository will be
smaller. And if the nuclear power plants are operated for longer than has been
decided today, it’s easy to expand the repository in Laxemar. We have plenty of rock,
and it is really no problem to pass the zones we currently designate as boundaries
for the repository and then continue depositing fuel on the other side.”

Six years of investigations have been concluded, what happens now?
“We will finish our evaluations and analyses of measurement data and as soon as
possible also choose where we will build the final repository – Oskarshamn or
Östhammar. Then we will finish the application and submit it to the regulatory
authorities and the environmental court. That may not be the end of it, since the
licensing process may require further supplementary work.”

10
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Let’s talk about

the weather
Record heat on Midsummer’s Eve
Midsummer’s Eve was nice and warm in 2005, when
the temperature reached record heights at many places
in southern Sweden. At 4:30 p.m. on the station on
Äspö, the mercury rose to 28.5 degrees, which was
one of the highest measured anywhere in the country
on that date.
The mean 24-hour temperature was 22.7 degrees.
Here are the temperature figures for Midsummer on
Äspö:
Year Maximum temperature Minimum temperature
2004 16.4 degrees
11.9 degrees
2005 28.5 degrees
15.0 degrees
2006 21.0 degrees
11.3 degrees
2007 19.0 degrees
15.0 degrees

Information officer Kajsa Engholm on a visit to Västervik to tell people about SKB’s activities.

Residents’ confidence
The rock must fulfil certain requirements to permit a final repository to be built,
and the site investigation has to a great extent involved investigations in the
bedrock. But in order to complete our mission, we must also come to an agreement with the municipality in which the investigations are conducted and the
people who live there.
Back during the feasibility study, between 1996 and 2000, the municipal residents got to know something about the final disposal of spent nuclear fuel and
SKB’s search for a suitable repository site. Our information efforts were intensified
in 2002, and since then the inhabitants of Oskarshamn have learned a great deal.
For example, their picture of SKB’s role in the nuclear waste issue has become
clearer, and more of the people of Oskarshamn know today that Sweden’s spent
Consideration in the field
All personnel who have done work in
the field have undergone an orientation
where they have been informed of the
background to SKB’s activities so that
our contractors will appreciate the importance of behaving correctly and respectfully to both landowners and residents.
After the orientation, the personnel
receive a numbered car pass linked to
the driver’s mobile telephone. If necessary we can then easily get in touch with
those working out in the field.
Throughout the site investigation we
have had a special emergency telephone
number so that landowners and residents
can reach us outside office hours.
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nuclear fuel is being interim-stored in Oskarshamn. This has been verified by the
opinion polls that have been conducted annually since 2003. More than half of the
people of Oskarshamn know that the central interim storage facility is located in
Oskarshamn Municipality, and 83 percent think that the final repository should be
built here if Oskarshamn is considered to be the most suitable site.
We have contacted businesses, associations and organizations to tell them about
our activities and invite them to visit our facilities. A visit to the Äspö HRL, the
Canister Laboratory or the interim storage facility for spent nuclear fuel gives
them both knowledge and a greater understanding for SKB and what we do.
Since the summer of 2005 we have had a field exhibit showing how a site
investigation is conducted. Most people know we drill in the rock, but the exhibit
also gives us an opportunity to tell people about other investigations and show
examples of our species inventories.
The importance of the final repository in the community is a question that has
aroused interest even beyond the municipal boundaries of Oskarshamn in recent
years. Establishment of a final repository in Oskarshamn can have effects in large
parts of the region. That is why we have broadened our public information
activities in the county.

Young people positive
The attitude of young people to final disposal of spent nuclear fuel is often quite
enlightened. They are fully aware of the fact that the radioactive waste is something we have to dispose of. Nor do they confuse the nuclear waste issue with
the nuclear power debate to as great an extent as older people do. One possible
explanation is that today’s youth were not around during the big nuclear power
debate in the 1970s and ‘80s.
We met all of the ninth graders in Oskarshamn and all 3rd-year pupils in the
upper secondary school. Most of the pupils subsequently visited one or more of
our facilities. We also participated in most events for students arranged by other
stakeholders in the nuclear waste issue. SKB participated in the theme days
“Beneath the surface” at Oscarsgymnasiet upper secondary school arranged by
LKO, Local Competence Building in Oskarshamn Municipality, as well as the
theme days arranged by the Regional Council in Kalmar County at schools around
the county.

During the Kors- och
tvärsdagarna (“Here and
There Days”), pupils from
Oscarsgymnasiet upper
secondary school get to
try some of the investigation methods used in
the site investigation.
Here Elin Jakobsson and
Anna Linnér take a closer
look at animals and plants
on the bottom of the sea.
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Expert’s

post script
Name: Katarina Odéhn, information officer
Has worked with public relations and information at SKB since 1999. From 2002 in
charge of nearby resident contacts at Site Investigation Oskarshamn, and from 2005
also in charge of outreach information activities.
How did you start informing nearby residents of the site investigation?
“We tried to meet residents in their home environment. I particularly remember a girls’
evening which we held in the old school in Ekerum. We invited girls who knew each
other so it would be easier for them to ask questions. We were a little nervous, but it
went very well. We have met nearby residents in many different ways, ranging from
excursions and open houses to the more formal consultations, and at various seminars.”

How have you been received when you have contacted landowners about
different field activities?
“Things have gone very smoothly in most cases. It’s important to show consideration
and try to coordinate our activities with the landowners’ interests, such as for example
not setting out stakes on a field about to be planted. But that has really been the
easy part. Often our site ecologist and archaeologist have hade more opinions on,
for example, the location of drilling sites. And that is so we won’t disturb sensitive
natural values or archaeological remains.”

What was most difficult?
“At first we had a hard time getting people in our own company to understand. I
worked hard to get my colleagues to understand that all activities in the field have
to be okayed by the landowners before we go out. It wasn’t always easy and it took
more time than I thought it would.”

What was the most fun?
“One of my favourites was that when we had a cultural heritage lecture in Mörtfors
we expected 50 people to come and 120 came. The same thing happened when we
arranged a cultural heritage day in Basthult. Nearly 80 people came in spite of pouring
rain. It’s also gratifying that the book ‘Rösebyggare i Misterhult’ has been received
so well. It’s fun to do things that people appreciate.”

Any bad experiences?
“For the most part things have gone well, but the times we messed up weren’t so
pleasant. We tore up a field once, which felt disrespectful towards the landowner
and the work he had done. Things like that can’t be put right with money.”

What happens now that the investigations are finished?
“Well, it’s kind of fun because now the landowners are phoning and wondering if
anything is going on out in the field. For my part I hope I will still have contact with
them in connection with the design of the final repository and the encapsulation
plant. Then I’ll be working a lot with information in the neighbouring municipalities,
where we have a lot of work to do.”
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Nearby residents and landowners
We are particularly anxious to keep our closest neighbours at the site investigation
informed of what we are doing. We regard all residents of Misterhult parish as
nearby residents, and we regularly send them a Newsletter in which we tell them
about our activities in the field and other events we organize in the district. During
the summers we held nature and culture excursions in the site investigation area,
to which we mainly invited nearby residents.
We have particularly frequent contacts with the people who live and own land
in the area where we have conducted our investigations. All investigation activities
must be approved by the concerned landowner before we go out into the field.
Often the landowners were of great assistance with our planning of the investigation activities, for example planning of drilling sites and new roads.

Talking about nuclear waste is not like
selling toothpaste. This is something
important that everyone has to make up
their minds about.
Eva Häll
Information officer

When we arranged excursions for the public during the summer we were assisted by landowners
who have talked about the history of the district. Here Anna Strömhag is guiding a group in
her home village of Ström.
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Putting it in writing
All investigations and results are described in the technical and scientific reports
published by SKB. All reports can be downloaded at www.skb.se. The website is
updated regularly with current information on both the site investigation and
SKB’s other activities.
In order to give private citizens in the two site investigation municipalities
relevant information, starting in 2003 we have produced SKB’s magazine Lagerbladet in two local editions, one each for the two municipalities Oskarshamn
and Östhammar. Four times a year, the people of Oskarshamn have been able to
read about everything from inventories in the woods and fields to interviews
with residents in the site investigation area. The reader surveys that have been
conducted have shown that the magazine has been highly appreciated.

Annual summary
Every year we have furthermore produced annual reports from the site investigation. There we have endeavoured to summarize the results of the investigations
in an instructive and popular way. The annual reports have been distributed to
both national and local stakeholders, including all residents in Misterhult parish.
The annual reports have also been translated to English for a wide international
circle of readers.
Unlike the previous annual reports, this one describes the whole picture –
everything that has happened from the start of the investigations up to the end
of 2007. We have divided the presentation into three main chapters, where we
start by telling how the site was formed from the interior of the earth, after
which we describe what it looks like today, and last but not least what it may
look like in the future with a final repository.

SITE INVESTIGATION OSKARSHAMN – ANNUAL REPORT 2002–2007
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Let’s talk about

the weather
Indian summer
We had a real Indian summer in October 2005.
At the site investigation it was 16.8 degrees on the
8th of October. The day before it was 20.8 degrees
outside Linköping, which was the highest temperature of the month in Sweden. The October record
for all of Sweden is held by Oskarshamn, where it
was 24.5 degrees on the 9th of October 1995.

Laxemar – a geological history
Our globe has existed for 4.6 billion years – the Laxemar rock for
scarcely half as long. For most of the time since the rock was formed,
its geological evolution has been quiet and uneventful. Today when
we investigate the bedrock we see the traces of what happened long
ago, when the bedrock was young. By putting the clues together and
interpreting them we can now trace the evolutionary history of the
Laxemar rock.

We have to go 1.8 billion years back in time to find the start of the story of the
evolutionary history of the Laxemar rock. A continent then collided with an ocean
floor, in roughly the same way as is happening today in western South America,
where the ocean floor in the Pacific Ocean is being pressed down (subducted)
beneath the South American continent. The collision caused the bedrock to be
compressed and uplifted so that a mountain range similar to the Andes was
formed. In this connection, magmas also spewed forth from the interior of the
Earth. The magmas that solidified at great depths are the rocks we see today in
the area where the site investigation has been conducted.
The rocks in Laxemar have generally been very well preserved since they were
first formed. But this does not mean nothing has happened in Laxemar since
then. In the early youth of the bedrock about 1.8 – 1.75 billion years ago, the
rocks were reformed and deformed when stresses in the Earth’s crust were
released. This particularly occurred in certain zones, a clear example being the
Äspö shear zone that was formed at this time. The deformation we see the result
of today took place deep down in the Earth’s crust, which meant that the rocks
underwent ductile deformation, i.e. the temperature was so high that the rock
behaved like a viscous mass when it was altered.

SITE INVESTIGATION OSKARSHAMN – ANNUAL REPORT 2002–2007
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This was followed by a period of relative calm in the history of Laxemar rock,
and the bedrock gradually stabilized. The rock was eroded, and like an iceberg
in the sea the roots of the mountain range were then slowly raised to today’s
rock surface. The rock then gradually cooled and the deformations that took
place later in the history of the bedrock have therefore been brittle, which means
that the rock can no longer undergo ductile deformation, but cracks apart when
movements occur.

New granites were formed
The next big geological event in the Laxemar area occurred 350 million years
after the bedrock had been formed. Once again magmas pushed up through the
Earth’s crust and new granites were formed. The Götemar granite north of
Laxemar, the Uthammar granite south of Laxemar and Blå Jungfrun, an island
in Kalmar Sound, stem from this time.
The bedrock then stabilized once again, and for several hundred million years
nothing much happened in the bedrock. But then a gigantic collision occurred
between several continents, and the supercontinent of Rodinia was formed. This
was 1,000 – 900 million years ago. The bedrock in southwestern Sweden then

When the bedrock was only 350 million years old, magmas pushed up from the interior of the
Earth and new granites were formed. We can see one result of this in Kalmar Sound: Blå
Jungfrun National Park.
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underwent severe metamorphoses and deformations. One effect of the continental
collision was the formation of a new mountain chain in Sweden and Norway:
the Sveconorwegian orogen.
The formation of the supercontinent also affected the bedrock in the Laxemar
area. The 900 million year-old dolerites we have found in a band in the far west
of the Laxemar area are evidence of this. They were formed when magmas
intruded into certain zones of weakness in the bedrock. The dolerites in Laxemar
are the eastern portion of a large swarm of dolerites extending from Blekinge in
the south through Småland and on up to Dalarna in the north.
There are also signs that the formation of the supercontinent caused movements and disturbances in a large northeasterly deformation zone in the sea
along the Simpevarp Peninsula and Ävrö.

I am certain that if we had
stood here 13,000 years ago we
would have got soaking wet.
Jan Mikaelsson
Geologist, University of Kalmar

Erosion moves mountains
When the Sveconorwegian orogen began to erode, weathering products were
transported to more low-lying areas. They soon covered large parts of today’s
southeastern Sweden and thereby also Laxemar. It has been estimated that these
sedimentary deposits may have been up to eight kilometres thick. After roughly
250–300 million years, these rocks had eroded away, Rodinia had been broken
up and the continents had once again moved apart. In their place a new ocean
had been formed, the Iapetus Ocean, a precursor of the Atlantic Ocean. In the
Almesåkra group, located in the Nässjö district, the remains of the sedimentary
weathering products from the Sveconorwegian orogen can still be seen in the
form of sandstones containing clay shales and conglomerates.
Later, about 600 – 500 million years ago, large parts of the then heavily weathered and levelled-out shield were inundated by sandy and clayey sediments.
They were eventually transformed into sandstones, clay shales and alum shales.
These have largely been eroded away on the Swedish mainland. However, we
have found traces of sandstone from this time as fracture-filling minerals in
the Laxemar area. Areas still covered by sandstone include the island of Furön
in Kalmar Sound east of Oskarshamn, and the stretch of coast from around
Påskallavik down to Blekinge in the south.
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Expert’s

post script
Name: Peter Hultgren, geologist
Started in 2002 as an information officer at SKB, 2003 – 2007 Activity Leader in
geology at Site Investigation Oskarshamn. From 2008 Discipline Supervisor for
geology at the Äspö HRL.
What has it meant to be Activity Leader in geology?
“I have planned and prepared the geological investigations and also made sure that
they have been implemented. I have, for example, planned boreholes, found good
sites to drill on and determined the best direction for the hole in order to get as
good information as possible from it.”

What expectations did you have before you began?
“I worked as an information officer at Äspö for a brief period, but basically I came
directly from Göteborg as soon as I got my geology degree. So it was very exciting
for me to get to work with the subject I had studied. I got a lot of help from Roy
Stanfors, a geologist who has been like a mentor to me.”

How much did you know about the Laxemar rock before you started
drilling?
“SKB had a good picture thanks to the investigations for the construction of the
Äspö tunnel and the feasibility study that had been done a few years before the site
investigation started. But we needed a better and more detailed picture of the
bedrock.”

Describe in brief what the Laxemar rock looks like.
“It is ordinary, boring, grey rock. But for us geologists it is nevertheless exciting.
Structural geology, where we study fracture zones, is very interesting, and in that
respect this is a very interesting area. The historical evolution of the rock fascinates
me. It’s really exciting to find out the age of the rock and in what time periods it has
moved. The Laxemar rock is roughly 1.8 billion years old, and at that time quite a bit
was happening; rocks were being formed and deformation zones were being created.
But since then the rock has been pretty much inactive.”

How have the geological investigations gone?
“They have gone well! You always want to do more and better, but now that we are
finished I feel satisfied with the results. We have completed all the investigations we
planned to do and within the time we had planned to do them.”

What will you do now?
“I will continue on Äspö as Discipline Supervisor in geology. This involves planning
and preparing investigations in the tunnel, and I will also make a three-dimensional
model for Äspö similar to the one we made for the Laxemar rock.”
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The Swedish mountain chain rises
Approximately 510 – 440 million years ago the Iapetus Ocean gradually closed and
the Swedish mountain chain was formed by a collision between the Fennoscandian and the North American shields. Even though the Swedish mountain
chain (the Caledonides) is located far away from our part of the country, there
are indications that movements have occurred in the Laxemar area in connection
with the Caledonian orogeny. When the Caledonides began to be broken down,
weathering products once again flowed out over the basement rock, and their
thickness in the Laxemar area is estimated to be about 2.5 kilometres.
The above processes have been repeated since then, and the Earth’s crust has
been raised and lowered as a result of formation and erosion of mountain ranges
at the margin of our shield. It is uncertain what the effects of these geologically
young processes on the bedrock in Laxemar have been, but they are judged to
have been modest.

Ice ages and tundra
The geological period in which we are now living is called the Quaternary and
started about 2.5 million years ago. The climate has been much colder during
this period than during the previous period, the Tertiary. The Quaternary Period
is also characterized by a highly varying climate with cold ice ages (glacials)
interrupted by warmer intervening period (interglacials). If we look back in time
we see that cold glacial periods lasting nearly 100,000 years have been succeeded by
relatively short interglacial periods lasting 10,000 –15,000 years. The temperature
during the ice ages in Sweden may have been as cold as 20 degrees lower than
the present. The Laxemar area has certainly been covered by a thick ice sheet
several times. Our knowledge of conditions in Sweden during large parts of the
Quaternary Period is relatively limited, however. On the other hand, we know
fairly much about conditions during and following the most recent deglaciation.
The most recent ice age began 115,000 years ago and ended about 11,500 years
ago. However, large parts of Sweden were free of ice during long periods even
during this ice age. During the long ice-free periods, the climate was colder than
today and it is likely that tundra covered the Laxemar area for long periods of
time. The Baltic Sea was probably a fresh water lake during these periods.
Approximately 20,000 years ago, the latest continental ice sheet reached its
greatest extent and the ice then extended down to where Berlin is located today.
Then the ice started melting, and roughly 14,000 years ago it disappeared from
the Laxemar area. The weight of the ice had then depressed the Earth’s crust and
the surface of the Baltic Sea was approximately 100 metres higher than today in
the Oskarshamn area. The entire future site investigation area was therefore
under water at that time. The land began to rise slowly, and after a few thousand
years large parts of the Laxemar area were high and dry.
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At the beginning, when the rock was
young, quite a bit happened, but since then
the rock has been pretty much inactive.
Peter Hultgren
Activity Leader geology

Despite the great distance, the Laxemar rock may have moved when the Swedish mountains were formed.
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Rapid climate changes
When the continental ice sheet was gone, the climate was initially relatively
warm and southern Sweden was covered by birch and pine forest. Approximately
12,500 years ago, the climate turned colder and the summer temperature initially
fell by 8 – 10 °C in just a hundred years. This change in climate must have been
very dramatic, even during the relatively short lifetime of a human being. As a
consequence of the colder climate, the forest disappeared from southern Sweden
and was replaced by tundra. During this cold period, called the Younger Dryas,
large parts of the Laxemar area also lay above the surface of the Baltic Sea.
Approximately 11,500 years ago the climate got warmer again, marking the
end of the most recent ice age. The temperature increased until 6,000 – 7,000
years ago when the summer temperature was a couple of degrees higher than
today and the climate in southern Sweden was similar to that today in northern
France. The southern half of the country was then largely covered by deciduous
forest. The temperature has since continued to fluctuate. But the general trend
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Approximately 5,250 years ago the shoreline was ten metres higher than it is today. The blue
line shows today’s shoreline. The complete Quaternary deposit map is on page 62.
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Over time, clay sediments in the sea bays and new arable land are formed.

shows that the temperature has gradually declined during the past few millennia.
The colder climate has led to the spread of coniferous forest at the expense of
deciduous species. Pine was long the dominant coniferous tree, while spruce,
which is one of our most common trees today, first became established in the
Laxemar area approximately 1,000 years ago.

Sea becomes land
The salinity of the Baltic Sea has varied since the last ice sheet melted. During
certain periods the Baltic Sea has been isolated from the sea in the west, giving
rise to fresh water conditions. For the past 9,500 years the Baltic Sea has been
connected to the North Sea via Öresund, making the water brackish. The salinity
has been much higher than today during certain periods, however.
Thanks to postglacial land uplift, which is still in progress, the Laxemar area
has gradually risen out of the sea. The long, narrow valleys that are characteristic
of the area were previously long, narrow bays that gradually filled up with mud.
Today these clay-filled valleys are used to a great extent as cropland. In the future,
land uplift will dry up today’s bays in the same way, and they may also be used
as cropland.
If we look back in time it is easy to see that the climate will eventually grow
colder and become glacial. Even if it takes a long time for the continental ice
sheets to advance, the climate can shift quickly and become colder. In the short
term, however, it is likely that the climate will get warmer, since combustion of
fossil fuels has led to an increase in the concentration of atmospheric carbon
dioxide.
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Let’s talk about

the weather
Snow, ice and frost
March 2006 was a real winter month in terms of
ice and snow. On the 16th of March we measured
the greatest snow depth during the site investigation. It was 45 centimetres on Äspö. A few days
later, on the 21st of March, the ice on Borholmsfjärden was 54 centimetres thick, which was the
largest ice thickness we measured during the site
investigation.
On the 7th of March 2005 we measured the frost
depth to be 28 centimetres, which was a less-thanimpressive record during the site investigation.

Man changes history
Man first appeared in Småland about 10,000 years ago. The continental ice sheet
had disappeared a few thousand years before, and the region gradually began to
become habitable. The first humans were Stone Age hunters and left scarcely
any traces behind. But the human impact on the landscape had nevertheless
begun.
Humans began to till the soil 6,000 years ago. Thus began a transformation of
the landscape that would prove to be permanent. Stone age people generally made
their habitations near the sea, but thanks to land uplift we find their settlements
many kilometres from the coast today. Thanks to many Stone Age finds, we know
that the fields around Misterhult parish, in which the Laxemar area is situated,
were also farmed at this time. Plentiful flint and quartz chips tell us that tools
were made here. Certain artefacts have also been found, such as carefully shaped
arrowheads, axes and the like.

The Misterhult district is interesting; while
constructing the nuclear power plant we
found a tunic buckle from the 11th century.
Åsa Svedberg
Archaeologist

The Bronze Age in Misterhult
The district’s golden age came during the Bronze Age, between 3,800 and 2,500
years ago. This is also the period that shaped the landscape we see today, so rich
in archaeological remains. Thanks to the many stone-built graves, we know quite
a bit about how and where people buried their dead, but we know rather little
about how they lived at this time.
Unlike many other places, the Misterhult district provided the necessary conditions for a number of livelihoods. With the archipelago and the coast so near
at hand, there was plentiful fishing and hunting. Agriculture was probably not
particularly widespread, since the arable land was very limited. However, animal
husbandry was undoubtedly an important complement in cases where the animals
could graze in the woods and along the coastal meadows.
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Ship setting in Snäckedal.

30

SITE INVESTIGATION OSKARSHAMN – ANNUAL REPORT 2002–2007

The public has shown great interest in the cultural heritage excursions that were made in the
site investigation area.

Thanks to the many Bronze Age graves in
the Misterhult district, the parish is counted
among the richest in the country today in
prehistoric grave sites. There are 200 burial
mounds and no fewer than 1,000 stone settings. Misterhult also has one of Sweden’s
most spectacular Bronze Age monuments:
the necropolis at Snäckedal. There are over
100 graves within a square kilometre, including
two large cairns and a 45 metre long ship
setting.
In contrast to the Bronze Age, few archaeological remains from the Iron Age (500 BC
to 1050 AD) have been found in Misterhult.
No settlement sites and only a few grave sites
have been found. Nor are there any place
names of prehistoric origin. It is not until the
start of the Middle Ages, the 11th and 12th
centuries, that we can clearly see traces of
human activity in the area again.

In Misterhult parish
Misterhult parish contains
unusually many ancient monuments from the Bronze Age,
including 200 burial mounds,
1,300 graves in the form of
stone settings and 14 ship
settings. One of the country’s
largest ceremonial sites from
the Bronze Age – Snäckedal,
a grave field (necropolis) with
over 100 graves – is also
located in the district.
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Expert’s

post script
Name: Lars Lundqvist, archaeologist
Participated in the planning of investigations and carried out cultural heritage surveys.
What did you as an archaeologist do during the site investigation?
“I served as a support in preparations for investigations and work in the field, and I
performed a cultural heritage survey for the environmental impact assessment for the
final repository.”

How did you work?
“Based on what was already known, I went out in the field and examined historical
remains, for example prior to establishment of drilling sites, road construction, anywhere SKB was planning to conduct activities entailing a disturbance of the natural
environment. The first time was when the drilling site out on the tip of the Simpevarp
Peninsula was to be built. Even then we had good procedures which we continued
to follow.”

What were your thoughts when you embarked on this job?
“I know I thought a lot about how the cultural heritage could be preserved in connection
with such a big and important project. A road has to function for a couple of generations, but a final repository has to function for hundreds of thousands of years, and
what happens when you confront such facts with each other.”

Have you been successful in your ambition to protect the district’s cultural
heritage?
“Yes, I think so. SKB has been sensitive to my concerns, and there has been a clear
mission and understanding in the site investigation to preserve the cultural heritage
of the area, so we have enjoyed very good cooperation. SKB has had high ambitions
to educate the public on the district’s cultural heritage, for which purpose we have
arranged cultural heritage excursions and lectures and published a book on the cairn
builders of Misterhult.”

What have you seen of the cultural heritage of Laxemar?
“I have seen many known archaeological remains that were already marked on the
map. But I have also found many new monuments, small stone settings and graves
from the Bronze Age, for example. I have also seen many traces of cultivation from
the 18th and 19th centuries. There is a little-known cultural heritage in this district
that is very interesting.”

This district is rich in ancient monuments; how do you as an archaeologist
view the prospect of a final repository on the site?
“I see no problems with establishing an industrial enterprise at Oxhagen. If we consider
the whole picture, there is already a human impact on the landscape in the form of,
for example, power line corridors, and the nuclear power industry is just around the
corner. The risk is that the project will be implemented in such a way that people living
and working in the area today will not want to live here anymore. If people still live in
the district in the future, it will be possible to preserve the cultural heritage whether
or not a final repository is built.”
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The crofter’s cottage on the left may have belonged to Gässhult and is called “the fishing
cottage” on the economic map. At right, Kärrsvik harbour.

Communities take shape
Misterhult was an established agricultural district during the Middle Ages. The
archipelago was populated by people who made their livelihood by a blend of
farming, hunting and fishing. The large estates served as population centres, and
gradually communities grew up, such as Figeholm and Blankaholm. We know
that shipping along the coast of Småland was lively during this period. At the
same time, the districts further inland were also put under cultivation. We find
traces of these activities today in various archives – both historical and archaeological.
The 18th and 19th centuries were the era of crofters. There are around 600
crofters’ cottages and other smallholdings in the parish. Early stone quarrying
and woodworking industries were important economic activities for the people
of Misterhult at that time. Industrialization brought some small-scale industries
to the district, while many people moved to the cities.

Cultural heritage requires caution
The reason why we surveyed the district’s cultural heritage during the site investigation has to do with showing the necessary consideration and care for the landscape in which we are operating. We wanted to make sure that our investigations
and work in the field would not encroach on the historical remains in the area.
We enlisted the aid of the National Heritage Board, which provided expertise
and carried out inspections in the field prior to major incursions in the natural
environment, for example in connection with the construction of drilling sites
and roads and certain geological surveys.
A cultural heritage survey is also included in the environmental impact assessment
that is being conducted for the final repository.
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Let’s talk about

the weather
Temperature during the year
Scarcely eight degrees – that’s the average temperature we measured during the site investigation
between 2004 and 2007. This is what the annual
mean temperature looks like for the different years:
2004
2005
2006
2007

7.2
7.6
8.3
8.2

degrees
degrees
degrees
degrees

Let’s talk about

the weather
High summer
The summer of 2006 was without doubt the best
summer during the site investigation, at least if you
count the number of high summer days. The temperature was higher than 25 degrees on 23 days
during the summer: three days in June, 18 in July
and two in August.
The summer of 2004 had only seven high summer
days: one in July and six in August. There were only
a few more in 2005, nine: two in June and seven in
July. The summer of 2007 wasn’t much to boast
about either: four high summer days in June and
two in July.

Laxemar today
Just an ordinary place in eastern Småland. An extraordinarily ordinary
place, you could almost say about the area where the site investigation
has been conducted. The rich fauna is varied, as is the flora, but we
have not encountered so many rare species. Beneath our feet is the
old basement rock, a rather ordinary, grey rock – exactly what we
were looking for when we started our investigations six years ago.
The site investigation in Oskarshamn has been carried out in an area in Oskarshamn Municipality in eastern Småland. The site, which we call Laxemar, is
located nearly 30 kilometres north of Oskarshamn in an area designated as being
of national interest for the final disposal of spent nuclear fuel and nuclear waste.
Just east of Laxemar is the Simpevarp Peninsula, an industrial area created in
the 1960s when a nuclear power plant was built there. With its three reactors,
the Oskarshamn nuclear power plant accounts for ten percent of Sweden’s total
electricity production. Also located on the peninsula is SKB’s interim storage
facility for spent nuclear fuel, as well as the home port of SKB’s ship m/s Sigyn,
which transports spent nuclear fuel from the nuclear power plants to the interim
storage facility. Just north of the Simpevarp Peninsula is the Äspö HRL, where we
test, develop and demonstrate our method for final disposal of spent nuclear fuel.
Some 40 persons live in the Laxemar area, along with nearly as many part-time
residents. Throughout the site investigation we have had close contact with the
50 or so landowners on whose land we have conducted investigations. Road 743,
usually called the Coast Road, passes at the far south, running from E22 via
Fårbo all the way out to Klintemåla. The road, which was diverted in the 1980s
to bypass Figeholm, carries most of the traffic to the Simpevarp Peninsula today.
The road network in the Laxemar area is considerably older and consists mainly
of smaller roads.
Misterhult is the name of the parish within which Laxemar is located. In the
north is the Misterhult archipelago, which is a typical basement rock archipelago.
Most of it is nature reserve, and the entire northern Småland archipelago is of
national interest for outdoor activities.
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Expert’s

post script
Name: Erik Wijnbladh, ecologist
Site Ecologist at Site Investigation Oskarshamn 2002 – 2007.
What have you as Site Ecologist done at the site investigation?
“I led activities having to do with the ecosystems. Furthermore I made sure that
SKB showed consideration for nature and the environment in connection with other
investigations in the field.”

What were you expectations when you started in 2002?
“It felt a little like breaking new ground. No one had done anything like it before, and
SKB had little experience of ecological investigations. In the job description it said that
I would survey the surface ecosystems. I remember thinking: ‘What’s that?’. I really
can’t think of any other context where a distinction is made between the ecosystems
on the ground surface and deep down in the bedrock. But in relation to the final
disposal of spent nuclear fuel it is only natural to do this.”

Can you compare this job with others you have had?
“This is quite different from the previous jobs I have had. They have involved such
things as investigations in the sea and measurements for an environmental impact
statement. Here we basically surveyed all the natural ecosystems, which is actually
quite unique.”

What is the most remarkable investigation you conducted during the site
investigation?
“It was when we counted ants and worms. It may sound a little odd in this context,
but when they dig and build nests they move the soil around and thereby also move
chemical substances in the ground. This can be of importance for calculations of
nuclide transport. It turned out to be a very good report, and our reviewers thought
it was very interesting.”

How has the site been affected by the investigations?
“The site suffered little impact. That’s probably because we have always had the
attitude that consideration for nature is important. We could have caused environmental problems, but we haven’t. We conducted many investigations and not once
did we encroach on sensitive natural environments.”

Do any of the results surprise you?
“That it’s such an ordinary area. There isn’t much to distinguish it. I had thought we
would find more rare and special species when we made such a thorough investigation.
There are unusually many nightjars, but that’s about it.”

What happens now?
“Now we are analyzing the data. First we have to try to make sense of it all ourselves,
then we have to describe it so our reviewers understand it.”
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Moose, deer and other large mammals are inventoried from the air by helicopter.
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In the woods and fields
Most of the Laxemar area is forested. The most common biotope is pine forest
with a thin layer of soil. The wetlands that have existed have been drained in
many places for use as farmland, and nowadays some of the old arable fields have
been planted with spruce. This means there are only a few, small wetlands left.
That perhaps explains why the amphibian fauna in the Laxemar area contains no
unusual species. All Swedish snake species occur in the area, however, such as the
European viper (or adder) and the grass snake. We have even seen the rare smooth
snake on a number of occasions.
Thanks to the gently undulating topography, there are small wet depressions
or rock basins in many places where insects and other animals flourish. This also
explains the large numbers of mosquitoes that plague the area during rainy
summers.

At some places we may see
five or ten moose, at others
none, so it can be a little tricky
to guess the average.
Johan Truvé
Moose counter

Mammals and birds
Thanks to the cooperation of the hunters in the district, we know a lot about
the local game population. We had inventories performed of moose and other
game from helicopters, while hunters gathered data on gender and age of felled
animals and recorded observations in the field. We can conclude that the moose
population has a skewed age distribution with many cows and few older bulls.
In the most recent inventory in 2007, between eight and nine moose were
found in ten square kilometres. There were about 20 hare and over 38 deer on
the same area. The most common mammals are small rodents; in the autumn of
2004 there were about 34,000 shrews, mice, voles and other rodents on the
same area.
During the site investigation we kept track of how the bird populations have
developed. The bird fauna is similar to that in the rest of Sweden. The most
common species are chaffinch, great tit and willow warbler. There are some
special features, however: Laxemar has a high proportion, around one percent,
of all the nightjars in Sweden. There are also unusually many red-backed shrikes,
which may be due to the fact that they like open environments with lots of
bushes – which there are plenty of in the district’s power line corridors.
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The number of earthworms
varies between 0 and 425 per
square metre, and the number
increases when the pH of the
soil increases.

Eleven different ant species
have been found in the area,
and there are between 50
and 450 ant nests on every
hectare.

Only 18 of the world’s thousand bat species are found in
Sweden. We have encountered
nine of them in the Laxemar
area.

Animal life in Laxemar
On an area of 10 square kilometres
there are on average:
8 – 9 moose, 20 hares, 38 deer,
34,000 shrews, voles, mice and other
rodents

Photo: Magnus Nyman

Photo: Magnus Nyman

Photo: Magnus Nyman

Keeping track of rare birds
Since 2002 we have monitored a few selected redlisted bird species in order to keep track of the
number of territories and breedings during the site
investigation. Some examples of red-listed species
occurring in the Laxemar area are, besides nightjar
and shrike, honey buzzard, wryneck and lesser
spotted woodpecker. Happily, these species have
exhibited stable or increasing populations during
the duration of the site investigation.
Sweden’s official red list is kept by ArtDatabanken
(the Swedish Species Information Centre), which
collects data on biodiversity in Sweden. The red list
contains those species of plants and animals that
are judged to be at risk of extinction in Sweden.
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The most common birds
in the Laxemar area
1 Chaffinch
2 Great tit
3 Willow warbler
4 Robin redbreast
5 Blue tit

1

Life in the lakes
There are few lakes in the investigation area. The most thoroughly investigated
of the lakes is Frisksjön, which drains into Granholmsfjärden. It is a shallow
brown-water lake with a depth of about two metres, surrounded by pine and
spruce forest and some wetlands. Its profile resembles a bathtub with steep sides
and a level bottom. The vegetation (white water lilies, club-rush and reeds)
therefore forms a border around the lake. Frisksjön has a fairly rich benthic fauna.
The species diversity is greatest in the shallow areas, where various insect larvae
are particularly common. Different worms and insect larvae, especially mosquito
larvae, dominate in the deep areas. Roughly two of three fish in the lake are perch,
but roach, bream, rudd, pike and ruffe (in order of frequency) are also present.
In the immediate vicinity, between the Simpevarp Peninsula and Hålö, lies an
artificial lake, Söråmagasinet, which is a fresh water reservoir. It was formerly a
sea bay, but the outlet was plugged when the nuclear power plants were built. It
resembles Frisksjön in terms of species, such as fish. But its benthic fauna
includes fewer species.

It is unusually dark and cold in
Frisksjön Lake; otherwise the lakes
in the district are very ordinary.
Erik Wijnbladh
Site ecologist

Frisksjön at twilight.
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The biggest lake in the district is Jämsen, which is situated just west of E22.
It is 11 metres deep at the deepest point, which is much deeper than other lakes in
the district. It is not particularly steep but has large shallow areas where the reeds
grow thickly. Besides the fish species found in Frisksjön, Jämsen also has bleak.
Jämsen is drained by the area’s largest watercourse, the Laxemarån River.
It is the only watercourse in the area that never dries out, not even during dry
summers. Despite the fact that Laxemarån in certain sections is no more than a
ditch, there are fish, above all pike and ide, several kilometres upstream in the
river. Nearer the river’s outlet in Borholmsfjärden there are also other species such as
ruffe, tench, roach and burbot. Ide and roach
are seen in large numbers in the spring when
they migrate up the river to spawn.

Beneath the surface of the sea
The Baltic Sea as a whole has little water
exchange with the North Sea but a large inflow
of fresh water, which makes the water brackish.
This results in an exciting blend of marine and
fresh-water species: Baltic herring (a salt-water
species) is preyed upon by pike (a fresh-water
species) in bladderwrack (a salt-water species)
or perhaps in perfoliate pondweed (a freshwater species). In the bays where the water is
less saline, stoneworts and pondweed proliferate,
while toothed wrack and bladderwrack thrive
along the coast.
The ice sheet has left similar traces in the sea
as on the land – till. In the inner bays the till is
usually covered by a thick layer of gyttja from
dead plants and animals. Worms and molluscs
(mussels and clams) thrive there, feeding on
dead material. Dense mats of blue mussels
blanket rocks and stones along the coast.

The most common fish species in
Borholmsfjärden in the autumn:
1 Perch
2 Roach
3 Rudd
4 Silver bream
5 Pike
Bottom sampling in the archipelago
around Simpevarp.
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The sea bays in the Laxemar area are special. Since the water is so cloudy,
there are almost no plants in deeper parts, with one exception: Vaucheria. This
alga takes the form of thin filaments that grow on bottoms where no light reaches.
Plant life is, however, plentiful in the shallow areas, above all stoneworts. There
are also lots of fish and fry here.
We have conducted fish inventories both in shallow sea bays and in the sea
outside the bays. Inside the bays, just like in the lakes, perch is the most common
species. But the bays are more species-rich. Besides the species that occur in the
lakes there is also burbot, tench and the little silver bream. Out in the sea the
dominant species is sprat, but there are also lots of Baltic herring and three-spined
stickleback, as well as occasional flounders and bullheads.

Describing nature
The surface ecological surveys in the
Laxemar district have been both extensive and detailed. First we found out
where different animals and plants
were and how many there were of
each species. On land we surveyed
plants, mammals (including a special
survey of bats), reptiles and birds. We
classified different biotopes and investigated the soil. In aquatic environments
we surveyed fishes, algae and other
plant communities. Furthermore, we
took a closer look at different types of
benthic fauna and investigated the
composition of plankton.
In the past few years we have tried to
describe processes in nature; in other
words, how much different organisms
consume (eat) and respire (breathe)
and how much photosynthesis takes
place in the plants.
We have also made a chemical
description of the natural environment.
Both plants and animals consist largely
of water, but aside from that they are
made up of many different elements.
The most predominant element is carbon. After carbon there are a number
of nutrients: nitrogen, phosphorus,
potassium, sulphur and magnesium.
Even small quantities of certain uncommon elements such as uranium, strontium, selenium and iodine are also naturally present in both plants and animals.
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Laxemar’s bedrock
As was noted in the section “Laxemar – a geological history”, the bedrock in the
Laxemar area is dominated by rocks that were formed some 1.8 billion years
ago. They vary in composition between granite and quartz monzodiorite, which
means that it is above all the concentrations of quartz and feldspar that differ.
Ävrö granite dominates in central and northeastern Laxemar. It is mediumgrained, reddish-grey to greyish-red and porphyritic. The fact that it is porphyritic means that it has large grains of potassium feldspar in a finer-grained
matrix. The composition of the Ävrö granite varies between granite and granodiorite.
South to southwest of the Ävrö granite is an area dominated by Ävrö quartz
monzodiorite. This rock type is closely related to the Ävrö granite but contains
less quartz. Furthermore, there is a relatively high proportion of smaller bodies
of diorite/gabbro in the Ävrö quartz monzodiorite.
The dominant rock type in southern Laxemar is quartz monzodiorite. It is a
grey to reddish-grey, medium-grained and even-grained rock type that is furthermore relatively homogeneous. South of this the bedrock once again consists of
Ävrö granite. In the area between the Ävrö quartz monzodiorite and the quartz
monzodiorite are some smaller, lenticular (lens-shaped) bodies of fine-grained
dioritoid as well as red to greyish-red granite. At the eastern edge of the bedrock
map (see page 52) there is also an area marked as fine-grained dioritoid. It is the
westernmost part of a larger body that dominates the southern part of the
Simpevarp Peninsula.

The drill cores have now
been moved to Oskarshamn,
4,552 cases in all.
Thomas Kisiel
Geologist

Drill cores from Laxemar.
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Expert’s

post script
Name: Lars-Eric Samuelson, civil engineer
Guide at the Äspö HRL 1998–2002, Activity Leader for the drilling 2002 – 2007.
How did you come to work with drilling in the site investigation?
“When the site investigation was getting started in 2002, I had been working as a
guide at the Äspö HRL and wanted to try something new. I have an engineering
degree and therefore applied for a job as project manager. Then I was offered the
position of Activity Leader for the drilling, even though I didn’t know anything about
it. But I learned. When we drilled the first borehole I was out in the field a lot and it
was exciting.”

How did the drilling work go?
“There were very few problems. We had incredibly good contractors for the drilling,
which made all the difference. For awhile we had three drilling machines running in
parallel and it felt as if we were drilling holes all over the place.”

No problems at all?
“Of course things broke and you always have to contend with wear and tear, but those
problems are easily rectified. Otherwise we were spared any serious problems.”

What was most difficult?
“Perhaps taking into account everything else that had to be done. The drilling isn’t an
end in itself; we do it to investigate the rock at depth. If we had been able to drill at
maximum speed we would have done it in half the time. But a lot of measurements,
pumping tests and water samplings had to be scheduled. Another difficulty was
all the work with the databases. Everything had to be documented, and while it’s
necessary it’s a large and troublesome part of the work.”

What was most exciting?
“Often I’m impressed by how it is possible to do such difficult stuff with such simple
means, like drilling a kilometre down into the rock. It’s amazing you can do it, with all
that friction and drilling as straight as we have actually done, that’s impressive.”

What will you do now?
“I’m retired and have a lot to do at home on Vinö. I’m renovating one of the houses
on the property and spend as much time as I can with my grandchildren – that’s a
real bonus.”
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Minerals distinguish rock types
As mentioned above, the three dominant rock types Ävrö granite, Ävrö quartz
monzodiorite and quartz monzodiorite differ mineralogically and/or in terms of
grain size. These properties are linked to the thermal conductivity and mechanical
strength of the rocks. Measurements have shown that the lower the quartz content
of the rock, the lower its thermal conductivity and mechanical strength. But it is
not just quartz content that is crucial for thermal conductivity – other minerals
are also of importance. An example is quartz monzodiorite, which has a slightly
higher thermal conductivity than Ävrö quartz monzodiorite, even though they
have a comparable quartz content.
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Laxemar’s three most important rock types can be seen on the bedrock map: Ävrö granite in the
north, quartz monzodiorite in the south, and between them a band of Ävrö quartz monzodiorite.
We investigated the rock at depth via the 46 cored boreholes.
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Katarina Nilsson, Thomas Eliasson and Torbjörn Bergman investigate the bedrock.

The Laxemar rock is an ordinary,
boring, grey rock. But for us geologists
it is very exiting.
Peter Hultgren,
Geologist

This is how we surveyed the Laxemar rock
In surveying the bedrock we investigate the chemical
and mineralogical composition of the rocks, as well as
their structure and relative ages. We make use of data
from geophysical surveys, previous geological surveys,
rock outcrop mapping and sampling and chemical
analyses of rock samples. The information is compiled
and interpreted in order to produce a bedrock geology
map of the area.
Through the 77 boreholes we have drilled around
Laxemar, we were also able to look down into the
rock to find out what there is at depth. 21 of the
boreholes are kilometre-deep cored boreholes. In
these we carried out geophysical logging and radar
measurements and videotaped the borehole wall with
a borehole camera. Moreover we perform detailed
surveys on the drill cores that are retrieved. In these
investigations we examined more than 100,000
fractures. Most of them, over 66,000, were sealed
fractures that do not conduct water.
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Geophysics at depth
During the site investigation the geophysical surveys helped us
get a complete picture of the rock in Laxemar. Here are some
examples of measurement methods that were used to survey
the bedrock from the ground surface.

Anisotropy measurement
reveals the magnetic
properties of the rock in
different directions.

Measurement of saline water
at depth.

Geophysical measurements from a helicopter.

The magnetic properties of the rock
are measured by detailed ground
geophysics.

Gently-dipping fracture zones are surveyed by
seismic reflection.

We find steeply-dipping fracture zones with seismic refraction, where small explosive
charges send sound waves
down into the rock.

Furthermore, we can note that Ävrö quartz monzodiorite has poorer mechanical
strength than quartz monzodiorite. According to our interpretations, this is due to
the fact that Ävrö quartz monzodiorite is porphyritic and not to its mineralogical
composition.
The three dominant rock types contain a large number of subordinate rock
types in the form of dykes, geodes, veins and smaller bodies. The most common is
fine-grained granite, which usually occurs as narrow (decimetre-wide or narrower)
veins or dykes. Other occurring rock types are fine-grained diorite-gabbro and
pegmatite. The fine-grained diorite-gabbro usually also contains veins of finegrained granite.

Black dolerite at western edge
In western Laxemar we have encountered dolerite, a dark grey to black rock, in
several cored and percussion boreholes. With the aid of isotope analyses we have
determined its age to be about 900 million years. We have not been able to see it
on any outcrops, despite extensive bedrock mapping. All dolerites are located in
or adjacent to north-south oriented deformation zones, indicating that the magma
intruded up into already existing zones of weakness in the bedrock. The widest

Gustaf Lindqvist, Leif Stenberg and Lennart Wikberg carry out seismic refraction in Oxhagen.
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dolerite, which is between 15 and 20 metres wide, is in the deformation
zone that runs along the western boundary of the Laxemar area. The others
vary in width from one or two decimetres to several metres. It can be mentioned as a curiosity that when used as a facing or building stone, dolerite
usually goes under the misleading name “black granite”.
The youngest rock type in Laxemar is Cambrian sandstone. It occurs only
as fracture filler and has only been observed in a few places. An example is
on an outcrop near Lilla Basthult (near the drilling site for KLX11A and
KLX20A).

Getting such detailed measurements
of the earth’s magnetic field feels
almost like when a stamp collector
finds a rare stamp.
Leif Stenberg
Activity Leader geophysics

Brittle and ductile zones
From a deformation viewpoint, the rocks in Laxemar are generally very well
preserved, even though a normally weak foliation occurs here and there.
Centimetre-to-metre-wide heavily deformed ductile shear zones are scattered
over the area.
Two major zones with bands of heavily deformed rocks are found in the
district bordering on the Simpevarp Peninsula and on Äspö. At the widest
places these ductile shear zones, usually called the
Äspö shear zone, are 100 metres wide and extend in
Boreholes in Laxemar
a northeasterly direction.
Most of the other major deformation zones in the
In Laxemar there are
district are what should really be called fracture
21 deep cored borezones. They normally have traces of ductile deforholes between 500
and 1,000 metres
mations, but brittle deformation dominates, which
long and 25 short
means that the rock is more or less highly fractured.
cored boreholes a few
The main importance of the deformation zones
hundred metres long.
for a final repository is that they constitute zones of
We have also drilled
weakness in the bedrock where future rock move31 percussion borements can occur, and that they can be the principal
holes of varying
water conductors in the rock. Knowledge of their
length.
existence and properties is therefore of great importance when the different parts of the final repository
are to be distributed in the bedrock. We will return
to their importance as water conductors later on.
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Expert’s

post script
Name: Leif Stenberg, geophysicist
Has worked with method descriptions and investigation programmes for the site
investigation since 1999, Activity Leader for geophysics 2002 – 2008.
What is geophysics?
“Geophysics has to do with measuring and interpreting the physical properties of the
rock. Then the geologists come in and use our results. During the site investigation, for
example, we carried out geophysical surveys from a helicopter, as well as detailed
ground geophysical surveys, for example magnetic surveys and resistivity surveys. We
also performed many different measurements in the boreholes. We obtained approximately 150,000 measurement values from every 1,000 metres of borehole.”

How much do we know about the rock after all these geophysical surveys?
“We know quite a lot, I would say we have 99 percent knowledge of the rock conditions. This also has to be checked by geological mapping both on the ground surface
and of all drill cores.”

Have there been any difficulties?
“Sure, for example the borehole TV camera was rotating in the borehole while
recording and the results were not reliable. I also discovered a mathematical error in
the software that was being used to interpret results from another instrument, and it
took a lot of time to correct it. In addition there are some uncertainties in other
measurements. That’s because we have much tougher demands than others who
use these types of instruments; they are usually adapted for investigations in the oil
industry. But we know about these things and have them under control.”

Have any of the results surprised you?
“Yes, maybe the fact that the quartz monzodiorite proved to have such good properties,
for example low water flow. It was a lower water flow rate than we thought before
the site investigation began. And I was surprised when we found dolerite dykes in
Laxemar. Now it turns out that they don’t have to be a problem at all, in fact they can
be an advantage because they shield off the water flow from the interior.”

What was the most fun?
“The magnetic surveys were definitely the most fun. Such accurate and detailed
measurements of the Earth’s magnetic field have never been done before. It feels
sort of like when a stamp collector finds a rare stamp. The magnetic surveys gave
us a very detailed picture of fractures and fracture zones from 10 metres up to a
kilometre in length, which was very valuable since we didn’t know so much about
fracture zones in that length range.”

What will you do now that the surveys are finished?
“Right now I’m helping to write the programme for the detailed characterization. It
comprises the investigations that will be done during the different stages of repository
construction. I will also be involved in various projects on Äspö.”
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Let’s talk about

the weather
Per and Gudrun – a stormy couple
We experienced two really stormy Januaries during the
site investigation. All Swedes remember the storm called
Gudrun that ravaged southern Sweden in January 2005.
Unfortunately we do not have any wind data from the site
investigation on that occasion, but according to SMHI
the winds reached hurricane force in places (more than
32.6 m/s).
Two years later it was time again; the storm called Per
struck on the 14th of January 2007. At the site investigation we measured a maximum wind speed of 19.7 m/s,
but according to SMHI it was comparable to the wind
speed during Gudrun at many places.
Other windy days during the site investigation occurred
on the 21st of January 2006, when we measured
15.7 m/s, the 15th of November 2005 and the 29th of
December 2005 when we measured 14.5 m/s.

Quaternary deposit mapping in the Laxemar area.

Quaternary deposits in Laxemar
The bedrock in the Laxemar area is partially covered by an overburden of highly
varying character. To describe the composition of the overburden it has been
divided into different Quaternary deposits. The properties of the different
Quaternary deposits are of great importance for how we humans can use the soil
and for what plants will grow at a given location. It is, for example, easy to see
that areas with clay are often used to grow crops, while land with stony till is
often covered by forest.
All known Quaternary deposits in Laxemar were deposited during or after the
last ice age. This means that they are very young in relation to the rock. The
Quaternary deposits consist for the most part of fragments that have been eroded
from the bedrock.
During the site investigation, a Quaternary deposit map was drawn over the
entire Laxemar area, including those parts that are located under water, sea and
lakes. This map is a compilation of data from a large number of investigations,
and in parts of the area it provides only a general picture of the distribution of
the Quaternary deposits. In the central investigation area, however, the map is
based on data from thorough field work both on land and at sea. This applies to
sea and land areas around the Simpevarp Peninsula, Ävrö and the areas around
Mederhult and Little and Big Laxemar.
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Quaternary deposits on heights …
The Laxemar area is characterized by a flat rock surface crossed by a number of
joint valleys. In the highland areas between the valleys there are plenty of outcrops with no overburden at all (red on the map). Till is a very common deposit
in the highland areas (blue on the map). Till is the most common Quaternary
deposit in the entire Laxemar area, which is also true of large parts of the rest of
Sweden. This material was deposited directly by the ice sheet and is characterized
by a great mixture of different particle sizes, everything from small clay particles
to large boulders. Since the uppermost layer of the till is often rich in boulders
and stones, it is often forested both here in Laxemar and elsewhere.
When the continental ice sheet melted, large quantities of water were formed
which gushed forth in huge streams beneath the ice. These streams carried sand

Surveys of Quaternary deposits have been done both on land and in sea areas off Laxemar.
The map shows the Quaternary deposits in the areas where the surveys were performed.
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and gravel, which formed the eskers (ridges) we see in the landscape today (green
on the map). There is a large esker just west of E22. This esker is the most
prominent Quaternary deposit in the entire area. There are also some smaller
ridges in the northern part of the area. The material in the ridges is often well
rounded and highly permeable, so that their top layers are often dry. The vegetation on the ridges therefore consists of pine and other drought-tolerant plants.

It is the whole picture that determines
whether the final repository
project will be safe and feasible.
Johan Andersson
Technology coordinator

... and in valleys
When the continental ice sheet disappeared, the Laxemar area lay completely
under the surface of the Baltic Sea. Clay (yellow on the map) was deposited in
the valleys. As the land has risen, these clayey soil areas have been left dry, and
this is where we find the most fertile and best croplands today. Clay is still being
deposited today in the many bays along the coast. Many of the clayey areas that
are high and dry and under cultivation today were previously wetlands where
dead plants gradually built up a peat layer. But through the ages, by dint of his
industrious efforts to drain wet areas, man has lowered the groundwater table
and dried up the former wetlands. This has led to the slow decomposition of the
peat, exposing the clay that was previously hidden beneath the thick peat layers.
As today’s land areas have gradually risen out of the sea, the Quaternary deposits
in the areas previously exposed to waves and sea currents erosion have been
exposed to erosion. For example, sand from till and glaciofluvial deposits has
partially eroded and been transported to protected locations where the sand has
been deposited. These sediments are shown in orange on the map.

Till
Till is found on those parts of the Earth
that have been covered by an ice sheet.
Till is material that has been picked up,
transported and deposited by the continental ice sheet. It has a highly varying
particle size – everything from small clay
particles to large boulders.In Sweden, till
is the most common Quaternary deposit
in terms of area, covering about threequarters of the country’s surface. It is
also the most common Quaternary
deposit in Laxemar.
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The water’s movements in the Laxemar rock
In the site investigation we devoted a great deal of effort to finding out how the
water moves in the rock and on the ground surface. The investigations of groundwater in the rock were therefore both extensive and detailed. The purpose was
to determine the hydraulic conductivity of the rock. This may sound like a simple
task, but on closer examination it is seen to be more complex.
Water runs in the rock in fractures. The fractures vary in size from the smallest
which are not much more than a centimetre or two in length to kilometre-long
fracture zones. The fractures together give the rock its water-conducting capacity.
We therefore need to know the frequency and properties of the different fracture
types. We also need to find out how the individual fracture types affect the ability
of the rock to conduct water, and what mechanisms drive the flow of water in
the rock.
The figure below shows the most important parts of the system we work with
in hydrogeology (the study of groundwater). We distinguish between fracture
zones and rock volumes. In the rock volumes, we distinguish between different
rock types, since they may be more or less water-conducting.

Fractures and fracture zones
The fractures in the rock can vary in width from fractions of a millimetre to
several hundred metres, in which case they are called fracture zones. Similarly,
the fractures vary in length, which has been the basis for our division of the
fractures into different categories. We call fracture zones longer than ten kilometres regional. If they are between one and ten kilometres long we call them
Groundwater
recharge

1,000 metres

Soil layers

Rock

Fracture zone

Fracture zone
Fracture zone

Groundwater

A simplified illustration of the different parts of the hydrogeological description. Groundwater is
recharged by precipitation that percolates down through the soil layers and flows in fractures
and fracture zones of different size through the rock.

64

SITE INVESTIGATION OSKARSHAMN – ANNUAL REPORT 2002–2007

Watercourses in the landscape are often connected to a fracture zone in the underlying rock.

local major fracture zones, while zones between ten metres and one kilometre
long are called local minor fracture zones. Those shorter than ten metres are
simply called fractures. This is described in greater detail in the table on page
66. It is very difficult to determine the length of the fractures by investigations
in boreholes. But it is of the utmost importance that we know the length, since
it determines how fractures can be interconnected and thereby form a major
fracture system. Ultimately, this is also what determines how and why a repository

What are T and K?
The permeability (hydraulic conductivity) of the rock is determined by measuring how much water we can press into the
rock under a given pressure. First we obtain the water flow
rate for the tested borehole (or the borehole interval), which
gives us the transmissivity (T value). Then by dividing the T
value by the borehole length we get the conductivity (K value).
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Here fracture mapping is done on a washed-off rock outcrop.

affects groundwater drawdown on the ground surface above it. Fracture length
also determines what the flow paths look like and how long it takes for water to
be transported from the repository to the ground surface, a quantity that is crucial
for how long it would take for radionuclides to be transported from a breached
canister to the ground surface.
It is not only the length of the fractures that determines their water-conducting
properties. A fracture can, for example, be very permeable or very impermeable.
In practice, it is our ability to measure low flows that sets the lower limit for our
flow determinations. The flow in a fracture can be zero or at the limit for how
low a flow we can measure, which is about a tenth of a millilitre per minute.
The maximum flow we can measure is all of about a hundred litres per minute.

Major fracture zones
A large portion of the geological investigations in Laxemar were focused on
mapping major zones, from one kilometre and longer. We firstly identified the
zones and then determined their properties and character by means of different
methods.

Designation

Length

Width

Regional fracture zones
Local major fracture zones
Local minor fracture zones
Fractures

> 10 km
1–10 km
10 m –1 km
< 10 m

> 100 m
5 –100 m
0.1– 5 m
< 0.1 m
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Let’s talk about

the weather
Amounts of rain and snow
The average annual rainfall during the site investigation was 527 mm. The most fell in 2004: 611
mm. But that is only half of what our neighbours
on the other side of the country get every year.
The Swedish mountains get the highest annual
precipitation in Sweden. Between 1,500 and
2,000 mm fall every year near the border to
Norway. This is how much precipitation we got
each year during the site investigation:
2004
2005
2006
2007

611
424
503
569

mm
mm
mm
mm

Äspö

EW002

NE
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Mederhult

NS001

EW007
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Laxemar
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0
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Diorite-gabbro

Fine-grained granite

Fine-grained dioritoid

Fine-grained diorite-gabbro

Deformation zone, high confidence

Granite

Deformation zone, medium-high confidence

Ävrö granite

Deformation zone, low confidence

Ävrö quartz monzodiorite

Laxemar subarea

250

500

1,000 metres

© Lantmäteriverket Gävle 2007.
Consent I 2007/1092.
2008-03-13, 16:49

±

Quartz monzodiorite

Regional and local major deformation zones that have been identified during the site investigation
in Oskarshamn. They are shown here as red, green and grey lines.

Zones that limit the extent of the repository
In the north the Laxemar area is bounded by an east-westerly zone (EW002) that
is highly conductive. The zone comprises a recharge area.
In the west the area is bounded by dolerite, a hypabyssal rock (NS001). The zone
is conductive along both sides but non-conductive in the middle, which means
that water can be transported alongside the zone but not through it.
In the south is a heterogeneous zone (NW042) whose western flank appears to
be shielded off by a north-southerly deformation zone that also consists of dolerite.
In the east the Laxemar area is bounded by a ductile deformation zone that is
relatively impermeable (NE005).
In central Laxemar there is a zone that is brittle and highly conductive in the
upper part (down to 200 – 300 metres), but much less fractured and conductive
at greater depth (EW007).
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We were particularly interested in the zones that can set limits on the size of
the repository, see box on page 68.
The major zones are important due to the fact that they often control the
groundwater flow in the area. They may be impermeable and act as barriers to
the water flow in the rock or highly conductive and act as channels where the
water can either be carried to the repository or away from it. In the latter case,
such a channel could be a transport pathway for radionuclides from a breached
canister. These zones can also cause a regional water flow to the repository to be
diverted around the repository.

It is often the large fracture
zones that control the flow of the
groundwater in rock.
Mansueto Morosini
Activity Leader hydrogeology

Minor zones
There are many more minor zones than major ones. In contrast to the major
zones, we were not able to identify and characterize all the minor zones. Instead
we handled them statistically – both how frequently they occur and what properties they have.
In order to better understand their properties we made special studies at certain
locations in the Laxemar area. We investigated the minor structures in the rock
that were shorter than 350 metres, see bottom figure on page 70, and which we
suspected could be of importance as water conductors. Less than half of the
investigated structures turned out to be of importance for a repository. The
most conductive ones have a transmissivity greater than 5×10–7 m2/s.
Besides major and minor fracture zones, individual fractures in the rock mass
can also conduct water. The variation is very great here as well. The top figure
on page 70 shows an example of what the fractures in a borehole looks like for a
given T value (transmissivity). The lowest transmissivity we have measured in

Laxemar
fracture zones
Laxemar rock
Impermeable rock Clay

10

–14

10

–12

10

Till

–10

Silt

–8

–6

10
10
Transmissivity (m2/s)

Sand

10

–4

Coarse gravel

10

–2

10

0

Measurements during the site investigation show that the transmissivity of the rock and the
fracture zones in Laxemar lies in two intervals.
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408.0

361.0

Fracture zone

408.5

361.5

Rock

Fracture

409.0

362.0

Here we see an example of a fracture zone, an individual fracture and intact rock in Ävrö granite.
The pictures show the borehole wall in KLX08. The fracture zone is located at 408 metres down
in the hole and has a transmissivity of 1×10–5 m2/s, the fracture is located at 361 metres down in
the hole and has a transmissivity of 1×10–8 m2/s, while the value for the rock is lower than we can
measure. The picture shows two one-metre sections from a borehole with a diameter of 76 mm.

Äspö
Mederhult

Lilla Laxemar

Simpevarp

Coordination of lineaments
longer than 100 m
Laxemar subarea
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We have based our studies of local minor fracture zones on all the indications of possible fracture
zones (lineaments) we obtained from the surveys conducted from the ground surface.
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the rock in Laxemar is 10 – 11 m2/s, and the highest in zones 10 – 4 m2/s. This is
presented in the figure on page 69.
We studied how the properties vary with rock type, depth, fracture direction
and fracture inclination. In the cored holes we identified and characterized
individual fractures. In general, the Laxemar rock has a higher fracture frequency
and a greater permeability (hydraulic conductivity) in the uppermost 200 – 300
metres. The figures on the following pages show the hydraulic properties of a
selection of the cored boreholes in a potential repository area in Laxemar.

Drilling to investigate minor fracture zones.
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Permeability of boreholes
in envisioned deposition
area in Laxemar
The map shows the distribution of the different rock types
at a depth of 500 metres.
Ävrö quartz monzodiorite is a
variant of Ävrö granite that
was defined when all geological data had been evaluated.
This rock type is therefore not
included in the original borehole data in the database.
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The boreholes present Ävrö
granite (in the north) and
quartz monzodiorite (in the
south). They show rock and
hydraulic conductivity on a
5-metre scale. Each point
represents a section where
one or more conductive fractures have been encountered.
Larger diagrams with comments on each borehole are
presented at the end of this
report.
The Ävrö granite shows a
larger number of conductive
sections than the quartz
monzodiorite. They sometimes occur individually but
are usually associated with
minor deformation zones.
KLX02 and KLX04 are located at the northernmost edge
of the repository area. Boreholes KLX27A and KLX11A
in the quartz monzodiorite
pass minor deformation
zones in the depth interval
of interest for a repository.
There are very few conductive volumes in the quartz
monzodiorite in the south.
The depth interval 500 – 600
metres has been marked in
the borehole logs as a potential depth for a final repository
in Laxemar.
A variant of Ävrö granite is
Ävrö quartz monzodiorite, as
shown on the map. It differs
mainly in having a slightly
lower quartz content. This
rock type was not distinguished in the mapping of
the drill cores and has therefore not been marked in the
figures.
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Natural groundwater flow
In general, and so also for Laxemar, groundwater is recharged when precipitation
infiltrates into the ground. This water is transported further down through an
unsaturated zone, eventually reaching the groundwater. This results in the formation of different groundwater levels in the rock. The difference in groundwater
pressure (head) between different places in the rock is called the hydraulic gradient.
That is what drives the groundwater flow.
We determined the natural groundwater flow and the hydraulic gradient at
different depths in the rock. But no measurements were made in the least permeable rock due to the fact that the flow times are so long that it is in practice
impossible to wait that long. We can conclude that under prevailing conditions,
the flow rates in rock are between 40 and 5,000 mm/y, and in soil between 160
and 400,000 mm/y. The higher flows represent the situation in highly conductive
fractures and fracture zones in rock. In soil, these flows represent the situation
in relatively well drained soil layers adjacent to slopes and near streams or ditches.
Repeated measurements at intervals of one year further show that for the same
fracture, the flow varies only by a factor of two at the most. Furthermore there is
a tendency for the flow to be more stable at depth than near the ground surface.
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The natural flow of groundwater through soil and rock, i.e. when they are not disturbed by
investigations, varies from place to place and time to time. The greatest variation is found in the
superficial rock, and in particular in the soil layers. Measurements have been done in sectionedoff parts of boreholes for relatively short durations, giving us an instantaneous picture of the flow.
This is shown in the figure for different boreholes and from different depths. The measured flow
has been recalculated on an annual basis and expressed in mm/y to facilitate comparison with
precipitation and runoff.
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The groundwater levels are often within about three metres below the surface
and generally follow the topography. As a result, the Laxemar area has a regional
groundwater flow from west to east, eventually running out into the Baltic Sea.

Drier at depth
The number of open and conductive fractures decreases sharply with depth in
the Laxemar rock. There is a steadily decreasing trend, reaching a frequency of
one fracture every 20 metres at a depth of about 700 metres.
In the figures on page 76, the mean hydraulic conductivity (K) is shown in
100-metre intervals for the three most common rock types in Laxemar: Ävrö
granite, Ävrö quartz monzodiorite and quartz monzodiorite. The conductivity
decreases sharply down to about 400 metres. The transmissivity at great depth is
more even and lower for quartz monzodiorite than for Ävrö granite.

Percussion borehole at Kråkelund.

SITE INVESTIGATION OSKARSHAMN – ANNUAL REPORT 2002–2007

75

We have also found that the conductivity of the fractures and the zones is
dependent on their direction. Fractures that are oriented in a northwesterly and
west-northwesterly direction have a higher permeability than fractures in other
directions.

Describing the rock with statistics
We also investigated the flow of groundwater through the homogeneous rock
mass, i.e. the rock containing short fractures that are not highly interconnected.
Here we made use of another method than when we investigated fracture zones
– instead of measuring the water flow directly we enlisted the aid of statistics. A
large number of measurements on different length scales were processed statistically. In order to obtain a representative measure of the hydraulic conductivity
of different rock types, flow logging was performed on a five-metre scale. A total
of 1,370 such tests were performed in Ävrö granite, 623 in Ävrö quartz monzodiorite and 1,038 in quartz monzodiorite. This provides a good body of data for
statistical calculations of the hydraulic conductivity of the rocks. This means
that the Ävrö quartz monzodiorite and the quartz monzodiorite are five times
less conductive than the Ävrö granite. The geometric mean value for the different rock types is 5×10–10 m/s, 1×10–10 m/s and 1×10–10 m/s, respectively.
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Hydraulic conductivity in different rock types and variation with depth. The horizontal scale
shows the log of the K value. (Example: –11 indicates K=10–11.)
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Let’s talk about

the weather
Winter days
March 2006 was the month that had by far the
most winter days, with temperatures lower than
minus ten degrees, during the site investigation.
Of the thirteen winter days, four were severely
cold, with a temperature below minus 15 degrees.
During the entire 2005/2006 winter season there
were 24 winter days, while the 2004/2005 season
had 16. The 2006/2007 season was not at all as
cold, with only two winter days. One of them was
really cold, with a temperature that fell below
minus 15.

Expert’s

post script
Name: Mansueto Morosini, hydrogeologist
Discipline Supervisor for hydrogeology at the Äspö HRL, 1996 – 2002. Work with
programme and methods in preparation for the hydrogeological investigations at the
site investigation from 1999 and Activity Leader for hydrogeology 2002 – 2008.
How much did you know about the water flow in the Laxemar rock when
the site investigation began?
“I really didn’t know anything. There were some old boreholes in the area, but they
hadn’t been investigated using the methodology of the site investigation. We knew
nothing about how the water moved on the surface, for example between lakes and
watercourses. This is important information, which has become more important during
the course of the site investigation.”

Why is it so important to know how the water moves on the ground surface?
“In the unlikely event that radionuclides should escape from the repository, we have to
know what the probability is that they will reach man. Ultimately, the ground surface is
the final link before the radioactive particles reach animals and nature, so we have to
know a lot about this.”

Describe in brief the hydrogeology of the Laxemar rock.
“In general it can be said that the uppermost parts of the rock, down to about 300
metres, are more fractured and conductive. Below that there are considerably fewer
and smaller fractures, and they are not at all as conductive.”

Do any of the results surprise you?
“No, you always enter the unknown when you start investigating the movements of
the water in a fractured and heterogeneous rock. A large fracture zone can be identified, drilled through and investigated, but the rock between the zones is trickier –
we can’t drill holes all over Laxemar. Instead of describing each individual fracture, we
have used statistical methods to describe the fracture frequency and the conductive
properties of the rock.”

What has been most difficult during the site investigation?
“Sticking to the timetable! It has been hectic and compressed. And it was difficult at
the beginning when everything was new: the organization, the management system
and even the investigation methods. Moreover, we were undermanned then, but
eventually we got more resources and now we have delivered virtually everything we
are supposed to.”

What will you do now that the site investigation is finished?
“My main task will be to take charge of the monitoring of meteorology, surface water
and groundwater that will continue after the investigations are finished. Furthermore
I will answer any questions from the regulatory authorities and, if necessary, take
charge of supplementary investigations and studies called for by the regulatory
authorities and their review groups.”
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Hydrogeologists Mansueto Morosini, Miriam Zetterlund and Emma Bosson check soil wells at
the edge of a field just north of the Laxemar area.

The pathways of the water at the
ground surface
A large quantity of data on the water conditions in Laxemar were collected and
analyzed during the six years the site investigation was under way. We endeavoured to gain an overall understanding of the pathways of the water both on the
ground surface and in the rock. The task on the surface involves describing the
hydrological cycle, which includes precipitation and water flows in lakes, sea,
watercourses, soil layers and the superficial rock that is in close contact with the
soil. A lot of life lives and flourishes in this system. When assessments are made
and criteria are determined for a final repository with respect to travel times and
buffer capacity for possible radionuclides, it is this life near the surface that is
considered.
The rock is the most important barrier for preventing radionuclides from
escaping from a repository. If they should nevertheless get out into the rock, by
understanding the pathways of the water in the rock we can also get an idea of
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whether they could somehow get up to the surface, and if so how long this could
take. When we calculate different scenarios we take this into consideration and
can then get an idea of where on the surface these substances might appear, how
they are retarded during their transport through the rock and where on the
ground surface they could accumulate. Based on this we can estimate how large
an area could be affected by the repository, which in turn enables us to make risk
assessments. The repository has to be designed so that the annual post-closure
risk that an individual will be harmed is no more than one in a million.

The water at the surface
When we describe the pathways of the water at the ground surface, we base our
description on the measurements we have made of precipitation, water flows in
lakes, sea, watercourses and soil layers, and the portion of the bedrock that is in
close contact with the soil layer. The investigations were based on the regional
area identified in the feasibility study in Oskarshamn. Within that area we identified large and small watercourses with associated catchment areas. Here we carried
out mapping, set up monitoring stations, installed measurement equipment in
boreholes and carried out tests.
The topography is the driving force for the movements of the water, both on
the ground surface and in the rock. Groundwater is recharged by precipitation
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The upper figure shows the topography in and around the Laxemar subarea, while the lower
figure is a cross-section of the topography where the vertical scale is highly exaggerated relative
to the horizontal one.
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in certain areas and discharged in other areas. The area slopes from west to east,
with an elevation of about 30 metres above sea level up at E22 to sea level at the
coast, see the figure on page 81. The precipitation rate is about 600 mm/y,
measured at our meteorological stations in Plittorp between 2004 and 2007.
The precipitation is unevenly distributed during the year – there is usually more
precipitation in the autumn.

Watercourses and runoff
Hydrologically speaking, the regional area is dominated by the Kärrviksån and
Laxemarån rivers and their tributaries. The headwaters of these rivers are in the
higher-lying terrain to the west and they run out into bodies of water that are
directly connected to the Baltic Sea.
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The map shows the regional area with watercourses and the dominant catchment areas of
the Laxemarån (A) and Kärrviksån (B) rivers. The terrain is broken and relatively flat with several
small lakes and quite a bit of marshland. The water flow rate has also been measured in
Ekerumsån (C) and Kåreviksån (D) rivers.
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The Laxemarån River runs along the southern boundary of the Laxemar area.
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Between these rivers there are four smaller watercourses with catchment areas:
Mederhultsån, Ekerumsån, Pistlanbäcken and Kåreviksån, where the subarea’s
only lake, Frisksjön, is situated. They cover the northern half of the Laxemar
area with a catchment area of seven square kilometres.
The runoff from an area is determined by measuring the flow in the watercourses. Of the average precipitation (600 mm/y), 218 mm goes to the watercourses in the catchment area of the Laxemarån River, while the rest mainly
goes to refilling the groundwater reservoirs and is then taken up by plants and
animals. The figure on page 85 shows how water uptake by plants can directly
affect the groundwater level. It shows how the groundwater level in the soil

Fredrik Rudklint measures the water flow rate in the Laxemarån near the village of Ström.
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At the beginning of July 2003 the water flows were extremely high. After 48 hours of intensive
rain, no less than 150 mm had fallen. This is what it looked like when Tobias Karmstig measured water levels in the watercourses in Laxemar on the 4th of July.

layer during an eight-day period in early June 2006 falls during the daytime
when the plants’ respiration and evaporation (evapotranspiration) is highest.
The quantity of water that is taken up in this manner varies, depending on the
type of vegetation, the depth to the groundwater and the type of soil. For this
example, the water level in the soil drops by about one centimetre for each
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The water level in the soil layer (black dots) falls during the day when the plants’ respiration
(blue peaks) is highest.
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Time series showing the water level in soil, rock and watercourse as well as precipitation in
the environs of Hjortfloen.

0.1 millimetre that evaporates and is taken up by plants. Evapotranspiration, which
includes the plants’ respiration, is calculated with data from the meteorological
station in Plittorp and the water level from a soil well situated near Oxhagen in
the southeastern part of the Laxemar subarea.

Water is stored in the ground
In a similar manner, we have seen with the aid of site data when and how the
groundwater reservoir is refilled by comparing precipitation events with changes in
the groundwater level. How much the groundwater table rises in connection with
precipitation varies depending on the intensity of the precipitation and the thickness of the unsaturated zone and its ability to transport and store the water. This
ability was quantified by special tests that measure the soil layer’s hydraulic conductivity and storage coefficient. For example, we can see from the above time series
that after 45 mm of rain on 26 June, the groundwater table has risen by 0.5 metre
in the superficial parts of the rock and about 0.2 – 0.3 metre in the soil layer and by
0.2 metre in the nearby watercourse. The deeper rock is hardly affected, however.

Thin overburden in Laxemar
From a Quaternary geology point of view, the area has a highly patchy overburden
that is more contiguous in the southern than in the northern part of the Laxemar
subarea, see Quaternary deposit map on page 62. The soil layers are dominated by
till, sometimes overlain by sand and/or clay. There is a high proportion of nearsurface rock and exposed rock, particularly in the northern part of the Laxemar
subarea. There are often boulders on top of the more fine-grained soils, sometimes even at greater depth. The thickness of the soil layers averages about 2 – 3
metres and is greatest in the valleys.
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Let’s talk about

the weather
Summer rain
June 2007 was an unusually wet summer month.
Precipitation was three to four times greater than
normal at some places in southern Sweden. At the
site investigation we measured the highest 24-hour
precipitation of the year on 26th June, when 45.1 mm
of rain came. The highest 24-hour precipitation the
other years:
9 July 2004
10 August 2005
1 November 2006

29.4 mm
25.4 mm
19.6 mm

We determine Quaternary deposits and soil layer sequences by auger boring. We also take
soil samples for analysis and determine the water flow rate in the soil layers.
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The greatest soil layer thickness encountered by drilling on land is 33 metres
(ridge material west of Frisksjön Lake). In lakes and sea there are even thicker
layers of loose material; in Granholmsfjärden we have drilled down to 33 metres
without reaching the rock.
Hydrogeologically, four type areas have been identified:
◗ High-lying terrain with rock that is exposed or covered with a thin layer of soil.
◗ Valleys with thicker soil layers, including postglacial sediments such as clay,
gyttja and peat.
◗ Glaciofluvial deposits in the form of sand and gravel from eskers.
◗ Undulating till areas.

Groundwater in the soil layers
The groundwater table in the soil layers is generally located about a metre
below the ground surface. The greatest distance from the ground surface to the
groundwater in the soil layers that has been encountered is three metres. The
hydraulic conductivity of the till (K), which has been determined by slug tests
and analyses of particle size curves, averages around 4×10 –5 m/s. Hydraulic conductivity in the more consolidated material such as sand and gravel is around
2×10 –4 m/s. These figures can be compared to the average hydraulic conductivity
of the rock, about 4×10 –9 m/s, which means that the till is about 10,000 times
more permeable than the rock. The conductivity for all slug tests conducted in
the soil layers lies between about 10 –7 and 10 –3 m/s.
Areas where major deformation zones are in contact with soil layers are of
special importance, because it is more likely that nuclides from a repository
could find their way to the ground surface there. Targeted efforts were made at
a few places to see with the aid of tracers whether there is any transport
between the deformation zone and the soil layer.
At these places we were able to demonstrate such
Slug tests
transport. In certain cases, a hydraulic connection
We subject the water
was found between soil and the superficial rock.
level in the soil layers to a
We also measured natural flow rates in soil at a
rapid change. The time it
dozen places. The instantaneously measured natutakes for the water level
ral water flux is in the interval 0.3 – 220 litres/day,
to be restored gives us a
which is equivalent to 160 – 400,000 mm/y.
measure of the hydraulic
Based on, among other things, the above figures,
conductivity of the soil
layers.
the water balance of the entire area was calculated,
see further the figure on page 100.
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Rainwater percolates slowly down into the bedrock so that the groundwater is constantly
recharged.

The contents, origin and age
of the groundwater
The water we encounter today in the bedrock in Laxemar is of differing age and
origin. It is a small part of the global hydrological cycle that is and has been going
on for long periods of time. Here there is both fresh and saline water, both on the
surface and deep down in the rock. The saline water is mainly present at depth,
while the fresh water that comes from rain and meltwater is mainly present in
the upper layers of the rock (down to about 400 metres). It is this water that is
constantly refilled today and slowly finds its way down into the rock, thereby
renewing the groundwater.

Young and old water
If we look back in time about 10,000 years, we find ourselves just after the last
ice age. Then Laxemar was completely covered by the Baltic Ice Lake, a predecessor to the Baltic Sea, filled with meltwater from the remains of the ice sheet
that was then retreating in Scandinavia. This meltwater eventually found its way
down through fractures in the crystalline bedrock. The hydraulic gradients were
very strong at the edge of the ice. This forced the meltwater down 500 metres
or more in the rock. Even today with the pressure gradients created by the
topography, water is pressed down into the rock, but not at all to such depths.
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With time the different waters in the rock are mixed, but it is still possible to
distinguish how large fractions of old meltwater have been mixed with modern
rainwater. In today’s Laxemar we can clearly see the difference between them,
thanks to the water’s isotope chemistry.
The water from the last ice age exhibits a typical pattern, since it was formed,
or rather transported to the site, under very cold conditions. Our current climate
gives the water an entirely different isotope pattern. This variation in the chemistry of the water is thus related to the temperature, and we can see even today
that the chemical signature of the water varies somewhat between the seasons.

In our database I can see, for example,
that we have so far taken 3,051 chemical
water samples in the boreholes.
Ann-Marie Lindecrantz
Data operator

Water in Laxemar
Below 500 metres we find saline waters of different ages and origins. One might
say that the rule in the Scandinavian bedrock is that the salinity of the groundwater increases with depth, even though certain saline waters can be found at
shallower depths as well. We see this particularly in the near-coastal areas,
where saline (brackish) water from the Baltic Sea has penetrated into the rock.
This water is of two types: very saline water (brine) at great depth and marine
water, or rather old sea water. Similar to the situation described above with

How we determine the age of the water
In order to determine the age of the water we make use of natural radioactive
isotopes. There are above all three different isotopes that can be used. They all
have in common the fact that they are formed in the atmosphere by cosmic
radiation from the sun and decay at a given rate or half-life. They are constantly
being reformed, but as soon as they have been removed from the atmosphere
their concentration goes down due to radioactive decay. From the atmosphere
they are carried by the hydrological cycle down into the groundwater and enable
us to determine the age of the water.
Young water, up to 50 years old, is dated by means of tritium. This is a radioactive isotope of the element hydrogen. Nuclear bomb detonations in the early
1960s greatly increased the concentration of tritium in the atmosphere, making it
a very useful tool for dating.
For older water, up to 40,000 years old, we use 14C to determine their age.
This is a radioactive isotope of carbon with a half-life of 5,730 years.
Very old water is dated with the aid of the chlorine isotope 36Cl. This is a
radioactive isotope of chlorine and has a half-life of about 300,000 years.
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Cecilia Berg works with chemistry sampling at one of the drilling sites in Laxemar.
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SKB’s mobile chemistry lab is used for water sampling in the boreholes. Activity leaders Isabel
Hedqvist and Ulrica Jonsson make sure that all the samplings are done.

Laxemar covered with meltwater from the ice age, the area has also been covered
by marine water. This marine water originates from the Littorina Sea, a predecessor to the present-day Baltic Sea that was formed after the continental ice
sheet and the meltwater had disappeared. Postglacial land uplift, in combination
with an inflow of marine water in southern Scandinavia, created an inland sea
with relatively saline water – Littorina water – during the period between about
3,000 and 7,000 years ago. One might ask how the water has found its way down
into the bedrock? Well, that is because saline water is heavier than fresh water,
so that this marine water has sunk down into the bedrock, through the large
fracture systems, under its own weight.

Brine at depth
Finally, at great depth in Laxemar we find very saline water, more saline than
sea water. This water is called brine (water with a salinity higher than seven
percent), which is believed to have achieved its high salinity by leaching salts
from the rock. This water is more than a million years old, probably much
older. Similar brine has been found in both the Finnish and Canadian bedrock,
where similar investigations have been conducted. So it is nothing unique for
Laxemar. However, the chemistry of this brine differs significantly from the
Littorina water, which means that they can easily be distinguished in connection
with the investigation of the site.
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Furthermore, non-saline water originating from rainwater that infiltrated
from the ground surface before the most recent glacial cycle is also sometimes
found in isolated water-conducting fractures. This water is also very old, more
than 100,000 years, but occurs in small quantities.
All in all, we can thus conclude that we have many different types of water of
different ages and origins beneath the ground surface in Laxemar. Since the
groundwater is constantly changing, the water we have today in the rock will in
all probability be different in the future. What is most important, however, is
that the chemical composition of the groundwater is favourable for the final
repository during the time the waste has to be contained. The hydrochemistry
of the area affects the function of both the canister and the bentonite clay, as well
as any radionuclide transport in the rock’s fracture system. Despite the variations
we can foresee in the future, the local hydrochemistry will nevertheless remain
favourable for the repository.

Chemistry shows climate retrospectively
There are a number of chemical parameters that can be used to get an indication
of what the climate was like in the past. We normally use two stable isotopes
of hydrogen and oxygen, 2H and 18O, and their ratio to the lighter isotopes 1H
and 16O that exists in nature.
Both are very temperature-sensitive, which means we can distinguish between
water that was formed during a glaciation and water that was formed during a
hot, humid climate.
18

O is the strong temperature indicator, while 2H also provides information on
the humidity of the atmosphere.
In Laxemar, the variation in the isotope 18O reveals that we have glacial water
from a cold climate, but also an old rainwater that was formed under warmer
conditions.
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Let’s talk about

the weather
Bitter winter cold
Even though many people have the impression that
the winters have become milder in recent years,
there have nevertheless been cold snaps every
year. The coldest was on the 22nd of January
2004, when it was –19.2 degrees. The lowest
temperature measured the following years was:
4 March 2005
–17.4 degrees
23 January 2006
–17.9 degrees
11 February 2007 –17.0 degrees

Expert’s

post script
Name: Karl-Erik Almén, Investigation Leader and geologist
Has worked with geological investigations in preparation for a final repository from
1977, including preliminary investigations in preparation for the Äspö HRL.
Investigation Leader at the site investigation in Oskarshamn 2002 – 2008.

You have been Investigation Leader – what have you done?
“You could say that I have been the team leader for the investigation group, which
did the actual job together with a large number of consultants, laboratories, universities
and contractors. I have been in charge of seeing to it that all investigations have a
common goal, that we follow the established programme, but also that we adapt the
investigations to the site. I have also had a special role as coordinator whit the investigations in Forsmark.”

What did you do before the site investigation?
“For me, this job has been the culmination of more than 15 years of work. In parallel
with the feasibility studies SKB conducted in the 1990s, I was in charge of planning
how the site investigations were to be carried out. The programmes that controlled
the investigations were written then, and we developed the instruments and methods
that were subsequently used.”

What expectations did you have when you began?
“I had high expectations that we would carry out the site investigations in Oskarshamn and Forsmark so that the right things would be investigated and the results
would be of the required quality. At the same time I felt very humble in the face of
the task and it was a tough challenge to be in charge of implementation.”

Are you finished with the investigations now?
“Yes, we are finished since we have completed the work that was planned. But we
are still active out in the field, in part with some jobs to complete the database on
Laxemar, and in part with a couple of pumping tests and tracer tests that are being
done to verify the picture of the groundwater conditions in Laxemar. They will probably
continue over the summer, after which we will continue the monitoring, mainly of
water and hydrochemistry.”

Are you satisfied with what you have done?
“Yes, I have no reason to be anything but very satisfied. My own expectations have
been surpassed. Sure it’s been a tough time, we’ve all had lots to do and some of
it has been very difficult, but I’m actually happiest when I’m challenged. During one
period of the site investigation, when things were really hectic and important decisions had to be made daily, we established very good cooperation with our model
and design groups. That is something I remember as being particularly stimulating.”

What will you do now?
“I look forward to the fact that the investigations will be completely finished after the
summer and with that my 15 years of work with the site investigations. Next I am
going to devote some time to planning the investigations for the construction of the
final repository and deposition of the canisters.”
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The site model – a description of the site
All information from the site investigation is compiled in a site model that
describes what the site looks like and what processes are affecting the site today.
The site description comprises the essential foundation of our work in designing
a final repository and makes it possible for us to predict what effects construction
and operation of the final repository may have. Furthermore, our descriptions
form the basis for the assessment of long-term safety – what will happen in a
distant future (10,000 years or more) if the repository should cease functioning
as intended?
The site model can be compared to a huge three-dimensional puzzle where
we know from the start that we will not have access to all the pieces. The pieces
are of differing size, and the shape of some pieces changes with time. The challenge lies in knowing which and how many pieces are needed to understand the
theme and structure of the puzzle well enough to be able to go on with the next
step: designing the repository and performing the safety assessment. The description deals with both the ground surface (the surface system above the bedrock)
and the bedrock (the situation in the rock system), as well as the interaction
between the two. The descriptions in the two systems are based on a number of
different scientific disciplines.

Databases secured
As soon as we have evaluated and quality-controlled measurement data from the
investigations, they will be entered into SKB’s databases. Based on these data,
several site models were constructed during the course of the work. When we
concluded the investigations in August 2007 for the final model version, we had
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information from different types of measurements in some 20 deep and 25
shorter cored boreholes. The boreholes are aimed at the zones that bound and
divide the area, as well as at volumes of more normal rock. There are also shorter
percussion boreholes that were drilled for different specific purposes.
The information in the final site model includes not only borehole data but
also topography (digital elevation model), bedrock map, Quaternary deposit map,
geophysical surveys (general airborne surveys and detailed geophysical surveys
on the ground surface), lineament maps, detailed fracture mappings of exposed
rock outcrops, and results from different types of hydrological and chemical
investigations. Our modelling is not finished, but here we describe how far the
work had come at the end of 2007.

The site model can be
compared to a huge
three-dimensional puzzle.
Anders Winberg
In charge of site modelling

Description of the surface
The surface system is everything above the bedrock, and we describe it with a
variety of different models – everything from vegetation maps to models that
describe the hydrological cycle. The descriptions can be roughly divided into
two types of models: feature models and process models. Feature models can be
compared to maps of the area that describe the different features we are inter-

Robert Åkerlind prepares tracer tests in Laxemar.
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ested in, for example soil type, vegetation type or topography. We use this information in the feature models, along with measurements of water flows and
chemistry done at special locations. In this way we build up a description of
what forests, lakes and sea look like and how they work. We are particularly
interested in understanding where in the landscape we have accumulations of
substances, such as carbon and phosphorus, and how they are transported there.
We have completed some of these models and others are in the works. We
have a good understanding of what the land looks like and its properties. The
vegetation is described and we know what animals there are in the area and
where they live. The lakes and sea areas have been described and we are in the
process of compiling information on the forests, the wetlands and the agricultural landscape. The hydrological cycle tracing the movement of water from
rain, surface water and streams to lakes and out into the sea is described. Models
showing how much water runs in the ground and in the landscape are in the
process of being constructed. A good picture of the surface system is thereby
emerging. At the end of 2008, all descriptions and models will be ready so we
can present our site description of the land surface.

Description of the rock
Some of the disciplines we are studying in the surface system recur in the
description of the rock system. The geological models describe and systematize
the different rock types, deformation zones and variations in fracturing in the
bedrock. These models comprise the geometric base which other models utilize
in their description. The hydrogeological model describes the flow properties of
the rock and where water flows. The hydrogeochemical model, which connects
to both the geological and the hydrogeological models, describes how different

Evaporation: 421 mm

Precipitation: 591 mm

Lakes and
watercourses

Estimated average annual water balance (mm/y) for the period 2004 – 2006 in the Laxemar area
(the land part of the model area). The average difference between precipitation and evaporation
during one year is 170 mm. The excess water is mainly carried away as runoff from the surface.
Some is stored within the area or becomes an outflow from the model’s boundary surfaces.
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I soon realized that rock
is not just a grey mass.
Lars-Eric Samuelson
Activity Leader drilling

How does the bedrock interact with what is on the ground surface? We intend to find this out
during the site modelling work.
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water types are distributed, their composition, and how they are dependent on
the composition of the rock and the fractures and the water flow through the
rock. The transport model describes the transport properties of the rock and
how solutes are transported in the rock, and is thus based on all previously
mentioned models. We are also developing thermal and rock mechanical models
that describe the thermal conductivity of the rock, its mechanical properties and
its rock stresses. The latter properties are essential for determining where and how
a repository can be built. All the above models are essential for the analysis of the
repository’s long-term safety. At the end of 2007 we are in the middle of the
most intensive phase of our final modelling, but we are beginning to see what
our rock system looks like and how it works and interacts with the surface system.

Geological models
The site description’s geological model consists of three parts: a rock domain
model, a model for deformation zones and a third model that describes the network of individual fractures in the rock between the deformation zones.
In the rock domain model, we have divided the Ävrö granite into a quartz-rich
and a quartz-poor variant. The presence of diorite/gabbro in the quartz-poor
variant constitutes a boundary between the quartz-rich Ävrö granite in the north
and the quartz-poor quartz monzodiorite in the south. The subdivision agrees well
with variations in the thermal conductivity and strength of the rock: the lower the
quartz content, the lower the thermal conductivity and strength of the rock.

This is what the three-dimensional model for deformation zones in Laxemar looks like in a
perspective view. We are certain about the areas shown in red, but we are not as certain that
the ones shown in green exist.
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With the aid of information from new boreholes and detailed ground magnetic
surveys in the south, the deformation zone model has been improved during the
past year. This has mainly entailed adjustment, elimination or addition of minor
deformation zones in Laxemar. We believe we have a good description of the
location and geometry of the zones that bound the area in the west, north and
east. Thanks to the last supplementary borehole in the southwest corner of the
Laxemar area, we now also know that the southern boundary zone has a mediumsteep dip towards the south. We are also utilizing the results of hydraulic interference tests to improve the description of the geometries of certain zones. We
also see that fracture content is mainly affected by the distance to existing major
deformation zones.

Based on the site model we
will put in as many deposition areas as possible.
Olle Zellman
Local design coordinator

Properties of the rock
We are in the process of establishing a good base for modelling and description
of the variation of the thermal properties in the area. In general, thermal conductivity is lower in the quartz-poor variant of the Ävrö granite, while the
quartz monzodiorite in the south has a slightly higher conductivity.
Similarly, we have good knowledge of the mechanical properties of the rock.
Differences in strength are seen to be dependent on differences in the mineral
content and texture of the rocks. The weakest rock type is the quartz-poor Ävrö
granite. When it comes to water flow as well, we see differences between different
areas in Laxemar. The focused area in the south has lower water flow and fewer
water-conducting fractures than in the north.
In this context it should also be mentioned that the bedrock is subjected to
compression in a northwesterly direction. The fractures that coincide with this
direction therefore have an elevated water flow.

Hydrogeochemistry
The hydrogeochemical model has given us a good fundamental understanding
of how the chemistry of the water varies in the bedrock. We are continuing to
investigate differences in the water flow rate between different rock domains.
Similarly, we are looking at how differences in hydrochemistry are related to
variations in water flow, nearness to major deformation zones and residual effects
of the inland sea that covered the area to a varying extent several thousand years
ago. Our studies also show that the rock has a good capacity to trap and bind
the oxygen that is brought down with the groundwater. An example is the iron
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Here cleanout pumping is being installed in one of the boreholes in Oxhagen. Monitoring
instruments will then be installed in the hole.

oxide goethite, which deeper down in the rock is replaced by the iron sulphide
pyrite, indicating that oxygen-free conditions have always prevailed below a
hundred metres. In order to get an even better understanding for how the composition of the groundwater changes with time, we will utilize data from the
ongoing borehole monitoring.

Final report 2008
In contrast to Forsmark, where the investigations have from the beginning (2002)
been focused on a relatively limited surface area and volume in the rock, the
corresponding project in Laxemar began early in 2004. That was when SKB got
full access to Laxemar, and from this point in time the investigations and site
modelling have been proceeding at a rapid pace. Our main task has been to prepare
site descriptions for Laxemar, but in addition we have also provided support in
guiding the investigations for the purpose of ensuring that the information and
data needed for design and safety assessment are obtained and that remaining
uncertainties are progressively reduced. At the end of 2007 there are still some
uncertainties in the descriptions, which we will continue to address on in our
concluding modelling. The final report on site modelling in Laxemar will be
finished at the end of 2008.
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Let’s talk about

the weather
The hottest days
The highest temperature measured during the site
investigation is 30.5 degrees. It occurred on the 12th
of June 2007. Other years we measured maximum
temperatures on the following dates:
6 August 2004
12 July 2005
17 July 2006

27.9 degrees
30.3 degrees
29.5 degrees

The site investigation and the environment
The last few years have been intense for those of us who have investigated the
site, but also for the natural environment. Before we started we learned as much
as we could about the natural and cultural assets and areas worthy of protection
in the district. This was important in order to avoid sensitive natural areas in
connection with major field activities and when locating drilling sites.
We created a database with information on archaeological remains and monuments, cairns, wells, breeding birds, key habitats and sensitive coastal areas. All
field activities that entailed incursions in the natural environment were checked
in advance against this database. The information was obtained from public
authorities and organizations that had previously performed surveys in the area.
We also obtained valuable information from those who live in the area. During
the course of the site investigation we also updated the database with new information from our own investigations.

Discharges of water in the environment
Many investigations have involved bringing up groundwater from the soil and
the rock. The quantities in connection with drilling of boreholes could be several
cubic metres of water a day. We usually discharged the water in the woods and
fields, preferably in bouldery terrain where it quickly infiltrates into the soil layer.
The water from the drilling contains drill cuttings, so we first allowed it to pass
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through several containers in which the cuttings sedimented to the bottom.
We also checked the salinity of the water. If it exceeded 0.2 percent, the water
was been discharged into the sea, where the salinity is around 0.5 percent.
We have monitored the watercourses to see how they were affected by the
drilling and discharges of water. We have not found any negative effects.

Animal life before and after
The human presence in the woods and fields was
higher during the site investigation. We therefore avoided major field activities involving many
people during the most sensitive reproductive
period for animals in May and June.
We checked whether our activities, such as
drilling, affected the breeding of different bird
species, particularly red-listed ones, see box on
page 44. Breeding naturally varies from year to
year, but the species show no signs of reduced
breeding success. The only species that may
have been affected are the nightjar and the lesser
spotted woodpecker, which seem to avoid coming
close to our drilling sites. They have not, however,
decreased in numbers in the area, rather the
contrary (2007). During 2007 the nightjar
returned to areas it previously avoided. The
breeding of predatory birds has not been affected
at all, probably because we avoided conducting
investigations near known breeding sites. In
summary, all red-listed bird species in the area
exhibited stable or increasing populations from
2002 to 2007.

More bird territories
Between 2004 and 2005 the number of bird territories increased
from 153 to 180 in an area of 30
hectares at one drilling site. The
comparison was made before and
after drilling on the site. The number of species increased from 32
to 37.

Martin Green inventories birds in
the Laxemar area.
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Let’s talk about

the weather
Rain or sun on Midsummer’s Eve?
Everyone in Sweden wants sun and fair weather on
Midsummer’s Eve. And in fact it was only rainy on one
Midsummer’s Eve during the measurement period – in
2007. At the site investigation we measured 9.5 mm of
rain during the afternoon and evening. Considerably
more fell elsewhere. The year before we got only 0.2 mm,
and that was early in the morning of Midsummer’s Eve.

Laxemar in the future
We know a good deal about Laxemar today, but what can we say
about the future? Quite a bit, actually, at least when it comes to a
possible final repository in Oskarshamn. We see good solutions for
how we can locate the industrial facility in Laxemar and how roads
and transportation can be arranged. When we look at what might
happen with the repository in the very long term, we cannot say
exactly what the future holds. What we know is that the repository
must be able to withstand long ice ages and violent earthquakes.
After six years of intensive investigations in the district around Laxemar and
Simpevarp, we now have the information we need to complete the project. We
have found a site for the buildings on the ground – Oxhagen – and the infrastructure that is needed around the facility is beginning to take shape. We have
also come far in designing the actual final repository, in other words the part of
the facility that will be located below ground. There the repository’s central
area, shafts and deposition areas have to be adapted to the conditions prevailing
in the Laxemar rock.
The purpose of design is to describe in words and pictures the future final
repository system based on the local conditions on the site and the internal and
external requirements that are made. The requirements mainly have to do with
long-term safety, but for a facility that will be in operation for 60 years the performance requirements are also important. So far we are very optimistic about
the possibilities of establishing a final repository in the Laxemar area.
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What are we designing?
The final repository system consists of several parts that have to be linked
together: The encapsulation plant on the Simpevarp Peninsula, a canister factory, the final repository itself and the necessary infrastructure. The latter mainly
comprises roads and facilities for the necessary transportation. Besides fuel shipments from the encapsulation plant to the final repository, this will include hauling rock spoil away from the repository and backfill material to the repository.

The layout is really a small part of
the whole project, but it is probably
the one that affects us most.
Olle Zellman
Local design coordinator

On location in Laxemar
During the site investigation we proceeded step-by-step to arrive at the most
suitable repository site in our original candidate area. In the course of the work
we worked on several different proposals for locating both the buildings on the
surface and the repository areas below the surface. But thanks to the good properties of the rock in the south and west, we have now ended up in that part of
Laxemar. Roughly in the middle of the area is Oxhagen, the site where we are
planning to locate the repository’s industrial area. We have drilled two deep cored
boreholes on this site, which means we have a good idea of the properties of the
rock (rock type and water inflow in one of the two holes are shown on page 141).
This is important, particularly in view of the shafts that will be located here.
They will stand open for many years, and high rock stresses or too much water
in the rock is unsuitable. You can read more about the water flow in the rock in
the chapter entitled “The movement of the water in the rock at Laxemar”.
When we had come so far that we saw the advantages of the site both above and
below the surface, we initiated a dialogue with landowners and nearby residents.
Valuable viewpoints emerged, and based on them we could adjust the layout and
placement of the buildings. The first layouts for the underground tunnel system
show that a repository fits within the envisioned area. We have room for 6,000
canisters, which is equivalent to about 60 years of operation of the Swedish
nuclear power reactors.
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The Pyramidal Bugle can be seen in bloom at Oxhagen in May or June.
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You should be able to hear a bumblebee buzzing and smell a flower – then
you know it’s a good workplace!
Fritz Lange
Architect for the final repository’s buildings

The surface facility
The final repository for spent nuclear fuel will be used to protect the ecosystem
on the surface from radioactivity for a very long period of time. This long time
perspective imposes special requirements on the rock. One of the crucial requirements is low permeability (hydraulic conductivity). This is important for longterm disposal, but also during construction and deposition.
Based on the results of the investigations of the hydrogeology of the Laxemar
area, we have adapted the facility to the terrain to minimize the influx of groundwater during construction and operation. This applies particularly to the shafts and
the central area, in other words the parts that will be open for the longest time.
Above ground the facility will comprise an industrial area covering about ten
hectares (see figure below). Outside this is an area for a rock heap and ventilation
systems. The industrial area is utilized for the various functions needed in connection with construction and operation. Here there are buildings associated
directly with operation such as a production building and shaft buildings, but also
buildings for services such as workshops, administration, a geology building and
quarters for personnel and visitors.
Towards the Simpevarpsån River
Rock heap

Information building with
reception, exhibition
and restaurant for
personnel and visitors

Buildings for workshops,
stores, administration
and geological work

Reception and handling
of bentonite clay
Conveyor belt for
rock material

Passenger elevator
Ventilation building

Large hoist for rock spoil
and bentonite clay

Terminal building
Descent for canister transport to final repository

The final repository’s above-ground buildings are drawn in here at Oxhagen.
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Here seismic surveys are being carried out at Oxhagen to find out how deep the surface of the
bedrock lies.
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Tunnels down in the rock
The industrial area on the ground surface is connected to the final repository via
different shafts for ventilation, passenger transport and handling of rock clay,
plus the ramp on which the spent nuclear fuel is taken down into the rock.
Besides the ramp and the different shafts, there will also be a central area and
several deposition areas under ground. Altogether the repository occupies an
area of about four square kilometres in the rock. The central area can be said to
be the heart of the repository and serves as the interconnecting link under
ground. It is also connected to the industrial area on the ground surface via the
ramp and the different shafts. From the central area the transport tunnels lead
to the various deposition areas.

Roads and transportation
Large quantities of clay, both bentonite and other types of clay, are needed in
the repository for backfilling of deposition tunnels. It would be convenient to
receive these clay materials in the harbour in Oskarshamn. Back during the feaOperations area

Rock heap

Ventilation
station

Ramp

Ventilation
shafts

Elevator shaft
Skip shaft
Exhaust
air shaft

Central area

Deposition areas

The buildings on the surface are shown here connected with the final repository under ground.
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sibility study phase, sketches were made of an extension of the dock area so that
the clay could be received and unloaded there. The Oskarshamn harbour will
soon apply for a permit for this extension.
Now that Oxhagen has been chosen as the site for the facility, we have also
started the work of connecting this site to the public road network. One of the
basic principles has been to separate car traffic from heavy truck traffic in the
immediate vicinity of the facility in order to reduce the risks of disturbances and
accidents. The main proposal entails primarily using land located adjacent to the
existing power line corridor, see figure below. The new road would then be able
to connect to road 743 at the entrance to OKG. There are several proposals for
how this can be done, for example by means of a roundabout or staggered intersections.
The canister with the spent fuel is planned to be transported on public roads.
It may be a good idea for it to have its own lane from the encapsulation plant to
road 743. The last bit from road 743 to the repository goes along a private road
that also carries other heavy traffic.
The traffic on road 743 between Simpevarp and Fårbo will increase by 50 – 80
percent during the construction phase. The higher figure pertains to the later
construction period when a rock elevator has been put into operation. In the
operating phase the increase for the same section of road is estimated to be
about 40 percent compared with today’s level. Approximately 80 percent of the
increase is due to passenger traffic. On E22 the increase will be less than five
percent during all phases of repository construction.

Several proposals of how access roads to a final repository could be routed are shown here.
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Expert’s

post script
Name: Olle Zellman, assistant Site Manager
Worked at the Äspö HRL 1987 – 2002, among other things as head of the site
investigation and plant manager. 2002 – 2008: head of local design coordination at
Site Investigation Oskarshamn.
What does your work as a local design coordinator involve?
“My task has been to take local aspects into account in the design work. This includes,
for example, taking into account local conditions and interpreting the intentions of
the local population. I have served as a link between the technicians and engineers
who work with facility design and the people who live here in Laxemar, as well as
the municipal authorities.”

How have you done that?
“I have had a lot of contact with the municipality in planning matters. I have also had
close contact with the landowners who are affected by our activities. It has been very
stimulating to see how this dialogue has produced results, and that we have thereby
arrived at such a good location for the above-ground facility.”

How do you think the design work has gone?
“It has been a long search for a good location. First we did a quick design at Simpevarp and found that it is possible to build a repository there, but that the space is
limited. In 2004 we got started on the investigation in Laxemar. We started in the
northern and central parts, but it never felt really good there. When we moved the
drilling machines further south we realized that this was something else entirely.
The rock was better here, and above all drier.”

How did you arrive at the conclusion that the buildings should be located at
Oxhagen?
“From the two boreholes on the site we saw that the rock here was dry and fine and
would provide good conditions for the requisite shafts. The disadvantage was that we
were closer to existing developments. I set out stakes in the terrain where we envisioned
the buildings, and we had discussions with the landowners. During the discussions
certain viewpoints were expressed, as a result of which we moved the facility slightly.”

How do you plan to proceed now?
“When the site has been finalized we will look at how to connect it with the surrounding
infrastructure. Among other things we have considered separating passenger traffic
from heavy transport traffic to the facility. We have made proposals for how the roads
can be routed and even discussed them with the people living nearby.”

What is left to do of the underground design work?
“We still have some measurement data from the investigations in the rock to analyze,
and when we’re finished with that we can fit in as many deposition areas as possible
based on the site model. Then we can make an initial sketch of the facility. It’s really
very exciting; it will feel almost like a birthday when it’s finished. That will be the last
step before site selection.”
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Impact of the final repository on man
and the environment
As the design work has progressed we have also taken a closer look at how the
final repository may impact the environment and what consequences this may
have for man and the environment. The objective is to minimize the consequences
for man and the environment during both construction and operation. We always
strive to use the best available technology and to find sustainable solutions where
environmental, technical and social factors are taken into consideration.
The location of the final repository on the site is determined above all by geological conditions on the site, but other factors are also important to take into
consideration, such as the environment. The investigations of environmental
impact will be used as a basis in selecting the site for the final repository. All
environmental aspects will be weighed together and result in an overall environmental assessment of the particular site.

Disturbances near the facility
During the course of the site investigation we have looked at different alternative
locations for the above-ground facility. Oxhagen is the location in Laxemar we
consider to have the best potential. We have adapted the facility to the local
conditions as far as possible, but there is no avoiding the fact that a whole new
industrial facility is to be built in a relatively quiet and peaceful setting. It is
bound to cause disturbances in various forms. Here the formal consultations and
dialogue with various concerned parties play an important role in minimizing
the disturbances.

Transport activity to and from the final repository will reach a peak during the construction period.
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Let’s talk about

the weather
Green Christmases
We have not been spoiled with white Christmases in recent years.
During our measurements on Äspö we have only measured a few
tenths of a mm of precipitation on Christmas Eve. And considering
that it has been several degrees above zero during the day every
year, it has mainly fallen as rain.
We almost had “winter heat” on Christmas Eve 2006. At two in the
afternoon it was plus 9.1 degrees, and the mean temperature on
Christmas Eve was 6.1 degrees above.
The temperature on Christmas Eve other years was as follows:
Year

Maximum temperature

Minimum temperature

2004
2005
2006
2007

4.8
4.4
9.1
3.5

– 6.3
– 0.8
1.7
0.1

degrees
degrees
degrees
degrees

degrees
degree
degrees
degree

Extensive building activities will be pursued during the seven-year-long construction period: drilling, blasting, rock crushing and transport. Construction
traffic to and from the final repository will, for example, entail that a handful of
residents along road 743 and in the vicinity of Oxhagen may be exposed to noise
in excess of the applicable guideline value.
When the facility is in operation, there will be much less transport activity. It is
mainly stationary sources that cause noise, above all rock handling during loading
of vehicles, but also the enclosed rock hoist and different types of ventilation fans.
Calculations show that the sound levels from the activities during the operating
phase will not exceed the guideline value for noise. But we will in all probability
adopt noise mitigation measures in order to limit nighttime disturbances, for
example.

We have to broaden our view
and get new environmental technology
into the project.
Kristina Dahlström, environmental engineer

In the environs
Establishment of a final repository in Laxemar will also lead to certain changes
in the landscape and the natural environment. The facilities, the rock heap and
the roads affect the visual appearance of the landscape. It is therefore important
that the facility be designed to blend in with its surroundings.
The existing road network is very important for agriculture and forestry in the
district. Continued accessibility of the land is a prerequisite for such land-based
industrial activities.
Vehicles and machines emit air pollutants. The levels of carbon dioxide, carbon
monoxide, hydrocarbons, particles etc. are calculated to see whether emissions
need to be controlled, and if so how. In view of the increase in air pollution, an
environmental medical assessment is also made. We compare the emissions with
environmental quality standards for air, and if there is a risk that they will be
exceeded, measures will be adopted.
The underground activities will have an impact on the groundwater and surface water around the facility. The groundwater level will therefore be lowered
(drawdown) in an area around the final repository.
Furthermore, we have identified a number of other activities that can have an
impact on the environment:
◗ vibration from blasting, drilling and heavy transport,
◗ dust from rock heaps, transport and transloading,
◗ light pollution,
◗ waste and consumption of resources and energy,
◗ water pollution if treatment is insufficient.
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Outdoor activities
Establishment of a final repository does not give rise to any great consequences
for recreation and outdoor activities. The coast and the archipelago will still be
able to be utilized to the same extent as today. On the other hand, activities at the
final repository, transport activities and the occupation of land will entail some
disturbances in the form of reduced accessibility, increased noise and increased
movement in the immediate vicinity of the facility and along the roads. This may
detract from the value of the nature experience.
Östkustleden (the East Coast Trail) is a relatively well used hiking trail that
goes through the area. It will be crossed by new connecting roads, and to guarantee passability it may be necessary to reroute the trail. Another possibility is
to provide a grade-separated crossing in connection with a bridge over the
Laxemarån River.

The archipelago is a popular destination for recreation and outdoor activities.
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Expert’s

post script
Name: Kristina Dahlström, environmental engineer
2004 – 2007: coordinator of local environmental matters for design of the final
repository in Oskarshamn.
What did you as an environmental engineer do during the site investigation?
“It has really been about coordinating site-specific environmental matters in the
design work for the final repository, for example where we put the facility, where we
build roads, water treatment and transportation. My task has also been to study and
review environmental studies that describe environmental impact, such as groundwater drawdown and how the activities may impact the natural and cultural environment, as well as recreation and outdoor activities in the area.”

What expectations did you have when you began?
“Well, environmental engineer was a new post at SKB, so I thought my duties were
a little vague in the beginning. But that also meant I got to create my own role, which
was very exciting. I had to find new forms of cooperation, since I served as the link
between us here on the site and our colleagues in Stockholm who work with environmental consequences and design.”

What was the most fun?
“Communications – all contacts with, for example, the municipality and landowners.
At the same time I like working with studies, it’s fun to immerse yourself in a subject
and you learn so much about it. In one way or another I have been active in carrying
out the environmental studies underlying the environmental impact assessment that
is being done for the final repository.”

Any difficulties?
“One challenge has been to bring an environmental viewpoint to bear on this project,
where long-term safety always comes first. Something which I think is important is to
broaden our view and get new environmental technology into the project. It’s so easy
to get caught up in traditional ways of thinking.”

How has it gone so far?
“Good, we’re making a concerted effort to keep the level of environmental ambition
high. We have also tried to make good on local expectations that our technical solutions will also be good for the environment and provide added value for the community.
This imposes demands on us that have been good for the project, and I think the
external demands have forced us to do a better job. It would be fun to be able to say
in the future that besides having built a facility with the highest level of safety thinking,
we have also done something really good for the environment.”
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Natural and cultural environment
The likelihood of encountering archaeological remains is relatively great regardless of where the final repository is located in the Laxemar area. But there are
no areas of national or regional interest for the cultural environment here.
In the vicinity of Oxhagen, especially south of the operations area, there are
several areas with high natural and cultural values that are sensitive to incursion.
With a good adaptation of the final repository and new infrastructure, these values
can be protected and preserved. An example of one simple measure is to build
new connecting roads along the existing power line corridor. In addition to the
power line corridors that cut through the landscape, the countryside is also
affected by both modern-day and historical agriculture and forestry. Previously
drained wetlands line the watercourses, and forestry is currently practiced on
former agricultural lands.
The natural values that exist in the Laxemar area are closely associated with the
old agricultural landscape. There are, for example, natural pasturelands, pollarded
trees and valuable forests such as hardwood, oak and mixed forest. If the valuable
natural and cultural environments are to be preserved, the landscape must continue to be cultivated.

Pasturelands are a part of the cultural landscape in the Laxemar area.
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We will undoubtedly experience both a warmer and a colder climate in the future.

Long-term evolution and safety
of the repository
It can never be predicted exactly how conditions here on Earth will change in
the future. And the farther ahead we try to see the more difficult it is to make
any predictions. We even find it difficult to describe the most probable long-term
future. What we can say, however, is that varying climate domains will prevail
during different periods. A final repository must therefore withstand both a warmer
and a colder climate, and even long periods of permafrost and glaciation.

Safety is analyzed in two steps
An important part of the work after the site investigation is to determine, based
on our collective knowledge of the rock, how the final repository will be affected
by the different conditions that will prevail. Based on this we will then determine
what effects this has on the long-term safety of the repository. The report in
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which this is described will be included as one of the most important parts when
we apply for a building permit and an operating licence for the final repository.
In preparation for the final safety report, we made an early and preparatory
assessment during the site investigation of the long-term safety of a final repository in Laxemar and Forsmark. The assessment was based on the initial site
investigation, in other words just a small portion of the collected data.
In this section we only discuss that assessment that was done for Laxemar.

Assessment with three purposes
The early assessment has three purposes. In the first place we want to make a
preliminary evaluation of the safety of a KBS-3 repository in Laxemar. In the
second place it should provide feedback to the different parts of the final repository
project: canister development, facility design, the continued site investigations,
SKB’s programme for research on safety issues and even future safety assessments.
A third purpose is to give the regulatory authorities – SKI (the Swedish Nuclear
Power Inspectorate) and SSI (the Swedish Radiation Protection Authority) – an
opportunity to review SKB’s method of conducting the safety assessment and
SKB’s interpretation of the regulations issued by the authorities.
The regulatory authorities have reviewed the report where we describe the early
safety assessment. A seminar was also held in December 2007 where the regulatory authorities presented their viewpoints on the structure and content of the
report. SKB considered the authorities’ viewpoints to be positive and constructive.
From this we conclude that we can, in the complete final safety assessment,
largely follow the structure we have used so far, even if we have to supplement
with more in-depth analyses for many questions.

Changes in the future
When we assess long-term safety, we take into account the effects of many
changes in the future. We take into account how climate change will affect the
repository’s ability to isolate the spent nuclear fuel; we have looked at both colder and warmer climates as well as wetter and drier ones. We take into account
all this when we calculate the risks of canister damage and possible releases of
radionuclides. In a similar manner we judge how the geological evolution of the
site can affect the repository. We have then seen that a violent earthquake poses
one of the greater risks of canister damage and nuclide release. But the greatest
risk is if the bentonite around the canister is eroded away and the canister is
exposed to severe corrosion attack. This could happen if glacial meltwater from
melting of the ice sheet rapidly finds its way down to the repository. We also try
to assess what risks people would be exposed to if they drill through a repository
area, intentionally or inadvertently.
All of these risks are weighed together and presented based on the guidelines
set up by the regulatory authorities and in relation to the limit values established
by SSI for nuclear facilities.
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Let’s talk about

the weather
Varying New Year’s weather
The weather statistics from New Year’s Eve show a varied
pattern. It was coldest in 2005 at –9.5 degrees the night
before New Year’s Eve. it was warmest in 2006, when it
was 7.1 degrees above at midnight. Precipitation has fallen
the last two measurement years, 2006 and 2007, when
we got 7.8 and 8.2 mm of rain, respectively.

Time and the final repository
The assessments of the repository’s long-term safety are based on the radiotoxicity
of the spent nuclear fuel. Even though radiotoxicity declines with time, the fuel
will be hazardous for a very long time. The question is thereby how long timespans the safety assessment should cover.
We often use a timescale where we compare the spent fuel with the natural
uranium ore that was used to produce the fuel. In that case we arrive at approximately 100,000 years. That is how long it takes before the radiotoxicity of the
fuel is comparable to the radiotoxicity of the amount of uranium that was mined
to produce the fuel.
The regulatory authorities SKI and SSI have, both in their regulations and in
their guidelines/general recommendations, stipulated requirements and recommendations for what timescales should be dealt with in the assessment. Based on
this we can conclude that the ultimate horizon for the safety assessment should
be one million years.
Another important regulatory requirement is SSI’s risk criterion. In simplified
terms it states that people in the vicinity of the repository may not be exposed to
radiation doses that exceed approximately one percent of the natural background
radiation. This requirement applies for around 100,000 years after closure.
When we describe the evolution of the repository, several timescales enter in.
The timescale for long-term geological processes is millions of years. The
timescale of climate change ranges from a few tens of years to over a million years.
A much shorter perspective enters in when we look at the fuel’s decay heat.
The maximum temperature nearest the canisters will be reached after just ten
years. The temperature in the nearby rock will be elevated for several thousand
years, however. The time required for water saturation of the buffer, backfill and
repository rock typically ranges from tens to hundreds of years under Swedish

• Maximum temperature in the rock near the canisters
• Buffer, backfill and repository rock are water saturated
• Chemical conditions in the rock have returned to the natural state
• Elevated temperature in repository rock
0

100
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• Significant movement
of the continents in
relation to each other

100
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100,000
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• Now the radiotoxicity of the fuel is comparable to that of
the quantity of uranium that was mined to produce the fuel
• Glacial cycle
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conditions. The chemical conditions in the rock are expected for the most part
to return to their natural state after hundreds to thousands of years. But the
chemical processes that affect the canister are much slower. It generally takes
many millions of years before the canister is expected to break apart due to
corrosion.

What does this mean for the Laxemar rock?
In this early safety assessment we tentatively conclude that a repository in the
Laxemar area will satisfy the regulatory requirements in the time perspective
100,000 years. We cannot draw any definite conclusions yet since the assessment
is only based on data from the first year of investigations in Laxemar. The data
we have used are therefore not representative of the southern and western parts
of the area, on which we have focused the concluding investigations. It is above
all the data from the hydrogeological surveys that may be misleading, since they
have in part been collected outside the final repository area. The new data from
the later boreholes show that the hydrogeological conditions in southern and
western Laxemar are more favourable than in other parts.

SITE INVESTIGATION OSKARSHAMN – ANNUAL REPORT 2002–2007

129

An example of the future
When we in the safety assessment describe the future evolution of Laxemar we
want all reasonable climate domains to be included. We have therefore chosen to
take the conditions during the most recent glacial cycle (approximately 120,000
years) as an example of what the future might be like in Laxemar. The example
should be seen as one of several possible scenarios, not as an attempt to predict
the probable future climate or even a best estimate.
During the initial period, which includes the construction and operating phase, we
do not expect any great changes in the climate in Laxemar. The work of construction and operation of the final repository may, however, cause disturbances down in
the rock.
After closure the repository will gradually become saturated with water, which may
take a hundred years or so. At the same time the rock will be heated by the decay
heat from the spent nuclear fuel.
In our example, a temperate climate prevails for a few thousand years after closure.
The rock gradually returns to the natural, undisturbed state that existed prior to
construction.

Then the climate changes and becomes colder. This first glacial cycle is expected
to extend up to 120,000 years after closure. Periods of permafrost and glaciation
will probably occur during this time, alternating with periods with a temperate
climate. In the simulations for our example, the continental ice sheet attains a
maximum thickness of 2,400 metres in Laxemar, and the permafrost reaches at
most 160 metres down into the ground. When the ice advances or retreats, the
number of earthquakes may increase slightly.
From 120,000 years up to a million years after closure, we assume that the
first glacial cycle will be repeated seven more times.
In order to be certain that we also include extreme changes in the future, we
include a series of additional scenarios. They are based on the most critical questions
surrounding the safety of the repository. For example, we look at what happens if
the bentonite clay around the canisters freezes or disappears, or what happens
if a canister corrodes apart or is damaged by an earthquake. Then we make an
assessment of whether there is a reasonable possibility that this might occur.
If so, the scenario in question adds to the risk to the repository.

Peter Lundin and Fredrik Barnekov were two of the many nearby residents who participated in
the consultation meeting in November 2003.

Consultations
A prerequisite for SKB’s upcoming facility projects is that they must be carried
out in consultation with the local community. Everyone that could be affected
by the future activities should have an opportunity to express their viewpoints in
the consultations. The consultations also make it possible for SKB to take
advantage of local knowledge and expertise.
Consultations are held with the County Administrative Board, other national
and local authorities, organizations and private citizens. The consultations cover
the siting, scope, design and environmental impact of the planned activities.
Another subject of discussion is the environmental impact statement (EIS) that
will be submitted along with the application for a permit to build a final repository.
The EIS is supposed to describe what consequences the planned activities may
have for human beings and the environment.

Changing format
SKB has been providing information on the final repository project for a long
time. The formal consultations began in January 2002. Early consultations were
then held on the final repository with particularly affected persons and the County
Administrative Board. Since then we have had approximately five meetings per
year with private citizens, the municipality, the County Administrative Board
and the regulatory authorities. An equal number of meetings have been held in
Östhammar Municipality.
Representatives of SKB, the Kalmar County Administrative Board, Oskarshamn
Municipality, the Swedish Nuclear Power Inspectorate (SKI) and the Swedish
Radiation Protection Authority (SSI) meet regularly at special meetings called
the Oskarshamn EIA Forum. A major change was made here in that all meetings
of EIA Forum are now open to the public.
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Consultations – part of SKB’s applications
A major step forward was taken in 2006. The licensing process for the final
repository system for the spent nuclear fuel started in November of that year
when we submitted a permit application under the Nuclear Activities Act for the
encapsulation plant and Clab. One of the many appendices was a consultation
report. Meanwhile the consultations continue, with sights set on the applications
we plan to submit to SKI and the Environmental Court for the final repository
under the Nuclear Activities Act and for the entire final repository system under
the Environmental Code.
One public consultation meeting was held in 2007, on 28 May. The background
material had to do with SKB’s work with safety and radiation protection. The
focus was on the early safety assessment that had been produced during the site
investigation (see further pages 125 – 126). Two meetings were held during the
year with the Oskarshamn EIA Forum: 12 September and 5 December. The

Consultations with the Baltic Sea countries
are held in accordance with the
Espoo Convention via the Swedish
Environmental Protection Agency.
Erik Setzman
Head of EIA and Consultations

The consultation meetings were held in Figeholm at Figeholms Fritid och Konferens (Figeholm
Leisure and Conference) in order to make it easier for those who live near the site investigation
to take part.
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Anyone can submit viewpoints on the final repository project via SKB’s website. All material
from the presentations at the consultation meetings is also available here.

meeting in December was held together with the equivalent group in Forsmark:
the Forsmark Consultation and EIA Group. Consultations under the Espoo
Convention with the countries around the Baltic Sea are planned to begin during
2008.
Viewpoints, questions and suggestions received during the past five years of
consultations span many topics. Many have to do with the premises for and
purpose of the disposal of the spent nuclear fuel, the presentation of alternatives
– above all to the KBS-3 method, and then in particular “deep boreholes” – and
the consequences for the environment in a broad sense. The number and diversity
of questions is impressive.

The consultation meetings
In order to make it easier for those who live near the site investigation area to take
part, most of the consultation meetings were held in Figeholm. All meetings in the
tables were open to the public. But some were aimed at certain target groups
such as summer residents or local conservation and environmental organizations.
In preparation for the meetings we assembled material with a given theme. The
material was distributed and also made available via SKB’s website. At the earlier
meetings, the material was presented at the actual consultation meeting. To allow
more time for discussions and questions during the actual meeting, we held the
presentations in advance at the later meetings. Regardless of theme, it was possible on all occasions to bring up any matter associated with the nuclear waste
project.
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Consultation meetings in Oskarshamn 2002 – 2007
Date

Target group

Theme

10 Jan. 2002

Particularly affected persons, Early consultations for a final
incl. private citizens
repository at Simpevarp.

8 March 2003

Particularly affected persons, Early consultations for a possible
incl. private citizens
encapsulation plant at Clab,
Oskarshamn.

12 Nov. 2003

Public meeting

22 April 2004

Local conservation and
Same theme as at the public
environmental organizations, meeting on 12 November 2003.
incl. private citizens

5 April 2005
3 July 2005

Public meeting
Private citizens, particularly
part-time residents

SKB’s first proposal for the siting
and design of a final repository and
an encapsulation plant in Oskarshamn (Simpevarp/Laxemar area).
Disturbances in conjunction with
e.g. rock works and haulage during
construction and operation were
also taken up here.

17 Nov. 2005

Public meeting

Preliminary environmental impact
statement for the encapsulation plant.

31 May 2006
13 Aug. 2006

Public meeting
Private citizens, particularly
part-time residents

SKB’s siting work, alternative
methods and the future capability
of society to dispose of the spent
nuclear fuel.

28 May 2007

Public meeting

Safety and radiation protection.

Scope, content and design of the
environmental impact statements to
be prepared for the encapsulation
plant and the final repository.

Planned meetings 2008 – 2009
Target group

Theme

Public meeting

Siting, logistics, aesthetics

Public meeting

Water activities

Public meeting

Preliminary environmental impact statement for the
final repository system.
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Platsundersökning Oskars

hamn

Platsundersökning Oskars

hamn

Platsundersökning Oskars

hamn
Platsundersökning Oskars

hamn

Årsrapport 2002
Årsrapport 2006
Årsrapport 2004
Årsrapport 2003

miljöbalken
Utökat samråd enligt

lken
Samråd enligt miljöba
Samråd enligt miljöba
lken

Utökat samråd enligt
miljöbalken

Sammanställning 2006

Sammanställning 2004

Samhällsforskning 2005

Sammanställning 2005

Samhällsforskning 2006
Betydelsen för människorn
a, hembygden och
regionen av ett slutförvar
för använt kärnbränsle

Sammanställning 2003

Samhällsforskning 2007
och

, hembygden
Betydelsen för människorna
för använt kärnbränsle
regionen av ett slutförvar

a, hembygden och
Betydelsen för människorn
för använt kärnbränsle
regionen av ett slutförvar

Downloading knowledge
SKB has a “report factory” that prints hundreds of scientific reports every year. All
of these reports can be downloaded from our website at www.skb.se under the tab
headed “Publications”. This includes the 820 or so that deal with the site investigation in Oskarshamn.
In addition to the scientific reports, we also publish a large body of material
every year aimed at non-scientists. These publications include the site investigation’s annual reports, annual reports on consultations, yearbooks on societal
research and more municipality-specific societal studies. You can find all of these
publication as well on our website.
If you have questions or need more information on the material you are
welcome to phone Anna Wahstéen at +46 491 76 80 96 or send an e-mail with
your question to info.oskarshamn@skb.se.
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The hole was drilled before the site investigations for the purpose of obtaining general geoscientific knowledge
from the deep rock. The drill core is dominated by Ävrö granite; subordinate rock types are fine-grained granite,
fine-grained dioritoid and fine-grained diorite-gabbro. The general fracture frequency is 0–3 fractures per metre.
We find the highest conductivity in the upper 300 metres of the hole, with many and high flows. But this level has
a relatively low fracture frequency, unlike the lowermost 300 metres of the borehole which has 10 – 20 fractures
metres. Between 500 and 700 metres the rock is very impermeable with only a few flows.
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Borehole KLX03
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Besides to characterize the rock at depth, the express purpose of this borehole was to find, survey and characterize
quartz monzodiorite. This succeeded and we were able to identify it at a length of 620 metres. The uppermost 620
metres is dominated by Ävrö granite, while the rest of the hole is dominated by quartz monzodiorite. The rock has
a low fracture frequency of 0 – 3 fractures per metre, but this is slightly elevated between 720 and 814 metres.
There are relatively few flowing fractures. The hydraulic conductivity for long sections lies below our measurement
limit.
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Borehole KLX04
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The purpose of the hole was to characterize the rock at depth in the northern/northwestern part of the area and
to check a seismic reflector. The drill core is dominated by Ävrö granite with subordinate rock types such as quartz
monzodiorite and fine-grained granite. The section between 340 and 355 metres has elevated fracture frequency,
as does the section between 873 and 973 metres, where formations with crushed rock also occur. The highest
flows occur in the uppermost 350 metres. There are also flowing formations that are connected to major and
minor deformation zones where higher fracture frequency coincides with higher K values.
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Borehole KLX05
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In the upper part of the borehole, between 100 and 475 metres, the rock types alternate between Ävrö granite,
granite, fine-grained granite, diorite/gabbro and fine-grained dioritoid. The remainder consists of quartz monzodiorite. The general fracture frequency is about 0 – 2 fractures per metre. High conductivity and more fractures
occur in the uppermost 300 metres of the hole. Further down there are only a few flowing fractures. There the
rock is mostly impermeable with a flow below the measurement limit.
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Borehole KLX10
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KLX10 is dominated by Ävrö granite with subordinate rock types such as fine-grained dioritoid and diorite-gabbro.
The formation between 100 and 450 metres is highly fractured with some longitudinal fractures (with the exception
of the section between 370 and 390 metres). Hydraulically, the section from the surface down to 400 metres is highly
conductive with a high fracture frequency and high hydraulic conductivity. Further down the rock there are only a few
flowing fractures, and the rock is usually impermeable with a flow below the measurement limit.
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Borehole KLX11A
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The borehole is dominated by quartz monzodiorite. The general fracture frequency is 1–3 fractures per metre,
with an elevated fracture frequency between 510 and 550 metres. There are shorter sections of more conductive
rock in the uppermost 300 metres as well as between 500 and 600 metres, where they are usually associated
with higher fracture frequency. Otherwise the rock is impermeable.

SITE INVESTIGATION OSKARSHAMN – ANNUAL REPORT 2002–2007

143

Borehole KLX15A

Length
(m)
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The primary purpose of the hole was to check the occurrence of deformation zone NW042. Geologically, quartz
monzodiorite dominates with the occasional presence of Ävrö granite. In general the fracture frequency is low
with only a few short sections with elevated frequency, open fractures and higher hydraulic conductivity. But the
uppermost 200 metres exhibit more flowing sections than the rest of the hole.
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Borehole KLX18A
Fine-grained granite
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The borehole is dominated by Ävrö granite, and subordinate rock types are fine-grained diorite-gabbro, finegrained granite and diorite/gabbro. We can distinguish seven sections in the borehole based on elevated fracture
frequency, alterations of the country rock and geological structures. These sections are found in the following
intervals: 136 – 149, 196 – 207, 283 – 298, 329 – 337, 359 – 367, 448 – 449 and 479 – 489 metres. These sections
are sometimes associated with lithological changes. The highest conductivity occurs in the uppermost 150 metres
of the hole. In contract to most other boreholes, there is an elevated fracture frequency and a large number of
conductive five-metre sections along the entire borehole. There is also some similarity in the other sections in
KLX04 and KLX10.
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Borehole KLX21B

Length
(m)
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The borehole is dominated by Ävrö granite, but quartz monzodiorite is also encountered from 760 metres and
downward in the hole. There is a section with an elevated frequency of open fractures between 600 and 700 metres,
where the borehole’s highest conductivity is found. There are also similar K values in the uppermost 150 metres.
Otherwise relatively good rock with a K value that is often lower than 10 –9 m/s.
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Borehole KLX27A
Fine-grained granite
Quartz monzodiorite
Fine-grained diorite-gabbro
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The primary purpose of the hole was to check the occurrence of deformation zone NW042. Geologically, quartz
monzodiorite dominates with the occasional presence of Ävrö granite. In general the frequency of open fractures
is very low, but there is a suspected deformation zone at 230 metres. But the uppermost 200 metres exhibit more
flowing sections than the rest of the hole. High K values also occur at the bottom of the hole, between 590 and
640 metres, where the K value is 10 –7 m/s.
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