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For many years, SKB has been developing two welding methods in parallel: electron
beam welding (EBW) and friction stir welding (FSW). The two-track effort has
been made due to the fact that we wanted to be absolutely sure of having a method
that works even under factory-like conditions. In the encapsulation plant, the reference
method for welding on the canister lid is FSW. We have chosen this method because
it is, in its present stage of development, more reliable and produces welds of higher
quality under production-like conditions. However, the development work at the
Canister Laboratory is continuing with both methods.

FSW is a friction welding method. The principle is relatively simple. A rotating
tool is plunged into the joint between the parts to be welded. The material around
the tool is heated by friction to about 850°C and can then be shaped. Then the tool
is advanced in the welding direction. The tool’s rotation stirs the copper material on
both sides of the joint and bonds the two metal parts together. The result is a weld
with properties that are virtually identical to those of the parent metal.

Canister
 with spent
nuclear fuel

Finished
canister

Lid

1 The tool travels 
around in the joint 

and welds the canister 
together. The tool is 
pulled up to the edge.

2 3

BEFORE
Joint between
lid and canister.

The canister is examined
by radiographic and 
ultrasonic inspection

before being
approved.

AFTER
Weld with homo-
geneous copper.The heat of friction softens the copper 

so that the tool can advance.

Källa: SKB

The upper part of the lid where the weld
has started and ended is machined off.

        The welding tool
        works its way down
  to the joint between
  canister and lid.
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Close cooperation
The method was developed in the early 1990s
by The Welding Institute (TWI) in England,
one of the world’s leading research and
development institutes in the welding field.
Today it is used on an industrial scale in the
boat, air, aerospace and automotive industries.
There are, however, few applications of the
method for welding of copper. SKB and
TWI have for many years collaborated very
closely on sealing of the copper canisters. 

During 1998–1999, an experimental rig for
welding was built at TWI. It worked so well
that SKB went on to acquire its own welding
machine at the Canister Laboratory. Esab AB
was contracted to design, manufacture, install, test and commission the installation.
The company is a world leader in friction stir welding (FSW) and has previously
delivered a number of FSW machines to Boeing, among others.

In FSW, an exit hole is formed where welding is terminated and the tool is removed.
The exit hole must not remain when the canister is deposited. After a whole revolution
around the canister has been completed, the tool is therefore moved up to the top
part of the canister lid so that the exit hole is created in a part that is subsequently
machined off.

Weld made by FSW.

The temperature in FSW is
approximately 850°C.
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Electron beam fuses parts together
In EBW, the copper in the canister tube and lid melts when a powerful stream of
electrons hits it, causing the parts to be fused together. The entire process takes
place in a vacuum. The electrons are accelerated to two-thirds of the speed of light
by an electron gun.

One of many important steps in the procedure is focusing the electron beam. If the
beam is too wide the copper will run, and if it is too narrow defects are more likely
to occur in the joint. The distribution of electrons in the electron beam also controls
the quality of the weld. The results are improved by oscillating the electron beam.
The Canister Laboratory has had an electron beam welding machine since 1998.
It has been difficult to get the equipment to work under production-like conditions,
which is one of the reasons we have chosen friction stir welding (FSW) as the reference
method in the encapsulation plant.

Weld made by electron beam welding.

The welding chamber for electron beam welding in the Canister Laboratory.
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What does it cost?
Our descendants should not have to pay the price of disposing of
the waste created by our electricity consumption. The owners of the
nuclear power plants are therefore setting aside money for this.
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The costs of managing and disposing of the radioactive waste are financed by means
of special fees totalling about one öre (a tenth of a euro cent) per kilowatt-hour. The
fees are determined each year by the Government and are based on cost calculations
submitted by SKB to the Swedish Nuclear Power Inspectorate. The cost calculations
are based on the assumption that the remaining ten nuclear power plants are ope-
rated for 50 – 60 years. The fees vary from owner to owner. Their size depends on
how long the reactors at the different plants have been in operation.

The money is paid into the Nuclear Waste Fund and is deposited with the
National Debt Office. At the end of 2006, the Nuclear Waste Fund contained
nearly SEK 38 billion.

We calculate that total expenditures for managing and disposing of all radioactive
waste from the nuclear power plants will amount to about SEK 94 billion at 2006
prices. Slightly more than SEK 27 billion of this total has already been spent. The
future costs amount to just over SEK 67 billion. About SEK 12 billion will go to
the encapsulation plant. This includes the cost of fabricating the canisters,
including the copper material and the canister factory. The table shows how the
total costs (including previously incurred costs) are distributed (SEK millions).

Encapsulation plant

Investment 2,360

Operation and maintenance 9,580

Decommissioning 190

Total 12,130
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Will new jobs be created? 
A final repository or an encapsulation plant represents a great
opportunity for a municipality. And we’re talking about more
than just jobs.

According to plans, the encapsulation plant will create about 30 new jobs.
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Many alternatives open up for an active municipality with clear visions of the future.
A municipality that wants to grow and develop has a unique chance to put itself on the
map, nationally and internationally. Either the final repository or the encapsulation
plant alone would provide an excellent platform for development within a number
of areas. How this should be done in detail is determined by the municipality’s own
vision of the future. SKB would be more than happy to assist in this process.

The final repository will of course provide the most jobs. The encapsulation plant
will also contribute to the employment rate. Our estimates show that it will create
around 30 new jobs.

The canister factory can be built as a freestanding unit in the municipality or region
where the encapsulation plant is located. It can also be situated adjacent to an existing
metalworking plant, or the encapsulation plant. Around 25 persons will be needed
to operate the canister factory.



Sensitivity
You can have a say in deciding how the

encapsulation plant will be designed and what
studies will be done in preparation for SKB’s

application for a permit to build the plant.
Take the opportunity to participate in the

consultations! Your opinions are important.
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The consultation process
Having a constructive dialogue is important to SKB. The earlier
it starts, the better. It is in meetings between people that ideas
are born, questions are answered and opportunities are created.

By participating in the consultations, you get an opportunity to influence the design of both the
encapsulation plant and the final repository.



71

A cornerstone in the dialogue between SKB and the inhabitants of Forsmark and
Oskarshamn is the EIA work. EIA stands for Environmental Impact Assessment.
Permits under both the Nuclear Activities Act and the Environmental Code are
required in order to build the encapsulation plant and the final repository.

An EIS (Environmental Impact Statement), the document resulting from the EIA
process, must be appended to the applications. As the name suggests, the EIS is a
statement describing all the possible consequences for man and the environment of
an encapsulation plant and a final repository, as well as how these consequences can
be mitigated and prevented. The document shall also contain an account of the
consultations that have been held.

Ongoing dialogue
Consultations are an ongoing dialogue with all concerned parties. The EIA dialogue
has already begun on the local, regional and national levels. For the sake of a holistic
perspective, we have chosen to have joint consultations where both facilities are
discussed. In SKB’s opinion, the main purpose of the consultations is to give the
municipal inhabitants, NGOs (non-governmental organizations) and public authorities
an opportunity to influence the design of the encapsulation plant and the final
repository, as well as the content and scope of the EIS. The consultations also enable
SKB to benefit from the knowledge and experience of the participants. The aim is to
end up with a broadly supported environmental impact statement.

Producing an EIS involves many studies, surveys and inventories. During the
consultations, everyone is welcome to offer viewpoints, pose questions and engage
in discussions with SKB and other participants. SKB keeps notes of every meeting.
These notes will be compiled in a consultation report, which will be submitted with
the EISs and the permit applications.

At the consultation meetings you can make your voice heard.
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Several levels
The consultations take place at several levels.
Early consultations shall, according to the
Environmental Code, be held with the
County Administrative Board and with
individuals likely to be particularly
affected. We have carried out early
consultations in both Forsmark and
Oskarshamn. This took place during
2002–2003. The extended consultations
began in 2003. They will continue until the
application under the Environmental Code is
submitted. Certain national authorities and affected
organizations will also participate there.

Consultations may even be held outside Sweden. Sweden has signed the Espoo
Convention. This is an agreement that regulates environmental impact assessments
in a transboundary context. According to the Espoo Convention, the Swedish
Environmental Protection Agency shall “inform the competent authority in that
country about the planned activity or measure and give the country concerned and
the citizens who are affected the opportunity to take part in a consultation procedure
concerning the application and the environmental impact assessment”. 

Every year SKB publishes the booklet “Extended consultations according to the
Environmental Code”. It contains a more detailed description of what consultations
have been held during the year as well as excerpts from minutes and notes of meetings.
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The democratic process
Making decisions that will have consequences thousands of
years in the future is a dizzying prospect. Such a long timeframe
also makes extra high demands on the democratic process.

You are most welcome to visit any of our facilities! We would be happy to tell you more about
our plans for the future.
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In order to build the encapsulation plant and the final repository, SKB needs to have
the support of both society and private citizens. For we only intend to build the
facilities on sites that are safe and accepted by the local residents. The municipality
has the power to halt the siting process at any time. However, voluntary participation
carries certain responsibilities as well. Private citizens, local decision-makers, politi-
cians, the media, critics – all are responsible for gathering sufficient information on
this issue to decide where they stand.

As a layman it may be difficult to have an opinion on technical issues, such as how
thick a copper canister should be. But there are a number of issues on which private
citizens can have an opinion, for example issues that have to do with your own values
and viewpoints on what is right or wrong. Basically there is a choice between two
simple alternatives: We or them? Now or later? Should we in Sweden dispose of our
own waste, or should we have people in another country do it for us? Should we shirk
our responsibilities now and let future generations make these difficult decisions for us?

The nuclear waste issue spans the generations. Here, pupils at Oscarsgymnasiet, an upper second-
ary school in Oskarshamn, discuss whether we should dispose of other countries’ waste or not.
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Engagement exists
With voluntary participation as a prerequisite and a principle, SKB can accomplish its
mission provided enough people acquire the necessary knowledge to make a decision,
and provided a majority of the political parties say yes. Happily, the necessary engage-
ment does exist. Both Oskarshamn and Östhammar municipalities are engaged in
the work with the encapsulation plant and the final repository. Both municipalities
have formed groups with whom we can carry on fruitful discussions.

Oskarshamn Municipality is conducting the so-called LKO Project. The abbre-
viation stands for Local Competence Building in Oskarshamn. The purpose is to
gather and present to the municipal council background material as a basis for making
a decision on the permit applications for building the encapsulation plant and the
final repository. The project is headed by a full-time public official plus another
person who works half-time with the nuclear waste issue. Most of this work is being
done within the framework of the EIA process and is being paid for with money
from the Nuclear Waste Fund.

Östhammar Municipality is following the work with the alternative location of
the encapsulation plant at nuclear power unit 3 through the Local EIA Group in
Östhammar. The group, which consists of both politicians and public officials, is
supposed to furnish the municipal executive board with material as a basis for various
decisions and statements.
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The virtuous circle
Both Oskarshamn and Östhammar are nuclear power
municipalities. For decades the power plants there have been
major workplaces with many highly qualified employees.

Anders Nyström, head of the Encapsulation Project, has long experience working with spent
nuclear fuel. He worked at Clab for many years. He is shown here together with Mikael Tigerström
at the Canister Laboratory.
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Learning from your own and other people’s experience is vital in all sectors, not
least the nuclear power sector. Exchanging experience gained from both mistakes
and successes leads to well trained personnel and sensible procedures. We try to
apply this principle consistently in our work with the encapsulation plant and the
final repository.

Constant improvements
As the work progresses we will summarize, evaluate and apply all new knowledge.
The canister laboratory will be an important centre of expertise in the future as well.
There we can test new ideas and train our personnel. In this way we hope to set up a
virtuous circle, where constant improvements are an everyday occurrence.

The experience we have already gained from the development of the canister and
the welding methods will, for example, be put to use in designing the encapsulation
plant. We also make use of existing knowledge and experience in the management of
spent nuclear fuel by bringing personnel from the nuclear power plants and other
parts of the nuclear industry into the project.

Public oversight
The regulatory authorities oversee SKB’s activities in all phases of the nuclear waste
programme. The programme is also reviewed by the Government every three
years. For this purpose we must submit an account of our results and our plans
for research and development.
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Your opinions are important
Make your voice heard! Your opinions are important. This is Project
Manager Anders Nyström’s message to everyone who will be
affected by the encapsulation plant.

Anders Nyström, project manager for the encapsulation plant.
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Namnteckning

In the autumn of 2006 an application under the Nuclear Activities Act for permission
to build the integrated Clab/encapsulation plant was submitted. Soon it will be time
for an equivalent application under the Environmental Code for the entire final
repository system. I would therefore like to take this opportunity to urge everyone to
make their voices heard by participating in the consultations that will be held.
Naturally, you are also welcome to contact me and my colleagues directly. Your
opinions and experience and your local expertise are important to us at SKB. Together
we can design a better plant with as little impact on the environment as possible.

Joint consultations are being held for the final repository and integrated Clab/
encapsulation plant. So far we have received many constructive viewpoints. Some
have to do with technology, environment and safety, while others deal with the
democratic process and how decisions should be made. For me personally it has
been both difficult and stimulating to exchange opinions and viewpoints on complex
issues in an open dialogue. In the discussions, knowledge aspects are mixed with
emotions and purely technical questions are mixed with responsibility issues.

Local solution necessary
Ultimately, the issue of nuclear fuel disposal is one of responsibility: SKB’s respon-
sibility, the individual citizen’s responsibility, and the nation’s responsibility. It is we
who are alive today who have created the need for energy and consumed the electricity.
And it is Sweden as a nation that has benefited from the energy production. The
nuclear waste issue is a matter of national concern that requires a local solution.
The encapsulation plant is a part of this solution.

Most of the pieces of the puzzle as regards the technical design of the encapsulation
plant have already fallen into place. The last big decision was made in May of 2005,
when we decided to opt for friction stir welding (FSW) as the method for attaching
the lids to the canisters. We have a great deal of faith in this technology. The trial
series we have made in the Canister Laboratory have shown very good results. The
welds are of very high quality.

We have also worked in parallel to develop a sealing method based on electron
beam welding (EBW). This method can also be used to produce lid welds of very
high quality. But FSW is the method we currently judge to be best suited for welding
in long production runs. Our job in the encapsulation project is now to adapt the
work stations in the plant to the method.

Long experience
I am being assisted in the encapsulation project by a dozen or so qualified co-workers.
We all have long experience working in nuclear installations. A challenge for all of
us is the dry handling of the spent nuclear fuel that will take place in the encapsulation
plant. Dry handling in a production environment is new in Sweden; all spent nuclear
fuel is currently stored in water-filled pools in Clab. Our design engineers also have
a great deal of experience designing and building nuclear installations. We have



engaged Westinghouse Electric Sweden AB in the project, who are in turn assisted
by British Nuclear Group and Ramböll Sverige AB. The design work is primarily
aimed at building a plant adjacent to Clab, but we are also exploring the possibility
of building the encapsulation plant at Forsmark. This option will only be considered
if the final repository is also built there.

But we need your help. Together our chances of success are even better. So make
your voice heard by participating in the consultations or contacting us directly.

Anders Nyström
Head of Encapsulation Project
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Encapsulation
When, where, how and why?

Swedish Nuclear Fuel and Waste Management Co
Box 250,  SE-101 24 Stockholm, Sweden

Telephone +46 8 459 84 00
www.skb.se
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