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I am pleased to send you "Activities 1995", the SKB Annual Report 1995.

1995 was an important year for SKB. The preparatory work for the last step of the Swedish
system - to build an encapsulation plant and a deep repository for the spent fuel - has
progressed. In September 1995 the RD&D programme was presented to Swedish authorities
and the Government. Basically the concents are the same as in the 1992 R&D programme and
the authorities also this time support SKB's work.

"Activities 1995" outlines how SKB handles Sweden's radioactive residues and the ongoing
work and plans.

We will be most pleased to further inform you of the SKB work. Welcome to contact us for
more detailed information.

SVENSK KARNBRANSLEHANTERING AB
Swedish Nuclear Fuel and Waste Management Co

Sten Bjurstrom, \
President and CEO



Sten Bjurstrom, President ofSKB:

The deep repository -
a joint task for the power
industry and society

SKB's facilities and systems have per-
formed well during 1995. Sweden's
radioactive waste has been managed as
planned. The experience gained from
ten years of operation is very good,
with regard to both working condi-
tions and technical performance.

The radioactive waste from the
operation of the nuclear power plants
is disposed of in a permanent and final
fashion in the SFR facility. The spent
fuel is stored temporarily at the
CLAB facility, but a deep repository
has to be built for permanent disposal.
The work of designing and siting this
facility was commenced a few years
ago. SKB's programme for final dis-
posal of spent nuclear fuel - RD&D
92 - describes a preferred alternative
which also includes an encapsulation
plant.

RD&D 92 has been adopted by the
Government as the basis for SKB's
work. Previously it had been subjected
to an extensive round of review and
commentary by universities, colleges
and specialist companies, and been
evaluated by the Swedish Nuclear
Power Inspectorate in consultation
with the Swedish Radiation Protection
Institute. The Government has ana-
lyzed and cited the legal framework
for the decision in question.

In September 1995, RD&D 95 was
submitted to the Government by SKB
in accordance with the provisions of
the Act on Nuclear Activities. The
programme coincides in all essential
respects with the previous pro-
gramme, but the plans have been
thoroughly re-evaluated and refined,
based in part on the results of exten-
sive field tests in the Aspo HRL. The
tests and experiments conducted there
constitute a dress rehearsal for the
construction of the deep repository.

Encapsulation of the fuel in copper
canisters is an important safety barrier
in the Swedish system. Trial fabrica-
tion of an initial canister was carried
out during 1995. The work is now
focused on developing a very reliable

fabrication method in a pilot plant and
upscaling it to industrial scale.
Extensive design work was also car-
ried out during the year on the actual
encapsulation process, aimed at pro-
ducing supporting material for a per-
mit application.

The deep repository is intended to
be built on a site with very good safe-
ty prospects. SKB's comprehensive
data on the Swedish bedrock show
that many sites in the country have a
bedrock that conforms to high safety
standards. After safety and environ-
mental considerations, the local indus-
trial infrastructure and experience are
the most important factors in the
selection of a site. Naturally, the
municipality's interest in hosting a
deep repository is also a major consid-
eration. In conjunction with RD&D
95, SKB has published national general
siting studies which present in collect-
ed form the background and premises
for the feasibility study work. Feasi-
bility studies are the first concrete step
in the siting of a deep repository and
aim at providing a basis for compari-
son and selection.

During 1995, SKB conducted feasi-
bility studies in Storuman, Mala,
Nykoping and Osthammar. The work
in Storuman was terminated when a
large majority of municipal residents
voted against going any further in a
local referendum. The results of the
feasibility study in Mala will be pre-
sented in the spring of 1996, after
which the municipality will conduct
its own review. The feasibility studies
in Nykoping and Osthammar will
continue throughout 1996.
Discussions of additional feasibility
studies are currently being held with
the municipality of Oskarshamn.

The work of siting the deep repository
is a controversial issue. A large majori-
ty of Swedes consider it urgent that we
dispose of the waste in Sweden and
that the municipalities participate in
feasibility studies. At the same time, it

is quite clear that many people would
prefer not to have the deep repository
situated in their own municipality.

The current feasibility work also
yields concrete experience which illus-
trates important parts in the siting
process and is very valuable. Deci-
sion-making and work procedures
have been developed, along with
forms of cooperation between munici-
palities, county administrative boards,
regulatory authorities and industry,
for example in the course of the El A
process.

We must realize that there will
always be critics who, for one reason
or another, feel that we do not know
enough yet and who will therefore
want to postpone the decision to pro-
vide time for more research. At the
same time, Sweden is in an exception-
ally good position to be able to com-
mence deep disposal without thereby
limiting the options for future modifi-
cations in the system. SKB's plans call
for 10% of the fuel to be emplaced in
an initial phase. This will be followed
by thorough evaluation, including re-
evaluation of alternative methods.
This will allow great freedom to eval-
uate the options in the light of new
findings. At the same time, it will pro-
vide the best possible basis for a deci-
sion as to how the permanent disposal
of all long-lived waste is to be execut-
ed.

The good options we already have
- as a result of sound research con-
ducted over many years - should now
be demonstrated in reality. We are
not shifting the burden of decision to
tomorrow's generations, but rather
giving them an opportunity to make
their own choices against the back-
ground of the knowledge that will
exist in 20-30 years.



SKB manages Sweden's
radioactive waste

Oskarshamn, 3 reactors

Sweden has four electricity-
generating nuclear power sta-
tions with a total of twelve
nuclear reactors. They give rise
to most of Sweden's radioactive
waste.

A safe transportation system is a
vital link in the waste manage-
ment chain. Since all Swedish
nuclear power stations are located
on the coast, the waste can be
shipped simply and safely by sea.
SKB owns the transport ship
M/S Sigyn, specially-built trans-
port containers and special vehicles
for loading and unloading the ship.

Stockholm

inghals v

Oskarshamn

Svensk Karnbranslehantering AB, SKB
(the Swedish Nuclear Fuel and Waste
Management Company), is responsible

for the management and disposal of
Sweden's radioactive waste. The primary
category is waste from the nuclear power
plants, but some waste also comes from
hospitals, industry and research institu-
tions.

Different types of radioactive waste are
generated in a nuclear power plant. The
waste is classified as low-, intermediate-
or high-level, depending on the type and
quantity of radioactive materials it con-
tains. The classification is made with a
view towards how the waste is to be han-
dled and transported. Intermediate-level
waste, for example, must be provided with
radiation shielding, while high-level waste
must be both shielded and cooled.

A classification is also made into short -
and long-lived waste, depending on the
lifetime of the radionuclides in the waste.

The long-lived high-level waste con-
sists primarily of spent nuclear fuel. It is
handled under water and transported in
special containers. After 1,000 years less
than 1% of the radioactivity remains. The
fuel must, however, be kept isolated for a
long period of time, since the remaining
radionuclides can be harmful if they enter
the human body.

The intermediate-level waste is short-
lived and has to be isolated for up to 500
years. It consists of, among other things,
filter resins used for purifying the reactor
water. Some waste from the future decom-
missioning of the nuclear power plants also
belongs to this category. Intermediate-level
waste is mixed with concrete or asphalt and
poured into metal or concrete packages.

The low-level waste, which is also
short-lived, consists of used protective
clothing, tools and replaced parts. It is
sorted into combustible and non-com-
bustible waste. The combustible waste is
incinerated in a special furnace and the
ashes are transferred to metal drums. The
non-combustible material is compacted
and packed into drums or metal cases.

All radioactive waste is handled and
disposed of in solid form.



The spent fuel is highly radioactive and is
transported in purpose-built, radiation-
shielding containers.

Reactor components also emit high levels
of radiation. When the reactor is decom-
missioned (or parts replaced), these com-
ponents are transported in radiation-
shielding containers.

The intermediate-level waste, including
filter resins, is embedded in concrete or
asphalt. It requires radiation shielding, but
not cooling.

The low-level waste - used clothing, trash
and scrap - has a very low level of radio-
activity. This waste is packed in steel freight
containers or incinerated. The ashes from
incineration are packed in metal drums.

Radioactive materials are all
around us. We are exposed to
radiation from outer space and
the bedrock, as well as from X-
rays, radon and even our own
bodies.

In time, all radioactive materi-
als eventually decay to non-
radioactive materials. This usual-
ly goes relatively quickly, but for
some radionuclides it takes a
very long time.

Radioactive waste emits radia-
tion that is harmful to humans
and animals. We can be exposed
to radiation externally, but also
internally if radioactive particles
enter our bodies through the air
we breathe or through food and
drink.

Almost all radioactivity in
nuclear waste - 99% - is in the
spent fuel.

Many types of radioactive
substances are present in the
spent fuel. Some, such as the
most important radioactive

gases, have a very short life and
disappear before the fuel leaves
the nuclear power plant. Others
emit high-energy radiation, but
this decays to very low levels
after 1,000 years.

Finally, there is a small quanti-
ty of very long-lived radionu-
clides that cannot cause injury
through external irradiation, but
are harmful if they get inside the
body. It takes up to 100,000
years for the radioactivity of
these substances to decay to the
levels that occur in nature.

The direct radiation, which is
important for the handling of the
waste, can be blocked by a metre
or so of concrete, a couple of
metres of rock or about 4 metres
of water. To prevent the spread
of radioactive particles, all waste
is converted to solid form. In the
final repository it is then isolated
by extra barriers to prevent the
long-lived radionuclides from
escaping.

The spent fuel is stored in CLAB, Central interim storage facility for
spent nuclear fuel, for 30-40 years. During this time its radioactivity,
and thereby its heat output, decreases by 90%.

Storage chambers in SFR, Final repository
for radioactive operational waste.



What risks are posed by
radioactive waste ?

Reactor in operation
rn1 30,000,000 watts per tonne of fuel

2,000,000 watts

20,000 watts
per tonne

Nuclear waste can be both bothersome
and hazardous (toxic) if it isn't handled
properly.

The radioactivity of the waste can
harm man and his environment in two
ways:
• By direct long-range external radiation,

which can damage the cells of the
human body from the outside.

• By internal radiation if radioactive
materials enter the body, where short-
range radiation can also cause damage.
(See box on next page.)
The direct radiation is a problem when

the waste is handled, i.e. it is primarily an
occupational hazard. Good means of
protection arc available, however, and we
have plenty of experience with the use of
radiation shielding from hospitals and the
nuclear power industry.

Few accidents are associated directly
with radioactive waste, but if fuel or radi-
ation sources are not managed properly
they can pose a serious risk. A well-
known case is a radiation source that was
discarded on a garbage dump in Brazil,
another is a radiation source that was
stolen from a storage shed in Estonia. It
is difficult to see how direct radiation
could harm or threaten the public, pro-
vided that the radioactive material is han-
dled in a responsible manner and in a

well-managed system.

CLAB

1,000 watts per tonne

Deep repository

While a reactor is in operation, each tonne of fuel emits 30,000,000
watts of power. Immediately after the reactor has been shut down,
the power level falls to about 2,000,000 watts, which is the same as the
power needed to drive an electric locomotive. When the fuel is transported
to CLAB, after about six months, its heat output has fallen to 20,000 watts.
The radiation levels decline with time in the same way. After 30-40 years,
when it is time to emplace the fuel in a deep repository, each tonne of fuel
emits approximately 1,000 watts - the same as an ordinary electric radiator.
After 1,000 years the power level is down to 100 watts, which is equivalent to a
strong light bulb.



The risks posed by long-term deep geo-
logical disposal depend on the inherent
toxicity of the fuel and how accessible it
is. The toxicity of the fuel in turn
depends on which radioactive substances
it contains. The long-term risk, or safety
level, is affected by limiting the accessi-
bility of the fuel. The more hazardous or
toxic a substance is, the more important
it is that it be kept isolated from man
and his environment. The same principle
applies whether we are talking about
drugs in a medicine cabinet or radioac-
tive waste.

The long-term risks in a deep reposi-
tory stem primarily from short-range
radiation and are a function of the toxici-
ty of the waste if it is ingested into the
body. The important safety-related pur-
pose of a deep repository is therefore to
keep the waste inaccessible and isolated
over a very long time. The only realistic
escape route for radioactive materials
from a deep repository at a depth of
about 500 metres is that they are dis-
solved in groundwater which eventually
reaches the surface. A deep repository is
built with multiple long-term stable bar-
riers to prevent this. Stringent require-
ments on quality and chemical resistance
are imposed on the canister that isolates
the waste and on the other barriers that
back up and reinforce this isolation.

The barriers are supposed to prevent
the groundwater in the rock from dis-
solving the waste and spreading it to
man. The planned barrier system in the
deep repository and its function are
described on page 21.

Locating the repository deep down in
the bedrock is good for several reasons.
The environment there is well-known
and changes are rare or slow. Further-
more, the rock provides protection
against inadvertent intrusion. The best
protection against such intrusion, how-
ever, is to preserve information about the
repository and its location and about the
safety-related aspects of the disposal
system.

Alpha

Beta

Gamma

Different types of radiation have different
penetrating power. Alpha radiation is
completely stopped by a sheet of paper and
beta radiation by a glass window. Slowing
down gamma radiation requires thick lay-
ers of heavy materials such as lead.

The spent nuclear fuel is radioac-
tive because the nuclear reactions
in the reactor give rise to new
atoms with a surplus of internal
energy. This surplus energy is
emitted as radiation of varying
range, which can harm human
beings by damaging the cells in
the human body.

Some radionuclides mainly
emit alpha and beta radiation
with such a short range that it is
stopped by human skin. For
such substances to be hazardous,
they must enter the body via
food and drink or via inhalation
and cause internal irradiation.
Their toxicity is comparable to
that of poisons, and the risk of
injury is kept low by isolating
the waste or the poison from
man.

Other radionuclides emit radi-
ation with a long range, gamma
radiation. Such radiation, called
direct radiation, can harm man
from the outside without the
waste entering the body.
Direction radiation is compara-
ble to X-rays, and as in X-ray
examinations, humans are pro-
tected by shielding.

As the radionuclides emit
radiation, the number of atoms
with surplus energy decreases,
and the level of radioactivity
declines. It is said to decay, and
the atoms are transformed into
stable atoms. The rate of decay
varies and is unique for each
kind of radioisotope. For certain
natural radioisotopes, e.g. uram-
um-238, the disintegration
process goes so slowly that more
than half of the atoms that exist-
ed when the solar system was
formed have still not disintegrat-
ed. Isotopes that emit long-range
direct radiation generally decay
faster than ones with short-range
radiation. The direct radiation
from cesium-137 decays to half
in 30 years, and is insignificant
after about 500 years. Iodine-
131, which is an important iso-
tope in reactor operation, has a
half-life of 8 days. Its radiation is
insignificant after only six
months.

Direct radiation influences
how we handle waste and spent
fuel. A radiation shield consist-
ing of 1 cm of lead, 4 cm of con-
crete or 12 cm of water reduces

the gamma radiation to half.
Spent nuclear fuel requires radia-
tion shielding consisting of
about 4 m of water, a couple of
metres of rock or a metre or so
of concrete.

Whenever radioactive materi-
als are handled, the direct radia-
tion must be shielded off and
radionuclides prevented from
entering the body. This is impor-
tant both for the employees and
for the population in the sur-
rounding area.

In the long run, the toxicity of
the waste is dominated by the
toxic effect which radioactive
substances can have in the
human body. Isotopes that dom-
inate this toxicity are cesium-
137, americium-241 and plutoni-
um-239, with half-lives of 30,
430 and 24,000 years, respective-
ly. Their toxicity is high, but not
unique if compared with other
highly toxic substances such as
dioxins, nicotine and the toxins
from poisonous mushrooms.
The toxicity of the waste is
greatest when it is first emplaced
in the deep repository. It decays
to about 10% of its original level
during the first hundred years or
so. In order for the toxicity of
spent nuclear fuel to come down
to the level of the toxicity of the
uranium that was originally
mined to fabricate the fuel, the
radionuclides have to decay for
about 100,000 years.

Some kind of driving force is
required to transport radionu-
clides. In a reactor, with its high
pressures and temperatures, this
force is very strong, and the
decay heat of the nuclear fuel is
very high even after the reactor
has been shut down. This high
decay heat is caused by a very
large quantity of short-lived
radionuclides decaying rapidly
and emitting a large quantity of
heat. The decay heat in a waste
storage facility is many times
less, which means that much
simpler arrangements are needed
to remove the heat and keep the
fuel isolated. The decay heat in a
deep repository has already
declined to such a low level that
it no longer provides enough
driving force to transport the
radionuclides.



Premises and responsibilities

Ministries
and regulatory-

authorities

National Council for
Nuclear Waste

KASAM

Swedish Nuclear
Power Inspectorate

SKI

Swedish Radiation
Protection Institute

SSI

Sweden has been producing electricity
with nuclear power since 1972. It ac-
counts for about half of our electricity
needs today. But nuclear power has also
given rise to radioactive waste. The
existence of this waste is already a fact,
regardless of how Sweden's future energy
needs are met. The waste has to be man-
aged and disposed of in a responsible
fashion - otherwise it can pose a danger
to man and the environment.

Swedish law states that whoever pur-
sues a nuclear activity is also obligated to
dispose of the waste in a safe manner.
There are four nuclear power utilities in
Sweden: Forsmarks Kraftgrupp AB,
OKG Aktiebolag, Vattenfall AB and
Barseback Kraft AB. These companies are
required by law to manage and dispose of
the radioactive waste. For this purpose
the electrical utilities have formed a joint
company, Svensk Karnbranslehantering
AB, SKB (the Swedish Nuclear Fuel and
Waste Management Company).

SKB has been given the task of manag-
ing and disposing of Sweden's radioactive
waste in a manner that satisfies the law's
requirements on safety. SKB builds and
operates systems and facilities for the

waste, and also conducts the necessary
research.

Already today, a system is in place that
will take care of all waste for a long time
to come. SKB has a transportation sys-
tem, a final repository for short-lived
operational waste and an interim storage
facility for long-lived spent nuclear fuel.
What remains to be built is an encapsula-
tion plant and a deep repository for final
disposal of the fuel.

SKB's activities are regulated by vari-
ous statutes, including the Act on
Nuclear Activities, the Radiation
Protection Act and the Financing Act.

The Swedish Nuclear Power
Inspectorate (SKI) and the Swedish
Radiation Protection Institute (SSI) are
the authorities that scrutinize SKB's
activities and oversee safety both in the
operation of the nuclear power stations
and in waste management. The Nuclear
Waste Fund is the authority that admin-
isters the fee and the funding set up to
pay for the management and disposal of
the nuclear waste. A charge of two ore
(100 6re = 1 Swedish krona; USD 1 =
SEK 7) per kilowatt-hour is levied today
for the financing of waste management.
The money is deposited in accounts with
the National Debt Office (see page 34).

Besides the two authorities mentioned
above there is a scientific body, KASAM

Statutes

/

/

Ministry of the
Environment

/ /

Act on Nuclear
Activities

SKB's owner utilities

Vatten-
fall AB

Barsebdck
Kraft AB

OKG
Aktiebolag

Forsmarks
Kraft-

grupp AB

Radiation
Protection Act

Swedish Nuclear Fuel and
Waste Management Company

SKB

Financing Act

Contractors for operation of CLAB, SFR and -waste shipments.
Consultants and experts for research, development and enquiries.



(the National Council for Nuclear Waste).
One of the Council's tasks is to submit a
report to the Government every third
year with their assessment of the state of
knowledge in the field of nuclear waste.

SKB's fundamental principles are as fol-
lows:
• Our generation, who use the electricity

from nuclear power, are responsible for
ensuring that the waste is managed and
disposed of in a safe manner.

• Assuming responsibility entails work-
ing to ensure that the methods that cur-
rently exist for disposal of the waste
can be tested and implemented in prac-
tice.

• Since we don't know anything about
society in the future, we should limit as
far as possible the measures that are
required of future generations.

• People in the future should have an
opportunity to modify the disposal
arrangements, should they so desire.

SKB is therefore planning a disposal that
is safe in the long term, even if surveil-
lance and monitoring should cease. The
work is planned to be implemented in
stages, with investigations, licensing, con-
struction and operation of a deep reposi-
tory for spent nuclear fuel.

In practice, this means that our genera-
tion will build the repository and com-
mence the deposition of spent nuclear
fuel. However, the deposition will be car-
ried out in such a manner that the fuel can
be retrieved. This will give our children
the opportunity to decide, based on as
complete a body of information as possi-
ble, how they wish to proceed. They will
be free to modify the disposal arrange-
ments, should they so desire, or seal the
repository for good.

The methods for managing radioactive
waste can also provide guidance in the
management of other hazardous waste.

The Act on Nuclear
1995 Activities clearly states

that the power industry
has full responsibility to "take
whatever measures are neces-
sary" to dispose of Swedish
nuclear waste m a safe manner.

Every third year, SKB submits
a programme for the research,
development and other activities
that are required for a safe man-
agement and disposal of
Sweden's radioactive waste. The
most recent programme, called
RD&D-Programme 95, was
submitted in the autumn of 1995.
The programme has since, as is
customary, been sent out by SKI
for broad review and com-
mentary to universities, colleges,
environmental organizations,
concerned county administrative
boards and municipalities, etc.

Government decision 11 of 18
May 1995 concerned the supple-
ment to RD&D-Prograrrime 92
which SKB had, at the
Government's request, submit-
ted during 1994. The decision
states that SKB shall "... present
its plans and programmes for
determining technical require-
ments on barriers, subsystems
and components based on perfor-
mance and safety assessments of
the final disposal system and for
investigation of potential final
repository sites. Further, general
siting studies and site-specific fea-
sibility studies shall, upon com-
pletion, be collectively presented
in coming research and develop-
ment programmes".

Furthermore, the Government
orders SKI to disburse monies to
municipalities where feasibility
studies are conducted from the
nuclear waste reserve funds, via
the concerned county adminis-
trative board. The monies are to
cover costs that enable the
municipalities "to follow and
assess, and furnish information
on, matters that concern final
disposal of spent fuel and nuclear
waste". The amount may not
exceed SEK 2 million per calen-
dar year and municipality.

The Government decision also
states that a decision regarding
construction of the encapsulation
plant should not be made "until
a safety assessment of the entire
final disposal system has been
submitted and the planned final
disposal method has been found
suitable ".

Regarding the deep repository,

the Government says: "The
applications for permits... to erect
a final repository for spent
nuclear fuel should contain mate-
rial for comparative assessments
which shows that site-specific
feasibility studies, in accordance
with SKB's reporting, have been
conducted at 5-10 sites in the
country and that site investiga-
tions have been conducted on at
least two sites, and give the rea-
sons for the choice of these sites".

Regarding the joint consulta-
tion procedure for environmen-
tal impact assessments, it is stat-
ed that the county administra-
tive boards shall assume a coor-
dinating responsibility.

In December 1995, the
Riksdag passed amendments to
the Financing Act aimed at mak-
ing the system safer. To under-
line the power plant owners'
responsibility to pay all costs,
they are required to pledge secu-
rities. The securities will be used
in the event that future costs
exceed the reserve funds, either
because the nuclear power plants
are shut down before being
operated for 25 years, or because
the actual costs are higher than
expected. To improve the yield
on the reserve funds without
incurring higher risk, they will
from now on be deposited in
accounts with the Swedish
National Debt Office instead of
with the Bank of Sweden as
before. Responsibility for man-
agement of the reserve funds will
be transferred to a new agency,
the Nuclear Waste Fund. The
board of the Nuclear Waste
Fund also includes representa-
tives of the power plant owners.
The revised financing system
will enter into force as from
1996.

Sweden and the EU member
states agreed on a joint declara-
tion in conjunction with the
signing of the Euratom Treaty.
There it is stated that Sweden has
the right to determine its own
policy for the management and
disposal of radioactive waste. A
special letter from the EC
Commission establishes that the
EU does not make any claims on
Swedish spent nuclear fuel.

The Riksdag decided in 1992
to forbid final disposal of foreign
nuclear waste in Sweden. This is
compatible with EU regulations,
and France already has similar
legislation.



The Swedish system

CLAB (Central interim storage facility
for spent nuclear fuel).

CLAB was commissioned in 1985 and
is situated at the Oskarshamn Nuclear
Power Station. Here spent fuel is stored
for 30-40 years, during which time its
radioactivity and heat output diminish
sharply. Interim storage takes place in
water pools in a rock cavern about 25 m
below the surface. A total of about 8,000
tonnes of fuel will be stored in CLAB.

At the end of the '90s, SKB plans to
expand CLAB with an encapsulation
plant, where the fuel will be encapsulat-
ed in copper canisters.

Medical care,
industry and research

SFR (Final repository for radioactive
operational waste).

SFR was commissioned in 1988 and is
situated near the Forsmark Nuclear
Power Station. Here short-lived opera-
tional waste is disposed of in rock caverns
more than 50 m below the bottom of the
sea. In 500 years, the waste will be no
more dangerous than the natural back-
ground radioactivity in the host rock.

A total of about 90,000 m1 of opera-
tional waste will be disposed of in SFR.

Sweden has a system in operation today
that will manage all the country's radio-
active waste for a long time to come.
There is a transportation system, a final
repository for short-lived operational
waste and an interim storage facility for
spent nuclear fuel. What remains to be
built is an encapsulation plant and a deep
repository for final disposal of the fuel.

The waste is handled in such a manner
that neither personnel nor surroundings
are exposed to any radiation risks. On
disposal, the waste is enclosed in several
barriers that prevent radioactive materials
from escaping into the environment. All
of SKB's disposal facilities are situated in
rock caverns under ground.

Since the nuclear power plants and
SKB's facilities are located on the coast,
all waste is transported by sea. This is

Nuclear
power stations

Deep repository for spent nuclear fuel.
Deposition of waste in an initial

stage is planned to take place in 2008
at the earliest. Fhe site will be deter-
mined around the turn of the century.

The canisters with spent fuel will be
embedded in clay, in holes in the bot-
tom of tunnels at a depth of about 500
metres in the bedrock.

The repository will hold about 8,000
tonnes of fuel, which when encapsulat-
ed will have a volume of more than
10,000 m\

10



done with SKB's ship M/S Sigyn. The ship
is specially built, but safety is primarily
guaranteed by the sturdy transport con-
tainers that are used. The containers pro-
vide radiation shielding and mechanical
protection in the event of accidents. Fur-
thermore, all waste is handled in solid
form, further enhancing safety.

The short-lived operational waste, whicr
represents the largest volume, is transport-
ed directly to final disposal. The waste is
deposited in SFR, Final repository for
radioactive operational waste, which is sit-
uated close to the Forsmark Nuclear
Power Station. The repository consists of
rock caverns situated more than 50 m
below the seabed. When the repository ha:
been sealed a few years into the next cen-
tury, it will not require any more supervi-
sion. After about 500 years the radioactivi-
ty in the waste will be no more dangerous
than the natural background radioactivity
in the surrounding rock.

Some very low-level and short-lived
waste can also be disposed of by shallow
land burial at the nuclear power stations.

The long-lived and high-level waste, con-
sisting mainly of spent nuclear fuel, is tem-
porarily stored in CLAB, Central interim
storage facility for spent nuclear fuel, which
is located at the Oskarshamn Nuclear
Power Station. The fuel is stored in water
pools in a rock cavern about 25 m below the
ground surface. The water provides both
radiation shielding and cooling. The fuel will
be stored in CLAB for about 30^-0 years
before final disposal, during which time its
radioactivity and heat output will decline to
one-tenth. This simplifies handling when the
fuel is to be finally disposed of.

Before the fuel is placed in a deep repos-
itory it will be enclosed in copper canis-
ters. SKB plans to expand CLAB with a
plant for encapsulation of the fuel.

After encapsulation the fuel will be trans-
ported to a deep repository, which will be
built at a depth of about 500 metres in the
Swedish bedrock. There the canisters will
be deposited in holes bored in the floors of
tunnels. Multiple barriers will provide very
good isolation for a long time to come.
When all fuel has been deposited, tunnels
and shafts will be sealed. The repository
will be built to be safe even if surveillance
and controls should cease in the future.

Nuclear fuel supply
Sweden imports uranium for its nuclear
power plants. Most of it comes from
Canada and Australia, where it is pro-
duced in modern mines, most of them
open-cast. Large investments have been
made at these mines in environmental
protection.

There are several uranium-rich areas m
Sweden, but the uranium ore itself has a
relatively low content of uranium. Since
the supply of uranium in the world is
plentiful and the prices low, no prospect-
ing for uranium is done in Sweden.

Nuclear fuel consists of cylindrical "pellets" of uranium dioxide, a
ceramic material that is chemically very stable. The pellets are
encased in tubes -fuel rods - of corrosion-resistant material, which
are assembled into bundles called fuel assemblies. A boiling water
reactor contains between 440 and 700 fuel assemblies. Each assembly
is used for about 5 years before it is replaced, by which time it has
generated about 60 million kWh of electricity. A pressurized water
reactor contains about 160 fuel assemblies, which yield about 160
million kWh each.

The photo shows a fuel bundle during fabrication.

One pellet in a nuclear reactor is equivalent to about 800 litres of oil.
About 5 pellets are needed to supply enough heat and power for a
house for one year.
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Transportation

The spent nuclear fuel is transported in
very sturdy "casks" that provide radia-
tion shielding and protection in the
event of accidents. The casks are made
of stainless steel with copper fins for heat
dissipation. A cask with fuel weighs
about 80 tonnes.

r
A transport vehicle is used to move casks
to and from M/S Sigyn. The casks are
anchored on a carrier frame, which is
secured to the ship's cargo deck.
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Spent nuclear fuel and other radioactive
waste is transported in special containers
that provide adequate radiation shielding,
cooling and protection in the event of
accidents. In Sweden, all nuclear waste is
transported by sea on M/S Sigyn.

Safety is primarily guaranteed by the
transport containers. They have been
designed according to the type of waste
they are to carry and can withstand very
great stresses. The containers remain
intact and retain their protective function
even in the event of accidents, for exam-
ple if the ship should sink.

The intermediate-level waste, chiefly
solidified filters (ion exchange resins), is
transported in thick-walled steel freight
containers, which provide the necessary
radiation shielding. These containers with
load weigh up to 120 tonnes each and
hold about 25 m3 of waste.

Low-level waste does not require radia-
tion shielding and can be transported in
standard freight containers of the type
used for other shipments.

The spent fuel is transported in cylin-
drical steel "casks" with very thick walls
(about 30 cm) to shield off the strong
radiation from the fuel. The fuel also
gives off heat, which must be dissipated,
so the cask is provided with a large num-
ber of copper cooling fins. A loaded cask
weighs about 80 tonnes. Casks of a simi-
lar type will be used for the future ship-
ments of encapsulated fuel to the deep
repository.

About 6—10 cask shipments per year
are required to transport all fuel from a
nuclear power reactor to CLAB.

M/S Sigyn was built in 1982 specially
for transporting spent fuel and radioactive
waste. She is of the roll-on/roll-off type,
which means that the cargo can be driven
on board, as on a ferry. The Sigyn can
take 10 containers at a time. Normally she
makes 30^-0 trips a year between the
nuclear power stations and CLAB and
SFR. The Sigyn is also chartered out for
the transport of other heavy goods. SKB
has engaged the shipping line Rederiaktie-
bolaget Gotland to operate the Sigyn.

During 1995 the Sigyn
1995 was at sea for 157 days

—™ r̂ and sailed 39,000 nautical
miles. A total of 64 casks with
spent nuclear fuel and 3 contain-
ers with spent control rods were
transported to CLAB. 97 con-
tainers with intermediate-level
waste and 51 containers with
low-level waste were shipped to
SFR.

All shipments took place
without mishap. As in previous
years, no measurable radiation
doses were registered for the
crew of the Sigyn.

The fuel transport casks have
been licensed for transporting
modern fuel with higher enrich-
ment. To withstand the increased
neutron radiation emitted by
high-burnup fuel, two casks
were rebuilt with thicker neu-
tron shields during the spring of
1995.

Licensing and prototype test-
ing of a new transport container
for intermediate-level waste with
higher radiation doses than
before have commenced. The
prototype will be manufactured
during the spring of 1996 and
tested during the summer.

In addition to its regular pro-
gramme, the Sigyn made 17 ship-
ments with other heavy cargoes.
With its strong stern ramp, the

ship is particularly suitable for
heavy shipments. Among other
things, transformers were trans-
ported from Norrkoping to
Rostock, gas turbines from
Hallstavik to Gotland and urani-
um hexafluoride, UFe, from St.
Petersburg to Vasteras. A for-
eign aid shipment of agricultural
equipment was also made from
Varobacka to Tallinn.

During the summer months
the Sigyn was used as an exhibi-
tion ship for the seventh year in
a row (see page 37). Altogether,
more than 50,000 people visited
the Sigyn in 25 ports along the
Swedish coast. On board they
received information on SKB's
activities and future plans. Over
the years, some 450,000 people
have now been on board and
seen the exhibition.

Transportation - more than
10 years of operation
• Safe operation without

mishaps
• Approx. 200 tonnes of fuel

and 3,000 m3 of operational
waste are transported every
year

• No radiation doses to the
crew

• 2 crews of 12 members
each

• Sigyn is at sea about 150
days a year

• Sigyn is also used for other
transport assignments and
for SKB's floating exhibi-
tion

• Sigyn is operated by
Rederiaktiebolaget Gotland

MIS Sigyn is designed for shipments of
radioactive waste. The transport contain-
ers are brought on board via the ship's
stern ramp and carried in the cargo hold.

During 1995 two transport casks were rebuilt with thicker neutron
shielding for high-burnup fuel.
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Final repository for
radioactive operational
waste - SFR

SFR (Final repository for radioactive
operational waste) is located at the
Forsmark Nuclear Power Station. The
storage chambers are situated in rock cav-
erns more than 50 m below the seabed.
The water depth on the site varies, but is
about 5 m on average.

All the low- and intermediate-level
short-lived waste from the operation of
the nuclear power plants is disposed of in
SFR, along with radioactive waste from
medical care, industry and research.

The radioactivity in the waste decays
with time, and after five hundred years at
the most the waste will be no more dan-
gerous than the natural background
radioactivity in the host rock.

SFR has been designed to keep radioac-
tive materials isolated until they decay to a
harmless level. The waste is surrounded
by engineered and natural barriers, and the
facility is surrounded by virtually stagnant
groundwater. As a result, the surrounding
environment is not affected at all by the
radioactive materials in SFR.

Two parallel kilometre-long tunnels run
from the surface down to the repository.
One tunnel is used by an electric-powered
vehicle to carry the transport containers
down to the repository. The other is used
for personnel transport.

SFR is situated near the nuclear power sta-
tion in Forsmark. Operational waste from
the Swedish nuclear power plants is disposed of
here.

There are four rock vaults and a silo with room for different types <_
waste. Packages of low-level waste are handled by fork-lift. The rock
vault for intermediate-level waste is divided into pits. All handling here,
and in the silo, is done by remote-controlled overhead crane.
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SFR consists of five rock caverns (one
silo and four vaults) of differing design
according to the type of waste to be
emplaced there and how it is packaged.

Intermediate-level waste, mainly solidi-
fied filter resins from purification of the
reactor water, is deposited in the 50-metre
high concrete silo. This waste contains
most of the radioactivity in SFR. The
space between the silo wall and the rock is
filled with bentonite clay, which seals
against water flow.

The waste is placed in vertical shafts in
the silo, which are subsequently backfilled
with concrete. All handling here is
remote-controlled.

Waste with a lower level of radioactivi-
ty, and therefore lower requirements on
barriers, is deposited in the 160-m-long
rock vaults. It is handled by fork-lift and
by remote-controlled overhead crane.

SFR has a current capacity of about
60,000 m3 of waste. After an expansion,
100,000 m3 of waste from the future
decommissioning of the nuclear power
plants can also be deposited here.

SFR was commissioned in 1988 and is
operated for SKB by Forsmarks Kraft -
grupp AB.

To ensure that the radioactive materials in
the silo are kept isolated until they have
decayed, the waste is surrounded by barriers:

@ Solidified waste in packages.
(2) Concrete silo wall.
© Bentonite/sand overpack.
(4) Bentonite buffer.
® Host rock.

Waste was deposited in all
1995 chambers during 1995.

— ^ r The waste comes from the
four nuclear power stations and
from Studsvik.

A total of about 2,960 m3 of
waste was received and deposit-
ed during the year. Nearly half of
this waste was deposited in the
silo and backfilled with concrete.
As of year-end 1995, a total of
about 18,442 m3 of waste had
been deposited in the facility.

The operating licences from
the Swedish Nuclear Power
Inspectorate, SKI, and the
Swedish Radiation Protection
Institute, SSI, cover the entire
facility. Before different types of
waste may be taken down into

SFR, however, a special approval
is required for each one.
Through 1995, permits have
been obtained for 36 of a total of
40 or so waste types.

Experience from operation
was very good during the year.
The handling equipment works
well and the radiation doses to
the personnel continue to be
very low.

A new computer and database
system was installed in Forsmark
and running-in of the new sys-
tem was commenced.

Interest in SFR continues to
be great, and the facility received
about 20,000 Swedish and for-
eign visitors during the year.

SFR - 8 years of operation
• Safe operation without

mishaps
• Total of 18,442 m3 of waste

received from all Swedish
nuclear power plants and
Studsvik

• 2,960 m3 of waste was
received in 1995

• Approx. 15 employees
• Very low doses to the per-

sonnel due to remote-con-
trolled handling
(Approx. 1 mmanSv/y)

• Virtually no releases
• SFR is operated by

Forsmarks Kraftgrupp AB

Deposition of waste in the silo.
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Central interim storage facility
for spent nuclear fuel - CLAB

© Terminal vehicle with transport cask enters the facility's reception building.
(2) The fuel is unloaded from the cask to a storage canister under water in a pool.
(3) An elevator takes the storage canister with the fuel to the storage pools.
(?) The fuel is stored in the storage canisters in water-filled pools.
Q) At the end of the '90s, SKB plans to expand CLAB with an encapsulation

plant for the spent fuel,
(g) Ventilation shaft.
(7) New storage pools will be built in a new rock cavern around the turn of

the century.

The spent nuclear fuel is regarded as high-
level waste, with high radioactivity and
heat output. However, its radioactivity
declines fairly rapidly during the first few
years. An interim storage period of 30-40
years is therefore adequate before the fuel
is placed in a deep repository. During this
time the radioactivity declines by about
90% compared to what it was when the
fuel left the nuclear power plant.

The spent fuel is handled and stored
under water in storage pools in the central
interim storage facility for spent nuclear
fuel, CLAB, situated at the Oskarshamn
Nuclear Power Station. The water above
the fuel provides good radiation shielding
and cooling, permitting work to be done at
the edge of the pool without restrictions.

CLAB consists of a reception building
on the surface and a storage chamber in an
underground rock cavern. Premises for
different service systems and an office
building are also located on the surface.
The fuel transport casks are received and
unloaded in the reception building. The
entire procedure takes place under water.

The storage chamber consists of a
120-m-long rock cavern that contains
four storage pools and a reserve pool.
The pools originally held a total of about
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3,000 tonnes of fuel, uranium weight. The
total amount to be produced by the
Swedish nuclear programme is estimated at
nearly 8,000 tonnes. To accommodate this
amount, the capacity of the existing pools
was increased to 5,000 tonnes by the use of
an improved storage technique. With the
current pools, CLAB is expected to be
full around 2004, and additional capacity
(3,000 tonnes) is needed to accommodate all
fuel from the Swedish nuclear power plants.

Some highly radioactive components
from the reactor core are also stored in
CLAB. They are handled and stored in the
same manner as the spent fuel, in storage
canisters in the pools.

CLAB, which was commissioned in
1985, is operated for SKB by personnel
from OKG Aktiebolag. An expansion of
CLAB with a plant for encapsulation of the
spent fuel in copper canisters is planned at
the end of the '90s.

A. The fuel cask is lifted from the terminal
vehicle up through a hatch in the floor.

B. The fuel cask is provided with a protec-
tive jacket and cooled with water.

C. The cask is transferred to an unloading
pool.

D. In the unloading pool, the lid on the
cask is lifted off and the fuel assemblies
are lifted out and placed in a storage
canister. This takes place under water.

E. A water-filled elevator cage takes the
storage canister down to the storage sec-
tion, where it is lifted out hy a handling
machine and placed in a predetermined
position in the storage pool.

F. The work of the hydraulic handling
machines under water is followed on TV
monitors.

CLAB was operated dur-
1995 ing 1995 without any

major incidents. A
total of about 196 tonnes of fuel
in 64 transport casks, plus a
number of core component can-
isters, were received from the
nuclear power plants during the
year.

At year-end 1995, CLAB con-
tained a total of about 2,300
tonnes of fuel (unirradiated ura-
nium weight) and 71 storage can-
isters with core components.
This means that about 50% of
CLAB's current storage capacity
is utilized. The fuel quantity cor-
responds to about 530 TWh, or
Sweden's total electricity con-
sumption during nearly 4 years.

Operating experience contin-
ued to be good. The radiation
dose to personnel and contrac-
tors was low.

Radioactive releases were only
around one ten-thousandth of
the permitted value.

Tnere were 19 reportable
occurrences during the year,
which is seven more than last
year.

The received fuel was placed
in the new compact storage can-
isters that have been in routine
use since the autumn of 1992. In
parallel with reception, fuel was
also transferred from the origi-
nal, more space-taking storage
canisters to compact canisters.
This transferral involved both
BWR and PWR fuel, and at the
beginning of 1996 approximately
40% of the fuel in CLAB was in
compact canisters. The emptied
old canisters are taken out of the
facility after cleaning for storage
and possible re-use or scrapping.

The control system on a sec-
ond handling machine was

replaced during the year as a part
of a running modernization pro-
gramme.

The general part of CLAB's
safety report was revised during
the year, whereby experience
from ten years of operation was
utilized.

Experience from operation is
also continuously taken into
consideration in the design work
for the encapsulation plant (for
encapsulation of the fuel in cop-
per canisters), which is planned
to be built in direct connection
to CLAB.

CLAB continues to attract
great national and international
interest and received some
12,000 visitors during the year.

To expand the storage capacity
of CLAB, design work has
begun on the addition of more
rock caverns with storage pools.
The aim is that the building
work can get under way around
the turn of the century.

CLAB -10 years of operation
• Safe operation without

mishaps
• Approx. 200 tonnes of fuel

and 5 storage canisters with
core components are
received per year

• Total of about 2,300 tonnes
of fuel in CLAB

• Approx. 50 employees
• Low radiation doses to the

personnel (approx. 100
mmanSv/y)

• Release levels well below
permitted values

• Reduced operating costs
• CLAB is operated by OKG

Aktiebolag
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Encapsulation of spent
nuclear fuel

Cutaway view
of fuel rod with
pellets of urani-
um dioxide.

Schematic drawing of canister for
spent nuclear fuel. The canister is
about 5 m long and has a diameter
of I m. The canister wall consists of
5 cm of copper and 5 cm of steel.
With fuel the canister will weigh
about 25 tonnes.

Before the spent nuclear fuel is emplaced
in the deep repository, it will be encapsu-
lated in durable canisters. The canister is
one of the most important barriers in the
deep repository, since it is supposed to
keep the fuel isolated from the ground-
water for a very long time. The canister
also facilitates handling of the fuel in
conjunction with deposition in the deep
repository.

The most important requirement on
the canister is that it should remain intact
for a very long period of time in the
environment that will prevail in the deep
repository. It must not be penetrated by
corrosion in the groundwater present in
the rock or be squeezed apart by the
mechanical stresses to which it is subject-
ed in the deep repository.

To achieve this, the canister is planned
to consist of an inner container of steel
for mechanical strength, and an outer
canister of copper for corrosion resis-
tance. Copper corrodes very slowly in
the oxygen-free water present at depth in
the Swedish bedrock. Studies have shown
that the canister will probably remain
intact in a million-year perspective. This
is considerably longer than the 100,000
years during which the spent fuel is more
dangerous than a rich uranium ore.

Other designs of the canister have been
studied before, for example a solid cop-
per canister where encapsulation is car-
ried out by hot isostatic pressing, or a
copper canister in which the void around
the fuel is filled with lead. However, both
methods require that encapsulation be
done at high temperature, which can be
avoided with the present canister. This
has been decisive for the choice of this
canister as a first option, since the long-
term performance of the three canister
types is judged to be equivalent.

Encapsulation is planned to take place
in a new plant connected to CLAB. In
the encapsulation plant, fuel from
CLAB's storage pools will be placed
directly in canisters while being checked
and dried at the same time. Before the lid
on the inner steel container is put in
place, the void in the canister may be
filled with inert (chemically non-reactive)
gas. The copper canister will then be
scaled by welding on of a lid. Exacting
demands are made on this weld in terms
of leaktightness and the ability to test this
leaktightness. Electron beam welding will
be used. After inspection to make sure
that the canisters are leaktight and clean,
they will be taken to a buffer store before
being transported to the deep repository.
Transportation will take place in trans-
port casks of the same type as those used
today for transport of spent fuel from the
nuclear power stations to CLAB.
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In designing the encapsulation plant, a
great deal of emphasis will be placed on
radiation protection for the personnel
and the environment.

This means, among other things, that
the actual encapsulation procedure will
be performed by remote control in heav-
ily radiation-shielded compartments. A
large part of the handling of canisters
will also be done by remote control.
Experience from CLAB and SFR, as well
as from various foreign facilities with
similar handling of fuel, will be drawn
upon.

In a later phase, other long-lived waste
will also be treated in the encapsulation
plant. Examples of such waste are core
components, e.g. control rods, and other
reactor internals that have become acti-
vated by neutron bombardment during
reactor operation. This waste is planned
to be embedded in concrete.

The encapsulation plant will prelimi-
narily provide jobs for about 50 persons
during the operating period, not count-
ing those who work at CLAB. The total
cost of the encapsulation plant and the
expanded storage capacity in CLAB has
been preliminarily estimated at about
SEK 2 billion.

1995
SKB continued its work
on design of an encapsula-

Machining of copper tube for the first
copper canister.

tion plant and develop-
ment of the canister and sealing
method during 1995. A prelimi-
nary description of the encapsu-
lation process and the design of
the plant was prepared. Different
fabrication methods for the cop-
per canister were tested, and the
first full-sized canister was fabri-
cated and sealed.

The copper canister is planned
to contain an inner steel cylinder
("insert") to provide mechanical
strength. The work on canister
design during the year resulted
in an alternative insert cast with
partitions forming square chan-
nels for the fuel. This eliminates
the need for backfilling around
the fuel assemblies with sand or
glass beads. The copper canister
with cast steel insert comprises
the reference canister for contin-
ued work. Alternative materials
for the cast insert will also be
studied.

Development of the sealing
method for the copper canister
took place at The Welding
Institute (TWI) in England.
Joining of the lid to the cylinder
is done by means of electron
beam welding. A series of trial
weldings of full-sized lids was
carried out during 1994-95. The
sealing welds were examined by
means of ultrasonic and radio-
graphic inspection, which are the
methods that are planned to be
used for non-destructive testing
in the encapsulation plant.

Trial fabrication of canisters
was carried out using two differ-
ent methods for fabrication of
both the copper cylinders and
the steel cylinders. One method
involves bending of plates into
tube halves which are then

joined by welding. The other
involves fabrication by extru-
sion, a method that is routinely
used for making steel pipe. Then
the bottom and the lid are weld-
ed onto the cylinders. Besides
the customary in-process inspec-
tion, tests were conducted to
provide answers to questions
regarding changes in the copper
material during the fabrication
process.

Planning and design of the
plant is taking place in stages.
Prior to licence application con-
ceptual design is made. The
British company BNFL Engi-
neering has been contracted to
carry out conceptual design of
the plant sections for the actual
encapsulation process. ABB
Atom has been contracted to
carry out conceptual design of
the connection of the encapsula-
tion process to CLAB. New util-
ity systems are required to con-
nect the existing facility sections
with the planned encapsulation
plant. SKB is responsible for
management and coordination of
the work, and is also devising an
overall plant layout.

The work of developing an
environmental impact assess-
ment, EIA, for the encapsulation
plant was begun in the autumn of
1994. A working group under the
leadership of the County
Administrative Board in Kalmar
County is acting as a forum for
consultation on matters to be
dealt with in the EIA report. The
group includes representatives of
Oskarshamn Municipality, the
Swedish Nuclear Power Inspec-
torate (SKI), the Swedish Radia-
tion Protection Institute (SSI)
and SKB. The first phase of this
consultation was concluded in
1995.

Machining of copper lid, which will be
used for trial welding.

The first copper canister was fabricated during 1995.
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Deep repository for spent
nuclear fuel

Schematic drawing of a deep reposito
ry. A system of tunnels with vertical
deposition holes is built at a depth of
about 500 metres. The spent fuel
assemblies are encapsulated in copper
canisters. The canisters are emplaced in
the holes, where they are embedded in
bentonite clay.

Multiple barriers protect
the spent fuel in the deep repository.
1. Copper canister. The canister isolates \ ! £> ̂ -Tt>

the fuel from the groundwater. The fuel ^ ^ ^^ '
itself is in solid form and has very low solubility

2. Blocks of bentonite clay. The clay prevents ground
water flow around the canister while protecting against
minor movements in the rock.

3. A mixture of bentonite clay and sand fills up the tunnels.
4. The rock offers a durable environment, both mechanically

and chemically. It also acts as a filter for the groundwater.
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After 30—40 years of interim storage in
CLAB (see page 16), the spent nuclear
fuel will be finally disposed of at a depth
of about 500 m in the Swedish bedrock.

The disposal method that was accepted
in 1984 as safe by the Government is still
essentially SKB's reference alternative.
The method, KBS-3, is based on contain-
ment of the fuel within multiple barriers.
The barriers are selected and designed to
isolate the fuel from its environment for a
very long time.

Prior to deposition in a deep repository,
the spent fuel assemblies will be encapsu-
lated in cylindrical copper canisters with
inner steel containers (see page 18).

In a tunnel system about 500 m down
in the bedrock, special deposition holes
are bored in the floors to receive the can-
isters. Each canister is surrounded by
compacted bentonite clay. When all fuel is
in place, the facility is sealed, if and when
this is deemed appropriate. This is done
by backfilling the tunnels and shafts with
a mixture of bentonite and sand.

After sealing, the groundwater slowly
fills the repository and resumes its natural
near-surface flow. The only way radionu-
clides could be transported from the
repository is by groundwater. Several bar-
riers prevent this:

The fuel itself is a barrier. It consists of
uranium in ceramic form (uranium diox-
ide), which has extremely low solubility
in the chemical environment of the rock.

The canister, with corrosion protection
of copper, isolates the fuel from the
groundwater for a very long time. At a
depth of 500 metres there is no free oxy-
gen that could affect the canister. Small
quantities of substances dissolved in the
groundwater could give rise to a very
slow corrosion of the copper shell. But it
would take a very long time for this cor-
rosion to make holes in the canister.

The bentonite clay around the reposito-
ry and in the tunnels swells in contact
with water and fills up all space between
canister and rock. Besides preventing
water movements, the clay also protects
the canister in the event of small move-
ments in the rock.

The rock around the repository offers a
durable environment, both mechanically
and chemically. It protects against damage
caused by both natural and human forces.
If radionuclides should nevertheless
escape from the canister, both the ben-
tonite clay and the rock act as "filters"
that retain and delay transport.

In a sealed repository, no further sur-
veillance, maintenance or other attention
is required to guarantee safety. However,
future generations can retrieve the fuel to
deal with it in another fashion if they so
desire.

SKB plans to site and build a
deep repository for spent nuclear
fuel from the Swedish nuclear
power stations. In an initial stage
the deep repository is planned to
be used for deposition of a small
quantity of spent nuclear fuel,
about 5-10%. It is estimated that
this stage can be completed in
about 20 years.

An important part of the
ongoing deep repository work
consists of studies of the design
of the disposal system and the
deep repository. Such studies are
being carried out in stages, with
an increasing degree of detail, to
provide background data for
studies of environmental conse-
quences, siting requirements and
effects on the local economy and
infrastructure. Compared with,
for example, most mines, the
deep repository is a relatively
small underground rock facility
with surface facilities equivalent
to those of a medium-sized
industry. It is estimated that a
couple of hundred people will be
employed with the operation of
a deep repository. The work is of

both a technical and an adminis-
trative nature. The impact of the
establishment and construction
of the facility on the local envi-
ronment can be limited by means
of preventive measures. An
important environmental aspect
is to deal with the rock waste in
a proper manner, either by using
it for other purposes or by
dumping it with as little environ-
mental impact as possible.

Important technical fields for
the deep repository are:

• Construction method for tun-
nels and rock caverns, includ-
ing boring of deposition holes

• Grouting for sealing of water
inflow

• Compaction of bentonite
blocks

• Deposition procedure
• Method for retrieval
• Backfilling and sealing

The studies of the deep repos-
itory's design will continue in
increasing detail during the com-
ing years.

Some preliminary basic data on the deep repository:

Quantity of spent nuclear fuel
Stage 1 (initial operation)
Stage 2

Quantity of other waste
Stage 2

Shipments
Nuclear waste

Bentonite/sand

Jobs
Construction phase 1
Stage 1 (initial operation)
Stage 2 (regular operation)

400 canisters
4,100 canisters

24,000 m3

1 canister per working day
(about 1 train/week)
1 train per day (maximum)

approx. 400-600 people
approx. 150 people
approx. 220 people

Example of what the surface portion of the deep repository may look like.
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From research to
implementation

< \

SKB has been conducting research on the
final disposal of radioactive waste since
the mid-70s, and today most scientists
agree that the waste problems can be
solved in a safe manner. Instead of research
and development, the work is now focused
more on summarizing the research
results and demonstrating the methods
for designing the deep repository.

The research on final disposal has been
conducted in collaboration with universi-
ties, colleges, institutes of technology,
research institutes and other experts in
Sweden and abroad.

Important subjects have been fuel dis-
solution, canister materials, chemistry,
and the properties of the bedrock and the
groundwater. The goal has been to make
as reliable predictions as possible for very
long periods of time.

The research on the spent nuclear fuel
has dealt with how the radioactive mate-
rials interact with groundwater and other
substances in the deep repository.

Investigations of the properties of the
spent fuel are usually conducted in radia-

tion-shielded laborato-
ries, in Sweden at

,* , Studsvik. The scien-
" tists place small
] pieces of spent fuel

-\

Experimental setup for leaching of spent
fuel in water (above).

Test boring of deposition hole. The photo-
graph at the left shows the cutterhead
and the top of
of1.5 m.

borehole with a diameter
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in groundwater, sometimes together with
bentonite or other substances present in
the deep repository, and observe what
happens. They then see how much of the
radionuclides are dissolved in water or
migrate out into the surrounding materi-
al. Plutonium in the fuel has been found
to have very low solubility in groundwa-
ter. The levels are so low they are difficult
to measure.

The research on the canister material
has been concerned with fabrication and
sealing of the canister and on how the
conditions in the deep repository affect
the material. Copper has been found to
be particularly interesting, since it is
hardly affected at all by deep ground-
waters.

With regard to the area immediately
surrounding the canister, the near field,
studies have been made of buffer and
backfill materials. Here bentonite has
proved to have superior insulating prop-
erties.

The bedrock has been investigated by
means of geological and geophysical
methods and measurements in deep bore-
holes. Among other things the ground-
water flow in the bedrock has been inves-
tigated. The studies that have been made
of groundwater chemistry are also impor-
tant for the design of the deep repository.

Studies have also been made of how
radionuclides travel and react in the bio-
sphere, the living environment. Further-
more, the natural radiological conditions
in the groundwater, surface water, sedi-
ment, soil and clay on the study sites
have been determined.

A very important branch of SKB's
research is the continuous development
of models for analysis of groundwater
movements and transport of substances
dissolved in the groundwater. Such mod-
els form the basis for assessment of the
long-term safety of a deep repository.
Current work within this field includes a
number of studies and experiments at the
Aspo Hard Rock Laboratory (see page
26), plus certain studies of natural ana-
logues (see page 24) and continued devel-
opment of numerical calculation models.

Researchers have studied, among other
things, how the bentonite clay's water
absorption and density are affected by
heat, as well as possible physical and chem-
ical changes. An electron micrograph of
bentonite clay is shown below.

#*

SKB's most recent pro-
1995 gramme for research,

development, demonstra-
tion and other measures -
RD&D-Programme 95 - was
published in September 1995. The
programme was reviewed by the
regulatory authorities during the
winter and spring of 1995/96, and
the Government's decision in the
matter can be expected towards
the end of 1996. The goal of the
programme is to build a small
part of the deep repository as an
initial stage, and deposit a limited
quantity of spent fuel - about
5-10%. For this an encapsulation
plant and a deep repositoiy, plus a
transportation system for encap-
sulated fuel, are needed. When
the first stage has been completed
(in about 20 years), it will be eval-
uated before a decision is made
whether to proceed or to choose
another alternative.

As knowledge is accumulated,
the thrust of the research is grad-
ually shifting. At the beginning,
the emphasis in the research was
on establishing whether it was
possible to achieve safe long-
term deep disposal. Subsequen-
tly, the work focused on examin-
ing those processes that are most
important for safety and gather-
ing data as a basis for designing
the barriers. SKB is now shifting
to practical demonstration and
execution of encapsulation,
repository design and site selec-
tion. The research is thereby
being focused on supporting
material selection, optimization
of execution and study of the
system's margins in case of
extreme events.

A practical question in con-
nection with construction of a
repository is how the reposito-
ry's internal environment is
affected by different building
materials that are left behind
after sealing of the repository.
Concrete has great advantages
during construction, but too
much concrete near the deposi-
tion holes may impair the capac-
ity of the bentonite clay to limit
groundwater flow. Studies are
therefore being conducted to
clarify the bentonite's long-range
stability, and how cement prod-
ucts react with bentonite and
rock. The results will make it
possible to choose suitable con-
crete types for repository con-
struction.

A prerequisite for a safe deep
repository is that the host rock
provides a reasonably stable
environment for the copper can-
isters that enclose the spent fuel.
Compared with many other
parts of the world, Sweden has
few and small earthquakes.
Nevertheless, the question of
what would happen to a reposi-
tory if a major earthquake
should occur is often discussed.
To gain access to more material
and information on major earth-
quakes, SKB is collaborating
with PNC in Japan. Instruments
have been set up in an aban-
doned mine in northern Japan,
Kamaishi, to measure tremors,
changes in groundwater flow
and pressure, etc. at different
depths during nearby earth-
quakes. Even though such earth-
quakes are not typical for
Sweden, they give us informa-
tion on what might happen in a
rock repository when it is sub-
jected to extreme forces. The
experience shows that mechani-
cal disturbances in tunnels at
repository depth are much
smaller than those on the ground
surface.

A question that has received a
great deal of attention in the
research work of recent years is
the influence of bacteria (micro-
organisms). Measurements at a
number of places, including
Stripa and Aspo, show that bac-
teria are present in groundwater
even at great depths, and that
these bacteria can affect many
chemical processes. For example,
they play an important role by
consuming oxygen which might
penetrate down from superficial
groundwater. Certain bacteria
can even, under special condi-
tions, convert sulphate ions to
sulphide. Another important
result is that compacted ben-
tonite clay effectively prevents
growth or such sulphate-reduc-
ing bacteria.

In parallel with the work on
the main alternative, SKB is sup-
porting research on other meth-
ods for treatment and disposal of
spent nuclear fuel. Examples are
studies of "partitioning and
transmutation" of long-lived
radionuclides. Such studies are
being conducted in Sweden at
the institutes of technology in
Stockholm and Gothenburg.
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With nature
as a model

Schematic drawing of the natural "repository" at Cigar Lake in Canada.
The uranium ore is isolated by clay at a depth of more than 400 metres.

Moraine

Uranium ore
Crystalline rock

Nature herself is as an excellent source of
knowledge for designing and understand-
ing a deep repository for spent nuclear
fuel. We cannot look hundreds of thou-
sands of years into the future, but we can
look back. In nature we can study the
results of events that occurred millions of

The natural "reactors" were discovered in
1972 in a uranium mine in Gabon. The
long-lived waste that was formed stayed
in the rock until it was transformed as a
result of radioactive decay.

years ago and thereby obtain invaluable
information as a guide for assessing the
performance of the deep repository. These
phenomena are known to the experts as
"natural analogues".

Studying such natural analogues is of
great interest for today's research on the
final disposal of nuclear waste. They pro-
vide information on what has happened in
actual cases and over very long timescales.

The conditions at a deep repository can
be compared in certain respects to those
that prevail around a rich uranium ore,
since the spent fuel consists mostly of
uranium. Moreover, the smaller quantities
of plutonium and similar products present
in the fuel are chemically similar to urani-
um.

The nuclear fission process that takes
place in a nuclear power plant has also

The picture shows apiece of wood from a 2
million year old forest. The find was made
in Dunarobba, Italy, where some twenty
trees had been buried in clay. The wood
was prevented from decaying by the in-
sulating and protective properties of the clay.
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taken place in nature. These "natural reac-
tors" were "in service" about 2,000 mil-
lion years ago at Oklo in Gabon, Africa.

Uranium and water had collected in the
bedrock in such proportions that a process
of nuclear fission started. Uranium atoms
were split, releasing neutrons which could
split new atoms, and so on. At the same
time, energy was generated in the form of
heat, just like in a nuclear reactor.

Plutonium was formed in this process
as well. Scientists have shown that most of
the plutonium and other long-lived
"waste" that was formed has remained in
the same place in the rock.

Nature has also shown how it is possi-
ble to isolate high levels of radioactive
uranium in a natural repository without
any impact on the environment. There is a
uranium deposit at Cigar Lake in Canada
with up to 55% uranium.

The uranium ore was formed 1,300 mil-
lion years ago and is situated at a depth of
430 metres in the crystalline basement rock.
The deposit contains more than one million
cubic metres of uranium ore. The ore is
surrounded by a layer of clay 5-30 m thick.
The clay has isolated the ore and retained
elements such as copper and uranium.

There are no signs at the surface (such
as radiation, radioactive particles, heat) to
indicate the presence of a natural reposito-
ry under the ground.

Bentonite clay is also capable of with-
standing very high temperatures. This is
shown by data from a site near Hamra on
the island of Gotland, where bentonite
was found at a depth of about 500 metres
while drilling for oil. The bentonite has
withstood temperatures of 100-120°C
over a period of at least 10 million years.

1995
Since 1990 SKB has been
participating in the studies

This demonstrates that bentonite in a
repository will retain its isolating proper-
ties despite the heat from the waste. The
bentonite at Hamra is probably more than
400 million years old.

Copper embedded in clay is very stable.
A cannon from the Swedish warship
Kronan, which sank 300 years ago, has
lain in the mud on the bottom of the
Baltic Sea ever since. It has been studied
by scientists and found to be virtually
unaffected. Measurements made on the
cannon show that corrosion of copper
embedded in clay in the same way as the
cannon amounts to a few mm in 100,000
years.

of the natural "reactors"
at Oklo, Gabon. This is an EU
project in which France, Spain
and other countries are also par-
ticipating. SKB's interest in the
project is largely centred on a
reactor zone located in
Bangombe about twenty kilome-
tres from Oklo. This reactor is
situated at a depth of 12-30
metres.

Scientists in Palmottu,
Finland, have for several years
now been studying a uranium
ore as an analogue for a deep
repository for spent uranium
fuel. Since Finland has the same
bedrock and climatic conditions
as Sweden, SKB is also partici-
pating in this investigation. It is
now an EU project just like the
Oklo project. The EU is sup-
porting the project financially
and has brought in scientists and
specialists from various coun-
tries.

Concrete is a material that has
only existed in its modern form
for about 50 years. The Romans
also used concrete, although of a
different composition. Concrete
is a preferred material for use in
the construction of a deep repos-
itory, but the question is how the
concrete and the surrounding
environment will change over

very long spans of time. There
are areas in Maqarin, Jordan,
with groundwater much like the
water present in the pores of
concrete. There scientists can
study what happens to the rock
and what minerals are formed by
the concrete over timescales of
hundreds of thousands of years.
Since 1991 SKB has been partici-
pating in a joint project here
together with Nagra of
Switzerland and Nirex of the
UK. The second phase of the
joint project was completed in
1993, ana a third phase is under
way. The British safety authority
HMIP is also participating in
this phase. SKB bears overall
responsibility for the third
phase.

SKB is also participating
actively in the international
Natural Analogue Working
Group (NAWG). The group,
which is supported by the EU,
consists of members from eleven
countries. NAWG comprises a
forum where analogues from all
over the world are presented.
The most recent findings are dis-
cussed at meetings and sym-
posia. The purpose is to try to
predict how a repository will
behave during the long time the
waste will be isolated by using
examples from nature.

This copper plate was formed one million years ago in Michigan,
USA. It can serve as a natural analogue to the copper canister which
SKB plans to use in the deep repository.
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Studies in a realistic
environment - the Aspo
Hard Rock Laboratory
A research village was completed on Aspo
in 1994. The village is connected to the
tunnel via a shaft with elevator.

The exact design and siting of the deep
repository for spent nuclear fuel have not
yet been determined.

Data have been gathered through
extensive research, both in the laboratory
and in the field.

To enable results to be summarized
and methods to be demonstrated under
natural and actual conditions, the Aspo
Hard Rock Laboratory has been built
near the Oskarshamn Nuclear Power
Station. It is located at a depth of about
450 metres and is reached by a tunnel,
about 3,600 m long.

An overriding ambition for the Aspo
Hard Rock Laboratory is that it should
be a leading centre for research on the
final disposal of high-level waste.

Different methods for site and detailed
investigations are being tested and veri-
fied at the Aspo HRL. These methods
will then be used to characterize candi-
date sites for the deep repository.

The investigations will also yield infor-
mation showing how the deep repository
can be adapted to the local properties of
the rock. Furthermore, technology will
be tested for the future final disposal of
the spent fuel. Data of importance for the
safety of the deep repository and the
assessment of this safety arc also being
gathered.

Based on the results of the surface and
borehole investigations, models are being
devised of conditions in the rock where
the laboratory has been built. The mod-
els show such things as distribution of
rock types, location and characteristics of
fracture zones, groundwater chemistry at
different depths and expected influence
of tunnel and laboratory construction on
groundwater movements.

During and after the construction peri-
od, changes are being recorded in
groundwater chemistry and water flow,
enabling the validity of the models to be
checked and providing a basis for what-
ever improvements are needed.

SKB conducted similar field experi-
ments for more than ten years in a joint
international project in an abandoned
iron ore mine, the Stnpa Mine in central
Sweden. The findings gained from this
work are now being tested and refined in
the Aspo HRL, in a virgin rock forma-
tion.

The laboratory consists of an access tunnel
down to a depth of about 450 metres.
Research stations have been excavated at
various points.
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The field tests in the Aspo Hard Rock
Laboratory are being conducted in three
stages:

Investigations of the ground surface via
satellite photos and aerial surveys to
obtain a picture of the location of differ-
ent rock types and major fracture zones.
The photo shows geophysical ground sur-
veying.

Test drilling to see what the rock looks
like far below the surface. Rock types,
fracture content, groundwater flow and
chemical composition of the groundwater
at different levels are studied. The photo
shows checking of the instruments in a
cored hole.

The rock is "exposed" when the under-
ground facility is built. Now measurements
can be made in the tunnel and in boreholes
to see if they agree with earlier results
obtained from the pre-investigations. The
photo shows measurement of permeability.

The civil engineering and
1995 construction work for the

Aspo HRL was complet-
ed during the year. The Aspo
Research Village had been com-
pleted in June 1994. The village
includes offices, elevator and
ventilation systems, stores, etc.

In connection with the rock
work, data were collected from
the tunnel and boreholes. Data
were continuously compared
with models of the bedrock set up
before the start of construction.
Results from these investigations
have been reported and a summa-
ry evaluation is in progress. The
results will be used to prepare a
site investigation programme for
the deep repository.

The Aspo HRL continues to
attract great international inter-
est. Agreements of participation
have been signed with Canada,
Finland, France, Germany,
Japan, Switzerland, the UK and
the USA.

An important part of the
cooperation concerns further
development of models for
groundwater flow and radionu-
clide migration. A Task Force
with members from the partici-
pating organizations regularly
compares and evaluates the
results of different experiments
with the aid of different calcula-
tion models. The Task Force
tries different approaches to
describe groundwater flow and
radionuclide migration in rock.
The knowledge can then be
applied when a deep repository
site is to be approved. The evalu-
ation of the large-scale pumping
test that was carried out on Aspo
showed that the modelling tools
that exist today can provide a

good three-dimensional descrip-
tion of the groundwater flow.

One part of the tunnel has
been investigated in detail for the
tracer tests to be conducted (the
TRUE project). The data gath-
ered from this site will be used
for modelling, to make a predic-
tion of the results of the tracer
tests that will be conducted in
1996. This will provide a basis
for evaluating how good models
and data are for predicting
radionuclide transport.

An important study, the
ZEDEX project, has been car-
ried out to compare mechanical
damage in the rock between
excavation with a tunnel boring
machine (TBM) and drill-and-
blast. Research teams from six
different countries took part in
the project. The preliminary
results show very little damage
to the rock with TBM boring. By
using a special technique with
controlled blasting, the damage
to the rock in the drill-and-blast
tunnel was also kept low, espe-
cially in the tunnel wall.

Development of technology
for compacting of various back-
fill materials took place during
the year. A method based on
compaction of sloping layers
with a vibratory plate was found
to work well.

The research programme for
Aspo was updated and refined in
RD&D-Programme 95. The
experiments being conducted
will be of great importance for
obtaining a better understanding
of the real safety margins in a
deep repository. They will also
provide knowledge that can con-
tribute to a simplification of the
deep disposal system.

A team of French researchers is conducting measurements of the per-
meability of the rock within the framework of the ZEDEX project.
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The work goes on

Siting of the
deep repository takes
place in several stages. After
general studies covering the entire
country and feasibility studies in different
municipalities, site investigations are conducted. These include measurements
from the ground surface and in deep boreholes. Then detailed characterization
is carried out with a shaft or a tunnel down to planned repository depth.

SKB has been conducting studies of geo-
logical conditions, such as extensive study
site investigations, at depth in the Swedish
bedrock since the mid-70s. Furthermore,
SKB, as well as the Swedish Nuclear
Power Inspectorate, have performed a
number of thorough safety assessments
for a deep repository in the environment
that exists in the Swedish bedrock.

Based on this work it is believed that
many municipalities may have sites with
good prospects of fulfilling the safety cri-
teria for a deep repository. Naturally, it
must be possible to demonstrate that the
site that is finally chosen meets the envi-
ronmental and safety requirements. In
addition, comparison material is needed to
show that there is no obviously better site
elsewhere in the country. A third condi-
tion is that local understanding and accep-
tance of the deep repository are achieved
so that it is not established against the will
of the municipality.

The strategy for the siting process has
been considered and accepted by the reg-
ulatory authorities and the Government
in conjunction with the review of the sup-
plement to RD&D-Programme 92.

To start with, general studies are con-
ducted in all or parts of the country and
feasibility studies in several municipalities.
A feasibility study entails a general evalu-
ation of a municipality's potential for
hosting a deep repository. Fundamental
facts are obtained concerning, for exam-
ple, geoscientific conditions, transport-
related questions and societal aspects.
SKB plans to conduct feasibility studies in
5-10 municipalities.

General studies and feasibility studies
are based primarily on existing material.
They permit the identification of land
areas that may be suitable for continued
investigations in the studied municipali-
ties. SKB will make a selection among
these areas and then carry out site investi-
gations on at least two sites in the coun-
try. A site investigation is expected to take
four to five years and involves more in-
depth studies, including bedrock investi-
gations in boreholes.

The site investigations are concluded
with an evaluation of the results. Then an
application is made to the Government
for a permit to conduct a detailed charac-
terization and commence construction of
the deep repository. This application also
includes an environmental impact assess-
ment, EIA, with a safety assessment. If a
permit is obtained, construction of the
deep repository commences with a
detailed characterization. This entails
driving a tunnel or a shaft down to the
planned repository depth and detailed
characterization of the properties of the
bedrock.

Siting of the deep repository must be
decided in consideration of a number of
different factors:
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• Safety
• Technology
• Land and environment
• Societal aspects

Of crucial importance, as already noted,
is that the safety requirements be met.
The most important requirements in these
respects concern:

• chemical environment in the rock for
canister, bentonite and fuel;

• mechanical stability of the rock;
• conditions for transport of corrodants

and radionuclides in the rock;
• risk of future intrusion.

In support of the work on the deep
repository, research and development
around important issues will continue.
The goal is to refine our knowledge base
and our ability to devise realistic models
of the processes that are important for the
performance of the repository.

The map, from General Siting Study 95,
shows the bedrock (blue, grey, yellow
and orange) which is generally less suit-
able for siting of a deep repository. This
mainly includes the bedrock in the
Caledonide mountain chain, Skane and
Gotland, as well as volcanic rock types
(yellow) which may be ore-bearing.

In 1995 a nationwide sur-
1995 vey of premises and back-

ground for the siting
work was reported - General
Siting Study 95.

The general siting study can
mainly identify conditions in
different parts of the country
that may be unfavourable for a
deep repository. Consequently,
the suitability of an area cannot
be judged until feasibility stud-
ies, site investigations and
detailed characterization have
been performed.

For the siting factor "Long-
term radiological safety", the
following databases have been
evaluated (among others): rock
types, topography, well data and
the Highest Coastline. Further-
more, geological deformation
zones, lineaments, future ice ages
and earthquakes have been eval-
uated, along with the possibility
of inadvertent intrusion.

SKB's previous conclusion,
that there are many areas in
Sweden which may be suitable
for a deep repository, was con-
firmed by General Siting Study
95. Siting should continue to
focus on more or less altered
granite-like rock types, or older,
highly altered sedimentary rock
types. This type of "interesting"
bedrock is found in large parts of
the country.

The final report from the fea-
sibility study in Storuman was

published at the beginning of
1995. The conclusion was that
there are areas in the municipali-
ty which may have good
prospects. In a municipal refer-
endum on 17 September 1995,
about 70% of the local popula-
tion voted no to further investi-
gations. SKB has therefore con-
cluded its activities in Storuman.
Another feasibility study has
been conducted in Mala since the
winter of 1994 and the final
report was published at the
beginning of 1996. The munici-
pality plans its own independent
review. Feasibility studies in the
municipalities of Nykoping and
Osthammar were begun in the
autumn of 1995 and are expected
to go on until 1997. The question
of a feasibility study is being
considered by the planning
authorities in the municipality of
Oskarshamn. Feasibility studies
have also been discussed in
Tranemo and Varberg, but in the
face of strong public opposition,
both of these municipalities have
decided to decline.

The feasibility studies mean
that the concrete siting work has
got under way in various parts of
the country. Continued persist-
ence and openness in the siting
work is required to arrive at a
good solution that both satisfies
environmental and safety re-
quirements and meets with local
sympathy and support.

c sites in two
municipalities

Licensing under the Act concerning
the Management of Natural Resources

etc and the Act on Nuclear Activities

Construction of
deep repository,

trial operation
without radioactive

waste

Licensing under the Act on
Nuclear Activities

Start of operation in an
initial disposal stage

The repository can be expanded to
full size after evaluation of experience
from the first stage
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International cooperation
SKB has international cooperation with
virtually all countries doing research in the
field of nuclear waste. This cooperation is
conducted with international organizations,
directly with other countries through bilat-
eral agreements, through international sym-
posia and conferences, and through person-
al contacts with various experts.

This international cooperation is very
important, not least so that internationally
accepted rules within the field of nuclear

Photo montage of what a future
final repository in Finland might
look like. The montage is done on
an aerial photograph of Olkiluoto.

SKB has extensive international
cooperation in the form of coop-
eration agreements and interna-
tional projects.

Extensive research and develop-
ment is being conducted in an
abandoned salt mine in Germany,
the Asse Mine. The photo shows
installation of experimental
equipment for studies of the fill
material that will surround the
nuclear waste canisters.

• • > <
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waste can be agreed on. It also permits a
more efficient utilization of resources and
knowledge.

Moreover, the methods and results
arrived at by the research and develop-
ment work are subjected to important
criticism and discussion.

SKB has cooperation agreements with
counterpart organizations in Canada,
Finland, France, Germany, Japan,
Switzerland, the UK and the USA.
Exchange of research results is an impor-
tant part of the agreements. General
reviews of the parties' waste programmes
are also conducted regularly to see
whether a closer coordination of efforts is
possible within specific areas.

Furthermore, joint seminars and visits
to other countries' facilities are arranged.
Information is also being exchanged,
without written agreements, with Belgian
and Spanish organizations, among others.

Joint research projects constitute an
important part of cooperation with other
countries. One example is the research in
the Stripa Mine in Central Sweden, which
has been one of the more important joint
international projects. Canada, Finland,
Japan, Sweden, Switzerland, the UK and
the USA participated in the project,

A final repository for long-lived interme-
diate-level waste is planned at Sellafield
in the UK.

which was concluded in 1991. The project
was an autonomous OECD/NEA project
where SKB was in charge of project man-
agement and execution. This cooperation
has continued in different forms within
the Aspo HRL (see page 27).

SKB has a broad network
1995 of international contacts.

Formal cooperation
agreements exist with the fol-
lowing organizations:

tory, URL, in
Manitoba. URL

Canada

Finland

France
Germany
Japan

Switzerland
UK
USA

AECL,
Ontario Hydro
POSIVA
(IVO, TVO)
ANDRA, CEA
BMBF
CRIEPI,
JNFL, PNC
Nagra
Nirex
DOE

SKB is participating in a num-
ber of international research pro-
jects and has agreements with
nine of the aforementioned for-
eign organizations concerning
cooperation at the Aspo Hard
Rock Laboratory (see page 27).
During the year, the Bundes-
ministerium fur Bildung, Wissen-
schaft, Forschung und Technolo-
gie, BMBF, in Germany joined
the Aspo project. Most of the
activities being conducted in
Germany around nuclear waste
disposal have been concerned
with disposal in salt formations,
but interest in disposal in crys-
talline bedrock has increased.

There is great interest in the
USA in the Swedish nuclear
waste programme, as evidenced
by visits to SKB's facilities. In
April 1995, six US senators visit-
ed SFR, CLAB and Aspo.

International cooperation on
natural analogues is being pur-
sued within three different pro-
jects: Oklo in Gabon, Maqarin in
Jordan and Palmottu in Finland
(see pages 24-25).

SKB is cooperating with
AECL in Canada at their
Underground Research Labora-

Whiteshell,
is built in

granitic bedrock and is a coun-
terpart of the Aspo HRL. An
extensive review of the environ-
mental consequence report pre-
pared by AECL was begun dur-
ing 1995 in Canada. The report
describes the entire Canadian
disposal concept and the results
of the review will be decisive for
the continued work in Canada.
Cooperation is also being pur-
sued between SKB and Nagra at
the Swiss underground laborato-
ry in Gnmsel.

Through the RWMC (Radio-
active Waste Management
Committee) within the OECD/
NEA, SKB is participating in
broad technical cooperation with
those countries that have signifi-
cant nuclear waste programmes.
The work is being pursued
through different types of coop-
eration projects and working
groups.

In Finland a new company has
been formed to take responsibil-
ity for final disposal of the spent
fuel in Finland. The company is
named POSIVA and is owned by
TVO and IVO. Site investiga-
tions are under way at three sites
in Finland. Since the Finnish and
Swedish programmes resemble
each other, cooperation is taking
place within many areas.

In France, site investigations
are under way for rock laborato-
ries on three sites, one of which
consists of granitic bedrock. The
investigations are being followed
by SKB with great interest.

At the Kamaishi Mine in
Japan, PNC is conducting
research on the influence of
earthquakes on a rock facility.
Under cooperation agreements,
SKB has access to data and
results from this research.

V
American senators on a visit to SFR in April 1995.

31



Consulting services

Knowledge:
- Collaboration with universities
and other expert groups
Performance Assessment
Systems Analysis
Technology Development
Nuclide Migration
Buffer and Backfill
Canister Design
Chemistry
Site Investigations
Waste Forms

Consulting Services
Knowledge and experience

Experience:
- The Swedish system for radioactive
waste management
Facilities
Interim Storage
Transportation
Final Disposal
Safety Assessment
Design
Construction
Operation

X / 7
Client's

Expert Groups

Aerial photograph of the Paldiski facility in Estonia.

SKB's work became internationally
known in conjunction with the interna-
tional review of the KBS study in
1978-84 (see page 39). Since then SKB has
actively participated in the joint interna-
tional work and strengthened its position
as a valuable cooperation partner. In con-
sequence, foreign organizations have dis-
played interest in engaging SKB for
advice on their own programmes.

There are several reasons for the inter-
national interest in SKB. Sweden has a
well-functioning system for transporta-
tion and disposal of radioactive waste.
Sweden has a facility for interim storage
of spent nuclear fuel (CLAB) and one for
final disposal of low- and intermediate-
level operational waste (SFR). In addi-
tion, SKB has an extensive research pro-
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gramme and a widely distributed series
of technical reports.

A special group - NWM (Nuclear
Waste Management) - has existed within
SKB since 1984 for the purpose of orga-
nizing and leading the consulting services.
For each contract, project teams are
assembled with the necessary expertise.
They may include experts from SKB, but
also from associated groups that have
been engaged in the Swedish waste pro-
gramme.

The consulting services must of course
be financially self-supporting. But the
experience is also beneficial and stimulat-
ing for both SKB's personnel and the con-
sultants, broadening their perspectives.

Since 1984 SKB has executed roughly
100 contracts for organizations in
Australia, Belgium, Canada, the Czech
Republic, Estonia, Finland, Lithuania,
Hungary, Switzerland, Spain, South
Korea, Taiwan, the UK and the USA. The
assignments have concerned such subjects
as long-term safety, overall waste plans,
canister and buffer materials, transporta-
tion, field surveys, site investigations and
construction studies.

Taiwanese specialists together with
Geosigma and SKB personnel.

Equipment for rock stress measurements,
which have been carried out on behalf of
TVO in Finland.

During 1995 SKB was
1995 engaged by organizations

— • r in Belgium, Estonia,
Finland, France, Japan,
Lithuania, Spain, Taiwan and
Belarus. The activities in the
Baltic States were given priority
during the year, particularly in
view of the current situation at
the Ignalina Nuclear Power
Station regarding the need for
more storage space for spent
fuel. The work in the Baltic
States and Belarus is being pur-
sued within the framework of
the regional cooperation pro-
gramme which the Swedish
Government has set up for a
number of eastern and central
European countries. The
Government has furthermore
allocated special funds to the
Swedish Nuclear Power
Inspectorate, SKI, and the
Swedish Radiation Protection
Institute, SSI, for support within
the fields of reactor safety, radia-
tion protection and nuclear
materials safeguards. The waste
projects are being conducted in
the form of autonomous projects
within the framework of the
"East Project", under the leader-
ship of SKI, and "Radiation
Protection East" under SSI's
leadership.

Summary of major assignments
during 1995
Design of the interim storage
facility for spent nuclear fuel in
Lithuania has been carried out
with top priority. The fabrica-
tion of an initial series of ten
containers began in the autumn
of 1995, with estimated first
delivery to Ignalina in March
1996. Since rapid technical
advances are being made in this
field, a new tendering process
has been initiated with a limited
number of suppliers. The pro-
curement of a cementing plant
has been delayed for various rea-
sons by one year, which means
that it cannot be commissioned
before 1997 at the earliest. The
national waste strategy plan has
been supplemented with cost
calculations, which have served

as a basis for the introduction of
a charge system for radioactive
waste in Lithuania. As a result of
the strategy plan, four priori-
tized projects are currently being
discussed with the energy min-
istry. The projects are expected
to get under way during 1996.

The work with the decommis-
sioning of two shore-based
Russian nuclear submarines in
Paldiski, Estonia, has included a
preliminary decommissioning
plan and preparation of a digital
site layout plan by measurement
with GPS equipment. Further-
more, planning has been com-
menced for emptying of the solid
waste store, which contains 20
control rods from the reactors,
among other things.

In an assignment for the
Ministry of Emergency in
Minsk, Belarus, work has com-
menced on the preparation of a
national waste strategy plan.

Extensive radar reflection
measurements and rock stress
measurements were carried out
on behalf of TVO in Finland.

Continued advice and consul-
tation for design of geoscientific
measurement equipment was
provided during the year to
Instituto Technologico Geomi-
nero (ITGE) in Spain.

In an assignment for Japan
Nuclear Fuel Limited (JNFL),
an investigation including labo-
ratory tests was conducted for
the purpose of establishing how
gas transport takes place through
bentonite-based barriers and
how the results can be applied in
an actual facility. A report on
SKB's research in this area enti-
tled "The Natural Barrier
System" was prepared on behalf
of the Mitsubishi Corporation.

In an assignment for Energy
and Resources Laboratories,
ERL, and in consultation with
Taiwan Power Co, TPC, a
course was held in Sweden enti-
tled "Training of Staff in Site
Investigations Methodology and
Technique". The course included
both theory and field work dur-
ing a seven-week period.
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Costs and financini
Breakdown of the total cost

CLAB 15%

Decommissioning of
nuclear power plants
20%

zi SFR5%

SKB 10%

Reprocessing
(terminated) 10%

Encapsulation and
deep repository for spent fuel
and other long-lived waste 36%
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4%
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Reserve fund contents and withdrawals in
millions of Swedish kronor
The graph shows reserve fund contents and cumula-
tive reserve fund withdrawals for the financing of
waste management. The total costs through 1995 are
SEK 8,968 million. The total balance in the reserve
funds at the end of1995 was SEK 17,939 million.

Withdrawals

Reserve contents

The costs of managing and disposing of
Sweden's nuclear waste are small com-
pared to the price of electricity.

All costs for managing and disposing of
the spent nuclear fuel and other radioac-
tive waste must be paid by the owners of
the nuclear power plants. The costs are
financed by today's electricity production,
and must not burden future generations.
This also applies to the costs of decom-

The largest future costs relate to building
and operating the encapsulation plant and
the deep repository for spent fuel.
Operation and expansion of CLAB and
decommissioning of the nuclear power
plants also constitute large cost items.

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
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missioning the nuclear power plants and
disposing of the decommissioning waste.

To ensure that adequate funds will be
available in the future, a special charge is
levied on nuclear power production. It is
paid to the Nuclear Waste Fund and is
deposited in interest-bearing accounts
with the National Debt Office.

The average charge for 1995 was 1.9
6re/kWh of nuclear-generated electricity.
It varies somewhat between the nuclear
utilities. The charge is fixed annually by
the Government and is based on a cost
calculation submitted by SKB to SKI. In

addition, 0.18 6re/kWh is set aside inter-
nally in the utilities for the costs of low-
and intermediate-level waste.

The calculation includes all costs for all
necessary systems and facilities, i.e. trans-
portation system, CLAB, SFR, and
encapsulation plant and deep repository
for spent fuel and other long-lived waste.
The calculation also includes costs for
research, development and demonstration
activities, information and public rela-
tions, decommissioning of the nuclear
power plants, etc.

The total outlays will be spread over a
period of more than 70 years. A large
portion of the costs arise after the nuclear
power plants have been taken out of ser-
vice.

Initial investments in facilities:
CLAB (through 1985) SEK 1,700
million
SFR (through 1988) SEK 740 million
Transportation system (through 1988)
SEK 250 million
Aspo HRL (through 1994) SEK
270 million

According to the most
I995 recent cost calculation,

PLAN 95, the estimated
future costs from 1996 onward
are about SEK 49 billion (1995
prices). About SEK 10 billion
has been spent through 1995
(including about SEK 1 billion
for SFR, which has not been
financed by fund assets). The
total cost of waste management
is thus about SEK 59 billion. The
value of the corresponding elec-
tricity production is over SEK
800 billion.

Based on these calculations,
the Government has determined
the following charges for 1996:
Barseback 2.2 6re/kWh

Ringhals
Forsmark
Oskarshamn

1.9 6re/kWh
1.9 6re/kWh
1.7 6re/kWh

This means that the electrical
utilities will pay about SEK 1.3
billion into the reserve funds
during 1996. In addition, interest
will add more than SEK 1.5 bil-
lion to the reserve funds.

The table below provides a
summary, for 1995 and total
since the beginning, of charge
payments, interest income and
compensation paid to SKB for
research, transportation, CLAB
etc. The amounts are in millions
of kronor.

1995 Total 1982-95

Charges
Interest income
Compensation
Balance, 31 Dec. 1995

1,270
1,628

399

17,990
8,894
8,968

17,939

The Riksdag decided at the end
of 1995 to make some changes in
the financing system for the pur-
pose of making the system more
secure. The power utilities' full
cost responsibility has been
underscored by requiring them
to pledge securities, which must
cover the risk of early phase-out
or increased costs. Furthermore,
the fund assets have been trans-
ferred from the Bank of Sweden
to the National Debt Office,
which should yield a better rate
of return.

About 700 people are engaged
in the development work and in
the handling and storage of
nuclear waste in Sweden. Of
these, some 85 are employed at
SKB.

Some 250 people are engaged
in research, development and
demonstration activities. They
come from the institutes of tech-
nology in Stockholm and
Gothenburg, the universities in
Lulea, Umea, Stockholm,
Linkoping, Uppsala and Lund,

Vattenfall Engineering AB,
Sydkraft Konsult AB, ABB
Atom, MRM AB, SGU (the
Geological Survey of Sweden),
the Corrosion Institute, Studsvik
AB, Geosigma AB, VBB-Viak
AB, Siab AB, Kemakta AB,
Golder Associates AB, IPA-
konsult AB, ABEM AB, Clay
Technology AB, Skanska and
Conterra AB.

OKG Aktiebolag has been
contracted by SKB to take
responsibility for the operation
of the interim storage facility
CLAB, which employs about
100 people. Forsmarks Kraft -
grupp AB runs the final reposi-
tory for radioactive operational
waste, SFR, which employs
about 15 people. Thirty people
work with transportation, in-
cluding personnel from Rederi-
aktiebolaget Gotland, which
operates M/S Sigyn. In addition
SKB employs some 50 people for
special investigations and for
information and public relations
activities.

SKB's approximate operating costs 1995, SEK million

Research, development and demonstration 123
Planning and design of encapsulation plant and deep
repository etc. 103
Operation of CLAB 69
Operation of SFR 27
Operation of transportation system 19
Interest and depreciation 86
Fuel services 325
Public relations 31
Other 31
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Information - SKB's duty
and the public's right

According to Swedish law, the nuclear
power utilities are obliged to adopt
whatever measures are needed to manage
and dispose of the nuclear waste in a safe
manner. SKB, which has been given
responsibility for this in practice, has
been conducting research and develop-
ment towards this end for more than 20
years. A system which deals with all the
waste for a long time to come has been
in operation since 1988, and plans are
now being made for how to dispose of
the waste in the longer term.

Information and communication con-
cerning nuclear waste disposal - both the
core problems and the principles on
which the solutions should be based - is
an important part of the nuclear power
industry's responsibility. People have a
right to know how this waste will be
disposed of, the costs of which they are
paying via their electric bill. Further-
more, good knowledge is a prerequisite
in order for the public, local and nation-
al authorities and the Government to be
able to pursue the democratic decision-
making process that is required to realize
the long-term solutions.

It is important that the information
should put the waste issue in a proper
perspective. Its importance must not be

underplayed, since the waste constitutes a
grave risk if it is not properly managed.
On the other hand, the risk posed by
waste that has been properly managed
and disposed of must not be exaggerated
either. One difficulty is that there is often
a big difference between how qualified
experts and other groups evaluate risks.
A risk analyst often sees risk as a product
of the probability of something occurring
and the possible consequences of this
happening. Others add factors that have
to do with the perception of the risk. The
total risk that is ultimately perceived
consists of both the "technical" risk and
the conceptual risk. For most people, the
perceived risk is greater if it is forced on
them rather than being undertaken vol-
untarily (for example, air pollution or
passive smoking compared with "volun-
tary" smoking). In the same way, a
"new" risk is perceived as being greater
than an old familiar one (for example,
AIDS compared "with the much greater
risk in Sweden of cardiovascular disease).
Another important factor is whether the
situation is controlled by others rather
than under a person's own control (for
example, the conceptual risk of travelling
by air compared with driving a car).
These are some of the factors that influ-

SKB 's transport ship M/S Sigyn is used in the
summertime as a floating exhibition hall.
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ence people's risk perceptions, and which
should be appreciated by both experts
and others.

The goal of SKB's information is to
broaden and deepen the public's knowl-
edge regarding:
• the radioactive waste that exists today,

and the fact that it will pose a risk in the
future if it isn't handlea properly, for
example if it goes astray;

• the fundamental ethical and technical
principles that guide Swedish waste
management policy:
- the nuclear waste must be dealt with

in a responsible fashion with high
standards of safety,

- the planned systems must be designed
so that we do not shift any environ-
mental or economic burdens to future
generations;

• the fact that the knowledge and the
capability to build safe repositories now
exists in Sweden and other countries
and that SKB is actively participating in
international research and development;

• the system we have built up in Sweden
and that is already being used to dispose
of all radioactive waste for a long time
to come;

• the work SKB has now begun of siting a
deep repository for spent nuclear fuel.
Apart from the disposal method, we aim
to have in 20 years' time a method, a
site, a facility under construction and
funds. This will enable future decision-
makers to either continue along the
beaten path, or choose other solutions.

The best way to bring about a dialogue
with people is to meet them face-to-face.
That is why SKB holds exhibitions on a
large scale, with the participation of the
company's own personnel. Visits are
made to schools, local communities and
trade fairs throughout the year, in some
cases with a mobile exhibition. In this
way, SKB gets to meet the general public,
local political and community leaders and
special-interest groups in an open dia-
logue.

SKB's facilities - CLAB, SFR and the
Aspo Hard Rock Laboratory - are open
to visitors by appointment and have per-
manent exhibitions that can be visited
year-round. At the localities where SKB
initiates feasibility studies, information
offices are opened with associated exhibi-
tions. There, interested visitors can come
into direct contact with representatives of
SKB.

SKB's information is now also on the
Internet's World Wide Web at the follow-
ing address:

http://www.skb.se/skb/
The basic philosophy is that anyone

who wants to should be able to find out
the facts, principles and future plans for
the radioactive waste.

As in previous years, SKB pur-
sued ambulatory information
activities during 1995. With lec-
turers and mobile exhibitions,
SKB visited 42 schools, meeting
6,878 pupils in 315 classes.
Increased interest was noted
during the year among teachers,
and special teacher conferences
were arranged in conjunction
with the school visits. The
school information package "At
Depth" was revised after an eval-
uation in 1995 and is now avail-
able at most upper-secondary
schools in the country. SKB also
took part in eight trade fairs of
different kinds.

During the summer the trans-
port ship M/S Sigyn served as a
floating exhibition hall. For the
seventh year in a row, visitors
were able to view equipment
used to handle the waste, such as
transport casks, as well as mod-
els of the planned deep reposito-
ry and the prospective canister.
New for the year was a series of
on-board seminars to which citi-
zens' groups and politicians were
invited for debate. SKB's exhibi-
tions were visited by a total of
61,000 persons, including mem-
bers of the public, upper-sec-

ondary school pupils, local polit-
ical and community leaders and
special-interest groups. Of these,
51,500 visited the exhibition on
board the Sigyn.

SKB's facilities CLAB, SFR
and the Aspo Hard Rock
Laboratory (HRL) also received
a large number of visitors from
both Sweden and other coun-
tries. Among the visitors were
US senators and several groups
of teachers, who spent their in-
service training days visiting the
facilities.

During the year, SKB ran a
major series of advertisements in
the daily press and trade jour-
nals. The ads dealt with four
questions relating to the Swedish
nuclear waste: "How long is it
hazardous? Who takes care of it?
What do we do with it? and
Where will it be disposed of?" A
fact book could also be ordered
from the company free of cost
during the ad campaign. In
response to the ads, 6,000 people
ordered additional information
from SKB.

Lagerbladet, SKB's newsletter,
was published twice during 1995
and distributed to about 25,000
subscribers.

SKB ran a major series of ads during 1995.
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Organization

President
Sten Bjurstrdm
Vice President

Per-Eric Ahlstrom

Quality and Safety
Bo Sundman

Administration and Finance
Gunnel Eklof

Information and Public Affairs
Jan Lindqvist

Nuclear Waste Management
Bo Gustafsson

v

Development
Per-Eric Ahlstrom

Deep Repository
Claes Tbegerscrom

Facilities
Hans Forsstrom

SKB is owned jointly by the Swedish
power utilities: Vattenfall AB (36%),
Forsmarks Kraftgrupp AB (30%), OKG
Aktiebolag (22%) and Barseback Kraft
AB (12%). Through Vattenfall's stake in
Forsmarks Kraftgrupp, SKB is a sub-
sidiary of Vattenfall. Barseback Kraft and
OKG are subsidiaries of Sydkraft AB.

SKB's operation is based on the princi-
ple of putting a small in-house staff in
charge of getting the work done, and
engaging the services and cooperation of
outside experts on a large scale.

Approximately 700 persons work for
SKB in all, and about 85 of these are
employed by the company. Some 250

persons are engaged in research, develop-
ment and demonstration activities. They
are on the staffs of colleges, research
institutes and various specialist compa-
nies.

SKB has three main divisions:
Development; Deep Repository and
Facilities plus staff and service functions
for Quality and Safety; Administration and
Finance; Information and Public Affairs;
Nuclear Waste Management.

SKB's Management Group
Seated, from left: Bo Gustafsson, Per-Eric Ahlstrom, Gunnel
Eklof, Maud Thorberg and Sten Bjurstrdm. Standing, from left:
Jan Lindqvist, Hans Forsstrom and Claes Thegerstrom.

Department Managers
Head Encapsulation Plant, Tommy Hedman
Aspo Hard Rock Laboratory, Dr Olle Olsson
Research Director, Tonis Papp
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SKB:s board of
directors
Chairman of the Board
Carl-Erik Nyquist, President
Vattenfall AB

Deputy Chairman
Leif Josefsson, Senior Executive Vice
President
Sydkraft AB

Ronald Hagberth, President
OKG Aktiebolag
Alf Lindfors, President
Forsmarks Kraftgrupp AB
Staffan Nordin, Executive Vice President
Vattenfall AB
Christer Svemar, Employee Representative
Svensk Karnbranslehantering AB

Deputy members
Gert Lyngsjo, President
Barseback Kraft AB
Ann Ahlberg, President
Vattenfall Treasury AB
Tommy Cervin, Vice President
Sydkraft AB
Stig Sandklef, President
Vattenfall Bransle AB
Olof Wikstrom, President
Gullspangs Kraft AB
Dr. Sverker Nilsson, Employee Representa-
tive Svensk Karnbranslehantering AB

President
Sten Bjurstrom

Auditors
Bengt-Johan Skold, Authorized Public
Accountant, Stockholm
Gilbert Larsson, Authorized Public
Accountant, Malmo

Deputy auditors
Pal Wingren, Authorized Public
Accountant, Stockholm
Gunilla Malmsten, Authorized Public
Accountant, Landskrona

SKB:s activities - some key facts
SKB operates systems and facili-
ties for the management and final
disposal of spent nuclear fuel and
other radioactive waste from the
Swedish nuclear power plants as
well as from industry, medical care
and research.

For this purpose SKB has built:

• The SFR facility at Forsmark,
•where short-lived operational
waste has been finally disposed of
since 1988
• The CLAB facility at
Oskarshamn, in operation since
1985, where long-lived spent
nuclear fuel is kept in interim stor-
age for 30-40 years prior to final
disposal

• A transportation system consist-
ing of vehicles, transport contain-
ers and a ship
SKB has conducted extensive
research, development and
demonstration work with regard
to the remaining facilities for final
disposal of long-lived spent
nuclear fuel:

• An encapsulation plant
• A deep repository in the crys-
talline bedrock

RD&D-Programme 95 presents
preferred options for encapsula-
tion and the design of the disposal
system, plus a time schedule for
siting of the deep repository. In
May 1995 the Government decid-
ed that the criteria and the process
for siting which SKB previously
presented in a supplement to
RD&D-Programme 92 should
serve as a basis for the future
work. The Government decision
also entails an acceptance of SKB's
planning of the reporting of future

safety assessments.
SKB is responsible for coordi-

nation and investigations regard-
ing the costs for the nuclear waste,
future decommissioning, strategic
stockpiling of uranium etc.

SKB acts as an international
consultant on the management and
disposal of nuclear waste.

SKB's activities provide em-
ployment for a total of about 700
persons, of whom some 85 are
employed at SKB. About 250
researchers, experts and techni-
cians are engaged in the company's
RD&D activities. Of these, just
over a hundred are on the staffs of
colleges and universities, while
others work at research institutes,
specialist companies etc.

SKB's total costs in 1995
amounted to SEK 814 million,
including SEK 115 million for
operation of facilities and SEK 123
million for RD&D activities. In
addition, SEK 103 million was
used for design of the encapsula-
tion plant and deep repository.

SKB's revenues consist for the
most part of compensation from
owners for the services performed
by SKB, and of withdrawals from
SKI's reserve funds.

During 1995 the power utilities
paid about SEK 1,270 million into
the reserve funds administered by
SKI.

Cumulative payments, plus
interest, for the management of
nuclear waste since the advent of
the financing system in 1982 up to
and including 1995 amount to
about SEK 27 billion. About SEK
9 billion of this has been disbursed
to SKB for the construction and
operation of facilities, RD&D
activities etc.

1972 SKB is founded
1976 Plans for the Swedish nuclear waste system are presented in the

AKA Committee report
1976 Start of SKB's R&D on nuclear waste
1979 System for disposal of reprocessing waste (KBS-1) approved
1982 Transportation system in operation
1984 System for direct disposal approved (KBS-3)
1985 Interim storage facility for spent nuclear fuel, CLAB, commissioned
1987 First R&D-programme under Act on Nuclear Activities approved
1988 Final repository for radioactive operational waste, SFR, commis-

sioned
1990 Start of construction of Aspo Hard Rock Laboratory
1993 SKB's RD&D-Programme 92 accepted by the Government with

certain conditions
1994 Aspo HRL's Phase 1 completed. Feasibility studies m Storuman

and Mala
Planned:
- Stage-by-stage siting of deep repository, with feasibility studies on

several sites and site investigations on a couple of candidate sites
- Detailed characterization of one site
- Construction of encapsulation plant in connection with CLAB
- Construction of deep repository for spent nuclear fuel
- Operation of encapsulation plant
- Deposition of limited quantity of spent nuclear fuel
- Operation of deep repository
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Swedish Nuclear Fuel and
Waste Management Company

Box 5864, S-102 40 Stockholm, Sweden.
Tel: +46 8 665 28 00. Fax: +46 8 661 57 19.
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