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Where and how will we dispose of
spent nuclear fuel?

There is political consensus to dispose of spent nuclear fuel from Swedish nuclear power
plants in Sweden. No decision has yet been reached on a site Tor the final repository in
Sweden and neither has a method for disposal been determined. The disposal site and
method must be selected with regard to safety and the environment as well as with regard
to our responsibility to prevent the proliferation of materials which can be used to produce
nuclear weapons.

In 1983, a disposal method called KBS-3 was presented by the nuclear power utilities,
through the Swedish Nuclear Fuel and Waste Management Company (SKB). In its 1984
resolution on permission to load fuel into the Forsmark 3 and Oskarshamn 3 reactor?, the
government stated that the KBS-3 method - which had been thoroughly reviewed by
Swedish and foreign experts - "was, in its entirety and in all essentials, found to be
acceptable in terms of safety and radiological protection."

In the same resolution, the government also pointed out that a final position on a choice
of method would require further research and development work.

Who is responsible for the safe
management of spent nuclear fuel?

The nuclear powcrutilitics have the direct responsibility for the safe handling and disposal
of spent nuclear fuel.

This decision is based on the following, general argument: those who conduct an
activity arc responsible for seeing that the activity is conducted in a safe manner. This
responsibility also includes managing any waste generated by the activity. This argument
is reflected in the wording of major legislation in the field of nuclear power, such as the
Act on Nuclear Activities (1984) and the Act on the Financing of Future Expenses for
Spent Nuclear Fuel etc. (1981).

The Act on Nuclear Activities and the Act on the Financing of Future Expenses for
Spent Nuclear Fuel etc. stipulate that the nuclear power utilities arc responsible for
conducting the research which is necessary for the safe management of spent nuclear fuel.
This legislation stipulates that the utilities arc also responsible for the costs incurred in
connection with the handling and disposal of the waste.

There arc four nuclear power utilities in Sweden: Statens vattcnfallsvcrk (the Swedish
State Power Board), Forsmarks Kraftgrupp AB, Sydsvenska Värmekraft AB and OKG
AB. Together, these four utilities own the Swedish Nuclear Fuel and Waste Management
Company (SKB). SKB's tasks inclt the practical execution of the work which the
utilities arc responsible for carrying • t.

The government has the overall responsibility for safety in connection with waste
handling and disposal. Three authorities - the National Board for Spent Nuclear Fuel
(SKN), the Swedish Nuclear Power Inspectorate (SKI), and the National Iastitutc of
Radiation Protection (SSI)-arc responsible foi different aspectsof government supervision
of the utilities' waste activities. The government has also appointed a special agency, the
Consultative Committee for Nuclear Waste Management (KASAM) to deal with these
matters. (The task of this commission was completed by June 1990.)

Continued on M M back insid* covar.
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Abstract

The scientific literature provides conclusive evidence of gas migration through
crystalline bedrock and up to the surface. Such gas transport can alter the chemistry
of the rock and possibly also affect the water flow. Furthermore, studies of gas
flow may even become a way of gaining more knowledge about the rock itself.

It appears, however, that such implications of gas flow are rarely reported and
that data on gas flow, gas composition and flow patterns are scarce or even non-
existent.

It is the impression of the authors that this situation may partly be attributed to
the absence of a general description of how gas may behave in the rock.

In this paper, a compilation is made of various significant observations of geo-
gas. Based on these observations, and on well-known physical and chemical prin-
ciples, possible models for the behavior of the gas are analysed and discussed.

Thus, at a depth of some tens or hundreds of meters, the partial gas pressure
might exceed the hydrostatic pressure, enabling the development of a gas phase.
Such gas may form in fissures in the rock of perhaps 0.1 mm width. The gas de-
posited will attempt to minimize its surface energy. The shape assumed will thus
depend on the geometrical constraints as well as on the specific surface energies
between gas and water, gas and rock, and water and rock. For a small bubble, or a
bubble of moderate size, these effects can be expected to make the bubble stay in
place. The accumulation of gas into the gas pocket will lead to the exertion of
pressure onto the uppermost part of the pocket. At some stage of gas accumulation,
this pressure will become sufficient for the gas to penetrate upwards through the
fissure. As the gas propagates, the hydrostatic pressure will decrease and the vol-
ume of the gas will also increase. Eventually, when the surface is reached, a burst
of gas may be observed.

Four mechanisms have been identified that may describe how heavy elements
can be transported from considerable depths to the surface by means of gas:

• transport through volatile compounds that dissolve in the gas,

• transport by elements bonded to complexing agents that are surface active and
enrich themselves onto the interface between the water and the gas,

• flotation (bubbles attaching themselves onto particles and lifting them) and

• transport by aerosols that may form when gas moves rapidly through a fracture
in the rock.

Finally, the paper makes some recommendations to geoscientists regarding phe-
nomena that it may be fruitful to utilize.



Introduction

In the late 19th century, there lived in Germany, in a town called Jena, a poor
family with eleven children. Their house was cold and damp and had mould on the
inside. Otherwise, the walls were beautifully green as they were covered with a

wall-paper coloured with Schweinfurter griin dye which has the chemical formula

[3Cu(AsO2)2«Cu(CH3COO)2l.
Unfortunately, during the course of seven years, six of the children died,

whereafter the parents were arrested on the charge of murder of the children using

the poison white phosphor.
Fortunately, however, charges were dropped when the prejudicial investigation

found that the children had actually died from arsenic poisoning and that this ar-

senic had come from the volatile compounds that developed when the mould

Penicillium brevicaule consumed the flour-containing paste of the wall-paper. It
was later found that the active component in the gas was trimethylarsane. Me3As,

which is formed through biomethylation of the arsenic in the Schweinfurter griin

dye.

Further details of this authentic story and on the biomethylation process can be

found in References 1 -5.

It might appear tempting to say that, nowadays, we have little to learn from a

horror-story like this one from the un-enlightened past and that we are so much

wiser today. We need, however, only remind ourselves of the large-scale

spreading of mercury in the environment which came as a complete surprise (at

least to most people). This spreading still goes on. It is caused by a very similar

bioalkylation type of mechanism as well as by the - at least until recently - large-

scale use of compounds containing mercury such as certain pesticides for planting-

seed and grain. Further details can be found eg in Reference 6.

What can we learn from this story?

First, the story illustrates the need for ingenuity and imagination when assessing

the safety of complicated systems. It is actually necessary to identify possible

events in a comprehensive manner. Thus, the analysis should deal not only with

scenarios where the significance for the safety is immediately obvious.lt should

also include events where the significance for the safety is uncertain.

Secondly, the story illustrates that transport of matter - including matter con-

taining heavy elements - occurs not only through the flow of liquids or motion of

solids but also through the carrying action of gases.

Thus, when a repository for long-lived radioactive wastes in a deep geological

formation is considered, it is necessary to analyse the possibility of transport of

radioactive elements from the vicinity of the repository through the rock and into

the biosphere by means of gas that may be present in the rock (7-9). In particular,

such analyses are pertinent in view of the requirement that such a facility should

function flawlessly over very long periods of time without any need for improve-



ment by future generations (10-13). An example of a repository system is shown in

Figure 1.

Backfilling of sand-bentonite

Compacted bentonite

Figure 1. A possible layout fo- a repository for spent nuclear fuel in crystalline
bedrock. The system shown is called KBS-3 and is being developed by the
Swedish Nuclear Fuel and Waste Management Company. (Illustration by Gunnar Kaj)

There may, however, also be benefits to be gained from gases moving through the
rock and to the surface. After a repository has been sealed, a period of surveillance
can be foreseen during which it may prove valuable to monitor the condition of the
rock and of the repository. One of only a few non-destructive means available for
such a monitoring appears to be the collection and analysis of the gases that flow
through the rock as well as of the heavy elements that they may bring along.

These two aspects have prompted the Swedish National Board for Spent
Nuclear Fuel, SKN, to initiate a survey (8) of the open literature for evidence of
gas in crystalline rock, information on its composition, flow pattern as well as
possible components transported by the gas and any kind of selectivity involved in
this process. Furthermore (8), analyses have been made of the mechanisms for the
flow of such gas and for the transport of heavy elements with it.

The word "geogas" that is used throughout this paper designates substances
which appear in crystalline rock and which at normal pressures and temperatures
form a gas phase (8).



The purpose of the present paper is to provide a brief compilation of the obser-

vations made of geogas and of transport by geogas in crystalline rock. The purpose

is also to make derivations of and to propose possible mechanisms for gas flow

and transport of heavy elements with the geogas.

Geological and geochemical observations of

The origin of geogas

There are several different origins of geogas (14-19). Some of the gas is simply air

that has dissolved in surficial water that has then infiltrated into the deeper parts of

the rock. In this case, the geogas is expected to contain nitrogen and argon and per-

haps also oxygen (if the oxygen has not already reacted with the rock and disap-

peared).

Another source of geogas is chemical reactions that may appear in all the parts of

the rock. Thus, near the surface, cellulose or humic substances may react with dis-

solved oxygen, sulphate ions or iron-Ill to form carbon dioxide and possibly also

methane. Other reactions may concern originally sedimentary organic material that

is in some state of metamorphosis. Reactions may also take place between the rock

and water. Another source related to chemical reactions is degassing from the

mantle of the earth. Typical gases from chemical reactions are nitrogen, carbon

dioxide, methane, hydrogen and hydrogen sulphide.

Finally, gas is generated by the decay of radioactive elements in the rock.

Typical gases from this source are argon and helium.

Sampling of geogas or water containing geogas is experimentally difficult,

especially at greater depths, and we have found few complete and reliable analyses

of gases from crystalline bedrock in the literature.

Examples of gas composition in groundwater sampled from the crystalline bed-

rock at the Äspö site for the hard rock research laboratory for nuclear waste are

shown in Table 1 (20). The bedrock at Äspö consists of precambrian (ca 1 700

My) granodiorites and amphibolites.



Table 1. Gas concentrations in groundwaterfrom boreholes at Aspö. The data have
been obtained by the Swedish Nuclear Fuel and Waste Management Company
(20). The calculated concentrations of different components in pure water that are
in equilibrium with air are also shown for comparison.

Gascone pprn

(jil/l sample)

N2

He + H2

CH4
CO

CO2

02

KLXO1

272 m

25 000

88

110

14

-

0.35

KLX02

680 m

72 000

-

220

1.5

290

-

KLX01

850 m

55 000

6 400

31

0.3

620

< 1 000

KLX01

910 m

37 000

3 500

27

0.1

500

< 1 00

KAS03

129 m

20 000

-

16

11

1 200

-

KAS03

860 m

40 000

-

37

35

175

0.26

surface

water

20°C

12 000

< 0.1

<0.1

-

300

6 000

The flow pattern and the flow rate of geogas

The best illustration of the flow patterns of geogas appears to come from marine
geological observations (21) where a clear correlation has been found between
major geological fracture zones and observations of geogas. An example of this,
taken from the archipelago of Stockholm, is shown in Figure 2.



Figure 2. Location of larger lineaments in the Stockholm archipelago together with

the observations made of geogas eruptions. The Figure has been supplied by Per

Söderberg and Tom Floden at the department of Geology and Geochemistry at the

University of Stockholm.

A report from Finland (19) shows that similar correlations have been found on

land.
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The marine observations of geogas are either direct observations of bursts or of
pockmarks that are formed at the sea bonom during a burst (if the bottom
comprises clay or fine sand). Pockmarks appear in different sizes from decimeters
to several meters. A typical pockmark is shown in Figure 3.

depth
22 m

i
sea water

2 4 m - ••;-_•_
:.-."•-."" . c l a y

Figure 3. Pockmark in the Stockholm archipelago. The Figure has been supplied
by Per Söderberg and Tom Flodin at the department of Geology and Geochemistry
at the University cf Stockholm.

Large volumes of gas may be escaping when a pockmark is formed as is evidenced
by the observation of pockmarks with a diameter of up to 40 meters and a depth of
2-3 meters, and of gas eruptions of up to 10 meters above sea level.

Most observations of geogas indicate that the gas appears in the form of bursts.
In drill holes, however, the observations known to the authors are only of individ-
ual, relatively small bubbles or continuous streams of bubbles. However, most
analyses of water in bore holes indicate total gas pressures substantially lower than
the hydrostatic pressure.

The irregularities in the flow patterns, in time as well as space, imply that it is
difficult to measure or even estimate the average flow rate per unit area.
Unfortunately, significant data can therefore not be provided.

Transport of matter containing heavy elements

Somewhat remarkable, but nevertheless, comprehensive and conclusive evidence
exists (19,22) which shows that matter containing heavy elements can be trans-



ported from mineralisations at considerable depths of several hundred meters and

up to the surface.

In the works of Kristiansson and Malmqvist (22, 23) the heavy elements are

collected on aerosol t^pe filters mounted onto the spouts of funnels that are buried

in the overburden above the crystalline bedrock. The filters arc analysed for minute

traces of elements by the very sensitive PIXE method (Proton Induced X-ray

Emission) (24).

In the Finnish study (19), the air was sampled above the ground by sucking it

through a system of filters and an absorbant solution. The solution was then am -

lysed for various elements using an atomic absorption spectrophotometer.

With the methods used, no ate< >lute calibration could be made. However, in

several cases, differences were observed between areas that have mineralisations

and those that do not.

Some examples of the results from the studies of Hämeenkyla et al (19) and

Kristiansson and Malmqvist (19) are shown in Figure 4.

10
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Figure 4. Anomalies of metallic elements obtained over the Polvijårvi copper-zinc-
cobalt ore at Outokumpo in Finland. Two methods have been used: the Swedish
Geogas Method (Malmqvist (REF) and the Czechoslovakian Molecular Form of
Elements Method, MFE, (Kronär B (REF). Figure taken from Reference (19).
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Mechanisms for gas migration

The only route that has been identified as reasonably efficient for a geogas flow to
the surface is through fractures in the bedrock (8). In such fractures, the geogas
may either flow as a gas or as a component dissolved in the groundwater. In bed-
rock where the groundwater level is high - as it is in most cases in Sweden - it is
likely that at least part of this transport takes place through the flow of ground-
water.

The direction and velocity of the flow of groundwater is dependent on the shape
of the groundwater surface, thermal conditions in the rock, differences in ground-
water chemistry, tectonic effects (for instance, tidal pumping) and, probably, also
the effect of geogas. In some cases, the flow may imply that the sum of the partial
pressures of the dissolved gases reaches, or exceeds, the hydrostatic pressure.
Thus, the condition for gas formation may be reached, either by a decrease in the
hydrostatic pressure, or by an increase in temperature (or both). The critical points
and curves for some geogas candidates are given in Figure 5 (8).

P(bar)

H?S

He-3

-300 -200 -100

Figure 5. Critical point (o), tripple point (*) and (approximate) lines showing the
liquid-gas interface for a few geogas candidates.
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An event of ihis nature may appear at a depth of some tens or hundreds of meters
and in a fracture of perhaps 0.1 mm width, or less (25). On average, the width of a
fracture decreases as the distance from the surface increases (25).

The formation of a gas phase in the form of a new bubble would require con-
siderable oversaturation initially if the bubble were to develop straight out of pure
water. Instead, in most cases, the initiation of a new bubble is aided by some kind
of mechanism that reduces the activation energy of formation. In groundwater, this
process can be expected to be facilitated by the presence of fracture and particle sur-
faces as well as by ionizing radiation that may be emitted from radioactive elements
in the fracture coatings.

When a bubble forms, it can be expected to grow relatively rapidly in the be-
ginning due to the oversaturation of the water in the vicinity of the bubble. The
growth rate is diffusion-controlled, which implies that the rate of growth is soon
slowed down. Moreover, as the bubble becomes larger, it will move upwards with
increasing velocity due to the difference in density between the bubble and the
water phase and in accordance with Stake's law (26). Such motion will enhance
the transport of dissolved gas from the groundwater to the bubble.

As the bubble grows, its diameter eventually becomes comparable in magnitude
to the width of the fracture. At some point, the bubble will meet a constraint in
terms of a narrower portion of the rock. If it were to proceed through such a con-
straint, it would have to modify its shape to an energetically less favourable one. At
this stage, such a change would not be expected to take place since the driving
force would be too small. Instead, the bubble would be trapped.

Alternatively, the bubble was trapped even initially.
The bubble will, however, continue to grow and in doing so, expand into the

fracture. When a sufficiently large pocket of gas has accumulated, a pressure will
appear on the upper part of the pocket where the constraint is and force the surface
to change shape. This will provide for a flow of at least a large pan of the gas in the
pocket through the constraint.

In its motion, the gas volume gains momentum, expands as the hydrostatic
pressure decreases and moves to the surface at an increasing rate. Finally, it
reaches the surface and becomes evident as a burst of gas.

The mechanisms proposed for gas migration are illustrated in Figure 6.

13
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Figure 6. Possible mechanisms for
growth and transport of gas bubbles in a
fracture.

Eventually, the gas reaches the surface
and appears as a burst of gas.

The gas pocket exerts a pressure onto the
upper part of the pocket and the volume
of gas is released.

The pocket of gas grows through
diffusion as well as addition of new
bubbles.

The gas bubble becomes trapped in a
constraint in a fracture.

Growth of a bubble through diffusion of
dissolved gas onto the bubble.

Initiation of a small gas bubble in a
fracture containing oversaturated water.
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In boreholes, there are no such constraints as described above and the bubbles will
therefore reach the surface one by one instead, as has actually been observed (cf
above).

Possible mechanisms for transport of heavy
elements by means of geogas

Four mechanisms have been identified for the transport of different elements by
means of geogas:

• transport through volatile compounds that dissolve in the gas,

• transport by elements bonded to complexing agents that are surface active and
enrich themselves onto the interface between the water and the gas,

• flotation (bubbles attaching themselves onto particles and lifting them) and

• transport by aerosols that may form when gas moves rapidly through a fracture
in the rock.

The mechanisms proposed for transport of elements by means of geogas are illus-
trated in Figure 7.

15
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Figure 7. Possible mech-
anisms for transportation
of matter with geogas.

Volatile elements dis-
solved in the gas bubble.

Surface active elements
concentrate onto the sur-
face of the bubble.

Flotation (a particle is
lifted by a bubble).

Small solid or liquid par-
ticles become dispersed in
the gas when a volume of
gas travels to the ground
surface.

.1mm
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Transport through volatile compounds that dissolve
in the gas

There are a large number of organometallic compounds that can be formed, many
of which are volatile (27-28). It is also known that some elements in nature, such
as mercury, cadmium, arsenic and lead, form alkylated compounds through the
action of microorganisms (6,27). These compounds are quite volatile(27) - and
toxic! (S) - and are responsible for much of the spreading of these elements in the
environment.

If - or when - such compounds are formed in the fracture systems in the rock,
they may dissolve in the geogas and be transported to the surface.

Surface active complexes that are transported on
the surfaces of the bubbles

It is a well-known phenomenon in surface chemistry that complexing agents may
have different polar properties in different parts of their molecules (26). Thus, in a
system where bubbles are present, the energy can be lowered if the non-polar parts
of such molecules direct themselves towards the gas in the bubbles. In an inter-
esting experiment from the Irish Sea it has been shown that a substantial
enrichment of plutonium (30 - 600 times) can be obtained if bubbles pass through
seawater and the foam and spray are collected and analysed.

It has been shown (29) that a substantial enrichment can take place on surfaces
of bubbles of air that pass through seawater. In an interesting experiment carried
out at the Irish Sea,(29) foam and spray from such bubbles was collected and ana-
lysed for plutonium. It was found to contain 30 - 600 times more plutonium per
unit volume that the sea water that it originated from.

Flotation

Flotation is a well-known phenomenon (30) that has been utilized for a long time
and on a large scale in mining industry. In flotation, it is utilized that the specific
surface energy is (or can be made by using additives) higher between water and gas
than between a certain mineral and gas. Thus, if the ore is crushed to a suitable
size, the bubbles can lift the panicles sticking onto them and leave particles of other
minerals behind. It appears, that this method is particularly feasible when a separ-
ation of sulphide minerals from oxide minerals is desired.

17



Transport by aerosol

As described above, a gas pocket may release itself and move towards the surface.

This motion may become rather rapid depending on the circumstances in each par-

ticular case.

The motion can be expected to depend on the width of the fracture (since the

flow is likely to be limited by the viscous drag of the water making way for the gas

pocket). The width of the fracture can be expected to vary in a complicated manner

in each individual case. On average, however, the width is expected to increase as

the distance from the surface decreases (25).

Furthermore, the volume of the gas increases as the hydrostatic pressure de-

creases during the escalation. The driving force for the gas pocket is approximately

proportional to the volume of the pocket while the drag can be expected to increase

considerably less rapidly or may even be relatively independent of the volume (26).

Thus, at some stage, the motion of the gas may become sufficiently rapid in

order to cause a dispersion of solid particles and/or liquid into an aerosol.

Liquid constituents in the aerosol may well evaporate as the relative humidity

(26) in the gas pocket can be expected to decrease as the hydrostatic pressure de-

creases. Such an evaporation of the liquid can be expected to "stabilize" the aerosol

(actually make it less unstable).

Discussion and conclusions

There is conclusive evidence in the scientific and technical literature to prove that

geogas exists, finds its way through crystalline rock and up to the surface and that

it thereby alters the composition of the rock and possibly also the water flow in a

specific manner (8).

Moreover, an understanding of the phenomenon of geogas flow and associated

transport of heavy elements might provide a basis for non-destructive

investigations of the bedrock down to considerable depths. (Such methods would

be of interest to utilise for monitoring repositories for long-lived radioactive waste

after closure).

It is well known, that within the last two decades, overwhelming evidence has

shown that enormous amounts of thermally-driven water flows through the rock in

certain parts of the world, that hydrothermal reactions occur on a very grand scale

and that such effects are of very great importance in the geological history of the

earth (31).

There is no indication that alterations caused by geogas flow may be of such

paramount significance. On the other hand, considerable amounts of largly sedi-

mentary material that can form geogas under metamorphosis are constantly brought

into the interior of the earth. Admittently, much of this material will reach the sur-

face of the earth through weathering, hydrothermal reactions and volcanic activities

18



but a considerable amount might still reach the surface in the form of a steady
stream of geogas.

It appears, however, that reports on geogas are scarce in geological literature
(8). In particular, quantitative data on geogas flow, composition and flow patterns
as well as on the transport of heavy elements with the gas are rare or even non-
existent.

It is the impression of the authors of this paper that this situation may partly be
attributed to the absence of a general description of how geogas could flow in the
rock and of the associated transport of heavy elements.

In this paper, such processes are described and proposed. It must be strongly
emphasised, however, that these mechanisms are possible ones. The mechanisms,
albeit complying with well-known and generally accepted principles of physical
chemistry (26), might not necessarily correspond to the most important events in
the rock or perhaps not even to events of much significance.

It is nevertheless hoped that the suggestions given in this paper will provide a
physical chemical perspective that will prove to be fruitful to the scientist who is
sufficiently ingenious and courageous to explore the presumably very fertile area of
the real significance of geogas and of transport of maner by geogas.
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The Swedish nuclear power
programme

After the 1980 referendum on nuclear power, the Riksdag decided that nuclear power in
Sweden would be phased out no later than the year 2010 and that the number of reactors
would be limited to twelve. Since 1985, these reactors have all been in operation at the
nuclear power plants in Barsebäck, Fotsmark, Oskarshamn and Ringhals. In June 1988,
the Riksdag decided upon guidelines for an early phase-out of nuclear power which would
mean that one reactor in Barsebäck and one in Ringhals would be decommissioned
between 1995 and 1996. In 1990, it is planned that the Riksdag will decide which reactors
are to be decommissioned and in what order.

Different kinds of radioactive waste
Different kinds of radioactive waste are generated during the operation of
a nuclear power plant - low-level waste, intermediate-level waste and
high-level waste.

LOW- AND INTERMEDIATE-LEVEL WASTE

Low- and intermediate-level waste arising from the continuous operation of a nuclear
power plant are known by the common name of reactor waste. Reactor waste consists of
scrap material and metal, protective matting, clothing and suchlike which are used within
the controlled areas of the nuclear power plants. This waste also consists of filter material
which is used to trap radioactive substances in the reactor coolant. The radiation level of
low-level waste is so low that it can be handled without any particular safety measures and
so it is packed in plastic bags or sheet metal drums. However, certain protective measures
are required when handling intermediate-level waste. This waste is cast in concrete or
asphalt.

In the spring of 1988, SFR (the final repository for reactor waste) was taken into
service. SFR is located under the seabed near to Forsmark nuclear power plant. The
utilities plan to deposit all reactor waste as well as low- and intermediate-level waste from
decommissioning in SFR.

HIGH-LEVEL WASTE

High-level waste mainly consists of spent nuclear fuel, i .e. fuel elements in which so many
of the fissile atoms are spent that the elements can no longer be used. However, the spent
fuel still generates heat on account of its radioactivity and must be cooled. The fuel is,
therefore, stored in special pools filled with water in the reactor building for at least one
year. The fuel is then transported by a specially built ship, called Sigyn, to CLAB (the
central interim storage facility for spent nuclear fuel), located close to Oskarshamn
nuclear power plant. CLAB was taken into service 1986. Since the radiation level is very
high, the fuel is transported in specially built containers. The walls of the containers are
made of thick steel so as to shield the personnel and surroundings from harmful radiation
and to protect the fuel from damage.

The fuel is then placed in storage pools in an underground room at CLAB where it will
be stored for at least forty years. During this time, the radioactivity and the heat generated
by the fuel will decline thereby facilitating handling and disposal of the fuel.



THE NATIONAL BOARD FOR SPENT NUCLEAR FUEL

One of the main tasks of the National Board for Spent Nuclear Fuel (SKN) is to review
the utilities' research and development programme for the management of spent
nuclear fuel and for the decommissioning of the nuclear power plants. The Board also
supervises the way in which the utilities carry out the programme. In order to
accomplish this task, The Board keeps abreast with international research and
development work within the area and initiates such research that is important to its
own supervisory functions. The research conducted by the Board is both scientific/
technical and sociological in nature. The results from this research are published in
the SKN Reports series. A list of published reports is available at the end of each
publication.

Another of the Board's main tasks is to handle issues concerning the financing of
costs within the area of nuclear waste. Each year, the Board estimates the size of the
fee to be paid by the utilities to cover the current and future costs of waste
management. The proposal on fees for the coming year is reported in SKN PLAN,
which is submitted to the government before the end of October.

The Board is also responsible for seeing that the public is granted insight into the
work on the safe disposal of spent nuclear fuel. The Board will continually issue short
publications on this matter in the series, DISPOSAL OF SPENT NUCLEAR FUEL.
The following publications have so far been issued:

1. Comments on the research programme for 1986. (In Swedish)
2. (Now replaced by number 5)
3. How do we choose a suitable site for a final repository? (In Swedish)
4. Radioactive waste: technology and politics in six countries. (In Swedish)
5. This is how nuclear waste management is financed. (In Swedish and English)
6. Evaluation of SKB's research programme 89. (In Swedish)
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