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1. INTRODUCTION

Up to 1972 radioactive waste in Sweden was produced mainly in connection
with nuclear research and development and at a small power reactor. This was
a demonstration plant based on a heavy water reactor 80 MW (thermal). The
plant operated between 1962 and 1974 and decommissioning started with the
isolation of the containment. In 1972 the first commercial nuclear power
plant started operation and at present (January 1977) five commercial units
are in operation.

In 1975 the Swedish. Parliament approved a programme for nuclear power
expansion with up to 13 units in operation by 1985. All these units are or
will be concentrated to the four sites, Oskarshamn, Ringhals» Barseback and
Forsmark (Fig 1). Reactor type and net output are shown in Table I.

Experience of waste handling in Sweden was thus very limited when the
design of the first commercial power unit begun in 1965/66. The methods
which at that time were accepted for the processing of radioactive waste
were designed to permit the waste products to be either dumped at sea or
buried underground. It was therefore decided that ion exchange resins and
evaporator concentrates would be solidified by incorporation into concrete.
For later plants bitumen was chosen instead of concrete, the main advantage
being the smaller volume as compared with that for the concrete method.

Since 1972, Swedish law in practice prohibits dumping at sea. In 1976
the Swedish Government Committee on Radioacive Waste (Ref 1) recommended in
its final report that underground burial of radioactive waste should not be
practiced in Sweden. The reason is that there is only a thin layer of soil
on top of the rock throughout almost the whole country. The low- and medium-
level waste, which requires prolonged storage, will therefore probably be
placed in the bedrock.
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2. QUAHTITIES AND TYPES OF WASTE

The total accumulated amount of radioactive waste in Sweden in 1990
yielded by 13 nuclear power units (combined net output 10 000 MW with a
history in 1990 of totally 155 reactor years) has been calculated (Ref 1).
The separate quantities are shown in Table II.

The figures given in Table II must be considered as very uncertain be-
cause of the very limited practical experience of waste production.

The quantity of waste produced seems to be lower for a PWR than for a
BWR, chiefly because the operation of a BWR leads to more waste in the form
of control rods, fuel boxes and spent resin from the condensate polishing
systems.

3. TREATMENT OF REACTOR WASTE

3.1 The present methods

Present methods of waste treatment are adapted to interim storage on
site. Changes or further treatment can become necessary later on in order
to meet requirements for final disposal.

Core components

No special treatment method is used at present. The components are
stored at each station under water in the fuel pool. The fact that they
occupy too much of the storage capacity of the pool necessitates a move to a
central storage station at some time in the future. Such storage will be
available in 1982 at the earliest. Consequently, more compact pool storage
must be employed in the meantime.

System components

Used system components are simply cut into suitably-sized pieces and
stored at the stations together with the low- and medium-level waste.
In some cases system components have been placed in concrete boxes which
have then been filled with cement in order to achieve effective radiation
shielding and to prevent the release of airborne activity.

Oil waste

Oil-water mixtures are stored at the stations in conventional oil-
barrels. These mixtures make large demands on storage space and constitute a
problem as regards fire protection.

The radioactivity in the oil-water mixture is usually very low or not
detectable. Some oils have been burned at conventional oil-destruction
plants or at oil-fired power stations following a check of the activity.

Ion exchange resins, filter materials and evaporator concentrates

Filtersludges, spent ion exchange resins and evaporator concentrates
are generally incorporated into concrete or bitumen. For the first plants
concrete was chosen as the technique using this material was better known.
In this instance the waste is mixed with cement in prefabricated concrete
boxes having an outer dimension 1.2 m along each edge (Fig 2). The wall
thickness of the box can be varied in steps between 10 and 35 cm. Thus the



box-walls and the internal concrete mixture provide a fairly effective ra-
diation shield for the waste content. Where resins are concerned, however,
this method of shielding requires a rather big and expensive storage volume.
The method leads to a storage volumes that are 4 - 4 0 times greater than
that of the unshielded, dewatered waste. The waste can also be incorporated
into concrete in unshielded oil-barrels. A somewhat smaller volume is
achieved but as cylindrical products cannot be stored in a compact way the
advantages are reduced. Corrosion in the barrels can also lead to a release
of activity.

Bitumen has been chosen for subsequent installations, essentially because
of the smaller volumes achieved for a more concentrated product. Further-
more, there is a much greater resistance to leaching in a wet environment.
A disadvantage is, however, the fire risk during bitumenization and storage.
Such a fire could lead to the release of thousands of curies of long-
lived nuclides.

The bitumenization system now in operation uses a grinding mill to reduce
the granular ion exchange resins to a form similar to that of the other
sludges and concentrates. Dewatering of the sludge is accomplished in a thin
film evaporator in which the sludge is mixed with bitumen. The water-free
mixture of resins and bitumen is poured from the evaporator into barrels of
conventional size barrels which are handled using special transport shields
with 12 cm lead-walls (Fig 3). The shield has a weight of abdut 7 tons and
serves to reduce a surface dose-rate of 100 rem/h to about 100 mrem/h
These figures correspond to a situation in which leakage occurs in 0.1 -
0.2 Z of the fuel rods.

At one station the resins and filter materials are not solidified at
all but are instead carefully dewatered in 6 m^ concrete tanks (Fig 4).
Filtercartridges are installed in the tanks and at the completion of the
process these are left in the dewatered sludge. The inside walls of the
tanks are protected by butyl-rubber. The method has the following advantages:

1) The final product has a smaller volume

2) The process is easy and continous and suitable for automatic control

3) The product is reversible so that long-lived nuclides such as Sr-90
and Cs-137 can be readily eluted if it becomes necessary to deplete the
waste before final disposal.

Normal trash

Compressible waste, such as plastic sheet, spent fabric etc, is normally
segregated from incompressible waste and enclosed in plastic-bags. These
are then measured for activity and classified as active or inactive bags.
Inactive bags can be treated in some cases as conventional waste and might
be delivered to the municipal waste facilities. The active bags are com-
pressed by a factor of 3 - 5 into 200 1 barrels or into 600 1 metal boxes.

3.2 Proposed changes in the near future

Current aims for changes in the techniques of waste disposal as described
above are

(1) Improvement of the end products

(2) Reduction of the volumes to be stored



(3) Reduction of the total colleciton dose received during treatment,
transportation, and storing of the waste.

The leak resistance and mechanical stability of the concrete product
must be improved. Stabilizing agents such as Silix and venniculite have
proved efficient. The leach coefficient for Cs has been reduced from ICT^
cm2 d"1 by more than a factor of 100 by adding 5 % vermiculite (Ref 2). The
resistance to frost must also be increased.

The properties of both the bitumen and the concrete products can be in-
fluenced by the presence of decontamination chemicals. This problem must be
solved quite soon since decontamination will be used frequently in the
future in order to reduce radiation levels in the stations.

Concentration of the activity will serve to reduce the active volume. It
will, however, lead to an increase in the surface dose-rate unless thicker
shielding is added. It is clear that unnecessarily hard criteria on per-
missible surface dose-rates make volume reduction impossible and are to be
avoided. Loose transport shielding should be used to reduce the dose received
by the operators. It is, however, impractical to concentrate the activity
in the resins beyond a certain point. A very high level of activity would
make it difficult or nearly impossible to repair defect components in the
radwaste systems or to perform tasks such as loosening plugs in pipes etc.

The activity concentration in the ion-exchange resins can be checked by
one of the following methods

(1) Daily calculation of the activity provided by data from the filter
system and from water analyses.

(2) Direct measurement of the radiation from the filters.

Breakpoint decisions depend upon the design of the radwaste system and
upon operating experience. The first of the above mentioned methods can
give information regarding the concentration of different nuclides in each
resin. This will make it possible to segregate resins that contain long-
lived nuclides and thereby reduce the volumes requiring prolonged storage.

In order to reduce the large amounts of radioactive trash stored at each
plant an incinerator has been built at the Studsvik research center. Some
problems with off-gas treatment remain to be solved, however, before large-
scale operations can take place.

The incinerator will also be tested with regard to possibilities for oil
destruction. Since some of the oil can be re-used, however, separation and
filter techniques will also be studied.

3.3 Trends in long term treatment

The technique for final disposal that is eventually chosen can affect
the requirements placed on the final product. Accordingly, alterations in
the treatment of long-lived waste cannot be excluded. It has, however, been
suggested that waste with decay-times down to an inactive level of less than
50 years, should be stored in a simpler way, such as at the plants.

There are two main types of waste that need conditioning for prolonged
storage, namely used core components and spent resins.

Predominant nuclides in the first type of waste are Ni-63 and Zr--93 while
Cs-137 and Sr-90 predominate in the latter. The separation of cesium and
strontium from spent resins would be extremely valuable and afford a
reduction in waste volume. This could be achived in one of the following
ways:



(1) Directly in the reactor cleaning systems using some kind of selective
ion-exchange material.

(2) By eluting spent resins for cesium and strontium in a selective manner.

The most probable approach is to make use of inorganic ion-exchange
materials. Research and investigatipns are going on in this field and
materials with a fairly good selectivity for Cs and Sr have been produced
(Ref 3). When such an inorganic resin has been saturated it could be sin-
tered to a ceramic product. A solid inorganic product of this type is
likely to have properties making it suitable for final disposal.

4. MEASUREMENTS AND CLASSIFICATION

Measurements on waste are mainly performed in order to permit separa-
tion of active and inactive products or to predict the time necessary for
decay. Furthermore, dose-rates at the surface or at a given distance can be
predicted for different decay-times.

Limits governing the time after which waste can be regarded as inactive
are not yet available. R- & D-work has been initiated, however, in order
to make it possible for the authorities to define such limits. Some tempo-
rary rules have already been formulated for trash making it possible to
dispose of some quantities in an ordinary way. These limits have been based
on a definition of 2 nCi/g used in the Swedish law to define inactive
minerals.

Methods used to measure activity in waste do not include radiochemical ,
separation. Accordingly no information is available as to the content of pure i
beta- or alpha-emitters. Sr-90 activity can be estimated, however, from the-
oretical calculations or from measurement of the reactor coolant activity
which yield the Sr-90/Cs-137 ratio. Alpha-emitters such as actinides can be
estimated by measurements performed on the reactor coolant.

4.1 Spent ion exchange resins

Two methods of measuring the waste activity have been developed, both
largely to permit calculation of the specific activity concentrations in
solidified products. Since the data are fed into and stored in computers,
concentrations and dose-rates can be given for any future point in time.
The methods are based on the following:

1) Measurement of samples before solidification and a fairly accurate
determination of the ratio between waste and solidifying agent.

2) Measurement of the solidified product in a well defined position using
a Ge(Li)-detector.

4.2 Ordinary trash

Different methods of measuring the activity of the trash-bags are
employed ranging from the use of ordinary dose-rate meters to chambers with
defined geometry. A special device has, however, been developed. The bags
are then placed in a chamber with a. Hal-detector located at half height.
The bags are rotated and an integral measurement of the activity is per-
formed .



5. STORAGE

The Swedish Government Committee on Radioactive Waste proposed in 1976
(Ref 1) that it would be possible to store waste at the plants for five
years. The Committee also suggested that a central storage site for low- and
medium-level waste should be established. It is the lim of the authorities
to establish before 1985 a central storage and waste treatment plant for low-
and medium-level waste. The planning of such a central storage has, however,
not yet been started. For this reason, and as the amount of reactor waste
was originally underestimated, extension of the interim storage capacity
is planned at each of the reactor sites. The extension will make it possible
to store the waste for about 10 years. At some plants it will be possible
to extend the capacity even further.

The stores will have an average storage capacity of 12 000 m^. One of
the stores will be placed underground.

As indicated earlier it is necessary to store some of the waste for
several hundred years. It seems impossible for practical and political
reasons to make the utilities responsible for such types of waste.

A central disposal site can also be used for the conditioning of bigger
components and other types of waste which are difficult to treat at the
plants. Examples of such types of waste are control rods and also resins if
the Cs and Sr content can be eluted and incorporated into ceramic products.

6. CONCLUSIONS

The different types of waste dealt with so far have satisfactory proper-
ties for interim storage, but not all of them necessarily meet the require-
ments for final disposal. It is desirable that these requirements can be
defined in detail fairly soon so that the overall waste handling system can
be optimized. It is also important to develop procedures so that the waste
with only short lived activity (total decay—time less than 50 years) can be
separated and then held in simple interim storage places before final
disposal as conventional waste. Thus practical limits must be set giving
the activity levels at which waste can be regarded as inactive.
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Table I . Licensed nuclear power installation programme in Sweden

Installation

Oskarshamn

Oskarshamn 2

Oskarshamn 3

Ringhals 1

Ringhals 2

Ringhals 3

Ringhals 4

Barsebâck 1

Barseback 2

Forsmark 1

Forsmark 2

Forsmark 3

Not decided

Commercial
operation

1972

1974

1933

1976

1975

1978

1979

1975

1977

1978

1980

1983

Type

BWR

BWR

BWR

BWR

PWR

PWR

PWR

BWR

BWR

BWR

BWR

BWR

Net output
MW

450

580

1 060

760

820

915

915

580

580

900

900

1 050

900



Table II. Amount of waste from 13 Swedish nuclear units up to 1990

Type

Fuel boxes

Other core components

Primary system components

Oil

Ion exchange resins, before treatment

" " " after treatment

Trash

Estimated qu<

Tons

500

300

400

300

mtities
3

m

7 000*

30 000

60 000

*About 75 % coming from condensate polishing systems at BWRs where

precoat filters are used.



Ôsthammar
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3
Oskarshamn

NUCLEAR POWER PLANT
Reactor in operation 1976
Reactor in operation 1977-1985
Reactor in operation 1977-1985
(definite siting not decided)

Fig 1. Licensed reactor units at Sweden's four
nuclear power plants according to Ref [1



Fig 2. Equipment for incorporation of waste into concrete. Concrete box in filling
position.
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Fig 3. Barrels for the bitumenization on the rotating filling-table.
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Fig 4. A concrete tank for dewatering and storage of ion exchange resins. The
tank volume is 6 m-̂ .
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