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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 for the final
repository in Sweden and neither has a method for disposal been determined.
The disposal site and method must be selected with regard Lo safety and the
environment as well as with regard to our responsibility to prevent the prolife-
ration oi 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 reactors, 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 power utilities have the
direct responsibility for the safe
handling and disposal of spent nuc-
lear fuel.

This decision is based on the follo-
wing, general argument: those who
conduct an activity are responsible
for seeing that the activity is conduc-
ted in a safe manner. This responsibi-
lity also includes managing any waste
generated by the activity. This argu-
ment is reflected in the wording of
major legislation in the field of nuc-
lear 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 utili-
ties are responsible for conducting the
research which is necessary for the
safe management of spent nuclear
fuel. This legislation stipulates that
the utilities are also responsible for
the costs incurred in connection with
the handlingand disposal of the waste.

There are four nuclear po\ or utili-

ties in Sweden: Statens vattenfalls-
verk (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 include the practical execution
of the work which the utilities are
responsible for carrying out.

The government has the overall
responsibility for safety in connec-
tion with waste handling and dispo-
sal. Three authorities - the National
Board for Spent Nuclear Fuel (SKN),
the Swedish Nuclear Power Inspec-
torate (SKI), and the National Insti-
tute of Radiation Protection (SSI) -
are responsible for different aspects
of government supervision of the ut-
ilities' waste activities. The govern-
ment 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 the back inside cover.
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Summary
Against the background of nuclear power development and
installation in Sweden an overview is presented of the parallel
domestic development of the reprocessing of spent nuclear fuel.
The original selection of the natural uranium - heavy water
reactor in the 1950s included spent fuel reprocessing and
recycle, and process and plant studies were performed to that
end. The switch to light water reactors in the 1960s did not
change the planning to recycle; however, the participation in
the Eurochemic undertaking, and the delay in the nuclear
programme stopped further domestic development work. A
number of governmental committee investigations in the 1970s
on the radioactive waste issue and, above all, the decision to
phase out nuclear power by 2010, after a referendum following
the TMI-accident, finally resulted in a decision to plan only for
direct disposal of spent nuclear fuel. This policy still prevails.

Work financed by the National Board for Spent Nuclear Fuel
(SKN).

Conclusions and viewpoints expressed in the report are those of
the authors.

This report was presented at "International Topical Meeting on
Nuclear and Hazardous Waste Management - SPECTRUM 90",
Knoxville, Tenn. USA, September 30 - October 4,1990.
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1 Introduction

A rapidly expanding effort in the nuclear energy
field started in Sweden after 1945 with all indus-
trial aspects charged with the partly government
owned AB Atomenergi, established in 1947. The pri-
mary tasks of the company were to develop techno-
logy for uranium recovery from domestic resources
and to construct an experimental research reactor.
A large group of research people was recruited
i a. from the National Institute of Defence
Research (FOA) for that purpose.

The Swedish energy policy during the 1950s had as
its main objectives to limit the increasing fuel
import, especially of oil, and to establish securi-
ty in fuel supply. Behind these objectives were
the experiences from the situation during World
War II and an increasing resistance to further
exploitation of hydropower. A public investigation
on "Fuel supply in the atomic age", published in
1956, stated: "Hardly any other industrial country
is, from its needs and resources, as clearly as
Sweden referred to a fast development of atomic
heat and atomic power for a secure energy supply"
(1).

The original choice for nuclear reactor development
was based on natural uranium, heavy water, and
recycle of uranium and plutonium from reprocessed
spent fuel. Behind this choice were large indigenous
resources of uranium in shale (300.000 tonnes) and
the ambition to be independent on foreign supply.
The decision to select the HWR-line was taken in
complete political and technical accord. The poten-
tial military application was highly controversial
at the end of the 1950s and official Swedish policy
was up to 1966 to preserve the possibility to acquire
nuclear weapons (1). By signing the Nuclear Non-pro-
literation Treaty in 1968 and accepting internatio-
nal safeguards Sweden abstained from such abuse of
nuclear power (2).

The first Swedish reactor, the research reactor Rl
of the HWR-type, was commissioned in Stockholm in
July 1954. A district heating and electricity pro-
ducing HWR (80 MWth, 12 MWe) started operation 10
years later, in 1964, 3.5 km from the centre of a
suburb of Stockholm (figure 1). It ceased operation
in 1974. A prototype power HWR of 200 MWe was to
great extent completed by 1965, when the private
utilities decided to chose the LWR-line, basing
their choice i. a. on low-price enrichment services,
offered by the USAEC. The first BWR, Oskarshamn 1,
was commissioned in 1972, followed by 8 more BWRs,
all of Swedish design and construction, and 3 PWRs
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from Westinghouse (figure 2).

2 Reprocessing Process and Plant Development

With the original nuclear strategy chosen the need
to develop a reprocessing technology was obvious
and such efforts were started in the early 1950s.
Laboratory scale flowsheet testing and equipment
development were followed by pilot plant work and
pre-project studies. This is briefly described in
the following.

2.1 Extraction and sorption studies

Work on reprocessing technology and flowsheet deve-
lopment was performed at AB Atomenergi from 1953
to 1965. The studies were directed towards extrac-
tion and sorption methods and a systematic search
for suitable commercially available extractants
was undertaken. Early work on plutonium recovery
included also use of selective compounds, such as
cupferron - neocupferron, tetrabutyl ammonium ni-
trate and thenoyl trifluoro acetone (3). Extrac-
tion work included studies with dibutyl carbitol
(DBC), tributyl phosphate (TBP) and trilauryl amine
(TLA). Using DBC as a main extractant the first
milligram quantities of plutonium were recovered
from irradiated uranium in May 1955 at an extrac-
tion laboratory erected close to the Rl research
reactor in Stockholm (4).

The sorption studies received a considerable stimu-
lus when it was found that plutonium was selectively
sorbed by silica gel from a DBC-solution of uranium
and plutonium (5). Optimum conditions were ob ained
by simply adjusting the organic phase acidity,
leaving a pure nitric acid solution after elution.
When TBP appeared on the reprocessing scene, DBC
was abandoned because of the smaller waste arisings
in a TBP process. Selective sorption of plutonium
from a TBP-solution on a silica gel column was
also found to be possible if a reducing agent for
plutonium was introduced in the stationary water
phase of the silica gel (6,7). In parallel to the
development of flowsheets for a conventional Purex
process, a complete flowsheet was worked out based
on plutonium-uranium partitioning on a silica gel
column, the Silex process, and successfully tested
in pilot plant operations.

Besides the development of the Silex process, the
sorption on silica gel of plutonium from aqueous
solutions was investigated with a view to the deve-
lopment of a separation process. This work was
continued and completed at the University of Lund
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aiming at the processing of fission product solu-
tions (8). It was later found that work on the
separation of plutonium by selective adsorption
from aqueous solutions had already been carried
out in the US in the early days of the Manhattan
Project (9).

Studies of selective plutonium extraction by ter-
tiary amines were initiated in 1959 and were soon
concentrated on TLA-extraction. As conventional
re-extraction of plutonium from TLA-solutions of-
fered complications, a process for the absorption
of plutonium from TLA-solutions on a silica gel
column was worked out (10) and successfully tested
in pilot plant runs. A two solvent flowsheet was
also worked out using TLA and TBP for separate
recovery of different plutonium values from high
burn-up fuels respectively low burn-up fuels (11).
This offered a flexible recycle strategy in a fu-
ture system of fast and thermal reactors, using
the higher radiation stability of TLA in the ex-
traction flowsheet.

Also outside AB Atomenergi reprocessing and plu-
tonium related research was started, first at FOA
and later at the Technical Universities in Göteborg
and Stockholm, CTH and KTH. The chemistry of lan-
thanides and actinides in extraction processes was
studied in laboratory scale with microgram quan-
tities of plutonium isolated in 1954. Reprocessing
flowsheets using hexone were constructed and tested.
From 1955, however, AB Atomenergi had the sole
responsibility for reprocessing development while
the FOA-studies were concentrated on the solid
state properties of plutonium (12).

2.2 Head end process development

For the decladding of zircaloy clad oxide fuel
mechanical decladding was first considered but
abandoned in favour of the Zirflex process:
Zircaloy dissolution by aqueous ammonium fluoride
solution, which had been developed at Hanford by
the USAEC. Process verification for application in
Sweden was performed in cooperation with the Royal
Institute of Technology (KTH) in Stockholm, which
resulted in a process with efficient zircaloy dis-
solution and minimization of decladding waste ari-
sings (13).

Another process for the decladding and dissolution
of zircaloy clad uranium oxide, the Thermox
process, was also studied extensively and applied
to non-irradiated half-size fuel elements (14).
The process consists of the following steps:

ARBRAPP/NS/CA



STUDSVIK NUCLEAR NS-90/86

1990-08-15

decladding by means of thermal oxidation
of Zircaloy-2 with oxygen and water va-
pour in the presence of nitrogen at 825

b oxidation of uranium dioxide pellets to
U308 with air and oxygen at 450-650 °C.

c dissolution of uranium oxide with nitric
acid, leaving the zirconium oxide as an
insoluble residue.

d filtration of the uranyl nitrate solution
and washing the residues.

Oxidation of the uranium dioxide to U3O8 resulted
in an easily dissolvable powder with a minimum of
losses to the zirconium oxide residue.

2.3 Equipment and pilot plant studies

Mixer settlers and laboratory scale chromatographic
columns were used in the flowsheet development
work. Pulse columns and stirred columns with diffe-
rently designed inserts were studied on an inactive
pilot plant scale, as well as Thermox furnace and
evaporator design. These works were performed in
the Stockholm laboratories in the 1950s and trans-
ferred to the Studsvik research centre after its
establishment around 1960.

A hot pilot reprocessing plant was in the planning
stage for location at Studsvik, when a cooperative
agreement with the Norwegian "Institutt for Atom-
energi" (IFA) in 1958 made it possible to construct
an extraction pilot plant at Kjeller, Norway (4,15).
According to this agreement, IFA arranged for de-
cladding, dissolution of fuel, waste management,
analytical services and health physics control of
Swedish personnel working at Kjeller. A solution
of low irradiated fuel from the Norwegian reactor
JEEP 1 was prepared in a pilot plant built by IFA
in cooperation with Reactor Centrum Nederland (RCN).
The Swedish pilot plant was constructed i. a. to
test the silica gel stage for the partitioning of
uranium and plutonium. This process, and the pilot
plant, were named Silex, since both silica gel and
extraction are involved in the process.

The Silex plant was erected and cold tested in
1960-64 (16). It was dimensioned for a nominal
capacity of 1 kg/h of uranium. An engineering flow-
sheet for the plant is shown in figure 3. In
1964-65 a number of hot runs were performed to
verify the Silex - TBP flowsheet and the Silex -
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TLA flowsheet (17,18). This highly successful coope-
ration was of great value to the progress in the
field in Sweden.

The TBP-flowsheet for the Silex plant is illustrated
in figure 4.

2.4 Pre-project studies

The main effort in the reprocessing field was de-
voted to the Sannäs project in 1961-62. After a
nationwide search for a suitable site, a land area
for a reprocessing plant was acquired by AB
Atomenergi at Sannäs on the west coast, after appro-
val by Parliament. Process and plant were based on
the following conditions for the study (19,20)

nominal capacity 250 kg/d uranium in
zircaloy clad oxide fuel

enrichment 1.5 % uranium-235

burn-up 10.000 MWd/tonne

irradiation time 2 years, cooling time
100 days

final products uranium oxide and plutoni-
um nitrate

The Zirflex process was chosen for the head-end
step and Vitro Engineering Company prepared a pre-
project study for that part (21). A co-decontami-
nation two cycle Purex process was chosen for ura-
nium-plutonium recovery and tested in laboratory
mixer-settler runs. Tail-end purification of pluto-
nium was performed in anion exchange columns.

Estimated decontamination factors were 2«106 for
uranium and 2«108 for plutonium. The high level
waste solution from the primary extraction was
concentrated by evaporation and stored in stain-
less steel tanks. Also the alkaline Zirflex waste
solutions were stored in steel tanks.

The design work and cost analysis were made assum-
ing location of the plant adapted to the conditions
at the Sannäs site. The cost analysis, in 1961
currency, indicated a total investment of 20 M USD
and annual operational costs of 4 M USD, including
capital costs. At 300 days per year of operation
and a plutonium production of 270 kg per year this
would amount to a recovery cost of 15 USD/g pluto-
nium. The period of construction was
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estimated at 6 years, from the start of the project
to cold commissioning.

From the preproject it was concluded that the plant
size chosen was too small, and that a capacity of
at least 1 tonne per day would be required for a
reasonable reprocessing economy. The need for such
a capacity was then foreseen not before the middle
of the 1970s.

A less detailed study, based i. a. on the Sannäs
preproject, was performed for a plant capacity of
1 tonne per day (22). This study included also the
impact of choice of process by the introduction of
processes developed in Sweden. The Thermox process
was used for head-end treatment, and TLA-extraction
for primary plutonium recovery from the feed so-
lution. The plutonium-bearing TLA-stream was then
either treated by Silex technique followed by anion
exchange purification and aqueous oxalate precipi-
tation, or its plutonium re-extracted by acetic
acid, followed by a secondary TLA-extraction and
direct oxalate precipitation of the plutonium from
the organic phase (figure 5). The investment for
this plant was estimated at around 140 MSEK in
1964 currency. One conclusion from this study was
that the choice of process had only limited influ-
ence on total cost, unless a considerable saving
could be made, either in shielded volume required
or in the volume of waste produced. The amine ex-
traction process and the Thermox head-end seemed
to have potential advantages in both these respects.

In 1965 experimental work in the reprocessing field
at AB Atomenergi was concluded and continued efforts
in the back-end of the fuel cycle were focused on
the recycle of plutonium, by plutonium fuel deve-
lopment and testing, and by reactor physics studies
(23). However, work was continued through the 1970s
on processes to solidify the high level waste from
reprocessing and various waste matrices:

glass (AB Atomenergi)

zeolites (University of Lund, KTH)

titanates (KTH)

Also, an extraction process was developed at CTH,
the Chalmers Technical University of Göteborg, for
the recovery of actinides and technetium from the
high level waste solution, in order to reduce its
long term hazard. The process includes three extrac-
tion cycles using di-(2-ethylhexyl) phosphoric
acid (HDEHP) and TBP. It was successfully tested
in hot runs in laboratories close to the Silex
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plant at Kj eller in a Swedish-Norwegian cooperation
project (24).

3 Eurochemic

The European Company for the Chemical Processing
of Irradiated Fuels, EUROCHEMIC, was formed on 20
December, 1957, by 13 of the 17 member countries
of the Organisation for European Economic Coopera-
tion, OEEC, today OECD. Sweden took part from its
inception, signing 7.44 % of its share capital.
The Eurochemic plant at Mol, Belgium, was in active
operation between 1966 to 1974, when it was closed
due the changing conditions in Europe in the fields
of energy policy and nuciaar fuel cycle market
(25).

The Purex process was chosen for a planned capaci-
ty of 350 kg/d of natural or slightly enriched
uranium. Through flowsheet adaption also enriched
MTR-fuel could be processed in the plant. For de-
cladding chemically selective processes were tried
out for different types of cladding: aluminium,
magnesium, stainless steel, and zircaloy. Various
processes were also worked out for the treatment
of different waste categories: decladding waste,
high level waste from low enriched fuel and from
MTR-fuel, spent solvent, burnable Pu-contaminated
waste. At the end of operation 1*0 tonnes low en-
riched uranium had been reprocessed and 678 kg
plutonium recovered. From 31 tonnes of fuel dis-
charged from materials testing and research reac-
tors 1.4 tonnes highly enriched uranium was reco-
vered and purified. The Swedish shareholder, AB
Atomenergi, used this opportunity, and both fuel
from the Agesta reactor and MTR-fuel from the R2-
reactor at Studsvik were reprocessed at the Euro-
chemic plant.

After shut-down the shareholders were responsible
for the decommissioning of its facilities, for the
management of the radioactive waste arisings, and
for the financing of these activities. By a conven-
tion signed in 1978 an agreement was reached on
terms for the transfer of responsibility to the
host state, and the member countries agreed on the
distribution of remaining costs. By 1 January,
1985, Belgoprocess N. V. took over responsibility
for the remaining operations, planned to be comple-
ted in 1990.

The Swedish participation in the Eurochemic under-
taking was also seen as a possibility to preserve
competence after conclusion of domestic work in
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the reprocessing field. Sweden was, as a share-hol-
der through AB Atomenergi, represented in the board
and in the technical committee of Eurochemic. Expe-
riences at Eurochcnric in the waste management field
were also of gre&._ value for Swedens domestic waste
programme.

The history of Eurochemic is ar. unusual example of
a far-reaching international cooperation in a form
that implied many problems. However, it also crea-
ted conditions for know-how and experience in a
high-technology field that the participating coun-
tries by themselves would have had much greater
difficulties to achieve. For the people involved
it was a greatly stimulating and rewarding experi-
ence.

A brief summary of the history of Eurochemic is
given in figure 6.

4 Plutonium recycle

Utilization of plutonium as a reactor fuel has
been an integral part in many studies of fuel sup-
ply for the Swedish nuclear energy production (26,
27-32). Development of processes for the manufac-
ture cl plutonium enriched fuel started at AB
Atomenergi in the early 1960s and became the main
experimental plutonium work when reprocessing stu-
dies were concluded. The efforts aimed at recycling
plutonium in thermal reactors, but the use of pluto-
nium in fast reactors was also considered in the
beginning. In the field of reactor physics the
development included codes applicable also for the
calculation of reactor cores containing recycled
plutonium and experiments in the critical facility
KRITZ at Studsvik.

The fuel development programme was concentrated on
the pellet production route, and alternatives for
the different manufacturing steps were studied at
the Studsvik laboratory (figure 7). Plutonium was
to be used as mixed plutonium oxide uranium oxide
(MOX) fuel with about 5 % plutonium. The homogene-
ous mixing of plutonium and uranium is of great
importance for the behaviour of the fuel in a reac-
tor, and especially in reprocessing the spent MOX-
fuel. c.oprecipitation and mechanical mixing were
examined, Coprecipitation was effected from uranyl-
plutonium (IV) - nitrate solution with ammonia and
the precipitate was the reduced to oxide by means
of 6 % hydrogen-argon mixture. For physical mixing,
plutonium was precipitated as oxalate and calcined
to oxide. Blending with UO2 took place in mixers or
mills. Powders of different qualities and origin
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were tested. The powders were granulated, pressed
to pellets and sintered in argon with 6 % hydrogen.
Sintering to preset dimensions was an ambition;
however, centerless grinding was used when neces-
sary. The pellets were encapsulated in Zircaloy
tubes by TIG-welding. Extensive studies of process
parameters were performed to obtain suitable pow-
ders and to optimize the sintering. This resulted
in a thorough understanding of the processes and
of the special features of plutonium fuel produc-
tion.

Characterization and control methods were developed.
Solid oxide scrap could to some extent be returned
with fresh powder. Plutonium in waste and scrap
material was recovered by dissolution in nitric
acid, TLA-extraction and anion exchange (23).

Plutonium bearing pellets were produced for own
experiments and for customers abroad. Irradiation
of small fuel pins were carried out in the R2 reac-
tor and at Ristf, Denmark, with the aim of studying
the effect of manufacturing parameters, e g copreci-
pitation versus mechanical mixing.

Most equipment in the laboratory was on pilot plant
scale. Plans for a complete line for routine produc-
tion was not fulfilled, when it became obvious
that commercial manufacture of mixed oxide fuel
could not be anticipated in the near future. For a
year or so emphasis was placed on providing utili-
ties with information regarding fuel specifications
and characterization of powder and sintered pellets,
and on the study of problems connected with quality
assurance during manufacture. The laboratory was
shut down in 1976.

In reactor physics codes were developed for fuel
cycle and plutonium core performance studies in
various scenarios of utilization. In the case of
HWR, the reactor physics calculations were con-
firmed by irradiation of four fuel assemblies con-
taining 60 mixed oxide rods in the Agesta reactor
which was performed in 1966-1969 by AB Atomenergi
in cooperation with UKAEA. For LWR, an extensive
series of experiments was performed in 1972-1975
in the high temperature critical facility KRITZ at
Studsvik (33). This facility accommodated full
length fuel assemblies and measurements were per-
formed at temperatures up to 250 °C. The critical
size and the pin to pin power distribution were
determined as a function of temperature for a vari-
ety of core geometries and compositions. In this
connection accurate measurements of the power dis-
tribution between mixed oxide fuel pins and neigh-
bouring UO2 pins were of particular value.
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The results obtained in the KRITZ experiments have
been used as a basis for a thorough test of the
cell and assembly codes used in Sweden, in
particular the CASMO code.

As a result confidence was achieved that the per-
formance of plutonium fuelled BWR and PWR assemb-
lies could be calculated with a precision similar
to that of uranium fuels. ASEA-ATOM made special
investigations to find the optimum distribution
and enrichment of mixed oxide fuel pins in island-
type BWR assemblies, where only part of the rods
are plutonium bearing. In PWR, all rods of an as-
sembly contain plutonium.

The experience from irradiation performance of
mixed oxide fuels in Sweden is limited. The four
Ågesta assemblies mentioned above had a burnup of
11 MWd/kg heavy metal. An Italian assembly was
also irradiated in Ågesta to 16 MWd/kg. Three as-
semblies designed by ASEA-ATOM each containing 17
mixed oxide rods manufactured abroad were irradi-
ated in the Oskarshamn power plant during 1974-1980
up to a maximum burnup of 27 MWd/kg. The general
result was a confirmation of the experience abroad
that there are no great differences in performance
between mixed oxide fuel and uranium oxide fuel.

In the middle of the 1970s, the utilities planned
for recycling of plutonium, beginning in 1979 in
the Oskarshamn 1 and 2 reactors, and at the
Ringhals plant in 1979 at the earliest (33). The
introduction was, however, postponed due to
political uncertainties and delay in the
reprocessing step. In 1982, SKB initiated a study
of recycling in Swedish reactors, assuming that
plutonium would be available in 1988 according to
reprocessing contracts (34). These contracts have
now been transferred to foreign utilities. Some
plutonium may still be delivered from British
reprocessing at the end of the 1990s. In
conclusion it can be stated, however, that pluto-
nium recycling is not of current interest for Sweden.

5 Policy development

5.1 Inter-governmental study in 1970-71

The main reason for the preproject study in 1961-62
and the site acquired at Sannäs was the need of a
reprocessing plant forecast for the 1970's. An
intense debate started in Sweden in 1969 on this
issue, especially on possible restrictions required
in local and regional planning for housing and
conventional industry, but also on the over-all
environmental effects of reprocessing plants.
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To clarify these questions a working group was
established in 1970 with representatives of the
government departments of agriculture, civil plan-
ning, and industry. The group was instructed to
investigate the prerequisites for a Swedish repro-
cessing plant, with the assistance of authorities
and after hearing the power utilities and the manu-
facturing industry. The result of these investiga-
tions was reported in 1971. Against a background
of the actual situation in Europe and in the United
States with a clear over-capacity in reprocessing
services, the reprocessing issue in a Swedish con-
text was considered from the aspects of (35):

industry and energy policy
safety
physical planning

The need for a reprocessing plant with a capacity
of 900 tonnes/year initially was forecast around
1990. Foreign services could be used up to that
time and even after, if offered on non-discrimi-
nating terms. The report noted that reprocessing
services offered included complete management of
the high level waste but warned, however, that
this might change in the future with responsibi-
lity for the high level waste remaining with the
country of origin. A national competence in this
area should be kept. The importance of the work at
Eurochv̂ mic and of the international development in
the field was underlined. The report also proposed
that the Sannäs site be kept until other siting
possibilities had been clarified.

5.2 Swedish government committee on radioac-
tive waste 1973-76

A committee on radioactive waste, "the Aka-com-
mittee" was originally instructed to investigate
all questions related to reprocessing and high
level waste from aspects of technology, economy
and safety, and to propose relevant efforts, orga-
nisation, and financing, based on the "polluter -
pays" principle.

The instructions were completed in May 1974 to
include also low and intermediate level radioac-
tive waste, from all sources of origin.

As a background to its considerations, the com-
mittee brought together actual information, by
travel and contacts with authorities and industry
in other countries on the situation in Western
Europe, the Unites States, and the Soviet Union.
It participated in 7 IAEA conferences and stimu-
lated closer Nordic cooperation in the field by

ARBRAPP/NS/CA



STUDSVIK NUCLEAR NS-90/86

1990-08-15

14

participation in Nordic meetings on radioactive
waste and by arranging a Nordic meeting in September
1975. A first status report on its work was issued
in June, 1974 (27).

The final report, in 3 volumes, was submitted to
the government in May, 1976. Its first volume (28),
also issued in an English version (29), gives the
considerations and findings of the committee and
its recommendations in the light of a condensed
technical background. A broader technical presen-
tation is found in the second volume (30). Results
of studies initiated by the committee in the fields
of reprocessing in Sweden, storage and recycle of
plutonium, environmental impact, and fracture map-
ping techniques in crystalline rocks are collected
in the third volume (31).

The essential findings and recommendations of the
committee were the following (32):

- present techniques offer satisfactory possi-
bilities for the management and storage of
spent fuel and radioactive waste

- a central plant for the intermediate storage
of spent nuclear fuel should be constructed
in Sweden for commissioning by 1982

- a central plant for the treatment and storage
of reactor waste should be constructed

- preproject studies should be initiated to
facilitate a decision on a reprocessing plant
in Sweden to be commissioned by 1990, also
comprising a plant for plutonium fuel fabri-
cation

- terminal storage of high-level waste as well
as of long-lived reactor waste should be ef-
fected in the Swedish bedrock

- a broad research and development programme
would be required to implement the proposals
of the Committee

- a special governmental organisation should be
responsible for all long-term management of
radioactive waste, including research and
development efforts

- all costs for the proposed programme, including
research and development, should be borne by
the nuclear power utilities and accounted for
at the instant of power generation
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It is to be noted that the committee proposed
studies of the direct disposal concept in parallel
to further studies of the reprocessing route.
The committee also noted the need of preparations
for decommissioning, and proposed that decommis-
sioning plans be required for the licensing of
nuclear facilities.

On proposal from the committee, the government
had established the National Council for Radio-
active Waste at the end of 1975 to take charge
of the R&D programme initiated by the committee.

Nuclear power became a main issue in the general
elections in the fall of 1976. These resulted in
a new government, the first non social-democratic
government in 44 years.

5.3 Later development

The government made a statement of policy on
October 6, 1976, announcing its intentions to
introduce additional requirements concerning the
management of spent nuclear fuel and high level
waste. This led to the "Stipulation Act" in 1977,
which permitted fuelling of nuclear reactors
only after a demonstration by the licensee on a
safe management of the spent fuel, either by the
reprocessing route or by its direct disposal.
The utilities performed an intensive R&D programme
through their jointly owned Swedish Nuclear Fuel
Supply Co, SKBF (today Swedish Nuclear Fuel and
Waste Management Co, SKB), which presented two
concepts for safe geological disposal, KBS-1 in
1977 for residues from reprocessing, and KBS-2
in 1978 for encapsulated spent fuel. Together
with reprocessing contracts the KBS-1 study was
used to licence five power reactors. Reprocessing
contracts with fuel cycle companies in France
and U K had then been signed for altogether 869
tonnes of uranium.

In the referendum on nuclear power in 1980 fol-
lowing the TMI-accident in 1979, waste manage-
ment was an important issue. The nuclear policy
adopted by the parliament after the referendum
stated that a 12 reactor programme should be
completed and the reactors be shut down no later
that 2010. An extended study of the direct
disposal route, KBS-3, was presented in 1983 and
used to licence the last two reactors (36).

The Financing Act, passed in 1981, set down
principles for the financing of future
expenditures for spent nuclear fuel. The
National Board for Spent Nuclear Fuel (SKN), an
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authority, created out of the former National
Council for Radioactive Waste, was given
responsibility for the administration of funding
of the expenditures for spent fuel related waste
and decommissioning of nuclear facilities
including necessary R&D efforts. The costs for
management of radioactive waste from the
development years at Studsvik and for the last
years at Eurochemic now are also included. Fees
separately charged the four nuclear utilities
were around 0.02 SEK/kWh for 1989. Means accumu-
lated at the end of 1989 were of the order of
6 000 MSEK (38).

In 1984, new Swedish nuclear legislation was
approved by the parliament (39). Great import-
ance was attached to provisions governing the
management of nuclear waste and research in this
area, and the financing of waste disposal. In
the general argumentation part of the bill it
was stated, that strong reasons could be mar-
shalled on the basis of present day knowledge in
the waste disposal field for preferring direct
disposal to the reprocessing of spent fuel. How-
ever, it was also considered that other solu-
tions might prove suitable in the future. Thus,
no reason was seen to include specific wording
on reprocessing contracts in the legislation.
Instead, binding waste disposal to a given method
should be avoided.

Cost estimates for the direct disposal route
under Swedish conditions were published (40) by
the SKB-company in 1986, illustrated in figure 8.
These include all costs for spent fuel disposal
for the Swedish programme, including R&D costs.
The estimated average cost for direct disposal,
3 300 SEK/kg uranium, was compared to the repro-
cessing cost for LWR fuel, which was 4000-8000
SEK/kg uranium as given by an OECD expert group
in 1985. Thus, reprocessing cost alone was higher
than the cost of direct disposal. Given the uncer-
tainties regarding the costs for plutonium recycle
and with the conditions for nuclear power prevai-
ling in Sweden, there was thus no economic incen-
tive to reprocess the spent fuel. Accordingly,
the reprocessing contracts entered into were, in
the main, sold to foreign utilities. Only a con-
tract for 140 tonnes uranium from Oskarshamn
arranged in the 1970fs still remains. The actual
situation for the management of radioactive
waste in Sweden is illustrated (41) in figure 9.
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6 Concluding remark

Polls of attitudes to nuclear power in Sweden
have been frequent during the 1980's. One inves-
tigation (42) on changes in attitudes to nuclear
power between 1986 and 1990 is illustrated in
figure 10. The trend is evident. A clear majori-
ty (58 %) of the population now wants to keep
nuclear power beyond the year 2010, compared to
29 % in 1986. At the same time the fraction of
people having a decided view on the question has
markedly increased.

The energy policy will be discussed again in our
parliament during the fall session 1990. Previous
parliamentary decisions have included i.a. a ter-
mination of nuclear power by 2010 and as an ini
tial step a phase-out of two power reactors al-
ready in 1995-96. Related to this is a decision
not to exploit for hydro power the four large
rivers that remain untouched and not to further
increase carbon dioxide emissions beyond the
1988 level.

It remains to be seen if the changing public
perception of nuclear power will have an effect
on the phase-out decision. A first prerequisite
for reprocessing and fuel recycle in Sweden would
be a reversal of the decision to terminate the
use of nuclear power. This would, however, not
be expected to affect the present policy of
direct disposal, at least not in the short-term.
Sweden is, nevertheless, continuously following
the international developments in the areas of
the nuclear fuel cycle and reprocessing.
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Figure 1 Principle view of the Agesta reactor
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Swedish power reactors
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F i g u r e 3

Engineering flowsheet for the Silex plant. Key to numbers in the figure: 01, high active feed tank; 02, high active waste
tank; 03, solvent tank; 04, 05, hold-up tanks; 07, 08, make-up tanks; 09, hold-up tank; 10, second cycle feed tank; 11, 12, medium
active waste tanks; 14, feed tank for the uranium evaporator; 15, uranium product tank; 17, feed tank for the plutonium evaporator;
19, plutonium product tank; 22, 23, 30-35, tanks for inactive solutions; 40, high active extraction column; 41, silica gel column; 42,
second cycle extraction column; 43, second cycle rc-cxtraction column; 44, uranium rc-cxlraction column (TBP-flowshccl); 45, solvent

wash column; 60, uranium evaporator; 61, plutonium evaporator; 62, 63, condensers
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Figure 5

Simplified presentation of two reprocessing alternatives (ref 22)
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The history of Eurochemic.
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Calculated costs (price level 1986)

Average for 7600 tonnes
Marginal for additional quantity

Relative distribution of these costs
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Encapsulation in copper
Final disposal

Average

SEK 3300/kg U
SEK 1400/kg U
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10
34
32
24

4
24
39
33

Figure 8 COSTS FOR DIRECT DISPOSAL OF SPENT NUCLEAR FUEL
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Figure 9

Main system for the management of radioactive waste in Sweden.



Attitudes to nuclear power in Sweden in 1986.
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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, Forsmark,
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 reartors 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, intermedia-
te-level waste and high-level waste.
Low- and intermediate-level wa-
ste arising from the continuous ope-
ration of a nuclear power plant are
known by the common name of
reactor waste. Reactor waste con-
sists 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 intermedia-
te-level waste. This waste is cast in
concrete or asphalt.

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

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 spe-
cial 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), loca-
ted 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 gene-
rated by the fuel will decline thereby
facilitating handling and disposal of
the fuel.



The National Board for Spent Nuclear
Fuel, SKN, is a government agency

One of the main tasks of the National Board for Spent Nuclear Fuel 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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