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Abbreviations

What we do
ARAO Agency for Radwaste Management

• accept, collect, transport, treat condition and
store institutional radioactive waste, i.e. waste
that does not come from energy-generating
nuclear facilities
• plan and design the construction of a disposal
facility for low- and intermediate-level radioactive waste (LILW), construct the disposal facility, and make preparations for operation and
the disposal of all Slovenian LILW generated by
the production of electricity and by research,
industry and medicine
• carry out the long-term surveillance and
maintenance of the closed disposal facilities
of mining and hydrometallurgical tailings at
the former Žirovski Vrh uranium mine

Where
we work

The closed
disposal facilities
of mining and
hydrometallurgical
tailings at the
former Žirovski
Vrh uranium mine

• plan and provide support to stakeholders, including development tasks, the gathering and
processing of information, cooperation with
expert institutions abroad, the preparation of
studies, analyses and reports, and participation in the preparation of national strategic
programmes, plans and reports with the aim
of ensuring sustainability and development in
the field of radioactive waste (RW) and spent
fuel (SF) management

CSF Central storage facility for radioactive waste

ARAO is
a professional
organisation
specialising
in the management
of radioactive
waste and
spent fuel.

The central
radioactive
waste storage
facility (CSF)
Brinje, Dol
pri Ljubljani

The planned
LILW disposal
facility Vrbina,
Krško

Sv Sievert (unit of stochastic health effect
of ionizing radiation)
CT scan computed tomography scan
IJS »Jožef Stefan« Institute
PUS Public utility service
IAEA International Atomic Energy Agency
NEA Nuclear Energy Agency
NEK Krško Nuclear Power Plant
LILW Low- and intermediate-level radioactive waste

• plan final solutions for high-level radioactive
waste (HLW), and monitor similar solutions
and operating experiences from abroad

ARAO
places
particular
importance
on the
environment.

SF Spent fuel

RW Radioactive waste
NEK Fund

Fund for Financing the Decommissioning
of Krško Nuclear Power Plant and the Disposal
of Radioactive Waste from Krško Nuclear
Power Plant

SNSA Slovenian Nuclear Safety Administration
SRPA Slovenian Radiation Protection Administration
HLW High-level radioactive waste

Resolution on the
National Programme
for Radioactive Waste and
Spent Fuel Management
The Resolution contains the policy concerning
RW and SF management and the strategies/
concrete measures for achieving the objectives set. The main objective of the Resolution is to protect people and the environment
against unnecessary adverse effects of ionising radiation resulting from the management of radioactive waste. The end-objective
is the disposal of this type of waste in disposal
facilities that are safe for all future generations.
With this objective as its main guiding principle,
the Resolution establishes the frameworks for
the management of LILW, SF and HLW, guides

the activities of the main nuclear and radiation
facilities in relation to RW management, and addresses issues relating to the necessary scientific research activities, funding and communication with the public.
One of the Resolution’s fundamental commitments is to ensuring the transparency
and traceability of the implementation of the
objectives set. The necessary information on
radioactive waste and spent fuel management
is therefore accessible to staff and the public
at large.
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What is
radioactive waste?

Not all radioactive
waste is the same

RW is radioactive material in gaseous, liquid or
solid form. It includes items, equipment or material for which no further use is planned but for
which radiation protection measures must be
taken and adequate security provided against
unauthorised access during management. On
account of its radioactivity, ionising radiation
discharged by radioactive waste and other radioactive material can be dangerous to people
and other living organisms. If radiation energy
is substantially higher than the radiation levels
normally present in the environment, this can
cause temporary or permanent damage to cells.

Distinctions are drawn in terms of:

RADIOACTIVITY
GRADUALLY DECAYS

• the type and concentration of the radioactive
elements within the waste;
• the level of radioactivity and the speed of
decay (half-life) of the constituent elements;
• the aggregate state;
• the chemical and physical properties of the
material;
• the quantity of heat emitted.

Like other
radioactive material,
radioactive waste must
be managed in such a
way as to prevent living
organisms from being
exposed to ionising
radiation and radioactive
material from entering
the environment.

Radioactivity gradually decreases as a result of
radioactive decay. The speed of the decrease depends on the half-life, which differs from element
to element.
After the passing of every half-time period, the
radioactivity decreases to half. After 10 half-lives
have passed, the radioactivity of the material is
less than 0.1% of the initial radioactivity. This also
applies to radioactive waste.

100%

The quantity of heat emitted by waste is
decisive in dictating how it is to be managed.

100
90

annual dose

one-time dose

annual dose

one-time dose

annual dose
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living in a house
with an average
radon concentration

presence of
naturally occurring
radioactive
isotopes in
the body

flight from
Europe
to America

eating one
banana a day

panoramic
dental x-ray

working in
the vicinity of
or at the CSF

isotope

plutonium Pu-239

CT scan
of chest

25%

20

0.097%

annual dose

30

0.19%

one-time dose

0.00004 mSv

0.39%

0.01– 0.03 mSv

0.78%

0.0365 mSv

1.56%

0.04 mSv

40

3.12%

0.3 mSv

50

6.25%

1.2 mSv

60

12.5%

7 mSv

% of initial radioactivity

70

50%

80
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24,100
years

48,200
years

72,300
years

96,400
years

120,500
years

144,600
years

168,700
years

192,800
years

216,900
years

241,000
years

60.2 years

90.3 years

120.4 years 150.5 years 180.6 years 210.7 years 240.8 years 270.9 years

301 years

caesium Cs-137 30.1 years
cobalt Co-60

5.3 years

10.6 years

15.9 years

21.2 years

26.5 years

31.8 years

37.1 years

42.4 years

47.7 years

53 years

iodine I-131

8 days

16 days

24 days

32 days

40 days

48 days

56 days

64 days

72 days

80 days

6 hours

12 hours

18 hours

24 hours

30 hours

36 hours

42 hours

48 hours

54 hours

60 hours

technetium Tc-99m
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Where is radioactive
waste generated and
how much is there?

HLW, SF and LILW
that require storage
and disposal

90%
NEK

Most RW in Slovenia
is generated by electricity
production at Krško
Nuclear Power Plant.

WHERE IS
RADIOACTIVE
WASTE
GENERATED?

A small portion of
radioactive waste is
generated by industry,
medicine and research.
This is called institutional
radioactive waste
or waste from small
generators.

Low- and intermediate-level radioactive waste
(LILW) emits ionising radiation but not significant amounts of heat. While it therefore does
not need to be cooled, it does have to be packed
or placed behind other barriers to ensure that
it does not spread out into the environment via
water or other pathways. This is another way in
which radiation can be limited or minimised. The
management of low-level waste usually does
not require additional barriers against radiation,
although barriers are usually required for intermediate-level waste.
Spent fuel is generated in Slovenia at Krško
Nuclear Power Plant and at the Triga research
reactor at »Jožef Stefan« Institute at Brinje in
Dol pri Ljubljani.

10%
SMALL
GENERATORS/
INSTITUTIONAL
WASTE

INDUSTRY
Sealed radiation sources are the
most common type of radioactive
waste generated by industry and
can be found in devices for testing
materials, measuring liquid levels in
sealed containers, measuring the
density and thickness of materials,
in smoke detectors and so on.

MEDICINE
Radioactive waste is generated
in medicine when radioactive
sources are used for the
treatment of cancerous
growths by irradiation and
for diagnosing disease.
RESEARCH
Radioactive waste is also generated
by the use of radioactive sources
in basic natural science research.
By irradiating substances in a
research reactor, for example, we
can investigate the properties of
those substances and develop new
technologies and materials.

In addition to strong radiation, HLW and SF also
emit large amounts of heat, which makes management of these types of waste a demanding
process. It is not uncommon for this waste to
remain radioactive for more than 10,000 years.
It is cooled and then encased in a thick layer
of dense material (water, metal, concrete). This
holds back the strong radiation and prevents the
radioactive waste from mixing with other materials in the environment. HLW mainly comprises
waste generated from the recycling of SF into
new nuclear fuel and waste from the decommissioning of nuclear power plants, as well as SF
that is not treated but permanently disposed of.
HLW is also generated by the long-term irradiation of certain materials in the core of a nuclear
reactor.

LILW
LILW includes objects, tools and clothing
contaminated with radioactive material,
end-of-life equipment containing sealed
radiation sources, filters for purifying reactor
coolants, spent ion exchangers, ionising
smoke detectors, etc.

LILW
LOW- AND
INTERMEDIATE-LEVEL
RADIOACTIVE
WASTE

HLW
SF
SPENT
FUEL

RW
RADIOACTIVE
WASTE

HIGH-LEVEL
RADIOACTIVE
WASTE
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Principles
of radioactive waste
management

RESEARCH
MEDICINE
INDUSTRY

Radioactive waste may first be stored for a certain time before being deposited permanently in
a disposal facility. This ensures that the environment and human health are protected now and in
the future. The structure of the disposal facility,
the packing of waste in barrels and disposal containers, and the method used to close the disposal facility all help to isolate radioactive waste from
the environment and people in accordance with
the principle of the barrier safety system (drawing,
p. 12). Long-term surveillance is carried out after
closure of the disposal facility.

HIGH-LEVEL RADIOACTIVE WASTE
AND SPENT FUEL FROM GENERATION
TO FINAL DISPOSAL

LOW- AND INTERMEDIATE-LEVEL
RADIOACTIVE WASTE FROM GENERATION
TO FINAL DISPOSAL

The duration of storage is determined with regard to the cooling of SF and the optimal filling of
disposal containers under two scenarios:
1) duration of storage of 60 years after the closure of NEK up to 2103 (optimal solution);
2) duration of storage of 32 years after the closure of NEK up to 2075 (alternative solution).

LILW generated by NEK is treated, conditioned
and stored at NEK while the plant is operational.
As a compulsory public utility service, ARAO is
authorised to receive, transport, treat, condition
and store institutional RW. Part of ARAO’s public
utility service obligation also includes the planning, construction and operation of the disposal
facility and the disposal of LILW.

KRŠKO
NUCLEAR
POWER
PLANT
(NEK)

SF from NEK is first stored in the spent fuel pool,
which is located, together with the active cooling
systems, in the spent fuel building. The plan is for
the SF to be subsequently moved to the passive
dry storage facility at the NEK site.
NEK began constructing the dry storage facility
at the beginning of 2021. It is projected to operate between 2023 and 2103.

LILW
HLW
AND
SF

TREATMENT AND
CONDITIONING
SECURITY
CSF

TREATMENT AND
CONDITIONING

RADIOACTIVITY
MONITORING
SURVEILLANCE OF
STORED UNITS
ACCESSIBILITY

SECURITY
NEK

RADIOACTIVITY
MONITORING
SURVEILLANCE OF
STORED UNITS
ACCESSIBILITY

WET
STORAGE
OF SF FROM
NEK

LILW
DISPOSAL
FACILITY

SF DRY
STORAGE

The SF dry storage facility at NEK will be used to
store all HLW and SF generated at NEK until the
deep geological disposal facility is constructed.
DEEP
DISPOSAL
CONCEPT
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Difference
between storage
and disposal
The terms storage and disposal are used in the
RW management process. Storage is temporary, disposal is permanent.
RW is under continuous surveillance for a certain amount of time in the storage facility. It is
then removed from the storage facility, which
is subsequently closed and decommissioned.
During storage, RW can be treated and split into
its radioactive and non-radioactive parts. The
radioactive part is re-packed and stored, while
the non-radioactive part is removed and disposed of as municipal waste (after government
approval). This enables us to reduce the required
RW storage volumes.
The RW is disposed of permanently, with no
plans for further removal. Surveillance for several decades after closure is planned at the disposal facility, after which active surveillance is no
longer required.

As they are physically different facilities, the requirements of a storage facility differ from those
of a disposal facility in terms of research, facility
location, the waste reception process, waste
conditioning, environmental impact assessment and safety analyses. The RW storage
facility is active throughout its existence, the
waste containers are under continuous active
surveillance, and additional activities to improve
safety or reduce the amount of space that the
waste occupies in the facility are possible. During disposal, the appropriate isolation of RW
from the environment outside the disposal facility is planned. When the planned capacity of
the disposal facility is reached, the remaining
space will be filled with fillers that provide extra
insulation (e.g. mortar, concrete, Betonit, sand).
Near-surface disposal facilities are closed with a
reinforced concrete slab, followed by an insulation layer (geomembrane, gravel, clay, etc.). They
are then finished with a layer of earth and low
vegetation. In below-ground and near-surface
disposal facilities, access shafts and tunnels are
filled as required.

CSF Brinje (Dol pri Ljubljani)

PLANNED LILW DISPOSAL FACILITY, Vrbina (Krško)

12

13

Low- and intermediate-level
radioactive waste disposal
facility at Vrbina, Krško

CROSS-SECTION OF
SILO DURING OPERATION

WHY DO WE NEED
AN LILW DISPOSAL FACILITY?
Like other countries across the world, Slovenia carries out socially and economically useful
activities that use radioactive materials that in
turn generate radioactive waste. Although the
quantities of this waste are relatively small and
manageable in comparison with the quantities
of other waste, steps have to be taken to ensure that the waste does not contaminate the
environment or endanger human health and the
health of other living organisms now and in the
future.

hall above the silo to provide
protection against weather
conditions during operation

depth to the
upper layer:
15 metres

thickness of
the circular wall:
1.5 + 1 metre

thickness
of the concrete
flooring of the silo:
3.5–7 metres

the internal diameter
of the silo into which RW
is to be placed will be
27.3 metres

depth to the
lower layer
of containers:
49 metres

CROSS-SECTION OF SILO
AFTER CLOSURE

gravel containing
groundwater
The geological environment
(silt), which ensures the
safety of the disposal
facility, will perform safety
functions over the long
term. The radioactivity of
waste will be reduced to a
level comparable with the
natural environment. Further
environmental protection
will therefore no longer be
necessary.

geological
environment
(silt)

clay

barrier
silo

dam
metal drum

dam
concrete
container
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WHERE WILL THE
DISPOSAL FACILITY BE BUILT?
The LILW disposal facility will be built in Vrbina,
which is in the Municipality of Krško and east of
NEK. The disposal facility will cover an area of
around 6 hectares. The above-ground facilities of
the disposal facility, or the upper part of the silo,
will be constructed on a flood-protection embankment.

PLANNING OF THE
DISPOSAL FACILITY
BY PHASE

site
preparation

field
research

preparation of
project design
documentation

investment
documentation

disposal
facility
safety

environmental
impact
assessment

LILW
disposal
facility
project and
building
permit

disposal
facility
construction

1

2

3

4

5

6

7

8

monitoring

SCOPE OF DISPOSAL
FACILITY CONSTRUCTION

DISPOSAL FACILITY
PHASES

The LILW disposal facility
will include an administration
and service building, a
technological building, a silo,
a hall above the silo, road and
utilities infrastructure, and
outdoor areas.

period of abandonment
of the activity
and afterwards

construction

operation

closure

decommissioning

long-term
surveillance
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Management
of institutional
radioactive waste
The public utility service of institutional radioactive waste management includes the provision of
services to generators and holders of RW that is
not generated by energy production. This realises
the national strategic objective of facilitating the
performance of radiation activities in industry, medicine and research, and ensures radiation safety
after the use of radiation sources comes to an end.
In addition to the collection, treatment, conditioning and storage of RW, the public utility service of
institutional RW management also includes the
management and operation of the central radioactive waste storage facility at Brinje (CSF). The
storage area of the CSF is approximately 80%
full; this means that continuous steps have to be

taken to reduce the volume of the RW taken into
storage. This is done by treating and optimising
stored RW. Treating RW brings positive outcomes,
improving the properties of the waste and enabling it to be stored more safely. It also generally
reduces the amount of space occupied by the
waste. Therefore, although new consignments of
waste might be taken into storage, the quantity of
RW stored increases at a slower rate than it would
do were the waste not treated. The plan is for RW
whose specific activity will not fall below the
clearance level during storage at the CSF or will
not be given for recycling or re-use to be deposited in the LILW disposal facility at Vrbina, Krško,
together with LILW from NEK.

COLLECTION,
acceptance and
transport
of RW

ARAO
ACTIVITIES
IN THE FIELD
OF RW

TREATMENT AND
CONDITIONING
newly received
and already
stored RW

STORAGE,
supervision of the
state of RW inventory
content and packaging,
and the maintenance of
information on the
stored inventory
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Radioactive waste is only generated by nuclear power plants. / No.
While it is true that around 90% of Slovenia’s radioactive waste comes
from the production of electricity, the remainder comes from the use of
radioactive material in medicine, industry and research. In both cases,
the waste comes from beneficial activities without which it would be difficult to imagine living as comfortably as we do.

Long-term surveillance
of the tailings repositories
Jazbec mining tailings disposal facility is situated at the site of the former Žirovski Vrh uranium
mine in the Poljanska Dolina valley, approximately 3 km south-east of the village of Gorenja
Vas.
The long-term surveillance and maintenance of
Jazbec mining tailings disposal facility includes
physical surveillance, controls to ensure that the
ground is stable and measurements of releases
into the environment. We also ensure that regular
maintenance is carried out on the covering layer
and the facilities at the disposal facility site and
that the disposal facility is managed in line with its
status as a national infrastructure facility.

In the area we measure:
radon concentration in the air;
radon flow through the covering layer;
discharges via the water pathway;
the concentration of radionuclides in the
groundwater or waters below the material disposed of at the disposal facility; and
• water samples in the immediate vicinity of the
disposal facility that are not directly affected
by the disposal facility.
•
•
•
•

We also carry out:
• hydrological monitoring;
• physical and chemical monitoring of surface
water and groundwater at and in the vicinity of
the disposal facility;
• geodesic monitoring and monitoring of the
stability of the disposal facility.

There are huge quantities of radioactive waste and the quantities
keep growing. / No.
In comparison with other types of waste, the quantities of radioactive
waste are small and manageable. Only 25 g of radioactive waste and
spent fuel per inhabitant is produced in Slovenia each year, which is a
mere 0.04% of all hazardous waste. On account of radioactive decay,
radioactive waste becomes less and less radioactive over time.
All radioactive waste is a lot more dangerous than other types of
waste and we do not know what to do with it. / No.
Not all radioactive waste is equally dangerous. Many types of waste from
other activities can be more dangerous than radioactive waste. There
are well-established safe solutions for the management of different
types of radioactive waste and spent fuel. Controls of radioactive waste
management are very precise and stringent.
High-level radioactive waste will also be placed in the Vrbina disposal facility at a later date. / No.
The disposal facility is intended exclusively for low- and intermediate-level radioactive waste. Owing to the characteristics of SF and HLW,
such as the release of heat and the long-lived nature of the waste, they
have to be disposed of at an even greater depth (several hundred metres below the surface). Such waste has to be protected with even more
robust barriers than is the case with LILW.
The area of the disposal facility will have to remain permanently
closed and out of bounds to other activities. / No.
As radioactivity decreases over time because of radioactive decay, the
radioactivity of LILW deposited in the disposal facility silo at Vrbina will
take no more than 300 years to fall to a level at which surveillance is no
longer required from both the radiation safety and economic aspects.
In this period, the disposal facility will be monitored before being given
over to unrestricted use.
NUCLEAR WASTE
DISPOSAL FACILITY
BELOW-GROUND DISPOSAL FACILITY
WASTE FROM THE DISPOSAL
FACILITY WILL MIGRATE INTO
THE SURROUNDING AREA
AND DRINKING WATER

LOW- AND INTERMEDIATE-LEVEL
RADIOACTIVE WASTE DISPOSAL FACILITY
NEAR-SURFACE DISPOSAL FACILITY
THE DISPOSAL FACILITY IS CLOSED, THE
WASTE IS IN SOLID FORM AND IS SECURED
UNDER SEVERAL IMPERMEABLE
PROTECTIVE LAYERS
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