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Abstract. The present status of the strategy of the long-term back-end nuclear fuel cycle in the Czech
Republic is briefly outlined in this paper. This strategy is based on the once-through option in the use
of the nuclear fuel with subsequent interim storage of the spent fuel and its final disposal as a declared
high level waste. However, other technologies for the management of the back-end of the nuclear fuel
cycle are not excluded at all. Besides the first already existing and the second interim spent fuel
storage facility being sited at Dukovany Nuclear Power Plant, an interim spent fuel storage facility at
Temelin Nuclear Power Plant is also under the siting process. To cover the total storing needs a central
spent nuclear fuel interim storage facility at Skalka in the Czech-Moravian Highlands is also under
consideration. These facilities are or will be equipped with dry-storage containers of cask-type placed
in the concrete building and cooled by natural air ventilation. Since 1993 there is a joint effort of
several governmental organisations and institutions and private companies to study the scientific,
technical and economical possibilities of the construction of the deep geological repository for spent
nuclear fuel disposal. A horizontal repository facility with vertical access was selected and a reference
project has been accepted. A time horizon for construction in about the year of 2035 was scheduled.
The necessary legal and administrative basis of the spent fuel and radioactive waste management was
laid down by the law No. 18/1997 (Atomic Act) passed in 1997. This basic law with its implementing
regulations fully reflects the internationally accepted principles of the provision of nuclear safety and
radiation protection in this respect and it also strongly supports the policy and strategy of the back-end
of the nuclear fuel cycle.

1. INTRODUCTION

The first nuclear power reactor on the territory of the Czech Republic was commissioned in
1985 at Dukovany Nuclear Power Plant (NPP). In 1987 when the last 4th unit of this power
plant was put into operation, the nuclear share of the electricity generation reached more than
20% and still remains on the same level. The total net output of the four 440 MWe power
WWER-type nuclear reactors in the last year was 1 648 MWe. After operating the Temelin
NPP with two 1 000 MWe power WWER-type nuclear reactors, which is expected by the
very beginning of the first decade of the next millennium, the nuclear share of electricity
production in the country will exceed 40%, which means about 2 500 MWe. The electricity
production by nuclear reactors is safe and highly environmentally friendly, it generates small
amount of wastes in easy controllable volume. Nevertheless, it is not possible to develop
nuclear energy programme safely without taking care of the spent nuclear fuel, which
represents of about 95% of the total radioactivity at the NPPs.

The interim storage of the spent fuel is relatively simple. This technology has been proved in
different alternatives (i.e., at the reactor or away from the reactor in the dozens of cases. The
reality that there is not hurry with the construction of final repositories worldwide has many
reasons. One main of them is the fact that spent fuel cannot be considered to be common
radioactive waste as it may serve as a raw material for new nuclear fuel in the future. There is
a lot of solutions to manage this problem suitably. The possibility to defer the final decision,
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in spite of the meaning of the opponents of the nuclear energy, is a great advantage from the
point of view of the safe and environmentally sound management of the back-end of the
nuclear fuel cycle.

The present status of the strategy of the long-term back-end nuclear fuel cycle in the Czech
Republic is briefly outlined in this paper. This strategy is based on the once-through option in
the use of the nuclear fuel with subsequent interim storage of the spent fuel, first, by wet
storage at the reactor, following by dry storage far from the reactor and its final disposal as a
declared high level waste. A brief outline of the present management of spent fuel and
radioactive wastes generated in nuclear power reactors is also given and the necessary legal
framework for the ensuring of nuclear and radiation safety of this management is dealt with.

2. SPENT NUCLEAR FUEL MANAGEMENT

Spent fuel arising

Spent fuel arising of Dukovany NPP represents the main source of spent nuclear fuel in the
Czech Republic. After year 2000 Temelin NPP will be the other significant source. The total
amount of spent fuel to be generated both by Dukovany NPP and Temelin NPP during 30-
year operation, estimated to 1500 tons for Dukovany NPP respective 1350 tons for Temelin
NPP. Thus the total spent fuel arisings from Czech NPPs will be about 2850 tons.

In September 1999 there were 2342 spent fuel assemblies in the pools of Dukovany NPP and
33 loaded CASTOR-440/84 casks with 2772 spent fuel assemblies.

The fuel cycle back-end concept

WWER-440 at Dukovany: after discharging from reactors, spending from 5 to 6 years
cooling period in NPPs at reactor pools, this spent fuel is stored in an interim spent fuel
storage facility (ISFSF) Dukovany, which operation started in December 1995. The
capacity of ISFSF Dukovany (dry storage, utilizing dual use CASTOR-440/84 casks)
was originally limited to 600 metric ton of heavy metal by the political decision of
former Czech government. Its storage capacity could cover spent fuel arising from the
operation of Dukovany NPP only until 2005.

WWER-1000 at Temelin: commissioning of the first unit is officially announced for
the year 2000. At reactor pools capacity will be sufficient for about nine year's
operation. Approximately in the year 2010, EEZ (Czech Electric Power Company) will
have to utilize storage for WWER 1000 spent fuel either in the territory of NPP
Temelin or at the Central ISFSF at the Skalka site. The utility (EEZ) management in the
year 2000 will make the decision which concept (at Temelin or Skalka sites) will be
chosen. The technology of the new (dry cask) interim storage has been already selected,
the vendors of the casks not yet.

New storage capacity will be needed after the year 2005 for spent fuel from WWER-440 and
after 2010 for WWER-1000. The CEZ concept of fuel cycle back-end still considers disposal
of spent fuel after 2030.

Interim spent fuel storage facility (ISFSF) at Dukovany

ISFSF consists of a light storage building with dual - transport and storage CASTOR - 440/84
casks inside the building with natural air venting. The casks are filled with helium inert gas.
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Storage was commissioned in January 1997. Each cask contains 84 spent fuel assemblies
(10 tons) and weighs 120 tons. The total capacity of the ISFSF is approximately 600 tons of
heavy metal (60 casks).

Recent situation and further plans in the spent fuel management

In March 1997 the Czech government cancelled some parts of the previous Government
Resolution No. 213 concerning Dukovany 600 tons storage limit. Following this decision it
recommended to prepare next storage capacity at Dukovany and Temelin NPPs sites as
priority sites and at Skalka (underground alternative, near the uranium mines Dolni Rozinka
in Czech-Moravian Highlands) as stand by site.

A number of negotiations has passed and public discussions, where difficult discussions about
the new project have been held. All the participants in the approval procedure (investor,
municipal authorities, citizens' groups, and ecological groups) tried to put through their own
views and interests. Following the existing Czech legislative principles the Environmental
Impact Assessment under the supervision of the Ministry of Environment and the siting
approval issued by the State Office for Nuclear Safety (SUJB) are necessary preconditions for
siting permit, which is issued by the local construction authority.

The public hearing is an obligatory part of the environmental impact assessment (EIA)
preparation process. On 8th June 1999 there were held public hearing connected with
Dukovany storage facility and a week later the other for Skalka storage facility. A new
phenomenon occurred. While the local movement against the storage construction was
weaker than in previous years, there were active participants from neighbouring Austria
expressing their comments and reservations. The majority of reservations were connected
with the storage technology specifications. Especially detailed descriptions and licensees for
storage casks declared to be utilised have been claimed. Based on the public hearing results
there is an intensive exchange of opinions between CEZ and the Ministry of Environment
focused to find a way how to finalise the EIA process. At present the Ministry of the
Environment of the Czech Republic, that has to deliver the opinion of the EIA study, has
interrupted the procedure and asks for the storage cask specification.

Siting safety analysis reports (SAR) of both Dukovany and Skalka were submitted to the State
Office for Nuclear Safety (SUJB), together with the request for siting approvals, in July 1998.
In August 1998, after first evaluations SUJB requested for some amendments and corrections
in the submitted documentation. In January 1999 SARs submitted to the SUJB were revised.
In spite of the fact that respective SAR (content of them is defined by the Atomic Act) were
positively evaluated by the Office experts, the Office was obliged to interrupt its licensing
process and is waiting for the EIA final results.

Future steps in the spent fuel management

• site permit for both Dukovany and Skalka site in 1999 (or 2000) and following
decision of CEZ to stop or continue in preparation of the Skalka central facility (CF),

• final bidding process for Dukovany interim facility (IF) and/or Skalka CF in 2000,
• construction permit for Dukovany IF and/or Skalka CF in 2000 or 2001,
• construction of the Dukovany IF or Skalka CF in 2002-2004,
• commissioning of the Dukovany IF or Skalka CF in 2004-2005,
• preparatory works for Temelin IF (when Skalka CF is not under construction) in

2002-2008,

51



• commissioning of the Temelin IF in 2011 (when Skalka CF is not under operation),
• final disposal - after 2030.

3. RADIOACTIVE WASTE MANAGEMENT

Radioactive waste arisings

Similarly as in Central and Eastern European countries, in the Czech Republic the pressurised
water WWER-type reactors designed in the former Soviet Union annually generate the
following amounts of operational liquid and solid radioactive wastes estimated per one
440 MWe:

• evaporator liquid bottom concentrates 300 m3

3spent ion exchange resins 22 m
low-level solid wastes 100 m3

intermediate-level solid wastes 30 m3

A main objective in the waste management is to minimise the volume of the radioactive
waste. The following processes are considered as radioactive waste management: collection,
segregation, treatment, conditioning, storage, transport and disposal. By the disposal
(elimination) of the radioactive waste is understood their deposit into repository and/or their
storage until spontaneous radioactive decay decreases their activity so that they cease to be
radioactive waste. There is no stringent categorisation of the radioactive waste according to
the activity. The radioactive wastes are collected in the place of their origin and are
segregated according to their physical and chemical properties. They are separated into
gaseous, liquid and solid wastes. The liquid wastes are divided into aqueous solutions and
organic solutions. The solid wastes are further segregated into combustible and
incombustible. The incombustible is separated to compressible and incompressible.

A radioactive waste solidification facility at Dukovany NPP was commissioned in 1996. The
liquid concentrates are mixed with bitumen and conditioned into 200-1 barrel packages. The
volume reduction factor of the waste is about 5 and the average salinity of the bituminous
product is 40%. This process is more or less continual. The output of a bituminization facility
is about is around 8 barrels per 24 hrs. The cementation technology can also be used. The
solid wastes are also treated and conditioned in this on-site facility. The prevailing
conditioning technology for solid wastes is the compaction and supercompaction carried out
discontinuously. The combustion technology was not introduced until now, as the responsible
authority has not granted the license for the operation of the incinerator plant.

Radioactive waste storage

The overall approach to the Soviet design WWER-type reactor powered NPPs was to solve
the waste management in the decommissioning stage of these plants. The consequence of this
philosophy was the postponement of the considerations about the storage, treatment,
conditioning and disposal facilities for the radioactive waste management. Now, several
thousands of radioactive liquid are stored in steel tanks on-site of the Dukovany NPP. There
are also several hundreds tons of spent sorbents in the storage facility. The liquid wastes are
continuously treated by evaporation. The treatment and solidification technology is based on
bituminization.
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Radioactive waste disposal into the surface repository

For the disposal of radioactive wastes coming from the nuclear power industry the radioactive
waste repository at Dukovany NPP was commissioned in 1995 and operated by the NPP and
is a property of CEZ. This so-called regional waste repository is a special near surface (on the
ground) facility for the disposal of conditioned operational low- and intermediate-level
radioactive waste packages in 200 1 zinc-coated steel barrels. Liquid wastes are evaporated for
reduction in volume and finally solidified into bitumen. Solid wastes are supercompacted to a
minimum volume and placed into the same type of barrels. The repository has 112 disposal
basins (compartments) each with capacity of 1500 barrels and is suitable to accept maximum
2.5 x 1012 Bq of p,y emitting radionuclides. The total capacity of the repository is 55 450 m3

that means 130 000 barrels. A part of the repository is reserved for non-standard wastes. Until
the end of 1998 less than 5 basins were filled up. This repository will also serve for the
disposal of the same type of operational radioactive wastes from Temelin NPP. The repository
is also intended to accept the decommissioning low- and intermediate-level radioactive wastes
from both NPPs in the future.

According to the Atomic Act, this repository will also be transferred from the possession of
CEZ into the possession of the State and operated by the governmental Radioactive Waste
Repository Agency until the beginning of the year 2000. On this account, by then the Agency
is obliged to apply for the license for this operation granted by the Office according to the
law. The transfer of the repository shall be accomplished by a contract between the agency
and the former owner of the repository. Disposal of radioactive wastes will also be proceed on
a contract basis between the operator of the repository and the individual waste generators.

Radioactive waste disposal into the deep geological repository

A deep geological repository is intended for the disposal of high-level radioactive wastes
including the spent nuclear fuel. Since 1993 there is a joint effort of several governmental
organisations and institutions and private companies to study the scientific, technical and
economical possibilities and the public acceptance of the construction of the deep geological
depository. The Nuclear Research Institute has been the programme co-ordinator until 1998.
The overall repository programme is divided into 3 main areas:

• development and technical activities,
• survey and verification (testing) of localities,
• demonstration of the safety of disposal systems, study of engineering and geological

barriers and materials.

By the year 1998 the co-ordination of the programme of deep geological repository was
transferred to the Radioactive Waste Repository Agency (RAWRA). The first, conceptual part
of this programme was accomplished and a so-called reference project has been accepted in
1999. The reference project was focused on the

• project of the repository in a hypothetical locality with granitic rock,
• identification and evaluation of the environmental impact of the repository,
• demonstration of the nuclear and radiation safety of the projected repository,
• estimation of the cost and lifetime cycle of the repository,
• demonstration of the feasibility of the deep repository in the Czech Republic.

In 1998 the following projects were included additionally into the deep repository
programme:
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• site selection,
• activity programme on the testing locality,
• regime measurement on the testing locality,
• programme of testing and experiments in an underground laboratory,
• study of natural analogues,
• programme of experiments for the study of engineering barriers.

A concept of the horizontal repository facility with vertical access was selected, in which
eight possible sites in granite geological formation of Melechov massif were taken into
consideration. A time horizon for construction of the repository in about the year of 2035 was
scheduled.

4. WASTE MANAGEMENT USING TRANSMUTATION TECHNOLOGY

The management of long-lived radioactive waste resulting from the operation of nuclear
power reactors, i.e. spent fuel, by fast neutron transmutation (so-called incineration)
technology is an alternative to burning it in dedicated nuclear facilities. This technology
coupled to a partitioning technology is seen as a complementary approach, which could
moderate but not eliminate the disposal problem. Research activities in this respect are
conducted in the framework of the consortium of the Czech Technical University Prague,
Skoda Nuclear Machinery Plzen, Institute of Nuclear Physics of the Czech Academy of
Science Prague and Nuclear Research Institute Rez.

5. REGULATORY FRAMEWORK OF THE SPENT FUEL AND RADIOACTIVE WASTE
MANAGEMENT

Legal and administrative basis

The necessary legal and administrative basis of the spent fuel and radioactive waste
management was laid down by the law No. 18/1997 (Atomic Act) passed in 1997. This basic
law with its implementing regulations fully reflects the internationally accepted principles of
the provision of nuclear safety and radiation protection in this respect and it also strongly
supports the policy and strategy of the back-end of the nuclear fuel cycle. This law entrusted
the State Office for Nuclear Safety (hereinafter Office)), as a regulatory authority, with the
State administration and supervision of all practices resulting in the exposure of workers,
public and environment to ionising radiation, including spent fuel and radioactive waste
management. Radioactive waste management is not subject to the law No. 125/1997 about
wastes (Waste Act) and is solely under the jurisdiction of the Atomic Act. Specification of the
radioactive waste management is laid down in the implementing SUJB decree No. 184/1997.

Basic terms

The law defines the activities related to nuclear energy utilisation to which belong, among
other, the management of nuclear materials, including spent nuclear fuel and radioactive
waste. Installations as stores, repositories of these items, with the exception of materials
containing natural radionuclides exclusively, are defined as nuclear facilities and both their
siting and decommissioning is obliged to EIA according to law No. 244/1992 (Environmental
Act). Installations for radioactive waste storage are considered to be nuclear facilities if the
total activity of these wastes exceeds a limit determined by the implementing regulation
(SUJB decree No. 184/1997). Radioactive waste is defined as a waste material, items or
equipment for which no further use is foreseen by their owner with a radionuclide content or
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surface contamination exceeding limits permitting their release into the environment.
According to law radioactive wastes may be temporarily stored or permanently disposed in
suitable storage installations or repositories, respectively. Repositories can be either near
surface or underground facilities.

Responsibility of the licensee

The responsibility of the safe radioactive waste management rests on the waste generator. A
licence granted by the Office is required for individual activities with connection of the use of
nuclear energy and ionising radiation, including management and of spent nuclear fuel and
radioactive wastes. For siting, construction, commissioning, operation, reconstruction and
decommissioning of nuclear installations a licence from the Office is also inevitable.
Transportation and import or export of radioactive wastes is liable to licence granted by the
Office. The licence from the Office for these activities does not substitute licences or
permissions, which are required by other governmental organisations according to special
laws or regulations.

Licence process

For all activities in which management of spent nuclear fuel or radioactive wastes are
involved, the licensee shall prove that this management is safe and financially is fully
covered. Within its administrative procedures, the Office proceeds independently to the
procedures of any other administrative body. The applicant is the single part in the process.
The licence concurrently expresses an approval required by a special law No. 50/1976 about
land-use planning and construction rules (Construction Act). The licensee is obliged to reduce
the generation of radioactive wastes and spent nuclear fuel to the minimum necessary level.
The licensee of a nuclear installation is obliged to ensure the reserve fund so that financial
resources are available, in necessary amount and time, for the needs of preparation and
realisation of decommissioning, in accordance with the proposed decommissioning option
approved by the Office. Packing assemblies (containers) for transportation or storage of
nuclear materials and radionuclide radiation sources may only be produced and used on the
basis of the licence issued by the Office. The careful type approval process precedes the
licensing procedure. An importer of containers is obliged to import only types approved by
the Office.

Until the generator (or the Office) declares spent or irradiated nuclear fuel radioactive waste,
its management, apart from requirements ensuing from other provisions of the law, is subject
to the same requirements as valid to radioactive wastes. The owner of spent or irradiated fuel
is obliged to manage the radioactive waste in such a manner that a possibility of its further
conditioning for disposal is not aggravated. The owner of radioactive waste, or any other
natural or juristic person (corporate body), acting on behalf of the owner, shall bear all costs
of this management from its generation to its disposal, including monitoring of radioactive
waste repositories after their closure and the necessary research and development activities.

Responsibility of the State

The Atomic Act charged the State with the liability for safe disposal of all radioactive wastes
and spent fuel. The State guarantees, under conditions determined by the law, safe disposal of
all radioactive waste, including monitoring and supervision of repositories after their closure.
For this purpose the State has established the Radioactive Waste Repository Agency as a
responsible organisation in this respect. The Agency's activities encompass, among others,
preparation, construction, commissioning, operation and closure of radioactive waste
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repositories and monitoring of their impact on the environment; radioactive waste
management; conditioning of spent or irradiated nuclear fuel into a form suitable for its
disposal or further utilisation; provision for and co-ordination of research and development in
the field of radioactive waste management; provision of services in the field of radioactive
waste management; and monitoring of reserves of licensees for decommissioning of their
installations.

The law also introduced a nuclear account for financing both the activities associated with the
radioactive waste disposal and with the activity of the Radioactive Waste Repository Agency.
Ministry of Finance manages the nuclear account. Waste generators are required to provide
financial resources, accounted as costs, to cover expenses for these activities. The financial
resources are accumulated on the nuclear account in the form of levies. The amount of levies
is determined on the basis of the estimated costs of activities provided by the Agency. The
government establishes the amount, method of levies to the nuclear account and details of
nuclear account management. On the date the Agency accepts radioactive wastes from their
generators, the wastes pass into the ownership of the state. The Authority and the generator
endorse, in a written form, the acceptance of the radioactive wastes.

6. CONCLUSIONS

There is a still increasing public awareness of the importance of proper control of the safety
and environmental impact of energy production and use. A crucial element of minimising this
impact in the production and use of nuclear energy is the safe management and minimisation
of all waste arisings from this production. The spent fuel management option determines the
environmental impact of this radioactive by-product. In the open or once-through fuel cycle
option the full amount of the spent fuel is committed to disposal in an underground geological
repository, and all long-lived radionuclides contained in the spent fuel have the theoretical
possibility to be dispersed in the natural environment on geological time scales. Therefore,
siting a radioactive waste repository refers to the responsible process of selecting a suitable
location that must take into consideration various technical and societal factors, including
nation-wide public acceptance. The technical factors shall ensure that the risk of the
dispersion of radionuclides from the repository into the environment could be maintained on a
level as low as reasonable achievable.

We are convinced that our strategy fully reflects the world-wide accepted basic principles of
the spent fuel and waste management coming from the UNESCO Declaration on the
responsibilities of the present generations towards future generations, as well as the UN
Conference on environment and development, i.e. the polluter-pays principle, and the
precautionary principle. Moreover, the approach of the Czech Republic to the back-end of the
nuclear fuel cycle is flexible, and is open to the other alternatives, including reprocessing
and/or transmutation technology of the spent fuel. Both political and economical
circumstances strongly support the presented approach to the spent fuel management. It seems
that the public acceptance is sufficiently positive towards the presented nuclear fuel cycle
strategy in our country.
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