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ATOMIC ENERGY IN
LITHUANIA

Ignalina Nuclear Power Plant was
constructed to meet not only the de-
mand of Lithuania but also that of the
Unified North-West Power System of
the Soviet Union. The nuclear facility
was built at the border with Latvia and
Belarus. After the site of the NPP was
selected on the shore of Lake Drūkšiai,
preparatory construction work began
in 1974. Next year construction be-
gan of the town of Visaginas (the then
Sniečkus) several kilometers from the
facility's construction site. Now the
town has a population of over 30,000.

Reactors of RBMK-1500 type have
been installed at INPP. Unit 1 of the
INPP started functioning in late Decem-
ber of 1983, and Unit 2 in August 1987.
In accordance with the original design,
four Units were to be constructed.
However, the construction of Unit 3
was discontinued in 1989. The reactor
capacity at INPP was reduced following
the Chernobyl accident.

RBMK reactors have also been
installed at Saint Petersburg (Sosnovy
Bor), Kursk, Chernobyl, and Smolensk
NPPs.

In 1991, having restored its in-
dependence, Lithuania became the
world's 31 s t country making use of nu-

clear energy for electricity generation.
The country has pledged while operat-
ing Ignalina NPP not to cause nuclear
threat to mankind and the environ-
ment, and to use nuclear materials
and technologies for peaceful purposes
only. Soon work began on establish-
ing a nuclear safety regulating system
whose objective is to ensure that the
standard of safety requirements set by
the Republic of Lithuania meets inter-
national requirements.

Since the very beginning of opera-
tion Ignalina NPP has been a major sup-
plier of electricity to Lithuania and the
neighboring countries. The importance
of the facility grew even more after
Lithuania regained independence. Over
the recent years Ignalina NPP has been
supplying over 75 per cent of electricity
necessary for Lithuania.

The data of the International
Atomic Energy Agency (IAEA) shows
that in 2002 Lithuania headed the list
of the countries covering most of their
electricity needs by power generated
at NPPs (80.1 per cent of the overall
amount of electricity produced in the
country), followed by France (78 per
cent), Slovakia (65.4 per cent), and
others.

Electricity production in Lithuania
D Total
• INPP

1990 2002



Ignalina NPP is being operated in
compliance with stringent requirements,
with emphasis being laid on safety en-
hancement. In accordance with the
recommendations of the International
Atomic Energy Agency, institutions oper-
ating NPPs and controlling their safety, as
well as technical support organizations
need to be set up in countries that have
NPPs. The Law on Nuclear Energy of the
Republic of Lithuania states that the op-
erating body bears sole responsibility for
the operation of the nuclear power plant.
In Lithuania it is the INPP itself that fulfils
this function. The supervisory body ap-
pointed by the state must identify nuclear
safety requirements, establish whether
or not the nuclear power facility is being
operated safely, without breaking safety
conditions and limits, and, if necessary,
enforce meeting nuclear safety require-
ments. The State Nuclear Power Safety
Inspectorate (VATESI) established by a
resolution of the Lithuanian Government
on 18 October 1991 fulfils these obliga-
tions in Lithuania. The Inspectorate re-
ports to the Government of the Republic
of Lithuania.

.In addition to that, Lithuania is ex-
pected to develop activities of technical
support organizations. These organiza-
tions address nuclear safety issues and
render assistance to both the operator
and the supervisor in analyzing techni-

cal issues and submit proposals aimed
at improving safe operation of Ignalina
NPP. Scientists from the Lithuanian
Energy Institute, Kaunas Technological
University, Vilnius Gediminas Techno-
logical University, the Institute of Phys-
ics, the State Institute of Information
Technologies, UAB Itecha also tackle
these issues. Considerable assistance is
provided by their counterparts abroad.

Safety situation at Ignalina NPP is
continuously being upgraded through
implementation of safety improvement
measures. Nearly LTL 700 million have
been invested into safety improvement
projects over the last decade (€1=LTL
3.45). The funds have been allocated by
Lithuania, international organizations,
as well as foreign countries through
bilateral and multilateral co-operation
programs.

Large amounts of radioactive
waste form in the course of Ignalina NPP
operation. Even larger volumes will ac-
cumulate during its decommissioning.
All radioactive waste must be stored
safely and, at a later stage, disposed of
at repositories of different types.

The Radiation Protection Center
(RSC) was established on 1 January
1997. Its main functions consist in ex-
ercising state supervision and control
of radiation protection, keeping a reg-
ister of the country's sources of ionizing
radiation and personnel exposure, con-
ducting exposure doses of population,
personnel and individual risk groups in
normal conditions and during radiation
accidents, carrying out research into
effects of ionizing radiation on humans
and assessing them, etc.

As envisaged in the Law on De-
commissioning INPP Unit 1, the Minis-
try of Economy in accordance with the
resolution of the Lithuanian Government
founded on 20 July 2001, the Radioac-
tive Waste Management Agency (RATA)
as the principal .operator of radioactive
waste in "the Rfepublicof Lithuania. Ac-
cording to tjąe" R ̂ fAf activity prqqrarti



for the years 2002-4 approved by the
Lithuanian Government on 6 Febru-
ary 2002, the Agency is to organize
research into disposal of spent nuclear
fuel and long-lived radioactive waste
in Lithuania, to develop jointly with the
Geological Survey of Lithuania and the
Lithuanian Energy Institute a long-term
research program on the potential of
disposal of Spent Nuclear Fuel and long-
lived high-level radwaste in Lithuania,
and to implement projects on construct-
ing a surface repository for short-lived
low and intermediate level radwaste.

•
Different energy sources
being developed
After the decision was taken to

discontinue operation of INPP Unit 1
and Unit 2 by 2005 and in 2009, respec-
tively, discussions began in the country
on how electricity would be generated
in the future. Several thermal power
plants, and Kaunas Hydroelectric Power
Station are operational in the country.
If these are modernized there would be
no shortage of electricity for a while.

To ensure least-cost development
and functioning of electricity and district
heating supply systems, as well as to
increase reliability of electricity supply,
first of all the Lithuanian Power Station
(at Elektrėnai) must be modernized, as

well as Vilnius and Kaunas co-generation
plants. New burners must be installed in
these, a state-of-the-art control and
management system introduced, and
the plant for treating the combustion
products. Should new capacities become
necessary, thermal power plants could
be constructed in Klaipėda, Šiauliai and
Panevėžys, as well as a combined-cycle
gas turbine condensation plant and ad-
ditional thermal power plants in other
towns.

Alternative sources are also being
developed to produce electricity and
thermal power, such as hydroelectric
power, geothermal energy, power fa-
cilities burning wood and wood waste,
biofuel, peat, straw, as well as facilities
making use of the wind and solar power.

However, nuclear energy is also
mentioned in the discussions on electric
power facilities due to be modernized
and constructed in Lithuania in the fu-
ture. According to the National Energy
Strategy approved by the Seimas on 10
October 2002, if Lithuania is to remain
a nuclear state and generate electricity
at nuclear power facilities meeting cur-
rent requirements, the country will pro-
vide legislative and political support to
investments into construction of a new
facility with the use made of the existing
infrastructure of Ignalina NPP.

The Lithuanian Power Plant.
A wood fuel burning power facility

is operational in Ignalina.
A small-scale hydroelectric powe,
plant on the Baltoji Ančia River.

Kruonis Pumped Storag>

* 4
Kaunas Hydroelectric
Power Plant.

Klaipėda Geothermal Power
Plant.



DECOMMISSIONING OF
IGNALINA NPP

It is envisaged in the National En-
ergy Strategy approved on 5 October
1999, that Unit 1 at Ignalina Nuclear
Power Plant is to be shut down by 2005
considering the terms of long-term
financial support from the European
Union, G-7, as well as other countries
and financial institutions. In accord-
ance with the Law on Decommission-
ing of Unit 1 of Ignalina NPP passed on
May 2, 2000, preparations for shutting
Unit 1 down must be completed by 1
January 2005.

It is said in the National Energy
Strategy revised on 10 October 2002,
that Unit 2 of Ignalina NPP is to be shut
down in 2009. The necessary funding
is to be based on agreements with EU
institutions and other donors. Lithua-
nia commits itself to shut down the
reactors provided that at later stages
of EU accession negotiations the issue
of additional financial support for the
premature closure of Unit 1 at INPP by
2005 and Unit 2 in 2009 is adequately
dealt with. If the necessary funding
from the EU and other donors is not
ensured, the operation of the two re-
actors will be extended within the time
limits of their safe operation.

The EU countries have admitted
that the decommissioning of Ignalina
NPP will take longer than the present
financial prospects allow, and that it is
an excessive financial burden to Lithua-
nia incommensurable with its size and
economic power, and have announced
that, being solidary with Lithuania, they
are ready to continue the necessary
additional support of the EU for the de-
commissioning efforts after Lithuania
becomes its member, too.

Decommissioning of the nuclear
power facilities is directly related to
additional problems that must be
solved by the government authori-
ties of the Republic of Lithuania,
the organization operating Ignalina
NPP, the institutions controlling the
decommissioning, as well as other
bodies involved in Ignalina NPP de-
commissioning. In accordance with
the requirements of many countries
including Lithuania a special license is
to be issued for decommissioning. The
license for Ignalina NPP will be issued
by the State Nuclear Power Safety In-
spectorate (VATESI).

The Decommissioning Service set
up three years ago is doing the bulk

PRINCIPAL TASKS OF DECOMMISSIONING
Regulating
institutions

• Submitting proposals on
drawing up and supplementing
legal documents.
• Setting requirements on de-
commissioning licensing.
• Issuing a decommissioning
license.
• Suspending, renewing and re-
voking the license.
• Assessing safety during op-
eration and decommissioning and
applying enforcement measures.

Operator
(Ignalina NPP)

• Establishing a struc-
ture engaged in decom-
missioning.
• Ensuring safe closure
of the NPP.
• Implementing de-
commissioning program
and plan.
• Fulfilling require-
ments of regulating in-
stitutions.

Central and local
authorities

• Ensuring smooth
funding.
• Assessing environ-
mental impact of decom-
missioning.
• Addressing social
issues related to decom-
missioning.



Principal Institutions of the Republic of
Lithuania Involved in Ignalina NPP Decommissioning
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of work in preparation for the decom-
missioning. It is the newest division of
Ignalina NPP. The Service is subordinate
to the Director General of INPP, and its
activities are financed with the funds of
Ignalina NPP Decommissioning Fund. As
Ignalina NPP has no experience in de-
commissioning, foreign specialists have
been asked to help. A Decommissioning
Project Management Unit (DPMU) has
been set up at INPP. The main objec-
tive of the Unit is to produce the final
decommissioning plan, to take care of
the construction of a spent nuclear fuel
store, a solid radioactive waste man-
agement facility, heat and steam boiler
plant, to update the technical documen-
tation archive, etc. The specialists on
the staff of the DPMU are producing the
key technical projects and assisting the
Decommissioning Service in implement-
ing them.

In accordance with the Law on
Decommissioning of Unit 1 of Ignalina
NPP passed on 2 May 2000, the Gov-
ernment of the Republic of Lithuania is
to ensure continuous funding of all the

decommissioning stages. Therefore it
is not allowed to start individual stages
of decommissioning operations at Unit
1 or decommissioning projects of the
plant that would irrevocably inter-
rupt the Unit's operation process or
adversely affect nuclear safety until
funding of all the decommissioning
operations of a stage or a facility is en-
sured. While discontinuing operation of
Unit 1 and continuing that of Unit 2 it
is important to retain the skilled staff
that ensure safe and efficient opera-
tion of the facility. The social guaran-
tees to the staff made redundant are
envisaged by a separate law.

After Unit 1 is shut down, the
organization operating the NPP will
be restructured to ensure as efficient
operation as possible. Part of non-
core activities will be handed over to
the municipality, others will be priva-
tized. Within five years projects will
be implemented aimed at ensuring
safe operation of Unit 2 and modern-
izing the management and storage of
radwaste.



DECOMMISSIONING
PROGRAM OF INPP

UNIT 1

On 19 February 2001, the decom-
missioning program of Unit 1 at INPP
was approved. Legal, organizational,
financial and technical measures that
need to be implemented in order to
safely discontinue the operation of Unit
1 are set forth in the program as well
as the steps of preparation for Unit
1 decommissioning and the ways of
dealing with the environmental, social
and economic problems.

The following principal groups of
actions have been envisaged in the
decommissioning program of Unit 1
at INPP:

•
Decommissioning
projects of Unit 1 at
Ignalina NPP
These are technical projects upon

implementation of which technologi-
cally preparation for discontinuing op-
eration of Unit 1 will be adequately ef-
fected. These include production of the
final decommissioning plan and phase
1 of the decommissioning (shutdown);
safety assessment of Unit 2 following

In Reactor Hal).

the closure of Unit 1; construction at
Ignalina NPP of a new boiler facility,
which is necessary for supplying heat-
ing to the town of Visaginas after Unit
1 is shut down. Decommissioning is
directly related with adequate prepa-
ration for managing radioactive waste
that is produced during the process.
Therefore projects of radioactive
waste management facilities, such as
stores, processing plant, and modifica-
tion of the existing radioactive waste
management scheme, are of extreme
importance.

•
Support to institutions
involved in assessment
of the program projects
The projects of decommission-

ing Unit 1 at INPP will be assessed by
state governing and municipal institu-
tions within their competence. VATESI
will shoulder the greatest work load. It
will assess these projects from safety
viewpoint and issue licenses or appro-
priate permits for them. Other institu-
tions, Such as the Ministry of Environ-
ment, the Radiation Protection Center,
the Radioactive Waste Management
Agency, etc., will also take part in the
process.

•
Social-economic
projects
The objective of these is to ad-

dress social-economic problems asso-
ciated with decommissioning of Igna-
lina NPP. They comprise development
of a legal basis, creation of new jobs,
support to local municipal institutions,
and encouraging business in the region
of Ignalina NPP.



THE DECOMMISSIONING
METHOD FOR
IGNALINA NPP

On 20 November 2002, the Lit-
huanian Government passed a resolu-
tion to the effect that Ignalina NPP is
to be decommissioned through imme-
diate dismantling. This is a continuous
process when dismantling begins af-
ter the plant is finally shut down, and
ends in complete restoration of the
site and disposal of radioactive waste.
Prior to taking the decision another
scenario of decommissioning, defer-
red dismantling, had been studied in

detail. In this case the final ordering
of the power station is carried out
after a certain safe enclosure period
(say, 35 years). The costs of the two
alternatives would be virtually the
same. However, it is difficult to reliab-
ly evaluate the costs in the event of
deferred dismantling.

Various factors such as the
country's energy policy, social issues,
nuclear safety aspects, technical para-
meters of the power station, the policy

LABOR FORCE REQUIREMENT FOR IGNALINA NPP DECOMMISSIONING
I N CASE OF DEFERRED AND IMMEDIATE DISMANTLING
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of radioactive waste management, and
experience in decommissioning at other
nuclear power facilities influenced the
choice of the decommissioning method.
After the decommissioning method was
selected the final decommissioning plan
is being drawn up.

Representatives of Ignalina NPP
were also in favor of immediate dis-
mantling, because in this case it will

be possible to continue using in an
efficient manner radioactive waste
management facilities constructed at
the early stages of decommissioning
and other infrastructure. Moreover,
prerequisites will be created for im-
proving employment rate. The recom-
mendations of the IAEA regarding the
advantages of immediate dismantling
were also taken into consideration.

THE DECOMMISSIONING
STAGES OF

IGNALINA NPP

Ignalina NPP is to be decommis-
sioned in the following three stages:

Initial stage. After the final
shutdown of the INPP decommissio-
ning Stage 1 is to start as soon as
possible. During this stage the NPP
would be irreversibly shut down. The
spent nuclear fuel and the decommis-
sioning waste would be taken away for
interim storage or disposal. Low-radio-
activity plant could also be removed at
this stage.

Dismantling. The stage is to start
immediately after Stage 1 as immediate

dismantling has been selected for Igna-
lina NPP. Radioactive installations are
to be removed during the dismantling
stage as well as the radioactive layer of
the buildings. Technologically, this is a
most complicated stage.

Demolition of the buildings.
During this stage the buildings are to
be demolished in the same manner as
other industrial facilities except that
thorough checks are to be conducted
for the minutest traces of radioactivity
in the debris. The buildings could also
be left for further use

In Central Control Room.



RADIATION PROTECTION
OF STAFF, RESIDENTS, AND
ENVIRONMENT

As has been mentioned in the
previous chapters, the main objective
of Ignalina NPP decommissioning is to
manage the nuclear power facility, the
decommissioning radioactive waste
and spent nuclear fuel in a manner
that would not pose radiation hazard
to humans and the environment, and
to use the site of the former INPP for
other purposes.

Preliminary estimates show that
the selected method of immediate
dismantling will result in a collective
dose* of ca. 33 menSv for the per-
sonnel engaged in decommissioning
operations. For comparison purposes,
the annual collective dose of Ignalina
NPP staff in 2002 was 8.81 menSv. The
diagram below shows the dynamics of
INPP and outside workers' collective
doses per Unit in 1984-2002.

Large amounts of dangerous radio-
active waste will form in the course of
INPP decommissioning. For at least 300
years the safety of the existing and
would-be storage facilities and reposito-
ries of radioactive waste will have to be
ensured. From the viewpoint of radiation
protection it is the impact of these fa-
cilities that will affect the humans and
the environment most. Therefore the
radiation protection of INPP staff, the
population, and the environment should
be paid particular attention.

Whilst discontinuing operation,
Ignalina NPP must draw up a radiation
protection program in order to protect
the personnel and population from the
harmful effects of ionizing radiation.
The program must envisage the opti-
mal measures ensuring radiation pro-
tection of the personnel, population,
and the environment.

While implementing the radiation
protection program, planning radiation
protection measures and following the
final decommissioning plan, Ignalina
NPP will have to:

• To envisage and ensure the
application of exposure optimization**
(the ALARA principle) and restric-
tion;

• To assess labor consumption,
collective and individual exposure dos-
es of the personnel, the forecast col-
lective exposure dose of the population
at each decommissioning phase (say,
when dismantling systems);

• To monitor the personnel and
working places exposure, and to ana-
lyze the data obtained;

• Wherever practicable, to ap-
ply decontamination and dismantling
methods for the existing plant and
components of INPP;

• To assess the amounts of de-
commissioning waste and the exposure
of the personnel managing it;
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• To assess the planned emis-
sions of radioactive pollutants to the
environment, to control the emissions
and to keep them within permissible
levels.

It is stated in the final decom-
missioning plan that the exposure to
the personnel and population will be
minimized by different administrative
(information posters, the symbols of
ionizing radiation, defined boundaries
of controlled zones) and labor measu-
res, through the use of remote control
equipment as well as special measu-
res, such as classifying the premises
in accordance with the radiation levels,
etc. Additional radiation protection
measures such as special uniforms
protecting the personnel from inter-
nal exposure, ventilation installed in
the rooms, etc., must necessarily be
applied when dismantling certain sys-
tems and rooms contaminated with
radioactive materials where high levels
of ionizing radiation and radioactive
contamination will occur.

To minimize the spread of radio-
active contamination, the systems
and plant shall be dismantled be-
ginning with the least contaminated,
through little and averagely con-
taminated, to heavily contaminated
parts.

As the operation of Ignalina NPP
affects the environment, a radiation
contamination monitoring program
is being implemented. The control of
the environment radiation is assured
through the environment monitoring
program. The following principal ra-

diation contamination parameters of
the environment are being controlled
and assessed:

• The amount and activity of ra-
dioactive waste that enters water and
atmosphere and is capable of affecting
the exposure of population;

• The amount and activity of
radionuclides in the water of Lake
Drūkšiai, in food (fish, mushrooms,
diary products, etc.), potable water,
etc.;

• The intensity of external radia-
tion dose in the environment within a
3-kilometer and 30-kilometer radius
around Ignalina NPP.

Long-term studies have shown the
effect of Ignalina NPP on the environ-
ment to be negligible. However, during
its decommissioning the environment
monitoring program should be comple-
mented to take into account the larger
amounts of materials contaminated
with radionuclides that form when dis-
mantling the plant of the facility.

To assess the effects of the de-
commissioning on the population and
the environment, an environmental im-
pact assessment program and report
are being produced. The general public
shall be familiarized with the report
and asked to express their comments
and proposals. After the Ministry of
Environment approves the environ-
mental impact assessment report, the
report as well as other relevant docu-
ments and the conclusions confirmed
by the state governing authorities will
be submitted to the institution that is
to issue the decommissioning license.

* Collective dose is the aggregate exposure of population or the staff expressed as the
number of individuals subjected to a source's radiation times the average exposure dose
(in menSv).
" Optimization of radiation protection is a major principle of radiation protection in
accordance with which the values of individual doses resulting from practical activities,
the number of people subjected to radiation, and the probability of exposure should be as
low as can be achieved through rational use of radiation protection measures given the
social and economic conditions. The principle is not applied to patients' exposure during
the sessions of radiotherapy. In the latter case the optimization principle is applied only to
the human organs that are not purposefully subjected to radiation. The principle is widely
known as ALARA (As Low As Reasonably Achievable).
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FUNDING OF AND SUPPORT
TO DECOMMISSIONING OF
IGNALINA NPP

It is a usual international prac-
tice to include the funds necessary
for decommissioning in the price for
electricity generated at a NPP and thus
to accumulate the funds required for
the decommissioning over the years of
its operation. This is the best way out.
However, during the first 10 years of
INPP operation funds were not accu-
mulated for this purpose. It was only
later that the wholesale electricity pri-
ce was slightly raised. However, the
sum accumulated in the national fund
is insufficient, therefore it is planned
to finance the decommissioning with
international support. On 20-21 June
2000, an international conference of
donors who would render support for
implementing the projects of INPP Unit
1 decommissioning took place in Lit-
huania. Representatives of the Euro-
pean Commission, G-7 countries, and
international financial institutions were
invited to the event. Shortly after the
Conference, the EU allocated € 115 mn
to finance the preparatory operations
of decommissioning.

The contributions of the EU and
other donor countries are accumu-
lated in the Ignalina International
Decommissioning Support Fund ad-
ministered by the European Bank

for Reconstruction and Development
(EBRD). The Lithuanian Government
and the EBRD signed an agreement
on the Fund activities in London on
5 April 2001. The technical measures
of INPP decommissioning are to be
financed from the Fund.

In all, € 210.13 mn has been ac-
cumulated in the Ignalina International
Decommissioning Support Fund. The
European Commission has promised
earmarking for INPP decommissio-
ning needs another € 285 mn for the
2004-6 period.

Ignalina NPP decommissioning
operations can also be financed from
the budget of the Republic of Lithua-
nia, special grants given to the mu-
nicipalities of the INPP region, from
the Support Fund and other financing
sources.

Immediate dismantling is esti-
mated to cost approximately € 1.134
bn, (minus inflation and provided that
the wages of INPP personnel are not
raised). The sum is to be spent gradu-
ally over a long time, rather than im-
mediately after closing Unit 1 and, later
on, Unit 2, while all kinds of decommis-
sioning operations are being carried
out, the plant is being dismantled and
other decommissioning operations are
being carried out.

After signing the agreement in London
on 5 April 2001: V. Vovak, EBRD,
(left), and V. Shevaldin, INPP.12 i

At the Donors' Conference. C. Verheugen is mak-
ing a speech.



ON RADIOACTIVE
WASTE

Low, intermediate and
high level waste
According to IAEA classification,

radioactive waste (RW) is divided
into the following main groups: ha-
ving a very low level of radioactivi-
ty, low and intermediate level, and
high level of radioactivity. Materials
whose radionuclide concentration is
within permissible limits and whose
final disposal is not governed by any
restrictions are considered to belong
to Category 1. RW with a thermal
power under 2 kW/m3 is classi-
fied as Category 2. It is subdivided
into short-lived and long-lived RW.
There is no major difference between
the two, but radionuclides having a
half-life* of over 30 years are con-
sidered to be long-lived. Low- and
intermediate-active (Category 2)
short-lived RW can be stored in sur-
face stores. Highly active RW (this is
waste that has a thermal power of
over 2 kW/m3 and concentration of
long-lived radionuclides exceeding
permissible limits) can only be stored
in deep facilities. Before repositories
become available, all RW is stored
in special storage facilities. Prior to
conveying low and intermediate level
RW to stores it needs to be made as
resistant against mechanical effects
and as stable against physical and
chemical effects as possible. To this
end, it is mixed with bitumen, cement
or polymers. Requirements for sto-
ring short-lived RW are much laxer.
Maybe that is why some countries
(Sweden, France, Finland, Spain, Ja-
pan, and the USA) already have final

repositories for this RW meeting all
the requirements. E.g. Sweden has
constructed such storage facilities in
tunnels excavated at the bottom of
the sea. Reinforced concrete pools
may be used for storing solid RW, and
stainless steel tanks for storing liquid
RW. Liquid RW is believed to be much
more dangerous since there is always
a risk of its spillage or leakage.

In most countries RW is disposed
of as follows:

Liquid RW: Water contaminated
with radionuclides is mixed with ce-
ment and thus turned into solid RW.
Most often the volume of liquid RW
is reduced by evaporating water. The
concentrate thus produced can be
mixed with cement or bitumen and
then taken to storage facilities.

Solid RW: The volume of solid RW
is reduced by pressing or incinerating.
Needless to say, prior to incinerating
the RW combustible materials have to
be separated from incombustible. In
case of pressing, the RW volume may
be reduced up to 10 times. A RW inci-
nerator used in the State of Idaho, the
USA, reduces the RW volume as many
as 400 times.

•
Spent nuclear
fuel
Spent nuclear fuel (SNF) is a

special kind of RW, as it is the most
dangerous. Interestingly, fresh fuel
assemblies before being used in the
reactor are completely harmless and
one can often see them hanging on
the walls of the reactor hall. However,
a spent assembly removed from the
reactor emits radiation very dangerous

* Half-life is the time it takes half the atoms in a radioactive substance to decay.
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to man. SNF assemblies removed from
the reactor are stored for approxima-
tely a year submerged in cooling ponds
installed in all NPPs.

Two methods of temporary sto-
rage of SNF are applied in the world,
wet and dry. The wet method requi-
res capacious cooling ponds in which
SNF is stored. This method is applied
in Sweden. The dry method is more
popular, as in the former case large
initial investment is necessary, and
the water in the pond needs to be
continuously treated. Economical
estimates show the dry method to
be cheaper. The main elements in
this type of storage are special casks
that may be manufactured of steel
or reinforced concrete. The walls
of metal casks are manufactured
of thick carbon steel having special
composition. The thick walls not only
make the casks stronger, but also act
as biological protection against ioni-
zing radiation. Reinforced concrete
containers are somewhat different.
They are made of two thin-walled
cylinders of special steel the gap be-
tween which is filled with concrete.
Stringent requirements are set to the
casks, most importantly they must
ensure that a critical mass of divisib-
le substances, such as U235, Pu241, etc.
does not form within them; heat re-
moval; radiation safety; mechanical
strength, etc. The thickness of cask
walls must be such that the radiation
on the container surface does not
exceed permissible limits and poses
no danger to the service personnel,
population, and the environment.
Furthermore, the casks must not be
damaged as a result of fire, flood,
earthquake, explosion and even by
a plane crashing into them. The con-
tainers of this kind are suitable both
for storing SNF and transporting it.
It is yseful storing SNF at temporary
facilities because its radioactivity and

heat emission over the first 40 years
decrease more than tenfold. As a
rule, SNF is stored in such temporary
containers for 50 years. (At present
scientists are analyzing the possibili-
ty of extending this storage period.)
Afterwards the SNF needs to be ta-
ken to a final repository.

The disposal of SNF and long-li-
ved RW is the most complex part of
the RW management program. It has
been estimated that several hundred
thousand years must pass before the
SNF radioactivity reaches the level
of uranium ore. Scientists have been
considering several ways of the final
SNF disposal: repositories construc-
ted in suitable rocks at large depths
(geological method); disposal of SNF
in continental glaciers or in the per-
mafrost zones; turning long-lived ra-
dionuclides into short-lived through
radiation with elementary particles
(transmutation); disposal of contai-
ners in ocean bottom sediments at
great depths; launching SNF for ever
into space. Alternative one appears
to be the most promising, although
such developed countries as the USA,
Japan, and France have also been
considering other possibilities.

Geological repositories must
prevent radionuclide leakage. The re-
pository should preferably be sited in
a zone of low seismic activity where
ground water occurs as far as possi-
ble. Furthermore, geochemical prop-
erties of the repository must ensure
a low rate of container erosion. It is
Sweden with the Hard Rock Laborato-
ry, and the USA with its famous Yucca
Mountain storage that have made the
greatest progress in the construction
of underground SNF repositories. The
data of the most recent investiga-
tldfts shows that a repository con-
structed under a mountain could reli-
ably accommodate RW for thousands
of years.
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MANAGING RADIOACTIVE
WASTE AT IGNALINA NPP

Ignalina NPP is the main source
of RW in Lithuania. Solid waste forms
during operation, repairs and impro-
vement of all kinds of plant, while
tidying up rooms and carrying out
construction and repair operations.
Low-activity waste is packed into
plastic bags and sorted as combustib-
le (paper, wood, plastics), which ma-
kes up some 40 per cent, and incom-
bustible (metals, concrete and other
construction waste). In solid waste
transportation corridors the plastic
bags are loaded into metal transport
containers with a capacity of 3 m3

and taken to special storage facilities.
Intermediate and highly-active waste
is loaded directly into transportation
containers wherever it forms. In 1995,
a 70-ton press was put into operation
that presses low-active waste into 0.8
m3 packages weighing 600-700 kg.
Combustible low- and medium-active
RW consists of working clothes, pa-
per, pieces of cloth, individual protec-
tion means, wood construction waste,
filters with wooden casing, plastic and
rubber ware. Incombustible low- and
medium-active RW consists of con-

struction refuse, bricks, concrete,
thermal insulation materials, all kinds
of machinery parts, filters, and other
scrap metal. RW of this type is kept
in storage facilities. Highly-active RW
comprises spent reactor components
(control rods, additional absorbers,
Control and Protection Sistem, fuel
channels, etc.) as well as SNF assem-
bly elements that get formed when
cutting the assemblies. This kind of
RW is loaded into metal transpor-
tation containers with a capacity of
0.7 m3 and for some time is stored in
ponds. Later on, it is taken away and
placed into separate compartments of
concrete interim stores whose com-
plex with a total capacity of 28.93
thousand m3 is within the area of the
INPP.

The storage facilities are pro-
vided with special hoists, vehicles,
a ventilation system that cleans
exhaust air, vehicle and container
washing equipment, special sewage
facilities, and other things. Stores of
combustible solid waste are equip-
ped with automatic fire-extinguishing
systems. Handling operations of low-,

Managing spent nuclear fuel following decommissioning of Ignalina NPP

Unit 1: Final closure by 1 January 2005

1661 spent nuclear fuel assemblies

Cooling ponds of Unit 1

Until September 2010

Unit 2. Final closure in 2009

1661 spent nuclear fuel assemblies

Cooling ponds of Unit 2
Until the end of 2015

Interim SNF
store of dry

type
(22,000 spent
assemblies)
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intermediate- and highly-active RW
are performed remotely as the level
of ionizing radiation is considerable.
Large amounts of radioactive liquids
also form at the INPP. They consist of
the drain from the primary coolant,
decontamination liquids, laboratory
waste, floor drain, water from showers
and laundries, and liquids for the re-
generation of ion exchange resins.
This liquid waste is collected in special
tanks and thence conveyed to evapo-
rators. After additional treatment the
condensate is returned to the produc-
tion cycle. Radioactive concentrates
of evaporators are collected in a tank
with a capacity of 1500 m3. Evapora-
tor concentrates are conditioned in a
bituminizer. Hot bituminized product
is heated and pumped along pipes to
a storage facility that consists of 12
surface reinforced concrete tanks of
rectangular shape.

One of the greatest challenges
is storing SNF. From the beginning of
INPP operation, SNF has been stored
in special ponds constructed in the
reactor halls. This, however, is a tem-
porary arrangement.

In March 1999, tests were com-
menced on transferring the spent

nuclear fuel to an on-site interim sto-
rage. On 12 May 1999, the first steel
CASTOR cask manufactured by GNB,
Germany, with SNF was taken to the
interim spent nuclear fuel storage site.
After being stored in cooling ponds for
several years, SNF is removed from
there, loaded into steel or reinforced
concrete casks and taken to a storage
site nearby. An empty CASTOR cask
weighs 70 tons, and a full one some
84 tons. At the storage site the casks
are placed on a platform of special de-
sign where they will stay for at least
50 years.

20 CASTOR RBMK-1500 and 40
CONSTOR RBMK-1500 containers were
stored at the interim storage facility of
dry type at Ignalina NPP as of 1 July
2003.

Handling casks at SNF storage facility.
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DISPOSAL OF LOW AND
INTERMEDIATE LEVEL SHORT-

LIVED RADIOACTIVE WASTE
IN A SURFACE REPOSITORY

Large amounts of low and in-
termediate level RW form during the
operation of Ignalina NPP. Its amounts
will double when the dismantling of the
nuclear power facility begins. This kind
of waste is much less dangerous than
high-level radioactive waste, therefo-
re repositories for disposing of it are
constructed on the earth surface or at
small (up to several dozens of meters)
depths.

Since the beginning of INPP ope-
ration, all RW has been accumulated in
stores constructed at the facility's site.
The stores ensure safety only for a de-
finite period of time. In accordance with
the Radioactive Waste Management
Strategy adopted by the Government
of Lithuania on 6 February 2002, new
repositories are to be constructed in
Lithuania. By 2005, research is to be
conducted and recommendations drawn
up regarding the ways of constructing a
surface repository. Having generalized
the international experience in RW dis-
posal, Radioactive Waste Management
Agency (RATA) assisted by Swedish
experts have worked out the concept of
RW disposal in a surface repository.

A multiple-barrier design of
mound type has been selected. Con-
crete casks containing RW are to be
placed into partly lowered concrete
basements constructed above the
depth of occurrence of ground wa-
ter. A mixture of special impervious
clay would form the lower barrier.
The upper soil barrier would consist
of many layers. It is to be construc-
ted of impervious materials resistant
to weathering. A repository of such
design would reliably protect the en-
vironment from potential pollution.
Several natural and engineering bar-
riers, namely, the material solidifying
and binding the waste (concrete);

concrete packages of waste; the filler
of basements between the packages;
the concrete basement; a layer of
impervious clay; and the natural soil
surrounding the repository, would
prevent radionuclide migration from
the repository.

Conceptual design of a surface repository
of mound type in Lithuania.

Such a surface repository is of
modular type, readily adjustable to
different volumes of RW. The dimen-
sions of the basements can easily be
changed and adapted to suit the na-
tural conditions of an individual site.
It would not be difficult to install and
operate the means of physical pro-
tection, either. Technologies routinely
used in Lithuania would be applied for
constructing the repository, and local
building contractors could construct it.
The repository would be cheaper than
other surface storage facilities. Alt-
hough the possibility of removing RW
from a surface repository is not one of
the requirements, such design would
allow this operation in the future, if
necessary.

After disposal has been completed
and impervious protection layers have
been arranged over the basements,
the repository would continue to be
supervised. Initially, the supervision
would consist in physical protection
and monitoring of the repository and
its environment. The waste disposed
of would be protected against actions
potentially hazardous to, .humans, and
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against theft. After the active super-
vision period ends, passive supervision
would be conducted when the use of
land at the repository site would be
restricted. The supervision of the re-
pository should continue for at least
300 years.

In accordance with preliminary
assessment, the repository accommo-
dating some 100,000 m3 of radwaste
would cost LTL 475 to 825 million to
construct (€1=LTL 3.45). The first row
of modules of the repository could be
constructed and equipped for storing
waste in 9-10 years.

According to preliminary estima-
tes, a site covering an area of 40 hec-
tares would be required for disposing
of RW that has accumulated to date
and that will form during the disman-
tling of INPP; the disposal area proper
would occupy some 10 hectares. RATA
supported by Lithuanian specialists
in geology and geography started in
2003 the search for a site suitable for
a surface repository and hope by the
end of the year to select at least two
sites defined as suitable as a result of

preliminary assessment. The major le-
gal, environmental, and technological
criteria are taken into consideration
when selecting the site. The hydrolo-
gical properties of the site, distances
to watering places and water bodies
must exclude the entry of radionucli-
des into water. Geological environment
suitable for a surface repository could
be found in many regions of Lithuania.
To minimize the danger posed by RW
transportation, the search for the site
is concentrated in the proximity of Ig-
nalina NPP as the main source of RW.

Hopefully, the following work will
be done in 2004: preliminary assess-
ment will be made of the safety of the
surface repository for RW and the re-
pository's potential impact on humans
and the environment; geological,
hydrological, and geochemical studies
of the sites selected for the surface re-
pository will begin, as well as research
into materials suitable for constructing
the repository and engineering bar-
riers preventing radionuclide migra-
tion; and the costs of constructing the
repository will be specified.

PREPARATIONS FOR
DISPOSAL OF SPENT NUCLEAR
FUEL AND LONG-LIVED
RADIOACTIVE WASTE

(based on THE PROGRAM OF ASSESSMENT OF POSSIBILITIES OF THE DIS-
POSAL OF SPENT NUCLEAR FUEL AND LONG-LIVED RADIOACTIVE WASTE FOR
THE YEARS 2003-7 drawn up by RATA)

The European Council has pro-
posed a draft Directive on spent nuc-
lear fuel (SNF) and radioactive waste
(RW) management. It is stated in the
Directive that each EU member state
must ensure that people and the en-
vironment be adequately protected
from radiological danger, and that RW
management be adequately financed.
Considerable attention is paid to spent
nuclear fuel. It is emphasized in the
Directive that each EU member state

is responsible for its disposal and must
therefore foresee a possibility of its
disposal in a deep repository.

Solving the problem of the dispo-
sal of SNF and long-lived radioactive
waste (LLRW) is a very urgent task
not only in preparation for decom-
missioning Ignalina NPP, but also in
discussions regarding the possibility
and feasibility of constructing a new
nuclear power facility. To select the
right strategy of actions, we must find
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answers to the following questions:
Is it technologically possible to

construct a deep repository for RW in
Lithuania?

How much would the construction
of a deep repository in Lithuania cost?

Would the Lithuanian public find a
deep repository acceptable?

Do realistic possibilities exist of
disposal of RW in deep repositories in
Lithuania? How much would the dispo-
sal in another country cost?

The disposal of RW in deep repo-
sitories is based on the use of stable
geological media. RW is to bevcovered
by several passive barriers reinforcing
and complementing one another. The
repository would remain sufficiently
safe even if deficiencies occur in one
of the barriers or if it fails to fulfill the
prescribed functions.

The safety of people and the
environment would be ensured by
a combination of a natural barrier,
i.e. rocks lying at a great depth,
and man-made engineering barriers.
The latter are to be adapted to the
environmental conditions of the re-
pository and designed such that the
RW stored in the repository is isola-
ted and its spread is prevented, and
that there is no need for looking after

the RW following the closure of the
repository.

Many countries, including Lithua-
nia, have only one or a few nuclear po-
wer facilities and thus relatively small
amounts of SNF. Other countries that
do not have nuclear power plants have
even less LLRW. Even if the volume of
waste due to be subjected to disposal
is negligible, constructing a deep repo-
sitory is a very costly affair. It would
be useful to Lithuania to participate
in activities aimed at establishing a
regional repository.

International organizations (the
IAEA and the European Commission)
recognize that a shared deep reposito-
ry could be the optimum solution.

In 2002, a group of organiza-
tions of five small countries set up
the ARIUS association that supports
the concept of a common repository
for all types of RW. In the future, Lit-
huania should make up their minds
about the feasibility of joining this
entity. Membership in the association
would facilitate updating of informa-
tion, improve the opportunities of
participation in joint projects, and
enhance the ability to construct a
deep repository.

Governmental institutions of few
countries are in favor of SNF or LLRW
being imported for storage or disposal.
Information on the possibilities and
costs of disposal will be gathered and
compared with these in the conditions
of Lithuania; preparations will be made
for possible negotiations.

Possibilities of disposal of SNF
and LLRW in other countries will also
be analyzed, information will be gath-
ered about preparedness of countries
potentially capable of accepting waste
to manage and dispose of it; reports of
safety studies of repositories in such
countries will be analyzed; bilateral
cooperation in the field of disposal of
SNF will be encouraged.

The Program is to be financed
from the budget of the Republic of
Lithuania, the Decommissioning Fund
of Ignalina Nuclear Power Plant, the
funds of bilateral cooperation projects,
and other sources.
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KEY FACTS RELATED TO
NUCLEAR ENERGY IN
LITHUANIA

• In December 1983, the first
reactor of Ignalina NPP*' was commis-
sioned.

• In August 1987, INPP Unit 2
was put into operation.

• On 18 October 1991, the State
Nuclear Power Safety Inspectorate
was set up by the resolution of the
Lithuanian Government.

• In 1992, Lithuania joined the
International Atomic Energy Agency.

• In 1996, the Seimas passed
the Law on Nuclear Energy.

• On 1 January 1997, the
Radiation Protection Center was estab-
lished.

• In 1999, the Seimas adopted
the Law on Radiation Protection.

• In 1999, the Seimas adopted the
Law on Radioactive Waste Management.

> On 29 July 1999, VATESI is-
sued an operation license for INPP
Unit 1.

• In the National Energy Strategy
approved in 1999, the decision was
taken to discontinue operation of INPP
Unit 1 by 1 January 2005.

• On 11 February, VATESI issued
Ignalina NPP a license for operating
an interim SNF storage facility of dry
type with CASTOR RBMK-1500 and
CONSTOR RBMK-1500 casks.

• On 2 May 2000, the Seimas
passed the Law on Decommissioning
Unit 1 at Ignalina Nuclear Power Plant.

• On 20-21 June 2000, an
International Donors' Conference took
place in Vilnius.

• On 5 April 2001, an agreement
was signed in London by the Lithuanian
Government and the European Bank
for Reconstruction and Development
regarding the activities of the Ignalina
International Decommissioning Support
Fund.

• On 20 July 2001, the Ministry
of Economy in accordance with the
resolution of the Lithuanian
Government founded the Radioactive
Waste Management Agency (RATA).

• In accordance with the National
Energy Strategy updated in 2002 INPP
Unit 2 is to be decommissioned in
2009.

* Ignalina NPP is operating RBMK-1500 reactors; following the Chernobyl accident their
capacity was reduced. Ignalina NPP is supplying over 75 per cent of the country's electric-
ity.
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For more information on Ignalina NPP decommissioning and radioactive
waste and spent nuclear fuel management please ask:

The Ministry of Economy
www.ukmin.lt

The Ministry of Environment
www.am.lt

The Information Center of Ignalina NPP
www.iae.lt

State Nuclear Power Safety Inspectorate (VATESI)
www.vatesi.lt

Radiation Protection Center (RSC)
www.rsc.lt

~J Radioactive Waste Management Agency (RATA)
www.rata.lt

The present publication has been prepared by the Public Information Wor-
king Group whose activity is coordinated by the Swedish International Project
Nuclear Safety (SIP) and Danish/British Energy Project. The information has
been supplied by specialists from State Nuclear Power Safety Inspectorate (VA-
TESI), Radioactive Waste Management Agency (RATA), and Radiation Protection
Center (RSC).

The publication has been financed by Danish Energy Authorities.
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