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Abstract

The waste management strategy of the former Soviet Union, based on its Norms and Rules, was
implemented at Ignalina nuclear power Plant (INPP). This means in brief that the spent nuclear fuel (SNF)
should be reprocessed in the Soviet Union and the management of radioactive waste should be done in
connection with the eventual decommissioning of the reactors. The major facilities for management of
radioactive waste were evaporation of liquid waste and subsequent bitumenisation of the sludge, treatment of
liquid with ion-exchange techniques and subsequent storage of the resins in tanks. Solid waste was sorted
according to its activity content and stored on site. Following the independence of Lithuania in 1990, Lithuania is
successively replacing the former Norms and Rules with Lithuanian laws and regulations. Lithuania has signed
both the Convention of Nuclear Safety and the Joint Convention on the Safety of Spent Fuel Management and on
the Safety of Radioactive Waste Management. The paper will give an overview of the work done, in progress and
planned, primarily from an operational point of view. It will give example of practical problems which has to be
overcome and how very tough prioritisation has to be made because of lack of resources. Many of the problems
are associated with the fact that the waste management strategy successively has to be changed at the same time
as the generation of SNF and radioactive waste is continued. A lot has already been achieved, especially
regarding the SNF. However, the main work is still to be done until the INPP can declare that its waste is
properly managed in full compliance with a national waste management strategy which eventually will end with
the disposal in licensed repositories

I. SITUATION TO BE UPGRADED

1.1. Introduction

The Ignalina Nuclear Power Plant is situated in the Northeast of Lithuania near the borders of
Latvia and Byelarus, on the shore of the largest Lithuanian lake, Drukshai. Nearest cities to the plant
are Visaginas, the residence of the INPP personnel, located 6 km from the plant and with 30 000
inhabitants, and Daugavpils in Latvia at 30 km distance and with 120 000 inhabitants. The INPP
possesses two similar units of RBMK-1500 reactors, which are the largest power reactors in the
world, each with a thermal power output of 4800 MW and an electrical power output of 1500MW.
"RBMK" is a Russian acronym for "Channel-type Large Power Reactor".



The first unit of Ignalina NPP was put into operation at the end of 1983 and the second unit in
1987.Their design lifetime is reached 2010-2015.Four units in total were originally planned on this
site. The construction of the third unit was initiated but terminated in 1989.

1.2. Spent nuclear fuel management

Components of the current spent fuel storage and handling system are found in the reactor
building. Replacement of fuel is done during operation with the help of a special fuel-loading
machine. The spent fuel assemblies are kept in the storage pools accessible from the floor of the
storage pools hall. All handling operations are carried out in the storage pool hall.

Being cooled for at least one year, the assembly may be removed from the pool to the cutting
bay which is located in the reactor building between the storage pools hall and reactor hall. The bay
includes a hot cell, control room and maintenance area and is designed for:

• Cutting a spent fuel assembly into halves (two fuel bundles);
• Loading them into transport baskets each of which can hold 102 bundles;
• Cutting long pieces of spent fuel assembly (central rod, carrier tube) into small pieces, loading

the pieces into casks and taking containers away for storage.

Spent fuel assemblies are cut in the hot cell into individual fuel bundles and placed into
transport baskets which are moved to spent fuel pools for storage. Spent fuel having been kept in the
pools for at least three years was originally intended to be shipped back to Russia for reprocessing and
disposal, an option which no longer is feasible.

1.3. Radioactive waste management

1.3.1. Solid waste

In accordance with the rules of the former Soviet Union, the solid waste is separated into three
classes, Group 1 (low activity), Group 2 (intermediate activity) and Group 3 (high activity). The
criterion is the gamma dose rate at 10 cm from the surface. Group 1 waste, which has dose rate < 0.3
mSv/h, is for the most part wastes resulting from normal operation. It consists of filters, paper,
protective clothing and so on. From the 1997 up today generation of Group 1 waste stabilised on a
level of about 1000 m3 per year.

Group 2 waste, which has a dose rate between 0.3 and 10 mSv/h, consists of disused machine
components and materials from maintenance operations on radioactive equipment. Waste generation
rate is about 120-130 m3 per year. In future, however, the annual quantity is expected to increase to
about 200 m3.

Group 3 waste, which has a dose rate larger that 10 mSv/h, is mostly generated in "hot cell" and
"cutting unit" operations on irradiated fuel assemblies and reactor channels elements. This type of
waste consists of bearing pipes, additional absorbers, control rods, fuel channels and similar.

Solid radioactive waste (SRW) generated during operation is segregated into the above three
different groups depending on dose rate and further subdivided into combustible and incombustible.
The segregated waste is collected in assigned places at the plant where it also is sorted. The wastes
are loaded into appropriate containers and sent to a building complex (buildings Nos. 155, 155/1, 157,
157/1) originally intended for disposal but now used as interim stores for SRW at INPP. Volumes of
stored wastes beginning of 1999 are summarised in Table 1.

The process of waste management includes several operations of waste collection, packing and
transporting to the interim store. Wastes of Group land 2 are packed in plastic bags. The waste is



further put into special containers for transport to the storage buildings. The transport containers for
Group 2 waste are provided with proper radiation shielding. Waste of Group 3 is loaded directly into
transport containers at the places where it is generated. Large-size equipment is delivered into a
transport corridor and is loaded onto either special car or trailer platform for transport to the
appropriate store.

TABLE 1. SUMMARY OF THE WASTE STORED IN THE FOUR STORES AT INPP
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Wastes of Group 3 are loaded into sections 1 and 4 of the building No. 157. Unloading of
wastes is performed by opening of shutters of the loading device and container. During loading of
waste Group 3, a special ventilation unit is started to provide airflow from outside into the section for
prevention the release of radioactive aerosols into the environment. Air discharged from the section is
cleaned in filters. Wastes of Group 1 and 2 are loaded into sections through apertures in frame of
lifting roof.

1.3.2. Liquid waste

Drainage water from the reactor buildings, liquid waste treatment building and laundry are
collected in storage tanks in the buildings No. 151 andl54. The tank farm consists of twelve tanks
made of concrete and lined with stainless steel. Six tanks, each has volume of 1500 m3, receive:

- Drainage water from the reactors buildings;
- Water from special laundry;
- Condensate from the evaporator units;
- Spent ion-exchange resins and per lite pulp.

The other six tanks each have a volume of 5000 m3. Four are used for treated water that is
recycled to the reactor and two are empty for emergency situations.

The water in the receiving tanks in building No. 151 is fed to one of two interconnected batch-
evaporation units located in building 150. This building also contains a two bitumenization unit. In
the evaporator, the drainage water is driven off until the salt concentration reaches 360-390 g/1. The
concentrate is stored in two of the 1500 m3 tanks. After settling, evaporator concentrate is fed to one
of two bitumenisation units, each with a capacity of 0,4 m3/h.



The bitumenised waste, having a salt concentration of about 40%, is transferred to a bitumen
storage building, No 158, using a steam-heated pipeline and the product is stored in one of 11
compartments, each capacity of 2000 m . During the period of operation 9719 m3 of bitumenized
waste has been dumped in this storage which corresponds to 40% of the total storage capacity. The
generation rate is 800-900 mVyear.

1.3.3. Storage of spent ion exchange resins and perlite

Spent ion exchange resins and inorganic filtering powder perlite are used at INPP in water
purification systems. Currently about 1400m3 spent resin and perlite are being stored in water in a
1500m3 tank.

2. STRATEGIC APPROACH

INPP has the intention to demonstrate its capability to operate the largest reactors in the world
in a way which meets all national requirements and internationally accepted safety levels and also to
get international recognition as an operator who manage to meet its highly set objectives. The
operation of the reactors does in this case also include the management of the spent nuclear fuel and
the radioactive waste both what is generated today and what exist at the site as a result of earlier
operation.

This intention is manifested not only in actions taken by the INPP but also on the national level.
Lithuania has immediately after its independence in March 1990 established a national regulatory
body, State Nuclear Safety Inspectorate of the Republic of Lithuania, VATESI. A national law on
Nuclear Energy was enacted in 1996 and a special law on the Management of Radioactive Waste was
enacted in 1999. The Nuclear Energy law states "Safety guaranties in the nuclear energy shall be
based on the requirements of the laws and regulations of the Republic of Lithuania, on the
requirements of the international treaties to which the Republic of Lithuania is a part, also on the
recommendations of the IAEA and other international organisations and authorities". Lithuania has
also ratified the Nuclear Safety Convention and was one of the first countries that signed the Joint
Convention on the Safety of Spent Nuclear Fuel and the Safety of Radioactive Waste Management.

For the upgrading of management of spent nuclear fuel and radioactive waste, the INPP has, in
addition to the continued co-operation with Lithuanian and Russian experts, recognised the need to
seek co-operation with western experts since the western approach is different from the approach
previously applied at the INPP. Also the financial situation in Lithuania has made it necessary to look
abroad for financial support for the upgrading.

It is recognised that highest priority must be given to upgrading the operational safety of the
reactors to reduce the risk for accidents to levels, which are generally accepted by the world
communities. However, this prioritisation of operational safety does not mean that other areas like
management of spent fuel and radioactive waste are neglected, it only gets a less resources. In parallel
with the achievement of improvements of the operational safety, more resources are allocated to other
areas like spent fuel and waste management. This is the main reason why not more has been achieved
until today.

A basic strategic approach in upgrading waste management is to give highest priority to actions,
which if they were not undertaken could have an impact on the continued operation of the reactors.

A second priority is to adapt existing, and if needed install new, processing methods to ensure
that new waste is treated, conditioned and stored appropriately and the third priority level is to
remediate existing waste already placed in interim stores.



The potential impact of the waste on man and on the environment is also a factor of importance
in the prioritisation. Establishment of new on-site storage capacity for spent nuclear fuel which
became an acute problem when the spent fuel could no longer be returned to the suppler and
upgrading management of group 3 waste is thus given higher priority than upgrading the group 1 and
2 waste. Thus an issue which is of importance for the operation of the reactor and has a large potential
impact on man is therefor given highest priority. This is illustrated in Fig. 1
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FIG. 1 Prioritisation of waste management tasks

To ensure that proper considerations is given to the interdependency of the different steps in
waste management, the first co-operation project with Sweden, in parallel with a project on on-site
interim storage of spent fuel, was to analyse the waste management situation in Lithuania and prepare
an overall plan for management of the spent nuclear fuel and radioactive waste.

The study clarified that the overall plan was needed to:

- Secure timely preparation and allocation of resources;
- Be an instrument for optimisation of a national integrated system;
- Be a basis for an estimation of future costs;
- Be a means for internal and external communication and for public acceptance.

Two issues of large importance for a national strategy discussed in the report were reprocessing
or direct disposal of spent fuel and export of radioactive waste as a viable option. For the reprocessing
versus direct disposal there were both economical and political reasons for the choice if direct
disposal which is also the strategy presently used.

The strategic choice between national or international solution for disposal of radioactive waste
is more difficult. There is no doubt that Lithuania has the capability of disposing its low and
intermediate level radioactive waste in a safe way within its own territory, and also has the intention
of doing so. For the spent fuel, which in Lithuania is considered as radioactive waste since direct
disposal is the option chosen, the choice is very difficult. There are geological formations in Lithuania
which probably can be suitable for disposal of high level waste, but the research programme to verify



that is very expensive as is also the construction of a deep geological repository. With the relatively
small quantities of spent fuel in Lithuania, the cost will be unreasonably high per unit disposed spent
fuel. International repository, as has been discussed for example by the IAEA, could therefore be
preferable to Lithuania. However, in the present situation with no international solutions at hand,
Lithuania cannot depend on that and will therefore use long term storage and in a long term
perspective plan for its own disposal.

The overall plan for management of radioactive waste, which was presented to the Lithuanian
authorities in early 1995, covers legislation, organisation, financing, waste handling and treatment,
transportation, disposal methods, decommissioning, information and public relations. Although the
plan has not formally been adopted by the government, all actions taken in Lithuania are in line with
the results of the plan. This presentation will focus on the changes made of the handling and treatment
made at INPP it is worth noting that the new waste management law establishes a Waste Management
Agency which will have the responsibility for long term planning and for disposal of radioactive
waste is in line with the suggestion in the overall plan presented in 1995. This Agency, when
established, will be of help also for the INPP in its decision on future waste management
improvements.

3. ACHIEVEMENTS

3.1. Storage of spent nuclear fuel

Since the option to return the spent fuel to Russia does not exist after 1991, it was decided to
build an interim storage facility for spent fuel on the INPP site with a lifetime 50 years. It is supposed
that the problem of spent nuclear fuel disposal will be solved within this period.

The spent fuel pool capacity was expected to exhaust by the end of 1995, but modification of
the pools permitted an increase of the storage capacity. With the modifications, the time for
exhausting the capacity is postponed until the middle of the 1999 for Unit 1 and the end of 2000 for
Unit 2.

In October 1992 the Swedish Nuclear Waste Management Company (SKB), with financial
support from Swedish International Project Nuclear Safety (SIP), entered into an agreement with the
Lithuanian Ministry of Energy, as owner of the INPP, to assist in finding the most suitable solution
for a spent fuel storage. Both the wet and dry spent fuel storage concepts were considered. Finally, the
proposal of GNB Company (Germany) was chosen based on outdoor storage in dual-purpose
(transport and storage) metal casks.

After the INPP-SKB evaluation, and VATESI approval, the GNB was selected as supplier of 20
CASTOR casks. The contract was later extended to include 40 CONSTOR casks (metal-concrete
casks of similar design). GNB's casks meet all international safety requirements for transportation and
for outdoor storage.

The storage facility is located at INPP site at 700 m distance from INPP Unit 2 and at 400 m
distance from Drukshai lake. Its main facilities are:

- The storage site for loaded and empty casks fenced by shielding concrete walls;
- Production building;
- Transformer substation;
- Rain-water drainage system;
- Observation wells;
- Engineering service lines;
- Checkpoint;
- Radiation and dose rate control systems;
- Roads and railways.



The spent fuel storage site is surrounded with protective steel concrete wall and with three rows
of safeguard fence equipment with alarm system. The storage is a passive system that requires no
auxiliary equipment for heat removal.

The casks are loaded and transported by means of a crane with 100-ton capacity. The casks are
set in groups on steel concrete plate of the site. Such disposition allows returning each cask if
necessary. Along the whole perimeter of the storage there is a system providing the continuous dose-
rate control with the signal's output to the INPP radiation control board. In spring 1999 the facility
was taken into operation and on 12-th of April the first cask was filled and put in the storage.

3.2. Management of group 1 and 2 waste

In the 1995-96 generation of Group 1 waste was reduced due to innovation in waste sorting and
installation of a compactor. The 70 tons force press, which was provided within the Swedish co-
operation programme and gives bails of 0.8 m3 in volume, is used for compatible Group 1 waste.

An assessment of the long term safety of the present situation of the storage building at INPP
for low level solid waste has been done with Swedish financial support. It includes detailed
descriptions and assessments of the site conditions, the buildings and the inventories of radionuclides
as well as of the long term safety. Based on the evaluation, alternatives for improving the situation
have been proposed.

The assessment showed that the buildings were not suitable for long term storage or as
repositories. Two alternative concepts were defined for providing a higher safety of long term
disposal of the already stored group 1 and 2 waste. The report also proposed several independent
additional activities:

- Retrieval, conditioning, characterisation and classification of stored waste;
- Management of new solid wastes produced at INPP;
- Disposal of new waste and re-disposal of old waste.

3.3. Management of group 3 waste

Based on a brief assessment, it has been clarified that present practices for managing solid
Group 3 waste do not conform to international recommendation and practices.

A feasibility study has therefore been implemented under a contract with SKB to propose a cost
effective way on how to manage new and to retrieve existing Group 3 waste. Based on an assessment
of the current waste practice, on international and Lithuanian requirements and on practical
experience from Sweden this study described a number of improvements to be made. Those include
waste classification, segregation, handling, characterisation, measurement and recording of waste
package information, including activity content. It will result in a modernised system including a new
solid waste handling facility.

Based on SKB's experience from Paldiski in Estonia, a solution was identified, whereby the
already stored waste would be retrieved for characterisation, conditioning and subsequent disposal.

3.4. Management of evaporation concentrates

Initial discussions have questioned the acceptability of the interim storage for bitumenised
waste as well as the procedure, which does not produce individual waste packages.

As a first step, an assessment of the long term safety of the existing storage for bitumenised
waste was done. The study showed that the structure could not be expected to remain intact over



several hundred years. Two alternative concepts were discussed, retrieval of the bitumen compound
and a conversion of the store to a repository by additional engineering barriers to the existing
structure.

The retrieval of the waste in building No. 158 is a major technical undertaking for which little
experience exists. Nevertheless it has been qualitatively discussed. The second alternative includes
the construction of a multi-layer earth-cover seal. The barrier should be placed over the building with
the primary purpose of isolating the waste from the environment.

The study concluded that the building No. 158 supplemented with a multi-layer earth cover will
provide a safe solution to disposal of the bitumenised waste already stored in the building. The
implementation of multi-layer cover is an activity that will take place many years from now when the
adjacent waste processing building has been decommissioned. An important result of this study is that
it has been shown that this is a feasible disposal option, but it has also shown the need to clarify the
licensing scheme for this storage facility.

In another project, also implemented together with SKB, a feasibility study was implemented
on how to convert the existing procedures to include filling the bitumenised waste in containers
suitable for intermediate storage. The study suggests no changes in the bitumenisation process but
suggests a new building that includes a "container" filling system. Compound should be filled in
waste containers that are transported to an interim storage. The filling process should be remotely
controlled and supervised by a closed-circuit television system. For all waste containers, the surface
dose rate and the dose rate at a certain distance should be monitored and the activity content should be
determined.

3.5. Conditioning of ion exchange resins

It has been realised that ion exchange resins presently stored in large tanks need to be
conditioned without undue delay. A study made by SKB has shown that a cement solidification
process is the optimal solution for INPP for processing the spent resins, perlite and other residue in
the tanks. Based on a competing tendering process, a supplier has been selected and the cementation
facility is expected to be in operation in 2002.

3.6. Preliminary decommissioning plan

Financed by the EC Phare programme, in 1998 INPP signed an agreement with a Consortium of
European companies to implement a project on" Technical Support to Lithuanian Authorities in
Developing the Basic Tools and Methodologies for Preparing the Preliminary Decommissioning Plan
for Ignalina NPP and for Assessing the Cost Estimation and Funding Needs".

The Report from the project, submitted in April this year, makes the following conclusions:

- The report has been prepared at high technical level and analysis of decommissioning options
has been sufficiently worked out;

- All considered scenarios and strategies have been selected with account of world experience in
the area and IAEA recommendations;

- The basis of the scenarios comprises two principle approaches defined in the design
specification, i) immediate dismantling and ii) deferred dismantling.

Considering that the period of work according to option "immediate dismantling" will be about
30 years, it will not require significant funds today. The "immediate dismantling " option gives the
possibility to involve INPP experienced and qualified personnel, while the "deferred dismantling"
option, after break of 50 years, will have large problems to find qualified personnel. Therefore the
INPP consider "immediate dismantling" option more preferable.



4. PLANNED IMPROVEMENTS

4.1. Approach

To facilitate efficient utilisation of Swedish - Lithuanian co-operation, a Steering Committee
on Swedish-Lithuanian Waste Management Projects was set up in 1997. Members of the Committee
are representatives from Lithuania: Ignalina NPP, VATESI, Ministry of Economy, Ministry of
Environmental Protection, Radiation Protection Centre of the Ministry of Health, and from Sweden:
SIP and SSI.(Swedish radiation protection authority).

In June 1998, an ad hoc group was established, chaired by Ignalina NPP, with the objective to
prepare a proposal for new projects based on the " Overall Plan". The proposal should include
priorities, project description and a rough cost estimate. The list of prioritised waste management
projects was presented to the Steering Committee in October 1998. In total ten projects were
identified considered to be of high priority. As it was quite unrealistic to initiate all of them during the
same period because of limitation of financial resources as well manpower, it was decided to group
them into three categories. Priority 1 projects should be implemented within two years, priority 2
projects during 2000-2002 and priority 3 projects should be initiated during 2000-2002

4.2. Proposed priority 1 projects

4.2.1. Authorisation of existing buildings at INPP for interim storage of solid waste

As mentioned previous in the paper it was determined that the existing facilities at INPP for
interim storage of solid waste are not acceptable for final disposal and the facilities do not have
formal authorisation for their use as interim storage facilities. The objective of this project is to
prepare a safety analysis in order to, if possible, obtain license for the facility as an interim storage
facility for a limited period of time.

A similar work will be carried out in parallel for the storage facility for bitumenized waste.

4.2.2. Decision making basis for a new system for short lived solid waste management

The objective of this project is to provide to INPP the necessary technical and economic
decision making basis to proceed in the next step with the design, licensing, procurement,
construction and commissioning of a modernised system for the management of short lived solid
waste. To fulfil the objective, the project needs to identify the prerequisites for the development of
such a system, including constraints related to options for the future interim storage and disposal.

Additionally, measures to reduce the amount of waste will be investigated. The aim of the latter
is to identify and provide a limited set of measures that may produce significant practical results in the
short term.

4.3. Proposed priority 2 projects

4.3.1. Safety assessment of the conversion of the existing storage for bituminized waste into a final
repository

A detailed engineering study as well as a site performance assessment in order to demonstrate
that the planned surface barriers will perform adequately through out the time period when the waste
remains hazard.



4.3.2. Generic design of modular repository for low and intermediate level waste

The geological conditions in Lithuania favours the repository of the near surface type for short
lived waste. Preliminary studies regarding conceptual design and location of such a repository will be
initiated. In a first step it will be investigated if the natural conditions at or near the INPP can offer an
environment suitable for a repository.

These two projects are planned to be carried out in a period 2000-2002.

4.4. Proposed priority 3 projects

4.4.1. Retrieval and re-disposal operation for solid waste at INPP and Maisogala

Project definition, engineering and preliminary safety analysis is planned to be carried out in a
period 2000-2002. The implementation is estimated to take some four years.

4.4.2. Minimisation of liquid waste

A study with the objective to minimise the liquid waste generated from the two units.

4.4.3. Approval/permission of existing waste treatment methods at INPP

The present methods in operation are lacking regulatory body approvals. Necessary safety
analysis will be developed and submitted to the regulatory bodies in order to obtain their approvals.

These projects are planned to be carried out in the period 2000-2002.

5. CONCLUSIONS

Thanks to a systematic approach and a constructive co- operation, especially with Sweden, the
INPP is on the way to establish an acceptable waste management system based on internationally
accepted principles.

An important factor for the success is the systematic approach based on an integrated strategy.
Another important factor is that there has been one major co-operating partner which thus has been
able to ensure an integrated approach on all different components of the waste management.

The system for radioactive waste management at INPP still suffers from shortcomings, which
called for continued national and international efforts of legal, administrative, technical and financial
nature. The continued Swedish support will be of outmost importance for the possibility for the INPP
to be able to announce, within a reasonably short time, its full compliance with the objective of the
joint convention and other international documents on good waste management practice.
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