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INTRODUCTION

Lithuania has interim radioactive waste storage facilities that meet safety requirements.
However, they are unfit for long term storage of waste. New repositories for permanent
storage of waste must be designed and built. We have to do it now, otherwise no Ignalina
Nuclear Power Plant decommissioning could be continued, and the existing storage facilities
may degrade. Immediate final disposal of radioactive waste allows to save huge costs on
interim storage. The final disposal of accumulating short-lived low and intermediate level
radioactive waste will not only reduce the Ignalina NPP decommissioning price but will also
efficiently improve the human and environment protection, and future generations will not
inherit any underserved burden to manage radioactive waste.

In order to implement provisions of the Strategy of Radioactive Waste Management, the
Radioactive Waste Management Agency (RATA) has started to prospect for a site suitable for
a short-lived low and intermediary level radioactive waste repository. In 2003, Lithuanian
scientists helped carry out study Identification of Candidate Sites for a Near Surface
Repository for Radioactive Waste (ldentification of Candidate ..., 2004). The study identified
the key criteria for a repository site (subsection 1.9). They were co-ordinated with the
Ministry of Environment, presented and discussed during the international seminar held in
Vilnius on 3-4 March 2004. In line with these criteria, several sites have been proposed for
further inspection.

International agreements, laws and regulations of the Republic of Lithuania establish
legal and environmental restrictions for sites where radioactive waste repositories could be
constructed. The site of a near-surface repository must also comply with certain technical
characteristics. The location must be safe, it must be free of flooding, erosion, landslides or
movements in the Earth’s crust that may damage the integrity vaults, or of any other
unfavourable environmental or human threats. The soil must withstand the weight of the
repository structures and waste even in case of an earthquake, if any. Moraine, fine sand or
gravel is suitable. It is important that packages with radioactive waste are not reached by
water in the repository of the selected structure. Precipitation must not accumulate; rather, it
must easily flow into a lake or a river. Therefore, it is especially important to provide for and
to install precipitation drainage devices. The priority shall be given to the location with a
simple structure, with the site that is not expected to change much over time, and with the
assessment of the evolution of the system of vaults and their environment being clear and
“transparent”. The reliability of the assessment results should not cause any doubts.

The region around the Ignalina NPP is one of the most suitable locations for a near-
surface radioactive waste repository in Lithuania. The selection of this region was determined
by its close proximity to the nuclear power plant and by rather favourable socioeconomic
conditions, such as the low possibility of economic exploitation of the land and the developed
infrastructure. The possibility to dispose radioactive waste is significantly restricted by the
fact that a large section of the Ignalina NPP territory consists of important protected areas or
of areas with the tourist and recreational development potential. However, some areas in the
Ignalina NPP territory are neither protected nor attractive for tourism, and they also have soil
and geological structure characteristics suitable for a near-surface repository. They could be
the site of a near-surface repository.

With due consideration to geological, tectonic and hydrogeological conditions and other
criteria determining the safety of the repository, three areas with the most favourable
geological and geographical conditions for the construction of a near-surface repository have
been singled out in the Ignalina NPP region and conditionally named Dysnos, Zarasai and
Visaginas areas (Identification of Candidate ..., 2004). According to the initial assessment,
the hill in Galilauke village near the Ignalina NPP, the StabatiSke site and the Apvardai site
have geological, hydrological and topographical characteristics best suited for the
construction of a near-surface repository (favourable conditions for surface water run-off,



physical and mechanical soil conditions allow forecasting a long-term stability of the slope
and a good insulation of compressible water).

The radioactive waste repository must be designed and constructed using high
technology and technique. It must be constructed in the location where reference conditions
ensuring nuclear safety and radiation protection prescribed by Article 11 of the Joint
Convention on the Safety of Spent Fuel and on the Safety of Radioactive Waste Management
(Jungtiné panaudoto ..., 2004) are secured.

In 2004, the Environmental Impact Assessment Programme for Construction of a Near-
Surface Repository for Radioactive Waste (Pavirsinio radioaktyviyjy ..., 2004) was prepared
and approved by Letter No. (1-15)-D8-6022 of the Ministry of Environment on 30 July 2004.
Based on this programme and commissioned by the RATA, the Lithuanian Energy Institute
and the Institute of Geology and Geography carried out the environmental impact assessment
of Apvardai and Galilauké sites in Rims$é neighbourhood, Ignalina region. Version 4 of the
Report dated 14 March 2005 was co-ordinated with all EIA entities and presented to the
Ministry of Environment.

At the beginning of 2005, having considered conditions posed by the Ignalina Region
Municipal Caouncil, the Lithuanian Nuclear Safety Advisory Committee recommended to
investigate additional territorial alternatives. Limited preliminary search investigations were
performed in the territory of Visaginas Municipality in April and May of 2005. Three sites in
the vicinity of the Ignalina NPP have been selected for the analysis. The largest StabatiSke site
has been recognised as the most suitable. On 11-16 December 2005, at the request of the
RATA, the International Atomic Energy Agency (IAEA) organised a mission of international
experts that performed an independent assessment of the Programme for Evaluating Sites for
Near Surface Disposal. Experts have approved the programme carried out by the RATA (4n
international ..., 2006). The work of this mission has been observed and the analysed sites
have been inspected by observers delegated by Latvia and Belarus.

This report has been supplemented by the assessment of another territorial alternative
(Stabatiske site located in the territory of Visaginas Municipality). The assessment of the third
site has been performed and the EIA report has been reviewed, amended and issued by VI
RATA. The supplement has been prepared in consultation with dr. Povilas Ivinskis, dr.
Jolanta Rimsaité, dr. Aleksandras Rimidis, dr. Ri¢ardas Baubinas and dr. Julius Taminskas.
Radionuclide migration from the repository via aquatic pathway has been simulated by Jonas
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of the site have been carried out by UAB Grota.



SUMMARY

The final disposal of short-lived low and intermediate level radioactive waste
accumulating in Lithuania will not only reduce the Ignalina Nuclear Power Plant (NPP)
decommissioning price but will also efficiently improve the human and environment
protection from harmful effect of radioactive materials, and future generations will not
inherit any underserved burden to manage radioactive waste. In order to implement
provisions of the Strategy of Radioactive Waste Management, the Radioactive Waste
Management Agency (RATA) has started to prospect for a site suitable for a short-lived low
and intermediary level radioactive waste repository. Lithuanian scientists helped carry out
study Identification of Candidate Sites for a Near Surface Repository for Radioactive Waste
(ldentification of Candidate ..., 2004).

The region around the Ignalina NPP (Fig. S.1.) is one of the most suitable locations
for a near-surface radioactive waste repository in Lithuania. The selection of this region was
determined by its close proximity to the Ignalina NPP and by rather favourable
socioeconomic conditions.

)

,,-' o ‘ T &
[P
i () Pojus.

Fig. S.1. Location of Galilauké (1), Apvardai (2) and Stabatiské (3) sites in respect of

the Ignalina NPP.

This planned economic activity plans to construct a hill-type near-surface repository
above the groundwater level in one of the three sites, viz. Galilauké, Apvardai or StabatiSkeé.
The conceptual design of the repository is based on the near-surface repository construction
feasibility study — the reference design for the construction of the repository — carried out by
a Swedish consortium (Reference Design ..., 2002).

General data of the proposed near-surface repository and the description of main
facilities and technologies are provided in chapters 1 and 2 of the Environmental
Impact Assessment (EIA) Report. The conceptual design of the repository has been
developed after scrutinizing the design and operational experience of the best existing near-
surface repositories all over the world. According to this conceptual design, the repository
will have 50 vaults, each designed for the disposal of approximately 2,000 m® of radioactive
waste. The total volume of the repository would be approximately 100,000 m>. According to
the preliminary evaluation, the repository, its protection zones and auxiliary structures will
occupy the area of about 40 ha, including 3 ha of reinforced concrete vaults containing waste.
The proposed near-surface repository is of a modular type; therefore, it can be easily adapted



to a different amount of radioactive waste by reducing or increasing the number of vaults.

As the disposal of waste will continue for a long time, it is worth while grouping the
vaults into individual groups and not buildings all vaults at the same time. Thus, the
atmospheric impact on unsealed vaults as well as the maintenance costs of unsealed vaults
will be reduced. The repository will be divided into vault groups with due consideration to
the expected radioactive waste flow and the characteristics of the site of the future repository.
The preliminary evaluation shows that the most optimal solution would be to divide the
repository into four groups. At first only one group of vaults will be built and licensed; the
remaining groups will be built and licensed later. At the same time the repository may have
vaults under construction, operated vaults and sealed vaults. A certain distance must be kept
among the vault groups so that different works (construction, operation and sealing) would
not interfere with one another. In order to reduce the surveillance time of unsealed vaults, all
vaults of the same group must be sealed as soon as disposal is completed. It will allow to
reduce the ambient strength of sources of ionising radiation as well as the collective doze and
individual doze, also to avoid hazardous atmospheric impact on the vaults and waste
packages, and to reduce vault maintenance costs.

The near-surface repository will not have any radioactive waste treatment facilities.
Conditioned radioactive waste packages will be delivered to the repository for final
disposal. Only solid or solidified short-lived low and intermediate level radioactive waste
meeting the eligibility criteria for the disposal of radioactive waste packages will be
disposed in the near-surface repository (Radioaktyviyjy atlieky ..., 2001). Radioactive waste
generated by industrial, medical or scientific enterprises (including spent sealed sources)
meeting the eligibility criteria for the disposal in a near-surface repository can also be
disposed in the repository. Ineligible and long-lived radioactive waste should be disposed in
a deep geological repository of radioactive waste.

The protected territory of the near-surface repository will be divided into the
controlled area and the supervised area. The radioactive waste disposal area, an interim
storage facility and a facility for service systems and equipment will be located in the
controlled area. The administration building and the entrance for vehicles that deliver
radioactive waste packages will be located in the supervised areas (Fig. S.2.). The territory
of the repository will be fenced; the fence will be located approximately 150 m away from
the vaults. The sanitary protection zone shall be established in the area of up to 300 m away
from the repository vaults.

......
------

Fig. S.2. The conceptual design of the proposed near-surface repository (to be
adjusted to the specific layout of the site in the detail design stage): 1 — the entrance
and the security check; 2 — the administration, the central control room and the
laboratory; 3 — the interim storage facility for radioactive waste packages; 4 — the
facility for service systems and equipment; 5 — vaults for the final disposal of
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radioactive waste and a shelter.

A pilot model of engineering barriers will be built before the commencement of the
construction of repository modules. The objective is to demonstrate the functionality and
reliability of engineering barriers and to acquire data for safety assessment. The monitoring
will last for at least 10 years. The test results will be mostly used for the development of the
vault sealing project and during the final safety assessment.

Radioactive waste will be disposed of in the repository approximately until 2030
until the Ignalina NPP will be dismantled and the conditioning of radioactive waste will be
finished. The transportation, reception, inspection of the eligibility of radioactive waste
packages for disposal and the final disposal of radioactive waste packages will be the
principal technological processes during the operation of the repository. The repository zone
will consist of vaults. Vaults under operation will be covered by a mobile shelter. The
purpose of the shelter is to protect the unsealed vaults, equipment and the zone for
unloading radioactive waste packages from direct atmospheric exposure. A remotely-
controlled overhead crane performing the transfer of radioactive waste packages will be
mounted under the shelter. Lighting, monitoring, etc., systems will be attached to the
shelter. When the vault is filled with radioactive waste packages, such vault will be lidded
and sealed, while the shelter will be moved to the next vault.

When the disposal of radioactive waste is completed, the repository will be closed
by constructing the required engineering barriers. This stage will be carried out according to
a detailed repository closure plan. The engineering barriers of the fully constructed near-
surface repository will consist of reinforced concrete vaults surrounded all around by low
permeable clay, while the whole system will be covered by a long-lived multilayer erosion
resistant cap (Fig. S.3.). After the closure, the repository surveillance will be carried out for
at least 300 years (Mazo ir vidutinio ..., 2002). The organisation operating the repository
(RATA) will perform the active surveillance of the repository (for at least 100 years) and
will ensure its physical protection, perform the required maintenance of the repository,
organise the monitoring of the repository and the surrounding environment, keep records
and, if needed, will perform corrective actions. The active surveillance will be replaced by
passive surveillance (lasting for at least 200 years). During the passive surveillance, the land
utilisation on the repository site will be limited. If required or having received new
information, the periods for the surveillance of the closed repository may be extended, while
protective barriers may be restored even after 300 years, or waste may be resorted.

Boulder/pebbles
Sandy gravel

Silty sand
Reinforced concrete
Clay based material
Sand

Firm basis

Glacial till

Waste cask

Fig. S.3. Cross-section of the vault after the closure of the repository (Reference
Design ..., 2002).

With due consideration to proposals received from EIA entities, the concept of the
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repository has been adapted to the natural characteristics and environmental conditions of
the analysed sites. The grass cover was proposed instead of a layer of boulders as provided
in the primary concept, and a drainage layer of crushed rock was proposed to be introduced
under the vaults (under the clay barrier). The thickness of isolating clay layers will be
selected based on the data on natural clay used. During the design process the repository
will be divided into vault groups located on the hills based on the relief of the site. The
slope inclination will depend upon the characteristics of the soil used for the formation of
the slope. A new surface water drainage system will be designed and constructed to improve
the run-off of water.

Chapter 3 of the EIA Report describes waste related to the planned economic
activity. The construction of the repository is expected to generate only non-radioactive
waste. Non-radioactive solid waste generated during the operation of the near-surface
repository will be of a household nature. Such waste will be handed over to waste
management companies according to waste management regulations (Atlieky tvarkymo ...,
1999). The environmental impact shall not be assessed due to a comparatively small
amount of such waste. The disposal of liquid non-radioactive household waste shall not be
analysed due to small amounts of such waste as well. reference measurements of the
specific activity of liquid non-radioactive household waste and rainwater shall be carried out
in accordance with applicable provisions of environmental normative documents
(Normatyvinis dokumentas ..., 2000 and Normatyvinis dokumentas ..., 2001) and
environmental monitoring programme.

As only uncontaminated waste packages are accepted to the repository, no secondary
radioactive waste will be generated or only negligible amount of such waste will be
generated during the operation of the repository. All generated solid and liquid radioactive
waste will be collected according to the applicable radiation protection and radioactive
waste management requirements and will be transferred to the Ignalina NPP for
conditioning. No radioactive waste will be generated after the completion of the final
disposal of radioactive waste, the installation of the cap of the repository and the
dismantling of the repository equipment.

Chapter 4 of the EIA Report analyses a possible impact on environmental
components and measures reducing this impact. In accordance with the EIA programme,
Chapter 4.1 of the EIA Report describes environmental and social conditions in the areas of
the planned economic activity and in the vicinity.

The Galilauke site is in the north-eastern part of Rim$¢ neighbourhood of Ignalina
region, some 4 km to the southeast from the Ignalina NPP and 9 km east of Visaginas. The
site is located 0.6 km away from Lake DriikSiai, 0.7 km west of the DriikS§a River and the
Lithuanian-Belarus border. The social importance of the site is very low due to the small
number of residents and the demographic situation. There is one household in Galilauké and
few settlements in the vicinity. The average number of population in these settlements is a
mere 8 residents. The economic importance of the area is also very low, as it is used for
extensive subsistence farming. The recreational importance is also very low due to the lack
of conditions and resources. There are no other important natural resources in the territory.

The Apvardai site is in the eastern part of Rimseé neighbourhood of Ignalina region,
some 8 km southwest of the Ignalina NPP, 6 km southeast of Visaginas, 1.3 km northwest
of Lake Apvardai, and some 3 km from the state border with Belarus running along Lake
Apvardai. The social importance of the site is very low due to the small number of residents
and the demographic situation. There are no residents or households in the Apvardai site,
and very few small settlements in the vicinity. The economic importance of the area is also
very low, as it is used for extensive subsistence farming and forest-plant cultivation. In the
long-term outlook the forest development would only have a local importance. The
recreational importance of the area is very insignificant, as the development of recreation
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and related businesses is mostly limited by the lack of suitable water bodies in the vicinity.
There are no other important natural resources in the territory.

The StabatiSke site is in the territory of the Ignalina NPP, in the eastern part of
Visaginas neighbourhood, some 1 km southeast of the Ignalina NPP and some 7 km east of
Visaginas. The site is 2 km away from Lake Druksiai and some 4 km away from the
Lithuanian-Belarus state border. There are some 9 km to the state border with Latvia. The
territory is of a little social importance, as it has no residents. The nearest settlements of
Marijonavas, Vilkaragis and Skryteliai are approximately 1.5 km away. The economic
importance is low. The site is in the territory of the Ignalina NPP and it is not the site of any
intensive economic activity except for power engineering. There are no recreational
resources or any other resources favourable for the development of organic farming.

Chapter 4.1 presents the results of geological, hydrological and hydrogeological
investigation. In order to obtain data required for the final safety assessment and pertaining
to a longer period of time, after the hydrological investigations are carried out during the
selection of a suitable site, the monitoring of groundwater level will be continued, i.e. the
monitoring of the water system will be performed until the commencement of the
construction of the repository. Prior to the commencement of the design of the repository the
hydrological conditions of the site shall be analysed again with due consideration to the
potential impact of new objects under construction in the vicinity on the hydrological
conditions of the repository site.

Chapter 4.2 analyses the potential non-radiational impact on environmental and
social components of the environment of the near-surface repository, and presents measures
reducing this impact.

The analysis of the potential impact on water allows to note that the construction of
the repository and the final disposal and storage of waste will have no material impact on
water and ambient air, as the facility is not large and no hazardous materials will be used
there. Any impact on water may only be caused by an accidental release of fuel or lubricants
in the construction site or on roads or by a small amount of domestic effluents. Preventive
measures against the release of pollutants into the air or water bodies are proposed, and run-
off wastewater collection and control system will be constructed. The quality of released
effluents will be monitored.

The analysis of the potential impact on the relief and the soil shows that a regular
operation of the near-surface repository will not cause any significant impact. The analysis
of the potential changes in the geological environment reveals that the level of water may
have to be lowered in all three sites. However, such lowering shall not be significant and
will not have any impact on the groundwater regime in the vicinity. During the construction
no intensification of geological processes is expected.

The analysis of the biodiversity allows to conclude that the proposed sites for the
construction of the repository and the natural area of the repository are not the site of the
concentration, feeding, resting, hibernation or migration of fauna. Protected amphibia can
be found in the Stabatiské site; therefore, measures for their protection have been proposed.
No preventive measures are applicable in other sites.

The analysis of the potential environmental impact shows that there the proposed
sites offer no exceptional landscape values that should be protected. Therefore, from the
ecological point of view the local transformation of the landscape in the site area will not
cause any negative impact on the landscape complex in the vicinity.

There are no protected territories in the neighbourhood of the sites. The construction
and operation of the Galilauké repository may have a certain negative impact on the
ecosystem of the Druksa river. However, this impact will be basically limited to the noise
that scares off the birds. To minimise this impact, the operation of more silent equipment is
proposed, and, if possible, construction and digging works should be concentrated in the
western area of the site, i.e. further away from the Driksa river and Lake DruksSiai. The
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territory between the repository and the DriikSa river may be afforested.

The impact of the planned economic activity on the socioeconomic environment is
based on the economic analysis of the planned economic activity. Due to the geographical
location of the existing settlements and demographic trends, the impact on the settlement
system should be assessed as insignificant. The impact on the real estate market and prices
is insignificant, as the market is inactive, the real estate (land) is either not used or the use is
not intensive at all. Conditions for other economic activities would improve as a result to the
improved access. The operation of the repository is not expected to have any impact on the
economic structure in the vicinity of the repository, as the farming in the territory is not
intensive at all, while the number of residents and the demographic structure does not allow
to expect any significant positive changes in future. The construction and operation of the
repository will not worsen the quality and accessibility of local natural resources, as there
are no valuable natural resources in the vicinity of potential repository sites, while the value
of the existing agricultural resources is very low. The implementation of the project would
create new jobs. This should be regarded as a positive impact for the region where the
unemployment level is one of the highest. In the long range the quality of life of the
surrounding population would improve as a result of the development of infrastructure. To
avoid any negative reaction from the local population, the awareness of the population (both
permanent residents and visitors) about the planned project and its environmental impact
must be increased.

Chapter 4.3 analyses the potential impact of ionising radiation. Radionuclide
migration and exposure pathways depend upon the activities carried out in the repository,
therefore they will differ during various stages of the evolution of the repository.

Subsection 4.3.1 provides the assessment of the external exposure of the repository
personnel and the population under regular operational conditions of the repository.
Equivalent dose rates in typical zones of the repository site (for the assessment of the
exposure of personnel) and of the sanitary protection zone (for the assessment of the
exposure of population) have been calculated with MERCURE and SKYSHINE codes,
which is widely-used in many countries of the world. During the operation the repository
personnel may be exposed to radiation while performing the following works: the
transportation of waste packages from the Ignalina NPP to the repository; the inspection of
packages in the repository; the transportation of packages to the final disposal zone; the
sealing of vaults containing waste; the building of the clay barrier over the walls of covered
and sealed vaults; the formation of the cap over the covered vaults; the construction of new
vaults in the repository under operation; the maintenance and repair of equipment. Other
handling of radioactive waste packages carried out in the repository will not cause the
exposure of personnel, as these operations will be remotely controlled from the central
control room located in the supervised area.

According to the Lithuanian hygiene standard (Higienos norma HN 73:2001, 2002),
the effective dose for personnel should not exceed 100 mSv over the period of five years,
while the maximum annual effective doze should not exceed 50 mSv. The calculated
external exposure rate of population under regular operational conditions of the repository is
very low and does not exceed the radiation protection limits. It has been estimated that
drivers would be exposed to the largest individual doses. The calculated annual exposure
dose for a driver transporting radioactive waste packages from the Ignalina NPP to the near-
surface repository would be 4.5 mSv. The annual external exposure dose for other personnel
engaged in the supervised area of the repository may amount to 1-3 mSv. Many of the
works could be performed by Category B workers, i.e. the annual effective dose would not
exceed 6 mSv. The number of personnel and the occupational exposure will be optimised
during the drafting of the detail design of the repository.

The occupational exposure may be reduced by using ionising radiation shielding
barriers, remotely controlled equipment, control and instrumentation and ventilation, by
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rationally distributing radioactive waste packages of different activity in the vaults of the
repository, by immediately closing the filled vaults, by installing engineering
barriers of the side walls of the filled vaults, and by efficiently planning and organising
works. These measures will reduce the dose rates or the exposure time.

For the purpose of the assessment of the external exposure of population, it was
assumed that such exposure was caused simultaneously by all possible sources of exposure.
Such sources include the vaults of the repository, a radioactive waste package being loaded
into the vault and another radioactive waste package being transported to the interim storage
facility. The conservatively calculated annual external exposure dose for population does
not exceed 0.16 mSv, which is less than the dose constraint of 0.2 mSv (HN 87:2002, 2003).
It must be emphasised that the external radiation is determined by the nuclides of the
shorted-lived ®°Co (half-life: 5.27 years). The influence of other nuclides (e.g. *'Cs) is
smaller in several orders of magnitude. Before the construction of the repository is
completed, the activity of waste will naturally decrease (the amount of “°Co will decrease
almost 4 times within 10 years). Thus, the actual dose rate of the ionising radiation will be
much lower. The dose rate can easily be further reduced in the repository area by using
special measures; if necessary, the dose rate can be reduced by installing shielding barriers.

Subsection 4.3.2 assesses the exposure of population due to the radionuclide
migration via aquatic pathway after the closure of the repository. While assessing the
quality of engineering barriers, Roland Pusch demonstrated (Selection of ..., 2005) that the
selected barriers were very reliable and that it will take several centuries (some 300 years)
for water to permeate into the vaults of the repository, given the conditions of Lithuania.
Therefore, the carrying of radionuclides from the repository to the environment by water
will not be possible for approximately 300 years. However, during the assessment it was
conservatively assumed that the repository was already saturated at the time of the closure
and that the carrying of radionuclides started immediately afterwards. Thus, it was assumed
that the repository was flooded and that the functioning of engineering barriers was
inefficient. This assumption allows to assess geological, hydrogeological and hydrological
conditions of the sites and to compare them in respect of radionuclide migration.

The analysed normal evolution scenario of the repository shows the likely evolution
of the repository, including the degradation of the repository expected to occur in the long-
term outlook. The following two biosphere models specific to the selected sites have been
used for the assessment of the exposure of population:

o Well model, assuming that radionuclide releases to water pathway are carried
to the well of drinking water used by the population and installed next to the
fence of the repository;

e Lake model, assuming radionuclide releases to water pathway are carried to
the nearest lake the water of which is used by the local population for
household purposes, fishing, etc.

The potential radionuclide migration and the resulting exposure has been estimated
with widely used DUST, GWSCREEN and AMBER codes. The annual effective doses
conservatively estimated for all radionuclides reaching the biosphere under the normal
evolution scenario shall not exceed:

. 4.1x10™* mSv for the Galilauké site (Well model);

o 9x10~ mSv (Well model) and 6.2x10* mSv (Lake model) for the Apvardai

site;

o 1.5x10” mSv (Well model) and 9x10” mSv (Lake model) for the Stabatiske
site.

The estimated annual effective dose for the Galilauké site, the Apvardai site and the

Stabatiske site is less than the annual dose constraint of 0.2 mSv. The above estimations
have been performed by making conservative assumptions and by applying conservative
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parameters. Therefore, the likely population exposure doses will be much lower.

Chapter 5 of the EIA Report presents the analysis of alternatives for the
planned economic activity. The so-called “zero” alternative (short-lived low and
intermediate level radioactive waste is stored in interim storage facilities rather than being
disposed) has been analysed. During the analysis of the “zero” alternative it must be first of
all stated that in the nearest future the safety of solid radioactive waste storage facilities in
the Ignalina NPP will become insufficient. The storage of the existing radioactive waste
will have to be reorganised. The decommissioning of the Ignalina NPP will also generate
waste; thus, new storage facilities will have to be constructed for the storage of
decommissioning waste. Therefore, the delay of the construction of the repository is
economically unjustifiable: the failure to construct a near-surface repository may result in
approximately LTL 100 million of additional costs for the storage of radioactive waste in
2011-2030. Waste stored in storage facilities will nevertheless have to be disposed in a
repository.

Having summarised data on alternative sites, a conclusion is drawn that all three
analysed sites are basically suitable for the construction of a near-surface repository; they all
meet the safety criteria. The Apvardai site is characterised by complicated social environment
and not very favourable geological and hydrogeological conditions. Therefore, this site is
rejected. The Galilauke site has favourable natural conditions and surroundings. However, this
site is located in close proximity to the Belarusian border. The natural conditions of the
Stabatiskeé site are not very favourable for construction. Some unfavourable factors will have
to be compensated by additional engineering measures, first of all — by installing the water
drainage system. The obvious advantage of the Stabatiské site is the existing infrastructure,
favourable social conditions and a very close proximity to the nuclear power plant. As the site
is near the producer of waste, some of the waste acceptance procedures could be optimised
and certain auxiliary structures may not be required. The Stabatiské site is in the so-called
“nuclear” territory used by the Ignalina NPP. Furthermore, it is further away from the state
border. Therefore, the StabatiSké and the Galilauké sites should be further considered as
potential alternatives.

Chapter 6 of the EIA Report presents the monitoring programme. The general
part of the monitoring programme states the goals of the systematic environmental
monitoring, the organisational principles and the regulatory provisions. The programme
defines meteorological and hydrological monitoring expected to be carried out in the
repository area the results of which are important for the analysis of radionuclide migration
in the repository area, the assessment of the exposure of population and for the verification
of the compliance of the repository safety with design requirements. The results of such
monitoring will also be used for the implementation of the emergency measures and
measures for the handling of extreme situations. Chapters 6.3 and 6.4 provide more detailed
information about the number and location of monitoring stations required for
environmental monitoring, also the sampling and measuring frequency, measured
parameters, and measuring means and methods. The quantity and activity of process water
and run-off rainwater are expected to be monitored. Soil, grass, groundwater, surface water,
aquatic plants, sediments and fish will be tested. The gamma exposure dose rate will be
monitored by direct measurements and the absorbed dose will be controlled. Monitoring
wells will be built near the vaults of the repository in order to monitor the condition of
engineering barriers of the repository (the discharge of radionuclides from the repository).
The monitoring programme also describes the quality assurance system, the collection and
presentation of data.

Chapter 7 of the EIA Report analyses emergency situations. The design,
construction and termination of operation of the near-surface repository will minimise the
probability of emergency situations having significant environmental impact from the
radiation protection viewpoint. Emergency situations that are likely to occur during the

16



waste disposal stage are related to the handling of radioactive waste, i.e. the transportation
of radioactive waste packages to and within the repository, interim storage, transfer and
final disposal of packages, operation and maintenance of equipment and installations used
in the near-surface repository. After the operation of the repository is completed, the
handling and final disposal of radioactive waste will cease and emergency situations
associated with this activity will no longer occur. During the supervision and further
development of the repository, emergency situations in the long-run may result by possible
natural phenomena or events caused by human activities that may have an impact on the
isolation of radioactive waste from the environment.

Only conditioned radioactive waste packages will be handled in the near-surface
repository. The conditioning will assure (Bendrieji radioaktyviyjy ..., 2003) the
incombustibility of radioactive waste packages. During the detail design process the
potential fire load at other objects of the repository will be minimised, and appropriate fire
alarm and fire fighting measures will be selected. Organisational measures will minimise
the fire threat. Fire, if any, would be local and would be promptly extinguished without
causing any significant release of radioactive materials into the environment.

The following emergency situations during the maintenance and subsequent
development stages have been analysed in line with the EIA Programme: the flooding of the
repository during heavy rainfall or flood, a rapid degradation of engineering barriers, or an
inadvertent intrusion into the vaults of the near-surface repository. The selection of the
repository sites and the structure of the repository will prevent waste stored in the repository
from being flooded during heavy rainfall or flood, if the repository is normally operated and
engineering barriers are intact. The report also states that the surface conditions of all three
repository sites will ensure a sufficient and stable (in the long range) run-off of the potential
maximum precipitation amount, and thus prevent the sites from flooding.

The safety of near-surface repositories is based on the isolation of radioactive
materials until their activity falls down (decays) to the level nonhazardous to humans and
the environment. Both engineering and natural barriers isolate radioactive materials and
restrict their migration from the repository. During the active surveillance of the repository
the physical protection of the repository will be secured, maintenance works will be
performed, the monitoring of the repository and its surroundings will be carried out, and
corrective measures will be taken, if required. During the passive surveillance of the
repository the expected degradation of engineering barriers will be assessed by the scenario
of the degradation of engineering barriers analysed in this report. Restrictions of activities
in the territory of the repository effective during this stage of control must be sufficient to
preserve the integrity and the design characteristics of the cap of the repository. When the
control of the repository ends, economic activity or land utilisation at the site of the
repository will no longer be prohibited or otherwise restricted. Therefore, the scenario of
the degradation of engineering barriers analysed in this report assumed that all engineering
barriers fully degrade and no longer prevent the radionuclide migration upon the expiration
of the repository control period. The above results of the scenario of the degradation of
engineering barriers demonstrate that the calculated annual effective dose per resident is
lower for all three sites than the annual dose constraint of 0.2 mSv.

Inadvertent intrusion into the vaults of near-surface repository is possible when
economic activity or land utilisation at the site of the repository will no longer be prohibited
or otherwise restricted upon the expiration of the repository control period.

Chapter 8 of the EIA Report assesses the possible transboundary impact. The
impact is assessed for two states situated relatively a short distance away from the area of
planned economic activities, viz. the Republic of Belarus and the Republic of Latvia. Other
neighbouring countries are located several hundred kilometres away from the area of
planned economic activities. The planned economic activity will not affect these countries.

Chapter 4.2 assessed that the non-radiational impact on environmental and social
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components of the near-surface repository will either be non-existent or will be minimal and
manifesting only in the area closest to the repository. There will be no non-radiational
effects on environmental and social components of the Republic of Belarus and the
Republic of Latvia.

Whilst analysing the possible effects or ionising radiation on the population of
neighbouring states, the exposure resulting from the operation of the near-surface repository
were compared with dose constraint applicable to exempted practice. In accordance with
international standards of radiation safety (Basic Safety ..., 1996, International Basic ...,
1996), an activity is not to be controlled if the effective dose accumulated by any resident as
a result of this activity does not exceed 1x10? mSv/year.

The highest exposure of population of neighbouring states during normal operation
of the repository is expected if the repository is constructed in the Galilauké site. In this
case the vaults of the repository would be located closest to the Lithuanian border. For the
purpose of the assessment of the exposure of residents of neighbouring countries to direct
ionising radiation resulting from regular operation of the repository it was assumed that the
external exposure of the population is caused simultaneously by all possible sources of
exposure. Such sources include the vaults of the repository, a radioactive waste package
being loaded into the vault and another radioactive waste package being transported to the
interim storage facility. If the repository is constructed in the Galilauke site, the calculated
effective annual dose on the territory of Belarus is 8.7x10° mSv. The exposure of residents
of Belarus is lower that the dose constraint applicable to exempted activities. It must be
noted that the presented calculations do not take into consideration the reduction of
exposure when residents stay indoors. The assessment of the activity of disposed radioactive
waste was also conservative. Therefore, the actual exposure of residents of Belarus would
be lower than calculated. The potential exposure of residents of Belarus or Latvia will be
even less if the repository is constructed in either the Apvardai site or the Stabatiske site, as
in this case the distance between the vaults of the repository to the state border is greater
than in the above case.

The analysis of emergency situations shows that the worst situation may occur if a
radioactive waste package crashes and falls apart in the vault area. The calculation proves
that the exposure of residents of Belarus resulting from a crashed package will not exceed
2.4x10+ mSv if the repository is constructed in the Galilauké site. The potential exposure
will be at least 10 times lower that the dose constraint applicable to exempted activities. If
the repository is constructed in the Apvardai site or the Stabatiske site, the potential exposure
of Belarusian population resulting from the planned repository, as well as the potential
exposure of Latvian population would always be lower, and is therefore not estimated in
detail.

In the long-range, after the degradation of engineering barriers of the repository,
permissible long-lived radionuclide levels contained in short-lived low and intermediary
level radioactive waste stored in the repository vaults may be released into groundwater
prior to decomposition. If the near-surface repository is constructed in the Galilauke site,
the released long-lived radionuclides may reach the neighbouring states by groundwater. If
the near-surface repository is constructed in the Apvardai site, the released long-lived
radionuclides would reach Lake Apvardai. Then the radionuclides may flow from Lake
Apvardai to the Daugava river via interconnecting surface water bodies. If the near-surface
repository is constructed in the Stabatiske site, the released long-lived radionuclides would
reach Lake DriikSiai by drainage canals. Then the radionuclides may flow from Lake
Druksiai to the Daugava river via interconnecting surface water bodies.

The analysis of the normal evolution scenario shows that the exposure of a member
of the critical group in the vicinity of the repository is less than the exemption level. The
exposure of population of neighbouring states would be much less and is therefore not
analysed.
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A potential exposure of population of neighbouring states in case of an early
degradation of engineering barriers has been assessed separately. If the repository is
constructed at the Galilauke site, the radionuclides emitting from its vaults would be
transferred downwards to the first semi-confined-confined aquifer. The latest studies of the
proposed site (Preliminariniai parinkty ..., 2004) show that the water of the first semi-
confined-confined aquifer flows northwards, i.e. not towards Belarus. Therefore, the
radionuclides scattered from the repository will not reach the Belarusian territory and will
not have any effect on Belarus.

The DUST and GWSCREEN codes were used to calculate the potential scatter of
radionuclides to the Republic of Latvia under the scenario of degradation of engineering
barriers and the exposure caused by the said scatter, if the repository is constructed at the
Galilauke site. The estimated effective annual dose received by a resident of Latvia from
waterborne radionuclides shall not exceed 3.2x10° mSv. The potential exposure dose of
Latvian population is more than 3 times lower than the exemption level.

If the repository is constructed at the Apvardai site, the long-lived radionuclides
leached from the facility would enter Lake Apvardai along which the Lithuanian-Belarusian
border runs. Calculation provided in Chapter 4.3 of this Report show that the maximum
effective annual dose of the critical group of population living in the vicinity of this lake
would not exceed 2.5x102 mSv. The exposure of the Belarusian population would be close
to the exemption level.

In the Stabatiske site, the long-lived radionuclides leached from the repository would
enter Lake DriikSiai. The maximum effective annual dose of the critical group of Belarusian
population living in the vicinity of this lake would be close to the exemption level.

The results of the publication (J. MazZeika and S. Motiejinas ..., 2002) were used to
assess the potential effects of the scatter of radionuclides on Latvian population, if the
repository was to be constructed in either the Apvardai or the Stabatiské site. Activities of
radionuclides in various environmental objects that could be determined by regular
operations of the Ignalina NPP were estimated in this publication based on data on
radionuclide outflow into Lake Driksiai, using the PC CREAM 97 code. Individual
effective doses were also calculated for critical groups (fishermen and their family
members) in the radionuclide scatter route Lake DriikSiai — the Prorva — the DriikSa — the
Dysna- the Daugava — the Baltic Sea. The amount of radionuclides released to Lake
Apvardai has been calculated by the DUST and GWSCREEN codes. As intense water
exchange is the characteristic of Lake Apvardai, all radionuclides getting into Lake
Apvardai are assumed to reach Lake Druksiai. The estimated effective annual dose received
by a resident of Latvia from waterborne (Lake Apvardai — the Daugava) radionuclides via
aquatic pathway shall not exceed 6x10° mSv. The potential exposure dose of Latvian
population is 100-odd times less than the exemption level.

Considering the potential transboundary impact of ionising radiation, the Galilauke
site and the StabatiSke site are better suited for the construction of a near-surface radioactive
waste repository than the Apvardai site. If the repository is constructed in the Galilauke site,
the potential exposure of population of both neighbouring states would be less than the
exemption level (the potential annual effective dose received by population would be less
than 1x10 mSv).

Chapter 9 of the EIA Report reviews the results of public participation and the
evaluation of the EIA Report performed by environmental impact assessment entities.
The public presentation and discussion of the supplemented EIA Report took place in
Visaginas on 7 September 2006. Afterwards, the supplemented EIA Report was submitted for
co-ordination to Utena Regional Environmental Protection Department of the Ministry of
Environment, the Radiation Protection Centre of the Ministry of Health, Utena Public Health
Centre of the Ministry of Health, Utena County Governor’s Administration, Visaginas
Municipality, Ignalina Region Municipality, Fire and Rescue Services of Visaginas and for
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the protection of the Ignalina NPP of the Fire and Rescue Department, Ignalina Fire and
Rescue Service of the Fire and Rescue Department, and Utena Territorial Unit of the
Department of Protection of Cultural Values. Comments have been provided only by the
Radiation Protection Centre, Utena Territorial Unit of the Department of Protection of
Cultural Values under the Ministry of Culture, and the Council of Ignalina Region
Municipality. Due consideration was given to these comments.

The Council of Ignalina Region Municipality did not approve the said report on the
environmental impact assessment and proposed to analyse the impact on social and economic
environment in greater detail as well as to provide for measures to offset such impact. In
2004, the RATA received a similar requirement when it was co-ordinating the EIA report for
the Galilauké and the Apvardai sites; therefore, it commissioned study “Assessment of the
Demand for and the Nature of Social Compensatory Measures and the Infrastructure
Development in the Area of the Proposed Near-Surface Repository”. With due consideration
to the potential impact, the study assessed the demand for compensatory measures. The
municipal administration of Ignalina Region has been acquainted with the results of the study.
As the study provides a detail analysis of potential social and economic impacts that is in line
with the Environmental Impact Assessment Programme for Construction of a Near-Surface
Repository approved by the Ministry of Environment, the said tests were not repeatedly
performed, the more especially as the administration of the closest municipality; viz.
Visaginas Municipality, did not raise any similar issues.

According to the provisions of the Espoo Convention, consultations with the
neighbouring states were held. In December 2006, the RATA presented the environmental
impact assessment results to the public of Latvia and Belarus. Comments received from the
neighbouring states are presented in Annex 5. These comments and proposals were
thoroughly analysed and evaluated. The proposal to carry out the repository surveillance for
more than 300 years and to construct the model of engineering barriers has been accepted.
Furthermore, proposals to extend the environmental monitoring to include the territories of
the neighbouring states and to intensify the dissemination of information about the waste
handling safety have been accepted.

However, the Belarusian proposal to construct a storage facility instead of the
planned repository was rejected, as this proposal conflicts with the key provisions of the Joint
Convention on the Safety of Spent Fuel and on the Safety of Radioactive waste Management
and the fundamental principles of radioactive waste management. As the final disposal of
short-lived radioactive waste in near-surface repositories is a common practice, the
inheritance of such undeserved burden by future generations would be completely unjustified.
Belarus holds that the Stabatiske site is the safest site of the three for the construction of the
repository.

In December 2005, independent experts of the IAEA evaluated the programme
under implementation by the RATA. Conclusions and recommendations of experts are
presented in the report of the said mission (4n international ..., 2006). In order to demonstrate
the reliability of the repository, the experts and Belarusian authorities proposed to construct a
pilot model of engineering barriers and to perform long-term monitoring.

Chapter 10 of the Report describes problems. During the co-ordination of the EIA
Report municipalities raised unjustified requirements for compensations. Furthermore, some
EIA entities failed to meet deadlines stated by the law; therefore, the process took longer than
was expected.
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1. GENERAL DATA

1.1.  Information about the organiser of the planned economic
activity
The organiser of the planned economic activity is the State Enterprise Radioactive

Waste Management Agency (RATA) of Algirdo 31, Vilnius, tel.: 2133139, fax: 2133141,
contact person: Stasys Motiejunas, the Head of the Radioactive Waste Disposal Division.

1.2.  Information about the developers of documents of the
environmental impact assessment of the planned economic activity

The supplemented environmental impact assessment report has been developed and
issued by VI RATA of Algirdo 31, Vilnius, tel.: 2104070, fax: 2133141, contact person:
Stasys Motiejiinas, the Head of the Radioactive Waste Disposal Division.

The supplement has been prepared in consultation with dr. Povilas Ivinskis, dr. Jolanta
Rimsaité, dr. Aleksandras Rimidis, dr. Ricardas Baubinas and dr. Julius Taminskas.
Radionuclide migration from the repository via aquatic pathway has been simulated by Jonas
engineering studies of the site have been carried out by UAB Grota. Reference was also made
to Version 4 of the EIA Report for Construction of a Near-Surface Repository dated 14 March
2005 and prepared by the Lithuanian Energy Institute and the Institute of Geology and
Geography.

1.3. Name of the planned economic activity

The planned economic activity shall be the construction of a near-surface repository for
short-lived low and intermediate level radioactive waste (Radioaktyviyjy atlieky ..., 2001;
Mazo ir vidutinio ..., 2002).

1.4.  Activity stages

Pursuant to the resolution of the Government of the Republic of Lithuania (LR
Vyriausybes ..., 2002), the decommissioning of State Enterprise Ignalina Nuclear Power
Plant shall be planned and implemented in accordance with the Immediate Dismantling
Strategy. Waste will be disposed of in the repository approximately until 2030 (Table 1.4.1)
until the Ignalina NPP will be dismantled and the conditioning of radioactive waste will be
finished. Afterwards the repository surveillance will be carried out for at least 300 years
(Mazo ir vidutinio ..., 2002).

Table 1.4.1. Schedule of construction of the near-surface repository

No. Stage Year
1. | The selection of a suitable repository site: geological, hydrological, etc. 2004-2007
investigation. Environmental impact assessment of the repository.

2. | The development of the detail design of the near-surface repository. 2007-2008
3. | Construction and licensing of the first group* of repository modules. 2009-2012
4. | Construction and licensing of other repository modules. As required
5. | Waste disposal (operation of the repository). 2013-2030
6. | Closure of the first group of modules (formation of buffers) ca. 2018
7. | The termination of operation and complete closure of the repository ca. 2030
8. | Active surveillance until 2130**
9. | Passive surveillance After 2130%*

* - with due consideration to the expected flow of waste packages, the repository should be
divided into 3 or 4 groups of modules.
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** - the optimal duration of surveillance periods shall be established during the development of
the repository closure plan.

A pilot model of engineering barriers must be built before the commencement of the
construction of repository modules (Butkus R., Andriuskevicius R., 2006). The key objective
is to make sure of the functionality and reliability of engineering barriers. The expected
duration of surveillance is at least 10 years (Pavirsinio kapinyno ..., 2006). The test results
will be mostly used for the preparation for the closure of repository modules and during the
final safety assessment.

In order to obtain data over a longer period of time, after the hydrological
investigations are carried out during the selection of a suitable site, the monitoring of
groundwater and surface water levels will be continued, i.e. the monitoring of the water
system will be performed until the commencement of the construction of the repository. Prior
to the commencement of the design of the repository the hydrological conditions of the site
shall be analysed again with due consideration to the potential impact of new objects under
construction in the vicinity on the hydrological conditions of the repository site.

Radioactive waste generated by industrial, medical or scientific institutions (including
spent sealed sources) meeting the eligibility criteria for the disposal in a near-surface
repository can also be disposed in the repository. Ineligible long-lived radioactive waste
should be disposed in a deep geological repository of radioactive waste, and their application
possibilities are discussed in the Assessment Programme of the Possibility of Spent Nuclear
Fuel and Long-lived Radioactive Waste Disposal (2003-2007) (Panaudoto branduolinio ...,
2003).

The Law of the Republic of Lithuania on the Management of Radioactive Waste
provides that the surveillance of radioactive waste repositories shall be carried out by VI
RATA. This organisation must be developed so as to be able to ensure a continuing
surveillance (for several centuries) of the repository and the storage of information about the
repository and disposed waste.

1.5.  Expected duration of the economic activity

The design of the repository as well as the construction and licensing of the first group
of repository modules (vaults) will last for about 3 years. The disposal of radioactive waste
will last for about 20 years; at the same time, other modules of the repository will be
constructed. Vaults filled with waste will be immediately closed, thus protected from
hazardous atmospheric exposure.

The active post-closure surveillance will be continued for at least 100 years, while the
passive — for at least 200 years. During the development of the repository closure plan, the
need for the extension of the said surveillance periods will be examined with due
consideration to the specific activity of waste disposed in the repository and half-lives of
radionuclides significant for radiation protection.

1.6.  Relation of the EIA Report with planning and designing stages

The EIA Report is supported by carried out repository construction feasibility studies —
the reference design (Identification of Candidate ..., 2004; Reference Design ..., 2002).
Documents of territorial planning and the detail design of the repository will be developed
based on the results and conclusions of this EIA Report. The sanitary protection zone will be
established during the development of the detail design of the lot. The safety analysis will be
performed at a later stage of project implementation (during the development and licensing of
the detail design). Aspects related to the safety of the repository and environmental
monitoring must be analysed in detail during the development of the detail design and the
final safety analysis report.
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1.7.  Information about the land area, materials and energy
resources required for the construction of the facility

Approximately 100,000 m’ of conditioned and eligible radioactive waste are expected to
be disposed of in the repository. Characteristics and the criteria of eligibility of waste for
disposal are more thoroughly described in Chapter 2.1. According to the preliminary
evaluation, the repository, its protection zones and auxiliary structures will occupy the area of
about 40 ha, including at least 3 ha of repository sections. The size of the repository and the
amount of waste to be disposed may be adjusted (approx. +15%) as needed. The territory of
the repository will be fenced; the fence will be located approximately 150 m away from the
vaults of the repository. The sanitary protection zone (Annex 2) of about 300 m is proposed to
be established around the repository, with due consideration to the results of Chapter 4.3.6.
Optimal operational procedures of the repository that would allow to reduce the exposure will
be selected during the design stage. Once external exposure is reduced, the boundaries of the
sanitary protection zone could be closer than 300 m away from the vaults of the repository.

Electricity will be used during the construction and operation of the repository, vehicle
fuel — for the transportation of waste, and electricity or organic fuel — for the heating of the
premises. A local substation will be constructed for the supply of electricity. Solid reinforced
concrete, concrete, clay, soil, turf, wooden and plastic structural materials, and glass will be
used in construction. Information about the key required materials is provided in Table 1.7.1.
All these materials are persistent as far as environmental impact is concerned.

Table 1.7.1. Materials required for the construction of the repository; representative
quantities

No. Material Representative quantity, m®> | Hazardousness of material
1. |Clay 140,000 Non-hazardous
2. |Sand 3,000 Non-hazardous
3. |Silty sand 25,000 Non-hazardous
4. |Gravel 250,000 Non-hazardous
5. |Boulder/pebbles 70,000 Non-hazardous

1.8.  Potential environmental pollution related to the planned

economic activity

The planned economic activity may cause environmental pollution (Table 1.8.1).

Table 1.8.1 Potential environmental pollution related to the planned economic activity

Pollution

Hypothetical possibility of pollution

Remarks

Ionising radiation

Potential additional ionising

radiation:

- direct (external) exposure from waste
packages during their transportation to
the repository;

- direct (external) exposure from waste
packages during their loading and
storage operations;

- resulting from the environmental
pollution with radionuclides.

Threshold annual dose for
population: 1 mSyv;
Annual dose constraint: 0.2 mSv.

Annual background level of
ionising radiation: approx. 2.3 mSv.

Non-ionising
radiation

No significant pollution of
environmental components of this kind
is expected during the construction and
operation of the facility.
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Noise

No significant pollution of
environmental components of this
kind is expected during the
construction and operation of the
facility.

Biological pollution

Not expected

Low-scale controlled pollution is
possible as a result of the release of
treated domestic wastewater into
the environment.

Other pollution of
natural components of
the environment

No significant environmental pollution

of any other kind is expected during the

construction and operation of the
facility.

Potential air pollution from mobile
sources during the construction and
operation of the repository.
Insignificant environmental
pollution is possible as a result of
fuel leakages from vehicles and
other machinery as well as in
relation to the warehousing of
construction materials.

1.9.

Candidate territories for the planned economic activity

The selection of candidate territories for the planned economic activity is based on the
results of the study carried out in 2003 (Identification of Candidate ..., 2004). Criteria for the
site of the near-surface repository for short-lived low and intermediate level radioactive waste

(Kriterijai

..., 2003) have been developed with due consideration to the recommendations of

the IAEA, the accumulated international experience and the characteristic features of the
concept of a near-surface repository. Table 1.9.1 states the principal technical ineligibility
criteria and the desired characteristics of the site. The said criteria were co-ordinated with the
Ministry of Environment, presented and discussed during the international seminar held in
Vilnius on 3-4 March 2004. In line with these criteria, several sites have been proposed for

further inspection.

Table 1.9.1. Principal technical ineligibility criteria and the desired characteristics of
the site (Kriterijai ..., 2003 and Identification of Candidate ..., 2004)

Principal site

Site ineligibility criteria

Desired characteristics of the site

requirements
Topographical Potential flooding of the The surface slope is sufficient for the
features foundation of the repository run-off of rainfall into a water body.
A priority will be given to a large
hill.

Low resistance to erosion. High resistance to erosion: a
comparatively flat location, the
surface water flow rate v is less than
the critical rate vi;.

Geotechnical Unstable slopes (slope stability Slope stability (internal friction)
stability safety coefficient Fi,n ¢ 1S less than | safety coefficient is at least 1.5.

1.3).

High soil compressibility (high
volume compressibility
coefficient).

Soil compressibility, compression
strength, cutting strength, internal
friction angle and rigidity
(deformation module) must meet the
requirements of substantial
structures.
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Principal site

Site ineligibility criteria

Desired characteristics of the site

requirements

High dynamic flow ability. 1. Low surplus water pressure of soil
pores.
2. The maximum allowable seismic
intensity according to the MSK scale
is < degree 6.

Bad conditions for construction. Digging works can be performed.

Diversity of soil characteristics. Homogeneous soil.

Soil permeability High filtration water permeability | Low filtration water permeability of

of soil (filtration coefficient k is
more than 10> m/s).

soil. Filtration coefficient k is
preferably less than 107 or even 107
m/s.

Impact of natural
phenomena

1. Unfavourable climatic
conditions.

2. Unfavourable hydrological
conditions.

1. The average depth of the
stratification of groundwater is at
least 3 m away from the bottom
barrier.

2. Low groundwater level fluctuation
amplitude.

3. Hydraulic inclination is less than I
=0.01.

4. No threat of flooding.

1. Located close to the Ignalina NPP.
2. Suitable infrastructure; developed
road network.

Danger related to
the transportation
of waste

Located far away from the
Ignalina NPP; waste is transported
via townships, protected or
recreational territories.

The site of a near-surface repository must also comply with certain technical
characteristics. The location must be safe, it must be free of flooding, erosion, landslides or
movements in the Earth’s crust that may damage the integrity vaults, or of any other
unfavourable environmental or human threats. The soil must withstand the weight of the
repository structures and waste even in case of an earthquake, if any. Moraine, fine sand or
gravel is suitable. It is important that packages with radioactive waste are not reached by
water in the repository of the selected structure. Precipitation must not accumulate; rather, it
must easily flow into a lake or a river. Therefore, it is especially important to provide for and
to install precipitation drainage devices. The priority shall be given to the location with a
simple structure, with the site that is not expected to change much over time, and with the
assessment of the evolution of the system of vaults and their environment being clear and
“transparent”, i.e. the reliability of the results should not cause any doubts.. The repository for
radioactive waste must be constructed in the location where reference conditions ensuring
nuclear safety and radiation protection are secured.

The selection of a repository site may require the assessment of conflicting factors, e.g.
a short distance to the nuclear power plant and excellent transportation conditions as well as
a short distance to the state border and the request to construct a repository in a retired spot
(Identification of Candidate ..., 2004). According to the initial assessment, the hill in
Galilauké village near the Ignalina NPP, the StabatiSké site and the Apvardai site have
geological, hydrological and topographical characteristics best suited for the construction of
a near-surface repository (favourable conditions for surface water run-off, physical and
mechanical soil conditions allow forecasting a long-term stability of the slope and a good
insulation of compressible water). The comparative review of the principal aspects of these
candidate sites is presented in Table 1.9.2. Site maps and the comparative review of general,
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environmental, etc., conditions of candidate sites are presented in Chapters 4 and 5.

Table 1.9.2. The comparative review of the principal environmental aspects of

candidate sites

Aspect Apvardai site Galilaukeé site StabatiSké site
Information | Part of the land is Agricultural. State forest land that has
about the agricultural, the the status of Class 3
existing land | remaining is state forest protective forest. Land
use and land (following the user: State Enterprise
landholding | recultivation of the Ignalina Nuclear Power
system construction site). Plant.

Information | There are no suitable There are no suitable The area is circled by
about the roads, water or power roads or water supply roads. The are has a
existing supply equipment in the equipment. Approx. 1 km | railway, water and power
infrastructur | site. High-tension power | long 110 kV power line supply equipment.

[

transmission lines must
be installed and access
roads must be built.

must be transferred, and
access roads must be
either reconstructed or
built.

Visaginas Water
Treatment Facility is
located 1 km away.
Domestic wastewater
pipeline connecting the
Ignalina NPP and the
water treatment facility is
built near the site.

Situation in

There are no protected

There are no protected

There are no protected

respect of territories in the site and | territories in the site territories in the site and
protected in its neighbourhood. The | and in its in its neighbourhood. The
territories closest protected neighbourhood. The closest protected
territories are protection closest protected territories are protection
strips and protection territories are strip and protection zone
zones of Lake Apvardai protection strips and of Lake Driiksiai (the
and other water bodies. protection zones of the distance to the lake is
hydrographical approx. 2 km).
network. The
distance to open
water bodies (Lake
Druksiai and the
Druksa river) is 0.5-
1 km.
Localisation | Located in the territory of | Located in the territory of | Located in the territory of
and Zibakiai village, Rimsé Galilauké village, Rim$é¢ | former Stabatiské village,
surrounding | neighbourhood, Ignalina | neighbourhood, Ignalina | Visaginas Municipality.

S

region. The distance from
the Ignalina NPP by the
shortest road is 9 km, by
other roads (the majority
of which are not
asphalted) — 12 km. The
distance to the railway is
approx. 2 km. There are
alternative routes. Main
roads do not cross
through townships or
protected territories. The
frontier zone*.

region. The distance
between the site and the
Ignalina NPP is 4 km, the
connecting roads (the
majority of which are not
asphalted) are approx. 5
km long. The road does
not run through
townships. There are
alternative routes (not
asphalted). The distance
to the railway is approx.
2 km. The frontier
zone*.

The site is in the vicinity
of the Ignalina NPP (in
its sanitary protection
zone). The distance to the
railway is approx. 1 km.
It is separated from the
territory of the Ignalina
NPP by a road. The
frontier zone*.

* — Frontier zone is a marked strip of land and/or internal waters, extending from the State
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border deep into the territory of the Republic of Lithuania, in which the legal regulations of the frontier
are in force. It shall be prohibited for persons without personal identity documents to be in the area,
where the legal regulations of the frontier are in effect (Valstybés sienos ..., 2000).
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2. MAIN FACILITIES AND TECHNOLOGICAL PROCESSES

2.1.  Radioactive waste to be disposed off

The majority of radioactive waste to be disposed off has been generated or will be generated
during the operation and decommissioning of the Ignalina NPP. Radioactive waste will first
be sorted in accordance with a normative document of the VATESI (Radioaktyviyjy atlieky
..., 2001). This document provides the classification and the method of disposal of solid
radioactive waste. Radioactive waste is classified into 6 classes (A, B, C, D, E and F). Short-
lived low and intermediate level radioactive waste (Classes B and C) and spent sealed sources
(Class F) should be disposed in a near-surface repository if waste packages meet the eligibility
criteria for the disposal of radioactive waste in a near-surface repository (Bendrieji
radioaktyviyjy ..., 2003). The RATA will have to control the eligibility of packages. Only
radioactive waste packages meeting the eligibility criteria will be disposed off in the near-
surface repository.

RATA document (Mazo ir vidutinio ..., 2003) establishes the preliminary values of
threshold specific activity for grouted short-lived low and intermediate level radioactive waste
packages expected to be disposed off in the near-surface repository. These values will be
specified with due consideration to information accumulated in the progress of the
implementation of a near-surface repository project. Preliminary values of threshold specific
activity should be applied during the design of radioactive waste treatment and conditioning
facilities.

Only solid or solidified radioactive waste will be disposed off in the near-surface
repository. The near-surface repository will not have any radioactive waste treatment
facilities, as waste delivered to the repository shall be conditioned and ready to be disposed
off. The eligibility of radioactive waste packages for disposal will be additionally inspected in
the near-surface repository (Bendrieji radioaktyviyjy ..., 2003). The inspection will be carried
out in line with the recommendations of the IAEA document (Inspection and verification ...,
2000). If radioactive waste packages are eligible for disposal, they will be transported to the
disposal area and loaded into the vaults of the near-surface repository.

General eligibility criteria of radioactive waste for disposal in the near-surface
repository are described in a normative document (Bendrieji radioaktyviyjy ..., 2003). These
requirements must be met during the implementation of new radioactive waste treatment
technologies. Radioactive waste packages meeting the following requirements regarding
chemical, physical, mechanical and thermal characteristics and ionising radiation will be
disposed off in the near-surface repository:

1. Radioactive waste packages shall be accepted for disposal in the monolithic form;

2. Radioactive waste packages do not contain any or contain only minimal amount of
chemically hazardous or toxic substances;

3. Radioactive waste packages do not contain any pyrophoric substances or substances
with the ignition temperature of lower than 60°C. There are no chemical substances or items
that may cause explosion. The application of conditioning techniques must ensure that
radioactive waste packages are non-flammable. Radioactive waste packages must survive
external fire and meet any other established regulations for safe transportation (Regulations
for the Safe ..., 2004);

4. The description of radioactive waste (the preparation of schedules of packages) will
consider the potential formation of explosive gas as a result of the radiolysis of hydrogenic
substances, volatile substances present in radioactive waste, or the corrosion of metals (iron,
aluminium, etc.). Due consideration will be given to the amounts of organic substances
(complexones, cellulose, etc.) present in radioactive waste packages, which will be minimised
in order to avoid the decomposition of organic waste. Protective measures will be used in
order to prevent the accumulation of flammable and explosive gas in radioactive waste
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packages and to prevent any fire or explosion. In order to avoid the bursting of packages, the
permeability of solidified radioactive waste and packages must be sufficiently high so as to
release gases, yet sufficiently low so as to restrict water migration and the release of
radionuclides. The porosity of solidified radioactive waste must be as low as possible so as to
improve microstructure and minimise the release of radionuclides (Bendrieji radioaktyviyjy
ey 2003).

5. Due consideration will be given to the resistance of radioactive waste packages to
corrosion, and proof will be provided that the decomposition of casks and the release of
radionuclides into emissions or effluents will not force exposure doses and activity caused by
radionuclides to exceed threshold values established in normative legislation.

6. Radioactive waste packages do not contain any or contain a limited amount of
reactive substances. Chemically compatible materials shall be used for the manufacturing of
radioactive waste packages;

7. During the treatment process solid radioactive waste will be loaded into packages so
as to ensure as even distribution of activity as possible.

8. Mechanical resistance of radioactive waste packages to external forces (pressure,
tension, bending, dropping and impact) exceed the potential impact during the reloading,
storing and disposal of packages.

9. The design of radioactive waste packages will consider the fact that the ambient
temperature can be as low as —40°C, and that the cyclic fluctuation of temperatures must
neither cause any instability nor significantly decrease the resistance of radioactive
waste packages;

10. The radionuclide content of packages should not exceed the established threshold
activity values. Threshold activity values will be adjusted during the safety analysis of the
near-surface repository;

11. The weight of fissile materials in waste packages shall be restricted so that packages
be exempt from regulations applicable to the transportation of fissile materials (Regulations
for the Safe ..., 2004);

12. The dose rate on the surface of packages and the contamination of packages meet the
established regulations (Bendrieji radioaktyviyjy ..., 2003; Regulations for the Safe ..., 2004).

Activities of radionuclides contained in radioactive waste packages will have to be
measured or evaluated. They should not exceed threshold activity values established
according to the methods approved by a normative document (Bendrieji radioaktyviyjy ...,
2003). Threshold activity values of each series of radioactive waste packages must be
calculated according to dose constraints and threshold dose values for population established
by Lithuanian legislation; it is hereby recommended to use the IAEA methods applicable for
the inadvertent intrusion scenario (criterion X) and the repository evolution scenario (criterion
Y). Threshold activity values in packages Cjmax (inadvertent intrusion scenario) and Ajmax
(repository evolution scenario) shall be calculated for all significant radionuclides. The
following formula shall be used for the calculation of values of criteria X and Y:

C.

X - Z %ji,max ’
A,

Y - Z Ai,max )

For radioactive waste packages to be disposed off in the near-surface repository, X
must be less than 1, while Y should ideally be less than 1. However, a radioactive waste
package with X<1 and Y>1, yet ¥Y<10, may be accepted for disposal if the calculation of the
average of all packages shows that the average Y per package is less than 1, i.e. if the
threshold activity of the whole repository is not exceeded. Long-lived alpha emitters shall be
subject to an additional requirement, viz. their specific activity should not exceed 4,000 Bg/g
in an individual radioactive waste package; however, the calculation of the average of all
packages must show the average specific activity of long-lived alpha emitter per package not
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exceeding 400 Bg/g.

The following radioactive waste generated during the operation and decommissioning
of the Ignalina NPP shall be disposed off in the near-surface repository: grouted spent ion-
exchange resins, perlites and sediments, ashes from burnt waste, and solid non-flammable
waste. Radioactive waste packages must meet the eligibility criteria of for the disposal of
radioactive waste in the near-surface repository (Bendrieji radioaktyviyjy ..., 2003).
According to the plan (Galutinis Ignalinos ..., 2004), radioactive waste in the following four
forms will be disposed off: grouted waste in 200 1 drums, ash pellets compacted by high force
compactor in drums, solid waste pellets compacted by high force compactor in drums, and
other solid waste.

Grouting facility has already been installed in the Ignalina NPP. Using grouting
technology, mixtures of spent ion-exchange resins, perlite and sediments of evaporated
concentrate will be solidified. In the grouting facility liquid waste is mixed with cement and
promptly distributed into 200 | steel drums. After the mixture hardens, eight drums will be
loaded into a concrete cask (Detailed Design, ... 2004).

The INPP decommissioning support project B/2/3/4 provides for the construction of the
solid waste management and storage facility where operational waste generated on the
territory of the power plant as well as similar future operational and decommissioning waste
will be sorted, treated, conditioned and temporarily stored. In addition to other functions, this
facility will provide the following opportunities: to sort waste according to characteristic
activity and physical features, to reduce them in size (to cut, etc.), to compact by high force
compactor, to incinerate in the incineration facility, to pack, to immobilise (to fill waste with
filler) and to temporarily store waste (Galutinis Ignalinos ..., 2004).

Radioactive waste already accumulated in Ignalina NPP will be unloaded from the
existing storage facilities and transported to the new facility where they will be described,
conditioned, packed and placed from interim storage. Future flammable solid operational and
decommissioning waste, also compressible waste and waste to be directly packed and
immobilised will also be treated and conditioned in this facility (Galutinis Ignalinos ...,
2004).

The exact values of the specific activity of solid and solidified radioactive waste
packages to be disposed off in the near-surface repository have not been finalised yet. The
major part (approx. 50%) of radioactive waste packages disposed in the near-surface
repository shall be grouted packages of spent ion-exchange resins, filtration substance
(perlite) and sediments of evaporated concentrate, and these packages will have the highest
specific activity. Values of the specific activity of grouted packages of spent ion-exchange
resins, filtration substance (perlite) and sediments of evaporated concentrate shall be higher
by more than one row (several dozen times more) than values of the specific activity of solid
radioactive waste currently stored in the storage facility of the Ignalina NPP and intended for
the disposal at the near-surface repository (7echnical Specification ..., 2004). Therefore, the
preliminary calculation of exposure doses conservatively assumes that the specific activity of
all waste disposed off in the near-surface repository shall be the same as used in the detail
design of the Ignalina NPP liquid radioactive waste grouting facility and interim storage
facility as well as in the final safety analysis report (Detailed Design ..., 2004), with due
consideration to the decrease in the activity as a result of the commencement of operations of
the near-surface repository not earlier than in 2011 and the storage of radioactive waste
packages in the Ignalina NPP interim storage facility for at least 7 years. The values of the
specific activity of the radionuclide content and of the cement matrix (0.2 m’ drum) of
grouted spent ion-exchange resins, filtration substance (perlite) and sediments of evaporated
concentrate to be disposed off in the near-surface repository are provided in Table 2.1.1.
Values provided in this table were obtained using the methods and procedures developed and
implemented by the study carried out by the Ignalina NPP in close co-operation with SIP
(Sweden), and they may provide the characteristics of radioactive waste of the Ignalina NPP,
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which is sufficient enough to assess threats related to their disposal in the near-surface
repository (Detailed Design ..., 2004). Therefore, these values are used for the calculation of
the radionuclide scatter from the closed near-surface repository and the resulting effective
doses for a member of the critical group of population following the closure of the repository.
Characteristics of all different waste package series must be analysed during the detail design
and the assessment of safety.

Table 2.1.1. Average values of the specific activity of the cement matrix (0.2 m*> drum)
of grouted radioactive waste to be disposed off in the near-surface repository (Detailed
Design ..., 2004)

Nuclide Specific activity, Bq/m’
H-3 1,01E+08
C-14 4,73E+09

Mn-54 7,17E+06
Ni-59 3,38E+07
Co-60 1,35E+10
Ni-63 3,86E+09
Sr-90 1,46E+07
Nb-94 5,41E+08
Tc-99 5,95E+04
1-129 5,18E+03
Cs-134 3,26E+08
Cs-137 1,63E+10
U-234 9,60E+01
U-235 2,30E+00
U-238 2,88E+01
Np-237 3,84E+00
Pu-238 1,69E+04
Pu-239 3,07E+04
Pu-240 1,71E+04
Pu-241 3,15E+06
Am-241 6,64E+04
2.2.  Conceptual design of the near-surface repository

In many countries near-surface repositories for radioactive waste are used for the final
disposal of solid and solidified radioactive waste. The experience of several decades shows
that it is a realistic, practical and economic waste insulation method allowing to ensure
human safety and environmental protection. Both engineering and natural barriers isolate
radioactive materials or restrict their migration from the repository. The safety of near-
surface repositories is based on the insulation of radioactive waste for a certain period of
time. During this period the activity will decrease to the level not threatening human safety
and environmental protection.

There are plans (Reference Design ..., 2002) to construct a hill-type near-surface
repository above the groundwater level. The conceptual design of the repository has been
developed after scrutinizing the design and operational experience of the best existing near-
surface repositories all over the world. According to this conceptual design, the repository
will have 50 vaults, each designed for the disposal of approximately 2,000 m® of radioactive
waste. Thus, the total volume of the repository would be approximately 100,000 m’. The
structure of the proposed near-surface repository is of a modular type; therefore, it can be
easily adapted to a different amount of radioactive waste by reducing or increasing the
number of vaults. The size of the vaults will be adjusted during the detail design of the
repository with due consideration to the size of radioactive waste packages.
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2.3.  Main structures and facilities at the site of the near-surface
repository

The layout of the territory of the near-surface repository and the auxiliary structures
shall be developed with due consideration to the experience in operating similar repositories
evaluated and summarised by the technical document of the IAEA (Technical considerations
..., 2001). The proposed near-surface repository will have the following most important
structures: vaults for the final disposal, the interim storage facility, the facility for service
systems and equipment, the laboratory and the administration building (Fig. 2.3.1). The whole
protected territory of the near-surface repository will be divided into the controlled area and
the supervised area. The radioactive waste disposal area with reinforced concrete vaults, an
interim storage facility and a facility for service systems and equipment will be located in the
controlled area. The administration building and the entrance for vehicles that deliver
radioactive waste packages will be located in the supervised areas.

Fig. 2.3.1. The conceptual design of the proposed near-surface repository (Reference
Design ..., 2002): 1 — the entrance and the security check; 2 — the administration, the central
control room and the laboratory; 3 — the interim storage facility for radioactive waste
packages; 4 — the facility for service systems and equipment; 5 — vaults for the final disposal
of radioactive waste and a shelter.

Controlled area

Modules under

construction
Controlled area
Unloading
Interim storage facility
Decontamination facility Modules ui?der
construction

General equipment

Modules being filled
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Filled and sealed
Administrative zone modules

Fig. 2.3.2. Layout of the territory of the near-surface repository (Technical considerations ...,
2001).

The administration building will have offices for the administration of the repository,
security and service staff of the repository. The building will have the central control room
and the laboratory one of the key objectives of which is to perform environmental monitoring
(to assess water, and soil contamination, air pollution and plant contamination) and to obtain
measurements related to the verification of the eligibility of radioactive waste packages. The
required structures, the layout of systems and their attachment to respective zones will be
adjusted during the preparation of territorial planning documents and detail design.

The scheme of the reception and transportation of radioactive waste packages in the
territory of the repository will be identical to the scheme described by the IAEA document
(Technical considerations ..., 2001). Upon receiving packages, they will be inspected for
their compliance with the eligibility criteria. Afterwards the waste packages will be
transported either to the disposal area or to the interim storage facility. Ineligible packages
will be returned to the producer of waste. The interim storage facility will have to
accommodate the number of waste packages received approximately during one week.

A remotely-controlled overhead crane performing the transfer of radioactive waste
packages from one zone to another and the loading of packages in vehicles will be mounted
in the interim storage facility. Shielding barriers will separate the package storage area from
the area where packages are received and inspected.

Roads in the territory of the near-surface repository joining the radioactive waste
packages reception area and the final disposal area will be designed so that the traffic does
not interfere with the final disposal operations and does not have any impact on the already
filled vaults of the near-surface repository.

The repository zone will consist of modules. The module under operation (the vault
into which waste packages are loaded) will be covered by a shelter. The purpose of the
shelter is to protect the unsealed vaults, equipment and the zone for unloading radioactive
waste packages from direct atmospheric exposure and at the same time to reduce the
potential impact (of ionising radiation or in the case of emergency). A remotely-controlled
overheat crane controlled from the central control room and performing the transfer of
radioactive waste packages will be mounted under the shelter. Lighting, monitoring, etc.,
systems will be attached to the shelter. When the vault is filled with radioactive waste
packages and closed (sealed), the shelter will be moved to the next vault.

Other systems required for the operation of the repository: the site drainage system,
power supply system (incl. substation), ventilation system (ventilation system with filters is
required for the premises where radioactive waste packages are received and inspected, also
for the interim storage facility, premises for the maintenance and repair of equipment and
decontamination of vehicles, laboratory premises, and for all other premises where radioactive
carry-overs can be generated; ventilation without filters will be installed in other premises),
water supply system (a local bore or water distribution system will be installed), wastewater
management system (wastewater accumulation, local treatment facilities, or connection to the
existing wastewater reservoir allowing to transmit accumulated wastewater to the existing
wastewater treatment facility), building heating system (local boiler-room or connection to the
existing district heating system), installations for the decontamination of vehicles and
equipment, installations for the maintenance and repair of equipment, fire protection system
and physical security system.

These and other systems and installations required for the operation of the repository
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will be described more thoroughly and in greater detail during the development of detail
design. It is especially important that the area of the repository remains dry; therefore, a
reliable drainage system will be installed, and a special attention will be given to its
efficiency (Rimidis A. ..., 2005).

During the detail design, the layout of the structures in the repository will be established
with due consideration to the site configuration. Considering the specific character of the
candidate sites, during the assessment of doses it was preliminary agreed that vaults will be
situated in 2 rows, and each row will have 25 vaults. It was also agreed that the absolute
altitude of the foundation of vaults will be 150 m in the Galilauké site and 154 m in the
Apvardai site. As a result of a complicated relief of the Stabatiske site, vaults would be
situated on two hills above the groundwater level, in the preliminary altitude of 154 m. and
153.5 m (Rimidis A. ..., 2006). During the detail design of the repository, the vaults, the
altitudes, the measurements and other parameters will be selected (adjusted) with due
consideration to the specific character of engineering barriers and the structure of waste
packages as well as to the specified volume of waste.

In order to ensure the physical security of the near-surface repository the whole
territory of the repository will be fenced and protection zones will be identified. Special
restrictions and requirements shall be established and respective protective technical
equipment shall be installed in these zones. According to the initial assessment, the fence
surrounding the territory of the repository must be located 150 m away from the vaults, and
the sanitary protection zone is recommended to be established in the area of up to 300 m
around the repository. The boundaries of the zone have been proposed with due
consideration to the results of the estimation of individual dozes described in Chapter 4.3.1.
These distances shall be reviewed during the drawing up of territorial planning documents
with consideration to the specific characteristics of the locality. The said estimation of doses
have been performed by making very conservative assumptions. More information about
waste to be disposed off and about the planned repository would allow to make a more
realistic assessment and to change the boundaries of the sanitary zone pursuant to the
applicable regulations.

Normative documents of the Republic of Lithuania obligate to consider the aggregate
impact of ionising radiation of all objects. This will be considered during later stages of
project implementation after a more thorough assessment of potential exposure doses. If
needed, the detail design may provide for special technical or organisational means to reduce
external exposure doses. One of the means to reduce individual or collective doses is to
promptly close the vaults of the repository without waiting for the whole repository to be
filled with waste.

2.4.  Engineering barriers of vaults of the near-surface repository
The engineering barriers of the fully constructed near-surface repository will consist of

reinforced concrete vaults surrounded by low permeable clay, while the whole system will be
covered by a long-lived multilayer erosion resistant cap (Fig. 2.4.1).
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Fig. 2.4.1. Cross-section of the vault after the closure of the repository (Reference
Design ..., 2002).

Gas may be formed and released during chemical and biological processes under
aerobic and anaerobic conditions. Hydrogen will be formed during the corrosion of metals
contained in the waste, also during the corrosion of drums and of the reinforcement of
packages, while methane will be formed during the decomposition of organic substances.
The structure of reinforced concrete vaults must allow the escape of gas released by the
waste. The assessment of the release of gas and the potential consequences is provided in
Chapter 4.3.3. The assessment of the release of gas and the potential consequences will be
reviewed during the detail design of the near-surface repository and the safety analysis
report. In order to prevent package disintegration threat, the permeability of solidified
radioactive waste and packages will be sufficiently high to release gas (products of chemical
and biological processes). Gas will be released from sections of the near-surface repository
through the gas permeable joints of reinforced concrete panels covering the vault, without
threatening the sections. A thin layer of sand will be poured over the reinforced concrete
panels of the vault prior to the construction of a clay barrier in order to ensure an even
distribution of gas (Reference Design ..., 2002). The escape routes of formed gas will be
assessed by the detail design.

Reinforced concrete vaults will be surrounded (from above, all the sides and the
bottom) by a low permeable puddled clay (water filtration coefficient k<10"° m/s) barrier
(Reference Design ..., 2002). Natural smectic Triassic clay found in Northern Lithuania has
the required features; tests and investigations of this type of clay have already been carried
out (Jonynas J., 2004, Sackus V., 2006). The thickness of clay barriers proposed in the initial
version is 1.5 m (Reference Design ..., 2002). In order to optimise the structure, thinner
insulating clay layers (of 30 and 50 cm as well as 1 m) have been studied, and it has been
established that 1 m of clay above and beneath the vault was sufficient enough to insulate the
vaults (Pusch R., 2006, Selection of ..., 2005). With due consideration to the engineering
barrier monitoring results, the thickness of these insulating layers can be adjusted during the
detail design. Furthermore, a drainage layer of approximately 1 m in thickness will be
constructed under the repository (Rimidis A., 2005).

It s proposed to cover the hill with grass. The advantages of such multilayer cover are
as follows: in Lithuania, stone is a valuable construction material; therefore, the use of stones
for the formation of the surface would increase the possibility of damaging the repository;
roots of plants reinforce slopes and protect them from soil erosion caused by wind and water;
grass cover accounts for the lesser depth of the frozen soil and therefore for a slower erosion
of slopes caused by the freezing and thawing soil; by evaporating much water, grass reduces
the possibility of humidity getting into the repository. Grass covered slopes are natural and
fitting in the landscape of Lithuania. The detail structure of engineering barriers and specific
characteristics will be identified during the detail design of the near-surface repository.

2.5.  Technological processes of the construction and operation of the
near-surface repository; the system of its surveillance

Earth works shall be the principal works during the construction of the repository. The
scope of earth work shall be specified in the detail design documentation. The layout of the
vaults and buildings of the repository in a specific site shall depend upon the characteristic
features of that site. Vaults may be situated in one long row or in several shorter rows in the
repository site (Reference Design ..., 2002). As the disposal of waste will continue for a long
time, it is worth while grouping the vaults into individual groups and not buildings all vaults
at the same time. Thus, the atmospheric impact on unsealed vaults as well as the maintenance
costs of unsealed vaults will be reduced. At the same time the repository may have vaults
under construction, operated vaults and sealed vaults (Fig. 2.3.2). The repository will be
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divided into vault groups with due consideration to the expected radioactive waste flow and
the characteristics of the site of the future repository. A certain distance shall be kept among
the vault groups so that different works (construction and operation) would not interfere with
one another. The preliminary evaluation shows that it is expedient to divide the repository
into four groups.

The most important technological processes during the operation of the repository shall
be the transportation, reception and final disposal of radioactive waste packages.
Conditioned radioactive waste packages ready for final disposal shall be delivered to the
near-surface repository. Radioactive waste packages meeting the eligibility criteria for the
disposal in a near-surface repository shall be transported to the final disposal area where they
will be transferred by a crane to the vault for final disposal or deposited at the interim storage
facility. Ineligible packages will be returned to the producer for repeated conditioning. Gaps
among radioactive waste packages loaded into vaults shall be filled with concrete or sand.
The filled vault shall be covered with reinforced concrete. In order for the vault structures
and radioactive waste to avoid hazardous atmospheric exposure, the filled vaults shall be
immediately reliably sealed. In order to reduce the surveillance time of unsealed vaults, all
vaults of the same group must be completely or partially sealed as soon as disposal is
completed. It will allow to reduce the ambient strength of ionising radiation as well as the
collective doze and individual doze.

During the closure of the repository the vaults will be covered by a protective
multilayer cover and a reliable rainwater drainage will be constructed in line with best
international practice (Procedures and ..., 2001). The closure of the repository will be carried
out according to the detail repository closure plan. During the development of this plan the
safety assessment shall be reviewed and the procedures and technique of the decontamination
and removal or sealing of structures, systems and equipment shall be provided (Mazo ir
vidutinio ..., 2002). The optimal duration of surveillance periods shall be established during
the development of the repository closure plan. During this stage it is very important to
develop methods and measures ensuring the safety of data pertaining to the repository.
During the surveillance the use of land in the territory of the repository shall be restricted;
therefore, it is extremely important to keep information and records.

The organisation operating the repository (RATA) will perform the active surveillance
of the near-surface repository and will keep records pertaining to the repository and disposed
waste, will ensure the physical protection of the repository, perform the required surveillance
of the repository, organise the monitoring of the repository and the surrounding environment
and, if needed, will perform corrective actions. The radiation protection will be ensured in
conformity with the applicable hygiene standards (Higienos norma HN 73:2001, 2002;
Higienos norma HN 87:2002, 2003).

After the active surveillance period the passive surveillance shall be carried out.
Records pertaining to the repository and waste shall be kept. During the period of passive
surveillance the use of land in the territory of the repository shall be restricted (certain types
of activities will be banned in the territory of the repository).

If required, protective barriers of the closed repository may be restored or waste may
be resorted even after 300 years.
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3. WASTE RELATED TO THE PLANNED ECONOMIC ACTIVITY

The construction of the repository is expected to generate only non-radioactive waste.
During the operation of the near-surface repository the largest amounts of non-radioactive
waste will be generated during operations carried out in the supervised area and in the
controlled area. Potential waste shall include construction and demolition (including the
building of roads) waste (concrete, bricks, tiles, ceramics, gypsum based materials, timber,
glass and plastic), municipal waste and similar commercial, industrial and organisation waste
(small metal articles, other metal articles, timber, clothes, textile, green park and garden
waste, compostable waste and other municipal waste).

The activity of waste generated in the controlled area will be inspected according to the
provisions of environmental normative document LAND 34-2000 (Normatyvinis dokumentas
..., 2000). Waste with the specific activity not exceeding the established exemption level
will be sorted and transferred to waste management enterprises according to the regulations
on waste management (Atlieky tvarkymo ..., 1999). The environmental impact shall not be
discussed by the present EIA due to a comparatively small amount of waste (the weight is
expected to reach 100-200 kg/day). The disposal of liquid non-radioactive household waste
shall not be analysed due to small amounts of such waste as well. Reference measurements
of specific activity of liquid non-radioactive household waste and rainwater shall be carried
out in accordance with provisions of environmental normative document LAND 42-2001
(Normatyvinis dokumentas ..., 2001) and environmental monitoring programme (Chapter 6
of this Report).

As only waste packages uncontaminated with radionuclides are accepted to the
repository, no secondary waste will be generated or only negligible amount of such waste
will be generated during normal operation of the near-surface repository. Potential
radioactive waste generated during the operation of the repository may include clothes of the
staff, liquid hygiene and cleaning waste, waste from cleaning and decontamination of
facilities, waste generated during the repair and maintenance of equipment, etc. If generated,
all solid and liquid radioactive waste will have to be collected according to the applicable
radiation protection and radioactive waste management requirements and transferred to the
Ignalina NPP for management. The domestic transportation of radioactive waste is regulated
by the rules approved by Order No. V-834 of the Minister of Health of the Republic of
Lithuania on 26 November 2004 (Radioaktyviyjy medziagy ..., 2004). Radiation and other
characteristics of such waste will be analogous to waste generated in the Ignalina NPP;
therefore, such waste may be treated using the existing facilities of the Ignalina NPP.

The capacities of treatment of the existing or forecasted radioactive waste of the
Ignalina NPP will not be increased as a result of the operation of the near-surface repository,
as the operation of the repository will only generate a negligible amount of radioactive waste
related to staff activities (a small number of staff). The amount of other waste will also be
negligible, as the prospective operating facility of the near-surface repository is not complex,
performs simple and automated cargo transportation operations, and the number of facilities
used is small.

Following the closure of the repository and the construction of the cap all facilities
related to the final disposal of radioactive waste packages as well as some of the buildings
will become no longer required. If further maintenance of such buildings and facilities will
not be expedience from the economic point of view, they will have to be dismantled. After
the expiration of the active surveillance period the remaining repository surveillance facilities
and buildings will become unnecessary as well. The plan of the decommissioning of the near-
surface repository, including the decommissioning EIA, will have to be developed during the
operation of the repository. During the development of the decommissioning plan a due
consideration will have to be given to the characteristic features of the operation of the
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repository and to the applicable requirements; therefore, this environmental impact
assessment report will not analyse the environmental impact of decommissioning waste.
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4. POSSIBLE IMPACT ON ENVIRONMENTAL COMPONENTS AND
MEASURES REDUCING THIS IMPACT

4.1 General data on environmental and social conditions

Geographical location of the region and sites

The features of the Ignalina NPP area (in which candidate sites of Apvardai, Galilauké
and Stabatiské have been identified) have been reviewed in the report on the identification of
candidate sites (Identification ..., 2004). The following principal geographical features of the
region restricting the potential territorial search for sites have been identified:

1. The geographical location of the region is eccentric with regard to the territory of the
country, major cities as well as administrative regional centres;

2. The geographical location of the Ignalina NPP (the key source of the radioactive
waste) is eccentric with regard to the region: the power plant is in the northeast of the region.

One of the most important peculiarities of the geographical location of the region is the
fact that it lies near the border, at the junction of three states (Fig. 4.1.1). The Ignalina NPP,
the source of waste to be disposed off, is also situated in the frontier zone, only 5 km away
from the state border, on the shore of a transboundary water body (Lake Driiksiai). The
analysed candidate sites are situated near the external border of the European Union.
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Fig. 4.1.1. Location of Apvardai, Galilauké and StabatiSke sites

APVARDAI SITE

The Apvardai site is situated in the eastern part of Rimsé neighbourhood of Ignalina
region, some 8 km southwest of the Ignalina NPP, 6 km southeast of Visaginas, 4.5 km east —
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northeast of Rimsé, 3.5 km southwest of Gaidé town, among the settlements of Zibakiai,
Girdziiinai, Bienitinai, Tripuckai and Viguténai, 1.3 northwest of Lake Apvardai, and some 3
km away from the state border with Belarus running along Lake Apvardai. The site is located
15.5 km away from the Lithuanian-Latvian border. The distance to the nearest major
Belarusian settlements: 6 km to Gireishi and Grituny, and 17 km to Vidzy town.

The distance to the nearest regional road (No. 113, Visaginas-Dukstas) is
approximately 4 km by local roads. There are alternative local automobile routes leading
from the nuclear power plant. The site is 4 km northeast of the PusSnis telmathiological
reserve.

GALILAUKE SITE

The Galilauke site is in the far north-eastern part of Rim$¢ neighbourhood of Ignalina
region, some 4 km southeast of the Ignalina NPP, 9 km east of Visaginas, 11 km northeast of
Rimsé, 2.5 km northeast of Gaidé town, among the settlements of Vosiliskis, Kalnezeris,
Madioniai, Svik§¢ioniai, Varniskiai and Galilauké. After the boundaries of municipalities of
Ignalina region and Visaginas were changed in 2002, the settlement of KalneZeris was
attributed to Visaginas Municipality; therefore, the site is said to be located at the border of
two municipalities, viz. Ignalina region and Visaginas.

The site is located 0.6 km away from Lake DriikSiai, 0.7 km west of the DriikSa River
and the Lithuanian-Belarus border. There are no border crossing points in the vicinity of the
site. The distance to the nearest major settlements of the Republic of Belarus: 4 km to
Drisviaty town, 3-4 km to the settlements of Grituny and Gireishi, 18 km to Vidzy town, and
26 km to Braslav town. The site is located 11.5 km away from the nearest Lithuanian-Latvian
border crossing point. There are no major settlements in the Latvian frontier zone.

The distance from the Galilauké site to the nearest regional road (No. 177, Ignalina
NPP-Visaginas) is approximately 3.5 km by local roads There are no alternative local
automobile routes (except for field roads) leading from the nuclear power plant.

The distance to the nearest Lithuanian protected territories is 8-10 km. The distance
from the planned facility to the Braslav National Park in Belarus established in 1995 is some
20 km.

STABATISKE SITE

The Stabatiske site is in the eastern part of Visaginas Municipality, some 1 km southeast
of the Ignalina NPP, in the territory used by the Ignalina NPP. Annex 2 describes sanitary
protection zones of objects surrounding the site. The site is 7.3 km away from Visaginas and
some 1.5 km away from villages of Marijonavas, Vikaragis and Skryteliai. The site is
surrounded by automobile roads, and the railway tracks run some 700 m away from the
proposed site of the repository. Wastewater treatment facilities and the household waste
landfill are located approximately 0.5 km and 1.5 km to the southwest, and the construction
waste landfill — some 0.5 km to the south. The wastewater route (used for the delivery of
domestic wastewater from the nuclear power plant to treatment facilities) runs adjacent to the
site (in the southwest).

The site is 1.5 km away from Lake DrikSiai and some 4 km away from the Lithuanian-
Belarus state border. There are some 9 km to the state border with Latvia.

The distance to the nearest major settlements of the Republic of Belarus: 6.5 km to
Drisviaty town, and 7.5-8 km to the settlements of Grituny and Gireishi. The distance to the
nearest Lithuanian protected territories is 8-9km. The distance from the planned facility to the
Braslav National Park in Belarus established in 1995 is some 20-23 km. The planned
repository is over 15 km away from the nearest protected territories in Latvia, the Silene
Nature Park and Ilgai and Glushonka Nature Reserves.
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COMPARISON OF THE GEOGRAPHICAL LOCATION OF THE SITES

The most significant similarities of the geographical location of the sites:

1. The Galilauké site and the Apvardai site are in the territory of the same municipality
(Ignalina) and the same neighbourhood (Rims¢). The StabatiSke site is located in the territory
of Visaginas Municipality;

2. All three sites are located in the frontier zone;

3. All sites are situated near transboundary water bodies;

4. The sites are further away from larger rural settlements of Rim§¢ and Gaide;

5. All sites are close to the railway;

6. All sites are further away from protected territories.

Differences of the geographical location of the sites:

1. Distances from the source of radioactive waste, i.e. the Ignalina NPP, are slightly
different. The Stabatiské site is the closest to the Ignalina NPP.

2. Different access by the existing automobile roads; the StabatiSké site has the best
access.

Socioeconomic importance of the region and the environs of the sites;
natural resources

Socioeconomic condition and development of the region has been thoroughly described
in earlier studies (Atominé ..., 1997, Ignalinos AE regiono ilgalaikio ... , 1998, Socialiniai ... ,
1999; Ignalinos AE regiono ... , 2002; Identification ... , 2004; Ignalinos atominés elektrinés
regiono ... , 2004); therefore, the present EIA report will only present a short assessment of
the existing and prospective socioeconomic importance of the region.

The social importance of the region lies in the especially deep contrasts of the social
development of the population, viz. the region of the Ignalina NPP may be described as the
region of a deep long-term demographic crisis and of the lowest personal income in the
country (excluding Visaginas and the nuclear power plant), and at the same time — as the
source of the most favourable natural demographic processes and of the highest income level
(Visaginas and the nuclear power plant). The preservation of the stability and the introduction
of the sustainable development of such a contrasting region may gave a huge impact on social
stability of north-eastern Lithuania and maybe on social stability of the whole country. It
must be noted that the region is especially important from the multicultural development
perspective, as the area of the interface and interaction of different cultures. The fact that the
region is characterised by a unique consistent political orientation (described as a separate
political geographical region) and is exceptionally important for the political stability (both
domestic and international) of the country is also important.

The economic importance of the region is controversial as a result of hardly compatible
economic development trends inherited from the Soviet era. On one hand, the region has an
especially high energy potential of national (and transnational) importance. On the other
hand, the importance of the industry and traditional bioproduction (except forestry) of the
region for the national economics is insignificant (the region accounts for only 0.5% of the
domestic industrial production, 1-2% of agricultural production, and attracts only 1.4% of
material investments). Third, the region is characterised by an exceptionally huge tourism
and recreation potential; it has been and still is one of the most important regions of leisure
industry in Lithuania that had (and is regaining back) an international importance.

According to the General Plan of the Territory of the Republic of Lithuania approved in
2002 (Lietuvos Respublikos ..., 2002), the priority perspective functions in the region shall be
environmentally-friendly forestry, recreation and conservation. This region is the second
functional area (after the seacoast area) where the priority of recreational application of
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national importance is evident. On the other hand, the General Plan recognises that the region
will have local areas for the development of industry (in the vicinity of the Ignalina NPP).

The designation of agrarian areas of the region is low and intermediate intensity
farming in erosion-sensitive lands. From the resource point of view the priority shall be
given to the development of grasslands and to activities alternative to agriculture. The region
has favourable conditions for the development of forestry in degrading or relinquished
agricultural land. Conditions are also favourable foe the development of hunting, fish
farming and apiculture. In the long-run the forestry should be oriented towards a more
intense recreational use of forest and protective functions of forest in the region.

The region has peat and clay resources of national importance.

The neighbouring Belarusian frontier zone has a prevailing low-intensity bioproduction
with unfavourable development opportunities as a result of low-fertility of lands, the lack of
their cultivation and the seclusion of the area. Other directions of economic activities are
restricted in the area by the frontier regime.

APVARDAI SITE

The territory is of a little social importance, as a result of the low number of residents
and their demographic situation. The economic importance of the area is also very low, as it
is used for extensive subsistence farming and forest-plant cultivation following the
recultivation. In the long-term outlook the forest development would only have a local
resource importance. The recreational importance is also very low due to the lack of
conditions and resources. There are no other important natural resources in the territory.

The agrarian importance of the territory may grow in future, as it predominantly has
large cultivated meadows and pastures (as well as appurtenances) that are favourable for the
development of organic animal husbandry.

GALILAUKE SITE

The territory is of a very little social importance, as a result of the low number of
residents and their demographic situation. The economic importance of the area is also very
low, as it is used for extensive subsistence farming. The recreational importance of the
territory is rather low as a result of the lack of conditions and resources; however, the
appurtenances are favourable for recreational activities of a local importance). There are no
other important natural resources in the territory.

On the other hand, this frontier territory has a local importance for border guard and
national defence; therefore, it cannot be abandoned or underdeveloped even if it is
insignificant from the socioeconomic point of view.

STABATISKE SITE

Presently, there are no residents in the Stabatiské site or in the vicinity. They have been
relocated prior to the commencement of the construction of the nuclear power plant.

There are no explored or evaluated mineral deposits in the territory of the site, and the
planned economic activity has no impact on the exploitation of other deposits. There are no
recreational resources or any other resources favourable for the development of organic
farming in the territory, as the territory is heavily anthropogenised. The site could be
favourable for forest development as a compensation to technogenic disturbances of the
landscape resulting from the construction of the nuclear power plant and the development of
its infrastructure.

COMPARISON OF SOCIOECONOMIC AND RESOURCE IMPORTANCE OF
THE SITES
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Similarities of the sites:

The socioeconomic and resource importance of all the sites is insignificant and
microlocal;

All three sites are located in the frontier zone; pursuant to Legal Regulations of the
Frontier approved by Resolution No. 598 of the Government of the Republic of Lithuania
dated 30 April 2002 (Pasienio teisinio ..., 2002), “economic or commercial activities are not
restricted in the frontier zone (except in the frontier strip, the state border protection zone and
inland waters of the frontier zone).”

Differences of the sites:

The Apvardai site is more favourable for the development of organic bioproduction, and
it has a greater potential.

Other industrial or military activities in the vicinity of the sites; surface and
air transport; other factors that may have impact on the safety of facilities

In terms of safety, there are no hazardous industrial facilities in the sites or in their
vicinity, except for the Ignalina NPP itself. There are no high-pressure pipelines in the
vicinity of the sites. The prospective Pabradé-Visaginas gas pipeline will run to the west
from the Stabatiské and Apvardai sites.

There are high-tension power transmission lines near the Apvardai site (to the north);
however, they are not related to the security of the object.

The location of the sites is favourable as far as air transport routes are concerned, as
there are no permanent air corridors above the sites. The sites are part of the no-flight zone
above the Ignalina NPP (within the radius of 5.4 nautical miles). There are no other zones
where flights are restricted in the vicinity of the sites. No dangerous (as far as air accidents
are concerned) zones have been identified in the vicinity of the sites. The nearest operating
military aerodrome is 50 km away near Pastavy in Belarus, and non-operating — near
Daugavpils in Latvia (35 km away). The nearest registered civil aerodrome in Lithuania is in
Zarasai (28 km away; hardly ever used).

As it has already been mentioned, all three sites are in the frontier zone. This factor is
considered to increase the safety of the sites.

4.1.1. Water
General hydrographical situation and hydrological characteristics

The sites under consideration are situated south of Lake Druksiai, within its basin.
Lake Druksiai belongs to the Daugava basin (Lake DriikSiai — the Prorva —the Driiksa
(called the Drisviata in Belarus) — the Dysna — the Daugava — the Riga Bay of the Baltic
Sea). The Rychanka, Druksa (Apvardé¢), Smalva, Gulbiné and Gulbinélé rivers and another
six nameless streams flow into Lake Driksiai (Table 4.1.1.1), and the Prorva river flows out
of it (Table 4.1.1.2). The natural annual water exchange (transmissivity) in Lake Driiksiai is
only 29%; however, the large volume of lake water ensures the dilution of the flow.

Prior to 1953 two rivers, the DruksSa and the Prorva, used to flow out of Lake DrukSiai,
and the area of the lake was 466 km?2. 3.5 km downstream from the end of the lake, the
Druksa joined the Apyvardé flowing out of Lake Apvardai. Downstream from the
confluence the river was called the Driik§a or Drisviata; 14 km downstream the Prorva fell
into it. The total length of the DriikSa was 48.1 km. During the construction of the city of
Visaginas, the city's domestic wastewater was directed to treatment facilities situated at Lake
Skripkai. Treated water flows from the said Lake Skripkai to the Gulbinélé rivulet flowing to
Lake Druksiai.
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Table 4.1.1.1. Characteristics of Lake Druksiai

Lake No. (cadastre) 33-7
Area, ha 4,480
Average depth, m 8.21
Deepest point, m 33.3
Volume of water, thousand m? 367,650
Area of the basin, km? 620 (4707
Transmissivity, % per year 29
Effluent Prorva

*76% (3,700 ha) belongs to Lithuania, while 24% (1,200 ha) — to Belarus. According to the List of
State Lakes, 3,204.9 ha are in Zarasai region, and 417 ha — in Ignalina region.
** The area excludes the Apvardé basin.

Table 4.1.1.2. Tributaries and effluent of Lake Druksiai

Tributaries and effluent Length, km Area of the basin, km?
Rychanka 20.3 213
Apyvardé 11.4%** 147
Smalva 11.9 88.3
Gulbiné 8.0 33
Gulbinélé* 5.9 6.3
Other small tributaries - 76.4
Prorva (effluent) - 613

* Treated domestic wastewater of Visaginas city are released into the Gulbinélé.
** Including 4.4 km of the former bed of the Driiksa.

The area has natural swamps varying in size, the most important including lakeside
swamps on the south-western shore of Lake DriikSiai and the northern shore of Lake
Apvardai, as well as riverside swamps along the Apyvardé¢ (Druksa). The largest swamp
areas are located north of Lake Apvardai. Small swamps related to specific sites are
described below in respective subsections of this chapter.

The hydrographical network of the basin of Lake DriikSiai was substantially changed in
the 20™ C. At around 1912, during the construction of a watermill a canal was excavated
between Lake DriikSiai and Lake Stavokas. Some of the water flowing out of the lake along
Lake Stavokas and Lake Obolé started flowing along the new bed straight to the river
Druksa, and the remaining water flowed as the old effluent. After a hydro-electric power
plant was constructed downstream from Lake Stavokas in 1953, a sluice was installed for the
control of the flow. During the same year the DriikSta (the Drisvéta, or Drisviata in
cadastres) was dammed 50 m downstream from the Apvardé mouth by a 3-metre-high dyke
(before the lake was dammed, the Driik§a was an effluent of the lake). The whole flow of
Lake Apvardé was thus directed along Lake DriikSiai and from it — along the new effluent.
The 300 kW hydro-electric power plant was decommissioned in 1982; the hydrographical
network, however, was not re-naturalised. The Druksa dam is in Belarusian territory. The
state of the dam and operation conditions are not known. If the dam is demolished or
naturally falls in decay, water from Lake DriikSiai will once again start flowing in two
directions, i.e. along the Prorva and the Driksa.

In 1953, a dam was constructed at the confluence of the DriikSa and the Apvardé¢, and
the whole flow of the Apvardé was thus directed to Lake DriikSiai whose basin as a result
grew to 613 km?®. The flow direction was changed in the section of the Driik§a between the
effluent and the confluence with the Apvardé. As a result, Lake Druksiai has a sole effluent,
viz. Prorva (in Belarus). At present the average flow of the Prorva flowing out from Lake
Druksiai is 3.2 m*/s. The Prorva’s length from the point of outflow to the confluence with the
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Driiksa is 12.3 km. Downstream from the confluence with the former Driiksa the river was
bifurcated by man. The DriikSa is the right-bank tributary of the Dysna. The total
hydrographical distance from the outflow point from Lake DrukSiai to the Dysna is 44.5 km.
The total length of the Dysna is 173.4 km, and the area of its basin is 8,179.5 km?. Its average
flow at Kazénai is 10 m%/s, and as large as 30 m’/s at Sharkovchizna. Downstream from
the confluence with the Druksa (Drisviata), the Dysna flows for 113.6 km before falling into
the Daugava (near the town of Dysna in Belarus), some 425 km from the mouth of the
Daugava. The average flow of the Daugava at the mouth of the Dysna is 288 m?/s, and as
large as 451 m?/s at Daugavpils. In its mouth (the Riga Bay), the flow of the Daugava
reaches 700 m?/s.

The hydrographical distance from the point of outflow from Lake Druksiai to the Riga
Bay in the Baltic Sea is about 580 km (information is provided in Chapter 8). Given the
location of the candidate sites, it can be stated that the hydrographical distance from
Galilauke, Apvardai and StabatiSke sites to the Baltic Sea is approximately 587 km, 601 km
and 591 km, respectively.

Description of land reclamation systems

The hydrographical network of the area has especially been changed by selective (of a
comparatively small territories) drained land reclamation. It changed the length and the
density of river beds as well as hydrographical dependency of basins, as certain secluded
swampy lowlands were joined with natural waterways or lakes. Drained land reclamation
was especially intensive in the 70’s of the 20™ C. We have no more detailed data on the
impact of the drained land reclamation on the whole area.

The key results of the drained land reclamation were as follows: beds of small natural
rivulets (the Gulbin¢l¢) were canalled, and secluded swampy lowlands were joined with
waterways by canals. As a result, also due to the underground drainage network, the
hydrological regime of natural waterways could have been changed in drained areas. The
situation of the majority of land reclamation systems is either satisfactory or bad, as there are
many unclean canals, and in certain areas (e.g. between Sviki¢ionys and Berzininkai
villages) water is accumulating in lowlands as a result of the bad operation of drainage.

Characteristic features of the hydrological regime of the territory

Data of various posts can be used for the hydrological description of the southern side of
the basin of Lake DriikSiai; summarised sources also exist (Jurgeleviciené ir kt., 1983). The
water measuring station at the point of outflow from Lake Driik$iai is located in Lake DriiksSiai
near the Prorva canal. There are 8 operating water measuring stations in the basin of Lake
Druksiai, excluding the water measuring station on the Gulbinélé (Gailiusis ..., 2001, p. 714);
the latter has not been indicated in this source. However, according to the diagram on page
122 of the same source, the basin of Lake DriikSiai does not have a single water measuring
station of the Lithuanian Hydrometeorological Service. It seems likely that former 8
departmental stations are no longer in operation. At present Lithuania has three departmental
stations of the Ignalina NPP, viz. Gulbin¢, Gulbin¢lé and Object 500 (in the town of Drisviaty
in Belarus). According to the data of the Belarusian Hydrometeorological Service, there is
one water measuring post on the Belarusian side in the basin of Lake Druksiai, i.e. on the
Rychanka river. During the construction and operation of the Ignalina NPP, data of 10 posts
established in 1926-1976 and operating for different length of periods were used for
hydrological research (Jurgeleviciené ir kt., 1983).

Based on flow maps (Resursy ..., 1969) compiled prior to 1969, the hydro module of
the upper reaches of the Dysna is 7.5 1 s km? (Table 4.1.1.3). It is 30% higher than the
hydro module of the basin of Lake DriikSiai calculated over a short period. Till and clay
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prevail in sites. As a result of the land reclamation system, groundwater inclinations are
towards the Apvardeé, Lake Druksiai and the Gulbinele (the Galilauke site) and towards Lake
Apvardai (the Apvardai site). The flow of groundwater is 2-3 1 s km™ (Resursy ..., 1969). As
a result of a comparatively continental nature, 45-60% of the surface flow in the area is due
to the spring flood (Jurgeleviciené ir kt., 1983).

Table 4.1.1.3. Hydrological characteristics of the southern side of the basin of Lake
Druksiai (according to Resursy ..., 1969)

Indicator Numerical value
Average annual flow, 1/s km? 7.5
Minimum flow module during the cold period, I/s km? 3.3
Minimum flow module during the warm period, 1/s km? 2.5
Winter flow module, 1/s km? 5.5
Summer-autumn flow module, 1/s km? 4.7
Average flow height during the spring flood, mm 75
1% probability of the flow height during the spring flood, mm 137

As it has been mentioned already, the described area has an increased surface flow as a
result of the activities of Visaginas treatment facilities. Treatment facilities are adapted for
full biological treatment with an additional treatment using sand filters. The efficiency is up
to 300 1 s'. Treated domestic wastewater is released to Lake Driikiai via the Gulbinélé
rivulet. As a result, the flow of the Gulbin¢lé (the average natural rate of flow is
approximately 37 1 s™') may increase several times. On 23 August 2002 the rate of flow of the
Gulbinélé was 103 1s™ (hydro module: 16.3 1 s km™?), while on 5 July 2004 the rate of flow
was 99 1 s (hydro module: 15.7 1 s km?). Meanwhile, on 23 August 2002 the hydro
module of the Gulbiné was 19 times lower (0.85 1 s km™) than that of the Gulbinélé. The
natural hydro module of these tributaries should be similar (Table 4.1.1.4). Hydrochemical
tests of water of the Gulbinél¢ demonstrate that treated domestic wastewater of Visaginas
does not have biochemical characteristics similar to those of the surface water in the vicinity;
treated wastewater has an especially high concentration of phosphorus (Table 4.1.1.10).

Table 4.1.1.4. Flow of the tributaries and effluent of Lake DrukSiai

Rivulet Hydro module, 1 s km™ Percentage of the flow of tributaries
in the basin, %

Rychanka 5.0 40

Apyvardé 5.8 24

Smalva 5.8 17

Gulbiné, D-3, D-4 5.8 8

Other small tributaries 4.5 11

Characteristics of water level fluctuation of Lake DriikSiai

Water level fluctuations of Lake Druksiai are especially important for the Galilauke site.
Data of the Lake DruksSiai water measuring station show that the lake water level
fundamentally changed at around 1953 (after the hydro-electric power plant commenced its
operation) and at around 1982 (after the decommissioning of the hydro-electric power plant).
In 1952-1982 the lake water level was approximately 0.3-0.5 m higher than before and after
the specified period (Fig. 4.1.1.1).
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Fig. 4.1.1.1. The amplitude of water level fluctuations of Lake DriikSiai, m. The
height of 0.0 m is equal to the altitude 140.26 m.

According to the previous research data (Jurgeleviciené ir kt., 1983), the absolute
amplitude of the level of water in Lake DriikSiai was as big as 150 cm (the average monthly
level amplitude is 136 cm). It means that the highest level of the lake could have been 142.35
m of the absolute height. The maximum level is most frequently observed in April. During
the operation of the hydro-electric power plant, level fluctuations were periodic. The average
duration of the spring flood: 82 days. The average intensity of the rise of the water level: 2.3
cm/day. The rise of water is more intensive than the settlement, therefore the settlement
phase takes 2/3 of the flood duration.

After the decommissioning of the “Tauty draugysté” hydro-electric power plant and the
commencement of the regulation of the level of Lake Druksiai (first of all — for the needs of
the Ignalina NPP), the amplitude of fluctuations of the lake level is thought to have been
decreased several times (Fig. 4.1.1.1).

Probability of flooding of the territory

This part reviews the probability of floods in the southern part of Lake Driiksiai. It
should be noted that there are no data on any previous floods in this area. Only the spring
flooding of riverside and lakeside swamps is common. The probability of floods in the
discussed area has been identified during the evaluation of the whole territory of Lithuania
regarding floods (Taminskas, 2002). Having established qualitative criteria of flooding, it has
been stated that the probability of flooding is low. If flooding of the Dysna valley in Ignalina
region is eliminated, the probability of flooding in the remaining territory of the region is
very low. The area should not be classified as a territory with unfavourable farming
conditions due to flooding.

The threat of flooding the area and even the region would emerge if the flow from Lake
Druksiai along the Prorva would be discontinued for technogenic reasons and if the sluice
was of an unlimited height. The probabilities of the fluctuation of water levels in Lake
Druksiai and the DrukSa-Apyvardé are provided in Table 4.1.1.5. Thus, if the lake water
level rises 0.4-0.5 m (to 142 m of the absolute height), the changed direction of the Druksa
(Apyvardé) in the section from Macioniai village (the former point of outflow) to the area
downstream the dam would correspond to the direction before the erection of the dam.

Table 4.1.1.5. The probability of the potentially biggest flooding of Lake Driiksiai, Lake
Apvardai and the Druksa-Apyvardé river
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Probability, % DrikSiai Driik§a-Apyvardé
99 141.28 141.68
95 141.31 141.71
90 141.5 141.85
80 141.59 141.99
70 141.67 142.07
60 141.84 142.24
50 141.90 142.30
40 141.95 142.35
30 142.03 142.43
20 142.10 142.50
10 142.20 142.60
5 142.25 142.65

1 142.27 142.67
<1 143.10 144.00

Local flooding can be caused by other reasons (obstacles in waterways, intense
precipitation or melting of snow). The rise of the groundwater is possible only in the nearest
area of the damming of surface water; however, it will not exceed the highest altitude of
surface water.

The potentially highest rise of the water level in Lake Druksiai depends upon the
altitude of the upper pool of the sluice on the Prorva, which is presently being specified. In
any case, the rise should not exceed 144 m of the absolute height (it is the altitude of the top
of the earth dam); however, such rise of the water level of Lake Druksiai can already impact
the interbasin transfers of surface water including lakes Apvardai, Zilmas, Riizas, Alksnas
and some other lakes in the discussed territory.

The global sea level rise is not relevant for the area, as the absolute height of the sites is
140-180 m: such global sea level rise is not expected for the nearest 300 years.

Information about local conditions of the formation of surface (basic) flow

In order to describe local conditions of the formation of flow it should be noted that the
amount of precipitation during the vegetation period differs only by 3% on different slopes of
glacial hills; however, the difference of amounts of short-term precipitation can amount to 8-
12% or even more in the case of showers (Gidrologiceskije ..., 1988, Ignataviciené, 1972;
Kausyla, 1973). The height of the coat of snow on different slopes of glacial hills differs by
1.7-3.6 times (Gidrologiceskije ..., 1988) even though water resources in the snow differ less.
This is determined by different thickness of snow. Wind directions prevailing in the region
in winter determine larger snow deposits on the top and middle sections of northern and
north-eastern slopes of the hill. Convex slopes are characterised by large snow water deposits
in the upper sections of the slope, which increases the erosive potential of water generated by
the melting snow.

The frost of the soil is an important local factor of the flow formation. Previous studies
of the hilly moraine agro-landscape established that in heavy winters the depth of the frost in
moraine hills varied from 30 cm in peaty foot of the hill to 90 cm on weather-beaten hilltops.
The frost on arable slopes and hilltops is 10-50% deeper than in the area of perennials
(Gidrologiceskije ..., 1988).

The Institute of Land Reclamation (later renamed to Water Management Institute) of
Lithuania had standards for the study of drainage systems, ditches and surface flow installed
in a similar physical geographical location not far from the considered territory (near
Saldutigkis, north of Lake Ziezdrelis, Utena region). Data of observations carried out in
1960-1995 on hilly moraine agro-landscape have been published (Hidrometrinis ..., 1995,
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1997). These long-term and precise measurements taken in medium till formations of
waterlogged lowlands on high hypsometric level may be used for the assessment of drainage,
slope and ditch flow. Drainage, ditch and surface flow have also been measured in
Antaniskis (Zarasai region) water measuring stations for a few years.

Data obtained on the analogy of Saldutiskis demonstrate that the maximum
instantaneous drainage flow amounts up to 26.6 1 s km?, while the average for the wettest
month (April) —0.17 1 s km™? (in some years —up to 0.26 1 s km™?). The maximum drainage
flow is in March and April. In recent years, with the increasing probability of warm winters,
the drainage flow of winter increased as a result of more frequent thaws. It amounts up to
11.93 1s™ km™ (Table 4.1.1.6).

Table 4.1.1.6. Average and maximum drainage flow in hilly moraine agro-landscape, 1
s km™ (on the analogy of Saldutiskis)

Month I 1T 111 v \4 VI VII | VIII | IX X XTI X1II

Average | 0.09 | 0.07 | 0.13 | 0.17 | 0.08 | 0.06 | 0.05 | 0.04 | 0.05 | 0.07 | 0.07 | 0.09

Maximu
m 10.41 | 590 | 26.60 | 22.47 | 7.47 | 3.98 | 2.12 | 297 | 2.60 | 455 | 5.19 | 11.93

During the melting of snow the maximum flow of land reclamation canals in hilly
moraine agro-landscape reaches 80.44 1 s km™, while the average for the wettest month
(April) is up to 15.99 1 s km™ (Table 4.1.1.7). The average annual flow of land reclamation
canals is 5.6 1 s km™?; however, during the summer drought when underground nourishment
prevails the canal flow is only from 1-3 1 s™ km?.

The surface (slope) flow is usually observed during the melting time in spring or during
winter thaws. The duration is from 8 to 49 days (the average of 19 days). The maximum
instantaneous surface flow established on the analogy of Saldutigkis is up to 142.7 1 s km™,
while the average monthly flow — 0.89 1 s' km? (Hidrometrinis ..., 1997). The surface
flow with 90% probability (duration: 9 days), the average annual flow is 0.08 1 s km™
(Table 4.1.1.8).

Table 4.1.1.7. Average and maximum ditch flow in hilly moraine agro-landscape, 1 s

km?

Month I I 111 10% \4 VI VII | VIII | IX X XI X1II

Average| 5.46| 5.29| 13.13] 1599 5.72| 1.65| 2.37| 1.22| 1.02] 3.10] 4.58]| 7.36

Maximu
m 19.90| 27.86| 80.44| 58.11| 35.67| 7.51| 10.59| 4.30| 3.93| 9.57| 13.29| 30.88

Table 4.1.1.8. Probability of a surface flow in hilly moraine agro-landscape, 1 s™' km™

Probability, % Average annual, 1 s™ km™ Maximum, 1s” km™ Duration,
number of days
10 3 125 24
50 0.21 16 17.5
90 0.08 3 9

Some basic water balances

As it has been mentioned already, territories that are candidate sites for the construction
of the repository are of a hilly moraine agro-landscape nature. On the other hand, the key
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elements intended to be used in the construction of the repository shall be ridged steep hills.
Therefore, comprehensive studies of hydrological and hydrochemical regimes of basic agro-
landscapes (slopes around the lake) carried out in the 80’s of the 20™ C in the eastern part of
Lithuania may be employed for the description of basic water balances of their slopes.
Published data (Dilys, 1986, Dilys, 1994 — 1995) reflect the average values of 5
hydrological years (Table 4.1.1.9). Studies have been carried out in typical slope sections of
50 to 180 m in length.

Table 4.1.1.9. Some basic water balances of slopes under hilly moraine agro-landscape
conditions of the eastern part of Lithuania

Indicator Site 4(16) at Lake Site 7(18) at Lake Site 8(20) at Lake

Vélys Kemesys Ukojas
Slope characteristics
Exposure North North Northeast
Soil Average till on light till
Glacial loam on light till |with a streak of clay under Clay
boulder
Steepness of the slope 5° 6° 3°

Water balance, mm

Soil moisture content in the
layer of 0-150 cm at the 371.6 454.5 496.5
beginning of winter

Precipitation (cold season +

729.9 (188.3+541.6) 673.1 (152.5+520.6) 652.0 (140.7+511.3)
warm season)
Surface flow 77.2 57.0 68.2
irllnﬁltratlon deeper than 150 2373 2452 188.9
Total evaporation 405.6 392.1 400.3
Soil moisture content in the
layer of 0-150 cm at the 383.6 430.4 489.7

beginning of next winter

Nature and condition of hydraulic installations

Different kinds of hydraulic installations exist in the environs of the sites; however,
only a small number of them is important in terms of hydrological regime of the area. Such
waterworks include:

1. The sluice (the so-called “Object 500”) in the town of Drisviaty in Belarus on the
Prorva canal that regulates the water level in Lake Driiksiai. The sluice is important both for
the operation of the nuclear power plant and for the hydrological regime of the area, as it
affects the water level in Lake DriikSiai and thus (through groundwater) the hydrogeological
regime of a part of the basin of the lake.

2. The blind earth dam on the Drisviata river near the former confluence with the
Apvarda river. This hydraulic installation changed the flow direction of the natural stream
that used to flow out of Lake Druksiai, and in interaction with the abovementioned sluice it
changed the regime of the water level in Lake Driik$iai. If the dam disintegrates, the water
level in the lake and the outflow from it can naturally return to the former condition.

We do not have any data on the blind earth dam on the Drisviata river; however, it
should be noted that the Lithuanian-Belarus intergovernmental agreement regulates the
operation of “Object 500 (the sluice) and does not regulate the operation of the dam on the
Drisviata. According to the agreement between the Government of the Republic of Lithuania
and the Government of the Republic of Belarus on “Object 500” and the “Tauty draugysté”
hydro-electric power plant, there is an enclave of 1.31 ha in the settlement of Drisviaty in
Belarus that belongs to the Ignalina NPP, which was transferred to the nuclear power plant
by the resolution of the Executive Committee of Vitebsk region. The enclave has a sluice
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(code name: “Object 500) on the Prorva river, which is required to preserve the water level
in Lake DriikSiai and which is entered into the balance sheet of the Ignalina NPP. The
building of the “Tauty draugysté” hydro-electric power plant located 1.5 km downstream the
Prorva river, Belarus, as well as the dam and intake, outlet and connecting canals are also
entered into the balance sheet of the Ignalina NPP. The agreement of 6 February 1995
between the Government of the Republic of Lithuania and the Government of the Republic
of Belarus on “Object 500” and the “Tauty draugysté” hydro-electric power plant states that
in order to secure the safety of the Ignalina NPP and other energy units the Government of
the Republic of Belarus transfers “Object 500” and its installations to the ownership of the
Republic of Lithuania.

These installations are important as far as the probability of the alleged or potential
flooding of repository sites is concerned; therefore, the absolute height of their upper pools is
important. The upper pool of installations is described differently (“Object 500”: 143.1 m);
therefore, the maximum water level of Lake DriikSiai to be expected in emergency situations
(when the sluice fails to let water through or when one of the installations breaks down) is
unknown. The level of the dam on the Drisviata may be 144 m of the absolute level, i.e.
approximately 2.4 m higher than the average perennial level of Lake Driksiai and 1.1 m
higher than the level of Lake Apvardai. The altitude of the upper pool of the dam is 143.1 m,
normal backwater level — 141.6 m, minimum water level — 140,7 m, and the maximum water
level — 142.3 m.

Existing water consumers

Principal water consumers in the vicinity (area) of the Galilauké, Stabatiské and
Apvardai sites are the Ignalina NPP using water of Lake Druksiai for cooling and the
community economy and enterprises of Visaginas city using groundwater from the water
extracting site located 1.5 km west of the Stabatiskeé site, 2 km north of the Apvardai site and
3.5 km west of the Galilauké site. Residents use groundwater from shaft-wells.

There are no irrigation fields or other significant surface or underground water supply
systems, also artificial fish hatchery ponds in the vicinity of the sites (however, there used to
be plenty of them a little bit further from the analysed territory, within the radius of 5-10 km
from the potential repository sites; this direction will not be analysed any further due to
insignificant relation to the topic of the study). There are underground water bores and water
raising equipment in the vicinity of the sites.

General hydrogeological conditions

The general hydrogeological situation of the area in the profile up to the upper-middle
Devonian aquiferous complex (the Sventoji-Upninkai) is described based on earlier research
data (Identification of Candidate ..., 2003). Also, the description has been supplemented
with the initial data of the research that is being carried out.

Groundwater in the openings and sandy inserts of the upper part of the moraine in the
area south of Lake DriikSiai is relatively high (near the surface) and is close to surface water
according to the nature of the level regime. This water does not form any continuous or
evident aquifer in moraine formations. Based on research data, the moisture content of the
moraine does not reach the level of full saturation with water; therefore, moisture transfer
mechanism of the aeration zone is characteristic to continuous moraine formations with the
thickness of 15-20 cm, while the rate of flow of water accumulated in wells and bores located
in the upper layer of the moraine is very low. Semi-confined and confined aquifers are
twenty or more metres deep from the surface of the earth, and their safety conditions cause
no reasons for any doubt.

Conditions for the formation of the soil run-off are similar in the area and depend upon
the infiltration recharge of groundwater (Table 4.1.1.10).
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Table 4.1.1.10. Infiltration recharge of groundwater subject to the characteristics of the
aeration zone (Map of the natural ..., 1985)

Parameters of infiltration

Characteristics of rock in the aeration zone
recharge

Storativity or Module,| Speed, |Coefficie

Lithological content and genesis wat.er o, | Uskm? | mm/m | nt, %
saturation, %
1. Limnoglacialic clay (g III); peat (B IV) <0.1 -7-0 | -220-0 | -35-0
2. Glacial loam and till (g III, gt IIT); limnoglacialic loam (Ig
I10); fine-grained alluvial sand (a IV); marine (m IV), bog (b IV) 0.1-5.0 0-1 0-32 0-5

and eolic (v IV) sand

3. Varigrained alluvial (a III, a IV); delta (a m IV), marine (m
IV), lake (1 IV), limnoglacialic (Ig IIT) and fluvioglacial (f IIT) 5-15 1-3 32-95 5-15
sand (aeration zone is up to 5 m in thickness)

4. Varigrained alluvial (a III, a IV); delta (a m IV), marine (m
IV), lake (1 IV), limnoglacialic (Ig IIT) and fluvioglacial (f TIT) 5-15 3-5 95-158 | 15-25
sand (aeration zone is up to 2 m in thickness)

5. Varigrained sand and sandy-gravely alluvial (a IV) and

fluvioglacial (f III) formations (aeration zone is up to 5 m in 15-25 5-7 |158-221| 25-35
thickness)

6. Varigrained sand and sandy-gravely alluvial (a IV) and

fluvioglacial (f I1I) formations (aeration zone is up to 2 m in 15-25 7-9 1221-284| 35-45
thickness)

7. Sandy-gravely-pebbly fluvioglacial (f IIT) formations and

weathered pre quaternary rocks >25 >9 >284 >45

GALILAUKE SITE

The Galilauke site is located among Lake DriikSiai and its tributaries of the Gulbin¢le
and the Driiksa (Apyvardé). From the western and southern part of the site the surface water
flows by land reclamation canals to the DriikSa. From the eastern part of the Galilauké site
the water flows along the swampy lake and land reclamation canals to Lake DriikSiai, and
from the north — to the Gulbinélé rivulet (Fig. 4.1.1.2).

The principal surface elements of the Galilauké site that determine the segmentation and
structure of basic basins in the Galilauké site and that are described in Chapter 4.1.4 are as
follows: the Vosyliskés ridge (approximately 2 km in length east and west), ridged Galilauke
hill (1.2 km northwest and southeast) and the Sviks¢ionys ridge (approximately 1.8 km in
length northeast and southwest, along the Druksa river; it is separated from the DriikSa by a
50-250 m wide swamp).

The relatively closed lowland consisting of the above relief elements has small island-
like hills and waves varying in size. From the west the site is almost closed by the range of
Varniskes hills and waves.

Hydrographical situation and characteristics of the flow

The principal hydrographical elements of the Galilauké site are land reclamation
canals, the DriikSa (Apyvardé) river and the Gulbinéle rivulet, wetlands (swampy areas
among hills, waterlogged lowlands of hills, swamps) and underground drainage. There are
sources of water in the north-western part of the site, and homesteads with shaft-wells in the
territory of the site and around it. The key divide of the location is the principal ridged hill of
the Galilauke site the south-eastern part of which is the junction of the basins of the Druksa
river, canal K-12 of the area among the hills, tributary K-2 of the southern bay of Lake
Druksiai and the Gulbine¢lé river (in the north) (Fig. 4.1.1.2).

The Driiksa river and riverside swamps drain the south-eastern slope of the Svik§¢ionys
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ridge and the southern slope of the Vosyliskés ridge; furthermore, the river is the water inlet
of the said basin of the area among the hills (land reclamation canal K-8). The width of the
river is 15-25 m, the depth is up to 2 m, the flow is very slow — <0,1 m s. The depth of the
riverside swamps is approximately 1.5 m. The rather closed swampy lowlands surrounded by
ridges and ridged hills are drained by main canal K-12 (to the bridge of the Galilaukeé-
Vosyliskés local road) and K-10 (down the bridge). It flows into K-8, which runs along the
Varniskés ridge (it has a short left-bank tributary K-3; the canal from the point of its outflow
to the tributary is called K-7 (Table 4.1.1.9)). The inclination of the system of land
reclamation ditches (from the bottom level at the point of outflow to the water surface of the
Driiksa river) is approximately 5-5.5 m (about 0.0019 m/m).

In this region, complex hills of a heavy mechanical structure are characterised by
waterlogged lowlands situated on different hypsometric levels. The principal Galilauké hill
does not have such lowlands (except wet points of outflow of short washes on the south-
western and southern slopes). The said lowlands can be found in the Sviki¢ionys ridge. They
are located on the absolute levels of 157-159 m (the hollow in the area among the hills —s
approximately 149 m, while the Druksa river — approximately 141 m of the absolute level).
The comparative depth of the lowlands: 1-3 m. On 25 June 2004, there was water (up to 0.5
m in depth) in the lowlands of the hills, and there were signs of permanent waterlogging
(judging from the soil, flora and fauna). At the end of 2003 there was no water in the said
lowlands; however, the signs of waterlogging were obvious.

Considering the locality of the object, the hydrographical characteristics of the north-
eastern part of the site is important (because of the position of the principal Galilauké hill as
the divide).

The Varniskes ridge is the divide between K-8* flowing to the northeast-north to the
Gulbine¢le, and K-8 flowing southwards to the DriikSa. There are some semi-wet areas on
eastern and northern slopes of the Varniskés hills, slightly higher that the foot of the hill (and
wetlands overgrown with bushes on the eastern slope).

There are two springs at the north-eastern foot of the Varniskes hills. The first spring is
located 60 m to the right from the field road from Varniskés to Galilauke (along the outskirts
of the forest), at the north-eastern foot of a high hill, on the approximately 1 m ascent, in the
field with no bushes, some 30 m away from a wet small hollow overgrown with bushes. Two
concrete curbs (diameter: 0.8 m) have been dug in to draw water. The top of the concrete
curb is 0.24 m above the surface of the earth. The level of water inside: 0.11 m above the
surface of the earth. Water runs through cracks. The depth from the surface of water: 1.87 m;
the bottom is hard. Water flows to the north-northeast, without forming a bed. There are
ferrous deposits around. The spring is in use, and there is a water-trough installed. The
second spring is located 20 m to the left from the field road from Varniskés to Galilauke
(along the outskirts of the forest), 80 m away from the first spring. The spring is at the mouth
of a deep wash, beside the last large trees, nearer to the left bank of the wash. The wash is
overgrown with alders, various bushes, cat’s-tails and nettles. There is also a concrete curb in
the spring. The upper part of the curb is some 0.5 m above earth; it is significantly decayed.
The spring is choked up almost to the surface of the earth; there are only traces of water. The
local residents say that the spring started to sink following land reclamation. Water flows
from the wash to the northeast, without forming a bed. The absolute height of the surface of
water of both springs is approximately 149-150 m.

Description of land reclamation systems
The description of the hydrographical situation of the site mentioned that there are land
reclamation canals (Table 4.1.1.11) and the underground drainage network in the analysed

area. No detail design plans of the latter have been found; however, it could be assumed by
analogy that drains were built every 20 m.
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Section Length, | Width*, |Depth, m Remarks
km m
left) in height
K-12 (from the swamp in the area The level of water in the canal: 0.1-
among the hills to the bridge of the 0.3 m. Rate of flow: 2 I/s (on 5 July
Galilauké-Sviks$¢ionys field road) 2004). There are bushes, orchis,
0.8 6-8 2-4 . , ,
cowslips and cat’s-tails in the ditch.
The ditch has been dug up to the
mineral soil.
K-10 (from the bridge of the The level of water in the canal: 0.3 m.
Galilauké-Sviks¢ionys road to the The flow is barely noticeable. The
juncture with K-8) 0.3 4-6 1.2 —2 |area flooded by water: 1-1.2 m. Water
weeds, arrowheads, cat’s-tails and
thick bushes.
K-8 (from the juncture with K-10 to Flows into the Druksa river in 0.6 km.
D v 1.2 6-8 1.5-4
the Svikscionys-Berzininkai road)
K-2 (from the point of outflow to flows into the place round the swamp
the Vosyliskés-Macioniai road) 03 ) ) of Lake Driiksiai. Flowed from the
) lake to the swamp (on 5 July 2004).
The rate of flow was 3 I/s.

* According to plans of the land use, the stated canal system covers the area of 3.2 ha, and the length of canals
is 3.1 km; therefore, the average width of the canal should be 10. The actual width is less.

The swampy foot of the north-eastern slope of the Galilauké hill is drained by the
system of shallow ditches (K-2), which is directly connected with both Lake Driiksiai and the
Gulbinglé river (by the swampy Vosyliskés forest) (Fig. 4.1.1.2). The distance between the
foot of the Galilauké hill and Lake Driik$iai in the northeast and the Gulbin¢lé river in the
north is barely 0.6 km. The water level in canal K-2 should be similar to the water level in the
lake; however, at the start of a rainy summer (25 June-5 July 2004), the lowest 20 m section of
the Macionys-Vosiliskés road (at K-2) was flooded (the depth: 0.3 m). Water used to flow at
different directions, depending upon the level of water in Lake Driksiai, canal K-2 and
wetlands of Vosyliskes forest. At the end of 2003, the road was flooded; however, the flooded
section was less than 10 m. On 13 July 2004 water was flowing to the direction of the lake,
and the rate of flow was 1.8 15,

The basin area of K-2, which drains the foot of the north-eastern slope of the Galilauké
hill, is approximately 51.1 ha, the density of land reclamation canals is 2.59 km km™ (the
basin of K-2 continues to the viaduct of the Vosyliskés-Macionys road). The basin area of K-
12 (to the bridge of the Galilauké-Svikscionys road) is 62.5 ha, the density of land
reclamation canals is 1.28 km km™. About % are covered with slopes of hills, isolated waves
and steep shores of the lake, and the remaining part — with drained peatbogs.

The present-day hydrographical network of the basin of K-12 emerged after land
reclamation carried out in 1971-1973 (the project was developed in 1969). Prior to land
reclamation, the said area among the hills was low-lying swampy land with deep bogs:
peatbogs of up to 7.2 m deep in the north, 3.5 m deep in the southeast, 1-2 m deep in the area
among hills, and 5-7 m deep at the point of outflow of the basin (the bridge of the Galilauke-
Sviks¢ionys road). Following land reclamation the peatbogs settled to the (preliminary)
thickness of the peat layer of 1.5-2 m. After annual peat fires (as of 1995), sporadic 0.5-1m-
deep pits (or in some places — cinder up to the mineral soil; they overgrow with aspens and
birch, the grassland undergoes changes, and tormentils, campions and campanulas become
wide-spread, which indicates the change of acidic/alkaline conditions) appeared at the point
of outflow of K-12 and at the junction of K-10/K-8.

Land reclamation basically changed the structure of the hydrographical network of the
basin. Prior to land reclamation, shallow water-deferent ditches prevailed in the basin; during
land reclamation they were replaced with main canal K-12 and underground drainage
collectors. Prior to land reclamation, the basin had approximately 2.6 km of ditches (mostly
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by-pass canals running at the foot of slopes and on the edges of swamps). Following land
reclamation, only 0.8 km of ditches remained, and a result the density of beds decreased from
4.3 km km™ to 1.28 km km™ . In June 2004, no drainage collectors were detected in canal K-
12 (due to thick grass and bushes; the condition of the drained meadow allows to conclude
that the efficiency of drainage is average).

On 25 June 2004, the rate of flow in a reinforced concrete pipe (diameter: 0.9 m) of the
bridge of the Galilauké-Sviks¢ionys road was approximately 1.2 1 s, and the speed of flow —
0.1-0.2 m s™. The run-off from basin K-12 was approximately 2 1 s km?. In canal K-8, the
run-off occurs only during the melting of snow and after heavy raining. When the raining
stops, the run-off becomes weaker and then stops altogether. On 13 July 2004, the rate of flow
in canal K-12 was only 0.05 1 s, and only 0.6 1 s in canal K-8.

Each spring, surface water is present in lowlands and the foot of drained slopes of hills
for a long time, even though the level of water in the wells of residents living near-by is
rather low at that time. In Galilauke, the well of the Saulevi¢ homestead dries up every
summer (the level of water on 5 July 2004: 2.8 m). Then water is delivered from
neighbouring Varniskiai village or from the spring (the first spring shown in Fig. 4.1.1.2)
located in the north-western part of the site (the rate of flow of the spring: 200 I/h). Fig.
4.1.1.3 provides the summarised view of the discussed elements of the water balance in the

Galilaukeé site.
l]:' =710 mm
T ET - 510 mm

GWR - 98 mm

SR = 66 mm

V

¢ F = 36 mm “R:lﬁdmm

Fig. 4.1.1.3. Summarised water balance in the Galilauké site: P — atmospheric
precipitation, ET — evaporation, SR — surface run-off, GWR — groundwater run-off to rivers and
drains, and R — outflow.

Nature and condition of hydraulic installations

The principal hydraulic installations in the site are overflows of land reclamation
canals. Their condition is satisfactory. Water running from the swamp located at the foot of
the northern slope of the Galilauké ridge (k-2) reaches the lakeside swamp by overflowing
the road instead of using the overflow.

The condition of the underground drainage is controversial: part of it functions
satisfactory; however, there are signs of long-term waterlogging already. No drainage
collectors have been detected so far; therefore, their condition is unknown. Further north
from the site area, there is a hydrometric rift of a good technical condition on the Gulbin¢lé
rivulet beside the bridge.

Probability of flooding of the site

The proposed altitude of the bottom of the repository at the Galilauke site would be
150 m. Based on the probability of the change of water level in Lake DriikSiai and in the
DriikSa-Apyvardé, the flood water will not reach this altitude (Table 4.1.1.5). Even the
complete closure of the dam of Object 500 would leave a reserve of approximately 7 m. On
the other hand, the complete closure of the dam of Object 500 and the rise of water to the
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altitude of 144 m (reserve: 6 m) would result in the flow in two directions, i.e. along the
Prorva and the DrukSa. Thus, the surface water would never reach the bottom of the
repository of the Galilauké site even during the strongest of the floods.

Existing water consumers

Other water consumers in the site and its vicinity are local residents that use
groundwater from shaft-wells or from the Varniskés spring for their household needs. The
spring is installed (adapted for drawing water and for watering cattle); however, the old
access to the spring no longer exists. According to local residents, the supply of drinking
water is a constant problem of Galilauké. A bore (bored at the request of residents) at the
foot of the hill (southern exposure) of the rural homestead of Galilauké showed that at the
end of 2003 water was at the depth of 4.5 m.

Local residents say that on the Svik$¢ionys ridge, water does not disappear in wells
each year; however, it is a sufficiently significant problem of the locality. Water is always
present in the wells of homesteads on the VarniSkés ridge; there are ponds in homesteads to
the west of the ridge.

Hydrogeological conditions

The described area has 60-200 m thick Quaternary aqueous rocks of the glacial origin,
and Pre-Quaternary (Devonian, Silurian and Ordovician, Cambrian and Upper Proterozoic)
rocks underneath. Metamorphic and crystalline rocks occur in the depth of 700-750 m. The
upper part of the thickening of Quaternary rocks that was formed during the retreat of the last
glacier is not integral. During the post-glacial era, alluvial, lake and swamp formations were
formed. The lithological content of surface formations determine filtration and strength
characteristics of the soil. The lithological content of the soil in the site and its vicinity is not
very diverse: on the surface, up to 10 m are low permeable till and clay soils. Silt gravel and
sand is found in the Gulbinélé valley and in lowlands among the hills. A layer of peat (up to
7 m) that settled following the land reclamation occurs above silt sediments in the lowlands
among the hills. To the west and northwest from the Galilauke site, a clear soil aquifer
consisting of gravel and sand occurs some 5 m from the surface. It does not form a
continuous aquifer, and surfaces in some places in the Gulbin¢l¢ valley as well as in
lowlands lined with channels.

An aquitard (g II gr, gll md) formed of till and glacial loam occurs beneath the upper
first low permeable layer (gt III bl); the aquitard can be as thick as 40 m. Till (g III gr)
surfaces in some places of eroded hill slopes. A solid (as far as the site and its vicinity is
concerned) semi-confined-confined aquifer (f II zm) consisting of various sands occurs
beneath the first aquitard; the aquifer can be as thick as 10 m. Its water pressure in the site
environment changes from 137.7 to 134.9 m and is lower than the water level of Lake
Druksiai (141.6 m). The second aquitard (g ii zm) formed of till and glacial loam occurs
beneath the first solid aquifer; the thickness of this aquitard is 5-15 m (Fig. 4.1.1.4).

Low permeable zones of the Galilauke site have the following characteristics: thickness
— 30 m, density — 2.2 g/cm®, porosity — 0.25, effective diffusion coefficient — 1-10° cm?/s,
filtration coefficient — 1- 10 cm/s (conservative assessment).

The aquifer of the Galilauké site has the following characteristics: thickness — 10 m,
density — 2.2 g/cm®, porosity — 0.3, filtration coefficient — 2.5-107 gradient of water
level (pressure) — 0.0008 m/m; (Darcian) flow speed — 2.0-10” cms.

The water transfer path, which is important from the security point, is in the central
part of the hill (vertical transfer is in till as in the aeration zone, and horizontal transfer is in
semi-confined-confined aquifer). The point of the discharge of the aquifer is the well (bore
into groundwater), 150 m away from the vaults of the repository.
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Fig. 4.1.1.4. Hydrogeological profile of the Galilauke¢ site and its environs, adjusted
according to the study data of 2003 and 2004. Water levels: 1 — groundwater, 2 — semi-
confined-confined aquifer, 3 — Lake DriikSiai. The site of the hydrogeological profile is
shown in Fig. 4.1.5.4 (C-C section of the profile between bores No. 20610 and No. 20589).

Hydrochemical characteristics

Water sampled from surface water bodies and bores in the Galilauké site should be
classified as calcium bicarbonate type of water. The bicarbonate content varies from 280.6 to
585.6 mg I'". The bicarbonate content is higher in bores, while it is almost twice as low in
water bodies (Table 4.1.1.12). The chloride content is higher in surface water bodies
(Gulbine¢lé and K-2); this is predetermined by wastewater of Visaginas. It is not clear why
bore No. 5 has a comparatively high content of chlorides (25.56 mg/l). This bore also has a
comparatively high content of nitrates (0.703 mg/l) and general nitrogen (2.132 mg/l).

Table 4.1.1.12. Chemical composition of water in the Galilauké site on 5 July 2004

HEO3 1 | s042- | NO2- | NO3- | NHa+| NI caze | ME2 | B solia |B. mineral
Place mg
mg/l | mg/l | mg/l mg/l mg/l | mg/l mg/l | mg/l | mg/l equiv/l mg/1
K12 | 3416 | 2.84 | 63.0 | 0.077 | 0857 | 0.710 | 0.61 |93.86|27.86] 6.89 531.43
G“lg“‘el 2318 | 3124 | 58 | 0333 | 3856 | 0276 | 40.76 |36.10|1745| 324 | 367.61
K2 | 2806 | 17.04 | <2 | 0.000 | 0358 | 0.864 | 24.54 |47.65|2093| 4.10 393.99
B"rgN"' 5612 | 25.56 | 14.0 | 0.703 | 0.108 | 0.515 | 72.12 |93.86|32.24| 7.34 800.30
B"er“' 5612 | 852 | 17.4 | 0.073 | 1.075 | 0202 | 36.74 |79.42|53.27| 835 757.90
1st. | 4026 | 568 | 163 | 0.057 | 1.058 | 0512 | 19.55 |41.88|51.59| 634 53921
2st. | 5856 | 142 | 151 | 0.120 | 3.227 | 0470 | 12.63 | 64.98|76.06]| 9.50 759.61
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N/NO2 |N/NO3 | N/NH4 | N

BO PO . Norg. | Nb. | Pb. | P min. P org.

Place - - + min.
mgO/l1 | mgO/1| mg/l mg/l mg/l | mg/l | mg/l | mg/l | mg/l mg/l mg/1
K12 | 57.13 | 29.76 | 0.023 | 0.198 | 0.552 | 0.773 | 0.808 |1.581]0.044| 0.033 0.011
G““é"“el 3428 | 15.04 | 0.100 | 0.871 | 0215 | 1.186 | 0.873 |2.059|1.667| 0.528 1.139
K2 | 57.13 | 26.88 | 0.000 | 0.081 | 0.672 | 0.753 | 0.424 |1.176|1.778| 0.611 1.167
B"“S’N"' 62.84 | 14.08 | 0211 | 0.024 | 0.401 |0.636 | 1.496 |2.132]0.061| 0.011 0.050
B"rgN"' 22.85 | 3.20 | 0.022 | 0243 | 0.157 | 0422 | 0.093 |0.515[0.000| 0.000 0.000

1 st. 571 | 3.52 | 0.017 | 0.239 | 0.398 | 0.654 | 0.081 [0.735]0.000| 0.000 0.000

2 st. 2.88 10.036 | 0.729 | 0.366 | 1.131 [ 0.046 | 1.176 |0.000|0.000| 0.000 0.000

With due consideration to the content of nitrogen and phosphorus compounds as well as
the content of organic substance, water in surface water bodies does not meet the
requirements for drinking water. With due consideration to the analysed parameters, streak
groundwater in certain bores also fail to meet the requirements applicable to drinking water.

APVARDAI SITE

The Apvardai site is located between the Gaidé rivulet and swamps drained by the
rivulet in the east and Lake Apvardai and lakeside swamps in the southeast. The area is
drained by land reclamation canals extending to the south and southeast.

Soil and surface earth (medium and heavy clay loam) of the site, the relief (large and
smaller swampy lowlands), small general inclination of the area fail to create favourable
conditions for a speedy removal of surplus precipitation. Therefore, the land reclamation
system of open canals and underground collectors has been constructed in the north-western
section of Lake Apvardai in order to drain the site and the surrounding areas. The site belongs
to the direct basin of Lake Apvardai (Table 4.1.1.13).

Table 4.1.1.13. Characteristics of Lake Apvardai

Lake No. 33-12
Area, ha 550.2/424.8*
Average depth, m 2.65
Deepest point, m 4.97
Volume of water, thousand m? 14,596.0
Area of the basin, km? 134.5
Transmissivity, % per year 218
Effluent Apyvardé

* Total/in the territory of Lithuania

Tributaries of Lake Apvardai include the Zilma (which brings the flow from lakes
Ilgiai, Alksnas, Priitas, Riizas and Zilmas), the Gaidé (which brings the flow from lakes
Samanis (Pasamanis) and Gaid¢) and three land reclamation canals in the north-western
section of the lake. The annual water circulation of Lake Apvardai is rather intensive, viz.
218%. The western and southern shores of Lake Apvardai are swampy.

Hydrographical situation and characteristics of the flow

The Apvardai site is approximately 1,300 m away from the north-western section of
Lake Apvardai, north of the Cepukai-Bieniiinai road. The site is drained by canals K-6 and
K-4; canal K-4 connects the system of several canals. Canal K-6 collects surface water from
the eastern and south-eastern section of the site. Then water flows towards Apvardai;
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however, it empties into a lakeside swamp some 600 m short of the lake. Canals K-8 and K-
6** (another canal marked by the same number) carry water from the central part of the site
to canal K-4, from where water flows another 800 m and empties into Lake Apvardai. The
south-western side of the site is drained by the system of land reclamation canals flowing
into canal K-4. Some of the central and northern parts of the site belong to the bolson (Fig.
4.1.1.5). The hydrographical structure of this basin is still being specified. A small
inclination between the southern section of the site and the mouth of canal K-4 fails to create
favourable conditions for a speedy removal of surplus water. On 5 July 2004, the level of
water in the canal north of the Cepukai-Rimsé road was >1 m.

The principal surface elements (described in more detail in Chapter 4.1.4) of the
Apvardai site that determine the segmentation and structure of basic basins are as follows:
the Bienitinai ridge (approximately 1.5 km in length southeast and northwest) in the west, the
Kumpiai hill and adjacent hills — the watershed between canal K-8 and canal K-6 (1.7 km
southeast and northwest) in the northeast, Viguténai-Zibakiai ridge (approximately 2.3 km in
length southeast and northwest) in the east, and the Tripuckai ridge — the watershed ridge
(between the basins of Lake Apvardai and Lake DriikSiai) stretching to the southwest and
northwest in the north and northwest.

The said relief forms divide the site into two wet lowlands stretching to the southeast
and north, which are being drained by land reclamation canals leading to Lake Apvardai.

Land reclaimed lowlands feature settled peat soil. Principle relief structures feature
hills and waves of various sizes (1-5 ha) shaped like a peninsula and intervening into the said
lowlands. Lowlands situated more to the east are divided by the former GirdZitinai hill
stretching from the southwest to the northeast. The lowlands separated by this hill had a
closed 0.9m-long land reclamation canal (Fig. 4.1.1.5) that drained stagnant land (bolson K).
As a result of the potential nonconformity of the surface and underground hydrographical
network, the hydrographical situation of this area, which is important for the control of
surface and underground flow, should be further specified.

The principal hydrographical elements of the Apvardai site are land reclamation
canals, wetlands (swampy areas among hills, waterlogged lowlands of hills, lakeside
swamps) and underground drainage. Lakeside swamps of Lake Apvardai start in the southern
side of the site. There are several homesteads with shaft-wells within the territory of the site
and around it (Fig. 4.1.1.5). No springs have been detected. However, there are waterlogged
lowlands on high hypsometric level as well as deep pits filled with water (north-eastern area
of the site).

Description of land reclamation systems

Major land reclamation was carried out around 1972. Prior to that, the swampy
lowlands of Zibakiai-Girdzitinai were drained by shallow ditches. They formed the grounds
for the present main canals. There was no canal K-9 in the northeast of the site.

The territory of the site is drained by canals K-4 and K-6 as well as lakeside swamps
and closed lowlands of various sizes. The canals are 3-8 m wide and 1-2.2 m deep (Table
4.1.1.14). The inclination of the system of land reclamation ditch K-8 is approximately 3.6
m (approximately 0.0033 m/m). Canal K-4 drops only by 0.2 m (0.0002 m/m); therefore,
water in the canal is either slack or hardly flows.

Drained swamps have never been deep (approximately 2.5-4.5 m, except for the shores
of Lake Apvardai and swamps to the east from GirdZitinai, where peat were more than 7 m
thick). Drains have been constructed every 20 m.

From the east, the territory is drained by K-6, which commences between the Kumpiai
forest and Viguténai village and flows to the southeast. Its length is 1.2 km, and it flows into
a swamp in Zibakiai village. It may be connected with the canal that flows from the said
swamp to Lake Apvardai across the Rim$é-Gaidé road. The length of this canal is 0.5 km,
the width is approximately 10 m, and its bed is overgrown. Water flows by stream in the
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canal; the rate of low — approximately 0.4 1 s'. The inclination of canal K-6 is
approximately 7.9 m (approximately 0.0065 m/m); however, after it reaches the swamp, the
drop in the water level is only about 0.1 m.

Considering the locality of the object, the hydrographical characteristics of canals K-8
and K-6 stretching along the western sink of the site. Stagnant canal K drains the northern
foot of the Girdzitinai hill, which also drains Pavaré meadows. The southern foot of the hill
is drained by canal K-6, which has a very small inclination at the confluence with canal K-
6*. Canal K-6 has the best flow conditions; however, it empties itself into a lakeside swamp
with a small inclination.

According to the hydrographical network and hypsometry, the general inclination of
the territory and its vicinity is to the southeast, towards Lake Apvardai. The foot of the
Mikstas hill situated in the northern part of the territory has no springs, yet it has small
lowlands bearing the signs of being waterlogged. During land reclamation, sinks have been
formed in the southern and south-eastern foot of the slope, stretching towards K-8.

Canal K collects surplus water in the closed semi-wet meadow of Pavar¢. It does not
have any surface connection with any other canal or Lake Apvardai (preliminary; possible
underground hydrographical or hydrological connection). The area of this bolson is 66.6 ha,
and the density of the hydrographical network is 1.05 km km™.
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Vandens telkiniy apsaugos juosta Protection strip of water bodies
Radioaktyviyjy atlieky kapinynas Radioactive waste depository
Vigutény-Zibakiy giibrys Viguténai-Zibakiai ridge
Kumpiy kalva Kumpiai hill

Tripucky giibrys Tripuckai ridge

Bieniiiny giibrys Bienitinai ridge

Girdzitny kalva Girdzitnai hill

Metrai Metres

Table 4.1.1.14. Characteristics of main canals of the Apvardai site

Section Length, | Width, m | Depth, m Remarks
km

K-6 (to the lakeside 1.2 8 2.1 -

swamp)

K-8 (to the juncture with 1.2 6-10 2-4 -

K-6%)

Left tributary of K-8 0.3 6 1.8 -

K-4 (from K-6* to Lake 0.85 3-5 up to 1.8 | The area of the flooded section: 1.5-2.5

Apvardai) m; the level of slack water in the canal
exceeds 1 m.

K-6* (from the Bienitinai- 0.85 5 1.8 Slack water in the canal.

Cepukai road bridge to K-

4)

K (bolson) 0.9 5 1.7 The canal drains semi-wet Pavaré
meadows; slack water in the canal.

The major section of the area is drained by K-8 and its left tributary K-6**. At
Girdzitnai it joins K-6*, which flows from the west. The length of canal K-6 — K-4 from the
junction to the lake is 0.9 km. There are semi-wet lowlands and hollows filled with water on
high hypsometric level in the divide between the point of outflow of K-8 and eastern canal
K-6, in the north-eastern part of the area. The length of K-8 is 1.2 km, the area is 6-10 m, and
the depth is 2-4 m. The bottom is overgrown, there is plenty of water. The width of the flow
in the lower section at the homestead is 4-5 m, the depth is approximately 1 m. The flow is
invisible; however, there are signs of flow, as the waterway is clean. Left tributary K-6*%*,
which flows from the flattened territory, is 0.3 km in length and about 4-5 m in width. There
is water; the flow is invisible. The area of the basin of K-8 (up to canal K-4) is 105.2 ha, and
the density of land reclamation canals is 1.14 km km™. The area of the basin of K-6 up to the
lakeside swamp is 114.8 ha, and the density of land reclamation canals is 0.94 km km™

In this region, complex hills of a heavy mechanical structure are characterised by
waterlogged lowlands situated on different hypsometric levels. The hills of the Apvardai site
also have isolated lowlands of such type, usually overgrown with bushes. The comparative
depth of the lowlands: 1-3 m. There are signs of permanent waterlogging (judging from the
soil, flora and fauna).

The network of land reclamation canals appeared as a result of land reclamation carried
out approximately in the 1970's. Prior to land reclamation, there were deep bogs in the
lowlands among the hills; as a result of land reclamation, peat bogs settled. The territory
south of K-8 has been flattened and prepared for the construction of greenhouses. The
flattened area does not show any signs of waterlogging (it is overgrown with clovers that
overshadow spruce plants. There was a dense network of drainage in the flattened area. No
operating collectors have been detected; they could have been flooded after peats settled.
Land reclamation has changed the structure of the hydrographical network of the basin.
Small swamps dominated prior to land reclamation that carried water to Lake Apvardai. As a
result of land reclamation surplus water is more quickly removed from waterlogged areas.
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Fig. 4.1.1.6 provides the summarised view of the discussed elements of the water balance in
the Apvardai site.

lP = 710 mm
T ET - 510 mm

1}{: 164 mm

Fig. 4.1.1.6. Summarised water balance in the Apvardai site: P — atmospheric
precipitation, ET — evaporation, SR — surface run-off, GWR — groundwater run-off to rivers and
drains, and R — outflow.

Nature and condition of hydraulic installations

The condition of land reclamation canals is good and satisfactory in the reclaimed area
and poor in the southern environs of the site, as ditches are not being cleaned. The condition
of overflows of land reclamation canals is satisfactory in the site, while the condition of the
important overflow (used for the run-off of water of the eastern side of the site) on the Gaidé-
Rims$é road is bad, as water runs near the overflow. Installations on the shore of Lake
Apvardai that were meant for the greenhouses have been destroyed. The condition of the
dyke separating Lake Apvardai from drained settled meadows is satisfactory.

There are underground water bores in the vicinity of the site; however, nothing is known
about their technical condition or status. The system that used to supply water to pastures in
the 70's has been destroyed (currently, it is a reclaimed area).

Probability of flooding of the site

The altitude of the bottom of the repository at the Apvardai site would be 154 m. The
established 1% probability of floods of Lake Apvardai (which was established with due
consideration to the probability of floods of Lake Druksiai) should reach the altitude of 144.05
m. As a result of unforeseen circumstances (artificial blocking of the Prorva canal with the
earth dam remaining at the confluence of the Apyvardé and the DriikSa, etc.) the water level
may reach the altitude of 146-146.5 m during the potential strongest floods in Lake Apvardai.
Thus, the surface water would only come close to the Apvardai site and would never reach the
bottom of the Apvardai repository even during the strongest of the floods.

Other existing water consumers

There are no water consumers in the territory of the site. Formerly, water was
consumed by several homesteads. During the existence of the Apvardai collective-farm, a
water supply system for the watering of cattle was installed in the area flattened in the
1960°’s-1970’s and in adjacent pastures. In the 1970’s, the construction of the water supply
system was planned for the greenhouses, and the shore of Lake Apvardai at Zibakiai was
transformed as a result (a good beach was destroyed and the only access to the place was to
be the site of the construction of the hatchway; there as a dyke on the eastern shore of the
lake protecting from the flooding of the lakeside; preparations were made for the
construction of the water supply system in the north-eastern section of the site — unofficial
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data).
Description of hydrogeological conditions

Groundwater occurs in the 1-3 m depth in the major part of the site and in all flattened
area. From the lithological point of view, the aeration zone consists of glacial loam and till.
In the territory of the site the hills are formed of glacial loam with (sandy) veins of a lighter
composition and till streaks.

Hydrogeological conditions of the site are described by three 16-20 m deep bores
installed in 2004. In spite of a small distance among the bores, the settled water level was
different during the installation of the bores (at the beginning of June 2004): in the eastern
side, water occurred in the depth of 3.6 m, in the middle of the hill — in the depth of 1.2 m,
and in the north-western side of the hill — in the depth of 11 m.

A more detail analysis of the bore material has led to the making of the
hydrogeological profile (Fig. 4.1.1.7). A thin sand and clay aquifer (Igt IIIbl) shows in the
first low permeable layer (gt III bl). Here, the level of water occurs in the depth of 2.2 m in
the range of the sand layer, and in the depth of 1.2 m — in the range of clay. A 6-12m thick
aquitard (gt III gr) occurs below the first low permeable layer. A semi-confined aquifer (f II-
[T md-gr) with the thickness of up to 2 m and consisting of clayey sand occurs beneath the
first aquitard. Its water pressure in the site environment changes from 152.4 to 150.0 m and is
higher than the water level of Lake Apvardai (143.5 m). The second aquitard (gt IT md)
occurs below.

A semi-confined aquifer (f II-I1II md-gr) with the thickness of up to 2 m and consisting
of clayey sand occurs beneath the first aquitard. Its water pressure in the site environment
changes from 152.4 to 150.0 m and is higher than the water level of Lake Apvardai (143.5
m). The second aquitard (gt II md) occurs below.

Characteristics of the aeration zone of the Apvardai site are as follows: thickness — 3.5
m, density — 2.2 g/em’, porosity — 0.25, effective diffusion coefficient — 1-10°cm?/s,
filtration coefficient — 1-10"cm/s (based on the existing laboratory measurements the
filtration coefficient would be approximately 5-10° cm/s; however, as future measurements
are likely to show the increase of this value, we hereby suggest to conservatively assume
that the filtration coefficient value is 1- 107 cm/s).

The aquifer of the Apvardai site has the following characteristics: thickness — 2.2 m,
density — 2.2 g/cm’, porosity — 0.3, filtration coefficient — 1.2-107, gradient of water
level (pressure) — 0.006 m/m; (Darcian) flow speed — 7.0-10° s,
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Fig. 4.1.1.7. Hydrogeological profile of the Apvardai site, adjusted according to the

study data of 2003 and 2004. Water levels: 1 — groundwater, 2 — semi-confined aquifer, 3 —
Lake Apvardai. The site of the hydrogeological profile is shown in Fig. 4.1.1.8.
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Fig. 4.1.1.8. Test bores in the Apvardai site.

The water transfer path, which is important from the security point, is in the central part
of the hill (vertical transfer is in till as in the aeration zone, and horizontal transfer is in semi-
confined aquifer). Filtration coefficients are higher than in the Galilaukeé site. The point of
the discharge of the aquifer is the well (bore into groundwater) located 150 m away from the
vaults of the repository, and Lake Apvardai located 1300 m to the southeast from the vaults of
the repository.

Hydrochemical characteristics

Water sampled from surface water bodies and bores in the Apvardai site should be
classified as calcium bicarbonate type of water. The bicarbonate content varies from 268.4 to
500.2 mg 1. The bicarbonate content is twice as high in canal K-6, which is fed by
underground water, than in canal K-8 (Table 4.1.1.16).

Table 4.1.1.16. Chemical composition of water in the Apvardai site on 6 July 2004

H(i03 Cl- | SO42- | NO2- | NO3- | NH4+ Na—_t+K Ca2+ | Mg2+ | B. solid | B. mineral
Place mg
mg/l mg/l mg/l mg/1 mg/l | mg/l mg/1 mg/l | mg/l equiv/l mg/1

K-6 427.0 | 2.84 <2 0.050 | 0.357 [ 0.671 | 0.77 | 99.64 | 25.22 7.06 558.55

K-8 2684 | 0.85 9.8 0.060 | 0.344 | 0.806 | 0.00 | 69.31 | 22.65 5.33 372.22

I\i"rfl 5002 | 1420 | 23.0 | 0.077 | 0419 | 0.979 | 32.79 |102.52| 3222 | 7.78 706.41
Place BO PO N/I\_IOZ N/l\_l03 N/NH4 | Nmin. | Norg. Nb. Pb. Pmin. Porg.

mgO/l | mgO/1 | mg/l | mg/l | mg/l | mg/l | mg/l mg/l | mg/l mg/l mg/l

K-6 68.56 | 31.04 | 0.015 | 0.081 | 0.522 | 0.618 | 1.074 | 1.691 | 0.050 | 0.000 0.050

K-8 85.70 | 28.16 | 0.018 | 0.078 | 0.627 | 0.723 | 0.822 | 1.544 | 0.028 | 0.008 0.019

I\]Ii)orlel 17.14 | 1024 | 0.023 | 0.095 | 0.762 | 0.880 | 0.826 | 1.706 | 0.022 | 0.006 0.017

Streak groundwater from surface water bodies and bores in the Apvardai site should be
classified as calcium bicarbonate type of water. It contains less biogenic and organic
substances than in the Galilauké site; however, with due consideration to the content of
nitrogen and phosphorus compounds as well as the content of organic substance, water in
surface water bodies and groundwater does not meet the requirements for drinking water as
well.

The quality of drinking and domestic water must meet the requirements of HN 48:2001.
There are no sources of quality drinking water in either Galilauké or Apvardai site or in their
vicinity. The closest source of water is the water extracting site of Visaginas, which is 5 km
away from the Galilauke site and 4 km away from the Apvardai site (by straight line). Local
residents use water from shaft-wells for their needs; however, the quality of this water does
not meet the requirements of HN 48:2001. On the other hand, there is often a shortage of this
water during droughts. The demand for domestic water during the construction stage will be
approximately 2 m*/day. Prior to the construction of a bore, this amount of water will have to
be delivered from the water extracting site of Visaginas or from another source of water.

STABATISKE SITE
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Hydrographical situation and characteristics of the flow

The Stabatiske site is located 2-2.5 km south of Lake DriikSiai. This site belongs to the
direct basin of Lake DriikSiai; there are no natural rivulets or lakes in the site. The hilly relief
of StabatiSke is divided by hollows that are either permanently or seasonally flooded (Fig.
4.1.1.9). Shallow low-lying swampy lands have been formed in some hollows. Hills situated
in the site were previously used in agriculture, while lower lands were overgrown with forest.
In the outskirts of the site, between the hills and roads surrounding the site, there are many
swampy hollows or almost fully overgrown small lakes that are permanently or temporarily
present as a result of bad drainage conditions and that were formed following the replacement
or destruction of the former drainage system, also as a result of beaver dams. Surplus water
flows from wetlands to Lake Druksiai by land reclamation canals.

Domestic waste are directed by pipes from the Ignalina NPP to the purifying plant of
Visaginas situated at Lake Skripkai (south of the Stabatiské site); the wastewater pipeline runs

along the western edge of the site. Treated wastewater is released to Lake DriikSiai via the
Gulbinélé rivulet.

permanent water body
seasonal water body

INPP wastewater route
water overflow

Fig. 4.1.1.9. Hydrography and hydraulic installations of the Stabatiske site

Canals that drain the Stabatiskée site and its neighbouring areas have been directed to
Lake Driksiai. Two of the canals (Fig. 4.1.1.9, points 1 and 3) run from the site by the closed
drainage system of the Ignalina NPP, and they surface only right before they reach the lake.

The hydrographical network of the StabatiSké site and its environs has been mostly
changed during the construction of the Ignalina NPP. The drainage adapted for agrarian
activities in an almost natural relief has been destroyed as a result of the construction of road
beds blocking the flow, the levelling of lowlands that served as a natural drainage, etc.
Hollows in the site are seasonally flooded, and slack water bodies are formed as a result of
bad run-off conditions. The site has hills (relative height: 5-7 m) that surround the low-lying
swampy land overgrown with trees and bushes; water flows from this swampy land along the
ditch that is frequently dammed by beavers. Down the flow, water enters into hollows located
in the south-eastern part of the site, and then flows to the southeast along the canal (Fig.
4.1.1.9, point 2).

The northern part of the site is being drained by a ditch (which is dammed in several
places by beavers) along which water flows to the east from flooded hollows. A small lake
has been formed on the north-western edge of the site as a result of changes in the drainage
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system; when the water level is high, the area of this lake is 4.35 ha, while it reduces in size
almost twice during droughts. Water flows from this small lake along the ditch to two even
smaller lakes: the first lake is temporary, as it dries up during droughts, while the area of the
second lake is 0.88 ha (when the water level is high). When the water level is high, some
water flows from the northern edge of the Stabatiské site over the road overflow (Fig. 4.1.1.9,
point 3). There is no flow in these drainage systems for the better part of the year; water flow
occurs only during spring floods and rain high water (for approximately two months). In
2005-2006, the highest flow (0.9 1/s) was registered in point 3 (Table 4.1.15).

A small lake has also been formed in the hollow located on the north-eastern edge of
the site and dammed by the road bed from the east. When the water level is high, its area is
3.25 ha. Water flows from the small lake to the north by a closed drainage system (Figure
4.1.1.9, point 1); it interflows with other canals that drain the territory of the Ignalina NPP and
pipes of the closed drainage system, and enters Lake Druksiai at the mouth of the discharge
pipe. The flow of rate at the point of outflow of the small lake evaluated in 2005-2006 ranges
from 0.005 to 18.6 1/s (Table 4.1.15).

The northern part of the StabatiSke site is drained by ditch S-1 that flows water to the
east. As a result of previous changes of the drainage system made during the construction of
the Ignalina NPP, three permanent and one seasonal small lake have been formed on this edge
of the site (Fig. 4.1.1.9). The water regime in ditch S-1 has also been changed by dams
constructed in several places by beavers. From ditch S-1 the largest part of the flow enters a
small lake located in the northeast of the site, and then flows from there to the north by
underground drainage canals (d 1200). However, the surplus water from the north-western
part of the site flows along this canal very slowly as a result of small slopes and beaver dams.
Therefore, a road overflow has been constructed in the north-western part of the site
(approximately 100 m from the crossroad to the Ignalina NPP; Fig. 4.1.1.9, point 3).

The central, eastern and south-eastern part of the site is drained by sinks in the area
among hills that feature shallow ditches in some places. Huge areas of wetlands have been
formed in hollows as a result of toad beds constructed in the east and southeast, changes of the
drainage system made in the power line route, and beaver dams. Water from there flows into
the land reclamation canal crossing the road located to the east from the site (Fig. 4.1.1.9,
point 2). The variation of the flow of the canal is very high due to very complicated and
technogenically changed flow conditions of this part of the site.

The central and south-eastern part of the site is drained by a ditch stretching from
northwest to southeast (Fig. 4.1.1.9, point 2) and flowing water to Sagkai bay of Lake
DriikSiai. It collects surplus water from the majority of wetland surrounding the site as well.
The rate of flow measured in 2005-2006 ranged from 0.1 to 35.4 1/s (Table 4.1.1.15);
however, after the rainfall on 12 May 2005 amounted to <1% probability of daily rainfall, the
measured rate of flow was as high as 150 1/s.

Table 4.1.1.15. Rate of flow of the Stabatiské site measured on 26 July 2005 — 12 May 2006

Statistical Rate of flow, I/s

indicators Point 1 Point 2 Point 3
Minimum 0.05 0.1 0
Maximum 18.6 35.4 0.9
Average 1.75 2.71 0.52

The calculation of the water balance of the Stabati$ké site is based on short-term

observation of the rate of flow in the site (July 2005 — May 2006), observations of the Diikstas
meteorological station (1971-2005), and statistical indicators describing the water balance of
the region (Gailiusis ir kt., 2001). It has been established that the major part (515 mm) of
precipitation (the annual average for the location: 700 mm) is used for evaporation. The
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evaporation indicator may further increase after the assessment of major wetlands located in
the site and its vicinity. The surface and soil (drained within the contour of the site) run-off is
162 mm. The remaining run-off is drained groundwater and deep infiltration (Fig. 4.1.1.10).

(/[ /// /{//////////////

Fig. 4.1.1.10. Scheme of the water balance of the Stabatiske site: P — atmospheric
precipitation, ET — evaporation, SR — surface run-off, GWR — groundwater run-off to rivers and
drains, L — crossover, and R — outflow. (P = 700 mm, Et =515 mm, SR(D) = R = 162 mm,
GWD+L = 23 mm).

Land reclamation system

There are no accurate data about land reclamation in the Stabatiské site; however,
ditches that remain in the area among hills allow us to conclude that a drainage system has
been installed here once.

Nature and condition of hydraulic installations

A new drainage system was installed during the construction of the Ignalina NPP,
which largely consisted of underground drainage. In some places former surface land
reclamation canals have been replaced with large-diameter drainage pipes. In some places the
direction of flow of canals has been changed. A reinforced concrete pipe overflow (d
600) has been constructed under the road in the north-western part of the site, approximately
100 m to the east from the crossroad to the Ignalina NPP; the overflow is relatively high
above the bottom of ditch S-1 (Fig. 4.1.1.9). This overflow is only used by water resulting
from spring floods and heavy rainfall. A reinforced concrete pipe overflow (d 1200) has been
constructed under the road in the north-eastern corner of the site; it flows approximately 70%
of the run-off from the northern section of the site to the underground drainage system.

A reinforced concrete pipe overflow (d 1200) has been constructed under the road on
the eastern edge of the site, which flows water from the central, south-eastern and eastern
section of the site. Wetlands formed above the overflow show that incorrect assessment of the
conditions of the run-off in this territory was made during the construction of this overflow.

Potential flooding of the site
The analysis of the fluctuations of the water level in Lake DriikSiai and
geomorphologic conditions of the basin at the point of outflow of the lake and its vicinity

established (Mazeika, Pavirsinio..., 2006) that hydrodynamic processes in Lake DriikSiai
cannot cause the flooding of the territory of the Stabatiske site.
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The following three extremely conservative assumption were made during further
analysis of the potential flooding of the Stabatiské site caused by heavy precipitation in the
site: 1) heavy precipitation (exceeding maximum precipitation amounts of 1961-2004); 2)
sudden melting of snow; 3) complete blocking of water overflows. The assessment did not
consider the reduction of water resources as a result of evaporation, infiltration and run-off.
Based on the results of the analysis of the digital model of the surface of the StabatiSke site
and its vicinity, also on the assumption that the foundation of the repository will be
constructed in the level of 154 m and 153.5 m in the western hill and eastern hill respectively
(Rimidis, 2005), it has been established that under maximum flooding conditions the
difference between the altitudes of the surface of water and the repository foundation shall be
1.18 m and 1.80 m respectively (Fig. 4.1.1.11). Thus, under no circumstances the territory of
the StabatiSke site can be flooded; however, in this case engineering barriers that eliminate the
capillary rise of groundwater, viz. broken stone and puddle clay layers (Rimidis, 2005), are a
must (Mazeika, Pavirsinio..., 2000).

The maximum backwater of the Stabatiske site would be achieved if at least 183 mm
precipitation would fall in the territory during the hypothetically short period. Based on the
1961-2004 observation data, only the accumulated precipitation that fell during a long period
(30 days) exceeded 183 mm twice in 43 years. Thus, under extremely conservative
assumptions, the maximum backwater of the Stabatiské site would be achieved only once in
20 years, which is shown in Fig. 4.1.1.11. If the maximum backwater is achieved and in the
present of hypothetical precipitation of any intensity, the surplus water shall flow from the
StabatiSke site over the road bed to the neighbouring territory, and then to Lake Druksiai
along the descent of the relief (Fig. 4.1.1.12). The relief of the Stabatiské site and its vicinity
determines that backwater reaching the height of the foundation of the planned repositories
cannot be formed under natural conditions. Maximally flooded areas are determined by the
heights of road beds surrounding the site and natural overflows of isolated sub-basins
(Mazeika, Pavirsinio..., 2006).

14893 m
148,77 m

148,77 m

UZlieta teritorija
ir vandens lygis

151,60m 14877 m

148,77 m

| Uzlieta teritorija ir vandens lygis | Flooded area and the level of water

Fig. 4.1.1.11. The area of the Stabatiské site that is maximally flooded by water
(situation when any surplus water flows over the road bed to Lake Driuksiai).
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Vandens tékmé i§
Stabatiskes aikstelés

Vandens tekéjimo
kelias iki Draksiy ezero

\

Vandens tékmé i§ StabatiSkés aikstelés Flow of water from the Stabatiske site

Vandens tekéjimo kelias iki Driiks$iy ezero Path of water flow to lake DriikSiai

Fig. 4.1.1.12. Water flow from the Stabatiské site under maximum backwater, and the
path of water flow to lake DriikSiai.

Water consumers

There are no consumers of surface or groundwater in the Stabatiské site. Prior to the
construction of the Ignalina NPP there were four homesteads that took water from shaft-wells.
One well has survived; it is located in the northern section of the site, and it is not in use. The
nearest groundwater wells in use are located in villages surrounding the Galilauke site.

Data on underground water extracting sites located within the radius of 15 km from
the Stabatiske site are provided in Table 4.1.1.16. This area has 5 underground water bodies
marked in the state registry. Visaginas City and the Ignalina NPP are the major consumers of
underground water; together they consume almost 9,000 m’ water (extracted from the
Visaginas water extracting site) per day. Generally speaking, there are quite a few isolated
underground water extracting bores in the area of the StabatiSkeé sites owned by different
owners (Table 4.1.1.17).

Table 4.1.1.16. Information about underground water extracting sites within the radius of 15
km from the StabatiSké site (in the territory of Lithuania)

Address Code of the Location Index of the Average amount
body aquifer used of extracted
X Y water, m>/day,

based on the
data of 2002-
2005

Visaginas City, Visaginas 113 6163393 | 658771 Ds$v+D,up 8743

Municipality, Utena County

Kimbartiské Village, Turmantas | 2691 6174403 | 657050 agll 11

Neighbourhood, Zarasai Region
Municipality, Utena County

Bartkiské I Village, Turmantas 2693 6176045 | 653634 agl 15
Neighbourhood, Zarasai Region
Municipality, Utena County

Turmantas Railway Station, 2984 6176733 | 655063 D;8v+Dyup 1
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Turmantas Neighbourhood,
Zarasai Region Municipality,
Utena County

Rimsé Town, Rimsé

Neighbourhood, Ignalina Region

Municipality, Utena County

3338

6156733

654584

aglll

Table 4.1.1.17. More detail information about underground water extracting bores in
operation within the radius of 15 km from the Stabatiske site (in the territory of Lithuania)

Address

Location

X

Y

Bore
No.

Index of the
aquifer used

Depth of the
bore, m

Bore owned by

Tilzé Village, Turmantas
Neighbourhood, Zarasai
Region Municipality

6172368

662739

5454

Dzup - D3§V

130

NEIGHBOURHOOD

Tilzé Village, Turmantas
Neighbourhood, Zarasai
Region Municipality

6172308

662776

5455

Dzup - D3§V

122

NEIGHBOURHOOD

Turmantas Town,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6175546

655679

8030

Dzup - D3§V

170

NEIGHBOURHOOD

Kimbartiské Village,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6171251

659315

12770

Q

95

NEIGHBOURHOOD

Kimbartiské Village,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6174884

657084

12789

gQ,-g0Q;

52

NEIGHBOURHOOD

Pauksteliské Village,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6170881

648828

12805

Q

114

NEIGHBOURHOOD

Tilzé Village, Turmantas
Neighbourhood, Zarasai
Region Municipality

6173906

657417

13701

gQ,Zzm

115

NEIGHBOURHOOD

Gerkoniai Village, Dukstas
Neighbourhood, Ignalina
Region Municipality

6160045

650513

13715

S

337.5

NEIGHBOURHOOD

Antalgé Village, Rimsé
Neighbourhood, Ignalina
Region Municipality

6158473

654253

13717

gQsvr

50

NEIGHBOURHOOD

Berzininkai II Village,
Rimsé Neighbourhood,
Ignalina Region
Municipality

6161014

662040

13720

szim - fQ3VI'

72

NEIGHBOURHOOD

Nagénai Village, Rimse
Neighbourhood, Ignalina
Region Municipality

6156263

655648

13802

Q

73

NEIGHBOURHOOD

Berzininkai II Village,
Rimsé Neighbourhood,
Ignalina Region
Municipality

6160201

661824

13803

Q

41

NEIGHBOURHOOD

Rims$é Town, Rims$é
Neighbourhood, Ignalina
Region Municipality

6156203

653946

13879

gQyvrs

42

NEIGHBOURHOOD

Gaidé Village, Rimsé

6161146

660579

13880

gQyvrs

62

NEIGHBOURHOOD
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Address

Location

X

Y

Bore
No.

Index of the
aquifer used

Depth of the
bore, m

Bore owned by

Neighbourhood, Ignalina
Region Municipality

Kimbartiské Village,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6174423

657171

13891

Dzup - D3§V

120

NEIGHBOURHOOD

Bieniiinai Village, Rimsé
Neighbourhood, Ignalina
Region Municipality

6158118

655582

13941

Q

93

NEIGHBOURHOOD

Zibakiai Village, Rimsé
Neighbourhood, Ignalina
Region Municipality

6158193

657685

13942

Q

35

NEIGHBOURHOOD

Bartkiske I Village,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6175484

653950

14087

Dyup

150

NEIGHBOURHOOD

Cepukiske Village,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6174669

650989

14088

Dyup - D3sv

135

NEIGHBOURHOOD

Rims$é Town, Rimsé
Neighbourhood, Ignalina
Region Municipality

6157348

653941

19048

aglQzvr-gr

45

NEIGHBOURHOOD

Padabinka Village,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6172807

650861

19151

D3§V

116

NEIGHBOURHOOD

Kamariskeé Village,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6174809

654988

19152

153

NEIGHBOURHOOD

Egliniai Village, Rimse
Neighbourhood, Ignalina
Region Municipality

6158044

653478

19156

2Quvld

30

NEIGHBOURHOOD

Smalvos Village,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6170184

648362

19363

Dyup - D3sv

130

NEIGHBOURHOOD

Bartkiske I Village,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6176065

653755

19369

D3§V

118

NEIGHBOURHOOD

Bartkiske I Village,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6176125

653700

19370

D3§V

132

NEIGHBOURHOOD

Sakiai Village, Turmantas
Neighbourhood, Zarasai
Region Municipality

6172125

658671

19373

D3§V

145

NEIGHBOURHOOD

Pauksteliské Village,
Turmantas Neighbourhood,
Zarasai Region
Municipality

6170991

649332

20059

Dyup - D3sv

125

NEIGHBOURHOOD

Bieniiinai Village, Rimsé
Neighbourhood, Ignalina
Region Municipality

6158251

656718

20639

gQ,dz

100

NEIGHBOURHOOD

Turmantas Town,
Turmantas Neighbourhood,

6176732

655063

27880

DzStO

132

LITHUANIAN
RAILWAYS
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Address Bore | Index of the | Depth of the Bore owned by
Location No. [aquifer used bore, m
X Y
Zarasai Region
Municipality
Visaginas City, Visaginas 6162802 658437 29658|D;sv - Doup STATE
Municipality 175 ENTERPRISE
IGNALINA NPP
Karlai Village, Visaginas 6164410 656272 30857|Dyup - D3sv 128 BOARDING-HOUSE
Municipality OF VISAGINAS
Visaginas City, Visaginas 6162851 658593 30960|D;sv - Doup STATE
Municipality 175 ENTERPRISE
IGNALINA NPP
Visaginas City, Visaginas 6163161 658593| 30962|D;8v - Dyup STATE
Municipality 175 ENTERPRISE
IGNALINA NPP
Visaginas City, Visaginas 6163761 658669| 30964|D;8v - Dyup STATE
Municipality 175 ENTERPRISE
IGNALINA NPP
Visaginas City, Visaginas 6162818 658438 30965|Ds3Sv - Dyup STATE
Municipality 175 ENTERPRISE
IGNALINA NPP
Visaginas City, Visaginas 6164084| 658675 30966|Ds8v - Dyup STATE
Municipality 175 ENTERPRISE
IGNALINA NPP
Visaginas City, Visaginas 6164231 658666| 30968|D;8v - Dyup STATE
Municipality 165 ENTERPRISE
IGNALINA NPP
Visaginas City, Visaginas 6164150 658822 30975|D;sv - Doup STATE
Municipality 175 ENTERPRISE
IGNALINA NPP
Visaginas City, Visaginas 6164263 658945 30976|D;sv - Doup STATE
Municipality 175 ENTERPRISE
IGNALINA NPP
Visaginas City, Visaginas 6163715 658504| 30977|D;8v - Dyup STATE
Municipality 175 ENTERPRISE
IGNALINA NPP
Visaginas City, Visaginas 6162960 658357 30978|D;8v - Dyup STATE
Municipality 175 ENTERPRISE
IGNALINA NPP
Visaginas City, Visaginas 6162245 658474 30979|DsSv - Dyup STATE
Municipality 172.5 ENTERPRISE
IGNALINA NPP
Energetiky Street, 6163928 654398| 31053|lgllIbl NIKOLAJ
Visaginas City, Visaginas 19 GOLOSKOKOV
Municipality
Visaginas City, Visaginas 6164253 658765| 31120|D;8v - Dyup STATE
Municipality 175 ENTERPRISE
IGNALINA NPP
Visaginas City, Visaginas 6163902 659043| 31121|D;8v - Dyup STATE
Municipality 175 ENTERPRISE
IGNALINA NPP
Rimsé Town, Rimsé 6156733 654584 34235|gllzm UAB ARGINTA
Neighbourhood, Ignalina 51
Region Municipality
Ramybé Village, Visaginas | 6163059 651428| 36120|D,up STATE
Municipality 128 ENTERPRISE
IGNALINA NPP
Ceberakai Village, 6163385 658824 38091|Dyup - D3sv STATE
Visaginas Municipality 175 ENTERPRISE
VISAGINO
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Address Bore | Index of the | Depth of the Bore owned by
Location No. [aquifer used bore, m
X Y
ENERGIJA
Ceberakai Village, 6162896 658868| 38092|D,up - D3sv STATE
Visaginas Municipality 175 ENTERPRISE
VISAGINO
ENERGIJA
Vélunai Village, Rimse 6154086 658369 38727(fllzm-md REGINA
Neighbourhood, Ignalina 49 GLEBAVICIENE
Region Municipality
Lapusiske Village, 6161871 652552 38861|Dyup - D;sSv PAVASARIS
Visaginas Municipality 162 GARDENERS’
COMMUNITY
Lapusiské Village, 6162191 652983 38862|Dyup - D38v PAVASARIS
Visaginas Municipality 162 GARDENERS’
COMMUNITY

There are approximately 10-15 underground water extracting bores in the localities of
Drisviaty, Dvorishchia, Miliuntsy and Grituny in Belarus, some 15 km away from the
Stabatiske site. Even though less underground water extracting sites in operation have been
counted in the zone of the same radius in Belarus, it could be assumed that here the rate of
flow of bores intended for major agricultural companies should be slightly higher than of
isolated bores operated in Lithuania and not related to agricultural companies.

Hydrogeological conditions

During studies carried out in 2005-2006 two aquifers were identified in the territory of
the StabatiSke site, in the depth up to 20-30 m (Laikinyjy pjezometry..., 2005, Rackauskas,
Janulevicius, Abromaviciute, 2005; Rackauskas, Janulevicius, Abromaviciiute, 2006): 1) the
upper aquifer: groundwater (and/or water above streak); 2) the lower aquifer: middle (and in
some places — confined) water.

Groundwater (the first from the surface of the earth; unconfined) accumulates in peat,
sand and soil layers and in streaks existing in glacial loam and clay loam, also in interlayers or
more permeable zones. In lower relief areas groundwater is continuously present through the
year, while in the highest places the presence of upper groundwater is seasonal. In shallow
piezometers installed at deep bores the level of groundwater was measured in sites of all bores
in spring. Thus, it could be stated that there are two types of groundwater in the territory: 1)
continuously present (in lower sections of the relief); 2) seasonally present (in the highest
relief areas, viz. hills).

In the lowest relief areas, groundwater level was detected up to the several dozen
centimetres deep from the surface of the earth. The highest altitude of the level of
underground middle water in the eastern hill of the StabatiSké site is 149.70 m above the sea
level in bore 2k (Fig. 4.1.1.13). The highest altitude of sporadic groundwater near the hills is
152.5 m in bore 14k. The intended altitude of repository vaults is 154.0 and 153.5 m. After the
formation of impermeable barriers over the repository, the groundwater level should further
decrease a little, as the infiltration recharge will be minimally reduced and drainage conditions
will be improved. The level of underground middle water will remain almost unchanged for a
very long period.

By altitude, the highest level of groundwater is in hills. Form there, water flows
downwards towards ravines and swampy areas. Around the hills the direction of groundwater
is most frequently of a radial nature, i.e. it flows down the hill in all directions. However, the
general inclination of the relief of the site is towards the northeast (towards lake DriikSiai); it
is in this direction that the flow of surface water and underground water is formed. Some
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profiles of the site show that groundwater and surface water (swamps, puddles) is
hydraulically closely connected in lower areas. The altitude of the level of water in the north-
eastern pond (bores 24k and 25k) is almost 4 metre lower than the altitude of the level of
water in the north-western pond (bore 21k). In many places the site is covered with clayey
rocks, i.e. rocks with low water permeability (Table 4.1.1.18).

LI o

Y Grefidad frravkt jregistra g Latkini piezometrai Mepengti sekdis grefimai
[
Greziniai jtraukti | registra Bores entered into the registry
Laikini pjezometrai Temporary piezometers
Neirengti sekliis greziniai Shallow bores, not equipped

Fig. 4.1.1.13. Bores in the Stabatiské site

Table 4.1.1.18. Data on filtration characteristics of low permeable rocks of the Stabatiske site

Bore | Coordinates of .Depth or Density ofarock, Porosity, Flltrat.lon Filtration
interval of g/cm coefficient, .
No. the bore . % coefficient, m/s
sampling, m |saturated |dry m/day
1k 662064 1 2.38 2.10 0.28 7.6:107 8.8E-08
6165236 1 2.41 2.12 0.29 7.9-10° 9.1E-08
. -3 —
662123 1 2.44 2.14 0.3 8.2 10_3 9.5E-08
2k 6164988 1 2.40 2.12 0.28 7.7-10 8.9E-08
1 2.41 2.10 0.31 8.0-107 9.3E-08

More permeable sediments (peat, sand) are sporadically present. Their filtration
coefficient is assumed to be higher by one row. Therefore, the average speed of the
groundwater flow should also be very low — up to several centimetres per day.
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The second aquifer from the surface of the earth occurs between two water impermeable
clayey layers in the investigated territory. Aqua glacial sediments (varigrained sand, gravel
and sand, dusty sand, gravel) of the Upper Pleistocene Griida sub-suite — Middle Pleistocene
Medininkai suite of the Quaternary thickening are water permeable from the geological point
of view. During the investigation period, the level of middle underground water was 4.32-
11.71 m below the surface of the earth or 147-148 m above the Baltic sea level. The level of
water of this aquifer is the deepest from the surface of the earth in hills, and the shallowest —
in the lowlands (Fig. 4.1.1.14). In major area of the territory water is unconfined — its level
coincides with the top of the sandy layer in places. In lower places (bores 8k and 9k) water is
confined, i.e. its piezometric level rises in bores from several dozen centimetres to several
metres above the top of the layer (MaZeika, Vandens..., 2006).

= T : P
,/;\o'“. :

[t

Fig. 4.1.1.14. Average altitudes of the underground water level in the Stabatiske site (numbers
provided at the bores are equivalent to the median for the total investigation period, m a.s.l.),
the hydro isopiez distribution (continuous lines, m a.s.l.), water flow directions (arrows) and
Darcian speed (median values and the interval of change, m/day).

Altitudes of the middle water level sink towards the pond located in the north-eastern
part of the territory and towards lake Driiks$iai located further. The direction of underground
water coincides with the direction of sinking of the altitude of the water level (Fig. 4.1.1.14).
Underground water is discharged into lake Druksiai. As several dozen years-old
aerophotographs do not show any surface water body in the north-eastern territory, the surface
water of the pond formed during the construction of the Ignalina NPP and middle
underground water do not have any hydraulic connection. Based on geological profiles, it
could be assumed (bores 24k and 25k) that the surface water of the pond and middle
underground water are separated by a sever meter-thick layer of the low water permeable till.
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Based on the results of the analysis of the mechanical composition of soil
(granulometric analysis), the filtration coefficient of the rocks of the aquifer changes from 4.6
to 27.2 m/day. Short-term water tests of three bores (4k, 6k and 7k) showed that filtration
coefficients could even be higher (Rackauskas, Janulevicius, Abromaviciité, 2006). Bore
filters have been installed in visually most permeable zones (in coarse-grained sand and
gravel). The filtration coefficient values of the layer obtained using different methods are
presented in Table 4.1.1.18. The generalised average filtration coefficient of the rocks of the
aquifer is approximately 19 m/day. As the layer consists of varigrained sandy sediments, the
filtration coefficient changes vertically as well as horizontally.

The main aquifer is restricted from below by the till and glacial loam (brown, rigidly
or softly plastic) of Medininkai suite, which may be a partial aquitard from the hydrodynamic
point of view. In the northern part of the territory (bores 5k and 6k), low permeable layers of
clay and silt occur above the glacial till of Medininkai suite, which also reinforce the aquitard
characteristics.

Table 4.1.1.18. Filtration coefficients of the rocks of the intermoraine aquifer

Bore No. Filtration K based on the results of the | Filtration K based on the Average, m/day
mechanical analysis of soil, m/day (the | results of the water test of
interval of sampling, m, is provided in bores, m/day
brackets) According According
to the to the rise of
marking of | the water
the water level
level
4k 6.93(11.7-11.9) 4.56 (17.0-17.5) 11.5 11.04 8.5
6k 27.2 (13.0-14.0) 20.5 (16.2-16.7) 30.6 49.2 31.8
7k 16.3 (13.0-13.5) 11.3 (15.5-16.0) 14.6 20.0 15.5
Average, 16.8 12.1 18.9 26.7 18.6
m/day

The aquifer of aqua glacial sediments of the Middle Pleistocene Zemaitija-Dainava
suits (sand) occurs under the glacial till of Medininkai suite. Bores were drilled only 0.8-1.2 m
into it. Neither pressure nor hydraulic connection with an upper layer has been established.

Model calculations have been performed to assess the flows of underground water,
using the FEFLOW code (Mazeika, Vandens...., 2006). Results are provided in Fig. 4.1.1.15.
The results of calculations how that underground water empties to lake Druksiai.
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500

1000 1500 m

Fig. 4.1.1.15. Directions of flows of underground water of the main aquifer in the
Stabatiske site simulated using the FEFLOW code (the lines of flows from the
repository site are marked in red)

The speed of the infiltration recharge has been assessed according to the profile of the
vertical distribution of tritium. In the monitored bores analysed in 2006, the activity of *H in
water in the Stabatiskée site changed from 5.4 to 15.4 TV (the annual average in precipitation
water was approximately 9 TV). The lowest activity was measured in water of bore 9. This
indicates a slower infiltration of water.

In 2006, the distribution of the activity of *H in the humidity of the aeration zone was
analysed in one profile in the Stabatiské site. The concentration of *H in the humidity of the
rocks of bore 5 changed from 33.8 TV to the detection limit (2-3 TV). The PFM (piston flow
model) model was used for the assessment of the distribution of *H in the vertical profile and
the speed of circulation of humidity in the aeration zone (using the TRACER code). With the
multiannual change of activities of *H in precipitation known, the function (of a certain
probability) of the hydrological system of the activities of *H in water and of the “age” of that
water is established. The results of calculations are further specified in Table 4.1.1.19.

Table 4.1.1.19. The values of the vertical infiltration speed (u;,) and the infiltration
flow (qin) established according to the data of tritium and volumetric moisture content of the
aeration zone (alpha — 0.6).

Coordinat Water flow Average Infiltration amounts*

Bore Water flow . volumetric Vertical Infiltration Infiltration
es of the time tt, .

No. b path AL, m moisture speed u;,, flow qin, flow q;y,

ore year o 3, 2
content, % | mm/year mm/year m’/m-year
6165325
5 661854 6.0 53 0.30 113 20 0.020

The infiltration flow in the western hill is approximately 20 mm/year, considering the

integral assessment of all thickening down to the underground water level. The infiltration
flow is higher in the upper part of the glacial loam (some of the flow will run off laterally), as
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surface ground water accumulates on the clay loam on a seasonal basis, the level of which
/text is missing, - translator’s note/ through the year.

Hydrochemical characteristics

The results of the quality analysis of underground and surface water are provided in
the thesis (Rackauskas, Janulevicius, Abromaviciuté, 2006), while the results of the general
chemical analysis are summarised in Table 4.1.1.20. The chemical composition of middle
water (bores 4k to 10k), groundwater (bores 12k to 20 k) and surface water (ponds and the
rivulet) is similar. Water is either fresh or slightly mineralised, calcium bicarbonate. Its
mineralisation (the sum of dissolved mineral substances) is from 493 to 1223 mg/l.

Based on many indicators, the quality of water meets the requirements of the said
standard. In some cases the quantity of permanganate of groundwater (bores 16k and 20k) and
surface water (bores 13k, 21k and 24K) slightly exceeds MAC (Higienos norma HN 48:2001,
2001). The quantity of permanganate indirectly indicates the content of the organic substance
in water. The organic substance contained in groundwater and surface water of the Stabatiské
site is mostly of a natural origin. Higher concentrations of nitrites (NO;) and ammonium
(NH;") have been established in some places (bore 12k, the pond, the rivulet near bores 13k
and 24k). As in the case regarding the quantity of permanganate, this can also be related to the
decay of the natural organic substance (that is abundant in the swampy locality). However,
the higher values of the said components may also be influenced by fractures of the sewerage
pipeline of the Ignalina NPP built in the south-western part of the Stabatiske site.

Based on the results of the analysis of trace elements (heavy metals), iron and
manganese concentrations exceeded the MAC (as provided by the said Hygiene Standard) in
surface water and groundwater in some places (bore 20k, ponds near bores 21k and 24k). It is
also related to the abundance of the organic substance and its transformations in the swampy
environment.

During observation, rather high biogenetic concentrations have been established in
some surface water bodies and bores (Table 5). Having entered surface water bodies, water of
such quality stimulates eutrophication processes. With due consideration to the requirements
applicable to the quality of river water defined by maximum authorised concentrations of
priority and hazardous substances approved by Order No. 623 On the Approval of Rules for
the Reduction of Water Pollution with Priority Hazardous Substances of the Minister of
Environment and by Order No. 267 On the Partial Amendment of Some Orders of the
Minister Regulating Wastewater Management of the Minister of Environment, the
concentration of phosphorus, nitrogen or compounds thereof exceeded the maximum
authorised concentration in many water samples (Table 4.1.1.21).
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Table 4.1.1.20. Summary of the results of the general chemical analysis

Cl | SO, |HCO;| NO; | NO; | Na K Ca Mg NH, Total | BM* | PS* | pH | ChDS* SiO, CO,
hardness (aggressive)
Bore No. mg-

mg/l equiv/l | mg/l | mgO/1 mgQO/1 | mgSiO,/l mg/1

4k 224 | 403 | 517 | <0.01 | <0.05 | 104 | 1.9 139 39.7 0.04 10.2 771 | 452 | 7.16 6.9 7.24 6.93

S5k 6.6 49 474 1<0.0.1| <0.05 | 6.8 4.6 128 37.1 | 0461 9.44 707 | 3.41 7.5 17.7 10.88 5.61

6k 52 [ 228 | 367 |<0.01] <0.05 | 5.2 1.6 89.6 | 249 | 0.165 6.52 517 1.31 | 747 12.7 8.5 <5.0

8k 5.9 1.5 427 | <0.01 | <0.05 | 22.5 | 2.7 93.8 27 0.218 6.9 581 341 | 7.38 29.1 19.79 <5.0

9k 5.8 [20.1 | 563 | <0.01| <0.05 |26.9| 3.5 98.8 | 349 | 0.447 7.8 754 2.1 7.61 19 9.97 <5.0

10k 5.1 [ 17.8 | 344 | <0.01 | <0.05 | 4.6 3.1 924 | 247 | 0.495 6.64 493 1.57 | 743 8 9.55 <5.0

12k 20.2 | 21.1 | 420 1.34 | 20.6 | 163 2 103 35 <0.01 8.02 640 | 0.79 | 7.42 36 19.72 <5.0

14k 105 | 984 | 298 | 0305 739 |536| 26 120 29 <0.01 8.37 714 | 446 | 7.18 38.2 9.13 26.9

15k 147 | 11.3 | 574 | <0.01 | 9.16 | 173 | 1.7 132 43.7 | 0.036 10.2 804 6.3 7.3 33.5 16.64 <5.0
16k 69.2 | 6.2 455 |1 <0.01 | <0.05 | 452 | 5.8 106 27.6 3.54 7.56 718 | 7.61 | 7.07 96 13.13 16.39

19k 289 | 5.6 416 | <0.01 | 0.239 | 149 | 1.2 106 30.5 | <0.01 7.8 603 | 2.62 | 7.2 26.4 12.5 <5.0

20k 9.4 1.9 789 | <0.01 | <0.05 | 13.5 | 2.7 213 32.5 | 0.152 13.3 1062 | 9.18 | 6.87 30.8 24.49 45.4

6k (groundwater) | 77.5 | 51.4 | 788 | <0.01 | <0.05 | 31 5.5 207 62.5 | 0.385 15.5 1223 | 2.1 6.84 22.3 18.53 17.6
7k (groundwater) 9.6 | 11.9 | 459 | <0.01 ] 0.248 | 185 | 2.9 101 32 0.084 7.67 635 2.1 7.24 18 13.48 <5.0
8k (groundwater) 3.6 14 215 | 0.066 | 39.1 3.7 1.6 71.2 17.7 | 0.202 5.01 366 1.31 7.5 11.6 5.55 8.36
Pond near bore 21k | 57.5 | <1.0 | 283 | <0.01 | <0.05 | 32.8 | 3.7 71.1 17.3 | <0.01 4.97 465 | 9.84 | 7.04 36.5 3.31 <5.0
Pond near bore 24k | 369 | 1.3 466 | <0.01 | <0.05 | 27.6 | 9.2 104 28.3 4.08 7.52 677 | 16.3 | 7.09 24.4 12.15 <5.0

Rivulet near bore
13k 333 3 463 | <0.01 | 0319 | 28 | 10.7 111 27.8 12.9 7.83 690 | 9.18 | 7.2 77 23.23 13.9
MAC 350 | 450 50 200 2 6.5 6-9 10
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Table 4.1.1.21. Concentration of phosphorus and nitrogen compounds in water bodies of the
Stabatiske site, mg/I

Place, N/ N/ N/

sample Date NOZ_ N03_ NH4+ Nmim Nurg, Nh’ Pb, Pmim Porgs
Point 1 7 0.156 | 0.121 2.400 2.677 | 0.012 2.689 | 0.028 0.000 | 0.028
Point 2 Apri | 0.153 0.020 1.174 1.347 | 0.244 1.591 0.044 | 0.011 0.033
Point 3 20106 0.061 0.272 | 0.060 0.393 0.743 1.136 | 0.122 0.006 | 0.117
Point 1 0.004 | 0.182 | 0.843 1.029 | 0.183 1.212 | 0.017 | 0.000 | 0.017
Point 2 0.034 | 0.122 | 0.362 0.518 0.558 1.076 | 0.111 0.006 | 0.106
Point 3 12 0.000 | 0.674 | 0.061 0.735 0.022 0.758 0.333 0.000 | 0.333
Bore 4 April 0.400 | 0.129 | 0.196 0.725 0.184 | 0.909 | 0.061 0.014 | 0.047
Bore 4p 2006 0.003 0.095 0.304 0.402 0.825 1.227 | 0.174 | 0.121 0.053
Bore 6 0.003 0.997 | 0.080 1.080 | 0.056 1.136 | 0.094 | 0.014 | 0.081
Swamp 0.029 | 0.198 0.000 0.227 1.045 1.273 0.256 | 0.011 0.244
Snow 0.004 | 0.207 | 0.156 0.367 0.997 1.364 | 0.044 | 0.008 0.036

Drainage options

The highest western hill (160.0 m a.s.l.) and the nearby middle hill (157.4 m) are the
best suited area for the construction of the repository in the Stabatiske site (A. Rimidis, 2005).
The surrounding areas are too wet; there are open water bodies formed as a result of works
performed during the construction of the power plant; therefore, drainage should be
performed in the construction zone, in the area of approximately 30-35 ha. Hills should have
to be lowered by removing the top layer. The analysed maximum possible grounding is
respectively up to 154.0 m and 153.5 m of absolute height. It would be new height of the
surface of the earth, just about 0.5-0.8 m higher than local descents used by water for flowing
to lake Druksiai along ditches and washes. In such case the total area of the surface of the
hills would become approximately 12 ha. The removal up to higher levels would result in the
decrease of the effective area.

The heights of the lowest points (145.7-153.0 m) of the StabatiSké site allow to plan
drainage measures for the protection of the foundation of the radioactive waste repository
from the dam of groundwater, in respect to the level of lake Druksiai (141.6 m). It is well
worth of constructing a multilayer drainage from natural filtering substances, i.e. coarse-
grained sand, gravel and broken granite, for the protection of the foundation of the radioactive
waste repository from the dam of groundwater. The principal drainage layer of broken granite
would be constructed on the layers of coarse-grained sand and graven by placing the bigness
of fractions according to the direction of water flow. The thickness of the broken granite layer
would be 30 to 60 cm, with the 1-2% inclination towards drainage collectors. It will be
covered with a horizontal layer of gravel and then with a horizontal layer of coarse-grained
sand. The thickness of layers is 20 cm each.

The condition of the wetland located in the north-eastern corner may be improved by
deepening the wetland and by making it into a nice pond. It would perform the function of a
compensating basin and would accommodate surplus water caused by melting and heavy
precipitation.

MPARISON F_HYDROLOGICAL _AND HYDROGEOLOGICAL
CONDITIONS OF THE SITES

Similarities of hydrological and hydrogeological conditions of the sites are as follows:

1. All sites are located near large lakes in the basin of lake Driuksiai;

2. The hydrological regime of all sites has been reorganised.

Principal differences of hydrological and hydrogeological conditions of the sites are as
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follows:
1. Galilauké hill is the most vivid, and its has the best conditions for the run-off of

surface water;

2. The hydrogeological situation of the Apvardai site is more complicated than that of
the Galilauke site, while the level of water is higher;

3. Even though the hydrogeological situation of the Stabatiskeé site is more
complicated (the middle aquifer occurs closer to the surface of the earth, the upper low
permeable span is thinner) than that of the Galilauke site, there is no danger of flooding in
central sections of hills up to the altitude of 154.0 m and 153.5 m.
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4.1.2. Meteorological and climatologic data (ambient air)
General information on meteorological and climatologic data sources of the sites

The investigated burial grounds are located in the Aukstaiciai sub-area, the climatic district
of the Southeast highlands. This district is characterized by intensification of turbulent
exchange and thermal convection in highly traversed area and formation of strong thermal
inversions in winter. The nearest station from the planned burial ground is Diukstas
meteorological station at a distance of 12 km from Apvardai, 18 km from Galilauké and 16
km from StabatiSké sites, therefore the characteristic meteorological information for this
district is provided according to the data presented by this station.

In the area of the Ignalina NPP Diuikstas meteorological station is the unique systemic station
for the monitoring of climate elements. The station operates from 01 January 1972 and
belongs to the net of Dukstas meteorological stations of Lithuanian Meteorological Service.
These stations provide measurements according to the standards of World Meteorological
Organization (WMO); therefore the data of DuksStas MS can be compared with the data of
other meteorological stations performing measurements according to the same standards.

The parameters currently observed in the main DiikStas meteorological station are the
following: air temperature, atmospheric pressure, air humidity, atmospheric phenomena,
wind direction and wind speed, natural atmospheric and catastrophic meteorological
phenomena, hourly air temperature recorded by thermograph, hourly air temperature
recorded by hygrograph, rainfall intensity recorded by pluviograph, soil humidity, soil
surface temperature, soil temperature during a vegetation period at a depth of 5, 10, 15 and
20 cm, soil temperature at a depth of 0.8, 1.2, 2.4, 3.2 m, sunshine duration recorded by
heliograph, daily snow coat thickness, snow photo in the forest, phenomena of freezing rain,
hoarfrost, glazed frost, and phenological phases of trees and bushes.

The other nearest sources of climate data is Utena meteorological station (about 56 km from
the objects), Svendionys (around 50 km) and Rokiskis (around 78 km) ordinary climate
stations (according to the nomenclature of the Lithuanian Hydro meteorological Service). In
case meteorological data must be reconstructed, partially may be referred to the
meteorological data of former Duseta, Zarasai, Ignalina, Sven¢ionys meteorological stations
and Moliakalnis (near Diikstas), Naujasis DaugéelisSkis (near Ignalina) and VySniauka (near
Zarasai) meteorological posts. Some facultative data about the state of climate elements of
the region can provide air monitoring posts of Ignalina NPP operating for 10 years. Their
monitoring programs vary. Meteorological posts of nuclear power station measurements
performs according to their individual program, therefore in order to compare data of one
station with the data of other station additional statistical data analysis must be provided.

Meteorological conditions of a terrain

The data of Dukstai meteorological station are provided in Tables 4.1.2.1 — 4.1.2.3 and
Figures 4.1.2.1 and 4.1.2.2. West and southwest wind predominate in the sites. One of the
possible burial grounds is at Galilauke hill, the long axis of which is oriented towards the
east — west direction. The other possible burial places in the terrain of Lake Apvardai are
provided in the hills, extended in the north-south direction. The different
exposition of hill slopes can influence the formation of snow coat during the cold
season. Different amount of sun radiation falling on the slopes can determine
uneven intensity of snow coat melting.
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The average steady (lasting shorter than one month with the brakes not longer than
three days) snow cover is formed on 15 December. The biggest thickness of snow
cover is 25 cm. A constant snow cover disappears on 25 March.

Table 4.1.2.1 Perennial frequency of wind direction (%) at DiikStas MS (Lithuanian ..., 1996)

. . S
Wind direction Frequency of wind direction, %
January July Annual
N 5 10 8
NE 6 8 7
E 14 8 12
SE 15 8 13
SP 12 11
SW 23 17 19
' 16 24 18
NwW 9 18 12
Calm 3 9 6
N N
W01 53
NW 15 NE NW 20 NE
15
P10 T
5 4
A w : & )
\ E N P’j E
e SE ] 4 sg
SW I SwW
S Calm 6% E| Calm: In January
3%

Fig. 4.1.2.1 Wind roses of perennial period at Dukstas MS: on January — on the right -
blue color, July (on the right - red color), per year (on the left)

Table 4.1.2.2 Perennial average wind speed at Dukstas MS (Lietuvos ..., 1996)

Wind direction Wind speed, m/s
January July Annually
N 2.8 2.5 2.8
NE 3.4 2.7 2.8
E 3.6 2.6 29
SE 4 2.6 3.2
S 3.8 29 3.3
SW 4.1 3.1 3.6
W 4.2 2.8 3.6
NW 34 2.7 3.1

Table 4.1.2.3 Average perennial amount of rainfall (mm) and average maximum and
minimum perennial air temperature for a day (°C) at DiikStas MS (Lietuvos ..., 1991, 1992)

Indicator Months Per year
I II O |1V, vV (vl |vilI|vill | IX | X | XI |[XII y
Average temperature | -6.8 |-5.6|-1.85.2|12.1|15.5]16.8| 15.9 |11.2]6.2| 0.9 |-3.8 5.5
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Maximum temperature| -4.0 [-3.0] 1.9 [9.8[17.3|20.5{21.6|20.9 |15.6]9.5] 3.0 [-2.5 9.2

Minimum temperature | -9.0 |-8.3|-4.9|1.2] 6.8 |10.2]11.7]11.0] 7.5 |3.3] -0.9 |-5.9 1.9

Rainfall amount 31 25129 (43156 | 7581 | 74 |68 |51] 41 | 40 614
o mm
25 1 30
20 A e ™ - &0
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Fig. 4.1.2.2 Average perennial amount of rainfall (mm) and average perennial maximum,
average and minimum air temperature for a day (°C) at Dukstas MS

Tendencies of climate changes

According to the results of the models developed in different world countries adapted for
Lithuania (Bukantis, 2001), the air temperature of the XXIst Century Lithuania should rise. It
is assumed that the climate will change more quickly at the second part of this century. It is
forecasted that the air temperature of cold period will especially rise (on December/March).
Besides, the total amount of rainfall and frequency of rainfall anomalies will rise (during the
cold period in particular). This demonstrates that the contrast between the year seasons abates
and the intermediate seasons get longer. On the other hand, it is clarified that the cases of
long-term hard frosts decreased, whereas long-term fevers more often repeat. Tendencies of
these anomalies frequency are in tone with other indicators of climate extremalities. The
investigations of climate tendencies and modeling show, that the tendencies of Lithuanian
marine climate will become more distinct.

The intensive supervision of radioactive waste burial will be executed for 100 years;
therefore it is important to provide for the tendencies of climate change in the district. The
best way how to achieve this is the carbon dioxide emission scenario of IPCC
(Intergovernmental Panel on Climate Change) and global atmosphere circulation models of
GCM (General circulation model). According to them during the nearest one hundred years
the air temperature in Europe should rise from 0.1 to 0.4 °C per decade. The biggest
temperature rise is provided for in the South Europe and north part of Europe, to which
belong the Lithuanian territory too. Especially quickly should rise the air temperature of cold
period — from 0.15 to 0.6 °C per decade. The air temperature of warm period would raise
not so quickly — 0.08-0.3 °C per decade (Climate ..., 2001). Increase of annual rainfall
amount is provided for in the North European part. It is supposed that the amount of rainfall
would raise 1-2 % per decade. The amount of cold period rainfall should increase — 1-4 %
per decade (Climate ..., 2001).

Summary of meteorological and climatic data
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According to the long-lasting object safety and operation, the differences between the zones
of climate parameters (regional), climate anomalies and climate change tendencies do not

have impact on a suitable selection of burial ground.

According to the location and characteristics of Galilauké and Apvardai sites it may be stated
that the most contrasting exposition slopes - north and south — prevail in the sites, what can
determine significant differences between the elementary run-off formation conditions, soil

temperature regime and other microclimatic differences in separate parts of burial ground.

4.1.3. Soils

Soddy-podzolic soils are repeated in the hilly highland of East Lithuania; surface
outwashes are badly decayed in the slopes of the hills. Soddy-podzolic sand soils,
sandy-loam soils and loam soils dominate in this region.

APVARDAI SITE

The preliminary investigated soil area at Apvardai site is around 275 ha, the territory of
the hills and adjacent area investigated in more detail is around 51 ha. The mechanical
composition of a surface is not smooth, however not very mixed too. Sub-soils of
more light mechanical composition prevail in the Galilauké soil. Peat is formed in the
depressions, which can be found practically in the entire territory.

A very similar mechanical composition is noticeable in the territories, which were
investigated in more details: medium loan soils and peat in the depressions prevail.

In general, the genetic soil diversity of a site is not big (Fig. 4.1.3.1). Podzolic
Luvisols, Luvisols and saturated Albeluvisols prevail deep and shallow
peaty soils of low-moor dominate in the depressions (Histosols).
Peaty soils available in the central part were drained and in that
area pasture lands were established. A rather big part covers rip
soils — simple carbonate Regosols and medium eroded carbonate
Luvisols due to agraric activity and mechanical land excavation and
leveling before equipping the greenhouse complex. When
construction of greenhouses was started in the southeastern part of
this site, a layer of fertile soil was excavated and took out from
around the area of 25 ha and here is found deeply excavated simple
carbonate Regosols.
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N Melioracijos kanalai

E= Slapynés
Dirvozemial
ADYy - deliuvinis glynZemis
GLb - pasotintasis SlynZemis
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IDg - gléjiSkasis iSplautZemis
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Fig. 4.1.3.1 Soils of Apvardai site

Ordinary podzolic Luvisols, simple Luvisols, saturated Albeluvisols investigated in more
detail compose about 52% of the territory. About 45 % compose ordinary carbonate
Regosols, moderately eroded Luvisols and deeply ripped ordinary
carbonate Regosols. Deep low-moor Histosols, which are also drained,
covers about 2%.

GALILAUKE SITE

The preliminary investigation of soils at Galilauké site is performed in the area of
around 76 ha and the hill territory and its nearest environment was investigated in more
details in the area of 76 ha.

Mechanical composition of this soil surface is heavier than those of Apvardai site.
Moderate and hard loam (light, moderate and heavy loam) or even clay is found
frequently. In the north part the mechanical composition is lighter: here sandy loam
and even several patches of sand can be found, however it composes only 1% of the
total area. At the foot of the slope and in the depressions between the hills a rather big
area occupies peat: in the northeast part near Lake Druksiai, and in the south and
central parts (crop grasslands and pastures were established in these areas after the
land-improvement works).

The covering of the soil in this territory is not very diverse, however rather divided
(Fig. 4.1.3.2). Simple podzolic Luvisols, simple Luvisols, and saturated Albeluvisols
here dominate. Deep low-moor Histosols are found in the north-east part near Lake
Druksiai and central part, in the south part — deep medium-moor Histosols, in the last
two areas peat is drained and farming lands are established, there intensive land-
improvement works are going on. Rip eroded soils — carbonate Regosols and
moderately eroded carbonate Luvisols covers not a very small part (due to intense



agricultural and earlier performed equalization works of the territory).

In the southwest angle shallow carbonate Cambisols, in the southeast part of the
territory (near the Druks§é river) - ordinary humus Fluvisols and ordinary peat Fluvisols
can be found, however they cover no more than1-2% of the total area.

In the north east part ordinary Arenosols and ordinary podzolic Arenosols are formed
on the sand (SDc-p).

Mechanical composition and soils are similar in the investigated territory: ordinary
podzolic Luvisols, ordinary Luvisols, and saturated Albeluvisols are formed on the
heavier hard loam or clay soil and they cover almost 70% of the territory. Rip soils —
ordinary carbonate Regosols and averagely eroded carbonate Luvisols - cover more
than 15%. Deep low-moor Histosols formed on the peat is found in the east part, they
comprise about 9%. Saturated deluvic Cambisols, which were formed from the eroded
products due to agricultural activity in the slope of the hills, are also found in the said
territory. Deluvic Fluvisols are dislocated in a narrow several meter long zone in the
lower part of the slopes of the hills. Typical saturated Gleysols formed in more damp
places are found too. However, both these soils occupy only several percentage of the
total area.

Mechanical composition of a surface of Galilaukeé site is a little bit heavier than the
Apvardai site, it is less sensible for the anthropogenic influence.

Mechanical composition and soils in the investigated territory are similar: ordinary
podzolic Luvisols, ordinary Luvisols, and saturated Albeluvisols formed on the
heavier hard loam and clay dominate are found; they occupy almost 70% of the
territory. The rip soils — ordinary carbonate Regosols and moderately eroded
carbonate Regosols comprise more than 15%. Deep low-moor Histosols formed on
the peat, are found in the east part, they comprise about 9 %. In the said territory
deluvic saturated Cambisols are formed from the eroded products, which were formed
during the agriculture activity on the slopes of the hills. Deluvic Fluvisols are
dislocated in a narrow zone of several meter length in the lower part of the slopes of
the hills. Typical satiated Gleysols are also found in more damp places. However,
both these soils occupy only several percentage of the total area.

Mechanical composition of a surface of Galilauke site is a little bit heavier than the
Apvardai site; it is less. Sensible for the anthropogenic influence.
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Fig. 4.1.3.2 Soils of Galilauke site

STABATISKE SITE

Soddy podzolic sand, sandy loam and loam soils prevail in Stabatiske site like in the
entire East Lithuanian Highland.

Soddy-podzolic, moderately podzolic (JV2) and soddy-podzolic gleic (JPY)) soils
dominate in the Stabatiskiai site. According to the mechanical composition of soils a
light plastic clay and fine sand dominate in the site, less light plastics loam is found in
the site, and peat is found in the lower places. Due to the earlier agriculture, the slopes
of the hills are eroded, ripped.
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4.1.4. Relief

Geomorphologic and topographic conditions of Ignalina NPP are very diverse. Data about
the characteristics of this relief may be found in the scientific publications (Basalykas, 1965;
Kudaba, 1983; Cesnulevicius, 1999). The relief of the region was already investigated in the
earlier studies (Nuclear ..., 1997), was discussed in the materials on burial ground
substantiation and selection of the sites (Identification ..., 2004).

Hilly, abounding in lakes, cut with ravines, moraine loam and fluvioglaciel sandy marshy
hog backed plain prevail in the north east part of the region, where the investigated sites are
located. A land of rather narrow but sheer slopes moraine backs and crest hill chains are
characteristic to the northeast micro district of the region. There are plenty of small, but deep
low-moor bogs in the inter-crest hollows.

APVARDAI SITE

Apvardai site is surrounded by various sized moraine hills. From east
and southeast (from Zibakiai) the site is surrounded by small and
averagely massive hills with small dampen hollows. Small hills are of
10-15 m height (according to the adjacent marshes and the deepest
hollows), rather sheer (especially in the east part). Slopes are usually
short (up to 150 m). A big variety of expositions (more slope
expositions of east-west), this zone of the hills as if delimits the
Apvardai site from a rather wide (1-3 km) zone of bogs of Kukuténai —
Gaidé — Cepukai.

More massive and shallow formations, and more massive hollows prevail in the north and
north east part of the site The relative height of the hills reaches 16-20 m, the length of the
slopes — 200-250 m. The most massive and highest (the relative height of 20-26 m) relief
formations are in the perimeter of northwest site, in Guriai, Tripuckai, PuSynas terrains.

From the west, the site is surrounded by a zone of moderate hills of shallow slope and waves
(12-15 m height) delimiting the described territory from a range of small marshes extending
in the north-south direction between Magiinai and Bieniiinai.

The surface of the south part of the territory was leveled, when a construction site for green-
houses group of NPP was prepared. The leveled area covers not less than 25 Ha, its
surroundings were reformed too (the slopes of the neighboring hills were leveled, self-flowing
hollows were formed). Until leveling this part of the site wide, swamped hollows and shallow
sloped waves of 4-9 m height dominated in this site.

The main surface element (from the point of possible establishment of burial ground) in the
Apvardai site is a hill of a complicated form (with several low crowns), which in the north
joins the hill of Kumpiai forest. The main hill of the burial ground covers around 24 ha (with
the hill of Kumpiai forest — 37 ha). In the west it joins to significantly massive and higher hill
near Tripuckai (terrains of Supakalnis and Klevas Mountain): the relative height of the
latter is 22-26 m. In this case, the total area of the complex is 98 ha. This complex is noted for
its complicated surface structure (about 15 peaks), big surface elevations inside the outline
(up to 26 m). Therefore, only the main investigated hill of the burial ground between channel
K-6 in the east and the first deep depression between the hills in the west is further described.
A hill (according to the local inhabitants named Mikstas hill) in the east-west direction
extended for about 600 m, its width is around 400 m. Some characteristics are provided in
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Table 4.1.4.1. Due to a complicated structure only the approximate total areas of various
elements of slope expositions are denoted. The north, north-east and north-west slope
expositions cover 24%, east, southeast expositions — 11%, southwest — 11%, south — 50% of
the area. There are not many flat surfaces there. The crowns of the hills are in the absolute
height of 161-165 m.

Table 4.1.4.1 Main morphometric characteristics of the hill at Apvardai site

Indicator Northern Southern West slopes Eastern slopes
slopes slopes

Relative height of a 210 12-16 10 - 14 9-13

slope, m

Length of a slope, m 60 - 90 140 - 180 80 - 150 100 - 180

Steepness 6-9 6-9 7-12 4-6

Convex . Convex
Slope profile Jominates Complicated dominates s Convex

GALILAUKE SITE

The main surface elements determining the dissection and structure of an elementary pool in
Galilauke site are the following:

e Vosyliskiai back/crest (around 2 km length in the east and west direction, 0.2-
0.5 km width, the relative height of the hills — up to 1-22 m, absolute height — 153-
169 m);

e Crest-like Galilauké hill (1.2 km in the direction of north southeast, 0.2-0.4 km width,
relative height — 6-21 m, the higher part is in the north west part; absolute height — 152-164
m, in the south end — spurs in the northeast and southeast direction, relative height of 10-15
m);

e Svik§Cioniai crest (around 1.8 km length in the north east-southwest direction near the
Druksa River, 0.3-0.6 km width, relative height from the side of Druksa — 18-20 m, absolute
height — 160-164 m; a marsh of 50-250m width separates from Driiksa).

Various sized hills in the shape of small islands (1-5 ha) and waves, the relative height of
which is 6-14 m, are found in a relatively closed trough of the said relief elements. From the
west the site is almost closed by Varniskiai crest (the relative height of the hills in the north
and south part is 10-22m, in the middle — 4-8 m). In the south part it abuts to the especially
expressive deep surface dissection distinguished for a band of high hills of massive and
average sheer slopes running near the Druksa River in the north east-southwest direction.
Thus, there are different directions (according to the long axis) and formations of uneven
dissection in the interaction forming a relatively closed, the so called Galilauké basin. The
formations of its perimeter are similar to the morphometric.

The hill, where the cellarage of burial ground will be established, runs for 1.2 km in the north
west-southeast direction. The width of the hill is 0.4 m (in the northwest part) and 0.2 km (in
the southeastern part). Near the north end of the hill in the east-west direction for 2 km runs a
narrow (0.2-0.5 km) Vosyliskiai crest with several crowns, the absolute height of which is
153-169 m. Small surface forms and more variegated lithology dominate here. The area of
Galilauke hill is around 38 ha. Some of its characteristics are provided in Table 4.1.4.2.

Table 4.1.4.2 Morphometric characteristics of Galilauké hill
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. Northeastern Southwestern Northwestern South-
Indicator southeastern
slope slopes slopes
slope
Relative width of
the slope zone, ha 3(8) 13 (34) 17 (45) 5(13)
(%)
Relative height of 16-21 815 6-8 11-16
the slope zone, m
ﬁfngth ofa slope, 100-250 100-200 ~150 150-300
Steepness 7-12 <6 3-6 4-7
Slope profile Convex Smooth surface, in|  Conceive Convex
places — conceive

STABATISKE SITE

The relief of the site territory is especially hilly. There is several low hills of an oblong form,
separated by depressions, part of which is swamped (Rackauskas V., ..., 2005). The hills of
Stabatiské site are perfectly visible in a photo made in 1952 (Fig. 4.1.4.1). Earlier the hills
were tillable, and in lower places there were pastures and forests. The relative height of the
hills above its surrounding depressions comprises 6-9 m. There remain 3-4 homesteads. The
maximum absolute height of the hills where it is provided to establish the burial ground is
160.09 m. The lowest absolute height of the entire territory is 146.84 m in the north-eastern
angle, in the marsh. In many places during the last 30 years the lowest relief forms changed
due to the waterlogged territories, several embankments or excavated ground during the
construction works.

The maximum lean angle of a hill slope - 7°, dominating - 5° (Taminskas J., 2005). According
to the topographical map M1:2000 in some topical segments of investigated hill slopes,
especially where beam approaches to the hills, the calculated lean angle achieves 14-20°.
These ravines are the old ravines covered by forest, which are found near the northern and
eastern edge of the central hill.
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Fig .1.4.1. The aeeo-photo of Stabatié.kél site made in 1952
MPARI BETWEEN PECULIARITIES OF THE SITES’ RELIEF

1. The slopes of the hills of all investigated sites are not sheer and are not hazardous to
the buildings.

2. The incline of a surface in all the sites towards the water bodies makes the conditions
for the rainfall water to escape to the surface water bodies. The water escape conditions at
Galilauke site are the best, since the surface incline is the biggest and water bodies (Lake
Druksiai or the Driiksa River) are the nearest. The water escape conditions at Stabatiské site
are the poorest.

3. The dominant relief forms at the Galilauké site (differently from Apvardai site) form
a relatively closed local basin, advantageous for monitoring.

4. A uniform hill dominates in Galilauké, on which cellarage of burial ground would be
situated. The main hill of Apvardai site is of a more complicated structure and with a clear
micro relief. In case of StabatiSké there is no uniform hill of a sufficient area, therefore
cellarage would be situated on two hills. Burial ground in Apvardai or Stabatiske sites would
be of a more complicated configuration and construction accordingly.
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4.1.5. The underground resources

Further to south of the range geologic structure and peculiarities of Lake Druksiai are
comprehensively described on the basis of all data of earlier investigations available in the
State Geological Information System. Apvardai, Galilauké and Stabatiské sites are
described using geologic cartography corpus material and data of special investigations.

Structure peculiarities of the underground resources
Geomorphologic conditions of the region

Station/range further to the south of Lake DriikSiai is in the distal part of the Baltic highlands
in the band of edge formations formed by retreating glacier of Nemunas age, and in Gaidés
glacio depression in the south from Lake DriikSiai (Marcinkevicius et all., 1995). The bigger
part of glacio depression occupies moraine hills, surges and fields and arrays in the forms
similar to surges. Hills — average and small, with flat-topped crowns, slopes are oblique. The
absolute height of 155-165 m prevail, and to the north east from Lake Druksiai their height
reach 170-172 m. Fluvioglaciel and limnoglaciel hills, drumlins, limno and fluvio kames,
eskers and drumlins resembling eskers are characteristic features. Depressions between the
hills in the absolute height of 141-145 m usually are swamped. To the south from Ignalina
NPP in Gaidés glacio depression Cebarakai massif segregates, the surface of which is coated
with a thin coat of zandric sand. Its surface is flat, in places - fine hilly, with thermo-karst
cavities. The average and small moraine hills poke in many places from the zandric sand.
Fine hills of moraine relief dominate in the surrounding area of the Ignalina NPP.

PreQuaternary rocks

The district of Ignalina nuclear electric station is in the zone of East Europe
platform of two massive regional tectonic structures — Moziirija-Baltarusija
anteclises and Latvia saddle (Suveizdis, 1979). Therefore its structural tectonic
conditions are complicated. According to the surface relief of crystalline
basement tectonic structures of lower row (blocks) here are separated by:
the North Zarasai step, Anisimoviciai graben, East Druksiai uplift (graben) and
South DriikSiai uplift. The step of North Zarasai, Anisimoviciai graben, East
DriikSiai uplift belongs to the Latvian saddle, South DrikSiai uplift — to Mozirija-
Baltarusija anteclises, and Druks$iai bend (graben) — to the zone of the said
regional structures (Vaitonis et all, 1976, Marcinkevicius et all, 1995).

The crystalline basement lies in the depth of 720 m from the earth’s surface. It consists of
Proterozoic rocks, which usually include amfibole-biotite gneiss, granite, migmatite, and
other. The thickness of the PreQuaternary rocks sediment coating in the region differs from
703 m to 757 m. It comprises the rocks of Vendian complex and Paleozoic rocks. Vendian
complex consists of gravelite, varigrained quarz-feldspat-sand, aleurolite and argilite. The
Paleozoic geological section is composed of the Lower-Middle Cambrian, Ordovician, the
Lower Silurian and the Middle and Upper Devonian rocks (Fig 4.1.5.1. and 4.1.5.2.). The
Lower Cambrian is composed of quartz of various roughness, usually fine-grained and very
fine-grained quartz, quartz-glauconitic sandstone, aleurorite and clay, the Lower and Middle
Cambrian — of fine-grained and very fine-grained quartz-sandstone, Ordovician — of limestone
and marl beds, the Lower Silurian — of domerite and dolomite, the Middle Devonian — of
gypsum-plaster breccias, domerite, dolomite, also fine and very fine sand, and stone, aleurite
and clay beds, the Upper Devonian —of fine and very fine sand and sandstone, aleurite and
clay beds. The thickness of Vendian complex is 135-153 m, the total thickness of the Lower
and Middle Cambrian rocks is 93-114 m, Ordovician — 144-153m, Silurian — 28-75 m, the
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thickness of Devonian rocks reaches 250 m (Marcinkevicius et all, 1995).

Kilometers

Fig. 4.1.5.1 The PreQuaternary geological map of the Ignalina NPP region (Author V.
Marcinkevicius, 1995): 1 — Quaternary formations (cross-sections), Fms of the Upper
Devonian; 2 - Spokes, 3 —Tatula - Jstra; 4 - Suosa — Kupiskis; 5 - Jara; 6 - Sventoji; Fms
of the Middle Devonian: 7 — Butkiinai; 8 — Kukliai; 9 — Kernavé; 10 — Ledai, 11 — Fault,
12 - Line of geological tectonic cross-section; 13- Borehole, 14 — Ignalina NPP.
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Fig. 4.1.5.2 Geological cross-section of the Ignalina NPP region (Author V.
Marcinkevicius, 1995): 1 — Quaternary: moraine, sand, aleurite and clay; 2 — the Middle and
Upper Devonian: sand, sandstone, aleurolite, clay, domerite, dolomite, breccias; 3 — The Lower
Silurian: domerite, dolomite; 4- Ordovician: limestone, marl; 5 — the Lower Middle Cambrian
Aisciai Group Lakajai Fm: sandstone, the Lower Cambrian Rudamina — Lontova Fm: argillite,
aleurolite, sandstone; 7 — Vendian: sandstone, gravelite, aleurolite, argillite; 8 — the Lower
Proterozoic: granite, gneiss, amphibolites, mylonite; structural complexes: 9 Hercynian, 10-
Caledonian, 11- Baikalian, 12 — Crystalline basement, 13 — Borders between the systems, 14-
Borders between the complexes, 15 — Faults.

Quaternary sediments

Quaternary sediments lie on the uneven PostQuaternary surface traversed by paleo incisions (Fig.
4.1.5.3.). Their thickness in the region varies from 62 to 260 m.

The Quaternary thickness is composed of the sediments of the Middle and Upper Pleistocene and
Holocene. The sediments of the Middle Pleistocene of Dziikija, Dainava, Zemaitija, Medininkai
glacier and the Upper Pleistocene of Nemunas, Griida and Baltija stage glacier and their
melting water are determined. Glacial sediments (moraine) — moraine loamy and sandy loam lying
here in places of up to 60 - 80 m depth without the sandy intermoraine bed (Fig. 4.1.5.4.) prevail
in the thickness of Quaternary sediments around Lake Druks$iai. But most frequently moraine
sandy loam and loam in the thickness is stratified with the beds of varigrained sand, aleurites, or
clay (Fig. 4.1.5.6). The dominating thickness of intermoraine sediments is from 10-15 to 25-35 m
(the thickness of clay beds is from 0.5-1 m to 50-70 m (Marcinkevicius et all, 1995).

The regional surface is formed by the last glaciations of the Baltija stage glacier and the sediments
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deposited directly from melting glacier. Edge glacial formations (moraine) composing the bigger
part of the diverse hilly surface of the area prevail. Single hills and their massifs ate composed of
varigrained sand: esker, kames and other sediments filling the cracks caused by melting ice. The
thickness of the sandy sediments between the troughs of Lakes Driik§iai and Sventas
deposited by glacial melt-water flows in places reaches even 40-50 m. Some peaks of the hills
or surface depressions are covered by 2-4 m thick clay beds.

The Holocene sediments (postglacial period) are: alluvial, lacustrine sediments, delluvial (slope
sediments) and swamp sediments (peat). They are dispersed in the surface of the entire territory.
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Fig. 4.1.5.3 The scheme of PostQuaternary surface of the Ignalina NPP area (Authors:
R. Kanopiené, V. Marcinkevicius): 1 — Paleo-incisions, 2 — Isohipses of PostQuaternary
surface, m; 3 — Boreholes and the absolute depth of PostQuaternary surface; 4 - Ignalina
NPP.
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Fig. 4.1.5.4 Quaternary geological map of the Ignalina NPP surrounding area
(Authors: R. Guobyté, V. Rackauskas, V. Marcinkevicius)
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Fig. 4.1.5.5 Legend of Quaternary geological map and geological cross-section of
the Ignalina NPP surrounding area

STRATIGRAPHY & GENESIS

HOLOCENE AND THE LATE LITHOLOGY
[ 41V I Deluvio sediments ==+ | Gravelled sand
o Swamp sediments -
SR Varigrained sand
ITL Lacustrine deposits
a 1 Fine sand
=Y Alluvial deposits P
UPPER PLEISTOCENE Aleuritic sand
UPPER NEMUNAS, glacial period
PRI Aleurite

'] Limnoglacial sediments
[rmw | [ | Clay

E' ) Limnokame sediments : Low-moor peat
& Upland sediments .

EAR ] Edge limnoglacial formations

= : ] | | OTHER SIGNS

| ik 101 ‘I Fluvio-kame sediments

Moraine sandy loam and loam

Statigraphic, genetic and lithologic borders

A I Edge fluvioglacial formations Y
! glil b The main moraine / Lines of geological sections
I N A
[t - | Boreholes of complex geological
S T, GRUDA, Stadial cartography M1:50 000

iglilge [

flllge Flavioglacial sediments . |
I | Other boreholes
%]

MIDDLE NEMUNAS, Megainterstadial
| I | |

Complex geological

{3 | Hydrogeologic

MIDDLE PLEISTOCENE, MEDININKALI, glacial

Iglimd | Limnoglacial sediments

| flimid | Fluvioglacial sediments

ZEMAITIJA, glacial period

Fluvioglacial sediments

Glacial formations (Moraine)

L Lacustrine deposits

| |
DAINAVA, glacial period
g I

[ i Fluvioglacial sediments

Glacial formations (Moraine)

I [
“ Limnoglacial sediments
—

Fluvioglacial sediments

Glacial formations (Moraine)

104



PR/SE
Abs. o m/masl

gt III bl ©= 00130063 (0,032) MPa; ¢=22-37°(30°); E=29-33 MPa; p =2,07-2,29 (2,19) Mg/m* 200
glilgr  ¢=0,003-0,081 (0,035) MPa; ¢=18-39°(29°); E=31-34 MPa; p=2,10-2,14 (2,24) Mg/m 3 i
gllmd  ¢=0,010-0,080 (0,036) MPa; @=23-39°(29°); E=35-40 MPa; p =2,19-2,36 (2,27) Mg/m 3 it

| GALILAUKE - R

160

150

Mastelis
Scale 1:1000

[ 10

Fig. 4.1.5.6 Geological cross-section C-C of the Ignalina NPP surrounding area (Authors: R. Guobyté, V. Ra¢kauskas, V.
Marcinkevicius)
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Tectonic, neotectonic activity, seismology
Tectonic faults

There are two types of tectonic faults in the region: a pre-platform type — not penetrating the
sedimentary cover and a platform type — penetrating the sedimentary cover. The faults
penetrating the sediment cover are of sublatumic, submeridional, NW and NE
trends/directions. More distinctly segregates fault series of DriikSiai sag (graben) and
Anisimoviciai graben. The DriikSiai graben, the width of which is 3-5 km, is a complicated
tectonic structure composed of three belts of 0.5-1.5 km width. The middle part of the graben
is uplifted and makes a horst. The faults are more than 20 km long. The amplitudes limiting
the horst faults are of 25-55 m and 10—-20 m in the north and south parts.

The arc faults of the Anisimoviciai graben split it into sub parallel belts of 0.5-0.7 km
width, which descend by steps in the east-north east direction.

The faults are about 10 km long; the amplitude reaches 15-60 m. The total amplitude of the
faults from the Lower Silurian crest is about 180 m. The faults of sub-meridional trend
dominate in the North Zarasai step and in the east part of the South Driiks$iai uplift. The east
part of the North Zarasai step by the faults of sub-meridional trend is split into narrow horsts
and grabens with the width of 0.5-1.5 km. The faults are about 5-9 km long; their amplitudes
are of 10-20 m. The length of the faults of the South DriikSiai uplifts delimiting the Apvardai
— Priitas and Macioniai grabens of 0.7-1.75 km width, is 13-15 km, and their amplitudes — 10-
25 m.

The north east and north west trending faults are determined in all tectonic structures (blocks)
of Ignalinos NPP. Their length vary from 3-5 to 15-18 km, amplitudes - 15-20 m
(Marcinkevicius et all, 1995).

Neotectonics

According to morphometric and morphostructural analysis and satellite imaging data a system
of a complicated neotectonically active linear zone is distinguished in the region of Ignalinos
NPP, where according to the geophysics methods and drilling data or separate faults most of
them almost coincide with the tectonic fault zones. Neotectonically active linear zones are of
sublatitudinal, submeridional, NW and NE trends however a little bit moved in respect to the
tectonic faults (Marcinkeviius et all, 1995; Juknelis et all, 1990). Narrow
paleoincisions are connected with neotectonically active linear zones,
which sometimes reach the depth of 200 m (from the pre-Quaternary surface).

Seismic activity

The territory of Lithuania is always considered as a non-seismic region or a region of a very
low seismic activity. This is determined by peculiarities of geological structure (the Earth crust
of early Precambrian consolidation) and large distance from the active tectonic zones. However
the available data show that there were weak or moderate earthquakes. B. Doss from various
sources has documented more than 40 strong earthquakes, which took place in the
territory of the Baltic countries (according to MSK-64 scale their intensity is now
evaluated to 5-7°). The catalog which he has compiled covers the period of 1616-1911. In
1908-1909 a more significant seismic intensity was observed in all Baltic countries. Most
probably it was provoked by a strong earthquake in Mesina, Italy. From that time only one
strong earthquake was fixed in 1974 in Osmussare, Estonia (magnitude 4.75). Seismic activity
in Lithuania in comparison with Latvia and Estonia is the weakest. Only one strong seismic
event is known in Lithuania, which occurred in 1909 in the southeast from Vilnius. However
tens of historical earthquakes took place near the border of Lithuania, in the territories of
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Latvia and Belarus. According to the seismic-tectonic data (Suveizdis, 1995, Ilginyté, 1998)
in Lithuania and neighboring territories in the zones of potential earthquakes, earthquakes
with the magnitude up to Mmax = 4.5 generating up to 7° (MSK-64 scale) vibrations in the
epicenter of earth surface are possible. According to V. llginyté (llginyte, 1998) the
intensity of earthquakes in the surrounding areas of Ignalina nuclear power plant may reach
magnitude 4.5. However this data about the intensity of earthquakes and strength is not
comprehensively and scientifically approved and therefore while accumulating new research
data or over interpreting the available one the assessment of seismic activity in future may
change. Lake Druksiai is the intersecting place of neotectonically active faults. Currently
according to the available data the Lithuanian Geological Service assesses that the territory of
INPP belongs to the 6 degree (MSK-64) calculable level of earthquake and the maximum
calculable earthquake level in Lithuania can be up to 7 degrees (MSK-64). Considering the
tectonic conditions in the part of the region to the south from INPP the levels of earthquake
should be lower.

Magnitude 5
Magnitude 3
Magnitude 1

Fig. 4.1.5.7 The approximate cover of a regional seismic catalogue of Institute of
Seismology of University of Helsinki and tectonic events fixed in this catalogue in 1991-
2002 (Pacésa, 2004)

Engineering geological conditions in the region

According to the data of engineering geologic investigations edge glacial formations (moraine
loams and sandy loams) of Baltija sub suite of Nemunas Fm of Upper Pleistocene comprising
the bigger part of a hilly region surface dominate in the surface. Single hills and their massive
are deposited from varigrained sand and gravel lentils. Some crests of hills or surface declines
are covered by a clay layer with a thickness of 2.4 m. Holocene sediments —alluvium,
diluvium and peat are dispersed in the surface of the entire territory.

According to the 1:500 000 scale data of engineering geologic map fluvioglacial fine and
dusty sand of edge formations of Baltija sub suite belongs to a strong powdery, and coarse
and medium-coarse sand and gravel and gravely sand - to a very strong powdery soil of
engineering geologic subgroup. Conical strength of fine and dusty sand reaches 10 MPa,
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density changes from 1.79 Mg/m3, when Sr <0.8, up to 2.05 Mg/m,3 when Sr >0.8. Conical
strength of coarse and medium-coarse sand reaches 11.2 MPa, density — 1.89 Mg/m3, when
Sr <0.8. Conical strength of gravel and gravely sand reaches 14.8 MPa, density changes from
1.89 Mg/m3, when Sr £0.8, up to 2.06 Mg/m3, when Sr >0.8. Moraine loam and sandy loam
of edge formations of Baltija sub suite belongs to cohesive soils of medium strength of
engineering geologic subgroup. Conical strength of loam and sandy loam comprises 2.5 and
2.6 MPa respectively, density — 2.21 and 2.20 Mg/m3. Conical strength of fine and dusty,
coarse and medium-coarse sand, as well as gravel and gravely sand of edge formations of
Baltija sub suite respectively comprises 10.2, 11.3 and 12.4 MPa, density comprises 1.62,
1.77 and 1.91 Mg/m3, when Sr <0.8. Moraine loam of Baltija sub suite belongs to the
engineering geological subgroup of cohesive strong soils. Its conical strength reaches 4.7
MPa, density — 2.26 Mg/m3.

Ground water usually occurs in 2 m depth, rarely - in 2.5 m depth. Aeration zone is composed
of moraine loam and sandy loam.

Pollution of resources of the region

Considering the available geological mapping data it may be stated that a complicated
geological and geomorphologic structure is typical to a region in the south of Lake Driiksiai.
Due to dominating sandy surface sediments and broken relief, poor protection of underground
water is typical to the region, i.e. the conditions are beneficial for the pollution of geological
environment. According to the Lithuanian Geological Survey, data of State Information
System on Focuses of Geological Environment Pollution there are about 230 types of
potential pollution focuses of geological environment in Ignalina region. The most hazardous
are considered the following: 13 from 29 pesticide warehouses, non-operating petroleum
base, some water cleaning equipment which do not operate or have to be repaired, some of
non-operating and deserted farms. Ignalina nuclear power plant is also ascribed to the
potential pollution focuses. Considering the comparatively rare net of pollution focuses in
comparison with other regions it may be stated that underground resources are not polluted.

Valuable properties of the underground resources, their suitability for the planned economic
activity

There are no solid mineral deposits and valuable protected geological objects in the
investigated alternative grounds and their surroundings.

APVARDAISITE

Peculiarities of the structure of the underground resources

Geomorphologic conditions

Apvardai site covers a massive of small low moraine hills from the west and east surrounded
by flat depressions, which formerly were marshy, but now are drained. The relief declines
towards the trough of Lake Apvardai (from 148-147 m up to 144 m of the absolute height).

Quaternary sediments

According to data of geological investigations limnoglacial sediments of Baltija stage final
glacier - varigrained sand (medium-grained dominates) lies in the depth of 8-10 m
(Fig.4.1.5.8).Under it lies enriched moraine (g II md) of Middle Pleistocene Medininkai
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glacier with large clods of sand. The surface of the main hill is uneven. According to the
results of drilling works performed by GROTA UAB at Apvardai site the geological
section comprises moraines of the Baltija and Griida stages laying on the fluvioglacial and
glacial (moraine) formations of the penultimate Medininkai glacier. Some hills of the massive
are of a kames type and are deposited from moraine sandy with sandy veins of a lighter
composition and lens of moraine loam in the depth of up to 2-5 m.

In comparison to Galilauké site, the geological structure of Apvardai site is
more complicated and more changeable.

Fig. 4.15.8 Geological
Quaternary map of Apvardai area
(Identification ..., 2004) Age and
genesis of sediments: Holocene:
I- Bog sediments, 2- Slope
sediments, 3- Drifts of surface
outwash, 4- Lacustrine sediments;
Baltijos stage of the last Nemunas
glacier, 5- Limnoglacial (near the
glacier basin area) sediments, 6-
Kame sediments, 7- Glacial
(moraine) formations of the edge
of a glacier; Lithology: 8- Low-
moor peat, 9- Unidentified moor
peat, 10- Very fine sand, 11- Fine
sand, 12- Various sand, 13-
Gravely sand, 14- Moraine sandy
loam, loam, 15- Technogenic
ground (clayey, peaty,
varigrained sand); Other signs:
16- Drills, 17- Place of a site.
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Apvardai site

Geophysical investigations of

Investigations of electrical tomography at Apvardai site are performed along two profiles (Fig.
4.1.5.9) using the system of electrical tomography CAMPUS Resistivity Imaging System. The
method is used for solving of various geological tasks: it helps to assess the structure of the
upper part of a geological section according to the change of electric properties of sediments.
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Geophysical profiles (1-2)
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Fig. 4.1.5.9 Geophysical profiles at Apvardai site

Different situation than in Galilauké site (4.1.5.14, 4.1.5.15) is seen in the geoelectrical
models (Fig. 4.1.5.10) of Apvardai site. Here the sediments of higher resistance and more
sandy than in Galilauke site lie in both profiles. Sand-gravel lens segregates at the north end of
the 2™ profile.

Profile 1
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Fig. 4.1.5.10 Geoelectrical models with topography along profiles 1 and 2 at Apvardai site
(see profile lines in Fig. 4.1.5.9)

Seismology

There are no specific data on seismic conditions of Apvardai site however the site is ascribed
to the region of seismic activity of the Ignalina NPP, which is described in detail in the
previous chapter analyzing the entire region. Currently, according to the available data it is
admitted that the 6 degree (MSK-64) calculable level of earthquakes is in the territory of
INPP and the maximum calculable earthquake level can reach up to 7 degrees (MSK-64).
Considering the tectonic conditions of Apvardai site in the south from INPP, the level of
earthquakes should be lower.

Engineering geological conditions

Large-scale relief uplifting and loamy soils and sloping land improvement channels form
beneficial conditions for a quick surface run-off. However a closed land improvement channel
in the NE edge and erratic sandy loam soils decreases the intensity of slope run-off and
increases the possibility of the surface water infiltration. Lake Apvardai near the site
determines a quick surface water run-off. Apvardai site is distinguished by a fine hilly moraine
relief, which on the west and east sides is surrounded by flat-bottomed drained depressions. The
site surface up to 3-5 m deep is composed of moraine loam or sandy loam. The section varies
in depth: various lentils of 3.5 m thickness or gravely sand and inter strata are found in the
moraine. Surface depressions are swampy, where the thickness of peat of some of them is 1-
3 m. The ground water level is 0.5-3.0 m deep from the surface in the site. The aeration
zone is composed of moraine loam and sandy loam. The hills in the site territory are
composed of moraine sandy-loam with sandy veins of a lighter composition and moraine
loam lentils. The operating surface of a water bearing complex of the Upper-Middle
Devon in the east side of the site is protected and in the west part is conditionally
protected against the surface pollution. Geological processes are not provided in the
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territory of the site. Though in general engineering geological conditions are favorable for
construction the attention must be drawn to the fact that during construction when deepening
the basements of engineering buildings below the groundwater level, the water level
depression is required. According to the initial assessment of physical-mechanical properties
of the soil, probe data of a building, the Apvardai site is distinguished for stable and hard
plastic soils of high density what permits to forecast a long-term slope stability.

Pollution of the underground resources of Apvardai site

According to the data of State Information System on Focuses of Geological Environment
Pollution of the Lithuanian Geological Survey animal husbandry objects located near the site
(~0.5 km north of Lake Apvardai) and industrial, energetic, transportation service objects,
objects for accumulation and regeneration of polluting materials located 2.5 km north of Lake
Apvardai are ascribed to the potential pollution focuses near Apvardai site.

An increase in the amount of technogenic radionuclide in the soil surface layer samples
collected from Apvardai site was not determined.

Pollution of the underground resources of Apvardai site

The discussed sites and underground resources of their surrounding area according to the
present knowledge and data do not possess valuable properties. The underground water is
well protected against possible pollution.

GALILAUKE SITE

Peculiarities of the structure of the underground resources
Geomorphologic conditions of Galilauké site

Galilauke site is located on the oblong-shaped flat-topped moraine hill ~600 m southwest of
the bank of Lake DriikSiai. A swampy plain of postglacial lake extending up to the bank of
the lake stretches from the foot of this hill by the side of Lake Driik$iai. A hill extends 16-22
m above this plain. A hill above the intermountain depression at the south-west foot extends
~8-12 m. The south-east trending hill sinks from 163.8 m to the absolute height of 150 m. The
south-west part of Galilauké site up to 3.6 m deep is composed of clayey sandy aleurite on the
distribution surface of which the limit coincides with isohypses of 160 m length. Satellite
imaging data show that a structure of the hill is monolithic. Special geological
investigations confirmed that the hill up to 25 m deep is composed of moraine loam and
sandy loam of the last Nemunas and penultimate Medininkai glaciers. A hilly relief of edge-
area glacier formations extending north-west from the investigated hill is of a changeable
structure.

Structure and composition of Quaternary sediments

The changeable geological structure is determined in the depression extending to the southwest
foot. Formerly swampy and now drained depressions at the foot of southwest hill up to 1.5 m
deep are filled with lacustrine sediments. This is the micro-stratum thickness of aleurite, clay
and very fine sand, the upper part of which (up to 0.6-1.0 m deep) is peaty. Very fine sand
laying in the lower part of the section — water-bearing. Lacustrine sediments lie on Baltija
moraine (4.4 m deep), which from Griida moraine of 3.3 m thickness is delimited by inter-strata
of ~1 m thickness of water bearing sand. The thickness of water bearing varigrained sand of
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Medininkai age lies under Griida moraine. The northwest slope of the hill is composed of
sandier moraine sandy loam than the hill itself. The inter-strata of water bearing sand found at a
depth of 5.8 m is water bearing horizon of Medininkai age. Quaternary geology of Galilauké
site is depicted in Fig. 4.1.5.11 and 4.1.5.12.
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Fig. 4.1.5.11 Geological Quaternary map of Galilauké area (Identification ..., 2004) Age
and genesis of sediments: Holocene: 1- Bog sediments, 2- Slope sediments, 3- Drifts of
surface outwash (solifluction—diluvia), 4- Lacustrine sediments; the Baltijos stage last
Nemunas glacier, 5- Limn glacial (near the glacier basin area) sediments, 6- Fluvioglacial
(of glacier melting) sediments; 7- Fluvial kame sediments, 8- Limn kame sediments; 9-
Glacial (moraine) formations of the edge of a glacier; only in geological sections; 10-
Edge glacial formations (moraine) of the Griida stage last Nemunas glacier; 11- Glacial
formations (moraine) of Medininkai glacier, 12- Inter-moraine sediments, Lithology; 13-
Very fine sand; 14- Fine sand; 15- Various sand; 16- Gravely sand, 17- Aleurite; 18 —
Clay: aleurite, sandy; 19 — Clay; 20 — Peat; 21 - Moraine sandy loam, loam (only on the
map); 22 - Moraine loam; 23- Moraine sandy loam, Other signs: 24- Drills: a - drilled
during the project works, b- during geological cartography, 25- Lines of geological
sections.
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Fig. 4.1.5.12 Geological sections A-A‘ and B-B’ of Galilauké site
Geophysical investigations of Galilauké site

Field surveys of electric tomography (ET) were carried out on 4-7 May 2008 in the designed
sites for storing of radioactive waste using the electric tomography system CAMPUS
Resistivity Imaging System. Investigations at Galilauke site are performed along 7 profiles
(Fig. 4.1.5.13).The data obtained during field surveys were processed and interpreted using the
RES2DINV program.
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Fig. 4.1.5.13 Geophysical profiles at Galilauké site
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The preliminary geoelectrical models are composed across the profiles using the same scale
of electrical resistance (Fig. 4.1.5.14). Since during the field surveys Venner electro
prospecting array of 39 electrodes with 5 m distance between the neighboring
electrodes was used for all profiles (except profile 7 at Galilauké site), the length of
separate profiles reached 190m, and investigation depth — 29.3 m of the land surface.
The length of profile 7 at Galilauke site reached 37 m, and investigation depth — 6 m of the
land surface.
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Fig. 4.1.5.14 Geoelectrical models according to the data of electrical tomography across
the profile lines 1-6 at Galilauké site (Numbers on the horizontal axis mean: distance from
the profile beginning, on a vertical axis — depth below the land surface, at the bottom — a scale
of individual electrical resistance)

Sediments of low electrical resistance not exceeding 60 Qm characteristic to clayey sediments
denominate in all profiles at Galilaukée site. Considering the preliminary geological data it
may be stated that in the entire area of Galilauké site moraine loams lie in the upper part of a
section. Only lens of visible sandy sediments of higher resistance are distinguished up to 5 m
deep in the upper part of a section at northwest end of profile 1. To have a more
comprehensive view about the geological structure of Galilauke site data of profiles 1, 2, 3
and 6 was joined into one massive and a continuous profile of 910 m length was
comprised (Fig.4.1.5.15). Topographic map data was used for the development of this
geoelectrical model (as all the rest). After summarizing the data of geophysical investigations
it was determined that clayey sediments dominate in a section of the site.

Model resistivity with topography
Elevation  Iteration 2 Abs. errar=1.3

185 a0.0 161
160
155
180
145
140
135
130
125
120
115

240

I N T O O . T ) (O T . .
0.00003 anao 400 60.0 80.0 100 120 140
Resistivty in ohm.m Unit Electrode Spacing= 5.0 m.

Horizontal scale is 5.18 pixels per uni: spacing
“ertical exaggeration in model section display = 5.0
First electrode is located at 0.0 .

Last elecirode is located at 910.0 m.

Fig. 4.1.5.15 Joint geoelectrical model with topography across the lines of profiles 1, 2, 3,
and 6 (See Fig. 4.1.5.13) at Galilauké site

Seismology
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There are no specific data on seismic conditions of Galilauké site however the site is ascribed
to the region of seismic activity of the Ignalina NPP. Currently according to the available data
it is admitted that the 6 degree (MSK-64) calculable level of earthquakes is in the territory of
INPP and the maximum calculable earthquake level can reach up to 7 degrees (MSK-64).
Considering the tectonic conditions of Galilauké site in the south from INPP, the level of
earthquakes should be lower.

Engineering geological conditions

Large-scale relief uplifting, clayey and loamy soils and the system of land improvement
channels form beneficial conditions for a quick surface run-off. Feeder streams near the site
of Lake DriikSiai and the lake itself determine a quick surface water run-off and its high
dilution. The foot of the hill in some places is swampy. The operating underground pressure
water horizons are protected against the surface pollution. Galilauke site is distinguished by an
unchangeable geological section of the surface and covers one flat-topped moraine hill of 10-15
m height. The hill of up to 30 m depth is composed of semi-solid moraine loam without sand
lentils or inter-strata. The depressions of hill’s surface are in some places swampy, however
now are drained. Different depths of ground water are determined in the boreholes drilled at
Galilauké site: 1st borehole — 19.6 m, 2nd borehole — 2.77 m, 3rd borehole — 1.72 m, 4th
borehole — 1.86 m. From lithological point of view the aeration zone is composed of loam
and sandy loam.

Active geological processes are not provided in the territory of the site. In general engineering
geological conditions are favorable for construction. The attention must be drawn to the fact
that during construction when deepening the basements of engineering buildings below the
groundwater level, the water level depression is required. According to the initial assessment
of physical-mechanical properties of the soil and probe data of a building, the Galilauke site is
distinguished for stable and hard plastic soils of high density what enables to forecast a long-
term slope stability, Table 4.1.5.1.

Table 4.1.5.1 Generalized physical-mechanical soil properties of Galilauké site
(according to Identification ..., 2004).

Natu.rzfl Humidity Humidity Number (Indicator
humidity of
. Depth, of ... |of of
Indicator Rock . Wholer s g0 elasticity . . . qs
fluidity elasticity|fluidity

parts of] W Wp, parts I

unit L of unit | P v
gtlllbl  |3.2-9.6 |Rough loam 0.147  10.247 0.126 0.121 10.177
gtlllbl  |3.2-3.3 |Coarse sandy loam 0.112  10.151 0.107 0.044 10.114
gtlllbl  |1.6-1.7 |Fine sandy loam 0.127  10.257 0.124 0.134  10.022
gtlllgr  |8.5-15.1 |Rough loam 0.133  ]0.199 0.110 0.090 10.262
gtlllgr |4.7-4.8 |Coarse sandy loam 0.11 0.159 0.097 0.062 0.21
gtlllgr  |11.0-21.2|Fine sandy loam 0.138  10.209 0.109 0.100  |0.286
gtllmd  |8.3-8.4 |Coarse sandy loam 0.112  10.164 0.102 0.062 |0.161
1gtlIl bl |1.8-3.7 |Aleurite: sandy, clayey 0.157  10.305 0.135 0.170  |0.133
Igtlll bl [1.0-1.1 |Clay: aleurite, sandy 0.166 0.316 0.147 0.169 0.112
13Y 0.6-0.8 |Aleurite: sandy, clayey 0.166  10.316 0.147 0.169 10.112
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Pollution of the underground resources

According to the data of State Information System on Focuses of Geological Environment
Pollution of the Lithuanian Geological Survey former animal husbandry objects (not
operating) located near the site (~3.2 km southwest of Galilauké site) are ascribed to the
potential pollution focuses near Galilauké site. Considering the possible environment
pollution characteristic to animal husbandry objects it may be stated that only local pollution
is possible in their surroundings, which have no impact to Galilauke site.

An increase in the amount of technogenic radionuclide in the soil surface layer samples
collected from Galilauke site was not determined.

Valuable properties of the underground resources, their suitability for the planned economic
activity

According to the current knowledge and data the discussed sites and the underground
resources of the surrounding area do not posses valuable properties. The underground water is
well protected from the possible pollution. Galilauké site is characterized for almost
unchangeable geological structure and covers one flat-topped moraine hill of 10-15 m height,
which up to 30 m depth is composed of semisolid moraine loam without sand lens or inter-strata.
The site is characterized by stable soils of high density and therefore slope stability may be
forecasted. Large-scale relief uplifts, clayey and loamy soils and the system of land
improvement channels form beneficial conditions for a surface run-off and the feeder streams
near the site of Lake Druksiai and the lake itself determine a quick surface water run-off and
its high dilution. Due to these reasons Galilauké site is suitable for radioactive waste burial
ground.

STABATISKE SITE
Peculiarities of the structure of the underground resources
Geomorphologic conditions

The relief of the territory of the site is hilly: several low hills of oblong-shape, which are
delimited by depression, part of which is swampy, prevail (Rackauskas V., ..., 2005). The
maximum absolute height of the hills where it is provided to establish the burial ground is
160.09 m. The lowest absolute height of the entire territory is in its northeast part, in a
swamp, and reaches 146.84 m. In many places during the last 30 years the lowest relief forms
have changed due to waterlogged territories (technogenic soil embankments, beaver dikes).
The maximum leaning angle of hill slopes is 7°, predominating - 5° (Taminskas J., 2005).
According to topographic map M1:2000 in the local segments of investigated hill slopes,
especially where dips approach the hills, the calculated leaning angle reaches 14-20°. Such
dips — the old dips covered with forest, are found near the north and east side of a central hill.
The bigger part of a site, except in some places peaks of the hills and slopes, is covered with
forest and bushes. The inhabitants are moved out of the said area due to construction works of
Ignalina NPP (Rackauskas V., ..., 2005). The remainder homesteads, which are retraced
according to the old topographic maps, are also destroyed — the area is prepared for the forest
planting.

Quaternary sediments

Moraine sediments of edge formations of the Baltija stage last glaciations (gtllIbl) lie in the
surface of the hills of the site territory within the stratum of 2.4 m-4.7 m thickness. They are
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composed of reddish-brown moraine sandy loam, rarely the brown one with the strata of fine-
grained, lightly brown, clayey sand of 0.1-0.15 m thickness locally prevailing in the southeast
part of the territory and with sand of 0.05-0.1 m thickness and aleurite lens in the north part of
the territory. The strata of moraine sediments of edge formations of the Baltija stage in the
depressions of the territory relief between the hills get thinner up to 0.7-1.1 m thickness and
in places it is even not available. Moraine sediments mentioned in these depressions are
composed of moraine loam, which turns into greenish-brown or grayish-brown color.

Limnoglacial sandy, dusty sediments and fluvioglacial sandy sediments of the Baltija
stage(lgllIbl) last glaciations — grayish-yellow, fine-grained, lightly-yellowish-gray fine-
grained, aleurite sand, yellowish-brown aleurite, yellow or yellowish-brown, fine-grained, in
places loamy, sand — locally prevailing of 0.3-1.8 m thickness in many places lie at the
surface of the hills on the moraine sediments of edge formations of Baltija stage.

Locally prevailing Holocene swamp sediments (bIV) and lacustrine sediments (IIV) of 0.1-5.2
m thickness lie in most places of the relief depression of the site. Diluvial sediments (dIV) of
0.7 m thickness occur in some places at the foot of the steeper slopes.

Somewhere occur technogenic sediments (tIV) with the thickness of 1.0-1.5 m. Swamp
sediments are composed of peat of brown to black color, well decomposed, rarely badly and
on an average, and black, well decomposed sapropel (sludge); lacustrine: greenish-gray, gray,
dark grey, especially fine-grained aleurite, in places with organic impurities, sand and lightly
gray with organics, in places sandy, aleurite; deluvial: brown, sandy, clay with gravel,
technogenic: poured brown moraine sandy loam. Below the said Holocene sediments and
sometimes even on its surface in the relief depressions locally occur areas of fluvioglacial
sandy sediments of the Baltija stage (fIlIbl) of 0.5-1.1 m thickness, which contrary to the
hills’, are composed of greenish-gray, gray, lightly-yellowish-gray, brownish-gray, grayish-
brown and brown, fine-grained, very often aleurite, rarely loamy, in places with rare gravel,
sand (Fig. 4.1.5.16).

Moraine sediments of Griuda stage (glligr) lie almost everywhere in the hills below the
moraine sediments of edge formations of Baltija stage and in the relief depressions - below
fluvioglacial sandy sediments and Holocene swamp sediments. Their thickness reaches 1.8-
8.1 m, usually 4-6 m (Fig. 4.1.5.17, 4.1.5.18). These sediments in the hills are composed of
brown loam; rarely of brown moraine sandy loam with the inter-strata of brownish, medium-
grained sand of 0.7 m thickness and sandy loamy aleurite of 0.4 m thickness locally extending
to the north part of the territory. The inter-strata are found in the lower part of the said
moraine stratum near the bottom of the stratum. In the relief depressions, especially in the
swamps, the color of moraine sediments of Griida stage very often changes. A poor
consistency is characteristic to sediments, more often murrain sandy loam is found. These
sediments are composed of moraine loam and sandy loam: grayish-brown and brown, rarely
greenish-gray, gray and brownish-grey. Sometimes the inter-strata of 0.5 m thickness of
loamy fine-grained sand occur.

Fluvioglacial sandy sediments (flllgr) and limnoglacial sandy dusty sediments (Iglligr) of
Griida stage occur below the moraine sediments of Griida stage. Fluvioglacial sediments are
composed of light brown, gray, brownish-gray, rarely light-yellowish-gray, and grayish-
brown, brownish, yellowish-brown, varigrained, coarse grained, often gravely, medium-
grained, rarely fine-grained sand and dark brown, brownish gray gravel. The thickness of
separate lithology layer reaches 0.8-7.8 m, more often it reaches 3-5 m thickness.
Limnoglacial sediments occur rarely, they are composed of brown, yellowish-brown,
yellowish-gray, reddish-gray, fine-grained and lightly-yellowish-gray, fine- grained in
particular, aleurite, sand with loamy, brownish-gray aleurite strata (up to 0.2 m thickness) and
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streaks (up to 2mm thickness), and brown, sandy, loamy aleurite. The thickness of stratum
reaches 0.2-2.6 m, more often — 0.2-0.4 m. The varigrained fluvioglacial sands prevail.

- B | 4 | THIBL |5 |

e L il R e

F1g 4. 1 5.16 Geological map of StabatiSke site (Original scale 1:10 000, author R. Guobyte,
2005).

Age and genesis of sediments

Holocene: 1 — Bog sediments, 2 — Deluvial sediments, 3 — Solifluction-deluvial sediments, 4
— Lacustrine (limnic) sediments;

The Baltija stage last (Nemunas) glacier: 5 — Fluvioglacial (melting glacier) sediments, 6 —
Crack formations of edge glacier (Esker and kame sediments), 7 — Glacial formations or
moraine of edge glacier (moraine sandy loam);

Lithology: 8 — Peat, 9 — Fine sand, 10 — Various sand, 11 — Aleurite sand, 12 — Aleurite-
loamy sand, 13 — Various loamy sand with rare gravel, 14- Borehole; 15- Section line.
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Fig. 4.1.5.17 Geological section I-I (Authors: V. Rackauskas et all, 2005)
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Fig. 4.1.5.18 Geological section IV-IV (Authors: V. Rackauskas et all, 2005).
Limnoglacial sandy dusty and loamy sediments of the Middle Pleistocene Medininkai stage
glaciations (fllmd) with rare fluvioglacial sand strata up to 2.9 m thickness occur below
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fluvioglacial and limnoglacial sediments of Griuida stage. Limnoglacial sediments are
composed of brown, lightly-yellowish-gray, rarely yellow, fine-grained, sometimes aleurite
and gray, fine-grained in particular, aleurite sand with aleurite inter-strata (up to 0.1 m
thickness) and brown, aleurite loam and sandy aleurite. The thickness of fine-grained sand
stratum reaches 0.5-8.3 m, fine-grained in particular, sometimes fine-grained, aleurite sand —
0.8-8.0 m, and sandy aleurite — more than 1.0 m. The thickness of all lithological species is
very changeable.

Limnoglacial sediments of the Medininkai stage glaciations grounds Glacial sediments of the
Medininkai stage glaciations (gllmd) (the second thickness of moraine soils of the land
surface), which mostly are composed of brown moraine loam (in places up to 0.5 m
thickness), rarely — brown moraine sandy loam with single lens of brownish-gray aleurite (up
to 2.2 m thickness). The inter strata of brown clay (up to 0.1-0.15 m thickness) are found in
the said aleurite lens. The total thickness of moraine stratum varies from 1.9 to 5.2 m.

Fluvioglacial - lightly-yellowish-gray, grayish-brown, varigrained, of medium density - sand
(fllzm) of the Middle Pleistocene of Zemaitija stage occur below the moraine sediments of
Medininkai stage glaciations. It is drilled up to 0.8-1.2 m.

Lying conditions of Quaternary sediments are illustrated by geological- hydro geological
sections (Fig. 4.1.5.14, 4.1.5.15). The sections demonstrate that in the hills on the land surface
or below the insignificant covering of non-moraine sand, aleurite and other sediments the
stratum of moraine sediments of Baltijos and Griida stages occurs, the total thickness of
which changes from 4.7 m in the central hill up to 11.5 m in the north-west hill. This moraine
thickness in the relief depressions is thinner and the total thickness of peat, sapropel, aleurite
sand and other sediments occurring above it in places reaches 5.2-5.7 m.

Fluvioglacial sediments of Griida stage with single, usually not thick inter strata of
limnoglacial sediments (aleurite sands, aleurite) occur in the upper part of more rough aqua
glacial sandy-clayey sediment thickness (aq Iligr-Ilmd) of inter moraine of Griida and
Medininkai stages glaciations, and limnoglacial sediments of Medininkai stage occur in the
lower part, which is distinguished for clean, fine-grained, without gravel admixture, and very
fine-grained, most usually aleurite sands, with common, but not thick inter strata of clay and
aleurite. The total thickness of the said aqua glacial sediments changes reaches 18.1-19.0 m.
The thickness of sediments of a larger fraction occurring in the upper part varies from 5.8 to
14.4 m, and the fine grained sediments with aleurite and clay admixture and inter strata or
streaks occurring in the lower part preliminary compose a layer of total 8.0-13.2 m thickness.
The crest of Medininkai stage glaciations lies at a depth of 24.0-28.4 m, i.e. in the absolute
height of 128.48-129.64 m.

Hydro geological conditions

During the eco geological investigations two water-bearing strata were found at a depth of 20-
30 m in Stabatiske site: 1) The upper — of ground (and/or above lentils) water and 2) Deeper —
of inter stratum water.

Ground (the first of the land surface) water accumulates in the strata and inter strata of peat,
sand, poured soil and sandy loam and lentils existing in the loam and in more permeable
cracked or decayed zones. Ground water prevails in the lower parts of the relief. Whereas in
the highest parts of the territory relief it was found not everywhere since sometimes the
ground water flows through the more water-permeable sediment zones and does not
accumulate at specific points or accumulates only during separate (rainy) seasons.
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The ground water level in the lowest part of the territory relief was found of the land
surface up to dozens of centimeters deep. In the upper parts of the territory the ground
water level was up to 3.7 m deep below the land surface. The highest sporadically
prevailing ground water altitude near the hills is in the borehole of 152.5 m 14k.

The highest place where ground water occurs is the hills. From the hills it filtrates down into
ravines and swampy places. Around the hills the direction of ground water is radial, i.e. it
filtrates into all sides from the hills. However the general tendency of the relief is in the north-
east part (towards Lake Druksiai), what determines the prevailing direction of surface and
underground water flow. Ground and surface water (swamps, bogs) is hydraulically related.
The investigated territory mostly is covered by clayey rocks, i.e. low water- permeable rocks.
More permeable sediments (peat, sand) are sporadically spread. Therefore the average speed
of ground water filtration should be very low — up to several centimeters per day.

The second water bearing stratum of the land surface in the investigated territory occur
between two water-impervious clayey strata in the water-permeable Quaternary thicknesses
of the aqua glacial sediments of the Upper Pleistocene of Griida Fm — Middle Pleistocene of
Medininkai Fm (sand of various roughness, gravely sand, dusty sand, gravel). The inter-
stratum water level during the investigation was at a depth 4.32-11.71 m of the land surface,
or in the height of 147-148 m above the Baltic Sea level. The deepest water level of the land
surface is in the hills, and the shallowest level — in the lowlands. In the bigger part of the
territory water is without pressure — its level in places coincides with the crest of sandy
stratum. In lower places water is under pressure, i.e. its piezometric level in the boreholes
rises from dozens of centimeters up to several meters above the crest layer.

The altitudes of inter-stratum water decreases in the north east part of the territory towards the
pond. It demonstrates that inter-stratum water as a part of ground water filtrates towards the
said pond. The level altitudes of inter-stratum and surface (pond’s) water in the north east
angle of the territory coincide. The surface and inter-stratum water of the pond separates the
low water-permeable stratum of moraine loam, the thickness of which reaches several meters.
Therefore it may be stated that inter-stratum water in the north east part of the territory while
permeating through the thin stratum of loam or its permeable parts, should discharge in part, 1.
e. “feed” the said pond.

According to investigation data of mechanical soil composition (granulometric analysis) the
coefficient of rock filtration of water bearing layer (the upper part) changes from 4.6 to 27.2
m/day. As it was mentioned the sandy fractions in deeper layers become smaller and a
coefficient of filtration is smaller too. The generalized filtration coefficient of water bearing
rock layer is about 19 m/day. As it was mentioned above the layer is composed of sediments
of various roughness, therefore their coefficient of filtration changes in both directions —
vertical and lateral.

Underground nourishment and drainage conditions are rather steady due to good filtration
peculiarities of water bearing stratum and steady drainage contour of Lake DriikSiai; therefore
water-level changes in the course of a year are not significant in the site.

Water bearing stratum is confined by a brown moraine loam and sandy loam of Medininkai

Fm, which from the hydrodynamic aspect is a relative confining layer.

Seismology
Stabatiské site is ascribed to the region of seismic activity of the Ignalina NPP. Currently
according to the available data it is admitted that the 6 degree (MSK-64) calculable level of
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earthquakes is in the territory of INPP and the maximum calculable earthquake level can
reach up to 7 degrees (MSK-64) assessing soil resistance to dynamic load.

Engineering geological conditions

The relief of the site surface determines the favorable conditions for surface run-off.
Engineering geological conditions are characterized during soil investigations, which will be
the ground of the provided object. The basis of the radioactive waste burial ground is the
depth of the Quaternary sediments of up to 30 m thickness. Powdery, sandy, cohesive clayey
and compressible biogenic soils compose the engineering geological section (up to 20- 30 m
deep) of Stabatiske site.

The strength of cohesive clayey soils determines their consistency, and powdery sandy — their
density. Moraine soil of edge formations of the Baltija stage (gtllIbl) last glaciations
occurring on the land surface of the site is hard plastic, rarely semi-solid or soft plastic.
Limnoglacial dusty soil of the Baltijos stage (IgllIbl) last glaciations — fine sand and
Sfluvioglacial dusty soil (fI1Ibl) - fine or clayey sand of medium density.

During the previous investigations while drilling (Rackauskas V., 2005; Marcinkevicius V.
1995) organogenic (Holocene swamps) (bIV) compressible soils (peat and sapropel), the
thickness of which reach 3.3 m were found. According to the new drilling data it was
determined that these soils lie in many places of the relief depressions of the investigated site
and comprise the strata of 0.1-5.2 m thickness. Sandy-dusty soils formed by lacustrine
sediments (IIV) are spread in some places of relief depressions. It is a very fine dusty sand of
medium-density and aleurite (dust). Soils of deluvial origin (dIV) are composed of soft plastic
clay with sand and gravel admixture.

Moraine soil of Gruda stage (g//Igr): moraine soil in the hills is hard-plastic and semi-stable,
sometimes soft-plastic, and its consistency in the relief depressions is poorer — usually soft-
plastic, and in contact with the peat swamp - runny plastic. Fluvioglacial dusty (flligr) and
limnoglacial dusty (Iglligr) soils of Griida stage: sand of various roughness and gravel are of
medium density.

Limnoglacial soils (Igllmd) of the previous glaciations (Medininkai) stage: sand of medium
roughness, sometimes dusty, of medium density and thick sand, sometimes soft and plastic
clay. The glacigenic (gllmd) soils of this stage (the second depth of the land surface of
moraine soils) is hard-plastic (in places - soft-plastic) moraine loam, rarely — soft-plastic
moraine sandy loam with single lens of hard-plastic aleurite. Fluvioglacial sand (fllzm) of
various roughness and medium density of Zemaitija stage lies in the lower part of the
engineering geological section.

The slopes of the site hills are steady, unfavorable geological process does not take place
there, and the depression of the central part of the site is becoming swampy. The
generalized parameters of physical-mechanical properties of the site soils are given in
Table 4.1.5.2.

Table 4.1.5.2 Generalized physical-mechanical properties of the soils of StabatiSké site
(Taminskas et all, 2005)

Indicator, Lithology Cohesio |Inner Deforma |Soil Indicator | Notes
n ¢, MPa |friction |tion density |of
angle ¢, |\module |p, Mg/m? | fluidity
degree |E, MPa Iz
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1 IV (Fine sand) 12 1.7 Weak
gt I1I bl (Light loam) 0.028 21 18 2.16 0.58

gt [11 bl (Hard loam) 46 2.18 0.25

f 111 bl (Dusty) 26 14 1.89

f 111 bl (Fine) 32 30 1.7

f III bl (Medium-roughness) 34 40 2.09 Strong
g III gr (Hard loam) 0.035 29 31 2.24 0.058

f III gr-bl (Coarse/rough sand) 46 2.07

The most important engineering geological problem of the sites is the risk of dusty sand
dilution under dynamic load. Considering the results of dynamic probe (V.Rackauskas, ...,
2006) dilution of sandy soils under dynamic load is practically impossible — sand is thick or
of medium density and is distinguished by good cohesion. Physical mechanical features of
surface sediments of the hills were assessed suitable for the equipment of burial ground of
radioactive waste. Peat soils locally spread (peat and sapropel) are especially compressible
and are not suitable for building foundation.

Pollution of the underground resources

Two dumping grounds near Stabatiské site (1.5 km southwest is the dumping of Visagino
buistas, 500 km southeast is a dumping of construction waste of Ignalina NPP), 1 boiler house,
1 petroleum base, reactors of nuclear station and other objects (1 km north) are ascribed to the
potential focuses of pollution. The site is surrounded by roads; the railway track is at a
distance of 700 m from the projected burial ground. Visaginas waste water cleaning
equipment is about 0.5 km southwest of the site. Waste piping (southwest) is installed near
the site, where waste from the nuclear power station gets into cleaning equipment. It may be
stated that Stabatiskeé site is in the territory of potential complex pollution.

Valuable properties of the underground resources, their suitability for the planned economic

activity

The discussed sites and the underground resources of their surrounding area according to
current knowledge and information do not possess valuable properties. The operating
drinking underground water is well protected from possible pollution.
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4.1.6. Biological Diversity

GALILAUKE SITE

The area being analysed is located in the agricultural land plot. Currently, there are no
trees or bushes on the hill being examined, and grass vegetation of cultural meadows and
grasslands occupies the whole hill and its slopes. Green crops sown some time ago that
dominate this area are as follows: alsike clover Trifolium hybridum, white and yellow sweet-
clovers Melilotus albus, M. officinalis, and orchard grass Dactylis glomerata. The following
varieties found in abandoned arable land are less abundant but more widely spread: red clover
Trifolium pratense, yellow chamomile Anthemis tinctoria, and scentless chamomile
Matricaria maritima. Those are the species that are very common in Lithuania. The cultural
meadow of the hill displays certain features of naturalisation: tutsan, spreading bellflower,
cornflower, etc. are spreading in this area. No rare units of flora have been found there yet.
The lowland (swamp) situated in the northern base of the hill is abundantly overgrown with
willow bushes and sedges and is covered by water. No varieties to be protected have been
found there yet.

A wide descent located in the south of the hill is covered by thrifty varieties that are
characteristic of abandoned homesteads and soil such as moxa herb Arthemisia vulgaris,
stinging nettle Urtica dioica, coltsfoot Tussilago farfara, cow parsley Anthriscus sylvestris,
Canada thistle Cirsium arvense, common sowthistle Sonchus oleraceus, etc. They form
hardly approachable and thick overgrowth. More diverse varieties that are characteristic of
natural meadows can be found in the channel K-12, e.g. the Early Marsh-orchid Dactylorhiza
incarnata belongs to the category of protected varieties (Figure 4.1.6.1). Several specimen of
this variety were found next to the bridge over the channel K-12. This variety is quite common
in Lithuania and the most abundant in the family of orchid plants; it can adapt easily and grow
and spread even in irrigation ditches.

. Galima grézlés buveiné
B GrieZlés radimvieté
@ Raudonosios geglnés
radimvieté

Il Ezeras
’ /N\/ Melioracijos kanalai
600 0 600 1200 Metrai = Slapynés

Figure 4.1.6.1. Finding places of varieties included in the Lithuanian Red Data Book
next to Galilauke site.
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No protected flora species have been found in the western part of the habitat yet.
There is a lowland between the channels K- 8, K-10 and the sole field road, covered by
particularly thick vegetation consisting of cow parsley, Canada thistle, stinging nettle, piper
betle, woolly burdock, etc.

One species from protected species of birds was established — corncrake Crex crex.
Corncrakes were spotted on the edge of the analysed habitat PV, towards the large loop of the
Driksa River and beyond the boundary of the habitat. There could be 2-3 couples of these
birds in the whole habitat. Corncrake is the species that is included in the Lithuanian Red
Data Book. However, this species is quite common because it spread and became more
abundant due to the increased number of plots of abandoned soil and hayfields, and those are
corncrake breeding grounds. Quail habitats Coturnix coturnix are likely to be found there as
well. However, tall and thick vegetation reduces the suitability of pastures for this species
everywhere — in highlands and lowlands. There are no conditions suitable for protected species
of mammals, amphibians, reptiles and fish in this habitat.

APVARDAISITE

The site of the potential repository is located in the agricultural land plot with a few field
grove or tree groups of a very small size. The targeted hill and other highlands of the habitat are
dominated by the following green crop of abandoned arable land and cultural
meadows/pastures: orchard grass, white sweet clover, scentless chamomile, tutsan, etc. The
relief slopes are covered by thick overgrowths of cow parsley, piper betle, Canada thistle, and
stinging nettle, and by small reed plots in some places. There is a levelled land plot
covered by the continuous overgrowth of white sweet clover in the south-eastern part
of the habitat. In this place, efforts are made to plant a forest: birch and spruce seedlings were
planted there.

The species composition of vegetation is analogous to that of Galilauké in the entire
habitat of the site — the same varieties are found there. The only difference is that there have
not been found any species of protected plants there.

One protected bird species was established — corncrake (Figure 4.1.6.2). There could
be 1-2 couples of them in this habitat. Another protected species — quail — is likely to be
found there. However, the suitability of the biotypes for these birds is greatly reduced by tall and
very thick grass vegetation. There are no conditions suitable for reproduction of mammals,
amphibians, reptiles and fish in this habitat.
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Figure 4.1.6.2. Finding places of varieties included in the Lithuanian Red Data Book
on Apvardai site.
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STABATISKE SITE

The southern side of Lake Driiksiai has been greatly affected by economic activities
during the construction of the nuclear power plant or during its subsequent operation. The
damage caused by building communication networks and roads was particularly great. The
natural water outflow was disrupted and the water regime was damaged. As a result, water
flooded small forests, waterlogged scrubs and seasonal or continuous lakelets were formed in
some hollows. Another significant source of damage — the works carried out in a disorderly
manner, during the performance of which the forest was polluted by construction waste.

The larger part of the former territory of Stabatiské village is covered by forest and
scrubs. The prevailing varieties include spruces, black alders, birches, asps, and pines. Efforts
are made to afforest the glades of the forest (up to the construction of the power plant on
arable land or in pastures and homestead places) — spruce seedlings are planted there. There
are no protected plants there. Minor mammals — mousy rodents are common in the forest.
Grey hares, roes, boars and mooses come to this territory as well. No rare and protected
species of mammals and fish were found there. In addition, no rare and protected bird species
were observed and no protected and rare plant varieties were found there either.

There are over 300 insect species found on the southern shore of Driiksiai lake. There
are very few insect species and no protected or rare species found in the planned Stabatiske
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site. The detected background butterfly species of the agricultural landscape are trophically
related to stinging nettles and cultural crucials. Those include peacock caterpillar (/nachis io),
small tortoiseshell (Aglais urticae), large white (Pieris brassicae), small white (Pieris rapae),
green-veined white (Pieris napi) butterflies, map butterfly (Araschnia levana), beetles -
Pterostoma niger and Carabus hortensis. Several dragonfly species are related to standing
water bodies: Sympetrum flaveolum and Aeshna cyanea. The found insect species are
common and abundant in the entire territory of Lithuania; no planned works pose any threat.

There are smooth newts (Triturus vulgaris), pool frogs (Rana lessonae), and a large
population of moor frogs (Rana arvalis) and common frogs (Rana temporaria) as well as
common toads (Bufo bufo) found in the aforementioned area; fire-bellied toads (Bombina
bombina) were detected southwards from the planned site. Their finding place is shown in
Figure 4.1.6.3. This is a protected species in the European Union (EU Habitats Directive,
Annex II, Bern Convention — category II), which is included into the Red Data Books of
Lithuania, Latvia, Sweden, Poland, and the Kaliningrad District (Russia). The spread of this
European species in Lithuania is mosaic. It is a common species in Eastern, Southern and
South-eastern Lithuania, whereas it is rarely found in other regions.

COMPARISON OF THE SITES

The specifics of biological diversity are analogous for the potential habitats of
Galilauké and Apvardai repositories. No valuable flora species the preservation of
which would require special protection measures have been found there yet. So far a
variety of flora — Early Marsh-orchid and a species of fauna — corncrake, which are included
into the Lithuanian Red Data Book, have been found there. Both of these species are quite
common in the whole territory of the Republic. The first variety grows remotely from
the hill of the planned repository (its habitat would not be damaged during the
construction) and the second species has suitable conditions to breed not only close to the
particular hills but also in the areas around both habitats.

In terms of biological value, the sites are deemed analogous and do not require any
special measures for the protection of biological diversity.
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Figure 4.1.6.3. Finding place of fire-bellied toads.
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4.1.7. Landscape

APVARDAISITE

The surroundings of the sites are dominated by a landscape of insufficiently reclaimed,
forested, lacustrine, hilly and tilled land. A relatively high level of natural features (due to
swamps, lakes, and small forests) is typical of this land; however, it is also highly sensitive to
technogenic impact (due to the dividing position and morphometric features of the relief).

The whole territory is anthropogenised: all the main elements of the landscape have
changed due to long agricultural-economic activities, draining melioration, and technogenic
restructuring of the surface (installation of a construction site and its subsequent
recultivation). Even the most stable component of the landscape — the relief — underwent
material changes: the waves of 6-9 m in height in the central part of the site were levelled
and gravity drained hollows were formed in next to the hill. Closed interhill and interwave
hollows became permeable. On the other hand, the degree of natural features of the landscape
is particularly high due to the prevailing perennial grasslands (meadows and pastures) and
forest plants: the ratio of relatively natural and technogenic areas in the contractual rectangle
equals 340.

In terms of tree migration, the main hill is dominated by transeluvial facies (on the
slopes), whereas interhill plots are dominated by transaccumulative and accumulative facies
(in the interhill hollows). The ecotoneness of the territory is weakly expressed but it may
increase in the future provided that the forest plants (spruces and birch stripes on the edges)
remain in the levelled territory. Unfortunately, the current condition of forest plants
suggests that there may be problems related to the transformation of ecological functions
and agricultural purpose of the area in the immediate future: forest plants are not
adapted to the features of the area, spruce seedlings are withering away (light green — the
sign of extinction).

In geo-ecological respect, the most valuable element of the landscape is the small
Kumpiai forest in the north of the main hill of the repository. The diversity of the landscape
(and ecotones) of the site perimeter is greater. The southern (along Lake Apvardai) and eastern
(along Gaidé stream) soggy places are especially significant. It is desirable that the
construction of the object would not result in damage to their hydrological regime.

The aesthetic value of the landscape (observation spots) of the site itself is low. Within
the perimeter of the site, there is a greater diversity of landscape, which increases the
value of the landscape. The observation point on the Mikstas hill (the main hill of the
repository) should be evaluated as medium or even lower; however, the high hills located
next to it (closely next to it in northwest: Supakalnis, Klevas hill) are one of the most
spectacular observation spots in the entire region. On the other hand, the values of these
observation points will decrease only temporarily (about 20 years) as long as the repository is
built and filled in.

In terms of resistance, the whole area of the site can be assessed as contrasting:
as a hill that is slightly and medium sensitive to technogenic impact and a sensitive levelled
territory. In terms of socio-ecological quality, the value of the territory is between low
and medium.

GALILAUKE SITE

The surroundings of the sites are dominated by a landscape of insufficiently reclaimed,
forested, lacustrine, hilly and tilled land. A relatively high level of natural features (due to
swamps, lakes, and small forests) is typical of this land; however, it is also highly sensitive to
technogenic impact (due to the dividing position and morphometric features of the relief).

The whole territory is anthropogenised: all the main elements of the landscape (hydro-
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graphic network, soil cover and its properties, vegetation and fauna; the features of mezzo and
microforms were least affected; however, their changes are also considerable, for instance,
formation of high slopes with deep deluvial soils performing the role of a particularly important
geochemical barrier and basic outflow transformer) have changed due to long economic
activities and draining melioration. Deep closed intercrest swamps turned into running water
(transit) geosystems. On the other hand, the degree of natural features of the landscape is
particularly high due to the prevailing perennial meadows and pastures: the ratio of relatively
natural and technogenic areas in the contractual rectangle equals 60.

In terms of tree migration, the most common are transeluvial (on the slopes) and
accumulative (in the interhill hollows) facies. The most important (in the geo-ecological
respect) ectones according to the existing land use are cultural meadows/shrubby swamps (on
the northern slope of the main hill). The ecological significance of this ectone is derogated by
the fact that wide lifts containing ruderal nitrophylic vegetation are typical of the northern and
north-eastern slope of Galilauke hill, whereas the swamps are drained, covered by shrubs and
do not have any typical ecologically significant spots.

In terms of landscape protection, it would be expedient to design and construct a
repository in such a way that it would not cause any changes in the water regime of the natural
wetland located northwards to the road Vosyliskés — Macionys.

The diversity of the landscape (and ectones) in the vicinities of the site is considerably
greater. In addition, renaturalisation (hollows soaking wet, spread of shrubs and wetland grass)
can be observed in the vicinities as well.

The aesthetic value of the landscape (observation spots) of the site itself is contradictory.
Within the perimeter of the site, there is a greater diversity of landscape, which, in
conjunction with the archaic population system, significantly increases the landscape value.
The observation spot on Galilauké hill should be highly evaluated as there are almost all
picturesque landscape elements in view, including those that are historically valuable
(picturesque hills, forests, lake, river, old settlements, places of small estates with plants,
remnants of the old roads and war fortifications, new technogenic dominants, etc.). On the
other hand, after the repository has been filled and Galilauké hill has regained its previous
form, the value of the observation spot will not decline considerably.

In terms of resistance, the whole area of the site can be assessed as slightly sensitive
to technogenic impact, whereas the main hill of the repository should be deemed medium
sensitive. In terms of socio-ecological quality, the value of the territory is between low
and medium.

STABATISKE SITE

Stabatiske site comprises several concentrically situated hills surrounded by wetlands
in the hollows. The relative height of hills above the surrounding hollows is 6-9 m. These
hills can be clearly seen in the aerophotograph taken in 1952; Figure 4.1.7.1. The hills were
arable, and there were pastures and a forest in lower places. There are 3-4 homestead places
on the hills. The homesteads were abandoned before or during the construction of the INPP.
During the construction of the power plant, a pig farm of the military division was established
in the north-eastern part of the site. The surroundings of the farm and the part of the site
located closer to the nuclear power plant is badly damaged — one can find construction waste
there, and the sections of the ground are dug and used in the INPP for fixing the territory of
the INPP.

The hollows located between the hills are wet and waterlogged. Dramatic changes
were made during the construction of the Ignalina NPP. The agricultural irrigation system
located in this area was damaged and a new drainage system was not installed. Road
subgrades dammed up natural hollows. No attention was paid to the cleaning of the
surrounding areas, including that of StabatiSké. Due to the damaged drainage and
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inappropriate restructuring of the surface when building roads or engineering networks, water
accumulates in the hollows seasonally or continuously. Water resulting from greater rainfall
covers quite a large territory. Shrubs dominate the slopes and hollows of the hills. They are
replaced by mature forest in some places.

: 1952.1115.1':.:.i

Figure 4.1.7.1. Stabatiské site in the aerophotograph taken in 1952.

Aesthetically, the most valuable component of the surrounding environment is a pond
located in the north-western corner of the site. Another component is the old apple-tree
garden which existed in the homesteads and survived the neighbourhood of the pig farm but
was destroyed during the tests when implementing the INPP territory cleaning project. When
implementing the aforementioned project, the glades on the top of the hills and homestead
places were afforested — spruce seedlings were planted.

There are no other valuable landscape components (for example, observation spots) on
the analysed site. The edges of the site are greatly affected by anthropogenic activities,
whereas there is a fairly high degree of natural features in the central part of the site. The
analysed territory will not gain any aesthetic value event after a forest has been planted there.

COMPARISON OF SITES AND LANDSCAPES

Similarities in landscape of the sites:

1. the areas are highly anthropogenised; however, the degree of relative natural features
is very high due to the prevailing perennial grasslands,

2. there are certain foci of renaturalisation of the landscape,

3. in geo-ecological respect, the areas are stable but there are sensitive ectones and
landscape elements (swamps) within their perimeter,

4. the socio-ecological quality of the sites is between low and medium.

Differences in landscape of Galilauké and Apvardai sites:

1. Apvardai site is more damaged by technogenic processes,

2. Apvardai site is more sensitive to anthropogenic impacts.
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There are no valuable landscape elements (for example, observation spots) in
Stabatiske site. The edges of the site are highly affected by anthropogenic activities, but there
is a high degree of natural features in the central part. The installation of the repository will
not impair the landscape but it might actually improve it.

4.1.8. Protected Areas, Ecological Networks and Immovable Cultural Values

This section of the report describes the position of a near-surface radioactive waste
repository with respect to the natural carcass and protected areas as well as the position of the
repository with respect to ecological networks and their elements. The location of the sites
with respect to protected areas and ecological networks should be analysed on the basis of the
following data:

e  Map of Lithuanian Protected Areas 1:400000, Department of Forest and Protected
Areas under the Ministry of Environment, Register of Protected Areas, 1999;

o Localisation Scheme of the Natural Carcass of the Ignalina District. VU Landscape
Management Group, 1993,

e  Map of the Lithuanian Ecological Network (Eco Net). Lithuanian Fund for Nature,
Institute of Geography, 2001;

e NATURA 2000 GIS Database (PROJECT: "Approximation of Lithuanian capacity,
policies and procedures on Nature Protection to EU requirements, with particular focus
on implementation of the EEC Habitats Directive (92/43) and the EEC Birds Directive
(79/409)".

The historical and archaeological values as well as other immovable cultural values
related to the project and located in the construction area and in its vicinity are described as
well. The protected areas of this part of the region are described in greater detail in other
sources (Kudaba. 1987; Ignalinos ... , 2002; Ignalinos AE ... , 1998, Identification ... ,
2004). The cultural heritage of the region is exhaustively described in the special publication of
regional studies (Gaidés ..., 1969).

The distance to the closest protected areas of Latvia — the Silene Natural Park and Ilgai
and Glushonka Nature Reserves is over 15 km; Figure 4.1.8.1.
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4.1.8.1 Protected territory (Silene park) in Latvia
(www.dap.gov.lv/public/files_uploaded/ izsardzibas plani/silene dap.pdf)

APVARDAI SITE
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Location with respect to protected areas. There are no protected areas on the
construction site and in its immediate surroundings. The nearest protected area is PuSnis
Telmological Reserve, which is situated approx. 4-6 km southwards from the site. The areas
of the Smalvas Landscape Reserve and Grazuté Regional Park lie northwest of the site,
about 10 km away. The nearest protected area covers the protection zones and strips of Lake
Apvardai. Under the “Rules for the Establishment of Protection Zones and Shore
Protection Strips of Surface Water Bodies” (approved by Order No. 540 of 7 November 2001
of the Minister of Environment of the Republic of Lithuania), the width of the water
protection zone of Lake Apvardai is 500 m from the shore.

Location with respect to ecological networks. In respect of the natural carcass, the site
is also situated on the boundary: the north-western part of the site (the area that was
formerly allotted to the NPP greenhouses) is not assigned to the areas of the natural carcass;
the south-eastern part, which is situated closer to Lake Apvardai, is assigned to
the internal stabilisation habitat area of regional significance.

The area has not been included into Lithuania’s Eco Net. Only Lake Apvardai, which
is located nearby, has been included into this network as a connecting element.

According to the preliminary Natura 2000 network of the EU’s protected nature areas,
there are no areas assigned to this network neither within the territory of the site nor in its
immediate surroundings.

Historical and Archaeological Values and Other Immovable Cultural Values on the
Construction Site and in Its Immediate Surroundings. There are no data on the historical,
cultural or archaeological values situated on Apvardai site. The nearest object to which
attention should be paid is a closed cemetery in Viguténai village. It is noteworthy that the
hill Kapeliy Kalnas, in which bones have been detected while digging gravel since the old
times, is situated at 0.5 km northwest of the main hill of the repository.

GALILAUKE SITE

Location with respect to protected areas. There are no protected areas on the
construction site and in its immediate surroundings. The nearest protected areas are situated
more than 10 km from the site: Pusnis Telmological Reserve (southwest of the site), Smalvas
Landscape Reserve (to the west of the site), and Grazuté Regional Park (to the west of the site).

The nearest protected areas are the protection strips and zones of water bodies. The
distance to open water bodies (Lake Driiksiai and Druksa river) is 0.5-1 km. Under the
“Rules for the Establishment of Protection Zones and Shore Protection Strips of Surface Water
Bodies” (approved by Order No. 540 of 7 November 2001 of the Minister of Environment of
the Republic of Lithuania), the width of the water protection zone of Lake Apvardai is 500 m
from the shore.

Location with respect to ecological networks. In respect of the natural carcass, the site
is also situated on the boundary of the geo-ecological divide of regional significance (divided
to the north and northeast of the site). The area to the south of the site (VarniSkés and
Sviks¢ionys neighbourhoods) is not assigned to the areas of the natural carcass.

The area of the site has not been included into Lithuania’s Eco Net. Only Lake
DriikSiai situated nearby is assigned to this network as the nucleus of national significance.

In accordance with the preliminary Natura 2000 network of the EU’s protected nature
areas, Lake DriikSiai and the Driiksa riverside bordering with the sites under consideration were
singled out as habitats of protected bird species (the little crake, spotted crake, sea eagle, marsh
harrier, and great bittern). The planned object would be situated at a sufficient distance from the
Natura 2000 area (Lake DriikSiai).

Historical and Archaeological Values and Other Immovable Cultural Values on the
Construction Site and in Its Immediate Surroundings. There are no data on the historical,
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cultural or archaeological values located on Galilauké site. The nearest objects to which
attention should be paid are as follows: a closed cemetery in Macionys village and the
German soldiers’ graves dating back from 1914 in Sviks¢ionys village. It is noteworthy that
the formal descriptions of immovable cultural values situated in the vicinity do not precisely
reflect reality. For example, there are the fortifications of the Hindenburg line (dating back to
1914-1917) which are not mentioned in the descriptions; and Russian soldiers from the both
World Wars are buried in the so-called unattended German soldiers’ cemetery (in the eastern
part of the cemetery, towards Driiksa).

There was a thick network of Guriai manor estates situated in the area of the site and
its immediate surroundings; however, the remaining elements of these estates (the building in
Galilauke village, a stand in S&ytnikai (the scientific base next to Lake Driiksiai) do not have
any exceptional historical value.

A highly valuable vicinity of the site (3.5 km to the north) is Pilies island in Lake
DriikSiai and the historical town of DriikSiai (Drysviaty) known since the beginning of the
XIth century.

STABATISKE SITE

Location with respect to protected areas. There are no protected areas on the
construction site and in its immediate surroundings. The nearest protected areas are the
protection strips and zones of water bodies. The distance to Lake Driiksiai is about 2 km. The
site is separated from the lake by the territory of the Ignalina NPP. More remotely situated
objects are mentioned in the description of Galilauké.

Location with respect to ecological networks. The area of the site has not been
included into Lithuania’s Eco Net. Only Lake Driik$iai has been included into this network.

Historical and Archaeological Values and Other Immovable Cultural Values on the
Construction_Site and in Its Immediate Surroundings. When carrying out exploratory
archaeological investigations on Stabatiské site in June 2006, the place of the destroyed
Stabatiské estate (place of the village) was detected. A 0.5 m cultural layer with construction
waste and several ceramic, metal and bone findings were detected in the central part of the
estate area during the investigations. According to initial data, the area of the former estate
place occupies approx. 1.95 ha (Figure 4.1.8.2). When carrying out additional exploratory
archaeological investigations in the area of the Stabatiské estate place (village place), the
cultural layers of two periods (second half of the XVth century — XVIth century and second
half of the XVIIIth century — XXth century), both of 20-80 cm thick, consisting of soil and
clayey soil with construction and household ceramics, glass, osteological-archeological
findings, were detected (Dél Stabatiskes..., 2006). It was established that those are the
remnants of the homestead which existed in the second half of the XVth century-XVIth
century. People did not live there in the XVIIth century.

From the end of the XVIIIth century until the middle of the XIXth century, the
DriikSiai estate was passing from hand to hand and finally it was gradually sold out. At that
time, the Stabatiské location was repopulated as well (the village has been mentioned in the
written sources since the end of the XVIIIth century). There was a small estate here. After the
investigations have been carried out, the area of this object was revised (Dél Stabatiskes...,
20006). The estate occupies an area of 1.5 ha (Figure 4.1.8.2).

There are alleged or unidentified monuments of immovable heritage in the area of the
site. Mostly, those are natural hills called mounds by the local residents. No long-lived
cultural layer has been found in them. There was the place of the Montvilai estate, which has
not survived, next to the site. Other objects were destroyed or damaged during the
construction of the NPP and its infrastructure, some of them (barrows) had been destroyed or
damaged even before that. Their recreation or restoration should not be associated with the
planned economic activities.

136



)
75

(5

Figure 4.1.8.2. Area of the Stabatiské estate.
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4.1.9. Social-economic Environment

Some indices of the social-economic situation of the region can be provided only at
the level of the habitat or region and Rims§é subdistrict. Other indices, which are more closely
related to the location and features of the area, are discussed for each site separately.

Social-Economic Significance of the Region

Particularly deep contrasts have been formed in social development of the population
in the area under consideration (Atominé ..., 1997, Ignalinos AE regiono ilgalaikio ... , 1998,
Socialiniai ... , 1999; Ignalinos AE regiono ... , 2002; Identification ... , 2004; Ignalinos
atominés elektrinés regiono ... , 2004). 