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From operation of Ignalina NPP Lithuania has accumulated large quantities of low and
intermediate level radioactive waste. The Strategy on Radioactive Waste Management
emphasizes the necessity to be ready for the management of radioactive waste, which will
result from the Ignalina NPP decommissioning starting in 2005. In order to implement
provisions of the Strategy, Radioactive Waste Management Agency has started to prospect for
a site suitable for the near surface repository.
This Report comprises results of the area survey stage, which involves regional
screening to define the regions of interest and identification of potential sites within suitable
regions. The main goal was to define a few sites potentially suitable for constructing of the
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It was concluded that a vicinity of Ignalina NPP is among the best suitable regions for
the near surface repository. At the present investigation level a ridge in Galilauke village has
the most favorable conditions. However, Apvardai site is potentially suitable for the
repository too.
Draft Report of the present studies has been presented for evaluation at an international
seminar organized jointly by IAEA, SIP and RATA and held on 3-4 March 2004 in Vilnius.
All key institutional stakeholders took part in the discussions. The Report was updated taking
into account given comments and recommendations.
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1. BACKGROUND
From operation of Ignalina NPP Lithuania has accumulated large quantities of low and
intermediate level radioactive waste. Since beginning of the NPP operation in 1984 all
radioactive wastes are stored in storage facilities at INPP site. Safety analyses performed in
2000-2003 have shown that the existing radioactive waste storage facilities are not acceptable
for long-term storage and can only be used as interim storage facilities for the time period
ending 2010 [1]. In the Strategy on Radioactive Waste Management approved by the
Government of the Republic of Lithuania in 2002 [2] it is foreseen to construct new repositories
for radioactive waste and to retrieve, characterize and condition the short-lived radioactive
waste accumulated in INPP storage facilities. The Strategy also emphasizes the necessity to be
ready for the management of radioactive waste, which will result from the INPP
decommissioning starting in 2005. All necessary studies on a repository for low- and intermediatelevel short-lived radioactive waste should be performed until 2005 [2]. The NSR commissioning
date significantly impacts the additional interim storage costs of the waste to be stored in the
modular interim storage of the Solid Waste Management and Storage Facility, which is now being
tendered. The additional cumulative interim storage costs of conditioned operational and
decommissioning waste depending on the commissioning date of the NSR are shown in Table 1.
Table 1.1. Radioactive waste interim storage cumulative costs should construction of the NSR be
delayed (estimates of Ignalina NPP DPMU)
NSR commissioning date
Waste interim storage cumulative costs,
€ million

2010

2012

2015

2020

2025

2030

18.3

26.3

35.4

40.7

45.3

48.1

About 100 000 m3 capacity is needed for the disposal of both the operational and
decommissioning waste. In 2002 a consortium of Swedish companies has prepared reference
design of a near surface repository suitable for disposal of short-lived low- and intermediatelevel radioactive waste [3]. This repository is intended for the waste accumulated during the
operation of INPP as well as radioactive waste that will result from decommissioning.
In order to implement provisions of the Strategy, Radioactive Waste Management
Agency has started to prospect for a site suitable for the near surface repository. IAEA
recommends dividing a siting process into four stages, namely, conceptual and planning stage,
area survey stage, site characterisation stage and site confirmation stage [4]. It is desirable to
determine the potential suitability or acceptability of a site as quickly as possible with use of
minimum resources. Thus, those factors or criteria, which might result in the rejection of a site,
should be identified early in the planning stage and investigated early in the area survey stage.
This Report comprises results of the area survey stage, which involves regional
screening to define the regions of interest and identification of potential sites within suitable
regions. As the transition from one stage to the next is somewhat arbitrary because of the
overlap of activities, some results typical for conceptual and planning or site characterisation
stages can be also found in this Report.
The main goal of these studies was to define a few sites potentially suitable for
constructing the NSR. As the Ignalina IAE region has been recognised as a recommendable
place for radioactive waste management and disposal facilities [5], the first task was to study if
another region exceptionally better than the Ignalina NPP region exists. The next task was to
define promising areas for selecting 2 or 3 sites corresponding to siting criteria. A list of siting
criteria, summarizing legal, environmental and safety requirements was developed.

Aspects of technical safety and possible impact to humans and environment have not yet
been analyzed in detail at this stage. Safety Analysis and Environment Impact Assessment will
be performed during the subsequent stages (Table 1.2).
Table 1.2. Near surface repository installation plan
No.

ActivitiesXyears

1 Conceptual and planning
stage. Area survey stage

2003 2004 2005 2006 2007 2008 2009 2010 2011

i

2 Site selection.
Environmental Impact
Assessment, collection of
the site-specific data for site
characterization, geological,
hydrological,
hydrogeological and
geochemical investigations.
Updated cost estimation.
Government decision to
design the NSR
3 Development of the NSR
design, Safety Analysis
4

Construction of the first
group of vaults, preparation
of the Final Safety
Assessment Report.
Licensing

5 Start of operation of the
first group of vaults

•

—
-

1

it

Approval:
1. Reference Design for a Near Surface Repository for Low-and intermediate-Level
Short Lived Radioactive Waste in Lithuania, developed by SKB, SWECO International and
Westinghouse [3] has been discussed at a meeting in Vilnius (June 6, 2002).
2. Working plan and draft sitting criteria have been discussed during the International
Workshop organized by SKB in Forsmark (Sweden) [6].
3. Siting process and preliminary results have been discussed during a meeting with the
mayor of Ignalina county (June 19, 2003), and during a meeting at the Ministry of Economy
with the concerned authorities and regulatory body (August 8, 2003; with the representatives
from the Ministry of Economy, Ministry of Environment, VATESI, Radiation Protection
Centre, Institute of Geology and Geography, Geological Survey of Lithuania, Ignalina NPP and
RATA). Representatives of Lithuanian institutions recommended establishing a repository as
near the Ignalina NPP as possible.
4. Draft siting criteria have been sent for evaluation to the Ministry of Environment,
VATESI and Radiation Protection Center. The draft was updated taking into account the
received comments.
5. During the area survey stage there was a permanent consulting by Swedish experts from
SKB. Swedish experts Roland Pusch, Torsten Eng and Bjorn Strokirk have analyzed most suitable
sites during their visit to Ignalina NPP region. The Appendix 1 contains a report of the study visit.

6. Lithuanian mass media has been particularly familiarized with the preliminary results
during the seminar "Preparation for Ignalina NPP decommissioning" held on October 21, 2003 [7].
7. Draft Report of the present studies has been presented at international seminar
organized by IAEA, EC, SIP and RAT A and held on 3-4 March 2004 in Vilnius. Comments of
International experts are presented in the Appendix 2.
References:
1. Safety Analysis Report "Authorisation of Existing Buildings at Ignalina NPP for Interim Storage of
Solid Waste" (Task 12), SKB Report SAR/T12/001218, 2000-12-18 and SKB-IC Final
Supplementary Report to SART12/13, 2003-04-11, Stockholm, Sweden.
2. Strategy on Radioactive Waste Management. Governmental resolution No. 174, 2002. Valstybes
zinios. 2002, No. 15-567.
3. Reference Design for a Near Surface Repository for Low-and intermediate-Level Short Lived
Radioactive Waste in Lithuania. SKB-SWECO International-Westinghouse Atom Joint Venture. LT
NSR Final Project Report, 2002.
4. Siting of Near Surface Disposal Facilities. IAEA Safety Standards Series No. lll-G-3.1, Vienna,
1994.
5. Regulation on Disposal of Low and Intermediate Level Short Lived Radioactive waste, VATESI, P2002-02. Valstybes zinios. 2002, No. 106-4797.
6. Siting of a Near Surface Repository for Low- and Intermediate- Level Short Lived Radioactive
Waste in Lithuania. Materials of the International Workshop in Forsmark, Sweden, April 8-10, 2003.
Vilnius: LGT, 2003, 71 p.
7. S. Motiejunas. Prospects for Radioactive Waste Disposal in Lithuania, "Energy News" (News
Magazine from the Lithuanian Energy Union). - 2003, No. 1(25). - P. 15-16.
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2. CHARACTERISATION OF RADIOACTIVE WASTE
2.1. Waste acceptance
General
Pursuant to Item 34 of the VATESI regulations [1] short-lived low- and intermediate-level
waste is defined as containing beta and/or gamma emitting radionuclides with half-lives less
than 30 years, including 137Cs, and/or long lived alpha emitting radionuclides with measured
and/or calculated, by using approved methods, activity concentration less than 4000 Bq/g in
individual waste packages on condition that an overall average activity concentration of long
lived alpha emitting radionuclides is less than 400 Bq/g per waste package.
Only conditioned solid and immobilized waste shall be accepted for disposal. The waste
form shall be essentially monolithic (i.e., an integrated single block of conditioned wastes) and
uniform. Waste packages are not allowed to contain free liquid. The design, geometry and
dimensions of a waste package shall be in compliance with the systems for handling and
transport and with the appropriate disposal part of the repository. According to the VATESI
requirements [2], only certified containers shall be used. Each waste package, which might
consist of an assembly of primary packages in a common enclosure, shall bear a unique
identification marking. The marking shall be such that it pertains until backfilling around the
package takes place in the emplacement spot. Generic waste acceptance criteria for a near
surface repository are described in the VATESI regulations [3].
Properties related to radioactivity

|

The isotopic composition of radionuclides in the waste form shall be determined.
Measurements or calculations shall quantify the amount of radionuclides. The specific activity
of individual isotopes in the waste form as well as the total activity of alpha, beta and gamma
emitters in the waste package shall be determined. RATA has already established preliminary
maximum admissible activity concentrations for cemented waste package to be disposed of in
the near surface repository [4].
The fissile mass of the waste package shall be limited in such a way that the packages
can be exempted from the transport requirements [5] applied to fissile materials. The surface
dose rate and surface contamination shall comply with the limits established in transport
regulations [5].
'
'.
Chemical properties
The ability of the waste form to resist solubility and leaching as well as the integrity of waste
form and waste package shall be identified.:
The waste form chemical composition shall be determined to identify hazardous or toxic
constituents. These constituents shall be minimised and/or avoided. Wastes containing
substances, which are pyrophoric, and materials with ignition temperatures of less than 60°C as
well as reactive chemicals or metals shall not be accepted for disposal.
The potential for the generation of flammable gases, owing to the radiolysis of
hydrogenous materials or the volatilization of hazardous or flammable gases because of volatile
compounds in the waste substrate, including gas production from corrosion of metals such as
iron and aluminium, shall be identified during the waste characterization process. Potential
corrosivity of waste packages shall be assessed to show that the degradation of waste containers
and solubilizatiori of radionuclides in the waste will not lead to unacceptable doses [6, 7].
Complexing agents and cellulose in the waste package shall be estimated and minimized
as far as possible.

10

Physical properties
The permeability of a waste form and package shall be sufficiently high to allow gases to be
vented, but low enough to restrict water migration and release of radionuclides. Porosity of the
waste form shall be as low as reasonably achievable to improve the microstructure and to
minimize the release of radionuclides.
Slurry type wastes shall be homogeneously dispersed to an extent that radionuclides
never occur in such concentrations that the above mentioned radiological properties will be
affected to an unacceptable extent. During packaging and grouting of solid waste, components
etc., the active material shall be emplaced in the package in such a way that the activity
becomes distributed throughout the package as homogeneously as possible. Voidage in a waste
package shall be minimized to ensure that wastes are immobilized and do not affect other
properties, such as strength and permeability.
Mechanical properties
The mechanical strength of the waste package against external stresses such as pressure, strain,
bending and impact, shall exceed a minimum for handling, storage and disposal and be
sufficient to preclude unacceptable releases of radionuclides during foreseeable incidents and
accidents. The waste form shall have a structure and homogeneity that is in compliance with
this requirement. The structure and volume of the waste form shall be such that it does not
deteriorate to an extent, leading to unforeseen release.
Thermal properties
Waste package shall be able to withstand an external fire and be handled without causing
fragmentation. The activity release from the waste package as a result of an external fire shall
not exceed the specified limits [6, 7]. The design of the waste package shall take into account
temperatures as low as -40°C. Thermal cycling shall not cause instability or a significant
reduction in the strength of the waste package.
Waste Package Specifications
For each type of conditioned solid and immobilized low- and intermediate-level short-lived
waste candidate for near surface disposal waste generator shall present a waste package
specification. It shall be examined by RATA for compliance of the waste packages with
disposal concept and generic waste acceptance criteria [3] as well as the adequacy of control
actions. The main principle for a division of the waste into specific types shall be that waste
packages within specific waste type shall have similar properties, especially regarding waste
form, packaging and origin. When a big single component is to be brought to the near surface
repository this component shall be analyzed as specific waste type.

2.2. Expected waste amounts and inventory
The radioactive waste to be disposed of in the NSR are operational and further
decommissioning waste from Ignalina NPP. Data on expected waste inventory, forms and
amounts are extracted from INPP documents and the Final Decommissioning Plan for Ignalina
NPP Units 1 & 2 [8]. The operational and decommissioning waste streams, which are assumed
to come into consideration for disposal in the NSR, consist of:
• the spent ion-exchange resins, perlite and sludge (sediments)
• the combustible solid waste
• the non-combustible solid waste.
The summarised data on repository volume occupied by specific waste and radioactive
inventory are presented in Tables 2.1-2.3.
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Table 2.1. Composition of non-combustible waste for the NSR

Operational waste

Decommissioning waste

Volume percentage, %
Metals
Construction materials
Thermal Insulation
Cables & casings
Other

Tools
Plastic (PVC)
Concrete rubbles
Super compactable waste
Not treated waste

43.1
22.8
18.8
14.7
0.5

Volume
percentage,
%
1.2
2.4
5.6
45.5
45.4

Table 2.2. Expected amounts of conditioned wastes to be disposed of in the NSR

Waste type
Conditioned spent resins / perlite and
sediments
Conditioned combustible waste (ashes)
Conditioned non-combustible waste
TOTAL

Volume of containers to be disposed, m3
56 717
534
36 676
93 927

Table 2.3. Assumed activities of the conditioned wastes to be disposed in the NSR, Bq

Ion-exchange Sediments Total activity
Noncombustible resins, perlite

Combustible

Nuclide

.

14

Ni

63

Ni

90

Sr

94

5.27E+10
1.28E+13
8.33E+11
1.02E+11
5.52E+10

c ..

59

Nb

"Tc
129T'

137

Cs

238

Pu

239

Pu

240

Pu

241

Pu

241

Am

'

•

•

"

-

'

.

•

1.39E+14
2.38E+09
6.06E+08
1.41E+09
2.27E+11
3.35E+09

•

•

•

;

•

4.55E+10 ;
1.08E+10
2.23E+12 ;
2.14E+11
1.84E+10 I
1.46E+10 .
1.24E+08 -:
3.61E+13 ..i
6.19E+08 !
3.20E+07
3.61E+08
5.85E+10
8.68E+08 ;

9.90E+12
2.10E+12
5.10E+13
3.70E+12
4.00E+11
2.50E+11
2.20E+09
6.00E+14
1.00E+10
2.70E+09
6.00E+10
9.90E+12
1.50E+10

7.20E+10
1.50E+09
3.70E+12
1.50E+10
2.90E+09
9.70E+09
8.50E+06
2.40E+13
4.20E+08
1.10E+08
2.40E+08
3.80E+10
5.80E+08

1.0E+13
2.2E+12
7.0E+13
4.8E+12
5.2E+11
3.3E+11
2.3E+09
8.0E+14
1.3E+10
3.4E+09
6.2E+10
1.0E+13
2.0E+10

Spent ion-exchange resins, perlite and sediments
A new waste management facility is under construction on the Ignalina NPP site, where the
spent resin mixtures with perlite and the sediments will be immobilised with concrete into 200
-litre drums, these later being placed into concrete containers. 4 800 m3 of operational waste and
1 060 m3 of decommissioning waste will be conditioned. The 5 860 m3 of total unconditioned
waste will, lead, after conditioning, to a final volume of 56 717 m3 to be disposed of in the NSR.
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Combustible solid waste
Waste size reduction, super compaction, incineration, packaging, immobilisation and interim
storage are foreseen in a new facility. 3 640 m3 of operational waste and 9 280 m of
decommissioning waste will be incinerated. The ashes will be collected into standard 200 liter
drums; these being super-compacted and put into concrete containers. The containers with
ashes to be disposed of in the NSR would represent some 534 m3.
Non-combustible solid waste
The operational non-combustible waste consists of metals, construction materials, thermal
insulation, cables & casings and other. The waste will be submited to super compaction, the
resulting pellets will be placed in concrete containers followed by mortar pouring for pellets
immobilization. Volume of conditioned operational waste to be disposed of in the NSR is about
3 880 m3. The decommissioning non-combustible waste will consist of tools, plastic, concrete
rubbles. The waste shall be submitted to super compaction, the resulting pellets will be placed
in concrete containers followed by mortar pouring for pellets immobilization or directly placed
in concrete containers and immobilized with mortar. The volume of conditioned
decommissioning waste to be disposed of in the NSR is about 32 800 m .
References:
1. Regulation on the Pre-disposal Management of Radioactive Waste at the Nuclear Power Plant,
VATESI, VD-RA-01-2001, Valstybes zinios, 2001, No. 67-2467.
2. Regulation on Disposal of Low and Intermediate Level Short Lived Radioactive Waste, VATESI, P2002-02, Valstybes zinios, 2002, No. 106-4797.
3. Generic Waste Acceptance Criteria for a Near Surface Repository. VATESI, P-2003-01, Valstybes
zinios, 2003, No. 19-850.
4. Preliminary Maximum Admissible Activity Concentrations for Package of Short-Lived Low- and
Intermediate-Level Cemented Waste to Be Disposed of in the Near Surface Repository. Approved by
the Director of RAT A, Order No. 15 dated March 31, 2003.
5. Regulations for the Safe Transport of Radioactive Material - 1996 Edition (Revised) - Requirements,
IAEA Safety Standards Series No. TS-R-1 (ST-1 Rev.), IAEA, Vienna, 2000.
6. Lithuanian Hygiene Standard HN 73:2001. "Basic Standards of Radiation Protection", Valstybes
zinios, 2002, No. 11-388.
7. Regulatory document on the environment LAND 42-2001 "On the Restrictions on the Release of
Radionuclides from Nuclear Installations and Procedure for the Authorisation of Release of
Radionuclides and Radiological Monitoring", Valstybes zinios, 2001, No. 13-415.
8. Final Decommissioning Plan for Ignalina NPP Units 1 & 2, Al.l/FDP/0004, Issue 04, INPP DPMU,
2004.
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3. REPOSITORY CONCEPTUAL DESIGN
A generic repository conceptual design to be applied in Lithuania was developed after scrutinizing
the design and operational experience of existing near surface repositories all over the world [1]. As
in practically all-underground disposal systems subsurface water is the potentially critical
mobilization and transport vehicle of the hazardous substances contained in the waste. The basic
principles of the conceptual design of the planed near surface repository are:
• Engineered and natural barriers which should restrict the access of water to the
radioactive waste and block or retard the release of radionuclides from the repository;
• A "hill"-type repository with reinforced concrete vaults should be constructed above
the groundwater level because such a repository will be saturated and percolated much less
and much later than a repository located below the groundwater level;
• Foundation of a heavy reinforced concrete construction should rest upon a firm bed
(moraine (till), dense sand or dense over-consolidated clay);
• A bottom bed layer beneath a cell-type reinforced concrete construction should
consist of a low-permeable and very low-compressible smectitic clay or a mixture of
properly graded silty sand, gravel and smectitic clay;
• During the closure of repository the sides and top of a reinforced concrete vaults are
also covered by the smectitic clay barrier, the whole system being covered by a long lasting
cover with an erosion-resistant top.
The concept and layout of the Lithuania's near surface repository are given in Figures
3.1 and 3.2, respectively. The proposed near surface repository will also include a buffer
storage. A suitable size of the buffer storage may be to have room for about 20 waste
containers.

Fig. 3.1. The concept of the Lithuania's near surface repository
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Fig. 3.2. Layout of the Lithuania's near surface repository: 1 - Entrance for personnel, with security
and contamination check; 2 - Administration, control room and laboratory; 3 - Waste reception and
buffer storage; 4 - General service facility, equipment maintenance and storage, utilities substation
(water, power, fire-fighting), decontamination of trucks, etc.; 5 - Waste disposal area
The multi-barrier system of the near surface repository (Fig. 3.3) comprises the

following:
• The waste matrix.
• The waste packages.
• Disposal container outer concrete.
• Backfill between disposal containers as appropriate.
• Disposal cell outer concrete.
• Clay based soil barrier.
• Natural ground.
The engineered barriers consist of concrete cells surrounded by low-permeable claybased material with about the same isolating capacity in all directions, the whole system beinng
covered by a long-lasting cover with an erosion-resistant top. Gas release is through gaspermeable joints in the concrete. A sand layer above the concrete roof of the cells should be
applied before the clay-based cover is put on since it yields uniform distribution of gas and
increases the probability for gas to get through without jeopardizing the cell embedment. The
bottom bed should consist of smectitic clay or a mixture of properly graded silt/sand/gravel
with smectites rich clay. The components are preferably mixed and compacted. The top and
lateral isolation must be as effective as that of the bottom sealing.
A site of the repository needed for disposal of all Ignalina NPP's operational and
decommissioning short-lived low- and intermediate-level radioactive waste, which amounts to
about 100,000 m , is preliminary estimated to have an area of about 40 ha with 10 ha disposal
zone.
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Fig. 3.3. Structure of the engineered barriers (cross-section of a NSR in the post-closure phase)
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4. SITING CRITERIA
4.1. Overview of legal requirements
4.1.1. International conventions and treaties
Pursuant to Article 13 of the Joint Convention [1], it is required:
• to evaluate all relevant site-related factors likely to affect the safety of a radioactive
waste management facility during its operating lifetime as well as that of a disposal facility
after closure;
• to evaluate the likely safety impact of a radioactive waste management facility on
individuals, society and the environment, taking into account possible evolution of the site
conditions of disposal facilities after closure.
Lithuania and neighbouring countries Latvia and Belarus have ratified the Joint
Convention.
Lithuania and Latvia have also ratified the Convention on Environmental Impact
Assessment in a Transboundary Context (ESPOO, 1991) [2]. Procedures of this Convention
require that a state of potential impact to be informed about the planned activity and, when the
Environment Impact Assessment is performed, a consulting with this state is to be carried out.
Belarus has signed this Convention in 1991 but has not ratified yet.
Pursuant to Article 37 of the EURATOM treaty, signed in 1957, each EU Member State
is to provide the Commission with such general data relating to any plan for the disposal of
radioactive waste in whatever form as will make it possible to determine whether the
implementation of such plan is liable to result in the radioactive contamination of the water, soil
or airspace of another Member State. The Commission of the European Communities
recommends that the general data be submitted to the Commission whenever possible one year
but not less than six months before any authorization for the disposal of radioactive waste is
granted by competent authorities [3].
4.1.2. Lithuanian legislation and regulations
Pursuant to Article 17 Part 1 of the Law on Radioactive Waste Management [4] a siting of a
radioactive waste management facility made pursuant to the requirements of the Law on
Territory Planning [5] and the Law on the Environmental Impact Assessment of Planned
Economic Activity [6]. An objective of the Environmental Impact Assessment is to determine if
the proposed economic activity, by virtue of its nature and environmental impacts, may be
allowed to be carried out in the chosen site. The Ministry of Environment is a competent
authority and other state institutions responsible for health protection, fire-protection, protection
of cultural assets, development of economy and agriculture, and institutions of local selfgovernment are relevant parties of the environmental impact assessment. Upon the examination
of the Environmental Impact Assessment Report, the conclusions of relevant parties regarding
the Report as well as justified evaluation of the public proposal, the competent authority makes
a justified decision if the proposed activity may be carried out in the chosen site.
Pursuant to the Law on Territory Planning [5] detailed plans are to be prepared and
approved. The detailed plans are documents on the basis whereof restrictions are imposed on
activities on the plot and requirements for construction and territory development, land
easements and land use purpose are determined, land surveys and construction projects are
prepared, land and other real property is taken for public needs. The process of detailed
planning shall comprise assessment of the present condition of the territory under planning, its
resources and their quality, drafting of a plan of the present condition, analysis and, if
necessary, investigation of master plan solutions, evaluation of hygiene standards, and
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demographic determinants and morbidity rates of the population, preparation and approval of
development programmes of the territory under planning.
Pursuant to Article 29 Part 3 of the Law on Nuclear Energy [7] a design of a near
surface repository shall be prepared subject to:
• the drafting and approval of a special site selection scheme after consideration of
several alternative construction sites in a manner prescribed by Law on Territory Planning
'
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• the approval of a detailed plan of the territory;
• taking over of the land intended for the construction site for public needs in a legally
prescribed manner.
Pursuant to Paragraphs 9, 12 and 29 of the Regulation on Disposal of Low- and
Intermediate-Level Short-Lived Radioactive Waste [8] it is required:
• a near surface repository shall be sited, designed, constructed and closed to provide
the safety of the waste over the long term. This shall be.achieved by a combination of site
characteristics, engineered design features, operating procedures, post-closure surveillance
of the repository, as well as by selection of the appropriate content of waste and the way of
conditioning;
;
• the following site characteristics shall be taken into account in the safety assessment
and the design of the repository: surface processes, geologic, hydrogeologic, geochemical,
tectonic and seismic, meteorological phenomena, as well as the impact of climate and
human activities. A site for near surface repository shall be selected with the characteristics
to be adequate to provide safety during the operational and post-closure phases.
4.1.3. IAEA recommendations
Pursuant to Item 206 of the IAEA document [9] the sitting of a near surface repository may be
divided into four stages:
• conceptual and planning stage;
• area survey stage;
• site characterisation stage;
• site confirmation stage.
;
The transition from one stage to the next may be somewhat arbitrary because of the
overlap of sitting activities. The area survey stage involves two phases: regional mapping to
define the regions of interest and screening to identify potential sites within suitable regions [9].
In general it is desirable to determine the potential suitability or acceptability of a site as
quickly as possible with use of minimum resources. Thus, those factors or criteria, which might
result in the rejection of a site, should be identified early in the planning stage and investigated
early in the survey stage.
The sitting process should be systematic, predictable and transparent. During [10] site
selection, a number of sometimes contradictory factors need to be taken into account, for
example, on the one hand proximity to the Ignalina NPP, transportation links between a site and
the Ignalina NPP, on the other hand proximity to the state border, isolation characteristics of a
near surface repository.

18

4.2. Main criteria for sitting a near surface repository
4.2.1. Legal and environmental restrictions
Performing regional mapping the following territories shall be excluded:
• the land closer to the sea than 1 km from the state border of the Republic of Latvia
till the northern pier of Klaipeda port and the Kursiu. Nerija up to the border with the
Russian Federation [11];
• nature and cultural sanctuaries, nature, complex and cultural reserves, territories of
nature and cultural heritage, national and regional parks, regenerative and genetic plots,
territories of natural framework (including territories of European ecological network
NATURA2000)[12];
• general ecological protection zones of wellfields (watering-places), surface-water
basins, cities and resorts, coastline and fields, recreational territories, agrarian ridges,
intensive karsts [12-14];
• buffer protection zones of nature and cultural sanctuaries, national and regional
parks, nature, complex and cultural reserves, natural and cultural heritage objects and
biosphere sanctuaries [12, 13];
• physical protection zones of airports and military airbases, main gas and oil
pipelines and their installations, main electric lines, railroads and their installations, state
border protection facilities, radars and other military facilities, meteorological stations,
natural and cultural heritage objects, visual protection zones of airports, astronomical
observatories, natural and cultural heritage objects [12, 13];
• sanitary protection zones for main roads, railroads, industrial and public objects,
agricultural companies, general ecological protection zones of cities and resorts [12, 13];
• reserving protection zones for perspective fields of valuable natural resources,
railroads and their installations [12, 13];
• forest land (forest land of category IV may be transformed into other type of land)
[15].
4.2.2. Technical/safety criteria
Safety and durability of a repository are mostly determined by a good protection from a
precipitation and ground water, and by a stable and firm bottom bed. Stability should also
remain during earthquake. Main technical/safety criteria and desirable site characteristics are
summarised in Table 4.2.1.
Table 4.2.1. Main technical site exclusion criteria and desirable site features

Main
requirements
for site
Topographical
features

Geotechnical
stability

Site exclusion criteria
Possibility
foundation

for

Desirable site features

flooding

of Surface inclination is sufficient and water can
drain away into a surface water body.
Preference should be given to a big hill
High resistance to erosion - relatively smooth
High erodability
site, shallow water flow speed v is below the
critical speed vcr
Unstable slopes (safety factor Slope stability of friction material; safety
factor Ftan(p.>= 1.5*
Ftancp is less than 1.3)
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High compressibility of bottom Compressibility, compression strength, shear
bed (high volume compression strength, internal friction angle and stiffness
(E-modulus) of bottom bed shall comply with
Geotechnical
coefficient P)
requirements for massive constructions*
stability
1. Low pore water pressure
High liquefaction
2. The maximum seismic intensity on the
MSKscale<=6
Feasibility of excavation
Bad constructability
Variety of ground features
Homogeneous ground
Hydraulic
High hydraulic conductivity Low hydraulic conductivity. It is desirable
(filtration coefficient k is bigger that filtration coefficient k is less than 10~7 m/s
conductivity
than 10~5 m/s)
or even 10~9 m/s*
1. Low and steady groundwater level. It is
Impact from 1. Unfavourable climate
natural
2. Unfavourable hydrological desirable that groundwater level is at least
phenomena
3 m below bottom barrier*
conditions
2. No risk of being flooded .
Transport
Long distance to Ignalina NPP, 1. Vicinity to Ignalina NPP
transportation of waste through 2. Favourable infrastructure and logistics
risks
big settlements and protected or
recreational territories
* These features will be verified during further stages

Riskiness ranking during assessment of geotechnical, hydrological and tectonic
(seismic) risks is given in Table 4.2.2.
Table 4.2.2. Assessment of geotechnical, hydrological, tectonic risks (by prof. R. Pusch)

Criterion
Slope stability
Settlement
Flooding
Tectonic (seismic)

Effect
Strong break of cells
Break of cells
Water intrusion into cells
Slight break of cells

Riskiness
Highest risk
Moderate risk
Moderate risk
Least severe consequences

4.3. Suitable site for a repository
4.3.1. Geological features
The following geological media that can be used for hosting NSR:
• clay;
• till;
• sand;
.
• gravel.
For a shallow facility in the vadose zone (above the ground water), the preferred host rock is
one that has low unsaturated moisture content at field capacity, provides ample sorption capacity
and effective drainage for water percolating through the facility. Preference should be given:
• to regions with a physically and chemically stable geological environment;
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• to regions which can be readily characterized through geological investigative
techniques;
• to regions with a uniform and predictable geology.
4.3.2. Topographical and hydrological features
Topographical and hydrological conditions of the repository site should be good enough to drain
rainwater and melting snow during at least of 300 years in order to obviate flooding and to keep a
repository foundation above the groundwater level. Preference should be given to a very big hill.

4.3.3. Geotechnical stability of the site and setting of the repository foundation
Near surface repository can be constructed only at geotechnically stable site. The setting of the
repository foundation increases risks of the flooding and the crack of the concrete construction.
The risk depends on the mass of the structure and the compressibility of the bottom bed.
4.3.4. Slope stability
Slope stability depends on the inclination of surface and geotechnical features of the ground,
first of all, the density. If the ground density is high and inclination is lower than an angle of
internal friction, the slope stability safety factor is sufficient. Stability of the plastic clay ground
can be insufficient even at an inclination of a few degrees. For dense ground, slopes with an
inclination of. 13 ° are stable enough (safety factor 1.5), if an angle of internal friction is at least
20 °. Critical depth of the slope slip surface is usually no more than 10 m.
4.3.5. Tectonics, seismicity and liquefaction
Oscillatory motions during the seismic events can cause the ground liquefaction and form the
static fractures of ground and concrete structures. Risk depends on earthquake frequency and
magnitude. Ground liquefaction should be low. The main criterion is maximum earthquake
magnitude. Maximum earthquake magnitude on the MSK scale shall be not bigger than 7. It is
desirable that maximum earthquake magnitude on the MSK scale is lower than 6. Pore water
pressure also should be low.
Areas of low tectonic and seismic activity should be selected. Recommendations on
investigation and evaluation of seismological characteristics of the region wherein a nuclear
energy facility is intended to be established are given in IAEA Safety Guide [16]. The size of
the region to be investigated, the type of information to be collected and the scope and detail of
the evaluations should be determined according to the nature and complexity of the
seismotectonic environment.
4.3.6. Hydrological features
The hydrological setting of the region should include:
• low ground water level;
• low groundwater flow;
• long flow paths;
• long distance to "well".
Preference should be given:
• to regions that have the main hydrological characteristics available;
• to regions that could make characterising or modelling of the hydrogeological system
easy.

21

4.3.7. Geochemical features
The geochemistry of groundwater and the geological media should contribute to limiting the
release of radionuclides from the NSR and should not significantly reduce the longevity of
engineered barriers. Preference should be given to regions where geochemical conditions:
• promote sorption of radionuclides;
• promote precipitation/co-precipitation of radionuclides potentially released from the
disposal system;
• inhibit the formation of easily transportable chemical compounds of radionuclides.
The dissolved radionuclides migrate from the near field at a rate determined by
processes that include advection (i.e. transport by moving water) and dispersion, diffusion and
retardation. While the first three processes are related to the hydrogeological performance,
retardation of radionuclides is due to the chemical and physical interactions with minerals both
in the host geological environment and in surrounding formations.
4.3.8. Surface processes and impact from natural phenomena
Impact on repository and its engineered barriers of natural phenomena should be small.
Groundwater level should be below repository (vadose zone), hydraulic gradient between
higher and lower heads should be low and there should be no risk of being flooded.
The following surface processes should be considered:
• flooding;
• frequent ponding;
.'
• landsliding;
• erosion;
• extreme and rare meteorological phenomena.
Preference should be given to areas with topographical and hydrological features, which
preclude the potential for flooding, frequent ponding, landsliding and erosion. The site shall be
selected in the region with proper topography (relatively smooth), where shallow water flow
causing erosion is low.
4.3.9. Human activities
Human activities can affect the mechanical stability of large regions, examples being the
reduction of the safety factor of slopes by excavation and dredging, and the creation of critical
conditions for flooding and erosion by dam construction. Other examples are contamination ofgroundwater in industrial areas, by which very low or very high pH and Eh conditions caused.
Industrial or military activities in the area, over-ground and air transport and other factors that
could have impact upon the safety of a near surface repository should be evaluated.
4.3.10. Transportation of radioactive waste
Pursuant to Paragraph 32.8 of the Regulation [8] it is required to take into account a possibility
to install a radioactive waste site as close to the main radioactive waste producer- the Nuclear
Power Plant- as possible. The NSR shall be located such that the access routes will allow
transportation of waste with a minimal risk to the public.
Preference should be given to areas that:
• are adjacent to major waste producer, Ignalina NPP;
• have favourable infrastructure;
• have favourable logistics.

22

4.3.11. Socio-economic impacts
The site should be in a sparsely neighbored place, which has no significant importance for
parks, hunting, hiking or other recreational uses. Natural recourses of a site and its immediate
surroundings should not be a determinant for socio-economic development of local and regional
community. Construction of a near surface repository should be acceptable for local community
and regional authorities. Establishment of a repository should not adversely affect future
development opportunities of local and regional community. Siting and development of a near
surface repository should not cause or escalate community conflicts between different social,
ethnic or interest groups. Repository should not affect the image of region or settlements.

4.4. The information needed at a site characterization stage
Some of the criteria are applicable throughout the siting process while others require detailed
field investigations, which may be done only at a relatively late stage in the siting process.
Site characterisation stage is to investigate candidate sites to determine if they fulfil
safety and environmental requirements. Preliminary safety assessment should address both the
anticipated evolution of the system and credible deviations from it. Consideration has be given
to the compatibility of the engineered barriers with the waste and site characteristics. Close
co-ordination of the preliminary safety assessment and the supporting data acquisition
programme is therefore necessary, with the safety assessment serving as a valuable tool for
identifying and prioritising supporting studies and additional data collection.
Following additional site-specific information required for repository design updating,
safety and environmental impact assessment and licensing should be provided at a site
characterisation stage.
Geology
To evaluate the impact of the geological features of candidate sites on the development of an
acceptable safety case, information on the stratigraphic, lithological, mineralogical and
structural geological conditions of the region and candidate sites, including the geometry and
distribution of geological features is required.
Hydrogeology
For this stage, the following information relevant to groundwater flow and transport should be
obtained as indicated below:
• average flow rates and prevailing directions of groundwater flow;
• regional and local water tables and their seasonal fluctuations;
• parameters for flow and transport;
.
• soil moisture profile;
• hydrogeochemical characteristics of the site;
• variations in fluid pressure (tension, suction);
• hydraulic conductivity dependence on moisture content and fluid pressure.
Geochemistry
Information should encompass the description of geochemical and hydrochemical conditions of
the host rock, the surrounding geological and hydrogeological units, and their flow systems.
This information should include:
• mineralogical and petrographical composition of the geological media and their
geochemical properties;
• groundwater chemistry.
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Migration of radionuclides
The information needed for assessing radionuclide migration in the far field can be summarized
as follows:
• groundwater flow, including advection and dispersion processes: groundwater flow
rate and patterns, groundwater flux and velocity, flow patterns and pathways, migration
behaviour of radionuclides;
• fracture flow (preferential and faster pathways for radionuclide transport): nature,
characteristics and distributions of fractures, water flow rates;
• diffusion: characteristics of the host geological medium, radionuclide-host rock
interactions, effective diffusion coefficients;
• solubility: groundwater chemistry, Eh and pH;
• complexation (both organic and inorganic): nature and type of complexes,
groundwater chemistry;
• colloid formation: colloid characteristics, colloid-radionuclide interactions,
groundwater flow rate and pattern (advective transport of radionuclides as colloids,
enhanced migration);
• chemical reactions in groundwater: Eh and pH of groundwater, chemical species
in groundwater, chemical stability of precipitates that may result from interaction of these
chemical species with radionuclides, rates of reactions;
• sorption: sorption coefficients in site specific groundwater, mineralogy of sorbing
phases, groundwater chemistry;
• gas phase transport in the vadose zone: groundwater chemistry, degree of
saturation in the vadose zone, partitioning of contaminant between gas and aqueous phase,
groundwater flux.
:
Requirements on geological engineering (geotechnical) investigations for nuclear
energy object including near surface repository siting are given in [17].
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5. RESULTS OF THE REGIONAL MAPPING
5.1. Geographical and environmental aspects
5.1.1. The main features of the surface relief and of the surface erosion processes
From the point of view of the suitability of regions for the repository sitting, it is expedient to
evaluate the distribution of relief types and its morphometry areas. This of paramount
importance in order to avoid very differentiated geological and geodynamic conditions of the
surface in the territory and environs of the repository.
Relief genesis predetermines the type of morphometry. Largest flat areas of relief are
observed in karst and basal moraine formations (23-46 km2). Smallest flat areas are in erosional
formations (5 km2).
Taking into consideration that the karst, organogenic, fluvial and some other formations
are not expedient to establish repository owing mostly to the geological and hydrogeological
conditions, the greater probability of similar morphometric conditions may be expected in the
basal moraine and glaciolacustrine formations. Yet, the marginal glacial formations occupy
sufficient areas of uniform morphometric conditions.
Territories with water erosion rate exceeding 2 mm per year account about 3 % of
Lithuania [1]. 2 % of lands already eroded, 15 % are under permanent effect of erosion, and in
3 8 % of the territory, and there exists a possibility of water erosion. The soils of the Baltic
highland (its southern part in particular) are most intensively affected by water erosion. The
extreme gutter erosion occurring during heavy rainfalls is potentially possible also in other
sloping areas under certain hydrometeorological conditions and especially in loose soils. The
erosional gutters most often occur in the south Lithuanian region.
The recurring or permanent deflation (soil blowing) is also an unfavourable
phenomenon in terms of the preservation of the surface layer of the repository site. The highest
probability of the deflation is in light soils during spring drought. According to susceptibility to
deflation, four groups of regions have been distinguished in Lithuania. It is assumed that
deflation area is about 160,0.00 ha. The Coastal region is most deflation-susceptible. It has been
observed that deflation events become rare. The increasingly marine character of the climate
may reduce their probability even more,
• In terms of morphogenetic peculiarities of relief andprobability of erosion processes
the areas least favourable for repository sites are: eolian formations, river valleys and
erosional hill terrains (taking about 14 % of Lithuania's territory), karst, marine and
organogenic formations taking about 4 % of the total area.
5.1.2. Climate anomalies and their trends in Lithuania
The Lithuanian climate is characteristic of the northern part of midlatitudinal climate zone. The
narrow Baltic Sea coastal area is a different climatic region. Its climate is more comparable to
the West European climate and may be distinguished as a separate climatic province of South
Baltic. The Lithuanian climate also depends on the geographical situation of the region and
atmospheric circulation, i.e. cyclonic and anticyclonic formations and advection of air masses
of varying origin.
The average long-term (1961-1990) air temperature in Lithuania is 6.2 °C: The
difference between the warmest July and the coldest January air temperature averages is up to
21.8 °C. The difference between the absolute maximum and minimum is considerably greater 80.4 °C. The Atlantic Ocean and the distance from the sea are the determining factors of air
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temperature and its distribution. The warming effect of the sea is especially pronounced in the
coastal area. Moving to the east it weakens.
According to precipitation Lithuania is in the zone of excess humidity. According to the
data of Lithuanian hydrometeorological stations the precipitation average value is about
622 mm. Regional distribution of the average annual precipitation is uneven and varies from
500 to 900 mm (Fig. 5.1). The alternation of large forms of relief, plains and uplands accounts
for these great variations.
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Fig. 5.1. Distribution of annual precipitation

Strong winds rarely occur in Lithuania. The average annual wind velocity varies from
5.2-5.7 m/s in the coastal area to 2.7-3.1 m/s in the southeastern regions. The strongest winds
through the year occur in the coastal zone and Kursiij Nerija (Curonian Spit); the weakest winds
occur in the southeastern part of Lithuania. Autumn and spring are the windiest seasons.
The long-term intensive rainfalls are unfavourable to slope stability and groundwater
level. In the last hundred years the long-term rainfalls lasting for 3 and more days would occur
16 times on the average in 10 years. The anomalies of mixed and solid precipitation occur more
often. In the districts of Zemaiciai Upland (especially on its western slope) the long-term
rainfall anomalies occur by 1.5-2 times more frequently than in other Lithuanian regions.
The droughts during the vegetation period occur in Lithuania every 5-6 years. The
droughts may be attributed to risk factors because they disturb the vital capacity of the cover
creating conditions for erosion and fires. In the southeastern part of Lithuania droughts occur
every 3 years on the average.
Severe frosts (when the minimal air temperature falls below -30 °C) occur in Lithuania
one per year on the average. The frosts, which could be regarded as natural calamities, occur
once in five years. The frosts, which may be regarded as especially dangerous for the ecological
situation (when the temperature below -30 °C persists for more than 3 days and includes >l/3
of the territory), occur once in 35 years. The highest probability of severe frosts is in the
northeastern and southeastern regions.
Heat anomalies occur once in 3 years on the average (air temperature >30 °C lasts
for >3 days). The lowest probability of such anomalies is characteristic of the coastal region.
The probability of local extreme winds in Lithuania is 5 events in a year.

27

According to the models of climate changes developed in different countries and applied
for Lithuania [2] the air temperature of Lithuania is expected to rise in the 21 st century. It is
assumed that the changes of climate will set in the second half of the 21 st century. According to
predictions the rise of the air temperature of cold season will be especially pronounced.
Moreover, the precipitation rate as well as frequency will increase especially during cold
season. Also, the long-lasting heats occur more often than long-lasting frost. Moreover, the
western transport of air masses is strengthening, the regional differences become less
pronounced.
5.1.3. The hydrological conditions in Lithuania
Lithuania is in the humidity excess zone. About 68 % of precipitation evaporates. The
remaining portion infiltrates the ground or as the slope run-off reaches the hydrographic
network.
The annual meteogenic water discharge ranges from 4 to 12 1/s/km2. During spring
floods (March-May) the run-off in different parts of Lithuania is from 70 to 140 mm, aim warm
season (June-November) - 30-160 mm, and in cold season - 40-120 mm. During the last two
decades of the 20th century in some parts of Lithuania the winter run-off had increased by 30 %.
The surplus of atmospheric water has created in Lithuania a dense hydrographic
network (Fig. 5.2). The density of the hydrographic network varies from 0.46 to 1.51 km/km2.
The first and second rank tributaries of the upper courses are fed only by the slope run-off and
groundwater and they often appear only seasonally - during the spring and summer-autumn
floods. In recent years, due to higher values of winter precipitation, mean winter air temperature
and frequent thaws, there have been occurring rather frequent water freshets. The freezing date
of Lithuanian rivers is December 4-28. Yet, in recent years the cases when the larger rivers of
some regions remain ice-free have become more frequent. The ice drift in the Lithuanian rivers
begins on March 16-30.
Because of warming winters the duration of frozen ground in 1981-2000 was by 10-15
days shorter than in 1955-1980. The average thickness of the frozen ground layer has reduced
by about 10 cm. The winters of the last two decades of the 20th century were characterized by
frequent thaws and periodically thawing permafrost. This increased the portion of slope run-off
and reduced recharge groundwater. Annual discharge of groundwater ranges from 0.3 to
5.9 1/s/km2.
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Fig. 5.2. A model of
Lithuanian relief with
the hydrographic
network and basins of
the main rivers
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The abundance of lakes in the territory of Lithuania is 1.4 %, though the number of
lakes is very great (more than 6000); most of them are small (up to 1 ha in area). There are
2330 lakes with the area exceeding 1000 ha. The total lake area of the country is only 908 km2.
All lakes freeze up in winter - the shallow lakes earlier and the deeper lakes later. The lakes in
the eastern part of Lithuania freeze up earlier than the lakes in the western part. The ice cover
may reach up to 80 cm in thickness. The throughput of the lakes is also rather variable - from a
few to a few hundred per cent. The greatest throughput is characteristic of lakes drained by
medium and large rivers. The country abounds in permanently or periodically flooded areas wetlands. They account for 12 % of the territory including 7.2 % of bogs.
Floods
The natural calamities are rare in Lithuania and the inflicted damages are incomparable with the
damages inflicted to the countries raged by hurricanes or situated in seismically active zones.
Periodically occurring dangerous floods are in the leading position among the natural calamities
endured by this country. There are four causes of floods in Lithuania:
• rapid snow melting,
• intensive rainfalls,
• dam disorders and accidents,
• landslides and ice jams.
Floods occur in different parts of Lithuania and in rivers of different size. The waters of
small and medium rivers periodically flood the riverside areas without inflicting any
considerable damage to settlements, communications and people. There is no evidence that they
have caused great economic or environmental problems in Lithuania. On the other hand, this
may be accounted far by the traditionally extensive use of these territories. There are few
urbanized or intensively economically used territories and almost no communication systems
and dangerous objects in the riversides.
The floods entailed by rainfalls most strongly affect the small basins. They ruin the
bridges, dams, and damage communications. The floods entailed by rainfalls in large rivers
inflict less damage than the floods entailed by snowmelt water (Table 5.1).
Table 5.1. The highest water levels recorded in the Lithuanian rivers

River
Nemunas
Nemunas
Nemunas
Nemunas
Nemunas
Neris
Sventoji
Nevezis
Nevezis
Sesupe
Jura
Minija

Water
measuring
station
Druskininkai
Nemajunai
Smalininkai
Panemune
Rusne
Vilnius
Ukmerge
Panevezys
Dasiunai
Marijampole
Pajuris
Kartena

The highest
observed
water level,
cm
1100
841
778
765
455
825
385
454
759
439
466
518

The date of the
highest water
level

Average longterm flood
peak, cm

Difference,
cm

1958.04.26
1958.04.25
1966.03.04
1994.03.16
1926.01.04
1931.04.26
1979.04.01
1996.04.21
1979.04.02
1940.04.04
1962.04.07
1926.01.01

418
464
573
551
359
507
254
396
582
243
380
464

682
377
205
214
96
318
131
58
177
196
86
54
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A territory of 40 km2 - predominated by extensively used farmlands, bogs and forests is flooded in Lithuania besides the Nemunas delta area. Thus, according to preliminary
estimates 0.6 % of the territory of Lithuania area flooded.
The greatest probability of dangerous floods is characteristic of Nemunas. There are
there sectors of Nemunas in the territory of Lithuania where there exist favourable conditions
for floods: middle course, lower course and delta.
In Nemunas, Neris, and other larger Lithuanian rivers, the floodwater may rise 10 m
above the average long-term water level. In medium and small rivers, the floods are lower.
According to the data of hydrometric measurements, historical descriptions of floods and
natural state the administrative regions of Lithuania may be divided into five categories
reflecting the probability of dangerous floods (Fig. 5.3).
In the regions of very low probability of dangerous floods, the natural conditions are
unfavourable for high floods. Literary sources and special inquest provide no material about
dangerous floods in these regions. This category includes almost all administrative regions of
Zemaiciai Upland. The damage inflicted in low flood probability regions is minimal. This
category includes the regions which area situated not in the Nemunas basin. The regions of
average probability of foods include periodically flooded riversides where certain damage is
inflicted to urbanized territories. The regions of Nevezis, lower Sventoji, Neris and some
Nemunas tributary valleys belong to this category. The Kaunas region may be distinguished as
the only territory of high probability of dangerous floods. Though the hydroelectric power plant
in Kaunas has reduced the probability of dangerous and catastrophic floods they may still occur
upstream the Kaunas HEPP dam and downstream from the Nemunas and Neris confluence. On
the other hand this category includes also part of Vilnius city. Yet, taking into account the
smaller flood area this region is attributed to the category of lower probability (Fig. 5.3). The
probability of floods in the Nemunas delta is highest in Lithuania. The administrative Silute
region, which takes the main part of Nemunas delta, carries the greatest burden of damage
inflicted by floods in Lithuania.

Latvia

Belarus

Fig. 5.3. Regionalization of the country according to the probability of dangerous floods: 1 - very
low, 2 - low, 3 - average, 4 - high, 5 - very high probability
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Lithuania has established the limit values for catastrophic events. The critical water
level was established by a special resolution of the Government of the Republic of Lithuania
[3]. It also provides for the main criteria of extreme floods for five Lithuanian rivers, Kurshj
Marios (Curonian Lagoon) and Kauno Marios water reservoir (Table 5.2).
Table 5.2. Criteria of extreme floods [3]

Water basin

Nemunas
Nemunas
Kauno Marios
Nemunas
Nemunas (Atmata)
Sventoji
Nevezis
Jura
Minij a
Mini j a
Kurshi Marios (Curonian Lagoon)

City

Druskininkai
Prienai
Birstonas
Kaunas
Rusne
Ukmerge
Kedainiai
Taurage
Kartena
Lankupiai
Vente

Water level, cm above
station
"zero" level
1050
500
950
750
450
400
450
850
610
830
650

Construction of objects, which could be dangerous for flooded areas and the whole
ecosystem of river, is prohibited in the flooded territories. Water-protective belts, where
agricultural or other economic activity is restricted, also partly reduce the danger of floods.
Though the establishment of water-protective belts is not related with the flooded territories the
maximal flood areas often do not reach their boundaries. Thus, a considerable part of flooded
territories can be attributed to natural or renaturalized areas in which the economic activity is
restricted.
5.1.4. Density and importance of preserved territories and ecological networks
Specific features of the network of preserved territories in Lithuania
The preserved territories are the main limiting factor in the siting of a near surface repository.
There are state and municipal reservations, objects of natural heritage (preserved natural objects
of landscape) including natural monuments, renaturalized and genetic slots of land, national and
regional state parks, biosphere reserves and biosphere polygons (Fig. 5.4).
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Fig. 5.4. Preserved territories in Lithuania

The preserved territories occupy about 12 % of area and are gradually integrated with the
networks of environmental designation natural framework and ecological framework.
The natural framework, which is already being developed at national and regional
levels, is already legalized in the Law of Preserved Territories and in the Master Plan of
Lithuania [4]. The natural framework is a territorially and functionally integral network of
natural territories of ecological compensation, with ensures the ecological equilibrium of
landscape, natural links between preserved territories and other ecologically important
territories and habitats, and migration of plants and animals between them. The ecological
network is part of natural framework linking the habitats of bioecological importance.
Ecological network - a system of territories important for preservation of biological
environment - was determined following the recommendations of EU (Ramseur localities,
CORINE biotopes, territories important for birds, Natura-2000 projects). The established
territorial system subordinated with the natural framework - national ecological network - is
composed of European, national and regional bioecological kernels, bioecological junctions
(corridors) and zones. The suggested territorial model of the ecological network will have to be
made more exact and extended. Therefore the area occupied by ecological networks is not
known today exactly.
The distinctive features of the density and importance of preserved territories and
ecological networks
Taking into consideration the propositions of the Law of Preserved Territories and Master Plan
of Lithuania [4], we may assume that the exciting preserved territories together with the
environmental networks may occupy about 60 % of the state area (excluding the buffer zones).
In some municipalities (North Lithuanian in particular- Joniskis, Pakruojis, Pasvalys) the
preserved areas occupy 35^40 %, whereas in Varena and Zarasai - up to 75-80 % of their total
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area. The average value is 55-65 %. Since 1992 the area of preserved territories has increased
by 2.5 times. The increase of the number of preserved territories and reservations established by
municipalities is especially pronounced.
Large bog terrains in North, South and Southwest Lithuania (state nature reserves),
Zuvintas biosphere reserve, Nemunas delta and Curonian Lagoon are included in the lists of
preserved territories of international importance. In these territories and their close environs, the
near surface repository should not be established considering ecological, ecopolitical and sociopsychological motives.
The increasing evenness is one of the development trends of preserved territories. For
instance some large preserved territories are projected in the regions (Suvalkija National Park,
Daugai and Linksiai regional parks, etc.), where so far the density of preserved territories has
been relatively low. This is a factor limiting the choice of repository site.
Seeking to preserve the biological diversity the priority tasks are: establishment of
ecological networks (Natura-2000), optimisation of forest structure avoiding the degradation of
forest ecosystems, and prevention of degradation of marine, coastal and grassland ecosystems.
Striving to ensure the ecological equilibrium of landscapes and preserve their diversity the
priority tasks are: optimisation of land use structure, strengthening of the ecological
compensation functions of the natural framework, optimisation of the network of preserved
territories preventing natural and cultural values from degradation and preservation of the
wetlands and karst terrains. Therefore, the repository should not be established in the regions
with the most favourable conditions for implementation of above-mentioned priorities.
• The regions with the lowest density of protected territories. They are located in the
Northern, Central and Southwestern parts of Lithuania and in the Raseiniai-Silale-Jurbarkas
area, Rokiskis and Sirvintai districts. The highest density is in the Baltic Highlands and the
coastal region.
5.1.5. Socio-geographical information
Social geographical information reveals the features of social and economic environment of the
repository. On the other hand, the available data represent only the current situation, which is
only episodically bearing in mind the long-term character of the repository. Besides, some
indices describing the possibility of construction and operation of the repository (such as
accessibility and supply of electricity and water) are not sufficiently territorially differentiated
to produce a decisive influence on the choice of the region.
Analysis of territorial differences of other socio-economic factors (public communal
activity, ecopolitical peculiarities, marginal social phenomena, etc.) revealed that these
differences are too small to influence the choice of repository sites.
The present work focused on the socio-geographical indices, which could be taken as
criteria for choice of regions suitable for repository. The two major such indices are: differences
of regional distribution of population (especially - identification of sparsely populated
territories) and long-term resource value of regions.
Sparsely populated territories in Lithuania
The Lithuanian sparsely populated territories are mostly located far away from the big cities
and main roads. Yet, they are not necessarily situated on the periphery of the state. It is only
natural that these territories have weak economy and are distinguished for low productivity of
sales. They are predominated by a traditionally conservative, extensive and unproductive
agriculture, and have no industrial enterprises.
Special investigation [5] shows that in 2000 Lithuania had 30 municipal districts with
population density less than 10 per km" and 11 such districts with slightly higher densities. The
total area of sparsely populated territories amounted to 7698 km2 (almost 12% of the
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Lithuanian territory) and was inhabited by 1.6 % of the total population. In view of
depopulation rates the areas with rural densities not more than 15 per km2 should be included
into the category of sparsely populated territories. It must be also taken into consideration that
often the greater part of the population is concentrated in the cities or one largest settlement of
sparsely populated territories. In this case, the area of sparsely populated territories would
include 31 % of Lithuania territory inhabited by 13 % of its population. At present, there are 15
municipalities with rural densities less than 15 per km2 in Lithuania (Table 5.3, Fig. 5.5).
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Fig. 5.5. Density of population in Lithuania

Most of such territories are situated in the forested East and South Lithuania. In Varena,
Zarasai, Ignalina, Moletai and Rietavas municipalities the densities are less than 20 per km2
even with the urban populations included.
Table 5.3. Lithuanian sparsely populated territories in 2001 [6]

Municipalities
Svencionys
Varena
Zarasai
Ignalina
Rietavas
Rokiskis
Anyksciai
Trakai
Akmene
Moletai
Kazlq Ruda
Birzai
Utena
Kupiskis
Ukmerge
Total

Territory, km
1692
2218
1334
1496
586
1807
1765
1208
844
1368
555
1476
1229
1080
1395
20053 (30.7%)

Rural population density per 1 km"
8.7
9.8
11.0
11.2
12.0
12.1
12.8
13.4
13.5
13.7
13.7
13.8
13.9
14.4
14.6
12.3
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Often the sparsely populated Lithuanian territories coincide with the areas of lowest
birth rates, highest death rates and smallest values of natural increment.
The settlements in the sparsely populated territories have developed under the influence of
natural, agricultural and forestation conditions. The average size of settlements here infrequently
. equals the size of average Lithuanian settlement (about 62 inhabitants). A majority (about 95 %) of
settlements in the sparsely populated territories are very small (on the verge of vanishing), with less
than 100 inhabitants. According to V. Daugirdas [5] even one third of settlements (32 %) have not
more than 5 inhabitants. There are also a great number of deserted settlements (17 %). According to
our data, in coming 20 years most of small settlements (59 %) will be deserted.
Functional priorities of territories and importance of regions as resource basis
When evaluating regions suitable for the construction of repository it is important to assess the
possible negative impact on accessibility of natural resources, especially in the long
perspective. The repository itself is not a huge object and amounts of land and other resources
necessary for its construction cannot arise problems of resource use of national or regional rank.
On the other hand, the existence of such repository itself can cause negative impact on the
attractiveness for investments or the image of the region. That is why it is useful to assess
national functional priorities of some territories, which are declared in the national documents
of territorial planning (first of all in the Master Plan of Lithuania [4]).
The priorities mentioned above were established according to functional macro zoning
of state territory. Further, the priorities of territorial units, which are called zones of functional
priorities, will be discussed. They reflect national interests in macro-level (e.g. in the territories
of 10-20 km2).
The Master Plan of Lithuania [4] declares these zones of functional priorities:
A. COASTAL- it includes territorial waters of Lithuania in the Baltic Sea, Kursiu.
Marios (Curonian Lagoon) and Coastal region. The existing use includes recreation, sustainable
forestry, fishery and agriculture. The priority forms - recreation, conservation, forestry and
transportation.
B. WESTERN ZEMAITIJA- includes moraines lowlands, territories located between
coastal zone and Zemaicrq highlands. The existing use of the zone includes agriculture and
forestry. Future perspectives foresee sustainable agriculture and forestry as well as extensive
recreation.
C. CENTRAL ZEMAITIJA- highlands of Kursas and Zemaiciq as well as their
surroundings. The existing use of the zone includes agriculture and forestry. Future perspectives
foresee sustainable agriculture and forestry as well as extensive recreation.
D. CENTRAL AND NORTHERN LITHUANIA - includes vast areas of lowlands in
the northern, central and southwestern part of the country. Actually, they correspond to the
fertile Central lowland and western flat part of Baltic highlands. The existing and future
priorities are related to agriculture and forestry of high intensity and transportation. This is the
only zone with the undisputed priorities of production kind.
E. EASTERN AND SOUTHERN LITHUANIA- includes hilly areas of Baltic
highlands and neighbouring southeastern territories. The existing use of the zone includes
agriculture, forestry and fishery. Future perspectives foresee sustainable forestry, recreation,
conservation and also transportation. This is the second zone with the recreational use of
national importance.
The repository can be constructed in the lands with destination for agriculture or
forestry. The most forests, in spite of having great ecological importance are being intensely
used for wood production and have big economical importance. The Master Plan [4] establishes
35

that the recreational industry and ecological functions should be developed in forests of
Western Zemaitija, Eastern Aukstaitija and Dzukija. It means these territories are not
favourable for searching of sites for repository of radioactive waste.
The agricultural territories are also differentiated according to priorities of land use, but
there are no regions defined, which would have essential economic importance. This means that
if other conditions are equal, the near surface repository may be constructed in the territory of
any region of agricultural kind.
After the evaluation of recreational potential (around 40 locations with recreational
recourses), the conclusion that the Coastal region has exceptional importance.
Taking into consideration the regional distribution of the population, resource value of
regions and other social geographical factors the following conclusions can be made:
• The sparsely populated territories, which are suitable for location of unattractive
objects, mostly abound in North East Lithuania, in the immediate environment of Ignalina
NPP.
• According to the long-term resource value of regions (determinate in the documents
of strategical planning of territorial development) the Coastal region of Lithuania is the least
suitable for the repository of radioactive waste.
5.1.6. Other peculiarities caused by human activity
The regions with the smallest number of existing or other planned dangerous objects as well as
the regions with lowest probability of technological accidents (first of all aircraft accidents)
should be identified and evaluated from the point of view of safety for long term perspective.
The planned repository also can be classified as a potentially dangerous object.
Regional distribution of dangerous enterprises and facilities
The supervision of dangerous objects is under the regulation of the Law on Supervision of
Potentially Dangerous Facilities [7]. According to the law, the dangerous facilities are such
existing facilities or facilities under design or constructions, which can cause danger for human
life, health or environment due to the energy, accumulated of processes taking place inside
them. The Ministry of Environment composes and renews the list of dangerous objects. At the
end of 2002, the 54 especially dangerous objects were listed there. Especially dangerous objects
are these where an accident can cause very great damage for the environment and human beings
(the old storages of pesticides make an exception). There were also 90 objects dangerous from
the environmental point of view. The storages of pesticides aren't analysed in this study,
because they are under the deconstruction and from the long time perspective of safety of
repository aren't important.
The highest concentration of potentially dangerous objects was found in the biggest
industrial cities of Lithuania and in their close surroundings. Not counting Vilnius, two big
regions with higher density of dangerous objects can be defined. These are: Central region
(Panevezys-Kedainiai-Kaunas-Marijampole-Alytus districts) and North-Western region
(Siauliai-Mazeikiai-Klaipeda area). Other regions do not have sufficient differences of density
of such objects. Of course, objects have different levels of dangerousness.
Analysing plans of future developments of such objects (the declared construction of big
enterprises, treatment facilities, electric power plants, waste repositories, areas for oil
exploitation etc.) it is obvious that the number of such objects will be increased in the regions,
which already has the highest density. This trend is related to the local environmental
conditions, recourses and transport system but not to the planning policy.
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The accidents ofairborn transportation
These indicators of risk are being analysed due to the recommendations of IAEA (SS 50-SGS1-S9). The data concerning safety of flights, existing restrictions and accidents were presented
by the Administration of civil aviation and state enterprise "Oro navigacija".
More than 20 international air traffic lines cross the Lithuanian air space. 30 airports of
civil, military and mixed purpose are located in the country (Fig. 5.6). The network of lowest
density is in the North-Western and North-Eastern parts of Lithuania. The highest concentration
of airports is in Vilnius-Kaunas-Marijampole area and in Panevezys-Palanga area.
There are three zones where flights are prohibited in Lithuania: territory 5.4 miles
around Ignalina NPP, 3 miles around "Achema" factory in Jonava and Mazeikiai oil refinery
factory. In addition, there are 8 zones, linked in to 5 areas with some restrictions for flights
(mostly due to the military purposes). Seven dangerous zones are defined due to the terrain
military activities (military polygons). The highest concentration of such territories is in the
Northern and South-Western (Jonava-Marijampole-Alytus) part of Lithuania.
According to the data of Administration of civil aviation, there were around 40
accidents of aircrafts in Lithuania during last decade. The highest number of accidents have
taken place in the surroundings of airports of air clubs. These accidents did not cause the
damage for the people or buildings on the ground. The big airplanes, which crossed Lithuanian
air space or landed here, have not experienced any accident.
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5.1.7. Conclusions
According to generalised data on geographical, environmental and social conditions of
Lithuania there is that no region exceptionally better than the Ignalina NPP region for
construction of the repository exists:
• the Coastal region, which almost corresponds to the western part of Klaipeda
county, is not suitable for the construction of the repository due to legal restrictions;
• the southern part of Baltic highlands, which almost corresponds with territories of
Trakai, Alytus and Lazdijai municipalities, also can be distinguished as relatively
unfavourable region for the repository first of all due to functional priorities for recreation;
• Raseiniai-Jurbarkas-Silale and Radviliskis-Panevezys-Ukmerge-Kedainiai regions
as well as some districts in northern part of Lithuania are relatively favourable as the hosting
regions, but not show significant advantages compared to Ignalina NPP region.
Localization factors together with other criteria (the degree of previous investigations)
make the Ignalina NPP region most suitable object for further investigations.
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5.2. Regional overview of geological and tectonic structure
One of the very important preconditions for the conceptual planning and area survey stages is
analysis and evaluation of general geological and tectonic structure of the whole territory of
Lithuania in terms of site selection for near surface repository (NSR) that is based on studies of
all available geological information. The aim of this initial stage of studies is to collect, assess
and summarise all data on geological, tectonic, seismical, hydrogeological, engineeringgeological, environmental conditions in order to characterize the study region for the further
selection of potentially suitable sites. Main attention at this stage was given to identification of
regions that could be significantly better for localization of NSR.
5.2.1. Geological setting in Lithuania
From the geological point of view the area of Lithuania is located in the south-western part of
the East European Craton. More than 1.5 Ga geological history is recorded in the sedimentary
cover of Lithuania. Deeply submerging Phanerozoic sedimentary succession, overlying the
crystalline basement is represented by the Riphean-Vendian and all the systems of the
Phanerozoic to Quaternary, pointing to the persistent subsidence throughout the time. The
structural pattern of the area mostly reflects the configuration of the underlying crystalline
basement and features of the Caledonian orogeny. Strongly faulted, displaced by steps and
elevations Precambrian crystalline basement gradually submerges to the southwest, from depths
of 200 m to 2300 m (Fig. 5.7.). The basement is composed of magmatic and metamorphic
rocks, such as granite, gneiss, quartzite, amphibolite etc. The thickness of the earth's crust in
the territory of Lithuania varies in a range of 40-55 km.
Subsidence prevailed during the Paleozoic with occasional short-term uplift events,
while non-deposition environment prevailed throughout Latest Paleozoic-Cenozoic time span
interrupted by shorter sedimentation events. In the most of territory the Cambrian and younger
sediments overlie the deeply eroded surface of crystalline basement. The most complete
geological section is recorded in the western Lithuania, where the thickness of the sedimentary
cover exceeds 2 km, gradually attenuating to the east towards the Mazury-Belarus High. The
Paleozoic, Mesozoic and Cenozoic successions are everywhere covered by 0.5-10 to 300 m
thick (-150 m in average) Quaternary sediments. The Phaneorozoic succession is mostly
composed of shales, marl, limestone, evaporite, clayey-sandy and calcareous sediments
deposited in deep marine, shelf, lagoonal and continental environments. Only the upper part of
the sedimentary section, e.g. Quaternary, Neogene, Cretaceous, Jurassic and Devonian
sediments crops out at the surface. The older Silurian and Devonian sediments are distributed in
the east, while youngest Neogene-Paleogene strata were mapped in the SW part of Lithuania.
Sub-Quaternary relief of the area is highly dissected by palaeoincisions. The altitudes of
the sub-Quaternary surface vary from 90-100 m above sea level to nearly 30-70 m below sea
level. The relative depth of paloeincisions reaches 100-150 m and locally even exceeds 200 m.
5.2.2. Tectonic
The tectonic structure of the territory of Lithuania is defined by features within the underlying
Precambrian crystalline basement. Several major structural units are distinguished within the
territory based on the structure of the crystalline basement, thickness and stratigraphic
completeness of the sedimentary cover and the facial distribution. These units include the Baltic
Syneclise, the Latvian Saddle, the slope of the Mazury-Belarus High and the Polish-Lithuanian
Depression (Suveizdis, 1979; Paskevicius, 1997; Fig. 5.8.).
The Baltic Syneclise is the largest traverse structure on the western edge of the EEC. It's
an area of uneven crystalline basement formed of Proterozoic rocks overlain by sedimentary
succession. The surface of the basement rocks subsides from 300-500 to 1200-1400 (4000) m,
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and the monoclinal pattern exhibits only rare and small anti- and syn-form structures. The
steepest slope of the Syneclise dips in 15-20 m/km in SE part of the area.
The Mazury-Belarus High edges the territory of Lithuania from the east and the south.
The thickness of the sedimentary cover is less than 500-800 m due to syn-depositional and
post-depositional (erosional) wedging of most strata. The most intense uplift of the high
occurred during the latter part of the Hercynian time (more than 1 km).
The Polish-Lithuanian Depression is represented in the south-westernmost part of
Lithuania only by its eastern edge. It is the deepest of the tectonic features within the study
area, and depth to crystalline basement reaches 2 km.
The Latvian Saddle is a gently dipping area stretching in longitudinal and latitudinal
directions. The crystalline basement occurs at the depth of 400-1050 m below sea level and the
inclination of the surface is around 2-6.5 m/km. The sedimentary cover is composed of
Vendian-Devonian strata.
The sedimentary succession of Lithuania is subdivided into four major structuralsedimentary complexes: Baikalian, Caledonian, Hercynian and Alpine, based on the tectonic
events in the region. Structural-sedimentary complexes differ by their geological composition
and inconsiderably by the structural pattern. All of the complexes are separated by
unconformities within the sedimentary succession that represents periods of non-deposition and
erosion.
EJaikalian and Caledonian complexes gradually submerge to the NW following the dip
of the crystalline basement. The major structural elements of these two complexes are all
defined by features within the underlying Precambrian crystalline basement. The thickness of
the Baikalian complex varies from 30 to 265 m. It is represented by volcanomictic gravellite,
sandstones and shales.
The thickness of Caledonian varies from 400 m in the eastern part of the Baltic
Syneclise to 2500 m to the SW. A 50-250 m thick the Lower-Middle Cambrian sandy
succession occurs at the base of the complex. These strata are covered by 35-250 m thick
Ordovician shales and carbonates, passing to 200-1260 m Silurian graptolitic shales [1]. The
Lower Devonian terrigenous sediments reach up to 250 m in the SW.
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The structural setting of the Hercynian complex differs considerably from the
underlying complexes as well from the structural pattern of the crystalline basement. The top of
the Hercynian complex is dipping northwards; thickness reaches up to 800 m [1]. The complex
is represented by a clastic-carbonate succession mostly of the Devonian age. The uppermost
50-450 m of the Devonian strata were eroded during the Carboniferous uplift. The
Carboniferous strata of a few dozens of meters thick occur only on the NW part of the area. The
Lower Permian succession attains up to 55 m of thickness.
The Alpine complex includes Late Permian carbonate-evaporitic complex and a mixed
Mesozoic and Cenozoic succession with total thickness reaching up to 600-1500 m [2]. The
complex occurs mainly in the S and SW of the Baltic Syneclise. The thickness of the Permian
strata ranges from 20 m to 270 m. 100-500 m thick Lower Triassic red beds are overlain by
170 m thick Jurassic sediments. The Cretaceous terrigenous and carbonate succession, up to
220 m thick, occurs in the SE of the area. The sedimentary cover is crowned by several dozens
meters thick glacial Quaternary deposits.
The crystalline basement of Lithuania is strongly dissected by tectonic faulting. Two major
types of faults prevail in the region, i.e. the oldest pre-platform and younger platform features. The
former are defined in the crystalline basement and do not dissect the sedimentary cover, whereas the
latter penetrate into the sediments overlying the crystalline basement. The faults detecting the
sedimentary cover are oriented N-S, W-E, NW-SE and NE-SW predominantly.
5.2.3. Seismotectonic activity of Lithuania
Based on geological and historical data Lithuania should be considered as the territory of low
seismic activity (M=3.8). More than 40 higher-intensity (up to 6-7, MSK-64 scale) earthquakes
were reported from the Baltic area in historical time. Also, numerous small-scale seismic events
are documented in Lithuanian territory by Scandinavian seismological network (NORSAR,
etc.). Statistical analysis of seismological data revealed some areas showing higher activity, one
located in the central part of the Baltic Sea and the other one in central Latvia. The Lithuanian
territory is of lowest seismic activity compared to neighboring countries.
10 potentially seismogenic zones (ZPOE) were defined in the territory of Lithuania
(Fig. 5.9).
The major geological and tectonic features of the crust control the seismicity of
Lithuania. Based on the Map of seismotectonic activity of Lithuania [3], (Fig. 5.9) the izoseist
separating the areas of potential seismic intensity of 5 and 6 is confined to the southern limit of
the mafic granulites in northern Lithuania. In NW Lithuania the a-seismic zone coincides with
local heat flow anomaly. A similar area was distinguished in the southern part of western
Lithuania between the Telsiai and South Silale faults. The central and southern parts of
Lithuania show the lowest seismic activity. More active (potential seismicity of 5-6) is the
Baltic Offshore Zone, North Telsiai, Telsiai fault zones, southern portion of Vilnius-Mazeikiai
fault zone. Potential seismicity exceeding intensity 6 is assigned to the northern (karst region),
eastern parts of Lithuania. Seismic intensity of 7 (MSK-scale) is expected in Ignalina region
[3].
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Fig. 5.9. Map of seismotectonic zonation of Lithuania [3]

1 - seismic events, 2 - resonance epicentre (1977) macroseismic data, 3 - suture zone, 4 basement fault, 5 - first-order fault, 6 - second-order fault, 7 - small-scale fault, 8 - areas of
seismicity (MSK-64 scale), 9 - potential seismogenic zone.
1-10- Potential seismogenic zones: 1 - Vilnius-Siauliai - Mmax = 3.5; 2 - East BalticMmax = 2.2; 3 - Baltic Shore - Mmax = 3.5; 4 - North Telsiai - Mmax = 3.2; 5 - Salantai - Mmax =
3.6; 6 - Mazeikiai - Mmax = 3.2; 7 -Middle Lithuanian - Mmax = 2.5; 8 - West Baltic - Mmax =
4.2; 9 - Panevezys-Druksiai - Mmax = 3.1; 10 - Jurbarkas - Mmax = 3.0
5.2.4. Neotectonic activity
The territory of Lithuania was commonly regarded as tectonically inactive at present time. Still,
available data show that the vertical movements were rather active in Lithuanian territory
during the neotectonic (e.g., Neogene-Pleistocene) period. According to some instrumental
measurements, the Baltic area is affected by NW-SE tectonic compression which might initiate
seismic shocks along numerous neotectonic fault zones mapped in Lithuania (Fig. 5.10) [4, 5].
Vertical movements of the Earth's crust are related to the activity of the tectonic blocks,
bounded by faults of the crystalline basement and sedimentary cover. The modern vertical
movements are of different intensity and trend over Lithuania. The present activity of some
faults ("active faults"- tectonic lineaments described by a number of different features:
geomorphological and morphostructural features of the relief, increased hydrogeodinamic
activity, geochemical anomalies, increased fracturing and disturbed layering of sediments etc.
that could be connected with recent vertical tectonic movements) is verified by high-accuracy
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geodetic measurements in Ignalina geodynamic polygon. The northern and eastern parts of the
territory undergo some uplift while subsidence prevails in the west. The relative magnitude of
the vertical movements of the blocks could reach up to 2 mm per year.
LATVIA

Fig. 5.10. Neotectonic lineaments of
Lithuania (original scale 1:200 000)
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5.2.5. Groundwater occurrence conditions and vulnerability
In Lithuania the shallow groundwater occur in alluvial, marine, glaciolacustrine, glaciofluvial
and till deposits. The alluvial shallow groundwater depth from surface varies from 1-5 meters
in rivers floodplains and terraces of little rivers to 20 m in terraces of big rivers. Shallow
groundwater of marine deposits occurs in Maritime Plain in the depth 2-3 m (1-66 m - in the
Curonian Spit). Water of glaciolacustrine deposits in thin sandy layers and lenses of Middle
Lithuania glaciolacustrine basins occurs high level. Shallow groundwater in depth varies from
0.5 to 20 m on Southeaster Plain. Shallow groundwater, which accumulates in sandy and
gravely lenses, exists in till sediments too. Water depth in basal till is 3-5 meters from the
ground surface (Fig. 5.11).
Shallow groundwater occurs in the depth 0-5 m in the large part of Lithuania. In eastern
and southeastern parts locally the depth of shallow groundwater is 5-10 m and more from the
ground surface. In these areas occur sandy soils with filtration properties much better than
clayey soil.
High vulnerability areas of shallow groundwater are found in North Lithuania karst
region, the Southeastern and Seashore sandy Plains, valleys of big rivers. Medium vulnerability
areas occur in Baltic and Zemaiciai uplands.
One more important factor influencing groundwater vulnerability is the regime of
exploitation of groundwater. With intensive groundwater aquifer exploitation it becomes more
vulnerable in respect to water quality and depletion. Therefore, for choosing sites for ecological
hazardous objects it is important to consider not only natural conditions, but also water
wellfields occurrence, their capability and protection zones.
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Fig. 5.11. Shallow groundwater occurrence conditions in Lithuania [6]
5.2.6. Occurrence and composition of Quaternary deposits
Quaternary sediments cover the whole area of Lithuania. The thickness of Quaternary cover
varies from 2-10 m in northern Lithuania up to 250-300 m in highlands and in the buried
valleys or palaeoincisions. The sediments no less than 6 glaciation and 8 interglacial periods are
revealed and observed in Lithuania. A large part (75.9 %) of Lithuanian surface is occupied by
deposits of the Last Glaciation (Table 5.2.1, Fig. 5.12).
Table 5.2.1. Distribution of Quaternary deposits in Lithuania according to their age
The age of deposits
Late Glacial-Holocene
Late Nemunas Glaciation:
Medininkai Glaciation

Stratigraphical index
III-IV, IV
III 1WI3

II md

Area, km
13 203.3
49 956.8
1 459.6

Area, %
20.35
75.86
2.25

Postglacial sediments and deposits occupy 20.4 % of Lithuanian surface. Deposits of the
Pre-Last glaciation are mapped in area 1 459.6 km2 (2.25 %). A territory composed by marginal
formations of glaciers in Lithuania is 15 875 km2 or 24.6 % (Table 5.2.2). Till plains occupy
23.4% of Lithuanian surface. The glaciolacustrine sediments cover 18.3 % and glaciofluvial
deposits- 11.1 % of Lithuanian surface. Mires and swamp areas cover 8.1 % of the territory.
Eolian deposits occupy an area 1 687 km2 or 2.6 % of Lithuanian surface. Alluvial deposits are
mapped in area 4 292 km2 (6.6 %). 2.3 % of Lithuanian territory is occupied by slope
formations. The smallest areas on Lithuanian surface are occupied by lacustrine (0.43 %) and
marine (0.38 %) sediments.
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Table 5.2.2. Distribution of genetic types of Quaternary deposits in Lithuania
Genesis of the Quaternary deposits
Solifluction and deluvial deposits
Peat
Lacustrine sediments
Marine sediments
Alluvial deposits
Eolian deposits
Glaciolacustrine sediments
Glaciofluvial deposits
Ice marginal formations:
Basal till

Genetical index
s, d
b
1
m
a
V

Ig
f
lgt, ft, gt II-III
G III nm3

Area, km2
1 396.4
5 252.3
278.8
296.9
4 292.0
1 686.9
11813.6
7 643.6
15 875.3
15 090.8

Area, %
2.16
8.13
0.43
0.38
6.64
2.61
18.3
11.8
24.6
23.4

There is determined location of different lithological varieties of deposits (Table 5.2.3).
Glacial loam predominates. More than 41 per cent of territory is composed by clayey and sandy
loam. Sandy deposits cover 25 955 km2 or 40.2 % of surface. The areas occupied by clay and
silt are: ca 2 448 km2 (3.8 %) and 802 km2 (1.24 %). Peat covers 8.13 % of Lithuanian territory.
Table 5.2.3. Distribution of lithologically different Quaternary deposits in Lithuania
Lithological units
Clayey loam and sandy loam
Sandy deposits:
Gravel and sand
Sand with gravel
Sand various size grained
Medium grained sand
Fine grained sand
Very fine grained sand
Silty sand
Clayey sand
Sandy silt
Silt
Clay
Silty clay
Clayey sand with gravel*
Sand with organic sediments
Peat:
Highmoor peat
Lowmoor peat
Peat (type not identified)
Gyttja

Area, km2
26 706.1
25 955.2
843.5
723.3
6 830.9
1 100.5
1 1764.0
3 566.1
609.3
518.2
243.9
802.2
2 447.9
629.0
1 396.4
101.3
5 252.3
414.1
2 094.7
2 743.8
98.8

Area, %
41.3
40.2
1.30
1.12
10.6
1.70
18.2
5.50
0.94
0.80
0.38
1.24
3.80
0.97
2.16
0.16
8.13
0.64
3.24
4.25
0.15

* Solifluction and deliuvial deposits
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STRATIGRAPHY AND GENESIS
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Fig. 5.12. Quaternary geological map of Lithuania [7]
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5.2.7.

Conclusions

1. Geological, tectonic and hydrogeological conditions considerably vary in Lithuania.
Different parts of the territory show different distribution, depth of occurrence, composition of
comprising sediments and hydrogeological conditions. However, the data show rather equal
conditions and does not imply unambiguous solutions for the site selection in the entire
territory of Lithuania.
2. As no single area in Lithuania shows exceptionally favourable geological structure
in terms of site selection for near surface repository, on a basis of safety and localisation
criteria and very high level of geological investigations carried out in the Ignalina NPP
environs it is expedient to concentrate more detail investigations for the future selection of area
for potentially suitable sites in the closest vicinities of Ignalina NPP (in a distance of - 3 0 km).
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6. IGNALINA NPP REGION CHARACTERISATION
6.1. Geographical and environmental features
6.1.1. Location
The Ignalina NPP region consists of Visaginas, Zarasai and Ignalina districts. The area for the
repository site may be limited to the zone within 30 km in radius from the Ignalina NPP or
Dysna (Daugava) (Fig. 6.2) river basin as the most thoroughly investigated territory. The
geographic and environmental information in this work will be presented following the
geometrical boundaries of region, whereas the socio-geographic data will be treated following
the administrative boundaries (Fig. 6.1).
The major distinguishing features of the locality of the region are the following:
• excentric geographical situation with respect to the territory of the country and
Ignalina NPP;
• location in the border zone of 3 states;
• the region is distributed in the territory of 3 municipalities;
• the region is clearly divided into forest and agriculture subregions.
From the point of view of localisation the marginal position of Ignalina N P P - the
region may be regarded as excentric. For this
reason, any potential repository site in it may
have important implications of location. The
preserved territories, ecological networks, and
territories in the environs of large settlements
are least favourable in this respect. The
l°"V ; implication of location - reducing the
j
N possibility of choice of more distant Ignalina
NPP areas as the repository site - is that
transportation route of radwaste to remote areas
would run through recreational zones in the
environs of Visaginas town.

Fig. 6.1. Ignalina NPP region

The accessibility of various parts of the region from the Ignalina NPP is uneven. In
terms of the density of the network of roads, the region does not have larger remote areas. The
accessibility of the southeastern border zone part of the region is relatively worse. In spite of
excentric Ignalina NPP position the network of transportation exists and is expanding.
Therefore, the accessibility of various parts of the region is improving.
• The choice of repository area in the immediate neighbourhood to Ignalina NPP is
limited by the proximity of state border and by Ignalina NPP location between the regional
town Visaginas and its infrastructure, Lake Druksiai and preserved territories.
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6.1.2. Landscape
Several different landscape types are seen in the Ignalina NPP region. The landscape types are
characterized by different natural features and degree of anthropogenic activities. Three types
of landscape dominate in the Lake Druksiai catchment area: 1) morainic landscape abounding
in large hills, troughs and lakes; 2) morainic sandy loam landscape abounding in small hills,
troughs and lakes; 3) glaciofluvial sandy wavy plain abounding in bogs. According to the type
of assimilation there, landscapes may be attributed to forested agrarian weakly culturalized
landscapes.
The landscape diversity is proved by more than 20 landscape micro regions
distinguished in the Ignalina NPP.
The north-western part of the region, environs of Turmantas and Smalvai settlement
(Fig. 6.1) and the area north of them are predominated by morainic landscape with large hills,
lakes and loam soils. The hills are of medium size and steep slopes (7-13 °). The slopes are up
to 400 m. In the north-western direction the surface slightly flattens. There appear greater (a
few tens of hectare) areas with smaller slope angles. The slopes abound in disturbed soil layers,
the bottoms of slopes in 2 m thick layer of talus deposits (Fluvisols).
A belt of medium- and large-size scanty hills with rather steep (7-13 °) and long slopes
is extending in the Rimse-Dukstas sector. It is predominated by agrarian landscape. The soil
cover implies the medium intensity surface erosion. The morainic relief with medium hills and
agrarian landscape also dominate in the area south from Dukstas-Salakas line. Moving to the
west the relief forms of this area get larger and the slopes steeper.
An area of morainic agrarian landscape with medium and large hills is extending south
from Lake Dysna. It is characterized by deep (up to 20 m) intersections and a rather high
density of the relief forms. This area abounds in medium-length yet rather steep slopes (9-12 °)
and eroded soils (> 10 %).
In terms of land cover conditions, the mentioned landscapes could be suitable for
repository sites. The total of 4-5 % of soils are averagely and highly eroded. Pronounced soil
deflation has not been recorded.
The south-eastern part of the region is predominated by smaller forms of relief with
varying slope angles. They account for the highly varying soil cover and less erosion-affected
surface. The forms of relief are small the distance between ravines being only 200-300 m. For
diversity of the surface conditions, the establishment of repository in this kind of landscape
may be more complicated.
A belt of wavy sandy landscape with poor podzolic and sod-podzolic soils is extending
between lakes Druksiai and Sventas. Short and flat slopes are dominant. There are many lowering
with water-saturated soils and mires. Such sandy landscape with dominant small slope angles
represents a sort of ecological window (inlet) of the natural framework, where exists a hazard of
water pollution and surface degradation. The widespread forests act as a factor stabilizing the
landscape processes and protecting the environment from degradation. Taking into account the
increasing anthropogenic changes of forests and impacts of communications and infrastructural
facilities, the invasion of large constructions into this landscape would be unwelcome.
The most pronounced changes of the landscape structure, its functions and natural
regimes have taken place in the area of Ignalina NPP, its infrastructure and Visaginas town
(3909 ha). The comparatively natural forested landscape of glaciofluvial plain with small hills
and abounding in bogs and the morainic loamy landscape with small hills and lakes in this area
have been replaced by technogenic landscape with surviving comparatively natural and some
anthropogenic elements. The landscape processes in them develop following different patterns:
the intensively used urban surrounding forests suffer high anthropogenic loads and are slowly
degrading; the bogs preserve in a relatively stable state; landscape renaturalization takes place
in the recultivated quarries and deserted farmlands (about 490 ha). Due to low intensity of
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nature use in farmlands, the processes of landscape degradation are of low intensity and local
character includes spots of landscape degradation.
The ratio between natural or relatively natural territories and technogenic-urbanized
areas in the Lake Druksiai basin is 21.4. Building of the Ignalina NPP and Visaginas town has
twice reduced this ratio, however, it still remains by a few times higher than the average in
Lithuania. In comparison, this ratio for Utena county and for Ignalina district is 10.6 and 10.9
respectively. Thus, Lake Druksiai basin is predominated by comparatively natural and poorly
culturalized landscape.
'
The following conclusion can be made: the establishment of the repository in the
Ignalina NPP region will produce no greater effect of landscape degradation and will not
disrupt the equilibrium between the natural and anthropogenic territories. Yet, the invasion into
the sensitive (to anthropogenic loads) micro region between the Druksiai and Sventas lakes is
unwelcome from the point of view of landscape ecology and sustainable development. The
areas of morainic agrarian landscape with medium and large hills are most suitable for choice
of repository sites.
•"'..6.1.3. Climate and hydrological conditions

The influence of continental air masses is stronger in the Ignalina NPP region than in other
parts of Lithuania. The region stands out for the highest contrast of climatic parameters. It
manifests through the highest amplitude of annual average air temperature.variations (24 °C),"
very rapid change of seasons, coldest and longest winters and warmest and shortest summers.
July is the warmest (average long-term monthly value. 17.4 °C) and January (-6.6 °C) the
coldest month. The absolute maximal value of air temperature is 36 °C. The absolute minimal
value is -43 °C. The annual precipitation ranges from 590 to 700 mm, average value is
638 mm. The highest values of precipitation are registered in of July (84 mm), and the minimal
in February and March (30 mm). 66-75 % of the annual amount of precipitation falls down in
the warm season. The number of rainy days per year is 170-180. The average duration of
period with snow cover is 117 days (from December 20 to March 19) and the average thickness
of snow cover is 30-40 cm. The snow cover accumulates 70-80 mm of precipitation. The
greatest value of snow water storage is 102 mm. The annual evaporation from the land in the
Lake Druksiai basin is 518 mm. The total annual solar radiation balance is 85 kkal/cm2;
albedo-15-25 %. The average wind velocity is 3.5 m/s. The highest velocities are
characteristic of western and north-western winds, and the lowest- of southern winds. The
dominant are western and north-western winds. Extreme anomalies of climate or increased
recurrences of dangerous atmospheric events in the Ignalina NPP region have not been
determined.
The Ignalina NPP region is drained by the rivers of Nemunas (Sventoji) and Daugava.
The Sventoji basin is represented by the laky upper course until the Antaliepte water reservoir.
The small territory in the northeastern part of the region belongs to the upper course of
Stelmuze stream (Stelmuze-Luksta-Ilukste-Dviete-Daugava). The northern part of region
belongs to the Laukesa basin (Nikajus-Laukesa-Lauce-Daugava). The greatest part of the
region belongs to the Dysna basin, which may be divided into two parts: the upper course of
Dysna and Druksa basin with the Lake Druksiai (Lake Druksiai - the present effluent Prorvafrom the Drisveta (or Druksa) basin-Dysna), (Fig. 6.2, Table 6.1, Appendix 3).
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Fig. 6.2. The main elements of
hydrographic network in a 30 km
zone of Ignalina NPP

Table 6.1. The main river basins of Ignalina NPP region
River

Main basin

Sventoji
Dysna
Druksa
Laukesa
Stelmuze

Nemuno
Dauguvos
Dauguvos
Dauguvos
Dauguvos

The length of river The distance
till the INPP
from the
region, km
mouth, km

23.0
19.1
0.0
2.3
3.8

241.6
154.3
44.5
29.1
7.8

Basin area,
km2

Average height of
spring flood, mm

218
445.2
620.9
274.9
48.3

90
90
90
95
100

The Ignalina NPP region is predominated by clay, loamy and sandy loam soils, which
are responsible for varying water filtration conditions. The underground drainage is 2-3 1/s/km2.
The average annual run-off is 6.5-7.0 1/s/km2. The average spring run-off (March-May) is
120 mm. The average run-off of dry season (June-February) is 100-140 mm. The minimal runoff of warm season is 2 1/s/km2; of cold season 3 1/s/km2.
Floods in the INPP region
Floods in this region are caused by rapid snowmelt in the whole basin or in part of it. The
amplitude of floods depends on the hydrological conditions before and during floods.
High floods may be expected when the snow water supplies are large at the end of
winter before the flood, the soil and groundwater supplies are not depleted, and the stable air
temperature rise sets in a large part of the basin. The flood probability is even higher when
strong rainfalls accompany the air wanning. The floods caused by snow melting are enhanced
by ice jams. The snow cover in the INPP region usually accumulates high amounts of water.
This is a favourable condition for abrupt high floods. However, a hight of the floods, caused by
intensive rainfalls (freshets), are not easily predicted and periodically occur in all rivers. On the
other hand, strong rainfalls usually occur in small territories therefore the freshets inflict
greater damages in the basins of small and medium rivers. The floods become dangerous when
the daily precipitation in the river basin is more than 30-50 mm. The daily precipitation of
more than 100 mm may cause especially high floods. The highest floods occur after intensive
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precipitation for more than one week. However, the landscape diversity and high percentage of
forest land in the INPP region considerably reduce the probability of dangerous floods.
Floods may occur due to improper exploitation of dams. In the last four decades of the
20th century many dams had been built on ponds of varying size. Their improper exploitation
may be dangerous for farmlands and urbanized areas and for people. Proper exploitation of
natural and artificial dams reduces the probability of dangerous floods. The Ignalina NPP has
two large dams - in the Lake Druksiai and in the Antaliepte water reservoir. Their exploitation
is regulated by special rules providing for measures, which allow avoiding the undesired water
level fluctuations. These dams are sufficiently safe in terms of floods. Some smaller dams, left
without owners and technical attendance, do not represent any greater hazard.
According to the probability of floods the Ignalina NPP region is included into the
territory of low (Ignalina district) and very low (Zarasai district) probability (Table 6.2).
Table 6.2. Probability of dangerous floods in the Ignalina and Zarasai region
Region
Ignalina
Zarasai

Probability of dangerous floods
Low
Very low

Consequences of dangerous floods
River Dysna floods small pasture areas
Floods are insignificant

• According to the amount and distribution of precipitation, run-off conditions and
probability and amplitude of possible floods, the Ignalina NPP region is among the most
favourable regions for a near surface repository.
6.1.4. Preserved territories and their state
A few preserved territories have been established in the Ignalina NPP region. Very perspective
from the point of view of nature preservation are the bog terrains in the areas around lakes
Alksnas, Apyvardai, Dysnai and Dysnykstis. The total area of the natural framework and other
ecological networks occupy about 2/3 of the region and even more in Zarasai district.
The Ignalina NPP region includes five nature reserves: Pusnis telmological reserve,
Smalvas-Smalvykstis
landscape
reserve, Smalva hydrographic
reserve,
Tilze
geomorphological reserve, and eastern part of Grazute regional park (Fig. 6.3).
Pusnis telmological reserve was established in 1974 seeking to preserve the largest
Lithuanian complex of fens, rare plants and their habitats. Smalvai-Smalvykstis landscape
reserve was established in 1960 for protection of valuable landscape, characteristic of
Aukstaiciai hilly and laky physical geographical region with morainic hills abounding in
boulders and sander fields. Species of plants included in the Red Book of Lithuania have been
registered in the fens surrounding the Smalvai and SmalvykStis lakes. The SmalvaiSmalvykstis landscape reserve borders on the Grazute regional park and naturally extends the
regional park. It would be expedient to include this reserve in the regional park. The Smalva
hydrographic reserve is represented by the Smalva River basin, linking the Lake Smalva terrain
with the Lake Druksiai in the Zarasai district. Nine species of plants included in the Red Book
of Lithuania are growing on the lakesides of Smalva and adjoining areas. This reserve has not
only hydrological but also the botanical value. Its present status should be changed into the
status of landscape reserve.
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Fig. 6.3. Protected areas in the
Ignalina NPP region
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One of the most important
axis of the natural framework
extends from the Lake Druksiai and
Visaginas city toward the Grazute
regional park. The main links of
ecological networks are forests,
lakes and bogs. Another important
axis of the natural framework and
ecological network in extending
from the Lake Apvardai through
the Pusnis telmological reserve,
Lake Dysnai and surrounding bogs
toward the Aukstaitija National
Park.

• These axis divide the
region into three sectors with a
relatively small number of
preserved
territories
of
ecological networks and other
preserved
objects.
The
probability to find alternative
repository sites in these sectors
is higher than in other areas. On the other hand this does not exclude the probability to find
suitable sites in the elements of mentioned axes of natural framework, which have already
been assimilated and do not fulfil compensational or buffer functions.
6.1.5. Socio-geographic information
Distinctive features of the social economic state of the region
The region is poorly economically developed. The GDP calculated including the Ignalina NPP
is comparable with the average value for the country; however, the GDP excluding the Ignalina
NPP would be the lowest in Lithuania. The investments into economy of Visaginas had been
increasing till 2001. Now they are on the fall. The situation in the surrounding districts is
opposite.
The region, apart from the Ignalina NPP, is predominated by low intensity agricultural
and forest economy. Tourism and recreation is recovering and extending. Yet, so far, only
< 1 % of working people of the region are engaged in this kind of activity.
The industrial potential is very low. Small food and primary wood processing
enterprises predominate. Only Visaginas has enterprises with more than 100 employees. The
industrial produce of the region accounts for more than 0.1 % of the total Lithuania value.
Moreover, this portion is permanently decreasing. The efficiency of industrial labour force in
Visaginas is higherst in the region but lower than the country average. Since 1993, the building
investments have reduced by > 3 and are the smallest among all Lithuanian regions.
The conditions for traditional fanning in the region are unfavourable. Due to nature
features of the region the cultivated area is small (< 40 %) and productivity is low. The natural
and cultivated grasslands are dominant. The size of dominant individual farms is comparable
with the Lithuanian average (i.e., small farms are most abundant). The market potential is low.
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Only 9 % of the cereal yield are released into the market, by 2.3 times less than is the average
value for Lithuania. The intensity of stockbreeding is by 1.4 times lower than the average value
for Lithuania.
The traditional fruits and fish farms economies have come into decay in the last few
years. Technical cultures are not cultivated in the region. The number of ecological farms has
been increasing in the last years. The wages in the Ignalina and Zarasai regions are smallest in
Lithuania.
Apart from the Ignalina NPP the region receives almost no foreign investments.
In terms of social economic state the rural parts of the region are comparable i.e., all
areas, where repository may be established, are similar. The types of existing nature are in
farming territories, which are comparable to the model of natural economy. The districts are not
oriented to industrialization. Visaginas town stands out not only for the higher level of social
economic development but also for greater internal diversities. Moreover, it is orientated to
industrial activity. The dependence of the region on the Ignalina NPP is slowly decreasing (Fig.
6.4).
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Fig. 6.4. Expected reaction of enterprises of Ignalina NPP region on closure of Ignalina NPP
• The Ignalina NPP region is marked by extremalities of social economic state and
contradictory tendencies. In terms of social economic development, it is a depressive
region.
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Peculiarities of distribution of population in the region
The whole region can be classified as a sparsely populated territory because the density of rural
population is less than 10 persons per km2. The demographical processes are still very contrast,
the disproportion of distribution among rural and urban population still grows. The short time
increase of the migration to the rural territories has ceased. The network of very small
settlements is common for the region. The lowest density of population is in the territories with
big proportion of forests and wetlands (usually this is the territories of ecological networks).
There can also be found few agrarian areas in the region, where the density of population is
especially low. The families of just one member are very common for such territories. From
the demographical point of view these territories have poor perspectives.
•

The region is starting to become a demographical desert.

The resource value of the region
The resource value of the region is rather contradictory. The use of nature resources has been
considerably influenced by construction and operation of the Ignalina NPP because the demand
for land for the Ignalina NPP and its infrastructure has reduced the resources of farmlands and
forests. The psychological effect has reduced the traditional use of forests for recreation,
however, the competition for resources in the Visaginas environs has increased. According to
the Master Plan of Lithuania the priority should be given to sustainable forest economy
recreation, and nature conservation. After the coastal area this is the second functional region,
where the recreational use is of national priority. On the other hand, the Master Plan of
Lithuania does not provide 'specialized' region or area, for radioactive waste disposal.
Most farmlands of the region are used for low and medium intensity agriculture in the
soils sensitive to erosion. The priority is given to expansion of grasslands and alternative
agriculture. The ploughed lands with productive soils should be preserved and improved;
forestation may include larger areas.
The long-term perspective of forest economy should be orientated toward more
intensive recreational use of forests and protective functions of forests.
• While looking for areas suitable for repository the priority is given to low or
medium productivity cultivated areas or technogenic territories.
The changes of the socio-psychological state and social expectations
The majority of the population of the region express negative opinion to the decommissioning
of the Ignalina NPP. Only 15—19 % of population in the region still feel social-psychological
discomfort caused by the Ignalina NPP and just 4-5 % do feel it in Visaginas. The population
in rural areas feels greater discomfort caused by the Ignalina NPP. The assurance concerning
safety of the Ignalina NPP is more common for the experts (local leaders) though the
proportion with the positive opinion concerning closure of the Ignalina NPP also is higher
among them.
The positive opinion concerning social-economic development of the region expresses
.21-24 % of the population in districts outside Visaginas, however, this number in the town is
just 9 %. The unemployment is the most serious problem in the region.
Even one third of the region's population consider that Ignalina NPP is making positive
impact on the region. Only 1 % of respondents thought the same way in 1995. The opinion
concerning the impact of Ignalina NPP on the region is essentially different.
The knowledge concerning measures related to the closure of the Ignalina NPP is twice
better among population of Visaginas than in the region. The knowledge among experts is 4
times better than among population. This is important when trying to impact public opinion on
repository and other similar objects.
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Almost 2/3 of the region's population and especially experts suppose that the impact on
the development of the region from the national government should be increased. It is
important when motivating the construction of the repository as an object of national
importance. The activity of the population has experienced huge transformations. The
ecological motivations used to dominate in the past and now entirely dominates these of social
kind. The evaluation of distribution of social conflicts, caused by the implementation of
environmental projects, permits to make an assumption that is more likely that less favourable
circumstances from this point of view can be found in the parts of the region with prevailing
more conservative opinions on the operation of the Ignalina NPP, first of all the Zarasai
districts and especially Smalvai. Due to the existing socio-psychological stereotypes the most
favourable environment for the search of the suitable sites for the repository is in the new
territories of Visaginas municipality.
:
• It may be stated, that the social-psychological milieu in the whole region is
relatively positive. Opinions on the impact of the Ignalina NPP is essentially different,
positive view prevails.
6.1.6. Other peculiarities caused by economic activity
The amount of dangerous enterprises and facilities isn't big (just 2, not counting the old
storages of pesticides). At present the environmentally dangerous objects and their location due
to the small number cannot be taken into account as factors differentiating the territory when
making the decisions concerning location of the repository.
Other peculiarities of the region caused by human economic activity, including the
frequency of accidents of air born transportation, are not of importance. There are no zones,
where aircraft accidents can be expected. Theoretically, most favourable parts of the region are
these where the flights are prohibited or limited. It means, the most favourable zone includes
territories 5.4 miles around the .Ignalina NPP, and most unfavourable - the southern part of the
30 km zone.
There are no essential limitations concerning accessibility of water or energy resources
in any parts of the region.
• The most favourable area is the territory, surrounding thejgnalina NPP with
10 km radius.
6.1.7. Conclusion
The existing geographical information enables to state, that the most favourable areas for the
siting of the near surface repository are or the hilly morainic agrarian landscape in close
surroundings of Ignalina NPP either technogenic territories bordering Ignalina NPP.
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6.2. Geological structure
After the general overview of the geological structure of the territory of Lithuania, the region
for future investigation was defined in the closest vicinities of the Ignalina NPP, which is
located in the northeastern part of Lithuania, near Lake Druksiai. Moreover, a very detailed
geological investigations exceeding those made in any other regions of Lithuania, were
performed.
During the period of 1988-1994 in the environs of the Ignalina NPP area a detailed
integrated geological mapping at a scale of 1:50 000 was carried out. In a course of the
geological mapping a wide complex of geophysical investigations, such as seismic,
gravimetric, aeromagnetic and radiometric studies were fulfilled and a great number of wells
was drilled and hydrogeological testings were performed. In result of this geological mapping
in this area sets of different detail maps at the scale 1:50 000 were compiled.
Studies of all available material provided by geological, geophysical, gravity, magnetic,
tectonic, hidrogeological, engineering-geological, soil etc. mapping of different scale, archive
data, data of distant methods, data of exploration, exploitation, hydrogeological etc. wells were
performed for the favourable sites selection.
6.2.1. Geomorphological setting
The Ignalina NPP is located in the Gaide glaciodepression of the Baltija Highland to the
south of the lake Druksiai [1]. The NPP is surrounded by hummocky moraine landscape of the
marginal zone of the last (Nemunas) glaciation. The hummocky landscape of this depression is
interspersed with numerous individual glacial forms such as kames, eskers, glaciofluvial hills
and other ice-crevice forms. The small and medium-size morainic hills are predominant. To the
northeast of the lake Druksiai, prevail high plateau-like hills of 170-172 m a.s.l. Common
altitude of the hummocky landscape is 155-165 m a.s.l.
6.2.2. Structural-tectonic setting
The territory of Ignalina NPP is located in the western margin of the East European Platform. It
is located in the junction zone of two major regional tectonic structures: the MazuryBelarussian Rise and the Latvian Saddle that makes the structural pattern of the area rather
complicated. Several tectonic structures (blocks) of the lower order are distinguished in the
surface of the Precambrian crystalline basement: the North Zarasai Structural terrace, the
Anisimovici Graben, the East Druksiai Uplift, the Druksiai Depression (Graben) and the South
Druksiai Uplift (Fig. 6.5). The North Zarasai Structural terrace, the Anisimovici Graben and
the East DrOksiai Uplift are related to the Latvian Saddle. The South Druksiai Uplift belongs to
the Mazury-Belarussian Rise and the Druksiai Depression (Graben) is located within the
junction zone of the two aforementioned regional structures [2, 1].
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Fig. 6.5. Structural scheme of the surface of crystalline basement of Ignalina NPP area [1]: 1 Border of the main structural elements (blocks) of the crystalline basement; Structural elements
(blocks): 2 - North Zarasai bench; 3 - Anisimovici graben; 4 - East Druksiai uplift; 5 - Druksiai trough
(graben); 6 - South Druksiai uplift; 7 - Isohypses (m) of the surface of the crystalline basement; 8 Faults established by aeromagnetic and gravity data; 9 - Faults established by seismic data; 1 0 Borehole: in numerator - number of borehole, in denominator - the absolute depth of the surface of the
crystalline basement (m); 11 - Line of geological-tectonical section; 12 - Ignalina NPP
The thickness of the sedimentary cover in the region of the Ignalina NPP varies in a
range of 703-757 m. The sedimentary succession is subdivided into four major structuralsedimentary complexes: Baikalian, Caledonian, Hercynian and Alpine respectively, based on
the tectonic events of the area.
A top of the Baikalian and Caledonian complexes in Ignalina NPP area gradually
submerges to the northwest reflecting the dip of the surface of the crystalline basement. The
major structural elements of these two complexes are all defined by features within the
underlying pre-Cambrian crystalline basement.
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The total thickness of the Baikalian complex in Ignalina NPP area consists of Vendian
and Lower Cambrian Baltija Group Rudamina and Lontovo Formations of terrigenous rocks
(sandstone, gravel, siltstone and clay) and varies from 211 to 265 m, the Caledonian complex from 173 to 232 m and the Hercynian - from 170 to 255 m.
The structural setting of the Hercynian complex differs considerably from the
underlying complexes as well from the structural pattern of the crystalline basement. The top
of the Hercynian complex is dipping northwards. Most of the Hercynian complex was eroded
away from the area, and the greater part of the Devonian sequence was preserved only in the
Anisimovici graben.
The Alpine complex is absent in the area around the Ignalina NPP. During this period of
time the continental conditions were established in the region and no sedimentation took place in
the area of interest. Also, the rather big part of the Hercynian sediments was eroded during this
time.
6.2.3. Geological composition and stratigraphy
The geological cross-section in the territory of the Ignalina NPP comprises both rocks of the
crystalline basement and the sedimentary cover. The crystalline basement is comprised of the
Lower Proterozoic rocks predominantly of biotite and amphibole composition: gneisses,
granite, migmatite etc.
The sedimentary succession in the area consists of pre-Quaternary and Quaternary
sediments. pre-Quaternary succession is represented by the Upper Proterozoic Vendian
complex, overlain by sediments of the Paleozoic systems. The Vendian deposits are
represented by a succession of gravelstone, feldspar-quartz sandstone of different grain size,
siltstone and shale. The Paleozoic section comprises the successions of the Lower and Middle
Cambrian, the Ordovician, the Lower Silurian and the Middle and Upper Devonian sediments
(Fig. 6.6, 6.7).
The Lower Cambrian is represented by quartz sandstone with inconsiderable admixture
of the glauconite, siltstone and shale. The sandstone is of the different grain size with the finegrained and especially fine-grained sandstone predominating. The Middle Cambrian comprises
the fine-grained and especially fine-grained sandstone. The Ordovician is composed of
interbedded marlstone and limestone. The Lower Silurian is composed of dolomitic marlstone
and dolomite. The Middle Devonian - of gypsum breccia, dolomitic marlstone and dolomite as
well as interbeds of the fine-grained and very fine-grained sand and sandstone, siltstone and
claystone; the Upper Devonian - of fine-grained and very fine-grained sand and sandstone,
interbeds of the siltstone and claystone. The Vendian deposits vary in thickness from 135 to
159 m; the total thickness of the Lower and Middle Cambrian succession reaches 93-114 m,
the thickness of the Ordovician varies in a range of 144-153 m, the Silurian - 28-75 m and the
total thickness of the Devonian sediments reaches 250 m [1].
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Fig. 6.6. Pre-Quaternary geological map of the Ignalina NPP area [1]: 1 - Quaternary deposits (on
the sections); Upper Devonian formations: 2 - Stipinai; 3 - Tatula-[stras; 4 - Suosa-KupiSkis; 5 - Jara;
6 - Sventoji; Middle Devonian formations: 7 - Butkunai; 8 - Kukliai; 9 - Kernave; 1 0 - Ledai; 11 Fault; 12 - Line of geological-tectonical cross-section; 13 - Borehole; 14 - Ignalina NPP
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Fig. 6.7. Geological-tectonic cross-sections of the Ignalina NPP area [1]: 1 - Quaternary: till, sand,
silt and clay; 2 - Middle and Upper Devonian: sand, sandstone, siltstone, clay, domerite, dolomite,
breccia; 3 - Lower Silurian: domerite, dolomite; 4 - Ordovician: limestone, marl; 5 - Lower-Middle
Cambrian Aisciai Series Lakajai Formation: sandstone; 6 - Lower Cambrian Rudamina-Lontova
formations: argillite, siltstone, sandstone; 7 - Vendian: sandstone, gravelite, siltstone, argillite; 8 Lower Proterozoic: granite, gneiss, amphibolite, mylonite; Structural complexes: 9 - Hercynian; 1 0 Caledonian; 11 - Baikalian; 1 2 - Crystalline basement; 1 3 - Border between systems; 1 4 - Border
between complexes; 15 - Fault
Sub-Quaternary relief of the area is highly dissected by palaeoincisions (Fig. 6.8). The
thickness of the Quaternary cover varies from 62 m up to 260 m. The 100-120 m thick
Quaternary deposits dominate in the area of the Ignalina NPP site.
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Fig. 6.8. Scheme of sub-Quaternary surface of the Ignalina NPP area [1]: 1 - Palaeoincision; 2 Isohypse of pre-Quaternary surface, m; 3 - Boreholes and the absolute depth of the pre-Quaternary
surface. 4 - Ignalina NPP
The Quaternary deposits are of Pleistocene and Holocene age. The area is made up of
glacial deposits (till) of the Middle Pleistocene and of the Upper Pleistocene. The intertill
glaciofluvial (sand, gravel, cobble, pebble) and glaciolacustrine (fine-grained sand, silt, clay)
sediments are detected in the area. The thickness of the intertill deposits varies from 10-15 m
up to 25-30 m (Fig. 6.9).
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Fig. 6.9. Quaternary geological map of Ignalina NPP area (original scale 1:50 000). Author
R. Guobyte, [ 1 ]

63

STRATIGRAPHY AND GENESIS
HOLOCEIME a>d LATE GLACIAL
i IV

dcluvial deposits

LITHOLOGY

deposits of bog, mires,
swamp areas
lacuslrine deposits
|v

a

\ alluvial deposits
UPPER P L E I S T O C E N E
VTRSirnNlS NEMUNAS, glacial
BALTUA,stadial

t\

Y *•

!::}:

sand various size grained

:\ fine grained sand

|-;-'-j-..' | very fine grained sand
|-T^-T*-| sihysand

| Ig III bl I glaciolacustrine deposits
[ fill bl

I glacioQuvial deposits

|PIP|P^ deposits of glaciolacustrine kames
MsOlII bl
llflffttiffid

m

lW

1

deposits of plateau like hills

I

t

| lowmoor bog peat

I* t\

\ highmoor bog peat

V nil"" ill

glacial loam

I let HIM I marginal glaciolacustrine deposits

pR|<M||9| deposits of eskers

OTHER SYMBOLS

^ ^ ^ ^ 1 1 deposits of glaciofluvial kames

Boundaries of stratigrapbic-genetic
and lithologic units
A1
line of geological cross-section

I II III U 1 marginal glaciofluvial deposits

| t l " b l ] basal till
pgtlHM 1 marginal till
CRODA, slidial
bj HI fr
[III gr
[

Boreholes of integrated mapping
scale 1:50 000:

glaciolacustrine deposits

® through whole Quaternary cover

glaciofluvial deposits

% shallow borehole (25-30 m)

g l » g r ~ | basaltiU

Q

VM3L RINIS NEMUNAS, megainteratadlal
I III y d

Other boreholes:
Bo reholes of integrated mapping,
scale 1

lacustrine deposits

MIDDLE
PLEISTOCENE
MEDININKAI, glacial

O

Wells

fig II md I glaciolacustrine deposits
[^Ifyd.

| giaciofluvial deposits
fi'.MAITIJA, glacial

1
Iglliat J glaciolacustrine deposits
1
ffiffl^J
glaciofluvial deposits

jj^^m

basal till

BUTENAI, lalcrglacial

IIIM

j lacustrine deposits

• IIM i alluvial deposits
DAINAVA, gbcul

H ^ H B n glaciolacustrine deposits
^ ^ ^ ^ H glaciofluvial deposits
m

basal till
DZClKIJA, gbciil

^ ^ ^ ^ H ^ glaciolacustrine deposits
^ ^ ^ ^ H glaciofluvial deposits
_ ^ ^ H

basal till

Fig. 6.10. Legend for Quaternary geological map and geological cross-sections of the Ignalina
NPParea[l]

64

E
\
'

GEOLOGICAL CROSS-SECTION A-A'
.B-B

fflUl
ISO

Sudare / Compiled by: R- Guolnic. V. Rackauslcas

GEOIX)GICAI, CROSS - SECTION B - B

s^^

p. ' : ^ v ^ ^ ^

Sudare / Compiled by R. Guobyte, V. Ra&auskas

Fig. 6.11. Quaternary geological cross-sections of Ignalina NPP area (original scale 1:50 000), authors: R Guobyte, V. Rackauskas [ 1 ]

65

The Holocene deposits are represented by alliuvial, lacustrine and bogs sediments. Alliuvial
sediments are variously grained sands with 1-1.2 m thick organic layers. The lacustrine sediments
(fine-grained sand, clay, silt) reach a thickness of 3 m. The thickness of the peat is 5-7 m [1].
6.2.4. Tectonic faults
Two types of faults were distinguished in the Ignalina area, i.e. the oldest pre-platform and
younger platform features. The former are defined in the crystalline basement and do not
dissect the sedimentary cover, whereas the latter penetrate into the sediments overlying the
crystalline basement. The faults detected in the sedimentary cover are oriented N-S, W-E,
NW-SE and NE-SW (Fig. 6.5). The faults of the DrOksiai Depression (Graben) and
Anisimovici Graben are the most distinct tectonic features recognized in the study area. The
Druksiai Depression (Graben) is as wide as 3-5 km; it consists of 0.5-1.5 km wide structural
domains. The middle part of the graben is uplifted, representing the horst. The bounding faults
exceed 20 km in length. The amplitude of the faults separating the horst is in the range of 2555 m, the amplitude of the faults bounding the depression in the south and the north is about
10-20 m.
The Anisimovici Graben is dissected by arcuate-shaped (in plan view) faults spaced at
0.5-0.7 km, the blocks stepping down to the northeast.
The length of the faults is of about 10 km and the amplitude reaches 15-60 m. Total
amplitude of the faulting with respect to the top of the Silurian is about 180 m. The faults
striking N-S are common in the North Zarasai Structural terrace and eastern part of the South
Druksiai Uplift. The eastern part of the North Zarasai Structural terrace is fragmented by faults
bounding the narrow (0.5-1.5 km) horsts and grabens of sub-longitudinal orientation. The
faults are as long as 5-9 km, the amplitude is in the range of 10-20 m. The Apyvarai-Prutas
and Macionys Grabens, bounded by 3-15 km long and 10-25 m amplitude faults are mapped
in the South Druksiai Depression.
The faults striking northeast and northwest are recorded in all tectonic structures
(blocks) of the Ignalina area. Their length varies from 3-5 km to 15-18 km; the offset is of 1520 m [1]. Based on the data of the morphometric and morphostructural analysis and Landsat
(space-born imaging) remote sensing an intricate network of the neotectonic lineaments was
defined in the area of the Ignalina NPP. In most cases the lineaments are confined to the faults
and their zones identified by geophysical and drilling data. Similarly to the fault system, the
neotectonic lineaments are oriented north-south, west-east, northeast and northwest (Fig. 6.12).
Still, they show some offset with respect to the tectonic faults [1, 3].
The deep sub-Quaternary palaeoincisions (some are as deep as 200 m) are often
confined to the neotectonic lineaments. One of neotectonically active linear zones breaks its
way across the Ignalina site. The depth of associating palaeoincision exceeds 70 m (with
respect to the top of the pre-Quaternary rocks) (Fig. 6.6).
The tectonic activity of the faults is evidenced by geodetic measurements of the recent
movements of the ground surface in the polygon established around the Lake Druksiai [4]. The
data collected during 1989-1998 clearly indicates that the vertical movements of the ground
are related to the activity of the tectonic blocks bounded by the faults of the crystalline
basement and sedimentary cover. The relative magnitude of the vertical movements of the
blocks reaches 1.6-2 mm per year [4].
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Fig. 6.12. Tectonic map of Ignalina NPP area [5]: 1 - fault; 2 - neotectonic lineament; 3 - Ignalina NPP;
4 - granulite domain; 5 - amphibolite domain

Neotectonics
It can be shown using morphometric, morphostructural and the interpretation of Satellite image
data that most of the faults, penetrating the crystalline basement and sedimentary cover, are
active neotectonically. As a rule, neotectonically active zones coincide with fault lines or are
displaced near it (Fig. 6.13). The faults system of the Druksiai trough, Anisimovici graben, and
Skirnas fault are the most active. The palaeoincisions are connected with neotectonically active
zones. Their depth sometimes reaches 200 m (from the pre-Quaternary surface). The Ignalina
NPP is located on the one of neotectonically active zones, along which the depth of the
palaeoincision is more than 70 m.
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Fig. 6.13. Neotectonical scheme of the Ignalina NPP area [5]: 1 - Neotectonically active linear
zones; 2 - Ignalina NPP

Seismic activity
The area of the Ignalina NPP is situated in the Daugavpils seismic zone encountered by the
isoseist of 7th grade (it indicates that seismic events of intensity of 7 grades after MSK-64 scale
might occur). According to V. Ilginyte [6, 7] the intensity of the seismic events can reach here
M = 4.5. Thirteen historical earthquakes took place within the radius of 250 km around the
Ignalina NPP. Intensity of some of those events reached 7 grades (12-grade MSK-64 scale).
The Daugavpils (Latvia) and Gudogai (Belarus) earthquakes are the closest to the
Ignalina NPP registered events that took place in 1908, as well as Koknese (Latvia) earthquake
of 1821. These seismic events are related to the Daugavpils, Vilnius, Asmena and Gulbene
large-scale seismogenic faults. The Daugavpils earthquake center is situated 35 km from the
Ignalina NPP, in the depth is of 2-3 km, intensity was 7 grades (MSK-64 scale). The Gudogai
and Koknese earthquakes were registered at the distance of respectively 125 km and 135 km from
the Ignalina NPP, the depth is estimated as much as of 9 km and 12 km, the intensity reached 7
grades. The data available are too scarce to enable definition of the periodicity of the earthquakes in
the Ignalina NPP area. Still, the listed evidences as the location of the Lake Druksiai at the
intersection of faults showing recent tectonic activity, the location of the Ignalina NPP close to
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the active fault zone of the Druksiai graben, occurrence of the earthquakes of intensity 7
grades not far away from the Ignalina NPP persuades that there is realatively high probability
of recurrence of the seismic events of similar intensity in a future.
6.2.5. Hydrogeological conditions - the aquifers and their interconnections
The area of Ignalina NPP is located in the eastern part of the Baltic artesian basin. This area is
a recharge area of the basin. The hydrogeological section contains hydrodynamical zones of the
active, slower and slow exchange. Active exchange zone is separated from the slower
exchange zone by 86-98 m thick Middle Devonian (Narva) regional aquitard, at 165-230 m
depth. It is composed of loam, clay, domerite and clayey dolomite. The lower part of the
aquitard contains an 8-10 m thick layer of gypsum- containing breccia. The slower exchange
zone is separated from slow exchange zone by 170-200 m thick Silurian-Ordovican regional
aquitard, at 220-297 m depth [1]. Identifying the candidate sites for the near surface repository
the more important is shallow unconfmed aquifer, which belongs to the Quaternary aquifer
complex. Its thickness is 60-260 m, mostly 85-105 m. This complex includes seven aquifers:
non-confined upper aquifer and six semi-confined intertill aquifers, located in aquaglacial
deposits.
The unconfined aquifer is located in moor deposits (peat), aquaglacial deposits (sand,
gravel, cobbles and pebbles), and the fissured upper part of the eroded silt of the glacial till,
and the lenses of sand and gravel within the glacial till, here the aquifer is sometimes confined.
The sediments of intertill aquifers are composed of sand, gravel, and in some
paleovalleys - cobble and pebble deposits. The thickness of different aquifers vary from 0.32 m to 20 - 40 m, and in paleovalleys - 100 m and higher. The intertill aquifers are separated
from each other by the low permeability till aquitards of sandy silt and silt, with lenses of sand
and gravel. The thickness of different aquitards varies from 0.5 to 50-70 m, mostly from 10-15
to 25-30 m.
The Upper-Middle Devonian (Sventoji-Upninkai) aquifer complex is located under the
Quaternary complex in the interlayering fine and very fine grained sand, weak cemented
sandstone, silt and clay. The complex is 80-110 m thick. This aquifer complex is used for the
water supply for Visaginas town and Ignalina NPP. The waterworks are located around about
3-5 km to the southwest from Ignalina industry area and 0.8 km to the northeast from the water
heating plant building area. The waterworks are located in the INPP area.
All of the aquifers of the active exchange hydrodynamical zone are connected in a
unified hydraulic system [8]. The main recharge source of the semi-confined intertill aquifers is
the unconfined aquifer. The aquitards between the intertill aquifers are leaky, as they are
composed of the fissured glacial till with the lenses of sand and gravel. There is a vertical
groundwater exchange between the aquifers through the, aquitards. In the areas without sandy
silt and silt (mostly in paleoincisions) the intertill aquifers have a direct hydraulic connection.
The piezometric level of the Upper-Middle Devonian aquifer complex is lower than the
level of unconfined and semi-confined intertill aquifers in the most of the area of Ignalina NPP
region.
In the Ignalina NPP area shallow groundwater occurs entirely, except for lakes areas.
Thickness of unsaturated zone varies from several centimeters to thirty meters. Dominating
thickness - up to 2 meters. Such shallow groundwater depths are characteristic for waterlogged
declensions, flat slightly undulate moraine relief and glaciolacustrine and glaciofluvial plains.
In the small areas in local hills shallow groundwater occurs in the depth - 2-10 meters.
Unsaturated zone is lithologically composed from clay loam and sandy loam, sand,
clay, peat and silt. For loam and sandy loam the typical value of moisture transfer rate is 1-1.5,
and for sand - 1.5-2 meters per year. Therefore important qualitative vulnerability criterion for
shallow unconfined groundwater is groundwater level. In the major parts of potential areas
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shallow groundwater has .good hydraulic connection with the surface - water transfer delay in
unsaturated zone is several years.
Vulnerability of semi-confined and confined groundwater deals with thickness of
slightly permeable layers covering aquifers. Confined groundwater aquifer is protected (or low
vulnerability) from surface contamination if upper layer composed from clay or loam and its
thickness is more 10 or 25 meters; medium vulnerability - thickness of upper layer is more
25 m and 50-75 % of layer consists from clay or loam; high vulnerability - thickness of upper
layer less 25 m and it consist from 3-10 m clay or loam.
6.2.6. Negative screening
The negative screening of the Ignalina NPP area was performed considering not only
geological data, but also geographical, ecological, infrastructures etc. aspects with the aim to
reveal the territories where construction of a near surface repository is restricted. In respect to
the requirements of negative screening, such elements were excluded from the territory of
interest: state protected territories (reserves, Aukstaitijos national park, Grazute regional park),
ecological networks, territories related to the protection of surface water and groundwater
resources (waterworks, rivers and lakes), sanitary protection zones (I, II and III sanitary zones),
tectonic features (faults, predicted faults, neotectonic zones, faults penetrating the sedimentary
cover, faults penetrating the crystalline basement) and infrastructure of region (roads, railways,
oil pipelines, populated territories, forests, wetlands, boundaries of administrative districts,
objects of the increased ecological risk, pollution sources, deposits of mineral resources).
Based on integration of results of negative screening and studies of geological data
several potential most suitable areas for the near surface repository were selected: Zarasai,
Dysnai and Visaginas areas.
Next step after selection of several potential areas was the evaluation of the potentially
favourable sites in order to select few most perspective sites.
6.2.7. Conclusions

•

1. The area of the Ignalina NPP is characterized by a complicated tectonic structure.
Several tectonic structures (blocks) of the lower order distinguished in the surface of the
Precambrian crystalline basement. Sublatitudinally and submeridianally orientated as well as
W-E and N-E striking faults are detected in the sedimentary cover of the area. Majority of the
faults intersecting the sedimentary cover shows the neotectonic activity. Up to 200 m deep
palaeoincissions, defined in the sub-Quaternary surface, are confined to the neotectonically
active fault zones. Vertical movements of the Earth's crust are related to the activity of the
tectonic blocks, with magnitude about 1.6-2 mm per year.
2. The geological cross-section in the territory of Ignalina NPP comprises both rocks
of crystalline basement and the sedimentary cover. Crystalline basement buried to depth at
about 720 m from earth's surface and comprised of the Lower Proterozoic rocks. The
sedimentary succession consists of Pre-Quaternary and Quaternary sediments.
3. The area of Ignalina NPP is in the recharge area of the Baltic artesian basin. In the
active hydrodynamical zone two aquifer complexes are present: Quaternary and Upper-Middle
Devonian. The Quaternary aquifer complex contains one unconfmed and six semi-confined
intertill aquifers.
4. In the Ignalina NPP area shallow groundwater occurs entirely. Thickness of
unsaturated zone varies from several centimetres to thirty meters. Dominant thickness - up to 2
meters. In the small areas in local hills shallow groundwater occurs in the depth - 2-10 meters.
Unsaturated zone is lithologicaly composed from clay loam and sandy loam, sand, clay, peat
and silt. Moisture transport rate is 1-1.5 m/year for loam and sandy loam, and 1.5-2 m/year for
sand.
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5. In major part of potential areas shallow groundwater is relatively weakly protected
from surface contamination considering conservative contamination. Confined groundwater
aquifer is protected (or low vulnerability) if composed from clay or loam is more than 10 or 25
meters of thickness; medium vulnerability - more 25 m and 50-75 % of layer consists from
clay or loam; high vulnerability - less 25 m and it consist from 3-10 m clay or loam.
6. The area of the Ignalina NPP occurs within the limits of the Daugavpils seismic
zone. The zone is encountered by the izoseist of 7 grade that indicates the intensity of the
seismic events (earthquakes) of 7 grades (after MSK-64 scale).
7. Three- Zarasai, Dysnai and Visaginas potential areas for the medium and low
radioactive waste near surface repository were selected integrating results of negative
screening, studies of geological data, considering safety criteria and criteria not related to
safety.
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7. RESULTS OF SCREENING PHASE
7.1. Characterisation of all investigated potential sites
7.1.1. Geographical and environmental characteristics
The preliminary chosen nine sites except Didziasalis site located outside the 30 km zone are
presented in Fig. 7.1. This section is focussed on the specific features of the locations and
description of the surface, hydrographic, hydrological and radionuclide dispersion conditions.
The geographical data about the potentially suitable sites are given in tables 7.1-17.

Avilys

lgnalina NPP
Repository sites
Alternative
routes

Fig. 7.1. Investigated sites and alternative routes in the Ignalina NPP region
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Table 7.1. Features of site location

Site
Dysnai-1

Dysnai-2
Dysnai-3

Zarasai-1

Zarasai-2

Didziasalis

Galilauke

Visaginas
Apvardai

Location
The distance from the Ignalina NPP by country and local roads is 45 km.
There are no alternative (including railway) roads. The main roads are
extending through 2 large settlements. There are no preserved territories on
way and in the immediate environment of the site. There are a few hill-forts.
There may arise a necessity for archaeological examination of the territory.
The distance from the Ignalina NPP by country and local roads is about 50 km.
There are alternative routes Ignalina-Didziasalis highway is 1 km away.
The distance from the Ignalina NPP (country and local roads) - about
50 km. Alternative routes - country roads without asphalt cover. The site is
situated between settlements.
The shortest distance from the Ignalina NPP by country road with asphalt
cover is 27 km. Alternative roads through Turmantas or Visaginas bypass.
The main road is extending across two preserved areas. The site is not far
from Zarasai town (5 km) and its large suburban Maguciai settlement
(3 km). There are no preserved territories in the immediate environment.
There are a few sectors of ecological network. The state border with Latvia
is 4 km away.
The shortest distance from the Ignalina NPP by country road with asphalt
cover is 22 km. Alternative motor roads (through Turmantas or Visaginas
bypass). The main road is extending across 2 preserved territories. The site
is near the Grazute regional park and Sventas Lake reserve.
Distance by asphalt road is 85 km. The shortest road is 70 km. No railway.
The main road crosses 6 large settlements. A short section of the road
extends along the edge of the national park. Yet, the road crosses no
preserved territories. There are no preserved territories near the site. The site
is located by the edge of large settlement Didziasalis with the population of
2.4 thousand people. The state border is 1 km away.
There is a field road only. The distance by straight line is about 4 km, by roads
it is about 6 km. No alternative roads. The road would not cross large
settlements and preserved territories. There are no preserved territories in the
immediate vicinity. There are only elements (wetlands) of ecological network.
The territory is sparsely populated. The state border is 0.5-1 km away.
The site is close to the Ignalina NPP, at the southern contour of its territory.
There are suitable roads.
The territory is easily accessible: by the shortest road from the Ignalina NPP
is 9 km, by other roads (only a small part has asphalt cover) is 12 km. The
railway is 1 km away. There are alternative roads. The main roads do not
cross large settlements and preserved territories. The territory is sparsely
populated. The territories of ecological networks are near the site (Lake
Apvardai and wetlands). The state border is 3 km away.

Physical geographical and environmental information
Surface and its distinctive features
The data about the surface of potentially suitable sites are given in Table 7.2.
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Table 7.2. Surface and its features

Site
Dysnai-1
Dysnai-2

Dysnai-3
Zarasai-1
Zarasai-2

Didziasalis
Galilauke

Visaginas
Apvardai

Surface and its distinctive features
Offspars and hills with steep slopes, great relative height variations, up to
53 m. Loams are dominant in the topsoil.
Waves and hills with flat slopes are dominant in the south-western part. In
the smaller northeastern part the a. a. is greater. The relative altitude of the
surface is up to 25 m. Water saturated soils are dominant.
Upland composed of till. Medium and small hills. The relief is sloping
northward. Through the differences of altitudes reach 30 m/km.
Sloping hills and waves. Relative difference of height - 10 m. The dominant
soils are weakly podzolized sandy loam and loam.
Wavy agrarian landscape with sandy loam soils. The relative height of the
forms of relief is < 7 m. Slope inclination on surface run-off toward the
Grazute regional park and Lake Sventas.
Technogenically transformed ridge with steep slopes.
The curving ridge and hills of medium steepness is the dominant element of
the surface. Medium eroded loam soils and thick layers of talus deposits
abound at the bottoms of hills. The depressions are covered by dried peat
soils up to 2.5 m in depth. The whole of ridges and hills comprise a rather
closed geosystem. It is well drained.
Gullies and basins surrounded by small smoothened hills. The differences of
relative altitude are up to 10 m.
The surface is smoothened and slightly waving. The productive topsoil is
missing.

Hydrological and meteorological characterization
Ignalina NPP region is characterized by increased turbulent exchange and thermal convection
in dissected relief area. Also strong thermal inversions occur in winter. Selected potentially
suitable sites best of all are characterized by observation data of Dukstas and Dusetos
meteorological stations and Zarasai meteorological post (Table 7.3).
Table 7.3. Meteorological characteristics of Ignalina NPP area

Meteorological characteristics
Dukstas MS Dusetos MS Zarasai MP
Average annual precipitation, mm
592
590
671
425
435
Warm season precipitation, mm
420
Cold season precipitation, mm
167
170
236
Maximum average monthly precipitation,
75/07
74/07
75/07
mm/month
—
Minimum average monthly precipitation,
25/02
36/02
mm/month
Maximum 24 ours precipitation, mm/year month 52.4/1980 05 80.8/1940 82.7/1962 08
Total evaporation from surface land, mm
500
31.0/1988
34.3/1963
34.4/1936
Absolute measured maximum temperature,
°C/date
-41.9/1956
-38.0/1940
Absolute measured minimum temperature, -33.3/1978
°C/date
125
Average amount of days with negative
temperature
—
—
Maximum wind velocity, m/s /direction/date
18/WSW
1993 10 23
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Zarasai-1 site
The site is situated in the watershed of the Daugava and Nemunas basins. The nearest
surface water bodies are two melioration canals without outflow: one is situated in northnortheast, another - in southwest from the selected site. The site is drained by groundwater
with discharge to the Lake Ilgis ( S - 2 - Vilenka- K-3 - K - 2 - K-l - Kumpote-LaukesaDaugava) in the southeast and to Lake Apidemis (V-l•- Vaisine-Samava-Sventoji-Nemunas)
in the west. Ilgis Lake has two tributaries (I-1, with regulated channel from 1.8 km up to mouth
and 1-2, regulated in all the length). Apidemis Lake has no tributaries (Table 7. 4).
Table. 7.4. Characteristics of the lakes Ilgis and Apidemis

No. of lake
Area, ha
Average depth, m
Maximum depth, m
Water volume, thous. m3
Basin area, km2
Water exchange, % per year
Outlet

Ilgis
21-75
72.3
3.80
14.32
27.89.1
12.3
104
S-2

Apidemis
21-107
28.0
2.17
3.90
607.0
2.3
944
V-l

Light loam soils predominate in the selected site area. The groundwater flows towards
melioration canals to the east and south from Ilgis and Apidemis lakes. The yield of
groundwater makes up 2-3 1/skm2. The average spring flood altitude make up 80 mm, 1 %
probability of spring flood altitude is 150 mm (Table 7. 5). Some closed relief depressions and
melioration canals without outflow causes troubles for slope run-off to get into the
hydrographical network.
The nearest water measuring station in selected site area is Ignalina NPP station at Lake
Druksiai near Prorova outlet.
Table 7.5. Hydrological characteristics of the sites in Zarasai area

Hydrological features
Specific discharge, 1/s km2
Cold season minimum
Warm season minimum
Average winter
Summer-autumn
Average annual
Flood characteristics, mm
Depth of run-off, mm
1 % probability snow-melt flood altitude, mm

Zarasai-1 site

Zarasai-2 site

3.7
3.2
6.5
5.0
7.5

3.7
3.0
6.5
5.0
7.5

80
150

80
140

The probability of dangerous floods in the selected site area is equal to 0, but during
snow melting time and rain floods the surface flow can gather into the relief depressions and
canals and later flow to Ilgis and Apidemis lakes as groundwater.
Water exchange (precipitation - groundwater - melioration canals - lakes Ilgis and
Apidemis) is rather slow. Dilution of surface water potentially interacting with disposal units
will be not significant. On the other hand, the water exchange rate in Lake Ilgis is medium
(104 %) and in Lake Apidemis - intensive (944 %).
• In Zarasai-1 site area during snow melting time and rain floods the surface flow can
gather into the relief depressions and canals and stay here a long time. After a long time of
infiltration, groundwater will flow to lakes Ilgis and Apidemis. Another reason of slow water
exchange is loam soils.
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Zarasai-2 site
The site is situated in the watershed of the Nemunas (upper course of Sventoji) and Daugava
(basin of Lake Druksiai) basins. A melioration canal without outflow, two small lakes and two
small bogs are situated in the southern part of the site. A system of melioration canals is
connected with Lake Vaisinis in the west from the site. The run-off from the site can flow to
Lake Vaisinis and its tributaries (Vaisine-Samava-Sventoji-Nemunas), and through southern
melioration canal and groundwater to above mentioned lakes and bogs. The water from these
lakes and bogs must discharge in Lake Sventas (endorheic lake of Sventoji basin). Lake Vaisinis
has a tributary (canal V-l from Lake Apidemis); Sventas has no tributaries (Tables 7.6 and 7.5).
Table 7.6. The characteristics of lakes Sventas and Vaisinis

Characteristic
No. of lake
Area, ha
Average depth, m
Maximum depth, m
Water volume, thous. m3
Basin area, km2
Water exchange, % ]3er year
Outlet

Sventas
32-45
442.0
6.38
18.20
28224.9
15.8
14
-

Vaisinis
21-108
69.4
1.45
1.54
975.0
2.1
588
Vaisine

The groundwater flows towards the lakes Vaisinis and Sventas. Underground run-off
make up to 2-3 1/s km2. Some closed relief depressions are unfavourable for slope run-off.
• In Zarasai-2 site area during snow melting time and rain floods the surface flow can
gather into the relief depressions and melioration canals. After a long time of infiltration
groundwater will flow to Lake Vaisinis and to small lakes and bogs and after to endorheic Lake
Sventas. The water exchange in Lake Sventas is very slow (14 %).
Galilauke site
The site is situated in River Daugava basin between Lake Druksiai (Table 7.7) and it's
tributaries Gulbinele and Apyvarde. The flow from the site gets to Lake Druksiai (ProrovaDruksa-Dysna-Dauguva). The water exchange rate in Lake Druksiai is slow (29 %), but large
water volume of the lake is favourable for drained water dilution.
Table 7. 7. The characteristics of Lake Druksiai

No. of lake
Area, ha
Average depth, m
Maximum depth, m
Water volume, thous. m3
Basin area, km2
Water exchange, % per year
Outlet

. .

33-7
4480.0/3204.9*
8.21
33.3
367650
470.0
29
Prorova

* all / in territory of Lithuania

The groundwater flows towards Apyvarde and Lake Druksiai. Underground run-off
make up to 2-3 1/s km2. The nearest water measuring station in selected site area is Ignalina
NPP station at Lake Druksiai near Prorova outlet.
• Galilauke site (Table 7.8) area is characterized by significant relief altitude differences,
clay and loam soils. What makes favourable conditions for surface run-off. The tributaries of
Lake Druksiai and the lake itself predetermine fast surface run-off and a good dilution of the
water. Because of these reasons Galilauke site is suitable for a near surface repository.
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Table 7.8. Hydrological characteristics of sites in Visaginas area

Hydrological features
Specific discharge, 1/s km2
Cold season minimum
Warm season minimum
Average winter
Summer-autumn
Average annual
Flood characteristics, mm
Depth of run-off, mm
1% probability snow-melt flood altitude, mm

Galilauke
site

Apvardai
site

Visaginas
site

3.3
2.5
5.5
4.7
7.5

3.3
2.5
5.5
4.7
7.5

3.3
2.5
5.5
4.7
7.5

75
137

75
137

75
137

Visaginas site
The site is situated in River Daugava basin between Lake Druksiai and it's tributaries
Gulbinele, D-l and D-2. In the west, boggy relief depressions and pockets are situated; the
margins of this area are drained by D-2 stream. Pockets in the east and northeast from the site
are drained by a system of melioration canals, which is connected with Lake Druksiai. In the
south are situated Lake Skripkus (with outlet Gulbinele) and several small lakes. The flow
from the site gets to Lake Druksiai (Table 7.7).
The groundwater flows towards Lake Druksiai. Underground run-off make up to 2 3 1/s km2. Sandy loam soils predominate in the selected site and peaty soils predominate in boggy
depressions.
• Visaginas site (Table 7.8) area is characterized by significant relief altitude differences,
and a system of melioration canals what makes favourable conditions for surface run-off. Lake
Druksiai and its tributaries predetermine fast surface run-off and a good dilution of the water.
On the other hand, peaty soils accumulate the part of water and sandy loam soils increase
feeding of underground layers.
Apvardai site
The site is situated in the River Daugava basin. Melioration canal without outflow is situated in
the north of the site. A system of melioration canals is connected with the Lake Apvardai
(Table 7:9) in the west. The surface and groundwater flow from the site gets to the Lake
Apvardai (Apyvarde-Prorova-Druksa-Dysna-Daugava). The lake has a tributaries Zilma,
Apyvarde and A-l. The water exchange rate of the Lake Apvardai is rather intensive - 218 %.
Table 7.9. The characteristics of the Lake Apvardai
33-12
No. of lake
Area, ha
550.2/424.8*
2.65
Average depth, m
4:97
Maximum depth, m
14596.0
Water volume, thous. m3
134.5
Basin area, km2
Water exchange, % per year
218
Outlet
Apyvarde
* total area / in territory of Lithuania
The groundwater flow towards the Lake Apvardai. Underground run-off make up to 2 3 1/s km2. Differences of relief altitude in the selected site area make up 15 m. Loam and sandy
loam soils predominate in the selected site and peaty soils predominate in boggy depressions.
• Apvardai site area is characterized by significant relief altitude differences, and a
system of melioration canals what makes favourable conditions for surface run-off (Table 7.8).
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The surface run-off is increased by Apyvarde River. Melioration canal without outflow in the
northeast part of he site and sandy loam soils in some areas decrease slope flow and increase
the possibility of infiltration. Because of these reasons the Apvardai site is suitable for near
surface repository.
Dysnai-1 site
The site is situated in River Daugava basin. The nearest water bodies are a segment of River
Dysna between the Lake Dysnykstis and Padysnys pond with a system of melioration canals in
the western part of the site.
Melioration canal without outflow is situated in the north of the site and Dtida stream in
the south. The flow of Diida stream gets into Dysna River (Duda-Svetycia-Dysna).
The groundwater flows towards Dysnai Lake and Dysna River. Underground run-off
make up to 2-3 1/s km2. Loam and clay soils predominate in the selected site. Peaty soils are
found in northeastern margin of the site (Tables 7.10 and 7.11).
Table 7.10. The characteristics of Dysnai, Dysnykstis lakes and Padysnys pond

Characteristic
No. of lake
Area, ha
Average depth, m
Maximum depth, m
Water volume, thous.m3
Basin area, km2
Water exchange, % per year
Outlet

Dysnai
32-189
2400.9
3.00
6.00
74927
231.0.
83

Dysna

Dysnykstis
32-190
557.5
2.70
5.00
14749
245.9
447
Dysna

Padysnys pond*
3075
2.90
6.00
81100
280.0
70
Dysna

*all Padysnys HEPP water system (with Dysnai and Dysnykstis lakes)

Table 7.11. Hydrological characteristics of sites in Dysnai area and single Didziasalis site
Hydrological features

Dysnai-1
site

Dysnai-3
site

Didziasali
s site

2.0
6.0
5.0
8.0

3.3.
2.5
6.0
5.0
8.0

2.7
1.8
5.0
4.7
6.1

78
138

79
140

75
137

Dysnai-2
site

Specific discharge, 1/s km2
Cold season minimum
Warm season minimum
Average winter
Summer-autumn
Average annual
Flood characteristics, mm
Depth of run-off, mm
1% probability snow-melt flood altitude, mm

3.3
2.5
6.5
5.5
.8.0
79
140

•• 3 . 3

• Dysnai-1 site area is characterized by significant relief altitude differences, a system of
melioration canals and predominating clay and loam soils make favourable conditions for
surface run-off. The surface run-off is increased by nearby flowing Dysna and Duda rivers.
Because of these reasons, Dysnai-1 site is suitable for a near surface repository.
Dysnai-2 site
The site (Table 7.11) is situated in River Daugava basin. It is drained by left tributary of Ringe
stream R-l and small its tributaries R-1-2, R-l-4, R-l-5 (Ringe-Dysna-Daugava).
The groundwater flows towards Ringe and Dysna rivers. Underground run-off makes up to
2-3 1/s km2. Loam soils predominate in the selected site but in some areas, sand and light loam soil
occur.
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• Dysnai-2 site area is characterized by insignificant relief altitude differences,
predominating clay and in some cases sand soils decrease slope flow and increase the
possibility of infiltration. On the other hand, a system of melioration canals makes favourable
conditions for surface run-off to get into the Ringe stream.
Dysnai-3 site
The site is situated in Daugava River basin. In the east of site, Dysna River is situated.
Padysnys pond connected with the Lake Saminis (Table 7.12) via Vezupis stream is situated in
the north.
The central and western parts of the site are drained by Saminis tributary (meliorated
stream). The surface run-off gets to boggy lowlands near Dysna riversides.
The groundwater flows towards Lake Dysnai and Dysna River. Underground run-off
makes up to 2-3 1/s km2. Heavy loam soils predominate in the selected site but in some areas
peaty soils occur. The nearest water measuring stations in selected site areas are BukaVaisnoriske, Svyla-Guntauninkai and Ignalina NPP station at the Lake Druksiai near Prorova
outlet.
Table 7.12. Characteristics of the Lake Saminis and Padysnys pond
Characteristic
No. of lake
Area, ha
Average depth, m
Maximum depth, m
Water volume, thous. m3
Basin area, km2
Water exchange, % per year
Outlet

Saminis

32-201
23.4
1.94
3.15
452.8
8.4
498
Vezupis

Padysnys pond*
3075
2.90
6.00
81100
280.0
70
Dysna

*all Padysnys HEPP water system

• Dysnai-3 site (Table 7.11) area is characterized by significant relief altitude differences,
a system of melioration canals and predominating loam soils make favourable conditions for
surface run-off. On the other hand, peaty plots accumulate a part of water.
Didziasalis site
The site is situated in the Daugava River basin, in the watershed of the Dysna and it's tributary
Birveta. A system of draining melioration canals is situated in the north part of the site.
Dumblinka Lake is situated in the southwest of the site and several melioration canals
connected with the Birveta River are in the southwest.
The groundwater flows towards Dysna melioration canals and the Lake Dumblinka.
Underground run-off amounts about 2 1/s km2. Clay soils predominate in the selected site.
• Didziasalis site area is characterized by relief altitude differences, a dense system of
melioration canals and predominating loam soils make favourable conditions for fast surface
run-off. On the other hand, Dysna river valley with small relief inclinations could influent
decrease of the intensity of surface run-off and partial flooding of surrounding areas.
Comparative analysis of selected sites
During the comparison of the selected sites from the point of view of possible inundation it was
assessed that all selected sites are not in the zone of total inundation. On the other hand some
possibility of partial flooding of some sites exists during snow melting time and major rains
because of melioration channels without outflow, closed relief depressions and peaty areas with
small inclination. (Zarasai-1, Zarasai-2, Didziasalis). Such a possibility in the rest sites is
especially small (Table 7.13). Comparison of surface altitude differences, relief dissection degree
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and character and run-off conditions of hydrographical network showed that slowest water
exchange and most infiltration feeding possibility is specific in Zarasai-1 and Zarasij-2 selected
sites. More intensive water exchange is specific in Dysnai-2, Apvardai and Didziasalis selected
sites. According to above-mentioned features the most suitable potential sites for near surface
repository are Dysnai-1, Dysnai-3, Visaginas and Galilauke (Table 7.13).
Table 7.13. Comparative analysis of selected sites from the hydrological and possible flooding point
of view

Site
Dysnai-1
Dysnai-2
Dysnai-3
Zarasai-1
Zarasai-2
Galilauke
Visaginas
Apvardai
Didziasalis

Possibility of flood
Minimal possibility
Minimal possibility
Minimal possibility
Possible partial
Possible partial
Impossible
Minimal possibility
Minimal
Possible partial

Water exchange intensity
Intensive
Medium intensive
Intensive
Slow
Slow
Intensive
Intensive
Medium intensive
Medium intensive

Conclusion
• According to natural relief (topography) conditions, character of the hydrographical
network and predominating soil types, the Galilauke site is most suitable site for a near
surface repository.
Radionuclide transfer conditions
By the assessing, the radionuclide transfer conditions via aquatic pathway hydrological and
hydrogeological conditions of the hosting territories should initially be taken into account.
Hydrological and hydrogeological conditions have been considered in previous sections of this
study.
In international practice of safety assessment of near surface facilities is accepted that
in case of clay geosphere main radionuclide transfer pathway is surface and ground water runoff into a river or lake and further transfer downstream hydrological system. It is substantiated
that water permeability of clay geosphere is very low and insufficient to form more significant
water yield if extraction well would be arranged close to the near surface facility. Due to very
low water yield, this exposure pathway should be not of high priority. All considered sites
located in the Ignalina NPP region should be attributed to case of clay geosphere because up to
20-30 m of depth they are mainly composed of moraine. However, even in Ignalina NPP some
part of countryside residents for drinking and domestic usage utilize shallow dug wells. This
exposure pathway should be considered in further assessment stages as well.
By preliminary ranking of selected potentially suitable sites (Table 7.14) the criteria of
two levels- primary and secondary- have been used. Analyzing radionuclide transfer
conditions, the river flow rate, lake water volume and turnover coefficient have been attributed
to the primary criteria. The unsaturated zone thickness, unconfined groundwater zone
thickness, infiltration rate have been attributed to the secondary criteria. The later criteria will
be important in further assessment stages. However, in this stage, their quantitative evaluation
is very approximate. The primary criteria determine radionuclides dilution conditions in
aquatic. pathway. The secondary criteria determine radionuclides transfer delay in clay
geosphere. Taking into account listed criteria and hydrological and hydrogeological
peculiarities comparative analysis of potentially suitable sites have been done.
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•• Basing on radionuclide transfer conditions the near surface repository could be
arranged in any of considered sites. However, more suitable for hosting such a facility is
Galilauke site.
Table 7.14. Preliminary ranking of sites located in Ignalina NPP region basing on conservative
radionuclide transfer conditions

Site

Dysnai-1
Dysnai-2
Dysnai-3
Zarasai-1
Zarasai-2
Didziasalis
Galilauke
Visaginas
Apvardai

Radionuclides dilution conditions
in aquatic pathway
(taking into account river flow rate,
lake water volume and its turnover
time)
Good
Good
Good
Acceptable
Acceptable
Good
Very good
Very good
Good

Radionuclides transfer
delay in clay geosphere
(taking into account
thickness of unsaturated and
saturated zones and part of
clay in them)
Very long
Medium
Medium
Long
Medium
Long
Very long
Very long
Medium

Socio-geographical information
General information
As has been mentioned the sites are small conventional territorial units undefined by any
administrative or cadastre boundaries. For this reason, their general social geographic
characteristic will be presented in a broader context. Taking into considerations the geographical
situation of the sites only the smallest local administrative units ("seniunija") with potentially
suitable sites for repository site will be characterized from the social geographic point of view.
Sites Zarasai-1 and Zarasai-2 are situated at the boundary of Zarasai and Turmantas "seniunija".
Bearing in mind that the suburban location "distorts" the general social geographic background
the data about Turmantas "seniunija" is a better reflection of social environment of sites.
The eastern part of Zarasai district has a dense network of small settlements. The
average number of rural population (without Turmantas small town) is only 10 people. In the
immediate proximity to the sites the villages are even smaller- the average number of
population in cadastre residential locality is 6. The population density is < 5 persons/km2. The
natural increment is negative. Yet the migration saldo is positive and accounts for a rather
stable population. The number of retired people age is higher and number of children lower
than the average value for Zarasai district. The social economic situation in this part of the
district is very bad: the rate of unemployment in Turmantas "seniunija" is even 49-63 %.
Sites Dysnai-2 and Dysnai-3 are situated in Naujasis Daugeliskis "seniunija", Dysnai-1
is at the boundary between Kazitiskis and Naujasis Daugeliskis "seniunija". The sites are
surrounded by medium settlements. The average number of residents is 18 per settlement.
There are a few larger settlements (Grybenai, Janionys, Naujasis Daugeliskis, Taujunai) around
the investigated sites. Dysnai-1 site has been almost completely depopulated. The forested site
Dysnai-2 is also very sparsely populated (Table 7.15). The natural increment is very negative
but migration saldo is positive. The number of population is decreasing. Almost a quarter of
residents are singles. People of working age make up only 43 %, pensioners make up 41 % of
the population. The social economic situation of this district is not good. Small farms prevail:
487 farms are small, 10 ha and less; only 90 farms have >10 ha. The rate of unemployment in
Naujasis Daugeliskis "seniunija" is 57 %.
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Galilauke and Apvardai sites are in the eastern part of Rimse "seniunija". The area is
sparsely populated. The average number of residents per settlement is 15. Most of villages are
very small and falling into decay. The birth and mortality rate in 2002 was 1:8. The migration
saldo is positive and accounts for the relatively stable number of population. The rate of
migration in Rimse "seniunija" is higher than in other "seniunija". Children (15 years of age
and younger) make up 13.7%. This index is worst among Ignalina district. The social
economic state is contradictory: very small farms (<5 h a - 61 %) prevail. However, due to
proximity of Visaginas the settlement is gradually converting into a suburban settlement. The
rate of unemployment is 37 %.
Visaginas site is near the NPP, in an uninhabited territory. The territory includes waste
grounds and protective forests.
Didziasalis site is located at the eastern edge of Didziasalis settlement outside the
30 km zone. From the social economic point off view, the settlement is in deep depression
entailed by closure of the plant of building materials. The number of people of working age is
relatively high (> 55 %; the highest value in Ignalina district). The site located in a deserted
territory with a few small enterprises. Plans of stimulation of business in Didziasalis are being
worked out and implemented.
The population of the territories is described basing on the presumption that on a local
level it is necessary to evaluate not only the territory under consideration, but also the nearest
zones. For this reason the area extending within the radius of 1.5 km from the centre of
potential repository site is discussed. The settlements adjoining the boundaries of the relative
area are referred to as "site settlements". Data are presented in table 7.15.
Table 7.15. The number of population in the relative environs of the site (R = 1.5 km)

Site
Zarasai-1
Zarasai-2
Dysnai-1
Apvardai
Galilauke
Didziasalis
Dysnai-2
Dysnai-3
Visaginas

L

Population of the territory
33
33
1
114
25
1757
25
119
0

Land use and potential resources
The data about land use and potential resources in the suitable sites are given in Table 7.16.
Table 7.16. Land use and potential resources in the suitable sites

Site
Dysnai-1

Dysnai-2

The existing land use and potential resources
Extensive agrarian nature use. Cultural meadows and perennial grasslands
dominate. According to primary designation the soils are arable. The land
is affected by intensive erosion. Despite of picturesque landscape its
ecological diversity is poor. Ecological farming and rural tourism are
alternatives to extensive farming.
Forest and its ecotones occupy the greater part of the territory. Agrarian
lands are predominated by grasses and degrading drainage system. The
territory is important from point of view of ecological functions (stream
sources). Its technogenization is undesirable. Development of forestry is an
alternative to the existing land use.
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Site
Dysnai-3

Zarasai-1

Zarasai-2

Didziasalis

Galilauke

Visaginas

Apvardai

The existing land use and potential resources
Extensive and medium extensiveness (in the environs of settlement)
agrarian nature use. From the geoecological point of view the territory is
relatively resistant to technogenic impacts. There is no alternative to the
extensive agrarian land use. The agrarian nature use remains most probable
in the future.
Medium intensity farming is the dominant land use. There exists a system
of land reclamation. Due to hypsometric situation the landscape is
especially sensitive to anthropogenic impact. The ecological agriculture
and rural tourism are possible as alternatives to extensive farming.
Agrarian use of land is dominant. There are fragments of agro plantations,
which are important from the geoecological point of view (as
biogeochemical barriers). The territory has a drainage system; there are 3
effluents. Forest economy development is on alternative to extensive
agrarian nature use.
Built up technogenic almost deserted territory. The site is in a deserted
technogenic territory. There are no alternatives of land use. The territory
includes a few small enterprises (timber processing, etc.).
Extensive agrarian land use (perennial grasses are dominant though the
soils belong to the category of ploughed soils; there are tracer of longlasting agricultural activity on the hills - eroded topsoil's, thick layers of
talus deposits at the slope bottom). The drainage system is degrading.
Renaturalization has set in the lowering of surrounding hills. Agrarian
"island" is surrounded by relatively natural lands. There are no alternatives
to extensive farming.
Protective forests are dominant. The territory is partly technogenic. The
territory is used for the purposes of forest economy or industrial activities.
May be used for construction other object related with the Ignalina NPP
decommissioning.
The area of former farmlands is being recultivated. The hydrographic
network is regulated. The technogenic area is renaturalized (forested).

Summary assessment of suitability of sites for a repository (Table 7.17)
Table 7.17. Summary socio-geographical assessment of suitability of sites for repository
Criterion
Location (the most
favourable geographic
situation)
The lowest ecological
importance of
landscape
The lowest perspective
values of resources
Sparse population

Three most
suitable sites
Visaginas
Galilauke
Apvardai
Didziasalis
Galilauke
Apvardai
Visaginas
Didziasalis
Apvardai
Visaginas
Dysnai-1
Dysnai-2
Galilauke

Remarks
Visaginas site is most suitable trying to avoid the
social economic conflicts
Visaginas site is important from the point of view
of compensation bearing in mind the landscape
degradation entailed by the Ignalina NPP.
Apvardai site would obtain greater resource value if
it were properly recultivated and forested.
In the environs of all sites the demographic trends
are negative (predicted depopulation).
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Conclusion
• From the geographical, environmental and socio-geographical point of view, the
sites of Visaginas, Galilauke and Apvardai are most suitable for a near surface repository.
7.1.2. Geological and hydrogeological studies
Evaluation of geological and hydrogeological structures
The following stage of in a process of selection of potentially suitable sites was aimed to
collect and assess all the geological and hydrogeological, engineering-geological data available
and to accomplish more detailed analysis in the areas revealed after the negative screening and
select several potentially suitable sites within Zarasai, Dysnai and Visaginas areas for the
further more detail studies (Fig. 7.2).
To specify the geological-hydrogeological conditions of these sites, field observations
were carried out parallel to desk-top studies of geological, engineering-geological and
hydrogeological data and detail investigations, based on interpretation and analysis of aerial
photo images. The distribution of sites, the specific features of their surface relief, topography,
geomorphology, aspects of infrastructure, localisation, safety criteria etc. were also taken into
account. These investigations we orientated to further final selection of two-three most
perspective sites.

Fig.7. 2. Location of all
most favourable sites
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The detailed studies of the geological structure of all three selected areas were based on
information of a set of geological and hydrogeological maps compiled for each of Dysnai,
Zarasai and Visaginas areas:
1. Quaternary geological maps at a scale 1:50 000
2. Four geological cross-sections of the Quaternary succession at a scale 1:50 000
4. Maps of the occurrence of shallow ground water level at a scale 1:50 000
5. Maps of the vulnerability of the groundwater at a scale 1:50 000.
Information, summarised in above mentioned maps, allowed to evaluate the major
aspects of the geological and hydrogeological structure of the selected areas focusing on level
of the occurrence of the shallow groundwater, vulnerability and dynamic of the ground water,
geological composition of the unsaturated zones; peculiarities of the geological structure of the
upper part of the Quaternary succession (up to 15-20 m of depth) and loam occurrence; relief
of the sub-Quaternary surface, the distribution of paleo-incisions etc. Based on aforementioned
material and also taking into consideration the geographical, ecological, localisation and safety
criteria as well as characteristics not related to safety assessment, 8 concrete potentially
suitable sites within the limits of Dysnai, Zarasai and Visaginas areas and one distinct
Didziasalis site, that was selected on a basis of field observations and infrastructural criteria,
were distinguished- Zarasai-1, Zarasai-2, Dysnai-1; Dysanai-2; Dysnai-3, Visaginas,
Galilauke, Apvardai, Didziasalis (Figs. 7.3-7.16).
DYSNAIAREA
Three potentially suitable sites Dysnai-1, Dysnai-2, Dysnai-3 were defined within the limits of
the Dysnai Area (Fig. 7.3).
Dysnai-1 Site
The area occupies slopes of the hilly morainic massif 2.5 km to the south from the Lake Dysnai
and covers the slopes of Seniskiai morainic hilly complex (Figs. 7.4, 7.5). The surface features
comprise large low hills and flat-bottomed valleys. Tops of the hills reach an altitude of 190 m,
while bottoms lay at 160 m. Till (clayey loam and sandy loam) composing the surface is 3040 m thick (Fig. 7.6).
In the whole territory of the site shallow groundwater level is up to 2 meters and only in
southwestern part locally is about 3-5 meters. Unsaturated zone is composed from loam and
sandy loam and, locally, from peat and glaciofluvial sand. Productive confined groundwater
aquifers are of low vulnerability (Figs. 7.7-7.8).
Dvsnai-2 Site
The area is located in the Moliakalnis forest, 2 km to the east from Daugeliskis settlement
(Figs. 7.3,7.4). Flat or slightly undulating morainic surface lays at 160-165 m. Depressions are
wet, marshy. Till can be found 20-30 m down the section.
Depths of the shallow groundwater are minor. In the fair area of the site takes place
system of watercourses, therefore, shallow groundwater level reaches only up to 1 m. Only in
western part of the site the groundwater level reaches up to 2-3 meters. Lithological
composition of unsaturated zone is similar to the other sites. Productive confined groundwater
aquifers are of medium vulnerability (Figs. 7.6, 7.7).
Dvsnai-3 Site
The area is located in the vicinity of Ropiskes village, near the road (Figs. 7.3, 7.4). Surficial
till (sandy loam, rarely clayey loam) reaches the thickness of 15-30 m. Small and medium hilly
surface relief dominates in the territory of the site. The altitude of the surface reaches up to
160-170 m.

85

The level of shallow groundwater is up to 2 meters. Unsaturated zone is composed from
loam and sandy loam. Productive Quaternary confined groundwater aquifer is of medium
vulnerability (Figs. 7.6, 7.7).

Fig. 7.3. Quaternary geological map of the Dysnai area (original scale 1:50 000), [1,2]
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Fig. 7.7. Map of shallow groundwater vulnerability (original scale 1:50 000)
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ZARASAI AREAL
Two potentially suitable sites Zarasai-l, Zarasai-2 were defined within the limits of the Zarasai
area (Fig. 7.8).
Zarasai-l Site
An area is located 1.5 km to the SE from Zarasai, on the left side of the Zarasai-Dukstas road,
between the Apidemis and Ilgis lakes (Fig. 7.8). Undulating, flat, locally slightly hilly surface
of the marginal moraines, situated at the depth of 160-165 m, is composed of till deposits
(sandy loam). Only hills near the Bernatkai farm are composed of clayey, varigrained sand.
The surface of this site consists of sandy loam, rarely clayey loam, which is 15-20 m thick.
The loam is underlain by fine-grained sand or clay (Fig. 7.9). The area is about 15-20 m higher
than surrounding territories. From the east and west erosional valleys and a depression of
glacial origin (in the west) occur.
In the major part of the site the shallow groundwater occurs in the depth 1-2 m from
the ground surface. Only in central part, locally, the depth of shallow groundwater is up to 3 m,
in southeastern part - even up to 20 meters. Unsaturated zone is composed from loam and
sandy loam and, locally, from peat. Productive Quaternary confined groundwater aquifer is of
medium vulnerability (Figs. 7.10, 7.11).
Zarasai-2 Site
The locality is 6.5 km to the SE from Zarasai on the right side of the Zarasai-Dukstas road, to
the south from Mikalavas village. The 165-170 m high surface is hilly and undulating,
composed of till sediments. Hills with flat slopes are 8-10 m high. Depressions between the
hills are marshy, filled with 0.5-1.5 m of peat. Single hills consist of varigrained, frequently
clayey sand. Thickness of the till is 20-30 m.
Shallow groundwater level is 0-2 meters (from ground surface). Lithological
composition of unsaturated zone is similar to Zarasai-l site. In the southeastern part of the site
productive Quaternary confined groundwater aquifer is of medium vulnerability, in the rest
part- both productive aquifers (Quaternary and the Upper-Middle Devonian) are of low
vulnerability (Figs. 7.10, 7.11).
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Fig. 7.8. Quaternary geological map of the Zarasai area (original scale 1:50 0000) [1,2]
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Fig. 7.10. Map of shallow groundwater level (original scale 1:50 000)
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Fig. 7.11. Map of shallow groundwater vulnerability (original scale 1:50 000)
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VISAGINAS AREA
Three localities have been examined in vicinity of the Ignalina NPP in the course of
preliminary reconnaissance field works (Fig. 7.12) First of them, named Galilauke, was
recognised after the assessment of both geological and geomorphological conditions of the
surface deposits. The second two e.g. Apvardai, wich is an area near the Zibakiai village, and
Visaginas, located about 1 km from the Ignalina NPP, were selected mostly on a basis of not
geological criteria during the field trip investigations.
Galilauke Site
The site was selected due to favourable geological and geomorphological conditions. The area
is located 0.5-1.0 km to the west from the southern promontory of the Lake Drttk§iai, to the
east from the Galilauke village (Fig. 7.12). It is represented by an elongated, 10-15 m high,
flat-topped hill covered with 1-3 m thick clay. The latter is underlain with more than 50 m
thick till sandy loam (cf. geological cross-section C-C', Fig. 7.13). Bottom of the hill is
marshy in some places.
The shallow groundwater level is 1-2 meters; unsaturated zone lithologicaly is
composed from clay loam and sandy loam. Productive confined groundwater aquifers are of
low vulnerability (Figs. 7.14, 7.15).
Visaginas Site
The site is located close to the territory of the Ignalina NPP. The topography of the site and the
adjacent areas are undulating or slightly hilly. The altitudes of the site are about 150-155 m.
Glaciofluvial sediments (varigrained sand) of the Last Galciation composes the upper part of
the succession - up to more than 30 m of depth. The sandy sediments are covered by up to 610 m of till.
The shallow groundwater level- 1-2 meters, unsaturated zone is composed from
clayey and sandy loam. Productive the Upper-Middle Devonian and Quaternary confined
groundwater aquifers are of low vulnerability (Figs. 7.14, 7.15).
Apvardai Site
The area occurs near the Rimse-Giide road, 0.7-1.0 km to the north-west from the northern
bank of Lake Apvardai and 0.5 kwfrom the Zibakiai village (Fig. 7.12). The area lays in the
depression of slightly hilly and undulating moraine relief with inclination of the surface southeastwards, towards the Lake Apvardai. The surface has an altitude of 145-155 m. Up to 3-5 m
of depth, the surface is composed of till (clayey loam and sandy loam). However, deeper down
the section, 3-5 m thick lenses and interlayers of varigrained or pebbled sand were revealed in
the moraine deposits. Depression^df the surface are marshy.
The shallow groundwater level is 1-2 meters in whole territory of the site. Unsaturated
zone lithologicaly is composed jirbm clayey and sandy loam. Productive Upper-Middle
Devonian aquifer in the eastern part of the site is of low vulnerability, in the western - of
medium vulnerability (Figs. 7.14, 7-.ll5).
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Fig. 7.12. Q u a t e r n a r y geological m a p of the Visaginas area (original scale 1:50 000), [1,2]
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Didziasalis Site
During recognaissance field work an area of abandoned Didziasalis brickyard was examined
(Fig. 7.16). The area is situated on the eastern outskirts of the Didziasalis settlement. It is
located on the 8-10 m high morainic ridge elongated in east-west direction. From north and
south the ridge is surrounded by wide lowland of the Dysna glaciolacustrine plain. In the north,
the lowland is represented by marshy, clayey plain with once intensively exploited and
nowadays abandoned quarries. In the south the plain's surface is covered with clay and silt,
still, varigrained sandy sediments of the glacier basin also occurs. The ridge is composed of
sandy loam or clayey loam (till) with lenses and layers of clay, silt and different sand
(according to the data of shallow reconnaissance works and exploration drilling).
The level of shallow groundwater is up to 3 meters. Unsaturated zone is composed from
loam and sandy loam.
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Fig. 7.16. Aerial photograph (above) and Quaternary geological map of the Didziasalis area [1]
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Conclusions
1. In all three areas (Dysnai, Zarasai, Visaginas) analysed the dominant shallow
ground water level (from surface) is 1-2 meters. Lithological composition of unsaturated zone
is practically same in all areas - mainly it is composed from clayey and sandy loam. The
productive confined groundwater aquifers are of rather low vulnerability in all three areas too.
2. From the geological point of view all the potentially suitable sites in Dysnai,
Visaginas and Zarasai areas and Didziasalis site are located within the marginal zone of the
Last Glaciation that determines the very high heterogeneity both of lithological composition
and geomorphology of surface deposits covering the sites. Thus, all nine potentially suitable
sites exhibits similarly favourable geological and hydrogeological conditions in terms of near
surface repository site selection.
3. Didziasalis site was excluded from the list of potentially perspective territories on a
basis of non-geological but localisation criteria e.g. as being located in too far distance from
Ignalina NNP.
4. Geological conditions as well as geographical localization and the other
characteristics within the Visaginas area show the best fit to the requirements for near surface
repository in site selection stage. All three sites are located in rather close distance from
Ignalina NPP. Detailed data of engineering-geological investigations are available for
Visaginas site, Galilauke site shows very good topographical, geological, hydrogeological
conditions and favorable infrastructural characteristics. Thus, it is the most perspective to
concentrate further detail investigations in the territories of Galilauke, Visaginas and Apvardai
sites.
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M 1:200 000. Geological Survey of Lithuania, Vilnius, Archive of LGS (in Lithuanian).
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Lithuania, Vilnius, 4436 p. (in Russian).
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7.2. Detailed characterization of three most suitable sites
7.2.1. Geographical and environmental characteristics
Hydrology and meteorology
The selected three potentially suitable sites are characterized by observation data of Dukstas
meteorological station (Table 7.3).
The part of run-off amounts about 16 % of total annual precipitation. Surface run-off
depends on by lithology of particular area, relief, natural and artificial hydrographic network.
Observations of surface run-off were not executed, but their run-off suitably corresponds with
the Lake Druksiai water regime (Table 7.18).
Table 7.18. Annual run-off of Lake Druksiai tributaries and outflow
River

Yield,
1/skm2

Ricanka
Apyvarde
Smalva
Gulbine, D-3, D-4
Other small tributaries
All tributaries
Prorova (affluent)

5.0
5.8
5.8
5.8
4.5
5.4
5.2

Run-off of different
possibilities, m3/s
1
50
99
1.45 0.7
0.27
0.45
2.46 1.17
1.03 0.5
0.2
0.49 0.24 0.091
0.62 0.32
0.14
6.05 2.93
1.15
6.35 3.06
1.17

Part of tributaries Part of lake runoff in the basin,
run-off in the
%
basin, %
39
40
24
23
16
17
8
8
10
11
96
100
100

Galilauke site
The site is situated in the Daugava River basin between the Lake Druksiai and its tributaries
Gulbinele and Apyvarde. About 50 % of the selected site area are drained by melioration
canals (southern and northeastern part of the site) (Fig. 7.17). Northeastern part of the site is
drained by canal - direct tributary of the Lake Druksiai, which flows to northeast in Gulbinele
(a tributary of Lake Druksiai) basin. (Fig. 7.17). The flow from the selected site gets to the
Lake Druksiai (Prorova —• Druksa —+• Dysna —• Dauguva). The water exchange rate in the
Lake Druksiai is slow (29 %), but large water volume of the lake is favourable for drained
water dilution.
The groundwater flows towards Apyvarde and the Lake Druksiai. Underground run-off
makes up to 2-3 1/s km2.
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^graphic netwbncoT^aiiiauues ate ana it s environs

Upellat ir kanaiai - Streams and canals '
Vandenskyrinfi Ijnija -Watershead tine
Eierai-Lateif* 1
Pelke - Swamjj

Fig. 7.17. Hydrographic network of Galilauke site (Topographic base of 1974; the distance between
contour lines is 1 m). Area of the detail Quaternary geological map is marked by black line and green
line shows Galilauke site (see Chapter 7.2.2)
The nearest water measuring station in selected site area is Ignalina NPP station at the
Lake Druksiai near Prorova outlet (Belarus).
• Galilauke site area is characterized by significant relief altitude differences, clay
and loam soils and a system of melioration canals the surface inclination of which makes
favourable conditions for surface run-off. The tributaries of the Lake Druksiai and the lake
itself predetermine fast surface run-off and a good dilution of the water. Because of these
reasons, the Galilauke site is excellent for a near surface repository.

104

Visaginas site
The site is situated in Daugava River basin between Lake Druksiai and its tributaries
Gulbinele, D-l and D-2. In the west, boggy relief depressions and pockets are situated; the
margins of this area are drained by D-2 melioration canal. Pockets in the east and northeast
from the site are drained by a system of melioration canals, connected with the Lake Druksiai.
In the south are situated the Lake Skripkus (with outlet Gulbinele) and several small lakes. The
flow from the site gets to the Lake Druksiai through melioration canal in the northern margin
of the site (Fig. 7.18). Because of complicated relief and run-off conditions to the north from
the selected site, temporary or permanent surface water bodies occur.
Vfcaglno aMAteM* lr)os apnnkos hWrografija - H^drogtaphic network of V

Upeli»» If kanalai - Strwnvand canals
VarKknskyrln,- iWta -Watershed line
tterai - Lakes

Fig. 7.18. Hydrographic network of Visaginas site (Topographic base of 1974; the distance between
contour lines is 1 m). Area of the detail Quaternary geological map is marked by black line and green
line shows Visaginas site (see Chapter 7.2.2)
The groundwater flows towards Lake Druksiai. Underground run-off make up to 2 3 1/s km2. The differences of relief altitude in the selected site area make up 20 m. Sandy loam
soils predominate in the selected site and peaty soils predominate in boggy depressions. The
nearest water measuring station in selected site area is the Ignalina NPP station at the Lake
Druksiai near Prorova outlet.
• Visaginas site area is characterized by significant relief altitude differences and a
system of melioration canals what makes rather favourable conditions for surface run-off.
Lake Druksiai and its tributaries predetermine fast surface run-off and a good dilution of the
water. On the other hand, peaty soils accumulate the part of water and sandy loam soils
increase feeding of underground layers. Visaginas site is good for a near surface repository.
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Apvardai site
The site is situated in Daugava River basin. Melioration canal without outflow is situated in the
north of the site. A system of melioration canals is connected with Apvardai Lake in the
western part of the site. About 90% of the selected site area are drained by this canal
(Fig. 7.19). The run-off from the eastern part of the site flows through closed melioration canal
to the Apvardai lakeside swamp (waterlogged lake bay) (Fig. 7.19). The surface and
groundwater flow from the site gets to Apvardai Lake (Apyvarde-Prorova-DrOksa-DysnaDaugava). The lake has a tributaries Zilma, Apyvarde and A-l. The water exchange rate of
Apvardai Lake is rather intensive - 218 %.
29042
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Fig. 7.19.
Hydrographic
network of Apvardai site
(Topographic base of 1974; the
distance between contour lines
is 1 m). Area of the detail
Quaternary geological map is
marked by black line and green
line shows Apvardai site (see
Chapter 7.2.2)

The groundwater flows towards the Lake Apvardai. Underground run-off make up to
2-3 1/s km2. The differences of relief altitude in the selected site area make up 15 m. Loam and
sandy loam soils predominate in the selected site and peaty soils predominate in boggy
depressions.
The nearest water measuring station in selected site area is the Ignalina NPP station at
the Lake Druksiai near Prorova outlet. During Ignalina NPP designing time Cepukenai Water
measuring station has been operated at Apvardai Lake and Apyvarde River.
• Apvardai site area is characterized by significant relief altitude differences, and a
system of melioration canals what makes favourable conditions for surface run-off. The
surface run-off is increased by Apyvarde River. Melioration canal without outflow in the
northeast part of he site and sandy loam soils in some areas decrease slope flow and
increase the possibility of infiltration. Apvardai site is good for a near surface repository.
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7.2.2. Results of geological and hydrogeological investigations
On a basis of conclusions of the previous investigations during the last stage of the project
extended desk-top studies of all available geological, engineering-geological and
hydrogeological data as well as detailed interpretation of aerial photo images were carried out
together with "out-door" studies of all three selected potential sites in Visaginas area
culminating with the preliminary drilling activities foreseen for the most perspective sites. The
preliminary drilling was carried out in order to define in detail the geological and
hydrogeological structure of the uppermost part of sediments covering the territories of the
perspective sites and to make preliminary evaluation of their geomechanical properties.
One of the most important preconditions starting more detailed field investigations was
compilation and analysis of topographic maps at a scale 1:10 000 (1 m height intervals) of the
territories adjacent to the Ignalina NPP in order to evaluate the run-off conditions and certify
the preliminary estimates of the sites. Also, the generalised geomechanical properties of the
sediments (such as natural moisture content, plasticity, friction angle etc.) were defined and
presented on the engineering-geological cross-sections compiled for each of the sites.
Before starting the field investigations and preliminary drilling activities, all the
collected material was presented for Swedish experts and the field trip was organised to obtain
the conclusions of expertise about the suitability of three selected sites and their ranking based
on the geological criteria. Assuming the run-off conditions as being most important factor the
final ranking was presented as shown in Table 7.19 from which it was concluded that all the
sites are acceptable for hosting a shallow repository placed above the ground surface.
Table 7.19. Preliminary ranking (***=excellent, **=good, *=acceptable)

Site
Visaginas
Apvardai
Galilauke

Run-off
Slope stability
Settlement
conditions
No risk
Insignificant
Acceptable
Insignificant
Acceptable/good No risk
Insignificant
risk
Insignificant
Very good

Seismic
impact
Insignificant
Insignificant
Insignificant

Overall
ranking
*to**
***

Thus, the prioritisation and extent of detaliness of the further field investigations were
based on this above-mentioned list of the ranking of sites just with minor improvements. As
Visaginas and Apvardai sites show almost equal ranking in terms of geological criteria,
Visaginas site was considered as the second most perspective site based basically on the
localisation criteria, that was also supported by especially detailed engineering-geological
investigations of this site presented by "Hidroprojektas" company by the end of the year [8].
As results of studies already fulfilled for Visaginas site considerably exceeded the extent and
detaliness of the planned preliminary drilling, it was not reasonable to fulfil preliminary
drilling for this site, thus all the field investigations were concentrated to the Galilauke site.
Thus, the preliminary field investigations were carried out in the most favourable
Galilauke aimed to validate the preliminary ranking sequence, to get the most comprehensive
data about the geological and hydrogeological structure of this site, composition and
occurrence of the covering loam, occurrence and the level of the ground water and to get
understanding about the geomechanical properties of sediments. For these purposes, four wells
were drilled in Galilauke Site (Fig. 7.17):
Well-1-21.6 m depth
Well-2 - 10.6 m depth
Well-3 - 10.6 m depth
Well-4 - 12.4 m depth.
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Results of the drilling allowed to compile the geological map at a scale 1:10 000,
stratigraphical columns and two cross-sections at a scalel:10 000 to determine detail geological
and hydrogeological structure of the site (Fig. 7.17).
26 samples of drill core were collected for the determination of the lithological
composition of sediments and preliminary studies of the geomechanical properties. One sample
of groundwater was taken for the chemical analysis.
Following testing has been accomplished for 26 collected samples:
1. Analysis of the granulometric composition of soil [gran, an.] for fractions: > 10; 105; 5-2; 2-1; 1.0-0.5; 0.5-0.25; 0.25-0.10; 0.10-0.05; 0.05-0.01; 0.01-0.005; 0.005-0.002;
0.002-0.001; < 0.001)
2. Analysis of natural moisture content of the clayey loam (W)
3. Analysis of plasticity clayey loam (WP, WL, IP and IL)
4. Complete chemical analysis of groundwater.
In the choosing sites - Apvardai, Galilauke and Visaginas - shallow groundwater level
is 1-2 meters. Unsaturated zone has been composed from loam to sandy loam. Characteristic
hydraulic conductivity is 1.1-10"* and 1.7 10 m/s. Shallow groundwater is fresh, calciummagnesium bicarbonate with salinity 0.3-0.5 g/1; only in Visaginas site salinity reaches 1 g/1.
The time of moisture migration through unsaturated zone to shallow groundwater level is about
one year. The thickness of second from surface low permeable layer (between Upper-Middle
Devonian and Quaternary confined groundwater aquifers) is about 50 meters. Productive
confined groundwater aquifers are low vulnerability only in the western part of Galilauke site,
where Upper-Middle Devonian aquifer is medium vulnerability.
Characterization of three most suitable sites from technical and economical
perspective
Apvardai Site
The area occupies slopes of a marshy and hilly moraine depression with the Lake Apvardai in
the middle. It is 1.0-1.2 km far from north-western margins of the lake (Fig. 7.19). The suitable
area is shown on the orthophotograph (Fig. 7.19) and on the detailed Quaternary geological
map of the Apvardai area at a scale 1:10 000 (Fig. 7.20). The 38 ha big area is situated on a
massif of small and low moraine hills surrounded by flat-bottomed, once marshy but recently
drained depressions. Their surface slopes down from 147 m to 144 m towards the Apvardai
Lake. The waterline was at a height of 143.1 m in 1974 according to a topographic map of
1975. The depressions were watered by the Lake Apvardai during the post-glacial time. On the
basis of geological data, the depressions down to 8-10 m are composed of glaciolacustrine
sediments of the Baltija stadial (Nemunas glaciation) represented by varigrained,
predominantly medium-grained sand (Fig. 7.19). It is underlaid by till of the Medininkai
glacier, enriched in sandy lenses, which lithological composition and indexes of geotechnical
properties of soils (deposits) are given in the deep drilling log description.
An area on the hummocky moraine surface, 5-10 m higher than the surrounding
depressions (Fig. 7.20), is suggested for depositing. The area is made up of small, flat-sloping
hills not exceeding 3-5 m. Even though there are no drillings in the chosen area, we assume its
geological sequence to be the same as in drillings 29 042 and 29 041 (Fig. 7.19) based on the
results of integrated geological mapping in the Druksiai area [1]. The uppermost part of the
Quaternary cover likely consists of 15-18 m thick till sediments of the Baltija and Gruda
stadials, overlying the Medininkai glaciofluvial and glacial deposits (Fig. 7.20). Single hills
representing kames consist of varigrained sand.
In the meantime, larger part of the surface is smoothed and made up of technogenic
soil, i.e. clayey sand with peat and gravel inclusions.

108

Fig. 7.20. Quaternary geological
map of the Apvardai site
(original scale 1:10 000).
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Visaginas site
One of potential places is an area near the Ignalina NPP, which was investigated for the future
storage of spent nuclear fuel as well as management and disposal of radioactive waste.
Engineering and geological investigations were carried out in the area [8]. An area of 58 ha
surrounding the Ignalina NPP buildings and incoming roads (Fig. 7.18) is provided with a
geological description. Surface of the area belongs to ice marginal deposits of the Nemunas
glaciation. The slightly hilly moraine surface is covered in places with 3-5 m thick
glaciofluvial sediments of outwash type represented by fine-grained or varigrained sand
(Fig. 7.21). Some of the 3-8 m high hills are of kame type, hence made up of varigrained sand.
Depressions between the hills are marshy, filled with 0.5-5.0 m thick peat sediments. Where
peat is absent, depressions resemble shallow valleys with solifluction-diluvial sediments,
occasionally clayey, varigrained sand.
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Sandy or clayey loam sediments (till) of the Nemunas end-moraine (Baltija and Gruda
stadials), exposed or covered with thin glaciofluvial sediments in the study area, are from 1 to 4—
5 m thick (Fig. 7.22). The surficial moraine is underlain by the 20 m thick sandy sediments, the
upper part of which is recognized as the Gruda glaciofluvial or glacio-lacustrine sediments
whereas the lower part is made of the Medininkai glaciolacustrine sediments. The sandy
sequence covers till of the Medininkai age, the top of which has an altitude of 124 m.

tiv

i

blV

2

s.dlV

rnibi

4

ft III bl
,*

rillgr

7

8

13

14 $ #

IK II m (1

9
15

B

<)

A

/I

10
16

».. 16
11 ••.;::.•:.•:.:•

_

IT _

12
18

19

Fig. 7.21. Quaternary geological map of the Visaginas site (original scale 1:10 000).

Stratigraphy and genesis. Holocene: 1 - antropogenic deposits, 2 - deposits of bogs, shwamp areas,
3 - material of surficial solifluction; Nemunas glaciation, Baltija stadial: 4 - glaciofluvial deposits, 5 kame deposits, 6 - ice-marginal deposits (till); Nemunas glaciation, Gruda stadial: 1 - glaciofluvial
deposits, 8 - ice-marginal deposits (till); Medininkai glaciation: 9 - glaciolacustrine deposits, 1 0 - till;
Lithology: 11 - peat (type not identified), 1 2 - very fine-grained sand, 1 3 - fine-grained sand, 1 4 varigrained sand, 15 - sand with gravel, 16 - silt, 17 - silty clay and clayey silt, 18 - sandy loam, 19 sandy and clayey loam, 2 0 - fill (clayey varigrained sand with organic matter); Other symbols: 21 boreholes, 22 - Visaginas site (58 ha)
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Fig. 7.22. Geological cross-section C-C of the Visaginas site on the base of engineering and
geological investigations [8]. Indexes of geotechnical properties of litostratigraphic units (soils) are
presented below
The number of
lithostratigraphic unit

c,
MPa

1. fIII bl

2. gt III bl
3. gt III bl
4. gt III gr
5. f III gr
6. f III gr
7. f III gr
8. lgllmd
9. lgllmd
10. lg II md
ll.gllmd

0.047
0.028
0.061

0.082
0.082
0.061

degrees
26
24
21
26
32
33
34
28
33
28
26

E,
MPa
14
19
18
24
31
35
44
42
35
42
24

mg/m
1.89
2.21
2.16
2.20
1.94
1.94
2.10
2.12
1.94
1.96
2.20

II

Comment

0.37
0.58
0.18

0.21 thixotropical
0.56 thixotropical
0.18

Galilauke site
An area on the moraine hill situated 600 m far from southwestern side of the Druksiai Lake
was choosen (Fig. 7.17). The flat-topped hill elongated in NW-SE direction occupies an area of
ca 27 ha as measured from its bottom. From the Druksiai lakeside, it is surrounded by marshy
lowland of the post-glacial lake (Fig. 7.23). The hill exceeds the lowland by 16-20 m. It is ca
8-12 m higher than depressions surrounding the hill from the southwest. Thus, the hill is
"tadpole" like, declining southeastwards from 163.8 to 150 m of altitude by more than 13 m
(Fig. 7.23). The highest northwestern part is composed of silty clay and clayey silt deposited
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3.6 m above the altitude of 160 m (Figs. 7.23; 7.24, cross-section A-A' and Appendix 5).
According to aerial photos, the hill was considered to be of uniform composition. The latter
was confirmed by drilling, which uncovered sandy and clayey loam (or till) of the last
(Nemunas) and pre-last (Medininkai) glaciers (Appendix 5). However, hilly marginal deposits
to northwest from the study area are of varying composition dominated by sandy loam with
high sand compound (Fig. 7.24, cross-section A-A'). A depression surrounding the hill from
northeast and southwest is also composed of variable sediments (Fig. 7.24, cross-section B-B',
Appendix 5). The studied till sequence was relatively dry during the drilling of October 16,
2003.
Geological composition of sediments varies in the depression southwest from the hill (Fig.
7.24, cross-section B-B'). The fact that once marshy, currently drained depressions on
southwestern side of the hill are filled with variable, 1.5 m thick lacustrine sediments, was
confirmed by the Galilauke-3 drilling (Appendix 5). The sequence is made up of micro-layered
silt, clay and fine-grained sand with pit in the uppermost (0.6-1.0 m) part. Fine-grained sand in the
lower part contains water. The lacustrine sediments are underlain by the 4.4 m thick Baltija till,
which in turn is
separated from the
3.3 m thick Gruda
moraine by a 1 m
thick interlayer of
watered sand. The
latter covers varigrained,
watered
sandy sediments of
the Medininkai age.
Northeastern
slope of the hill
consists of more
sandy than the hill
itself till. A layer of
watered sand at the
depth
of
5.8 m
belongs
to
the
Medininkai
age
aquifer (Fig. 7.24,
cross-section B-B',
Appendix 5).

Fig. 7.23. Quaternary geological map of the Galilauke site (original scale 1:10 000), [1].
Stratigraphy, genesis and lithology of the Quaternary deposits. Holocene: 1 - deposits of bogs, shwamp
areas, 2 - diluvial deposits, 3 - material of surficial solifluction, 4 - lacustrine sediments; Nemunas
glaciation, Baltija stadial: 5 - glaciolacustrine deposits, 6 - glaciofluvial deposits, 7 - glaciofluvial deposits
of the ice marginal zone, 8 - kame deposits, 9 - till (ice-marginal deposits), 10- till of the Gruda stadial
(Nemunas glaciation), 11 - till of the Medininkai glaciation, 1 2 - intermorainic deposits; Lithology: 13 very fine-grained sand, 1 4 - fine-grained sand, 1 5 - varigrained sand, 1 6 - sand with gravel, 1 7 - silt, 1 8 silty clay, 1 9 - clay, 2 0 - peat (type not identified), 21 - clayey and sandy loam (on the map), 2 2 - clayey
loam, 23 - sandy loam; Other symbols: 24 - new boreholes (a), borehole from the Druksiai area, 25 geological cross-section line, Galilauke site (27 ha)
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Fig. 7.24. Geological cross-sections A-A' and B-B' of the Galilauke site, [1]
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Conclusions
Visaginas site is located very close to the territory of Ignalina NPP. The relief of the site and adjacent
territories is undulating and slightly hilly. Glaciofluvial sand composes the geological section up till
30 m of depth. The sandy sediments are covered by only 1 ^ m of glacial till. The present groundwater
level is up to 1-2 m depth. The detailed engineering-geological studies available show rather abundant
interlayers of the sediments with thyxotropical properties comprising the geological cross-section of the
site (Hidroprojektas, 2003). The site is situated on dense soils that show no preconditions for risk of
slope failure with insignificant inclination and relatively poor run-off conditions.
Apvardai site is described by a hummocky moraine surface of small and low morainic
hills surrounded by flat-bottomed, once marshy but recently drained depressions. Depressions are
composed of glaciolacustrine sediments represented by varigrained, medium-grained sand and
underlaied by a till, and enriched in sandy lenses. The till and glaciolacustrine deposits are forming
hilly morainic surface of the Apvardai site, which is 5-10 m above the surrounding depressions.
Surface of the site has slight inclination to the SE (Lake Apvardai direction). The site has better
run-off conditions than Visaginas site, still, the groundwater level is observed at 0.5-1.0 m depth in
a large part of the area. According engineering-geological mapping data, Apvardai site is located
on dense soils and shows no preconditions for risk of slope failure. On a basis of evaluation of
geological structure, strongly supported by localisation criteria, Apvardai site could be regarded as
the least perspective candidate in Visaginas Area.
Galilauke site is represented by an elongated, 10-15 m high, flat-topped hill covered with 13 m thick clay. Galilauke is located on a large ridge with sloping ground surface and excellent run-off
conditions. The clay is underlain with more than 50 m thick till (sandy loam). The bottom of the hill
is marshy in some places. The shallow groundwater level around hill 1-2 m, unsaturated zone
lithologicaly composed from clayey loam to sandy loam. From engineering geological point of view,
the high soil density of the site indicated by the general geotechnical survey, implies that the slope
stability is believed to be good and the area appears as being stable for a long period of time, that
needs more detail geotechnical investigations for certifying this.
• Thus, Galilauke site shows the most favourable geological, hydrogeological,
topographical and engineering-geological conditions of the covering sediments, thus it could be
considered as the most perspective candidate from all three investigated sites in Visaginas area.
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8. SUMMING UP OF INVESTIGATION RESULTS AND
CONCLUSIONS
All radioactive waste from Ignalina NPP operation are stored at the NPP site. The existing
radioactive waste storages are not acceptable for long-term storage and can be used for the time
period ending 2010. It is foreseen in the Strategy on Radioactive Waste Management to
construct new repositories for radioactive waste and to retrieve, characterize and condition the
accumulated wastes. The necessary studies on a repository for low- and intermediate-level
short-lived radioactive waste should be completed until 2005.
In 2002, the consortium of Swedish companies has prepared reference design of a near
surface repository suitable for disposal of short-lived low- and intermediate-level radioactive
waste. The repository concept is based on multi-barrier system consisting of several engineered
and natural barriers, restricting access of water to the radioactive waste and waste dispersion in
the environment. A "hill"-type repository with reinforced concrete vaults was proposed to be
constructed above the groundwater level in order to avoid waste saturation by water. A lowpermeable smectitic clay cover should prevent from rainwater percolation.
This repository is for the waste accumulated during the operation of NPP as well as
radioactive waste that will result from its decommissioning. A site of the repository needed for
disposal of all Ignalina NPP's operational and decommissioning short-lived low- and
intermediate-level radioactive waste, which amounts to about 100 000 m3, is preliminary
estimated to have an area of about 40 ha and a disposal zone area of 10 ha. Only conditioned
solid and immobilized radioactive waste could be accepted for disposal. The waste form shall
be essentially monolithic and uniform. Waste packages are not allowed to contain free liquid.
Objectives of the present studies are to analyse Lithuanian legal requirements, to
summarize the international experience, to exclude territories which are not acceptable
according to various ecological, land use and technical criteria, to determine regions with
geographical and geological conditions most suitable for the near surface repository, to select
several possibly suitable sites and to characterize their geological and hydrological structure.
Aspects of technical safety as well as possible social and environmental impacts have not been
analyzed in deep. It will be done during the subsequent stages.
According to the Master (General) Plan of the Republic of Lithuania the country is
divided into 5 zones according to their functional priorities. COASTAL ZONE includes
territorial waters of Lithuania in the Baltic Sea, Kursiii Marios and the Coastal region. The
lands are used for recreation, sustainable forestry, fishery and agriculture. The priorities are
taken for development of recreation, conservation, forestry and transportation. WESTERN
ZEMAITIJA includes morenic lowlands i.e. territories located between the coastal zone and
Zemaichi highlands. The land is mainly used for agriculture and forestry, Future perspectives
foresee sustainable agriculture and forestry as well as an extensive recreation. CENTRAL
ZEMAITIJA includes highlands of Kursas and Zemaiciii as well as their surroundings. The
land is used for agriculture and forestry. Future perspectives foresee sustainable agriculture and
forestry as well as an extensive recreation. CENTRAL AND NORTHERN LITHUANIA
includes vast areas of lowlands in the northern, central and south-western part of the country.
The present and future priorities are related to agriculture and forestry of high intensity as well
as transportation. EASTERN AND SOUTHERN LITHUANIA includes hilly areas of Baltic
highlands and neighbouring south-eastern territories/The land is used for agriculture, forestry
and fishery. In the future development of the sustainable forestry, recreation, conservation and
also transportation is envisaged. This is the second important zone for recreation. The vicinity
of Ignalina NPP is appointed as a region of energy sector, industry and transport.
Geological, tectonic and hydrogeological conditions considerably vary in Lithuania.
Especially high heterogeneity of genesis and lithological composition of the Quaternary
deposits is reflected in drastic changes both in vertical and lateral distribution of sediments.
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Investigation of climate anomalies shows small regional variations. The climate trends reveal
that the marine character of climate will strengthen, so the regional differences in the country
will be even less significant.
Eolian formations, river valleys, hill terrains, karst, marine and organogenic formations
taking about 18 % of the total area of Lithuania are unsuitable for radioactive waste disposal.
Coastal region and the southern part of Baltic uplands (Trakai, Elektrenai, Alytus and Lazdijai
municipalities) are the most unfavourable for construction of repository. Raseiniai, Jurbarkas,
Silale, Radviliskis, Panevezys, Ukmerge and Kedainiai districts as well as some districts in
northern part of Lithuania are relatively favourable for the repository.
As no specific area in Lithuania shows geological structure exceptionally favourable for
radioactive waste disposal, Ignalina NPP region is considered as the region best suitable. First
of all this region was very well characterised during previous investigations. Also, its
proximity to the nuclear power plant significantly reduces risk during waste transportation. The
detail investigations of potentially suitable sites were concentrated in the closest vicinities of
Ignalina NPP, in a distance of -30 km from the NPP.
The area of Ignalina NPP is in the recharge area of the Baltic artesian basin. The
Quaternary aquifer complex contains one unconfined and six confined intertill aquifers.
Thickness of unsaturated zone varies from several centimetres to thirty meters. In the areas in
local hills shallow groundwater occurs in the depth of 2-10 meters. Unsaturated zone is
lithologicaly composed from clay loam and sandy loam, sand, clay, peat and silt. The area of
the Ignalina NPP is within the limits of the Daugavpils seismic zone. The zone is encountered
by the isoseismal line that indicates the intensity of the seismic events (earthquakes) of 7
grades (after MSK-64 scale),
Nine promising sites in Ignalina NPP region have been selected for further more
detailed investigation. The specific features of their relief, topography, geomorphology,
infrastructure, localisation, safety criteria, as well as geological and hydrological structure have
been analysed and characterised. From the geological point of view all investigated sites are
located within the marginal zone of the Last Glaciation that determines the very high
heterogeneity both of lithological composition and geomorphology of surface deposits. Thus,
all nine potentially suitable site exhibits rather similarly favourable geological conditions in
terms of near surface repository site selection. Dysnai, Zarasai and Didziasalis areas were
excluded because of distance from Ignalina NPP and relatively dense population. Relatively
negative public opinion is disadvantage of Zarasai and Dysnai areas.
Three most potentially suitable sites have been selected. All three sites are located in
rather close distance from Ignalina NPP; Visaginas site is located very close to territory of
Ignalina NPP. More detailed investigations, including preliminary field investigations, to
validate the preliminary ranking sequence and to get the additional information have been
performed. Detailed data of engineering-geological investigations are already available for
Visaginas site. The preliminary drilling was carried out in order to define in detail the
geological and hydrogeological structure of the uppermost part of sediments covering the
territories of the most promising sites, to make preliminary evaluation of their geomechanics.
Galilauke site is located in distance of 4 km from the NPP on a large ridge with
sloping ground surface and excellent water run-off conditions. The site is represented by an
elongated, 10-15 m high, flat-topped hill. More than 50 m thick till sandy loam is underlying.
The bottom of the hill is marshy in some places. Tributaries of Lake Druksiai and the lake itself
predetermine fast surface run-off and a good dilution conditions. The high soil density
indicated by the general geotechnical survey implies that the slope stability is believed to be
good and the area appears as being stable for a long period of time. Because of these reasons,
Galilauke site is excellent for a near surface repository. However, it needs more detailed
geotechnical investigations for certifying this.
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Apvardai site is characterized by significant relief altitude differences, and a system of
melioration canals that makes relatively favourable conditions for surface run-off. Melioration
canal without outflow in the north-eastern part of the site and sandy loam soils in some areas
decrease slope flow and increase the possibility of infiltration. The site is located in 7-8 km
from the NPP. It is described by a hummocky moraine surface of small and low morainic hills
surrounded by flat-bottomed, once marshy but recently drained depressions. Depressions are
composed of glaciolacustrine sediments represented by varigrained, medium-grained sand and
underlaied by a till, and enriched in sandy lenses. The till and glaciolacustrine deposits are
forming hilly morainic surface of the Apvardai site, which is 5-10 m above the surrounding
depressions. Surface of the site has slight inclination to the direction of Lake Apvardai. Site is
located on dense soils and shows no preconditions for risk of slope failure.
Visaginas site and adjacent territories have undulating and slightly hilly relief.
Glaciofluvial sand composes the geological section as far as 30 m of depth. The sandy
sediments are covered by only 1-4 m of moraine till. The present groundwater level is up to 12 m of depth. The detailed engineering-geological studies available show rather abundant
interlayers of the sediments with thixotropic properties. Lake Druksiai and its tributaries
predetermine good dilution of the water. However, peaty soils accumulate a part of water and
sandy loam soils increase feeding of underground layers. The site is situated on dense soils that
show no preconditions for risk of slope failure with insignificant inclination and a system of
melioration canals that make relatively poor run-off conditions.
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Conclusions:
1. Near surface disposal of short-lived low- and intermediate-level radioactive waste is
possible in the territory of Lithuania.
2. North-eastern Lithuania and vicinity of Ignalina NPP in particular are among the
best suitable regions for the near surface repository. The positive characteristics are:
• relatively favourable socio-economic conditions (low population density, low
land economic potential, relatively positive public opinion)
• very good level of geographical and geological characterisation
• low risk of flooding, relatively good water drainage conditions
• short distance from the NPP.
3. Some areas of the Ignalina NPP region are protected or have high potential for
recreation and tourism. They are not suitable for the repository.
However, some investigated sites in the Ignalina NPP region have rather favourable
geological and topographical properties and are potentially suitable for construction of the
repository.
4. At the present investigation level a ridge in Galilauke village has the most
favourable geological, hydrogeological, topographical and engineering-geological conditions
for constructing of the repository. Its positive features:
• very good water run-off conditions
• indications of good slope stability and ground strength characteristics
• good radionuclide retention and dilution conditions
• short distance from the NPP
• no risk of drinking water contamination.
However, vicinage to the state border is a negative indicator.
5. Suitability of Apvardai and Visaginas sites could be investigated too. Apvardai site
has better run-off conditions than Visaginas site. On a basis of evaluation of geological
structure, strongly supported by localisation criteria, Apvardai site could be regarded as the
second perspective candidate site in the Ignalina NPP area. However, shallow ground water
and poor water run-out conditions require for artificial elevation of disposal vaults in both sites.
The rather thick organic top layers must be removed, meaning that the required fill of pervious
frictional material will be several meters thick.
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APPENDIX 1

STUDY VISIT TO POTENTIAL SITES FOR A NEAR SURFACE
REPOSITORY IN THE IGNALINA NPP REGION
GEODEVELOPMENT AB
IDEON SE-22370 LUND, SWEDEN

General
On September 24, 2003, a field trip to the Ignalina NPP region had been organized by RATA
for inspecting three sites that had been selected as potential sites after a screening procedure in
which other than technical criteria had also been taken into consideration. One of the sites
(Site 1, Ignalina), is located about 1 km from the nuclear power plant, while the others are
further away: Site 2, Apvardai, about 7 km south of the plant, and Site 3, Galilauke, about 4 km
southeast of the plant.
Attendants:
RATA - Stasys Motiejunas, Emilija Grigulaite, Liudmila Penkova
LGT (Lithuanian Geol. Survey)- Jurga Lazauskiene, Daina Radzeviciene, Vytautas
Rackauskas
GGI (Institute of Geology and Geography) - Jonas Mazeika
LEI - Grazvydas Budvytis
SKB - Torsten Eng, Bjorn Strokirk, Roland Pusch
Criteria to be considered in the siting process
There are three major requirements for an acceptable NSR site:
1. There must be sufficiently effective run-off of rain and meltwater for at least 300
years so that flooding of the area cannot take place and so that the bottom bed of the repository
will remain above the groundwater level. The topography is preferably a very large hill with
smooth contours or ridge covering at least 200x300 m2 horizontal area.The repository ground
must be stable without any risk of slope stability or deep erosion.
2. The repository will exert pressure on the ground which will be compressed and
cause settlement of the construction.
3. The repository ground must not rupture or become unstable by seismic events.
Run-off conditions
Figure A. 1.1 illustrates that a repository located on elevated ground- a hill or ridgewill not be flooded while one constructed on flat land may be.
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Deep groundwater
level

Temporarily or permanently
raised groundwater level
Figure A. 1.1. Topography determines the level of groundwater level. Upper picture: Repository
located on a large hill or ridge with effective run-off conditions. Lower picture: Repository located on
flat or only very slightly curved ground surface with risk of groundwater rise and flooding (the drawing
is not to scale)
The conclusions from the inspections were as follows:
•

Site 1, Visaginas, is located in area with insignificant inclination and relatively poor
run-off conditions. The present groundwater level is believed to be at 1-2 m depth.

Still, the site is deemed possible for hosting a repository if effectively draining fill of
about 3 m thickness is applied.
•

Site 2, Apvardai, offers better run-off conditions than Site 1. However, it is required to
improve the drainage by "landscaping", i.e. adjusting the topography somewhat to
improve run-off of precipitated water, and to widen and deepen the existing channel
that presently serves to discharge water from the area via an existing pipe under thenearby road. The groundwater level is believed to be at 0.5-1.0 m depth in a large part
of the area. The site is deemed possible for hosting a repository if effectively draining
fill of about 3 m thickness is applied.

•

Site 3, Galilauke, is located on a large ridge with excellent run-off conditions. The site
requires an effectively draining fill of no more than about one meter. It offers the best
run-off conditions for rain- and meltwater of the three sites.

Slope stability
The risk of slope failure depends on the inclination of the ground surface and on the
geotechnical properties, primarily the density of the soil since it controls the soil strength. If the
density is high and the inclination significantly less than the internal friction angle the factor of
safety is acceptable. In soft clay ground the stability may be insufficient even for an inclination
of as low as a few degrees while the soil at all the NSR candidate sites is dense and has a
friction angle of at least 20 °. A factor of safety of 1.5 would hence imply that a slope with
about 13 "inclination is sufficient stable. A rough estimate at the inspection indicated that the
actual inclination is of this order of magnitude or smaller but measurements must be made in
conjunction with the geotechnical stability calculations for validation. A typical slope failure
by sliding is shown in Figure A. 1.2. A critical slip surface can hardly reach deeper than about
10 m.
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Figure A. 1.2. Schematic picture of possible slip surface caused by combined repository load and
soil weight

The conclusions from the inspections were as follows:
•

Site 1, Visaginas, is located on dense ground with insignificant inclination with no risk
of slope failure. The site is hence deemed suitable for hosting a repository with respect
to slope stability.

•

Site 2, Apvardai, is located on dense ground with insignificant inclination with no risk
of slope failure. The site is hence deemed suitable for hosting a repository with respect
to slope stability.

•

Site 3, Galilauke, is located on a large ridge with sloping ground surface. For the high
soil density indicated by the general geotechnical survey the slope stability is believed
to be good but detailed geotechnical investigations are needed for certifying this. The
area appears to have been stable for a long period of time as concluded from the fact
that no scars from landslides were observed at the inspection. Based on available
geotechnical data, primarily the density and friction angle, the site is believed to be
acceptable for hosting a repository with respect to slope stability.

Settlement (subsidence to a lower elevation level)
Settlement of the repository construction increases the risk of flooding and may cause
fracturing of the concrete cell systems by generating internal movements (Figure A. 1.3). The
risk of settlement depends on the compressibility of the ground and on the load. It is also
required that the shear strength is sufficiently high to eliminate the risk of failure due to
insufficient bearing capacity of the ground.

Original contour of
repository construction

Settled repository with risk
of flooding and internal strain

Figure A. 1.3. Schematic picture of settlement of repository by compressing the underground (The
risk of flooding and failure of the concrete cell system of the repository increases)
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The conclusion from the examination of available general geotechnical data Was that
the high density of the ground in all potential sites makes the risk of significant settlement or
ground failure negligible. However, geotechnical investigations are required to ensure this.
Impact of seismicity
Vibrations induced by seismic events may cause liquefaction and formation of deep and wide
fractures in the ground as well as fracturing of the concrete cell systems of the repository if the
soil is loosely layered. The risk of such effects hence depends on the density and magnitude of
the earth shocks.
The conclusion from the examination of the available geotechnical data, primarily the
high density, and considering the earlier reported very moderate seismic magnitudes (5 or less
on the Richter scale, cf. p. 44, Chapter 7.5, Final Project Report) was that the risk of
seismically generated damage of the ground and concrete construction is insignificant and the
same for all three sites.
Preliminary overall assessment
The most important soil properties for acceptable location of a Lithuanian NSR are the shear
strength (slope stability and bearing capacity) and compressibility (settlement and sensitivity to
seismic events). They are not known in detail for the three investigated sites but the available
general geotechnical data suggest that the soil at all sites is very dense and that it is of friction
type. Taking this as a basis of a preliminary assessment of the sites one gets the ranking shown
in Table A. 1.1 from which it is concluded that all the sites are acceptable for hosting a shallow
repository placed above the ground surface provided that the forthcoming geotechnical
investigations do not show otherwise. The various issues do not have the same weight: the runoff conditions being most important since flooding would completely change the performance
of the repository. This makes Site 3 superior to the other two.
Table A. 1.1. Preliminary ranking: ***=excellent, **=good, *—acceptable

Site
1 Visaginas
2 Apvardai
3 Galilauke

Run-off
conditions
Acceptable
Acceptable/good
Very good

Slope
Settlement
stability
No risk
Llnsignificant
Insignificant
No risk
Insignificant Insignificant
risk

Seismic
impact
Insignificant
Insignificant
Insignificant

Overall
ranking
*
*to **
***

What should be done to make the assessment final?
General
The goal is to validate the preliminary ranking sequence that implies that Site 3 is the main
candidate, Site 2 the second best and Site 1 the least good one. Also, it is desired to further
examine the near vicinity of the Ignalina power plant to find out whether it comprises a hill or
ridge with similar geometry as Site 3. For all the sites it is required to investigate detailed
topographic maps (1 m height intervals) for judging the run-off conditions and certifying that
the preliminary estimates were correct. Furthermore, geotechnical investigations are needed for.
Sites 1, 2 and 3 as well as possibly additional sites of potential interest, for further checking of
the ranking sequence. They are summarized below referring to western methodology but
techniques and instruments commonly applied in Lithuanian geotechnical engineering may
well be used.
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Geotechnical investigations
Geotechnical characterization for final selection of the most suitable site is preferably made in
two steps for minimizing cost and saving time. The first step should comprise determination of
the present groundwater level and standard penetration tests to 20 m depth in an orthogonal
pattern with about 100 m spacing in the about 200x300 m2 area per site, and also soil sampling
in every second hole by use of simple auger technique. Under moderately favourable
conditions one can extract sufficiently undisturbed samples from the augers for estimating the
density and water content, while difficult conditions may require intermittent sampling in
casings. Through such investigations it is possible to check whether the preliminary
geotechnical characterization is correct and to make safer ranking of the sites leading to
preliminary selection of the most suitable site.
The second step is to repeat the geotechnical investigations in a denser network - about
30-50 m spacing - of the best candidate for final site selection.
A third study must be made in the finally selected site for getting a basis of the design
of the repository. It should comprise extraction of undisturbed samples from the uppermost,
softest layers - 2 m spacing down to 10 m depth is suitable - and from denser parts of the soil
profile where the spacing can be 5 m down to 20 m depth. Below this depth no samples are
required. The sampling can be made by use of piston or foil samplers or possibly core
sampling. Casings are probably needed. Samples are cut to fit in oedometers for determining
the compressibility and preconsolidation pressure, and for determining the shear strength
parameters in consolidated drained triaxial tests.
For Site 3 the standard penetration tests and undisturbed sampling must extend to a
sufficient distance from the top of the ridge for making sure that the soil composition and
strength are sufficiently well known to perform relevant slope stability calculations.
Other factors
The basis of the site qualification process described in this document only refers to technical
issues but other factors, like impact on social conditions, ground disposal plans and
regulations, as well as on vegetation, may be equally or more important and hence
determinants of the location of the finally decided site.
.

Lund October 2, 2003

Roland Pusch
Geodevelopment AB
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APPENDIX 2
COMMENTS ON THE REPORT "IDENTIFICATION OF CANDIDATE SITES
FOR A NEAR SURFACE REPOSITORY FOR RADIOACTIVE WASTE"
The report "Identification of candidate sites for a near surface repository for radioactive waste"
prepared by RATA, LGT, GGI and LEI represents a significant step towards the safe disposal
of short-lived low and intermediate level waste in Lithuania.
The report is of high quality and meets its objective, but there are details to be
improved.
The transparency shown by arranging this workshop was appreciated because all key
institutional stakeholders were invited and took part in the discussions.
The siting process, as reported, is clearly in line with IAEA's recommendations and
represents good European practice.
National strategy
• It would have been helpful to have a brief description of the established national
strategy for long-term radioactive waste management.
Waste inventory and conceptual repository design
• It would have been helpful to have a brief description of the assumed waste
inventory planned for disposalin the near surface repository.
• The presentation of the conceptual repository design should be expanded since it is
important for understanding the context of the siting process. Furthermore, the design has
implications on the siting criteria.
Siting criteria
• The siting criteria are adequate but should be better defined and described.
Furthermore, the relative importance of the criteria should be explained.
• Some of the criteria are applicable throughout the siting process while others
require detailed field investigations, which may be done only at a relatively late stage in the
siting process. A summary of the applicability of the criteria in the different phases of the
siting process would be useful.
• It is agreed that it is advantageous to establish the near surface repository close to
the Ignalina nuclear power plant provided that adequate radiological safety can be
demonstrated. However, the localization criterion should be better justified in the report.
For example, it should be clarified what is meant by "as near the Ignalina NPP as possible".
• There is a concern that transportation risks are overemphasised.
Regional mapping
• The lack of clear and logical explanation of the conclusions in chapter 5 of the
report can lead the reader to believe that the siting decision is already made. Thus the
objectives for the regional mapping should be clarified. It is our understanding that the main
, objective has been to study if a region exceptionally better than the Ignalina region exists.
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Site characterisation
• Some of the analyses of data (e.g. section 6.1.7) are weakly justified.
• It is noted in section 6.2.6 that earthquakes of magnitude 7 may occur in the
Ignalina region, which is higher than the desirable feature (magnitude <6).
• Section 6.3 on the Lake Druksiai may be deleted from this report since it has no
implication on the siting. However, it is recognised that the Lake Druksiai will be important
in the safety case.
• An important conclusion in section 6.2.8 is that "Based on integration of results of
negative screening and studies of geological data several potential most suitable areas for
the near surface repository were selected: Zarasai, Dysnai and Visaginas areas". It should
be clear how, and which, site selection criteria that have been used to reach this conclusion;
its vague to refer to "integration of results" and "studies of geological data".
• The basis for the preliminary ranking in table 7.1.20 should be clarified.
• There is a concern that the extent of the Galilauke site may not be large enough for
the planned NSR (10 ha).
Recommendations for future work
• Priority should be given to study ground water levels and slope stability.
• It should be verified whether the proposed NSR concept would function at a site
with shallow ground water.

Magnus Westerlind
John Rowat
Kirsti-Liisa Sjoblom
Lucien Cecille
Peter Ormai
Vilnius, 3 March 2004
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APPENDIX 3
LAKE DRUKSIAI AS AQUATIC PATHWAY
The Lake Druksiai is the main water body in the Ignalina NPP region. It is the largest lake in
Lithuania. Its area is 49 km2 and the water volume - 369 million m3 (at an altitude of 141.6 m).
The water level regulation affects a 0.9 m thick water layer (about 43 million m3 of water). The
greatest depth of the lake is 33.3 m; the average depth is 7.6 m [1]. Before the discharge
regulation, the lake area had been by almost 5 km2 smaller. The absolute altitude of the natural
lake basin is 141.2 m. Above this level the water flows over into the lakeside bogs. Under the
conditions of normal water level (141.6 m) the 0.4 m depth area occupies 4 km2.
The inflows of
—— N
Lake
Druksiai
are:
\
Ricanka,
Apyvarde,
LATVIA
Smalva,
Gulbine,
SN X" > Gulbinele
N
and six nameless
small rivers. The only
outflow
is
Prorova
(Fig. A.3.1, Table A.3.1).
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Figure A.3.1. Scheme of
Lake Druksiai basin

The hydrographic network of the lake basin was considerably changed in the 20th
century. For the water mill built in 1912 a canal between the lakes Druksiai and Stavokas was
dug up. Part of the lake water through the lakes Stavokas and Abaliai has flow into the Druksa
River. The remaining part of the water continued flouring out through the old effluent. A
hydroelectric power plant with a discharge regulation sluice was built downstream from
Stavokas Lake in 1953 [1]. During the construction of the hydroelectric power station
(300 kW), the bed of River Druksa was blocked up below the fall of River Apyvarde by the
blank earthen dam (Fig. A.3.1). In this way the discharge of Apyvarde basin was directed
through the Lake Druksiai and out of it through the River Prorova, Lake Stavokas,
hydroelectric power plant, and Lake Abaliai [3]. The hydroelectric power plant was closed in
1982. Yet, the hydrographical network was not denaturalised. Now the River Prorova is the
canal 10-15 m wide and 0.7-1.2 m deep that has its source in the Lake Druksiai and after
650 m flows into the Lake Stavokas [3J. The Lake Stavokas serves as a natural water reservoir
for twenty-four hours regulation of the hydro-engineering complex now. Then the River
Prorova through the lake Abaliai flows into the River Druksa (Drysviata) that farther to the
southeast flows into the River Dysna.
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Table A. 3.1. Hydrographic network of Lake Druksiai basin
Inflows and the outflow
Ricanka
Apyvarde
Smalva
Gulbine
Gulbinele*
Other small inflows
Prorova (outflow)

Length, km
20.3
11.4 '
11.9
8.0
5.9
—
-

•

Basin area, km2
213
147
88.3
33
6.3
76,4
613

*The cleaned domestic wastes from Visaginas are discharged into Gulbinele

Since the end 1983 the water of Lake Druksiai has been used for cooling the reactors of
IgnalinaNPP. For this purpose, it was necessary to maintain a high water level in the lake. The
first reactor unit started at the very end of 1983. Two units have been operating since 1987.
Today the area of Lake Druksiai basin is 61.3 km2 (before 1953 it had been smaller by
24 %). 50 % of the basin are in the territory of Lithuania, 32 % - Belarus and 18 % - Latvia.
The farmlands occupy 41% of the basin (mostly in Ricanka, Apyvarde and Smalva rivers
basins). The arable land takes up 62 % of the total of agriculture lands. Bogs account for 16 %
of the basin area [2]. The part of Lake Druksiai basin, which is included in the territory of
Lithuania (excluding the Apyvarde basin), least intensively used for agricultural purposes. It is
predominated by forests - 42 %. The farmlands occupy only 17 % of its area. The portion of
intensively used farmlands considerably increased and the area of forests decreased when the
Apyvarde basin was joined to Lake Druksiai basin.
When the hydroelectric power plant was started in 1953 the natural lake waterievel was
raised by 0.3 m (up to 141.6 m). Before the lake damming the average annual amplitude of
water level fluctuations was 0.6 m; during the operation of hydroelectric power plant - 0.8 m in
some years even exceeding 1.3 m. After the starting of Ignalina NPP operation the annual
water level fluctuation amplitude decreased to 0.19-0.59 m (average value - 0.4 m) though the
average annual water level rose from 141.48 to 141.69 m.
Following the regulations of water resource use and protection [4] the annual lake water
level fluctuation amplitude should not exceed 1.2 m. These regulations were adapted seeking to
reduce the bank abrasions. Unfortunately, most of the banks of Lake Druksiai have small
inclination and are bogged up. The artificial regulation of the lake water level and maintenance
of small fluctuation amplitude (Fig. A.3.2) from 11 km3 to 6 km3 the area of annually flooded
banks have reduced.

Figure A.3.2. Amplitude of Lake Druksiai water level fluctuation, m
In the second half of the 20th century in the greater part of the territory of Lithuania the
precipitation in the warm season (April-October) has been reducing and in the cold season
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(November-March) - increasing. In the short succession of precipitation data for 1973-2000 in
Lake Druksiai basin these trends are not district (Fig. A.3.3).
The season of evaporation from water bodies— lasting from the melt of ice cover till its
formation - takes more than six months. The average date of ice cover melting is the beginning
of June. The first ice phenomena appear on November 14. The ice cover forms on December 5
(according to observing data for 1944-1975). 600 mm of water evaporate from Lake Druksiai
in April-November. The highest evaporation rates are characteristic of June-July- about
115 mm per month. The total evaporation in May-October is 535 mm (Table A.3.3).
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Figure A.3.3. Values of precipitation in the summer, winter and total, 1973-2000, ram
The daily evaporation rate from the water surface is 3 mm. After the formation of ice
cover the rates of evaporation reduce to 0.05-0.23 mm/day. The smallest rates of evaporation
occur in January-February (about 0.05 mm/day). With the approaching spring the evaporation
intensity increases to 0.23 mm/day [2].
Table A.3.2. Annual distribution of precipitation in 1973-2000 according to observing data of
meteorological stations: Lake Druksiai inl973-1990 and Ignalina NPP in 1991-2000
Month
Average
Min.
Max.

I
49
8
112

II
38
10
69

III
41
3
118

IV
40
1
113

V
53
6
87

VI VII VIII IX
81 77 65 72
4. 26
9
8
199 184 156 174

X
58
7
155

XI XII
56 63
1
30
161 106

Total
693
545
837

Table A.3.3. Evaporation from the water surface of Lake Druksiai
Month
IV
V VI VII VIII IX
X XI IV-XI XII-III* Total
606.4
6.4
Evaporation, mm
26 74 112 115 106 74 54 39
600
Evaporation, 103 m3 1.27 3.63 5.49 5.64 5.19 3.63 2.65 1.91 29.4
0.31
29.71
* Evaporation from the surface of ice and snow cover

Before the starting of Ignalina NPP operation (1976-1984), the evaporation from the
lake water surface had varied from 448 mm (1980) to 573 (1976). It is assumed that
evaporation has intensified due to increase of lake water temperature after starting the Ignalina
NPP. . ' •

Almost all discharge water through Apyvarde and Ricanka reaches the southern part of
the lake (Table A.3.4) where the water for cooling the Ignalina NPP reactors is taken and
discharged [2]. The most intensive water circulation takes place in the southern part of the lake.
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Table A. 3.4. Annual discharge of Lake Druksiai inflows and the outflow

River
Ricanka
Apyvarde
Smalva
Gulbine, D-3, D-4
Others small inflows
All inflows
Prorova (outflow)

Hydroyield,
1/skm2
5.0
5.8
5.8
5.8
4.5
5.4
5.2 .

Varying probability
discharge m3/s
1
50
99
1.45
2.46
1.03
0.49
0.62
6.05
6.35

0.7
1.17
0.5
0.24
0.32
2.93
3.06

0.27
0.45
0.2
0.091
0.14
1.15
1.17

Portion of
Portion of
inflow
lake discharge
discharge in in the basin,
the basin, %
%
40
39
24
23 .
17
16
8
8
11
10
100
96
100

The water used in the technological process from the outbuildings of the Ignalina NPP
is conducted through a collector into the sewerage system, which is discharged into Lake
Druksiai. The domestic wastewater of Visaginas are collected and through a pipe system
conducted to wastewater treatment plant near the Lake Skripkus. The clean domestic
wastewater is discharged into Lake Druksiai through the Gulbinele stream.
The attending town Visaginas was built together with the Ignalina NPP. Only the
confined groundwater is used for domestic purposes of the town. The water balance of the
whole basin is given in Fig. A.3.4.
Precipitation
424

Quaternary unconfined
aquifer

Industrial losses and
evaporation

GWlowering in site
20. %
Quaternary semi-confined ^
aquifers

f<T

INPP

0.3

Confined Devonian
aquifer

0.4

Figure A.3.4. Simulated surface water and groundwater interaction (recharge and discharge
flows, xlO m year ) in the catchment of Lake Druksiai
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APPENDIX 4
BACKGROUND RADIOLOGICAL CHARACTERISTICS IN LITHUANIA
The radiation of primordial and cosmogenic radionuclides in the environment and cosmic
radiation induce natural background radiation which level in Lithuania is equal to
0.88±0.14mSv/a [1]. The principal primordial radionuclides are 238U, 232Th and 40K. The
concentrations of them vary over a wide range depending on the geological composition of the
surface soil layer. The average concentrations of primordial radionuclides in soils of Lithuania
are following: 2 3 8 U - 14, 2 3 2 Th- 22 and 4 0 K - 500 Bq/kg. The total absorbed dose from
external natural sources in the environment contributes 30 % by cosmic radiation and 70 % by
soil radiation. In addition to external doses, internal doses are contributed by inhalation and
ingestion of these primordial radionuclides or their decay products, with particular importance
to ^K. Due to homeostatic control on the potassium concentrations in the body, the internal
radiation dose from 40K is constant and independent of environmental concentrations that
influence external exposure (Fig. A.4.1).
Other radionuclides of importance are Rn gained through inhalation, and Ra, Ra
and ' Po gained through ingestion. The total exposure to natural radionuclides in the
environment of Lithuania is evaluated as follows: internal to 2 2 2 Rn- 0.97 mSv/a [2]; 238U
series (without 2 2 2 Rn)- external 0.07, internal 0.02 mSv/a; 40K - external 0.21, internal
0.31, mSv/a; 232Th series - external 0.15, internal 0.2 mSv/a; cosmic radiation - 0.39 mSv/a [3,
4]. The total effective dose equivalent makes in average 2.3 mSv/a.
The testing of nuclear weapons in the atmosphere, which took place from 1945 until
1980, involved large releases of radionuclides to the environment and caused the largest
collective dose from man-made sources of radiation.
The UNSCEAR provided evaluation of global dose from fallout radionuclides from
atmosphere nuclear testing [4]. The effective dose was estimated to be highest in 1963
(0.26 mSv/a). It has declined to less than 0.01 mSv/a in the 1990s. The basic input to dose
assessment in UNSCEAR approach was the measured 90Sr deposition density and its ratio to
l37.
106t
54,
other long-lived radionuclides (r l 1 / C s - 1.6, m144
Ce- 15, D4
Mn- 2.9, 1U0 Ru7.5). For recent
years, dose contribution by various radionuclides has following rank of decrease: Cs, C,
°Sr, 3H, other. These estimates vary from region to region slightly.

K-IO
Average
Min
Max
Median
Standard deviation
Number oflamnlea

900
1
Will
460
450
770

Figure A.4.1. Activity concentrations
of # K in topsoil of natural
landscape in Lithuania [3]
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After the Chernobyl NPP accident in 1986, the territory of Lithuania was affected by
Cs as well. Since then it contains 137Cs from two sources (Fig. A.4.2).

C.-137
STATISTICS dtysq. ml
947
Avenge
Min
20
13500
Max
703
Median
Standard deviation
1020
Number of samples
582

Figure A.4.2. Cumulative
storage of l37Cs in topsoil
of natural landscape in
Lithuania [3]
137

Integrated depositions of Cs and transfer processes formed cumulative storage of
Cs in topsoil equal in average to 1000 Bq/m2 in 1990s what corresponds to total inventory
62 TBq of 137Cs in Lithuania. This level of contamination caused external exposure
approximately 0.02 mSv/a. Internal exposure was evaluated as 0.03 mSv/a [1]. The cumulative
storage of•90 Sr in topsoil is 400 Bq/m' in 1990s and it corresponds to total inventory 21 TBq of
90
Sr in Lithuania. The average coefficient of radionuclide transfer into groundwater for 137Csis
0.0018 m"1 and for 90Sr is 0.019 m 1 .
• Distribution of natural and global artificial radionuclides in soil is rather even in
whole territory of Lithuania. It shows similarity of radionuclides transfer conditions.
Existing differences are related to features and processes of sandy and clayey geospheres
with particular respect to natural radionuclides. hi case of artificial radionuclides biosphere
regional features determine differences of transfer conditions.
137
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APPENDIX 5

PROPERTIES OF SOILS
Apvardai
20614
Abs.a./a.s. I.
147.4 m

ETRS-89
26° 30' 22.980" 55° 32' 3.357"
Fill: sand with gravel and organic matter.
tlV

Varigraned sand (medium-grained sand predominate), brownish yellow,
with rare gravel
fill bl
c*=O.OO3-O.O3O (0.015) MPa
(p*=31-39°(34°)
E*=40 MPa
p*=1.62-1.88 (1.74) Mg/m3 (0.5>Sr)
2.02-2.17 (2.09) Mg/m3 (Sr>0.8)

8.5

W~f^\

Clayey loam, greyish brown, massive with up to 5 % gravel (diameter 2 60 mm of crystalline and sedimentary rocks)
g II md
c*=0.010-0.080 (0.036) MPa

LXJ

(p*=23-39°(29°)
E*=35^0 MPa

W~*>A

p * = 2 . 1 9 - 2 . 3 6 (2.27) M g / m 3
I P *=7.1-10.0 ( 8 . 2 ) %
13.4 I L *=-0.013-0.273 (0.150)

iw.';:vr.-.#;:-j

Fine-grained sand, yellowish brown, with rare gravel (there is a lense or

MSililii"]

band m m e ^ " )
15.4

Clayey loam, greyish brown, massive with up to 5 % gravel (diameter 2 60 mm of crystalline and sedimentary rocks)
g II md

29.9
Figure A.5.1. Log of deep mapping borehole 20614 with indexes of geotechnical properties of
soils (deposits)
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Apvardai
29042
Abs.a./a.s.l.
160.0 m

ETRS-89
26° 30' 12.907" 55° 33' 1,454"

Top soil
Clayey loam, yellowish brown, massive with up to 3 % gravel (diameter 2 60 mm of crystalline and sedimentary rocks)
3.6

Clayey loam, blackly grey to brown, with up to 5 % gravel and with lenses
or bands of fine-grained sand, greyish brown
gt III bl
c*=0.007-0.063 (0.032) MPa
p*=2.07-2.29 (2.19) Mg/m3
cp*=22-37° (30°)
IP*=7.0-12.4 (9.2) %
E*=29-33 MPa
IL*=0.053-0.541 (0.248)
Clayey loam, greyish brown, very stiff, with up to 5 % gravel (predominated
gravel of sedimentary rocks)
gt III gr
c*=O.OO3-O.O81 (0.035) MPa
<p*=18-39° (29°)
E*=31-34 MPa
p*=2.10-2.35 (2.24) Mg/m3
IP*=5.7-10.5 (8.2) %
IL*=-0.239-0.444 (0.078)

Fine-grained clayey sand, greyish brown, from 17.0 to 17.6 m, with mediumgrained sand with gravel up to 20 %
15.0 f II-III md-gr
E*=38 MPa p*=2.05-2.14 (2.08) Mg/m3 (Sr>0,8)
Clayey loam, greyish brown to grimy brown, very stiff, with up to 7 %
gravel
g II md
c*=0.010-0.080 (0.036) MPa
p*=2.19-2.36 (2.27) Mg/m3
cp*=23-39° (29°)
IP*=7.1-10.0 (8.2) %
MPa
IL*=-0.013-0.273 (0.150)
Figure A.5.2. Log of shallow mapping borehole 29042 with indexes of geotechnical properties of
soils (deposits)
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Apvardai

ETRS-89
26

./a. s.l.
150.0 m
0.4

° 31' 22-292"

55

° 3 2 ' 54.357"

Top soil
Clayey loam, yellowish brown, with up to 5 % gravel
gt III bl

2.6

Clayey loam, greyish brown, with up to 3 % gravel, very stiff up to 6.0 m
depth
gt III bl
c*=0.007-0.063 (0.032) MPa
p*=2.07-2.29 (2.19) Mg/m3
cp*=22-37° (30°)
IP*=7.0-12.4 (9.2) %
E*=29-33 MPa
IL*=0.053-0.541 (0.248)

9.4

Clayey loam, greyish brown very stiff, with up to 5 % gravel (predominated
gravel of sedimentary rocks), from 14.8 m depth with lense of fine-grained
grey sand (0.2 m thick),
gt III gr
c*=O.OO3-O.O81 (0.035) MPa
cp*=18-39° (29°)
E*=31-34 MPa
p*=2.10-2.35 (2.24) Mg/m3
IP*=5.7-10.5 (8.2) %
IL*=-0.239-0.444 (0.078)
17

j Silty fine-grained sand, yellowish brown,
f II-III md-gr
E*=38 MPa p*=2.05-2.14 (2.08) Mg/m3 (Sr>0,8)

19

-° Clayey loam, greyish brown, very stiff, with up to 5 % gravel (of crystalline
and sedimentary rocks)
g II md
c*=0.010-0.080 (0.036) MPa
p*=2.19-2.36 (2.27) Mg/m3
'21.0
cp*=23-39° (29°)
IP*=7.1-10.0 (8.2) %
E*=35^O MPa
IL*=-0.013-0.273 (0.150)
Figure A.5.3. Log of shallow mapping borehole 29041 with indexes of geotechnical properties of
soils (deposits)
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BerJminkai-69
70624

ETRS-89
Fine-grained sand, brownish yellow (f III bl)
c*=O.OO3-O.O3O (0.017) MPa
p*=l.54-1.93 (1.70) Mg/m3 (0.5>Sr)
9*=29-35° (32°)
2.00-2.14 (2.07) Mg/m3 (Sr>0,8)
E*=30 MPa
Clayey loam, brown, with up to 3 % gravel of crystalline and sedimentary rocks
(diameter 2-20 mm of crystalline and sedimentary rocks (gt III bl)
c*=O.OO7-O.O63 (0.032) MPa; <p*=22-37° (30°); E*=29-33 MPa;
p*=2.7-2.29 (2.19) Mg/m3; IP*=7.0-12.4 (9.3) %; IL*=0.05 3-0.541 (0.248)
Clayey loam, dark greyish brown, with up to 5% gravel of crystalline and sedimentary
rocks (diameter 2 ^ 0 mm of crystalline and sedimentary rocks)
gt III gr
c*=O.OO3-O.O81 (0.035) MPa; (p*=18-39° (29°); E*=31-34 MPa;
p*=2.10-2.35 (2.24) Mg/m3; IP*=5.7-10.5 (8.2) %; IL*=-0.239-0.444 (0.078)
Fine-grained sand, brownish yellow, from 13.6 to 15.2 m and from 18.0-18.8 m with
micro-layers of brown clay
lg III gr
p*= 1.66-1.75 (1.71) Mg/mJ (0,5>Sr)
E*=41 MPa
2.03-2.14 (2.07) Mg/m3 (Sr>0,8)

Varigrained sand, predominated medium-grained, brown, with up to 3 - 5 % gravel of
crystalline and sedimentary rocks.
lg III gr
E*=41 MPa
p*=l .98-2.13 (2.06) Mg/m3 (Sr>0,8)

Fine-grained silty sand, brownish yellow, at 34.0 m with pebble and gravel
lg II md
p*=2.03-2.14 (2.07) Mg/m3 (Sr>0,8)
E*=41 MPa

Sandy loam, dark greyish brown, with up to 5 % gravel of crystalline and sedimentary
rocks (diameter 2-70 mm of crystalline and sedimentary rocks)
g II md

Fig. A.5.4. Log of deep mapping borehole 20624 with indexes of geotechnical properties of soils
(deposits)
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Galilaukg 1
Abs.a./a.s. I.
163.8 m
0.2

ETRS-89
26° 35'2.868" 55° 34'27.298'
Top soil (0.1-0.2 m)
Silty clay, from 1 m, sandy and clayey silt, brown, plastic, with rare gravel.
Igt III bl
c*=0.013-0.080 (0.048) MPa; cp*=9-23° (17°); E*=16-19 MPa;
p*= 1.80-2.23 (2.04) Mg/m3; Ip= 16.8-18.3 (17.2) %; IL=0.060-0.112 (0.085)

3.6

Clayey loam, brown, from 3,6 to 4,4 m and from 8,8 to 9,6 m very stiff, with up to 1-2%
gravel of crystalline and sedimentary rocks
gt III bl
c*=0.007-0.063 (0.032) MPa
cp*=22-37° (30°)

E*=29-33 MPa
p*=2.07-2.29 (2.19) Mg/m3
IP= 10.2-15.9 (13.3)%
IL=0.138-0.275 (0.200)

8
9 •

9.6
Sandy loam, greyish brown, stiff, from 13.4 m to 13.7 m firm, with up to 5-8% gravel of
crystalline and sedimentary rocks
gt III gr
E*=49 MPa; p*=2.15-2.35 (2.24) Mg/m3; Ip=9.4%; IL=0.213

11 •

<

<€

13.7
14.0 Sandy loam with organic
IP=10.2%;IL=0.304

Clayey loam, greyish brown, firm, with up to 1-2 % gravel of crystalline and sedimentary
rocks.
gt III gr
c*=O.OO3-O.O81 (0.035) MPa; cp*=18-39° (29°); E*=31-34 MPa;
p*=2.10-2.35 (2.24) Mg/m3; Ip=10.5; IL=0.257
Sandy loam, greyish brown, firm, with up to 2-3 % gravel of crystalline and sedimentary
rocks.
E*=49 MPa; p*=2.15-2.35 (2.24) Mg/m3; Ip=10.2%;
IL=0.265-0.363 (0.314)

13 •

/&//&>

21.6
Figure A.5.5. Log of borehole Galilauke-1 with indexes of geotechnical properties of soils (deposits).
Sampling sites are marked by black dots. Measurements of water level are shown by blue broken line
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Galilauke 2
Abs.a. /a. s. I.
147.0 m
0.1

1 i

2i

4.6

3«

5.8
6.0

Yj

ETRS-89
26° 35' 58.594" 55° 34' 33.399"
Top soil (0.1 m)
Sandy loam, light brown, plastic, with up to 1-2 % gravel of crystalline
and sedimentary rocks, at 1.2 m with boulder, from 1.5 to 1.9 m clayey
loam, stiff.
gt III bl
E*=41 MPa; p*=2.15-2.28 (2.21) Mg/m3; 1^=4.4-13.4 (8.9) %;
IL=0.022-0.114.(0.068)
Sandy loam, greyish brown, plastic, with up to 4 % gravel of crystalline
and sedimentary rocks
gt III gr
E*=49 MPa; p*=2.15-2.35 (2.24) Mg/m3 ; Ip=6.2 %; IL=0.210
Sand, grey, varigrained, with rare gravel, aquifer

Sandy loam, greyish brown, plastic, with up to 5 % gravel of crystalline
and sedimentary rocks
gt III md

5«

IP=6.2%;IL=0.161

10.6

Figure A.5.6. Log of borehole GaIilauke-2 with indexes of geotechnical properties of soils
(deposits). Sampling sites are marked by black dots
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Galilauke 3
Abs.a./a.s.l.
149.0 m

ETRS-89
26° 36' 7,792" 55° 34' 20,397"
Top soil
Sandy silt, dark grey, with organic matter (to 0.6 m depth)
Fine-grained sand, grey, silt, grey and clay, brown, microlaminated, at
1.2 m sand, light grey, varigrained, with up to 4 % gravel, aquifer
1IV
Sandy loam, light brown, stiff, with up to 4 % gravel of crystalline
and sedimentary rocks
gt III bl
c*=0.007-0.063 (0.032) MPa; <p*=22-37° (30°); E*=29-33 MPa;
p*=2.07-2.29 (2.19) Mg/m3; IP=9.9-12.4 (11.2) %;
IL=0.131-0.169 (0.150)
Fine-grained sand, light grey, varigrained, aquifer

6i

Sandy loam, greyish brown, firm, with up to 4—5 % gravel of
crystalline and sedimentary rocks
gt III gr
E*=49 MPa; p*=2.15-2.35 (2.24) Mg/m3; IP=7.5%; IL=0.267
Varigrained sand with gravel, grey, aquifer
E*=46-56 MPa; p*=2.07-2.09 (2.08) Mg/m3

Figure A.5.7. Log of borehole Galilauke-3 with indexes of geotechnical properties of soils
(deposits). Sampling sites are marked by black dots
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Galilauke 4
Abs.a./a.s. I.
159.0 m

0.4
1.6
2.2

ETRS-89

25° 35' 58,594" 55° 34' 33,399"
Clayey sand, grey, with organic matter
tlV
Sandy loam, light brown, with up to 1-2 % gravel of crystalline and
sedimentary rocks, from 1.6 to 2.2 m very silty.
gt III bl
E*=41 MPa; p*=2.15-2.28 (2.21) Mg/m3

Silt, grey, aquifer
E*=20 MPa; p*=1.99-2.21 (2.08) Mg/m3
Sandy loam, light brown, plastic, with up to 2-3 % gravel of crystalline
and sedimentary rocks, at 10.2 m with interlayers of sand with organic
matter.
lM

gt III gr

E*=49 MPa; p*=2.15-2.35 (2.24) Mg/m3
124

Sandy loam, greyish brown, with up to 5 % gravel of crystalline and
sedimentary rocks (gt III gr)

Figure A.5.8. Log of borehole Galilauke-4 with indexes of geotechnical properties of soils
(deposits). Sampling sites are marked by black dots
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Galilauke 212
(29034)
Abs.a./a.s. I.
157.0 m
03

6.5

ETRS-89
26° 36' 32,736" 55° 34' 14,953"

Top soil
Clayey loam, yellowish brown, firm, with up to 1-2 % gravel of crystalline
and sedimentary rocks, from 3.8 to 4.2 m with interlayers of sand with
organic matter
gt III bl
c*=0.007-0.063 (0.032) MPa
p*=2.07-2.29 (2.19) Mg/m3
cp*=22-37° (30°)
IP*=7.0-12.4 (9.2) %
E*=29-33 MPa
IL*=0.053-0.541 (0.248)

Clayey loam, brownish grey, very stiff, with up to 5 % gravel of crystalline
and sedimentary rocks
gt III gr
c*=O.OO3-O.O81 (0.035) MPa
p*=2.10-2.35 (2.24) Mg/m3
cp*=18-39° (29°)
IP*=5.7-10.5 (8.2) %
E*=31-34 MPa
IL*=-0.239-0.444 (0.078)

10.7

Clayey loam, brownish grey, very stiff, with up to 5 % gravel of crystalline
and sedimentary rocks
gt III gr

i(j 2

Clayey loam, grimy dark brown,
crystalline and sedimentary rocks
17.4 gt II md
c*=0.010-0.080 (0.036) MPa
cp*=23-39° (29°)
E*=35-4O MPa

very stiff, with up to 5 % gravel of
p*=2.19-2.36 (2.27) Mg/m3
IP*=7.1-10.0 (8.2) %
IL*=-0.013-0.273 (0.150)

Clayey loam, grimy dark brown, very stiff, with up to 5 % gravel of
crystalline and sedimentary rocks, grey at 18.0 m
gt II md
22.5

Figure A.5.9. Log of borehole GaliIauke-212 with indexes of geotechnical properties of soils
(deposits)
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Table A.5.1. Uthological description and grain-size of the Quaternary deposits ofGattlauke site
Grain-size, %
No. of
Depth,
Lithological
No. of
boresample hole

1
2
3
4
5
6
7
8
9
10
11
12
13
14
1
2
3
5
1
2
3
4
5
6
1

1

1
1
1
1
1
1
2
2
2
2
3
3
3
3
3
3
4

m

description

>10

10-5

5-2

2-1

1.0-0.5

1.0-1.1
1.8-1.9
3.2-3.3
3.6-3.7
5.0-5.2
6.0-6.2
6.9-7.0
8.1-8.2
9.5-9.6
11.0-11.1
13.7-13.8
15.0-15.1
17.0-17.1
21.0-21.2
1.6-1.7
3.2-3.3
4.7-4.8
8.3-8.4
0.6-0.8
1.2-1.4
3.2-3.3
5.0-5.1
6.4-6.5
8.5-8.6
12.0-12.1

Silty clay
Clayey and sandy silt
Clayey and sandy silt
Clayey and sandy silt
Clayey loam
Clayey loam
Clayey loam
Clayey loam
Clayey loam
Sandy loam
Sandy loam
Clayey loam
Sandy loam
Sandy loam
Sandy loam
Sandy loam
Sandy loam
Sandy loam
Sandy and clayey silt
Varigrained sand
Clayey loam
Clayey loam
Varigrained sand
Sandy loam
Sandy loam

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.51
2.33
0.00
0.00
0.00
0.00
1.36
0.00
0.00
0.00
0.00
0.00
0.00
5.58
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.17
0.00
0.00
0.25
0.83
0.84
0.14
1.49
0.32
0.00
6.29
2.34
1.62
0.00
0.00
1.39
0.97
1.77
0.12
3.79

0.00
0.22
0.16
0.19
0.33
0.69
0.35
0.38
1.49
1.88
1.76
1.15
1.57
1.29
0.63
4.54
1.43
2.52
0.00
2.40
0.76
1.67
2.51
0.46
1.25

0.11
0.74
0.50
0.72
0.96
1.28
0.94
1.32
1.86
0.00
2.02
1.73
1.60
2.21
1.40
3.29
2.51
2.38
0.00
6.38
2.13
2.46
3.62
1.85
1.83

0.43
1.40
1.31
1.70
1.86
2.16
1.70
2.37
2.62
2.90
2.93
2.35
2.67
2.61
2.72
4.41
3.67
2.94
0.04
18.46
1.36
3.07
5.65
4.08
3.14

0.50.25
0.98
3.21
4.06
4.37
4.95
5.25
5.05
6.29
6.96
7.51
6.85
6.05
6.58
6.94
6.60
9.19
8.47
7.84
0.11
53.88
4.30
6.62
24.94
10.55
6.91

0.250.10
2.71
8.54
10.22
10.05
11.40
11.63
11.52
13.50
16.27
16.73
15.01
14.46
15.27
16.08
16.18
20.04
19.47
19.34
2.55
14.58
8.98
13.41
28.69
26.59
17.04

0.100.05
10.25
21.65
23.53
24.31
25.18
28.25
24.93
27.49
27.74
28.97
28.76
27.47
27.32
29.23
30.61
29.90
31.78
32.01
20.47
1.50
23.34
26.45
21.58
34.53
29.28

0.050.01
26.50
24.66
23.61
21.21
23.78
20.03
23.36
20.73
15.34
13.45
15.99
17.31
16.61
16.39
14.45
10.51
14.79
14.23
36.05
2.80
19.71
17.36
2.45
11.79
13.98

0.010.005
18.06
14.81
11.39
10.61
9.95
8.85
10.03
13.61
6.75
6.10
6.01
7.94
8.26
7.09
6.86
3.21
5.01
5.41
11.09

0.0050.002
17.43
20.56
10.67
13.73
9.31
10.62
12.68
11.61
7.76
6.47
6.96
9.01
7.27
7.01
7.77
2.88
3.89
4.62
11.80

0.0020.001
11.05
3.88
8.97
10.77
8.21
5.88
7.82
2.55
5.28
3.34
3.78
4.23
3.81
3.89
3.73
1.64
2.35
2.49
5.38

8.36
7.32
0.68
2.01
5.79

12.47
7.85
0.93
2.55
5.19

5.12
4.63
0.57
1.68
3.78

<0.001

Suma

12.48
0.32
5.59
2.33
4.07
5.20
1.61
0.15
7.68
6.31
6.76
8.15
7.54
6.94
9.06
2.73
4.30
4.60
12.51

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

12.07
8.20
1.03
3.80
8.01
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Table A.5.2. Moisture content, liquid and plastic limit, liquidity and plasticity index for the deposits of
Galilauke site

Moisture
content
wn
Silty clay
1.0-1.1
0.166
1.8-1.9 Clayey and sandy 0.155
silt
3.2-3.3 Clayey and sandy 0.140
silt
3.6-3.7 Clayey and sandy 0.176
silt
5.0-5.2
Clayey loam
0.151
6.0-6.2
Clayey loam
0.151
6.9-7.0
Clayey loam
0.166
8.1-8.2
Clayey loam
0.145
9.5-9.6
Clayey loam
0.133
11-11.1
Sandy loam
0.128
13.7Sandy loam
0.140
13.8
15-15.1
Clayey loam
0.142
17-17.1
Sandy loam
0.145
Sandy loam
21-21.2
0.137
1.6-1.7
Sandy loam
0.127
3.2-3.3
Sandy loam
0.112
4.7-^.8
Sandy loam
0.110
6.00
Sandy loam
0.111
8.3-8.4
Sandy loam
0.112
0.6-0.8 Sandy and clayey 0.174
silt
3.2-3.3
Clayey loam
0.159
5.0-5.1
Clayey loam
0.127
8.5-8.6
Clayey loam
0.125

No. of No. of Depth,
sample borehole
m
1
2

1
1

3

1

4

1

5
6
7
8
9
10
11

1
1
1
1
1
1
1

12
13
14
1
2
3
4
5
1

1
1
1
2
2
2
2
2
3

. 3
4
6

3
3 .
3

Lithological
description

Liquid Plastic Plasticity Liquidity
index
limit
limit
index
wp
wL
h
lp
0.112
0.316 0.147
0.169
0.082
0.323 0.140
0.183
0:298

0.130

0.168

0.060

0.294

0.135

0.159

0.258

0.263
0.265
0.291
0.240
0.207
0.202
0.211

0.133
0.130
0.140
0.121
0.105
0.108
0.109

0.130
0.135
0.151
0.119
0.102
0.094
0.102

0.138
0.156
0.172
0.202
0.275
0.213
0.304

0.220
0.210
0.212
0.257
0.151
0.159

0.115
0.108
0.110
0.124
0.107
0.097

0.105
0.102
0.102
0.134
0.044
0.062

0.257
0.363
0.265
0.022
0.114
0.210

0.164

0.102

0.062

0.161

0.262
0.213
0.179

0.138
0.114
0.105

0.124
0.099
0.075

0.169
0.131
0.267

Explanation of the indexes of engineering geological (geotechnical) properties of soils
In the report are presented the following indexes of geotechnical properties of soils: density (p),
plasticity index (Ip), liquidity index (L_), cohesive (c), internal friction angle ((p) and modulus of
deformation (E). The indexes p*, Ip* II*, c*, (p*, E* represents the generalised engineeringgeological conditions and were collected on a basis of material from summarised engineering
geological section in Driiksiai area compiled in course of geological-hydrogeological,
engineering-geological mapping in Ignalina NPP area at the scale 1:50.000 [1]. Most values of
the parameters (p, Ip, II, C, cp) represent the range between minimum and maximum values
(average of these values being presented in the brackets). Modulus of deformation (E*) is
represented by average values, which were estimated from cone resistance (qc) testing data
adopting these formulas [2,3]:
E = 7.8q071 (gravely sand and sand)
E = 7.4q+7.2 (till-sandy loam and loam)
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E = 4.8q+4.9 (glaciolacustrine deposits - silt and clayed silt)
E = 8.2q—3.1 (glaciolacustrine deposits - clay and silty clay)
E = 7q (standard) (the others clayed deposits).
The density (p) of the sandy soils is represented by the values of degree of saturation (Sr):
Sr < 0.5 (low humid soil), 0.5 < Sr < 0.8 (humid soil) and Sr > 0.8 (water-bearing soil) (GOST
25100-82).
Values of Ip and I I parameters were defined in result of field investigations carried out in
Galilauke site and are represented in the table A.5.2. Based on these data the consistence of soils
in wells was defined [4,5,6]. IL was determinated adopting the method of Vasiljev cone testing
[7].
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